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SUMMARY

The peri-partumperiod is a critical time for small ruminants basa nutritional requirements
are very high and feed intake is often limited. Mignal diseases, such as pregnancy toxemia,
can develop. Farmers try to limit these problefglucan and saponin-based plant extracts
have been shown to have favourable effects on dpiraduction: immune-modulation for the
former and reduced methane production and modiicadf rumen fermentation patterns for
the latter. However, little is known about theifeets on metabolism. Therefore, the general
objective was to better understand the effects) gtdlucan injections and 2) dietary saponin,
on metabolism and rumen fermentation in small r@mis during the transition period. The
influence of31,3-glucan (i.m. injections, 1ml/animal/week forddys) on the metabolic profile
of 14 Santa Inés ewes in the last weeks of gentates studied. Two groups of ewes were
formed in late gestation: a glucan group (G, na¥ a control group (C, n=7). Nutritional
requirements during the experiment were coveredodlsamples were collected throughout
the study. Blood samples were analysed for meti@#solions and enzymes. All ewes were
clinically healthy. Glucose, L-lactate, non-estedffatty acids anfl-hydroxybutyrate peaked
at parturition (p<0.05). Aspartate aminotransfer@s®T) was higher in @s.G (p<0.05) and
there was a similar trend for fructosamine and mlibu(p<0.10). Urea tended to be higher in
G vs. C (p<0.10. In conclusion, the changes with time were cdesiswith a change in
physiological status (gestation/lactatiofil,3-glucan appeared to protect muscle and liver
because AST levels were lower than in controls it not negatively affect metabolism.
The influence of a dietary saponin-based addit&&g(saponin/animal/day) on the metabolic
and rumen fermentation profile of Saanen and Algisiey goats during two different metabolic
situations: metabolic neutrality (mid-lactation)dametabolic imbalance (pregnancy/lactation)
was studied in two experiments. Experiment 1, uséttlactating goats (Saponin group (S),
n=10; Control group (C), n=10). The 6 week experieas divided into: 1 week of C diet, 4
weeks either S or C and 1 week C. Experiment 2] ped-parturient goats (Saponin group (S),
n=12; Control group (C), n=12). The 7 week expenmagas divided into: 1 week C diet, 4
weeks either S or C (stopping at parturition) anste2ks C. Nutritional requirements during
the experiments were covered. Blood samples andmuhid were collected throughout both
experiments. Blood samples were analysed for mitesoions and enzymes. All the goats
were clinically healthy. There was no effect of@aip in experiment 1 on animal husbandry
measures, plasma metabolites and ruminal fermentgh>0.05. The ruminal acetate to
propionate ratio tended to be affected by treatni®@nt C;p=0.057). There was no effect of
saponin in experiment 2 on blood metabolitps0(05), except for plasma urea (S > C;
p=0.054. Total protozoa numbers tended to be affectedldatment (S > 9<0.10). Most of
the animal husbandry, plasma and ruminal variastesved a time effect around parturition
(p<0.09). In conclusion, dietary saponin during mid-laicator theperi-partumperiod had
little effect on metabolism and ruminal fermentatidhe trends observed in blood urea, total
protozoa count and acetate/propionate ratio coafgdbentially beneficial. Lastly, the potential
for saponin to influence ruminal fermentation magpend on the level, the period of
administration and the type of dig¢tglucan and saponin did not have a negative etiact
metabolism and it would be interesting to condwsthfer work in animals suffering from
pregnancy toxemia. Studies could also be conduatethe possible immune actions [&f
glucan and saponin.

Key-words: Metabolism;31,3-glucan; Saponin; Goat; Eweeri-partum.



RESUME

Le péri-partum est une période critique chez léagspriminants car les besoins nutritionnels
sont élevés et l'apport alimentaire souvent limid@s maladies nutritionnelles comme la
toxémie de gestation peuvent survenir et doivaet &titées. Des produits d’origine naturelle
comme lep-glucane ou des extraits de plantes a base de isappeuvent favoriser sur la
production : modulation immunitaire dans & das, réduction des émissions de méthane et
modifications du profil fermentaire dans . 2ZCependant, leurs effets sur le métabolisme sont
mal connus. L'objectif était de mieux comprendsedffets 1) d’injections dp-glucane et 2)

de saponine alimentaire, sur le métabolisme e¢rdadntation ruminale de petits ruminants
pendant la transition gestation/lactation. L'inflae dupl,3-glucane (1ml IM/animal/semaine
pendant 60 jours) sur le profil métabolique de lw&8anta Inés a été étudiée en fin de gestation
(groupes Glucane (G, n = 7) et Contréle (C, n =¥ besoins nutritionnels étaient couverts.
Les métabolites, électrolytes et enzymes plasmediqut été dosés. Toutes les brebis étaient
cliniguement en bonne santé. Le glucose, le L4daclas acides gras non-estérifies eple
hydroxy-butyrate ont atteint un pic a la partuntip<0,05). L'aspartate aminotransférase était
plus élevée dans le groupev€G (p < 0,05 avec une tendance similaire pour la fructosamine
et I'albuminef < 0,10. L'urémie tendait a étre plus élevée dans leggdsi vs C<0,10. En
conclusion, I'évolution dans le temps était cohteavec une modification du statut
physiologique (gestation/lactation). Bé&,3-glucane a semblé protéger le muscle et le liege,
taux d'AST étant inférieurs & ceux des controlésn’y a pas eu d'effet négatif sur le
métabolisme. L'influence d'un additif alimentairda@se de saponine (25g/animal/jour) sur le
profil métabolique et de fermentation ruminale Héwes Saanen et alpines a été étudiée dans
deux expérimentations : équilibre (mi-lactation) aeéséquilibre (gestation/lactation)
métabolique. Dans |8®¢ des chévres en mi-lactation ont été utiliséesujges Saponine (S,
n=10) et Contréle (C, n = 10). Les 6 semaines thid&isées en 1 semaine de régime C, 4
semaines soit S soit C et 1 semaine C. Darf¥9ad2s chévres péri-parturientes ont été utilisées
(groupes Saponine (S, n = 12) et Controle (C, 2y lles 7 semaines ont été divisées en 1
semaine de régime C, 4 semaines soit S soit Ct @na parturition) et 2 semaines C. Les
besoins nutritionnels étaient couverts. Du sarduetontenu ruminal ont été prélevés dans les
deux cas. Les métabolites, les ions et les enzplasmatiques ont été dosés. Toutes les chévres
étaient cliniguement saines. Dans I'expériencérly ia eu aucun effet de la saponine sur les
parametres de production, les métabolites plasoedigt la fermentation ruminale ¥ 0,05.

Le rapport acétate/propionate du rumen a eu teredar@tre réduit (S < @=0,057). Dans
I'expérience 2, il n'y a pas eu d'effet de la sapoaur les métabolites sanguips(,05), sauf
pour 'urémie (S > Cp=0,054). Le nombre de protozoaires a eu tendance a égmenté (S

> C, p<0,10. La plupart des variables de production, plasgua et ruminales ont présenté
un effet temps autour de la parturitign<g0,05). En conclusion, la saponine alimentaire en mi-
lactation ou en péri-partum a eu peu d'effets sunétabolisme et la fermentation ruminale.
Les tendances observées pour l'urémie, le nombre pd#ozoaires et le rapport
acétate/propionate pourraient étre potentiellenbgmefiques. L'effet de la saponine sur la
fermentation ruminale pourrait dépendre de la ddeda période d'administration et du type
de régime. Le3-glucane et les saponines n'‘ont pas eu d'effetatif@gur le métabolisme. Il
serait intéressant de réaliser d’autres étudesad®animaux atteints de toxémie de gestation
ou d’évaluer les actions immunitaires des deux gited

Mots-clés: Métabolismef1,3-glucane; Saponine; Chévre; Brebis; Péri-partum



RESUMO

O periodo do periparto € um momento critico parapeguenos ruminantes devido as
necessidades nutricionais serem muito elevadasl®éta devido a ingestao de alimentos que
muitas vezes € limitada. As doencas nutricionama por exemplo, a toxemia da prenhez,
pode desenvolver-se, no qual os criadores tentéar egses problemas de diversas maneiras.
O medicament@-glucana e o extrato de planta a base de sapoamartstraram ter efeitos
favoraveis na producao animal: imuno-modulagédo pgmameiro e uma reducdo da producao
de metano e modificacdo dos padrbes de fermentagdioal para esta ultima. No entanto,
pouco se sabe sobre os seus efeitos sobre o mgtatdPortanto, o objetivo geral foi entender
melhor os efeitos de 1) injecGes flajlucana e 2) aditivo saponina, no metabolismo e
fermentacdo ruminal em pequenos ruminantes dumapiriodo de transicdo. Estudou-se a
influéncia doB1,3-glucana (injecdes i.m. 1 ml/animal/semana Paiiés) no perfil metabdlico
de 14 ovelhas Santa Inés nas Ultimas semanas thgd@esDois grupos de ovelhas foram
formados no final da gestac&do: um grupo glucanané&3) e um grupo controle (C, n=7).
Requisitos nutricionais durante o experimento forainertos segundo o periodo metabdlico
estudado e amostras de sangue foram coletadasigm dio estudo. As amostras de sangue
foram analisadas quanto a metabolitos, ions e ewziifodas as ovelhas estavam clinicamente
saudaveis. A glicose, o L-lactato, os acidos grax@s esterificados e p-hidroxibutirato
atingiram o pico no parto (p<0,05). A aspartatoratransferase (AST) foi maior em C vs. G
(p<0,05) e houve tendéncia semelhante para a factioa e a albumina (p<0,10). A ureia
apresentou uma tendéncia a ser maior em G vs.@1@x Em conclusdo, as mudancas com o
tempo foram consistentes com uma mudanca no efisaalogico (gestacdo/lactacdo).fA,3-
glucana pareceu proteger o musculo e o figado pavguniveis de AST eram mais baixos no
grupo controle e ndo afetou negativamente o mesabol A influéncia de um aditivo a base
de saponina na dieta (25g de saponina/animal/diag 2 perfil metabdlico e de fermentacao
ruminal de cabras leiteiras Saanen e Alpina durdotes situagfes metabolicas diferentes:
equilibrio metabdlico (meio da lactacdo) e desdloid metabdlico (gestacao/lactacdo) foram
estudados em dois experimentos. No experimentdilizatam-se cabras de no meio de
lactacdo (grupo saponina (S), n=10; grupo de cln{®), n=10). O experimento de seis
semanas foi dividido em: uma semana de dieta Grajgamanas S ou C e uma semana C.
Experimento 2, utilizou cabras peri-parturientesufo Saponina (S), n=12; grupo Controle
(C), n=12). O experimento de 7 semanas foi dividddo uma semana de dieta C, quatro
semanas de S ou C (até o momento do parto) e doasas de C. Os requisitos nutricionais
durante os experimentos foram cobertos. Amostrasugue e fluido ruminal foram coletados
ao longo de ambos os experimentos. As amostraamgpus foram analisadas quanto aos
metabolitos, ions e enzimas. Todas as cabras estdwvacamente saudaveis. Nao houve efeito
da saponina no experimento 1 em medidas de produgéwal, metabolitos plasmaticos e
fermentacao ruminal (p>0,05). Em relagao acetadpipnato ruminal houve uma tendéncia a
ser afetada pelo tratamento (S<C; p=0,057). Nawdeirito da saponina no experimento 2
nos metabdlitos do sangue (p>0,05), com excecaoréa plasmatica (S>C; p=0,054). O
namero total de protozoarios tendeu a ser afetaldat@tamento (S>C, p<0,10). A maior parte
das variaveis de producédo animal, plasma e runajma@sentou efeito de tempo no momento
do parto (p<0,05). Em concluséo, a saponina na dietante o periodo médio de lactacdo ou
no periodo periparto teve pouco efeito sobre o bofitmo e fermentacdo ruminal. As
tendéncias observadas na ureia no sangue, na eontagal de protozoarios e na relacdo
acetato / propionato poderiam ser potencialmentéfims. Por fim, o potencial para a
saponina influenciar a fermentacdo ruminal podeedéer do nivel, do periodo de



administracéo e do tipo de dietafAylucana e saponina nédo tém um efeito negativeesobr
metabolismo e seria interessante realizar um tnabpbsterior em animais que sofrem da
toxemia da prenhez. Estudos também poderiam séraw@s sobre as possiveis acoes
imunolégicas d@-glucana e da saponina.

Palavras-chavesMetabolismo1,3-glucana; Saponina; Cabra; Ovelha; Periparto.
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1. GENERAL INTRODUCTION

Ruminants have been through a series of evoluyorsieps influenced by
environmental and climate shifts, and have adafedifferent nutritional diets due to the
increase in demand for food caused by the riskarhtiman population. In addition, they have
shown extraordinary adaptive mechanisms for dig#isyi efficiency, regardless of the body
condition and their ability to regulate water metizdm in drought conditions. Incorporation of
relatively high proportions of easily degradablébcdydrates in the diet of ruminants increases
the risk of ruminal/metabolic diseases. Today tieedase in food demand caused by the rise in
the human population has forced ruminant productigsiems to replace the fiber based diet
by diets which use greater proportions of grainse Evolutionary responses to these new
challenges will drive future research. Thereforegrphology, physiology, nutrition and
evolution knowledge will help to minimize insulte ruminant health and to obtain the
production efficiency required by the modern wdde Tarso et al., 2016).

Ruminants as a part of the livestock structureupg@an important role in the present
and future of the global system (Herrero & Thornt8Q13) and in the maintenance of an
environmental equilibrium in wild habitats (Hungateal., 1959 cited by de Tarso et al., 2016).
The challenge of feeding a growing population, tbgewith changes in consumption patterns
will increase the demand for livestock productsug;iconsidering that domestic ruminants are
responsible for the production of 50% of the meat41% of milk in developing and developed
countries, the understanding of ruminant biologg hasubstantial relevance for future food
production (Steinfeld et al., 2006; McMichael et 2007; Hackmann & Spain, 2010; Steinfeld
& Gerber, 2010). The production capability of dotiesuminants has changed over the past
decades, either by massive improvements in gerteticdlow the demand in consumption, or
by the natural evolution throughout the centur@ggss et al., 2010).

Despite the fact that these feeding shifts mighaae production efficiency, they put
a strain on ruminant physiology (Allen, 1997; Eneknat al., 2002; Dijkstra et al., 2012).
Modern production systems include several pracaoelsmany dietary changes during different
physiology situations (Banninka et al., 2012). Tdddition of rapidly fermentable non-
structural carbohydrate lowers the proportion ahinal fiber, changes the pattern of gas
production, and increases the chances of metatadicuminal diseases (Enemark et al., 2002;
Kleen et al., 2003). Recent studies found that Hemm feeding of a high-concentrate diet
provokes the accumulation of volatile fatty acidsriminal fluid and colonic digesta, and
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damages the colonic mucosa inducing cell apopitosectating goats (Tao et al., 2014; Tao et
al., 2015).

Although dietary changes can increase the riskuafimal/metabolic diseases, the
nutritional changes which have occurred during thest decades may cause drastic
modifications to the future evolutionary adaptasiaof the digestive system (Clauss et al.,
2003). Based on genetic/physiological evidencendividual animal variations in feed intake,
studies are trying to enable genetic selectiorunfinants for residual feed intake to improve
production system efficiency (Herd & Arthur, 2008¢ore et al., 2009).

Small ruminants are known for their excellent apilo utilise fiborous feeds; however
production effectiveness is generally lower in thespecies than in other farm animals.
Therefore, attempts are made to supplement aniretd With feed additives that stimulate
female productivity and increase milk production émsure optimal offspring-rearing
conditions (Milewski & Sobiech, 2009). The prodwetirequirements of farmers (genetic
selection and the use of intensive rearing systéag increased the risk and the incidence of
nutrition imbalances and metabolic disorders indBefThis is due to increasing nutrient
requirements during gestation and lactation in@asp to increasing milk yield (Gonzalez et
al., 2000; Campos et al., 2010).

One of the goals of intensive farms is to limit @nabssible, to predict nutritional and
metabolic disturbances during critical physiologjipariods, such as theeri-partumperiod.
This physiological phase in ruminants is partidylaritical because in this period, the energy
needs of pregnant animals are greatly increasedhandbility to meet these demands is very
limited. The high requirements in productive systeamd intensive management in modern
farms have increased the risk and incidence ofitimntal imbalances and metabolic
disturbances in sheep and goats duringpgrepartumperiod. Moreover, this period is a phase
where changes occur in animal metabolism, due telaated fetal growth, and to the
production of colostrum, thus, characterizing &ical window for the occurrence of metabolic
diseases and deficiencies. Many biological systeansbe disrupted such as the reproductive
and immune system, and the mammary gland (Goneélalz, 2000; Campos et al., 2010).

A variety of useful alternatives to synthetic druggpreventing and treating various
diseases have the possibility to improve dry mattexke and production performance. One
such natural stimulator, with probiotic and prelaigiroperties, isSaccharomyces cerevisiae
yeast, which has a wide spectrum of activity (Mi#w& Sobiech, 2009). Indeed, the usdgof
glucan produced fronsaccharomyces cerevisjaehich belongs to a group of biologically

active compounds, is also called biological respom®difiers. Therefore}-glucan is well



Rego, R. O. Genehafroduction I2SHEN

recognized in humans and animals for having an inomodulatory action as its main
characteristic. Several studies have shown tha ¢doemponent has immunostimulatory
properties including antitumor and antibacteriativdttes. It can also reduce levels of
cholesterol and triglycerides, normalize blood gkelevels, heal and rejuvenate the skin and
it acts against stress (Akramiene et al., 2007;dk@& Vetvicka, 2009; Vetvicka & Vetvickova,
2010).

In recent years, there is an increasing interesixploiting natural products such as
phytogenic feed additives for livestock, due to thet that they are an alternative strategy to
replace antibiotic growth promoters. As pointed bytWallace et al. (2002), consumers and
health authorities in developed countries, espgdiathe European Union, have controlled the
use of chemical feed additives, including antilmstand ionophores in livestock feed since
2006 (Council Regulation (European Council) No 18803 of the European Parliament and
of the Council on additives for use is animal rtign). Natural products used as feed additives
must be harmless to animals, not leave toxic resido animal bodies or animal products and
they must be safe for the environment. Thereftre purpose of this regulation is to establish
a community procedure for authorizing the marketind the use of feed additives. It also lays
down the rules for the supervision and labellindesfd additives and premixtures in order to
provide the basis for the assurance of a high lefefotection of human and animal health and
welfare, the environment, and “users and consumatstests in relation to feed additives,
whilst ensuring the effective functioning of theamal market (Wallace et al., 2002; Franz et
al., 2005; Santoso et al., 2007; Vrublova et al®0

At the present time, propylene glycol, a synthetiemical, is the only compound
regularly used by farmers, as a glucose precursoorder to prevent metabolic diseases.
Moreover, there is particular interest in findingpgher compound of natural origin with similar
effects. Some plants, due to their complex comprsitcan be used as food additives with
multiple biological activities. This is the case sdponin-based additives, currently mainly
produced fromyucca schidigeraSaponins are common in a large number of plardspéant
products. It has an important role in human anchahnutrition. Saponins have biological roles
such as modifying membrane-permeability, immunoskation and hypocholesterolemic
properties and it has been found to have signifiaiacts on growth and feed intake in animals.
These compounds have been observed to reduce gagtozimpair protein digestion and the
uptake of vitamins and minerals in the gut ancct@a hypoglycaemic agent. These compounds

thus affect animals in both positive and negatiagsvDas et al., 2012).
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One of its impacts is to decrease methane emissienseviously demonstrated in
ruminants, but there are also some beneficial effern energy metabolism during periods of
metabolic imbalance which need to be confirmedsdite of the intensification of production
systems and the development of production, reseegdimve begun to search for indicators
that assess the metabolic status of animals in deiegl. The purpose of techniques is to detect
metabolic disorders as early possible, in ordeettifiy them immediately and avoid expensive
veterinary treatment and a decrease in productia €t al., 2005; Silva Filho, 2016).

Several metabolic profiles exist (energy, protelimsgs etc...). Each profile is based
on a specific list of parameters which are measumethe blood. The study of metabolic
profiling is a systemic approach, based on laboyateeasurements of blood and rumen fluid
parameters over a certain period. It reflects tiatral status and can be used to predict or
diagnose clinical abnormalities and metabolic dises in small ruminants (Gonzalez et al.
2000; Caldeira et al. 2007; Balikci et al. 2007mhi et al., 2016). In general, the use of
metabolic profiles on farms has not been adoptddnewely, as it is thought that blood
parameters cannot predict the metabolic status @mnamal without a characterization of its
diet and phase and level of production (Caldeira,e2007).

The information provided by strategic metaboliciaadors and body condition score,
for example, can however provide a more substab#éials concerning the knowledge of the
metabolic status of the small ruminant and theggfaliets can be adjusted and metabolic
disorders prevented and production can be improvad.animal production, crucial
consideration is given to rational feeding sincs thay contribute to improve the meat and

dairy quality (Caldeira et al. 2007).
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2. REVIEW OF THE LITERATURE

2.1 METABOLIC PROFILES

The criteria that were previously used to estabbgfimum nutrient intakes for
ruminants were not always adequate. In the pregmantal’s body for instance, body weight
(BW) has been used as a criterion for measuringemitadequacy. However, the change in
weight of the fetus confuses the interpretatioa ahange in the BW of the female. In nutritional
studies where short-term effects are of interdst, use of BW, milk production, or wool
production is often not satisfactory as a meastresponse. In order to demonstrate a response
in these situations it is necessary to establigar@ that can be accurately measured and that
are closely associated with the metabolic processttsn the animal’s body. Since most
physiological processes in the animal body invdiamsport of metabolites by the blood,
therefore metabolites could be helpful in detectthgnges in types or rates of biochemical
processes related to growth or productivity (Bowde&v1).

Metabolic profile evaluation has been used for rRgldime in veterinary clinics.
However, the metabolic profile became a animal hodby term only in the 70’s, where the
metabolic constituents are used as an auxiliarhatketn the evaluation of productive and
reproductive performance in production ruminantay(e et al., 1970; Peixoto & Osorio,
2007). Blood is the fluid mostly used to check ithdicators of nutritional or metabolic status,
both for the quality of information which it proved, and also the ease of obtaining samples.
The use of blood parameters for assessing the oigtabate began with a group at the Institute
of Research on Animal Diseases in England (Cald20a5).

The mechanism that alters the blood metaboliteldenieenergy and protein in small
pregnant ruminants have not been studied suffigigrt (Thomas et al., 2001), especially
when considering the racial factor, since manyistiiave been conducted in certain breeds
of small ruminants such as the Santa Inés she&evss, nothing has been done with Dorper
sheep (Soares et al., 2014).

The biochemical variables of ruminant metabolicfifganay be used to monitor and
diagnose metabolic-nutritional adaptations and iari@s such as during the transition period
(Gonzélez et al., 2000; Caldeira, 2005; Caldeiral.e2007). According to Russel (1991), the
fastest method to evaluate the nutritional balanmall ruminants, at critical periods, is the

determination of certain metabolites in the blooglin. Therefore, the analysis of these
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metabolites has been a valuable approach; howdasr jnterpretation is quite complex due to

the mechanisms that control blood levels of varieaisables and the large variation in these
levels due to factors such as regional charadsjdbreed, species, age, diet, physiological
state, seasonality periods, nutritional managemedtthe production system that are all taken
into consideration. In addition, recent studiesehalrown that the peri-parturient period has a
significant influence on the metabolic profile @rsm biochemical parameters such as total
proteins, globulin, creatinine, urea, cholesterglycerides and plasma glucose (Gonzalez et
al., 2000; Soares et al., 2014). However, variationblood metabolite concentrations can be
caused by nutrient excess or deficiency in the digtthere is also an interrelationship between
nutrients, which can lead to errors of interpretaif metabolite variations are analyzed simply

for an increase or decrease (Contreras & Phil, 2000

2.1.1 Transition Period

The transition period between late pregnancy ang eetation presents an enormous
metabolic challenge to the high-yielding dairy raamt. This period from 3 weeks before to 3
weeks after parturition, is critically important teaintain health, production, and profitability
of these animals. Most health disorders occur duttis time, compared with other stages of
the lactation cycle, relatively little is known alidundamental biological processes during the
transition period. This period starts when a fengdes from pregnancy and no lactation to
non-pregnancy and lactation, leading to a stregstdusevere and abrupt changes in their
metabolism (Grummer, 1995; Drackley, 1999; Rabékl.e2005).

The transition period in ruminants is marked byem#te physiological, hormonal,
metabolic and anatomical changes. These changassueiated with a decrease in feed intake,
high demands for nutrients and rapid fetal growthich result in negative energy balance.
Depending on the intensity the animals can be t#fteby metabolic disorders, resulting in
decreased milk production, and reduced reprodugiréormance and increased herd culling
rate (Drackley et al., 2005; Tharwat et al., 2003)e rapid onset of lactogenesis soon after
parturition requires large amounts of nutrientsyeower feed intake is low in this period due
to endocrine changes that may be particularly mresipte for an accelerated decline of dry
matter intake (DMI) that starts in the last weekpregnancy (Bell, 1995; Goff, 2006).

The regulation and coordination of lipid metaboliamong adipose tissue, liver, gut,
and mammary gland are key components of the ad@apdab lactation. Lipid accumulation in

the liver may contribute to health disorders ancrel@sed milk production. Knowledge of key



Rego, R. O. Review of the Literature 20NN

elements of the control system are lacking, asisralerstanding of the metabolic effects of
hormones, growth factors, and cytokines that medsé&tess. Recent evidence indicates that
supplemental fats or restricted feed intake befamurition can induce a coordinated set of
metabolic changes in the metabolism of long-chaittyfacids, including peroxisom@
oxidation, possibly mediated by peroxisome proéifer-activated receptors. Estimations of the
mixture of fuels for metabolizable energy in rumits during earlypost-partumperiod
suggests that supply of amino acids and glycogeompounds may be too low. Because
dietary fat does not inhibit body lipid mobilizatip during the earlypost-partumperiod
supplemental fat may further imbalance the mixtfreuels and lead to decreased dry matter
intake (Drackley, 1999).

A suboptimal transition from the late-gestation iperto lactation can impair
production and reproductive performance and causenagic losses. Due to the
aforementioned, this period is seen as the massftrl time in the production cycle of a dairy
ruminant. Therefore, an optimal transition requiee€omprehensive understanding of the
biochemical events occurring during the peri-paenir period and should decrease health
problems and increase profitability of dairy rumite(Drackley et al., 1999; Guo et al., 2007).

Most of the available data describing metabolisndaify cows during the transition
period is based on only a few measurements obtaineda large interval of time, such as a
week or longer. However, measurements of blood Imoétas are associated with great
variations, indicating large fluctuations in methigoprofiles during the peri-parturient period
(Drackley et al., 1999).

In small ruminants on the other hand, the transiperiod has gained little attention.
Measurement of blood metabolites in sheep and gbatsld be performed more frequently to
capture the dynamic changes in the peri-partupenbd (Khan & Ludri, 2002a, b; Skotnicka
et al., 2011; Santos et al., 2012; Silva et alL.30

The correct interpretation of a metabolic profike indispensable to know the
appropriate reference values for the region angdmilation. In the case where these values
are not known, the reference values to be useddheuor climatic zones and similar groups
of animals (Gonzalez & Scheffer, 2003).

2.1.2 Energy profile

Ruminants are obligate herbivores whose evolutiorsaiccess has, in large part,

resulted from their pregastric, fermentative motidigestion. This allows them to efficiently
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utilize cellulose and other fibrous feed componeasl get most of their protein requirements
from the digestion of rumen microbes. However,|lsbansures that more readily digestible,
no-structural carbohydrates, including starches andars, are subjected to microbial
fermentation in the reticulorumen before they candme available for amylolytic digestion

and absorption in the small intestine. This me&aas in the recently fed as well as the post-
absorptive state, ruminants must depend almostigixely on gluconeogenesis in liver and to
a lesser extent, kidneys, for their tissue gluces@irements (Bell & Bauman, 1997).

In ruminants, most of the carbohydrate feed is &m@d in the rumen, giving rise to
short-chain fatty acids: mainly acetate, propioreue butyrate. They represent the main source
of energy (Kosloski, 2005). In the digestion pracetthese animals, only a small part of the
glucose from the alimentary tract arrives in theddistream and most of it is oxidized by
ruminal bacteria. The organ responsible for thettsgis of glucose is the liver which uses
precursor molecules for gluconeogenesis. Propiacid, is the main substrate accounting for
approximately 50% of production of glucose, gluamgenic amino acids (glutamine and
alanine) and lactic acid contribute 25% and 15%eetvely; moreover another important
precursor is the glycerol (Gonzéalez, 2000). Theartgnce of hepatic gluconeogenesis is
highlighted by the fact that glucose requiremen¢smaore than doubled in late-pregnant ewes
carrying twins, and increased 4-fold in geneticallperior, lactating dairy cows compared to
their non-pregnant or non-lactating counterpartdl(& Bauman, 1997).

Endocrine changes directly influence the ruminaaisrgy profile, through a decrease
in feed intake and an increase in the demandautoients, inducing lipolysis (Drackley, 1999).
This mobilization occurs because of NEB and cagget severe liver injury due to fatty
infiltration, thus directly affecting energy prodion (Souza et al., 2004; Souto, 2013). The
vital organs are extremely susceptible to energicitke and this is correlated with low
reproductive performance, a delay in age at pubentyincrease in the interval between
parturition and the first ovulation amqebst-partumestrus, plus a reduction in conception rates
and pregnancy rates in beef and dairy ruminantpollycemia depresses nervous activity and
results in a reduction in GnRH secretion by thedtlyplamus which induces reduced ovarian
activity (LeBlanc et al., 2006).

The level of nutrient intake is associated withat@ons in the metabolism of fat in the
body, especially the mobilization of fat deposiisidg low intakes. Related to this process are
changes in several biochemical indicators whicheh&een studied in high producing

ruminants, the main metabolites associated withggrgalance are glucose, fructosamine, non-
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esterified fatty acids (NEFA) anfl-hydroxybutyrate fHB) (Bowden, 1971; Kida, 2003;
Enemark et al., 2004).

2.1.2.1Glucose

Glucose is one of the most widely used blood méitaisoto determine the energy
status of ruminants. However, some studies havenstaocertain difficulty in exploiting the
results because the homeostatic mechanism thatotomiood glucose levels has become
difficult to interpret objectively due to a link tveeen nutritional status and glucose levels. In
addition, many tissues use free fatty acids (FFAJ ketones bodies as an energy source,
despite the fact that the liver of these animals &digh gluconeogenic function (Payne &
Payne, 1987; Peixoto & Osério, 2007).

When it comes to the ruminant species, this mettgbisl extremely important due to
the central role it has in mammary gland functiorsupplying components such as carbon,
hydrogen and oxygen for the synthesis of lactoserellver, the synthesis of lactose is
responsible for controlling the volume of milk praetd due to the high osmotic pressure it
induces. Glucose plasma concentrations are stablegdhe transition period, with an increase
only being seen during labor and immediately ghtaturition. This increase is linked mainly
to rises in glucagon concentrations and glucoamdi (Kunz et al., 1985; Vazquez-Afion et
al., 1994).

In well-fed ruminants, the main precursor for h@pgtuconeogenesis is propionate,
one of the major VFA byproducts of pregastric fentagon, which is absorbed via the ruminal
epithelium into portal venous blood and almost q@ively removed by the liver. The rate of
ruminal production of propionate and other VFA isedtly related to dietary intake of
fermentable substrate; propionate synthesis iscedfyefavored by fermentation of starches by
amylolytic bacteria. Since the hepatic supply @fgionate is a principal determinant of hepatic
glucose synthesis; it is not surprising that in @diisses of ruminant whole-body glucose
production is highly correlated with digestible emeintake. As the supply of propionate
dwindles, the importance of other glucogenic sabst, such as lactate, amino acids, and
glycerol, increases (Bell & Bauman, 1997; Caldex@)5).

Blood glucose levels may be changed as a functittimeecavailability of precursors for
the synthesis of glucose. Low metabolizable energ@ke can cause a reduction in propionate
in the rumen, which is the main factor responsibiea decrease in glucose levels (Reynolds et
al., 2003).
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Monitoring and/or evaluating the energy status whinants via glucose has been
identified in previous studies as an imperfect ¢athhr due to its insensitivity to nutritional
changes and its sensitivity to stress. Neverthegemia could still be used in situations of
severe energy deficit and in animals that are regrpant and during lactation (Mundim et al.,
2007). Previous studies on sheep and goats witinprey toxemia confirmed that glucose is
not a reliable indicator of metabolic disorders wheferring to this disease, since a common
finding is that the animals the most affected hggelnglycemia and this was explained by a
stress induced increase in cortisol levels (Sagitaes., 2011; Souto et al., 2013).

At the end of pregnancy, glucose requirements lagelate and are not controlled by
small ruminants when there is transfer of glucasenfthe dam to the offspring(s), the latter
use it and glucose does not return to the mat&toabstream. Moreover, when feed intake is
too low to meet fetal energy demands, especialiyfdmales carrying twin fetuses, the dam
uses its own body reserves to try to maintain tiieect glucose balance (Bruére & West, 1993).
In addition, the glycemic profile is the most imfaont indicator during the last days of gestation
as a predictor of fetal viability.

This information about glycemia has a great impur¢ain the developement of
therapeutic protocols, especially by the intravesipadministration of glucose in sick animals
(Lima et al., 2012). Glucose in the pregnant goat @ve is the major source of energy to the
fetus(es). Therefore, pregnant goats are at hgaf developing pregnancy toxemia due to
the rapid foetal growth (Bergman, 1993). The eneegyirement of the pregnant goat increases
by a factor of 1.5 when it carries one fetus and Eactor of 2 when it carries two fetuses (Pugh,
2005). Blood glucose levels in pregnant goats arerlly low, because of fetal demand. There
is little information in the literature addressitige occurrence of hyperglycemia in pregnant
does. Studies showed that as the disease progiesssss, blood glucose and cortisol levels
may increase due to fetal death. Wastney et aB3)18uggested that hyperglycemia occurs
because fetal death removes the inhibitory effetttefetus on hepatic gluconeogenesis. Smith
and Sherman (2009) referred to the existence adrked hyperglycemia in terminal cases.

2.1.2.2Non-Esterified Fatty Acids (NEFA)

In the ruminant, ketones are produced by intermmgdi@etabolism and during the
absorption of butyric acid from the rumen. In gegi-partumperiod the main source of ketones
is fatty acids including those with short, mediunddong chains. Of course, any compound

(glucose, lactate, glycerol, amino acids, etc.} taam be converted to fatty acids and can be
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considered a source of ketone, but the origin tdrkes is considered to be fatty acids, either
esterified or nonesterified (Kaneko et al., 2008).

A massive mobilization of NEFA from adipose tisshiging and after parturition in
high-yielding dairy ruminants is the metabolic hark of the transition from pregnancy to
lactation (Bell, 1995). There is an abrupt shifthe metabolic demands from crucial nutrients
(body reserves and fetal mass) to rapid mobilipatidipid and protein stores in support of the
sudden onset of high milk production (Adewuyi ef 2005).

NEFA are released into blood when adipose tissomlslized to supply the metabolic
needs of the animal, primarily the need for eneAdthough the quantity of NEFA in the blood
of ruminants is small, it is an important factoraaloric homeostasis of the body. In other
words, high levels of this metabolite reflect thagnitude of fat mobilization of body reserves,
usually associated with the period of insufficienergy consumption, and are an effective way
to evaluate the energy status of ruminants (Bow#i@nl; LeBlanc, 2010).

Increased lipolysis and decreased lipogenesis tamalated by negative energy
balance (BEN), observed when the animals do not the& requirements through the diet, in
addition to the high demands for fetal growth anitk production. It is necessary to use
alternative sources for energy production througtiaased lipid mobilization, which is used
as an energy source by many tissues, includingndramary gland and the liver (Bell, 1995;
Grummer, 1995). Furthermore this mobilization resurh decreases in body condition score
and weight of animals, leading to endocrine andabmaic disturbances (Rodrigues et al., 2006;
Artunduaga et al., 2011).

Circulating NEFA comes from the hydrolysis of tgigérides deposited in adipocytes
and these metabolites are released and carrietloadstream by albumin, which provides the
necessary solubility for their circulation in thiedd (Caldeira, 2005). Their accumulation due
to the inability of the liver to metabolise thermdaigger metabolic disorders. Accordingly,
this will expose the animals to increased riskgdigkases such as subclinical and clinical
pregnancy toxemia, uterine diseases, decreased proftuction and reduced reproductive
performance (Pullen et al., 1989; Radostits, 200@nsequently, the blood concentration of
NEFA depends on the degree of fat mobilizatioresponse to NEB (Van Saun, 2000).

An increase in NEFA concentrations is observedragmancy progresses and this
provides some advantages to the pregnant rumiaatihg as a source of energy for dam
metabolism and promoting the development of anlimsasistant state (Regnault, 2004). This
mechanism reduces the utilization of glucose bypr@pheral tissues, through the inhibition

of the action of insulin, thus preserving and pdowj the glucose for placental and fetal
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metabolism (Brockman, 1979; Regnault, 2004). Anvalen in plasma NEFA occurs
commonly during parturition, but it is observed dref the animal presents symptoms of
metabolic disease (Barakat et al., 2007). Thergfmrevious studies reported that the level
before parturition is an important tool to predfeé mobilization of body reserves due to high
energy demands at this stage. This situation allearty detection in ruminants at risk of
developing disorders associated with NEB (Grumi2@02; Souto et al., 2013).

Sheep in the early lactation period have highergghdemands when compared to
pregnancy and the dry period due to milk synth@sislelrahman et al., 2002; Karapehlivan et
al., 2007). In thepost-partumperiod, the rate of lipolysis overrides lipogesegroviding
greater amounts of NEFA to supply peripheral tissiell (1995) noted that NEFA provide
about 40% of the fat in milk during the first dayfslactation. In ruminants, mammary uptake
of NEFA depends on their circulating concentratidhgs important to realize that fatty acids
in milk come from two sources, uptake from the @iation and synthesis within the mammary
epithelial cells. The free fatty acids taken uprrthe circulation by the mammary gland are
derived from circulating lipoproteins and NEFA tlaiginate from respectively absorption of
lipids from the digestive tract and from mobilizatiof body fat reserves (Adewuyi et al., 2005).

In the liver, NEFA metabolism depends on the abdits of glucose and on the
mobilization rate, because they may be completelgired for energy production or partially
oxidized for the production of ketone or reestedfand stored as triglycerides. The ruminant
liver has a limited capacity to export triglycersdas low density lipoproteins, so that high
mobilization in relation to low exportation leadshepatic steatosis and predisposes the body
to metabolic disorders (Head & Gulay, 2001).

2.1.2.33-Hydroxybutyrate §HB)

Ruminants usually have higher ketone body conceomis in blood plasma than
monogastric animals due to postprandial produaighhydroxybutyrate fHB) in the ruminal
epithelium. Even higher concentrations of ketondié®mare present in ruminants suffering from
clinical or subclinical ketosis. A NEB during thransition period around parturition is regarded
as the primary cause of the development of theadesand the development of hyperketonemia
in small ruminants and cattle. Sustained hyperlatoa is probably the most characteristic
biochemical sign of spontaneous clinical and sulidi ketosis of sheep, goats and cattle. In
ketotic animals, when feed intake has ceased, kdbodies are almost exclusively produced

by the liver fromB-oxidation of fatty acids (Schlumbohm & Harmeyed02).
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Ketone bodies are energy sources in the absenaarbbhydrates and lipids in
ruminants and their precursors are lipids and fatigs from the diet, as well as fat deposits.
Butyric acid is produced in the rumen and transtnn the epithelium of the pre-stomachs
via acetoacetate tpHB (Wittwer, 2000; Wittwer et al., 2006BHB assays are important
clinical tools for assessing nutritional status addptation to the NEB (Chung et al., 2008).
Amongst the ketones bodieHB, acetoacetate and acetorf@)iB is the most widely used
indicator of NEB due to its stability in serum, &noim the fact that it is not influenced by stress
and its blood concentration in NEB situations i¢ lmited by the availability of a carrier
(Caldeira, 2005). The severity and duration of NEBeflected by the increase in circulating
NEFA andBHB and the degree of the decrease in glucose ctriatiens (Drackley, 1999). The
decreased DMI prepartum causes NEB and increasEa dBdBHB concentrations (LeBlanc,
2010).

Most ketone bodies produced are used as a sourreajy for skeletal and cardiac
striated muscles. In the case of the adrenal coaimetyl CoA which comes from acetoacetate
is not only used as an energy source but alscsabsdrate for the synthesis of cholesterol and
steroid hormones (Araujo, 2009). Some evidence esigghat there is a deleterious effect of
FFA on the sensitivity and action insulin, moreot#eey act by inhibiting the secretion of
insulin by the pancreatic beta cells and may atsoutate cellular apoptosis (Corréa et al.,
2010).

2.1.2. 4 -lactate

In healthy ruminants, the concentrations of L-leeta the blood depend on diet and
rumen function, physiological state (early pregryaawed lactation), physical activity and stress
(Allison et al., 2008). Guideline values for nornmaiinant serum lactate concentrations are
between 0.5 and 2.0 mmol/L and for rumen fluid nairnanges between 1-20 mmol/L have
been found (Moller et al., 1997).

Lactic acid is produced in significant amounts dgrmicrobial fermentation in the
rumen, especially when the diet comprises of eablgestible carbohydrates such as starch
and sugars. Under such feeding conditions thetiactacentration in rumen fluid may rise and
the rumen pH decreases gradually. At this stage,btiffering capacity of rumen fluid is
reduced, and at increasing lactate concentrationem acidosis is likely to develop. Lactic acid

has two possible routes of transport out of theemirpassage with rumen fluid to the abomasum
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and small intestine for absorption or direct absorpthrough the rumen wall into the blood
(Moller et al., 1997).

Physiological status also causes an increase attate at parturition which could be
due to the presence of lactate anions originatioigp the production of lactic acid. This acid is
derived from anaerobic glycolysis due to decreasei¢ oxygenation. Lactic acid may affect
the permeability of cell membranes, especially neusells and some enzymes may also leak
into the bloodstream, particularly creatine kingBerall, 2006; Gonzalez & Silva, 2006).

L-lactate is produced by mammalian cells (Mollerakt 1997). L-lactic acidosis is
relatively common, occurring primarily as a resfltissue hypoxia, but also due to drugs and
toxins, inborn errors of metabolism, and underlyidgease states. L-lactate is rapidly
metabolized to become pyruvate by L-lactate delyeinase in the liver (Ewaschuk et al.,
2005). Both D-lactate and L-lactate are producethenrumen. When D- and L-lactic acid
accumulate more rapidly than they are absorbedemupt falls and rumen atony develops.
Some L-lactate is absorbed and metabolized bywtaednd other tissues, but D-lactate cannot
be utilized and contributes significantly to theddoad of the body (Kaneko et al., 2008)

Previous studies have shown a lacticidemia conditdnich is compatible with
metabolic acidosis that is observed in animalscédfi by pregnancy toxemia (Barakat et al.,
2007; Santos et al., 2011). This observation fehht from that detected by Ferris et al. (1969)
who did not find an elevation in L-lactate in tHedd and no significant metabolic acidosis in
sheep affected by this disease. Lacticidemia seshdaep with pregnancy toxemia is caused by
ketonemia, which arises as a consequence of theedbated oxidation of NEFA, since this
generates excessive production of ketone bodiesqacetate, acetone and BHB), and as these
are anions have acid characteristics, which rasgap anion and reduce the concentrations of
HCGOs, CI, Na" and K, which is typical of metabolic acidosis. Associhteith this disorder,
dehydration is also observed in small ruminantstagders the glycolytic process (anaerobic
glucose), producing lactate from glucose, and dmunting to the lacticidemia (Naylor et al.,
1984; Kaneko et al., 2008).

2.1.2.2.5Fructosamine

Fructosamines are stable ketoamines formed bydhalent non-enzymatic reaction
of glucose with amino groups of proteins, mainlguahin (Armbruster, 1987; Kaneko et al.,
2008). Fructosamine has been used to differentimiveen persistent and transient

hyperglycemia induced by stress, thus it is a st&letoamina formed continuously by the
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reaction between glucose and amino groups of eaiticig proteins and its blood concentration
is controlled by the balance between synthesisdisybsal of these protein compounds and
glucose (Thrall, 2006; Kaneko et al., 2008). Themef nowadays the determination of
fructosamine is considered to be the gold stanidanshonitoring glycemia and control in cases
of human diabetes (Moraes et al., 2011).

Due to the importance of glucose in the intermgdmetabolism and its relationship
to amino acid and lipid metabolism, the measuremétite glucose supply to the body may
also be a useful tool for monitoring the health anétabolic status. However, direct
measurements only show the momentary blood gluomseentration, which is subject to rapid
and frequent changes (depending on diurnal, dietamy individual factors). In human
medicine, the measurement of a product of blootepralycation (HbAlc and Fructosamine)
has been established as an indicator of glycaeweiaaolong period of time (Armbruster, 1987,
Filipovic et al., 2011). In addition, fructosamilexels represent a mean value of glycemia in
the two weeks prior to its measurement (Kanekd.e2@08).

As pointed out by Braun et al. (2010) there is ek laf research related to the
concentration of fructosamine in small ruminants. &count of metabolic alterations during
late pregnancy and early lactation in sheep, thé/ais of fructosamine concentrations in blood
reflects more accurately the changes in relatiotivéoconcentrations of proteins and glucose.
Fructosamine concentrations provide an indirecexndf average glycemia in human and
monogastric animals. Although fructosamine has lpgeposed as a marker of hypoglycemia
(Cantley et al., 1991) and hypoproteinemia (Steat.e2001) in sheep, they are not frequently
used. Previous studies recorded in sheep and gibatsed by metabolic disorders have showed
different fructosamine concentrations when compéodtkealthy small ruminants.

Cantley et al. (1991) reported lower concentratiohgructosamine in pregnancy
toxemic ewes compared to healthy ewes, suggestirsisgent hypoglycemia due to pregnancy
toxemia. On the contrary, other studies reportegh Malues of fructosamine in ewes with
pregnancy toxemia and in goats with diabetes ddacigtion (Santos et al., 2011; Yatoo et al.,
2015).

Yatoo et al. (2015) have studied the prevalensaibélinical diabetes in a commercial
flock of dairy goats in India and its interactioftlwmilk quality. They observed higher levels
of fructosamine and glycated hemoglobin in diabhefégse metabolic alterations may reflect
the ineffective action of insulin and hyperglycemidiich causes glycosylation of proteins and

thus, increases levels of glycated hemoglobin andtdsamine. Glycation of proteins and
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receptors affect enzyme and hormone activity ang,timay have been the cause of the
metabolic disturbance in subclinical diabetic goats

In this context, the analysis of fructosamine isdzhnot only on glucose, but also on
total protein, albumin, cholesterol and urinaryagise. Indeed, in a study with Dorper sheep
during the peri-partum period, it was possible to identify a negativeeéin profile of
fructosamine concentration as gestation progressedl at the time of parturition its

concentration was lower (Soares et al., 2014).
2.1.3Lipid profile

During the first half of pregnancy amongst the rheli@ processes, anabolism is
predominant, e.g. increased hepatic productionadyiglycerol, intensified removal of lipids
from the cardiovascular system, higher rate ofdigposition and a significant inhibition of
lipolytic processes (Smith et al., 1998; Winkleraét 2000). In the second half of pregnancy,
catabolic processes become predominant. In thisghatue to an increased resistance of target
tissues (adipose tissue and muscles) to insulinthedstimulation of lipase by placental
hormones, fatty acid mobilization from adiposeuessan be observed, increasing the free fatty
acid concentration in the blood of pregnant femésdte, 2000; Winkler et al., 2000;). This
results in a preferential supply of glucose andnanaicids for the fetus (Butte, 2000). The main
precursor for lipid synthesis in the fetus is gedyecause the transfer of lipids through the
placental barrier is limited and restricted totitamsfer of polyunsaturated fatty acids which are
essential precursors of steroidal bioactive compgeuand maintain the fluidity of cell
membranes especially in the brain (Iriadam, 208@A)adaptation of this type can be observed
in many species of mammals, e.g. in rats (Piccetnal., 2009), cows (Mohebbi-Fani et al.,
2006) and humans (Butte, 2000). Similar lipid miabiion may also be observed in female
sheep and goats in the early lactation period @Natial., 2002a; Piccione et al., 2009;
Skotnicka et al., 2011).

Eighty per cent of the metabolites related to mitkthesis circulating in the blood are
utilized by the secretory cells of the mammary dladepending on the speed of incorporation
of precursors into milk compounds (free amino acgliscose and fatty acids). An increase in
lipase activity of the mammary gland is inducedwy reduction of lipogenesis and increased
fatty acid release. The process is regulated bgpiwephrine and epinephrine which provide

the substrates for milk fat synthesis (Nazifi et 2002a).
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In small ruminants, during late pregnancy, the 8lopid profile is characterized by
increased concentrations of total cholesteroljyitgyides and lipoproteins (Piccione et al.
2009). Lipid profiles have been used to predlieti-partum diseases and circulating blood

triglycerides contribute significantly to milk faynthesis (Nazifi et al., 2002a).

2.1.3.1Total Cholesterol (TC)

Cholesterol in animals may be of exogenous andgartus origin, originating from
feed or synthesized from acetyl-CoA respectivelyis Isynthesized from acetyl-CoA in the
liver, the gonads, intestine, adrenal gland, amal ke biosynthesis of cholesterol in the body
is inhibited by the ingestion of exogenous choledt@onzalez & Silva, 2006). In ruminants,
cholesterol concentrations are altered by diffefantors such as diet, age, gender, breed,
physiological status such as pregnancy and lactaing hepatic and biliary diseases (Ozpinar
& Firat, 2003).

The analysis of blood cholesterol may influence teproductive performance of
ruminants since it is a precursor of importanta@tehormones such as progesterone (Brito et
al., 2006; Campos et al., 2007; Pogliani et alLO0Therefore, decreased levels of cholesterol
can lead to reproductive impairement (Godoy et28lQ4). Its decrease is usually related to
liver failure, low energy diet, hyperthyroidism arnbe pre-partum period. From these
indicators, it could be concluded that, in additionthe final stage of gestation, inadequate
energy intake is responsible for reduced levelsniates et al., 2000; Gonzalez & Scheffer,
2003; Soares et al., 2014).

In early lactation, cholesterol values graduallyre@ase and then decrease at the end of
this period. This increase, generally during lactaperiod, has been attributed to the increased
synthesis of plasma lipoproteins (Gonzalez & SiR@06). As pointed out by Duffield et al.
(2003) in their study with dairy cattle during tinensition period, they assigned an increase of
cholesterol due to a higher release of lipoproté&ios the liver. In other words, the gradual
increase in cholesterol and triglycerides in laggpancy in sheep may be due to insulin levels,
which play a direct role in adipose tissue metaoliduring pregnancy and insulin
responsiveness is significantly reduced in ewesndutate pregnancy. The diminished
responsiveness of the target tissue to insulinndulate pregnancy predisposes the ewes to

increase these metabolites and lipoprotein conaois (Balikci et al., 2009).
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2.1.3.2Triglycerides

The main storage form of FFA is triacylglycerolsa@lcalled triglycerides, in which
three FFA are esterified to a glycerol moleculeglycerides are even less water-soluble than
FFA and therefore must be bound to proteins in dergs called lipoproteins for transport in
plasma. Although most cells can synthesize trigiges, liver, adipose, mammary gland, and
the small intestine are particularly adept at red-fatty acid-CoA is considered to be the
building block for triglyceride synthesis, alsoshould be stated that there are two sources:
FFA in the plasma and synthesized locally. Gengratihysiological or pathological
circumstances, such as starvation or diabetes hwdriemote high plasma levels of free fatty
acids, inhibit FFA synthesis. Physiological circtiamees that promote free fatty acid synthesis,
such as eating a carbohydrate meal inhibits lipelysadipose tissue, which does not lead to
an increase in plasma FFA (Kaneko et al., 2008).

At the onset of lactation, glucose contributes iicemtly to the synthesis of lactose
by mammary gland alveoli, amino acids for the sgaif of casein and lactalbumin and fatty
acids for milk fat synthesis. High milk yields inéstock require adequate nutritional balance,
especially in early lactation. It is noteworthytth&a 60 daypost-partumthe goat reaches peak
milk production, even if feed consumption is desezh resulting in mobilization of body
reserves to meet the high metabolic requirements.

Triglycerides are an important source of fatty adr the synthesis of milk. Studies
with dairy goats observed lower levels of bloodltrcerides during the peri-parturient period
which could be explained by the increase in milkdarction, reduced availability of fatty acids,
the presence of lipolysis for energy and the higirapunt of circulating triglycerides in the
mammary gland and milk fat synthesis. In addittbe,activity of lipoprotein lipase is increased
in the mammary gland and decreased in adiposecti@sazifi et al., 2002a; Mundim et al.,
2007).

Some additives as monensin have been shown tddugieé in improving the energy
status of peri-parturient dairy ruminants. Theyr@ase the activity of ruminal gram-negative
bacteria, resulting in the production of more pomic acid (providing glucose), which provides
the animal with more energy (Duffield, 2001) angmwves energy status, induces better liver
function, and higher export of triglycerides is egfed. It appeared that less attention has been
paid to the effect of these additives on serum eotrations of triglycerides and lipoproteins
with regard to liver function. Measurement of tyiggrides alone to assess the liver may not be

sensitive enough, because some triglycerides amuhéber of their vehicles in the blood have



Rego, R. O. Review of the Literature [N

non-hepatic sources. Measuring serum lipoprotemgambination with triglycerides and
cholesterol may help describe liver function anergg metabolism in peri-parturient ruminants
(Mohebbi-Fani et al., 2006).

2.1.3.3High Density Lipoproteins (HDL)

Since very low-density lipoproteins (VLDL), low-dsity lipoproteins (LDL) and
high-density lipoproteins (HDL) all contain somaglycerides; all of them may play a role in
increasing serum triglycerides. The major lipidstieé VLDL molecule are triglycerides,
whereas those of LDL and HDL are cholesterol anaspholipids. HDL makes up about 80%
of serum lipoproteins (Mohebbi-Fani et al., 200B)e HDL are synthesized and secreted by
the liver and the small intestine. These partiakesthe main particles implicated in a cholesterol
transport system that returns excess cholesteoah fperipheral cells to the liver for bile
excretion and resynthesis of new VLDL particlesy&azart, 1993).

HDL concentrations gradually increased in the fiveeks of thgost-partumperiod
as well as TC and triglyceride concentrations (Natial., 2002b). Therefore, an increase in
these metabolites during the lactation period ctel@xplained by lipid mobilization which is
triggered by glucagons or by increased synthesthefaforementioned plasma lipoproteins
(Cavestany et al., 2005; Sadjadian et al., 201139. dpposite effect was found by Manat et al.
(2016) in that there was a decrease in TC and/tégides from parturition until the #5day
post-partumindicating that the goats used the lipids to syplergy for milk production.

Likewise, this dynamic of TC and HDL after partiott shows that during the lactation
period of sheep and goats, lipogenesis and estidn are reduced, and FFA mobilization is
stimulated by an increase in norepinephrine anchegbirine secretion. The activity of
lipoprotein lipase is increased in the mammary @land decreased in adipose tissue. In
addition, increased lipolysis around parturitiom@monally regulated and not the result of an
energy deficit (Nazifi et al., 2002a; Nazifi et,&002b; Manat et al., 2016).

2.1.3.4Total Bilirubin (TB)

Most of the bilirubin in the plasma is derived froine degradation of old erythrocytes
by the reticuloendothelial system, especially m$pleen. The remaining bilirubin comes from
the degradation of myoglobin, cytochromes, and itaneared blood cells in the bone marrow.

The hemoglobin released from erythrocytes is divideo the globin portion and the heme



Rego, R. O. Review of the Literature 42NN

group. After extracting the iron molecule, which g®red or reused, the heme group is
converted in bilirubin. The bilirubin thus formesl ¢alled free bilirubin, which is transported
to the liver bound to plasma albumin. This formalso known as indirect bilirubin in the
clinical laboratory and is not water soluble. Beligpsoluble, it is not filtered by the renal
glomeruli, and is not excreted in the urine. Inlikier, bilirubin is detached from albumin and
conjugated to glucuronic acid to form conjugatddubin. It is soluble in water and actively
secreted by the smaller bile ducts and subsequexthgted in bile. Conjugated bilirubin cannot
be reabsorbed in the gut, but the bacterial enzyressent in the ileum and colon can convert
bilirubin into fecal urobilinogen, which is reabbed at a rate of 10 to 15% by the portal-to-
liver circulation. Most of this urobilinogen is ecreted through the bile although some of it
can be excreted in the urine. The unabsorbed umob@én in the intestine is oxidized with
stercobilinogen, a pigment responsible for the braslor of feces (Gonzéalez & Scheffer,
2003).

2.1.4 Protein profile

Overall body protein status is usually assesseaaligir the levels of total proteins in
the serum or plasma, which include two major profeactions: albumins and globulins. The
interpretation of the biochemical constituents oinzls depends on the availability of
reference or baseline values for the parametece sivere are distinct species variations. For
example, in humans, sheep, goats, rabbits, dogseapigs, and rats, albumin predominates
over the globulins, while in horses and cows, #t®rof aloumins and globulins is nearly equal,
or the globulins tend to predominate (Swenson, 1993

In addition to species differences, there is ewidethat some physiologic factors,
namely: age, body weight, hormones, sex, pregnalacyation, puerperal period, estrus,
temperature season, nutritive state of animal @rapd adequate intake of protein or protein-
building materials in the diet), and many condiidsevere burns, dehydration, hemorrhage,
liver and kidney dysfunctions, the terminal stafeancer and inflammatory processes) affect
serum protein levels (Batavani et al., 2006).

There are a variety of continuous physiologic clesnttpat the dam undergoes during
pregnancy which represents the most anabolic pefitite female life cycle. These occur with
respect to the dam’s blood composition, cardiovias@ystem, uteroplacental blood flow, and

metabolic changes. In fact, the dam makes adjussmenprovide an adequate supply of
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nutrients for the development of the fetus whileinteaning maternal homeostasis and
preparing for lactation (King, 2000; Batavani ef 2006).

During lactation, the mammary gland secretory celidize 80% of the blood-
circulating metabolites for milk synthesis. Synisesd composition of the milk depend on the
rapid infiltration of precursors of milk compounds¢luding free amino acids, glucose and
fatty acids into the mammary gland cells. Milk @iot lactose and fat are produced by
mammary gland cells using these precursors. Changegk composition and a decrease in
milk production have been reported when thereésahse in the production of protein, lactose
or fat (Radostits et al., 2007).

2.1.4.1Total Protein (TP)

Blood proteins are mainly synthesized by the liad the synthesis rate is directly
related to the nutritional status of the animapeesally in the case of protein and vitamin A
levels, and liver function. This metabolism is iitakly influenced by energy status. The main
plasma proteins are albumin, globulins and fibremagrhey are involved in multiple functions
such as maintaining osmotic pressure and bloo@sis; transporting nutrients, metabolites,
hormones and excretory products, regulating bldgécapd participating in blood coagulation
(Sykes & Thompson, 1978; Gonzélez & Scheffer, 2003)

A significant decrease in serum protein levels ap #145 of gestation, compared to
pre-pregnancy and other stages of gestation, cmuédconsequence of an increase in the dam'’s
basal metabolic rate, the maximal nutrient requaets of the placenta and the growing fetus,
together with the transfer of serum albumin, immghabulins, and amino acids from the
bloodstream to the mammary gland for colostrum tesis. The fetus synthesizes all its
proteins from the amino acids derived from the ragtlnd the growth of the fetus increases
exponentially, reaching a maximum during late pesgny (Jainudeen & Hafez 2000; El- Sherif
& Assad, 2001, Balikci et al., 2007).

Studies showed a decrease in TP concentrationsel@dcturition, increased globulins
and decreased albumin in early lactation, whichethiger begain to increase gradually when
dietary protein intake became adequate. This dsenmemy be related to the amount of protein
in the diet, an increase in the demand for amindsaor the synthesis of milk proteins, or a
reduction in the liver synthesis capacity due toftit accumulation (Contreras, 2000; Zambrano
& Marqgues Junior, 2009; Mohammadi et al., 2016).
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Likewise this decrease in serum TP may be relatéaket fact that the fetus synthesizes
all its proteins from the amino acids derived frdm dam, and growth of the fetus increases
exponentially, especially in muscle mass, durirtg faregnancy (Mohammadi et al., 2016).
During lactation in goats, there is an increasseirum total protein level due to the catabolism

of proteins, primarily muscle proteins, for milkrgliesis (Krajnicakova et al., 2003).

2.1.4.2Albumin

Albumin is the most abundant protein in plasmapaoting for about 50% of total
protein. It is synthesized in the liver and conités to 80% of the osmolarity of the blood. It is
also an important protein reserve, as well asrsparter of elements such as FFA, amino acids,
metals, calcium, hormones and bilirubin. Albumisaaplays an important role in regulating
blood pH by acting as an anion. The level of aloumay be indicative of the protein content
of the diet, even though changes in its levels oslawly. For detection of significant changes
in serum albumin concentration a period of at least month is required, due to the low rate
of synthesis and degradation. Decreased albumatdetogether with decreased urea, indicate
protein deficiency. Decreased albumin levels withnmal or elevated urea levels accompanied
by high enzyme levels are indicators of hepatiifai(Gonzélez & Scheffer, 2003).

Serum TP and globulin levels were found to be loimamin-bearing sheep than in
single-bearing sheep on days 100 and 150 of pregnand could be related to the high
production of globulins for colostrum productionewes 3—4 weekgre-partum(Davson &
Segal, 1980). El-Sherif and Assad (2001) and Broxeski et al. (1996) reported that blood
proteins decreased during late pregnancy and gitgdoereased to reference values during
lactation (Kaneko, 1989). Purohit et al. (1999) ahiDewachi (1999) recorded blood glucose
and total protein levels at the end of the fireb@d, third and fourth month of pregnancy in
ewes to be lower than in non-pregnant ewes. Silpilaonzales-Montana et al. (1994) reported
serum TP levels to increase during the first tmneaths of pregnancy and twin pregnancies to
produce significantly lower protein levels when gared to a single pregnancy. Shetaewi and
Daghash (1994) demonstrated that lactation causktr@ase in the level of albumin and a

trend for an increase in globulin when compareprégnant ewes.
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2.1.4.3Globulin

Globulins are fractions of the proteins that atatesl to the immunological situation
of the organism, in which high levels can be obsérsoon after the onset of health disorders
(Payne & Payne, 1987). An increase in their valurelactating ruminants is associated with an
inflammatory process (Gonzalez & Rocha, 1998). dtrecentration of this metabolite results
from the difference between TP and albumin. Théyjias can be divided into three types,
alpha, beta and gamma, identified by electrophsrddiey have functions in the transport of
metals, lipids and bilirubin, as well as a rol¢hie immune system (gamma fraction). Moreover,
globulins are also considered to be indicators iofitéd protein metabolism, but their
importance is also significant as indicators ofimifemmatory process (Thrall et al., 2006;
Gonzalez & Silva, 2008).

Globulins are responsible for variations in TP lsv@herefore a decrease in serum
TP is due to a decrease in globulin, especialljatp and gamma fractions. This is thought to
be due to the production of globulin-rich colostrubhe ability to synthesize the constituents
of milk appears in sheep three to four weeks bepamturition. Capture of globulins by the
mammary gland for colostrum synthesis may be censd to be the main factor in the
reduction of serum TP (Mohammadi et al., 2016).

A study has reported that lower concentrationslolbygins were observed in small
ruminants within the clinical framework of pregngnoxemia, associated with a renal and
hepatic failure (Balikci et al., 2009).

2.1.4.4Urea

The most studied blood metabolite in ruminantsrsauand it is used to evaluate
protein status due to its special link with proteiigestion and the metabolism of ruminal
microorganisms. The amount of ammonia convertedréa depends on the total amount of
degraded protein and the rate of ammonia incorfporahto microbial protein, thus high
consumption of rumen degradable protein, resuledamated serum urea levels (Herdt, 2000).

Ammonia in excess of that incorporated into protgfrruminal bacteria is absorbed
into the blood, transported to the liver, and cotecinto urea. Urea synthesized in the liver
diffuses into milk, is extracted from the blood the kidney and excreted into the urine, or
reclycled to the rumen. The amount of urea elinedarom the cow in milk and urine is

positively correlated with the amount synthesizethe liver (Wilson et al., 1998).
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Urea concentrations are not only determined byateeof detoxification, but they are
also influenced by the amount and rate of hepagmthesis. Synthesis occurs from ammonia
produced in the catabolism of amino acids and anen@tycled of the rumen. Urea indexes
are analyzed in relation to the protein contenthefdiet; in addition to evaluating renal function
(Contreras, 2000; Gonzélez & Scheffer, 2003).

This metabolite is a sensitive and immediate irtdicaf protein intake, while albumin
indicates long-term protein status. However, higvels of urea are found when an energy
deficit occurs due to the reduced ability of thenmial microflora to utilize the nitrogen
compounds for protein synthesis, therefore increpthe amount of ammonia absorbed from
the rumen. A prolonged period of fasting may cansesased endogenous proteolysis which
uses amino acids as an energy source. This caugésvation in urea concentrations. Nitrogen
balance in ruminants can be studied using uredsl@vdoth the blood and milk (Gonzéalez &
Scheffer, 2003).

The energy/protein balance in the ruminant diessential for the utilization of urea.
Therefore, changes in diet, seasonal or even daflyence urea blood levels and its efficient
use by the animal. A reduction in energy intake avtersely on the concentration of ruminal
ammonia due to the decrease in microbial proteith®sis and raises blood urea concentrations
(Wittwer et al., 1993; Wittwer, 2000).

As indicated by Gonzalez (1997), increases in bloh levels occur at the end of
gestation; and these values decrease shortly bafateafter parturition, even in cows with
adequate dietary protein intake. Previously stuldéa® shown that plasma urea levels are lower
at 150 days of pregnancy and 45 dagst-partumthan at 60 days of gestation in small
ruminants. Plasma urea starts increasing in pregnaes from the 10week of pregnancy,
reaching a maximum level at parturition (El-She&ifAssad, 2001; Balikci et al., 2007).
Shetaewi and Daghash (1994) found the level ofsemea during pregnancy to slightly exceed
that of early lactation. On the contrary, Brozostkinet al. (1996) observed an increase in urea
level during early pregnancy. Sandabe et al. (20@ditated unchanged urea concentrations
between pregnant and non-pregnant goats. In rutsnamino acids are not normally
catabolized and are used for synthesis of milkgingt and subsequently urea production in the
body falls and plasma urea concentration decreases.

In addition, the simultaneous decrease in TP, dioland urea concentrations in the
last days before parturition may be associated thighdecline in feed intake due to stress and

hormonal changes during the kidding process (Caumgstt al., 2005; Sadjadian et al., 2013),
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and to an uptake of globulin by the udder as maetidoy Kehrli et al. (1989), as the production

of colostrum increases.

2.1.4.5Creatinine

Creatinine is a small molecule produced by the aldafion of creatine and creatine-
phosphate, an energy-storing molecule mainly pteseskeletal muscles. In other words,
plasma creatinine is derived, practically soletnfirthe catabolism of creatine present in muscle
tissue. Creatine is a metabolite used to build ggnan the muscle; in the form of
phosphocreatine, and its degradation to creatiotoers steadily at a rate of around 2% daily
(Gonzalez & Scheffer, 2003). Creatine is synthasizem the amino acids glycine, arginine,
and methionine, the final step occurring in thedifKaneko et al., 2008).

Kidney function can be evaluated from the conceioina of analytes in plasma or
urine and depend mainly on their elimination r&egeatinine can be used as a marker. These
indirect markers can be easily and rapidly measuretitheir sensitivity is poor and generally
remains unaltered until 75% of renal function hasrblost and their concentrations may be
modified by extra renal factors. Direct tests alrl@y function are based on the elimination
kinetics of markers of glomerular filtration, blodidw, or tubule reabsorption/secretion and
are based on the clearance concept. Plasma cneaiinihe test most often used to diagnose
and monitor kidney disease in human and animaicelirpathology. Plasma urea is also used
frequently but is subject to more numerous extnalréactors of variation. These molecules are
almost totally eliminated by glomerular filtratioso in the case of kidney failure their plasma
concentration increases. However, neither tesemsigve in the early diagnosis of kidney
disease because of the large functional resertleed{idneys (Kaneko et al., 2008).

Studies reported higher values of creatinine comagons at 10 day before and at
parturition when compared to other moments arousrdiugtion, although the results were
below the normal limit for small ruminants. Thesadfngs are explained by muscle protein
mobilization which aims to produce energy to mdet higher requirements during early
lactation (Kaneko et al., 2008; Silva et al., 20%3ntos et al., 2012).

2.1.4.6Haptoglobin (Hp)

Haptoglobin (Hp) is an acute phase protein (AP iamvas first described in 1939
by Polonovski and Jayle, who gave it this nametduts affinity with hemoglobin (Fagoonee
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et al., 2005; Macedo, 2015). Hp belongs todtgtobulin fraction and is composed of two 20-
kDa peptidesd chain) and two 35-kDa peptiddsdhain) linked by disulfide bonds (Morimatsu
et al., 1991; Ceciliani et al., 2012). PurifiedimatHp has a molecular mass of 1000-2000 kDa,
the stable unit being®p- tetramer. Hp has a half-life of two to four dayslat can be free in
the bloodstream and in the form of an associatéghp with albumin (Godson et al., 1996;
Murata et al., 2004).

Interestingly, most of the activities of Hp areated to the formation of a Hp-
Hemoglobin (Hb) complex, and not to the pure forfnidp. Hp has long been identified as the
principal scavenger of free hemoglobin in bloodrtker biological activities, mostly derived
from studies of Hp in non-ruminant species alsduithe the regulation of innate immunity
reactions in white blood cells, direct bacteriastatfect and a chaperone activity (Ceciliani et
al., 2012).

Hp has several biological functions such as towdaite angiogenesis, to regulate lipid
metabolism and to exert an immunomodulatory eff@ciwever its main function is the
maintenance of iron homeostasis, avoiding the lafsshis mineral, preventing its renal
excretion. Moreover, Hp also promotes a bacteriostaction through the Hb-Hp complex,
restricting its availability for bacterial growthhere it is necessary (Thomas, 2000; Petersen et
al., 2004; Eckersall, 2008).

During intravascular hemolysis, Hp forms complexest cannot pass through the
glomerular filter due to their large size. Each idplecule contains four binding sites, two for
each Hbo-f dimer. Once formed, the complex is stable andwigtly removed from the
circulation by the monocyte/macrophage CD163 Hpréteptor expressed on Kupffer cells in
the liver. By binding Hb, Hp fulfills an additionahti-oxidant role by stabilizing iron, resulting
in a reduction in oxidative damage to Hb, to albuisince the free exchange of heme from Hb
and albumin is inhibited), to lipids and eventudtithe tissues, the kidney in particular (Yang
et al., 2003; Cooray et al., 2007; Ceciliani et2012).

This APP is secreted mainly by the liver, howevpmhRNA expression has also been
described in the mammary gland and leukocytes aftline animals. It is an inflammatory
marker of great importance in ruminants, having/vew or insignificant circulating values in
healthy animals, up to 10 mg/dL, but rising to méran 100 times that when stimulated
(Skinner et al., 1991; Chan et al., 2004; Hisslet2804; Cooray et al., 2007). Hp is mainly
present in plasma, but can also be observed im fithés such as milk, urine and saliva (Hiss
et al., 2004).



Rego, R. O. Review of the Literature SN

The Hp concentrations depend on the extent of dissjury caused by the acute
inflammatory process; when the injury is sevege¢dncentrations increase rapidly, usually 24-
48 hours after tissue damage, shortly before teeaébn in plasma fibrinogen in cows and
sheep (Cole et al., 1997; Costa et al., 2010)

Previous studies in ruminants suggested a reldtiprisetween selected APPs and
lipid mobilization. One study reported increased ¢dmcentrations in cows with fatty liver,
compared with healthy cows. In addition, increaldedevels in cows around parturition have
been described. It has been suggested that ilaiedeto NEB, since cows with high milk Hp
also had high serum NEFA concentrations. A sigaiftccorrelation has been also reported
between Hp anfiHB in lactating goats (Trevisi et al., 2005). Poms findings reveal a possible
relationship between Hp and markers of negativeggr&atus in ruminants (Hiss et al., 2009;
Gonzalez et al., 2011; Macedo, 2015).

In a study that was conducted by Bastos (20083tabésh the kinetics of some APPs
in Santa Inés sheep, during pregnancy anghdis¢-partumperiod. They showed higher levels
of Hp in late pregnancy with highest concentrationgarly lactation. However, a study has
produced the opposite results in that Hp was ngb@d marker of subclinical pregnancy
toxemia. Other markers such as plasma NEFA andh&diodies in urine showed significant
changes at 24hr (Skinner et al., 1991). While, ipresrrelated studies showed that increases in
Hp appeared in fasted goats at the same time a$niwl signs, there is no correlation between

the severity of clinical signs and Hp concentrati¢@onzalez et al., 2011).

2.1.5 Enzyme profile

2.1.5.1Aspartate Amino Transferase (AST)

Aspartate aminotransferase (AST) was previouslywkn@s glutamic oxaloacetic
transaminase (GOT), it is an indicator of liver @@ due to its high concentrations in the liver.
It is generally considered to be a good diagndsiit even though it is a non liver specific
enzyme (Radostits et al., 2000).

AST activity is measured in production animals asr@ening test and is relatively high
and found in similar amounts in liver and in skaleind cardiac muscle, but it varies between
species. It is routinely used in equine and fodthahmedicine as a screening test for injury to
both organs. Serum AST activity is readily avaidaliom the biochemical profile, it has a

longer blood half-life than sorbitol dehydrogenasel creatine kinase. Increased serum AST
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activity is observed with both reversible and igesible injury to hepatocytes and can be seen
following hepatocellular injury and cholestasisri#e AST is increased following myocyte
injury. In both cases, the definitive disease pssa@mnnot be identified, only that cellular injury
in muscle or liver has occurred. Because serum A&ivity cannot differentiate between
hepatocellular or myocyte injury, further testisgiften required using organ-specific enzymes
such as sorbitol dehydrogenase or creatine kifidsal(, 2006; Kaneko et al., 2008).

The increase in AST concentrations around the paotu could be explained by the
degradation of muscle cells due to mobilizationbofly reserves (Verheyen et al., 2007).
Previous studies around parturition in ruminantswsdd an increase in AST concentrations
during lactation when compared to pregnancy (S#ifal., 2007; Taghipoor et al., 2011;
Sadjadian et al., 2013; Lima et al., 2016).

The high proportion of dams with abnormal AST atfimay be an indicator of fatty
infiltration in the liver in the animals studiedelto NEB during thgeri-partumperiod. The
results of the AST are in agreement with the ingedaproportion of dams with NEFA
concentrations greater than the cutoff level. DMdl anilk production were decreased when
AST activity was high (Sadjadian et al., 2013).réased fat mobilization and the increase in
ketone bodies cause damage to the hepatocytespasdquently extravasation of this enzyme
to the bloodstream (Mundim et al., 2007).

2.1.5.2Gamma Glutamyl Transferase (GGT)

The gamma glutamyl transferase (GGT) range hagla $pecificity and is almost
invariably elevated in cases of chronic hepatieas®. It is detected mainly in the bile ducts,
indicating biliary lesion (Pearson, 1993). The ewatibn of this enzyme in the serum can be
used with the cholestasis index, mainly in rumisartd equine species (Birgel et al., 1982).

Previous studies mentioned an increase in thisnreazg ruminants during the peri-
parturient period, although it is generally asstdavith cholangitis perhaps its concentrations
were within the normal range for ruminant specieangko et al., 2008; Braun et al., 2010;
Lima, 2013). The increase after parturition hasnbgleown by Anwar et al. (2015), when
determining the level of certain biochemical metdes that reflected the energy metabolic
status during early lactation in different breetigaats.

Studies with small ruminants affected by pregnaimemia showed an increase in
AST and GGT hepatic enzymes in sheep and goatotoatred due to liver damage, since

AST, according to Gonzélez and Silva (2006), is@dgndicator of liver function in ruminants.
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Therefore, studies have found a positive corratdbietween the severity of histological hepatic
lesions and AST activity (Kabacki et al., 2003; &t et al., 2007; Cal et al., 2009; Santos et
al., 2011; Souto, 2013).

2.1.5.3Creatine Kinase (CK)

Creatine kinase (CK) catalyzes the exchange ofosgidtate moiety between creatine
phosphate and ATP. In myocardial and skeletal ney&eK allows energy storage as creatine
phosphate when demand is low, but when energy eslete for muscle contraction, CK
catalyzes the transfer of the high-energy phosphate creatine phosphate to ADP to form
ATP. A small amount of CK activity is associatediwthe mitochondria, where it is responsible
for transfer of high-energy phosphate to creatthe, cytosolic carrier. CK activity is at its
highest in skeletal muscle, followed by heart mestthe diaphragm and the smooth muscle,
and then brain. The half-life of CK activity in lold is relatively short in all species (Kaneko et
al., 2008).

In domestic species, increases in CK activity maguo mainly as a result of increased
muscle activity and/or heart damage, such as arcisee mechanical trauma, prolonged
recumbency, and especially in the case of intranasmjection. Indeed, its activity is used as
a marker of skeletal muscle injury associated widluma, nutritional myopathies, exercise-
induced muscle injury, or congenital myopathiesgstli & Russell, 2007; Kaneko et al., 2008;
Braun et al., 2010; Lima, 2013).

The kinetics of CK activity has been used to qugmiuscle damage in experimental
models. Although these results were not likely godxtrapolated to drug formulation, they
confirm that the pharmacokinetic analysis of CKeasle provides a minimal invasive and
quantitative mean evaluation for post injection odeisdamage and is likely enable the
pharmaceutical company to simultaneously investighé effects of formulation-dependent
factors, such as volume, local tolerance and diagvailability during initial stages of drug
development in sheep (Ferre et al., 2006).

At parturition CK concentrations increase. Thisdfilg suggests an extensive
muscular degeneration, which explains the obsgpagtdduring the labor (Morais et al., 2000).
In other words, in cases of prolonged recumbencunmnants, that is basically characterized
by the animal’s inability to rise after parturitiomhe cause of this problem is related to low
levels of circulating calcium (hypocalcemia), espkyg in high-producing animals. The main

complication of persistent decubitus is the iscleeofithe hind limb musculature due to the
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pressure of the weight of the decubitus animal s@uprogressive degeneration and muscular
necrosis, a fact that can be evaluated biochemnjit@bugh the measurement of serum levels
of CK (Rodrigues & Gonzalez, 2004; Garcia, 2007).

2.1.5.4Alkaline Phosphatase (ALP)

Alkaline phosphatase (ALP) is present in the cydaepl of all epithelial and bony cells.
It is excreted in bile. Its serum concentrationiegmwith the age of the animal and with the
affected organ. In cattle the individual variati@me very large (Mullen, 1976). It is elevated in
cases of intra- and extrahepatic cholestasis. fiignt increases in this enzyme are seen in
cases of hepatobiliary diseases due to overpramugitianeko et al., 2008).

ALP is a membrane-associated enzyme, located ieraktissues. Although many
tissues or cell types have some ALP activity sueleells from liver, bone, kidney, intestinal
mucosa, and placenta, only two are important irgribgis of a disease (the bone and
hepatobiliary tissue). Serum ALP activity, howevisr,not generally a reflection of tissue
concentration (Meyer et al., 1995; Kaneko et &1Q8). Due to the fact that this enzyme is not
organ specific in large animals, increases in At#vay should be interpreted in comparison
with more organ-specific enzymes such as sorbébldrogenase, AST and GGT. In addition,
this enzyme is also released by osteoblasts frorabukcally active bone. This could be the
reason why fast-growing offspring iusually haverhggrum ALP levels (Smith, 2006).

Studies showed the ALP activity increaseprigpartum,and decreases before and after
parturition in ruminants. This elevated plasmawigstin the goapre-partummay be explained
by the increased placental production of this ergyas has been reported for cows (Peter et
al., 1987; Tharwat et al., 2013). On the other hanstudy observed higher concentrations of
ALP in first lactation goats (Mundim et al., 200These findings may be explained by the fact
that these animals were young growing goats tréhigh concentrations of bony isoforms and
which would decrease with maturity. This result wasfirmed by Sarma and Ray (1985) who
showed that age and the number of parturitionstexeertain influence on ALP activity. In
addition, cholestasis is the most common caus@oifieant increases in ALP concentrations

in most species (Kaneko et al., 2008).
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2.1.6 Mineral profile

Mineral elements exert an important influence gmaduction and production in small
ruminants (Elnaggeb & Adelatif, 2010). Howevernaal symptoms or signs of macro mineral
deficiencies, imbalances or excesses are generallgpparent until shortly after parturition.
In late pregnancy, the requirements for macro naiseare increased by both the dam and the
offspring. Therefore, reserves will be mobilizednder to meet requirements, especially those
of the fetus (Yildiz et al., 2005). Essential misrfor animals have vital functions such as in
the structure of organs and tissues and in mesahollhey occur in body fluids and tissues as
electrolytes, favoring the maintenance of osmotiespure, acid-base balance, membrane
permeability and transmission of nerve impulsest{&w2010).

Pregnancy and lactation are phases of metabodissstassociated with changes in the
mineral profile which are dependent on the reprtdactatus of small ruminants. In addition,
substantial mineral losses occur during these gerilue to increased demand in these phases.
Therefore, macro and trace-element concentrationibe bloodstream represent homeostatic
mechanisms that are in close relation with the toath and neuro-humoral regulation and
nutritional status (Krajnicakova et al., 2003; EJgab & Adelatif, 2010; Moreira, 2013).

2.1.6.1Total Calcium (Ca)

Total calcium is found in the bloodstream in itaimed form, which is biologically
active and non-ionized forms. This mineral is alsv@&y equilibrium, and its final distribution
depends on the pH, albumin concentration and aasd-latio. According to Gonzalez et al.
(2000) it is closely linked to metabolism respofesitor the transmission of nerve impulses,
contraction of cardiac and skeletal muscles, blooagulation, as a component of milk and
enzymatic activity, as well as of skeletal tissa@song other functions (NRC, 2001; Goff,
2004).

Low albumin levels cause a decrease in serum cal¢Eonzalez et al., 2000). Its
distribution by the organism is very unequal, vilie majority (98%) located in the skeleton,
providing structural strength and hardness to tbeeb. The other minor portion (2%) is
primarily distributed in the extracellular fluid BC, 2001; Degaris & Lean, 2008). The
extracellular calcium concentration also influenttess secretion of substances through nerves
and endocrine glands. An example is a hypocalceowathat is unable to secrete insulin from

the pancreas and therefore becomes hyperglycernit, @06).



Rego, R. O. Review of the Literature IS4

Due to the need to maintain calcium concentratisithin physiological limits,
vertebrate animals have developed an elaboratersyi&t maintain homeostasis, increasing
calcium intake to the extracellular fluid whene@a levels are low (NRC, 2001). However,
there are some delicate moments such as pettigpartum when a large amount of this mineral
must be mobilized for colostrum and milk productidime quantity necessary is about nine
times greater than the total amount of calciumemes the animal’s plasma compartment. It
is a situation that increases the adaptive chaflarfgthe ruminant, putting it at risk from
developing metabolic disorders (Rodrigues & Gorz&€04).

Several studies have observed that total calciuntcertrations decrease in late
gestation, the lowest values being seen at padni@nd levels remain low throughout the first
three weeks of lactation (Azab et al., 1999; Irrad@2007). In addition, Ca levels rise generally
10 days prior to parturition, and this rise is a@ss®d with the increase in albumin
concentrations, and these two elements are straoglglated. This could be because a fraction
of the total pool of calcium is linked to albumimdathus depends partly on the latter’s
concentration (Goff, 2000; Cavestany et al., 2005).

A sudden decrease in feed intake or forced exedfsmall ruminants can cause a
marked depression in serum calcium levels. Howearezarly lactation, sheep are susceptible
to hypocalcemia, as they are in NEB (Radostits |get2007). In other words, the high
requirement of blood calcium by the mammary glamdcblostrum and milk production and
fetal skeletal formation, associated with NEB dodaw dry matter intake during theeri-

partumperiod, results in low serum levels of this mihégeifi et al., 2007).

2.1.6.2Sodium (N&)

Sodium (N@) is the main ion present in the extracellulardl(ECF) and an important
component of the skeleton. The ECF volume contappmoximately one-half to one third of
the body’s Na (45%). Most of the remaining Nas bound in skeletal bone (45%) and only
10% is intracellular, relatively little of which rapidly exchangeable (Reece, 2006; Kaneko et
al., 2008). Much of the volume of ECF and plasmanaarity is determined by the
concentration of Na(Gonzalez & Silva, 2006).The ECF volume thus cimstassentially all
of the body’s readily available and exchangeablé. Nlhe exchangeable Na&ontent is the
principal determinant of ECF volume, and a" Meficit is the principal cause of decreased ECF

volume (Kaneko et al., 2008). The level of'Niaside cells is kept low due to the cell membrane
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being relatively impermeable to the entrance of &lad the Naand K pump that returns it to
the ECF (Gonzélez & Silva, 2006).

The sodium ion is essential in the regulation aghosc pressure, acid-base balance,
transmitting nerve impulses, and in the absorppimtesses of monosaccharides, amino acids
and bile salts. Increases in Na&sult in an expansion in ECF volume, which magdl& the
development of hypertension or edema formation @karet al., 2008). On the other hand,
hyponatremia occurs in cases of gastrointestinagtubhances, hyperglycemia and
hyperlipidemia. It is one of the most common deifigies and also the easiest to correct by
supplementing the diet with mineral salt in rumitsafT okarnia et al., 1999).

The kidneys regulate the amount of'Nia the body, also controlling that of water,
thus maintaining the plasma concentration of tiswithin narrow limits, despite fluctuations
due to daily ingestion. In other words, becauseitodng daily electrolyte balance is difficult
in most animal species, urinary fractional excreto creatinine clearance ratios have been
useful to provide an index of daily intake or pdigndeficits in N&, K*, CI, and other
electrolytes. Normal values have been establistieddgs, cats, horses and cattle (Gonzalez &
Silva, 2006; Kaneko et al., 2008). A reductionhede metabolites during tiperi-partumis
due to the mobilization of these ions for the fotimaof colostrum and milk (Silva et al. 2013).

2.1.6.3Potassium (K)

Potassium is mainly an intracellular ion with 098f6 of the exchangeable potassium
located intracellularly, thus constituting the mabtindant intracellular cation in the organism
(Reece, 2006; Gonzalez & Silva, 2006; Kaneko et28l08; Suttle, 2010). Kis necessary in
vital functions such as osmotic, ionic, acid-basd water balances. Moreover, it acts as an
intracellular ion besides being a cofactor in mangymatic systems such as the transfer and
utilization of energy, protein synthesis and cagalvhte metabolism (Carlson, 2006).

The distribution of K is coupled with the active pumping of Nfleom the cells, which
is maintained by an energy-dependent Biad K pump at the cell membrane? Kistribution
across the cell membrane plays a critical rol&@rhaintenance of cardiac and neuromuscular
excitability. Changes in Kconcentration that alter the ratio of intraceltutaextracellular K
alter membrane potential. In general, hypokalemiagiases membrane potential, producing a
hyperpolarization block resulting in weakness orapesis, whereas hyperkalemia decreases
membrane potential causing hyper excitability. Biestures depend on the state of total body

K™ content but also depend on the speed with whigiokslemia or hyperkalemia develops.
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K™ homeostasis involves the regulation of an intetvabnce (i.e. the distribution of*K
between the ECF and intracellular fluid — ICF) asllvas an external balance (i.e. the
relationship between Wnput to output). Internal Kbalance is influenced by changes in acid-
base status, glucose and insulin administratioercgse, and catecholamine release (Kaneko et
al., 2008).

Some pathological conditions that interfere wité #ibsorption and/or reabsorption of
this electrolyte in the kidney or another situatiovolving loss of body fluids rich in Kcauses
changes in its serum concentration (Gonzalez &SiA0D06). Previous studies have reported
serum Na and K levels within the normal range in goats and she@jing pregnancy and
lactation, although some fluctuations were obse(¥étthaus et al., 1995; Kadzere, et al., 1996;
Krajnicakova et al., 2003; Dias et al., 2010; Wiagiral., 2010; Silva et al., 2013). A decrease
in Na"and K’ in late pregnancy; with recovery during lactatimve been reported in sheep by
Yildiz et al. (2005), attributing the loss of thaeas to the formation of colostrum or due to the
maintenance of the constant relationship betweesetions in the ECF and ICF.

2.1.6.4Magnesium (Mg")

Magnesium (M§") is the main intracellular cation and an essestéctor for many
enzymatic reactions in metabolic pathways. Extrgmportant for normal conduction of
nerve impulses, muscle function and bone minerah&bion. Some enzymes such as ATPases,
kinases and phosphatases requiré Mgy their activation (Goff, 2004). It is also inved in
some biochemical and physiological processes ssitessynthesis of ribonucleic acid (RNA),
deoxyribonucleic acid (DNA) and proteins (MartenS&hweigel, 2000). It is worth noting that
no hormone or vitamin is responsible for the hortesis or metabolism of this mineral, and its
plasma concentration is a reflection of the diettent, thus the pasture is the best source of
Mg®* (NRC, 2001; Goff, 2004). In addition, the bovinammary gland requires about 120mg
of this mineral for the production of one kg of kpiso the higher the milk yield the higher
requirement (Castro et al., 2009).

Approximately 70% of Mg is located in bones, 29% in soft tissues and 1%oity
fluids. This mineral does not accumulate in anitissues and should be supplied daily.3¥g
milk secretion levels are low and therefore thesmfihg can suffer from hypomagnesemia
disorders (Gonzalez & Silva, 2006). Metabolic ¥disorders usually occur in cattle and sheep
(Carlson, 2006).
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Low levels of Md* present serious consequences for ruminants andveamlead to
death. Tetany is a production disease usually dabgehe low intake of this mineral in the
diet. Hypomagnesemia is considered to occur inIsmalinants at levels below 2.2 and 2.8
mg/dL for sheep and goats respectively (Kanekd.e2808), and generally the symptoms
occurr at concentrations below 1.0 mg/dL in cows.aconsequence, it can trigger hyper-
excitability, retained placenta, as well as abndmnainal digestion and decreased production,
andthis also predisposes to milk fever in cows imliately after parturition. When Mglevels
are very low, the capacity to mobilize bone reseigadrastically reduced (Gonzalez & Silva,
2008). Previous studies have shown that primipasbegp have lower M§concentrations at
different moments such as at parturition, at pedk production and at the end of lactation
when compared to those seen in pluriparous shesgselperiods are characterized by high

energy demands (Gonzalez et al., 2000; Cardodq 2041).

2.1.6.5Chloride (Ci)

Modest changes in hydration tend to produce rougtdportional changes in plasma
CI relative to Na concentrations. Acid-based alterations are aswsatiaith disproportionate
changes in plasma Gtoncentrations. Ckoncentrations increase in acidosis as the re$ult
proportionately smaller losses of Ghan bicarbonate and enhanced renalr€dorption in
response to decreased bicarbonate.d€pletion develops in these animals as a result of
excessive loss or sequestration of fluids with Htfhcontent. Changes in water balance can
result in modest alterations in the relative com@gions of plasma Naand Ci (Kaneko et al.,
2008).

2.1.6.6Phosphorus (P£)

The majority of phosphorus (80%) is found in boraesl teeth and the lowest
concentration is in the body’s cells. This mindras several biological functions: it participates
in molecules that transfer energy in almost alhdections involving the formation or
breakdown of high energy bonds, that bind phospbaiges to carbon or carbon/nitrogen
compounds suchas ATP. Indeed «P@ involved in the acid-base buffer system of blemd
other body fluids, in cell differentiation and i amportant component of cell walls,
phospholipids, phosphoproteins and nucleic acid®&GN2001; Goff, 2004).
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The physiological levels of plasma PCare between 1.62 and 2.36 mmol/L for sheep
and 1.35 and 2.94 mmol/L for goats (Kaneko et24lQ8). The extracellular maintenance of
this macro-element depends on dietary replenishnaem bone resorption, replacing
phosphorus lost in feces, urine, used for bonenamgtle, and in milk production (Reinhardt et
al., 1988). However, the production of colostrund amlk requires a great deal of phosphorus,
causing an acute decrease in plasma concentré8onsa Junior et al., 2011).

A study with sheep, analyzing the dynamics ofiP@uring theperi-partumshowed
that values were lower at parturition. The phospl@oncentrations are close to the lower limit
for the species in late pregnancy and on day 3@abation (Brito et al., 2006). This could be
explained by the rapid increase in fetal growththe last third of pregnancy (Payne, 1983).
Both calcium and P£Y are vital for bone structure in the fetal skeletmul they combine in
relatively constant proportions, although phospkasuistributed differently.

Braun et al. (2010) reported that calcium and ianig PQ* concentrations were
influenced by feed supply. They are also reporteldet lower in twin than in single pregnant
ewes, but no difference was observed between tmdrtr@plet-bearing ewes. lonized calcium
has been poorly investigated in sheep, but, ather apecies, it might be of considerable use

in clinical diagnosis.

2.2 PREGNANCY TOXEMIA

Small ruminants are at risk of developing the metialcondition called “ketosis” at
two different stages: during late gestation cal{pcegnancy toxemia) and early lactation
(lactation ketosis) (Smith & Sherman, 2009). Terswgeh as: twin lamb/kid disease,
lambing/kidding sickness, lambing/kidding paralysiand lambing/kidding ketosis are
commonly used to describe the condition in shegpgaats (Rook, 2000).

Pregnancy Toxemia (PT) is one of the main periypeamt metabolic diseases
characterized by disorders in energy and proteitalnodic profiles and the hormonal profile
(Smith & Sherman, 2009; Santos et al., 2011; Seu#d., 2013). It occurs in small ruminants,
during the last two to four weeks of pregnancy amsequence of an energy metabolism
disorder of fatty acids during the transition pdrishen the liver is metabolically very active
(Herd, 2000; Riet-Correa et al., 2007).

This metabolic disease causes high economic lolsset® substantial mortality among
the animals and it is widespread in certain regsuth as the semi-arid region of Brazil. This

disease can occur in animals; supplemented witcesdrate, in a good and bad nutritional
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state and it occurs in the more productive anfarahs such as high genetic herds (Abdul-Aziz
& Almujalli, 2008; Carvalho, 2013).

PT was first described in Brazil by Ortolani andnBsi (1989), who detected both
cases of pregnancy toxemia in sheep suffering fraimutrition and overfeeding as type | and
Il PT respectively. The first type of PT occursiion-fatty animals with a body score of 2 or 3
and is characterized by undernutrition during pesgy associated with the presence of
multiple fetuses. It can be caused by a decreasbait 50% in the energy necessary for a
pregnant female (Ortolani, 1985; Schild, 2007).

As also pointed out by Radostits et al. (2007hagecond type, the female is usually
obese, which is a result of a very high energydfietred throughout pregnancy and in animals
with a higher body condition score, 3.5. The olfessale suffers from a decrease in voluntary
food intake due to a decrease in rumen volume lagressure exerted by intra-abdominal fat
and the developing fetuses.

Understanding the importance of nutrition, econgramd management factors in the
progression of this disease is extremely importapractitioners and producers desire to
develop practical flock or herd-based preventiomgpams. Producer-initiated feeding,
management, and economic decisions involving a ttngdic flock may be helpful in briefly
illustrating management’s relationship to PT issii®ok, 2000).

2.2.1 Etiology

Nowadays various determining factors for ketosigehiaeen observed as well as the
etiologic factors involved in the development of &ich as flaws in nutritional management,
obesity, nutritional deficiency, and secondary ds&s (Rook, 2000; Smith & Sherman, 2009).

However, the etiology of PT is not clearly definatthough it is known that it is not
of an infectious disorder nor is it caused by amin or mineral deficiency. The causes that
predispose the onset of PT can be divided inteetgreups: the quantity and quality of feeding;
occurrence of animal stress such as increased mwhbstuses, body weight of kids, periods
between parturitions, climate changes, transpod,saidden feed changes; animal factors such
as pregnancy, decreased ruminal capacity, lessgahgtivity, age, liver disorders, parasitic
diseases, hormonal and genetic factors, and otitendary diseases (Ortolani, 1994; Prieto et
al., 1994; Santana, 2001).

PT is usually limited to the last weeks before plagturition, although some studies

have detected ketonuria in the third month of paegy. Its immediate causes can be called
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crudely ‘starvation ketosis’; where the animalasg given access to enough nutrients, especially
energy, to meet its basic vital needs and its plelfetuses. Low quality roughage is a particular
risk because not enough can be consumed to megtaegnts when the volume of the rumen
is reduced by the presence in the abdomen of a lasgus. Secondary ketosis is similar, except
that other diseases temporarily interfere with feedsumption in an otherwise properly fed
female (Smith & Sherman, 2009).

In over-nutrition (“state”) ketosis, the animalaserfed and its massive internal fat
stores and the uterus occupy so much of the bodyycthat dry matter intake is severely
curtailed at a time when increased energy consomgirequired. Leptin, a hormone produced
by adipose cells, may also contribute to a reduactinfeed intake by decreasing the obese
animal’s appetite (Kolb & Kaskous, 2004).

Excessive grain feeding can lead to pregnancy taxdrecause the goat that eats
inadequate roughage is apt to go off feed at titisal time. When goats are fed large amounts
of corn silage in late gestation they can beconmesebTheir level of ingestion then decreases
dramatically before parturition. Rumen acidosisrfrenergy-rich silage may contribute also to
the development of PT (Smith & Sherman, 2009).

The development of this disease coincides withutigiccessful attempt in females to
meet energy demands, promoting the mobilizatiobarfy reserves (Radostits et al., 2007).
Sheep and goats with multiple fetuses consume emablumes of dry matter compared to
animals carrying a single fetus. This reductiomiy matter intake is due to the lower rumen
volume and the increase in the size of the utéhesproduction of heat by fetuses and changes
in the concentrations of free fatty acids (Pugl)30Furthermore, especially when there is a
high body condition score, intra-abdominal fat alegreases food capacity. Thus, the pregnant
female consumes less food when it needs it the fkosnfeld, 1972; Correa et al., 2010,
Henfnawy et al., 2011).

The mortality rate could approache 100% after tisebdof clinical signs in the absence
of treatment (Linzmeier & Avanza, 2009), and in soherds, the disease could be classed as
an outbreak because the incidence is so high. Headsare infected with PT have an above
average neonatal lamb mortality rate and often laadecrease production (Radostits et al.,
2007).

PT is typically more common than lactational ketpsind occurs predominantly in
‘improved’ breeds with high prolificacy. It is natdisease expected to occur in native breeds

carrying a single kid under extensive managememditions (Smith & Sherman, 2009).
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2.2.2 Pathogenesis

In monogastric animals, most of the available gheccomes from intestinal digestion
of starch which after hydrolysis gives glucose Wwhgrapidly absorbed and transported in the
bloodstream. In ruminants, carbohydrates (fibore atatch) are fermented in the rumen
producing volatile fatty acids (VFA), (propionigetic and butyric acids). Part of the propionic
acid is converted in glucose in the liver. Thisags responsible for 50% of the production of
glucose. About 30% to 35% of glucose is derivednfidietary amino acids (especially alanine
and aspartate), which are incorporated into theaglaogenic biochemical pathways. The other
glucose precursors are derived from lactate matahoh the liver and kidney and through the
anaerobic metabolism of glycerol obtained from plagriglycerides (Ortolani, 1994).

Seen from a biochemical point of view, glucose asea major energy source in
ruminants is limited to a small number of organshsas the nervous system, the liver, the
kidney and the mammary gland. However, fetal tissuge it as the basic carbohydrate for its
development. Thus, the higher the number of fettisedarger the requirement for glucose
especially at the end of pregnancy (Wastney e1883; Kozloski, 2005).

The negative energy balance (NEB) represented dgcaease in blood glucose,
probably triggers the signs of PT in sheep and gjda¢cause there are cases in which
hypoglycemia does not cause toxemia, due to thetiat the animals adapt to the NEB. It is
important to know that some animals are susceptiblioxemia while others are resistant
(Rook, 1993).

The nutritional requirements of pregnant goats simeep are quite high in the final
third of pregnancy. This picture is aggravated Bgpant small ruminants that have twins and
triplets due to the fact that they require 18046% more energy, respectively, than pregnant
females with a single fetus. Therefore, the formexgnant sheep and goats are unable to
consume enough food to respond to such high den{ads, 2005; Smith & Sherman, 2009).

The developing fetuses depend on glucose (matée@tic gluconeogenesis) for
their energy needs. Ketone bodies and free fatigsado not cross the placenta in any
substantial quantities (Reid, 1968). Insulin levelthe late pregnant female are decreased; this
spares glucose for fetal needs since insulin-geadissues cannot take up glucose without
insulin. In addition, low insulin stimulates lipaig and gluconeogenesis. Placental lactogen
levels are greatly increased when multiple fetsespresent. Placental lactogen has growth

hormone, as well as prolactin activity and is ptaparucial to meet the metabolic needs of
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the fetuses at the expense of the dam. Thus, tlgotagnant ruminant is often subclinically
ketotic (Smith & Sherman, 2009).

In an inappropriate feeding management systengritmeals have a NEB when energy
intake is below that which is needed for fetal depment. Physiologically, the body tries to
compensate for this energy deficit through mobil@aof body reserves (lipolysis of fat tissue).
However, the liver cannot metabolize all the fra&yf acids (fat) mobilized by lipolysis,
resulting in the formation of ketone bodies (Ontw|d994; Prieto et al, 1994; Van Saun, 2000;
Rook, 2000; Santana, 2001).

In the liver, glycerol may be used for glucose pictbn or may be recombined with
the FA to synthesize triglycerides. The VFA cardegraded by oxidation and the two-carbon
fatty acids are converted into acetyl-CoA. Thene#tCoA is combined with oxaloacetate in
order to participate in the tricarboxylic acid aydb produce energy. The tricarboxylic acid
cycle is also responsible for gluconeogenesis hyhioing oxaloacetate with a glucose
precursor molecule. If there is not enough oxaltseeavailable, acetyl-CoA is converted to
ketones which reduce food intake and result in NEEB;oncentrations are high (Smith, 2006).

Low glucose production causes high levels of fattgbilization from deposits,
therefore mobilizing in this process large amowftaon-esterified fatty acids (NEFA), and
producing hepatic steatosis and intense cetonemdi&etonuria. As a result ketone bodies such
as B-hydroxybutyrate {HB), acetoacetate and acetone are produced, tlatpamary
compounds of fat metabolism. These products hawerg acidic character and their
accumulation causes intense metabolic acidosik,androp in blood pH and bicarbonate levels
(Kaneko et al., 2008).

2.2.3 Diagnostic

Early diagnosis of PT is essential for better canf the disease (Abdul-Aziz & Al-
Mujalli, 2008).Therefore, clinical diagnosis is kbdson epidemiology, clinical signs as well as
anamnesis, including other signs such as abodiehand care of pregnant females (Marques,
1994). In addition, the laboratory assays for tlisease should be considered for diagnosis

such as glucos@HB and the determination of ketone bodies in u(Radostits et al., 2007).
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2.2.3.1Clinical signs

The early signs of pregnancy toxemia are vaguey Tgrebably originate from
decreased glucose consumption by the animal’s brais disorder is usually accompanied by
nervous symptoms. The female may be slow to ger upay lie isolated in a corner of the pen,
which is the opposite to what healthy herd-matesl@dvdo. It eats less and its eyes are dull.
There is often a noticeable subcutaneous edenfeedbwer limbs. As the disease advances,
sheep and goats may also show signs of drowsilisessness, aimless walking, muscle
twitching or tremors in fine muscles (facial andllis), and teeth grinding. Generalized
weakness is observed followed by more apparenlagic abnormalities such as blindness,
loss of threat response, opisthotonos (star gaanygtagmus, ataxia, then coma. Fecal output
is reduced to a few small, dry, mucus coated e(lRtigh, 2005; Borges et al., 2009; Souto et
al., 2013). Other signs are observed, such asasiain/ abnormal posture with lateral deviations
of head with uncoordinated movements and postaragldition to acetone odor on the breath
(Abdul-Aziz & Al-Muijalli, 2008; Hefnawy et al., 2Q1).

The symptomatology of PT develops in three diffedimical phases: Phase 1 is the
most basic and mildest due to the fact that ithiaracterized by the maintenance of appetite
although it is lower; the absence of vision andrimgachanges, this phase has also a good
prognosis. The second phase is characterized blatheof appetite and the position of the
animal that remains stationed with legs spread wodgpread the weight of the animal. The
clinical prognosis at this stage is reserved. Hs¢ phase is characterized by the maintenance
of decubitus and the animal’s incapacity to geang it maintains its head folded back onto the
thorax, this phase has a poor prognosis (OrtoPa1i3).

Hypoglycemia is the abnormality that is initiallyet most detected due to nutritional
deficiency. It becomes inadequate for the developmkthe fetus (Scott et al., 1995; Andrews,
1997).

As metabolic acidosis develops, the animal maythesaore rapidly. Thus, advanced
primary ketosis may be difficult to distinguishfinca primary pneumonia which has caused the
animal to go off feed and develop a secondary ketéscareful physical examination is also
necessary to identify other problems such as gasdameness, and bad teeth that might have
contributed to the animal’s present state (SmitBR&rman, 2009).

In the terminal stages of PT, the animal becomesméent. Death of the fetuses at
this stage releases toxins and hastens the deifiise animal and consequently a septicemia

develops in the ewe or goat. Pulse and respira&teg increase as endotoxic shock develops.
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The course of the untreated disease varies fronvéwmurs to one week (Smith & Sherman,
2009).

Goats and sheep with PT that do not die tend te digstocia and higher mortality at
kidding. They are unable to provide milk as wouldealthy ewe. Similar problems are noted
in obese females, even when clinical PT does nairpin addition, these animals are at high
risk of developing lactational ketosis (Smith & &han, 2009).

2.2.3.2Laboratory tests

There are three major ketone bodies that are peatiuncthe course of this metabolic
diseasepHB, acetoacetate and acetone. In the past, thesesemetimes measured together
in a poorly defined way and reported as total kesoiCurrentlyfHB, which is the most stable
ketone in blood and accounts for approximately &%e total ketones in sheep with PT, has
received the most attention in the laboratory (Br&itSherman, 2009).

Some people can detect an odor of ketones on #athoof ketotic animals. Others
must rely on simple diagnostic reagents or laboyatests. In the early stages of PT, ketone
bodies are easily detectable in the urine. The contynused test strips and pills containing
nitroprusside (Rothera reagent) turn purple inpilesence of acetoacetate but react poorly with
acetone an@HB. If the animal has only a trace of ketonuria ighthis physiological when in
late pregnancy with multiple fetuses), some otlarse for this illness should be sought, but
supportive treatment to prevent worsening of ketsbiould be given. Late stages are usually
accompanied by renal failure; marked proteinurmthelial casts, and ketonuria are present.
(Ferris et al, 1969; Ortolani & Benesi, 1989; Bru& West, 1993; Sargison et al., 1994,
Andrews et al, 1996).

When urine is not available, plasma or serum caohieeked for ketone bodies with
ketone pills, powders or strips. Recently, with éldeent of hand-held meters for testing human
blood forBHB and glucose, precise on-fafifiB testing has become possible. The test strips
are inexpensive and the results obtained rapidhjottunately, specifi@HB reference values
have not been established for goats, but valueblesdtied for sheep can be used by default.
Thus,BHB values less than 1 mmol/L can be considered aralues from 1.5 to 3.0 mmol/L
can be considered indicative of severe undernmtritind animals with PT often hav@idB

concentration greater than 3.0 mmol/L. If the animas died recently, aqueous humor or
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cerebrospinal fluid can be tested instead of bldmd,the accuracy of the hand-held meters
using these fluids has not been established (S&n8herman, 2009).

When blood glucose levels are available, severeodiypemia or terminal
hyperglycemia are both possible (normal range 5btag/dL) (Silva et al., 2010). This study
working with serum biochemistry revealed hyperghiee and hypoglycemia where blood
glucose concentrations ranged from 90 to 132.4 imgydl animals and was 20 mg/dL in one
animal. In some natural cases of PT, hypoglycepaly seems to be the most important aspect
and it results from hyperketonemia and inappeteingelly it was considered to be the cause
of these changes (Andrews et al., 1996). Hypergtyaevhich is a frequent finding may be
explained by stress in the pregnant female. Higkl$eof cortisol, result in gluconeogenesis,
which becomes more pronounced when fetal deathrectord et al., 1990).

High concentrations of NEFA are often seen in firecal condition of the metabolic
disorder and they are explained by lipolysis, thgradicating that there is fat mobilization to
meet an increased demand for energy on a pareafain and the fetuses. The activities of the
enzymes such as aspartate aminotransferase (A&Mng glutamyl transferase (GGT) and
creatinine kinase (CK) could be elevated. Incredsedls of these enzymes indicate organ
damage, for example, arising from fatty infiltratiof liver, kidney or heart, or muscle damage
or catabolic degeneration. When analyzing alkaliplgosphatase (ALP) activity the
concentrations are within the normal range foisiecies. Thus, when the three aforementioned
enzymes are increased, they are good indicatotst isupossible for animals to already have
severe liver steatosis while enzymes remain atlémels (Borges et al., 2009). Furthermore,
high serum levels of urea and creatinine (azotemmay indicate terminal renal failure
(Andrews et al., 1996; Santos et al., 2011).

Other laboratory tests are not commonly perfornredield cases of PT. Cortisol-
induced changes in the hemogram (neutrophilia, hoppnia, eosinopenia) and evidence of

dehydration (elevated hematocrit and total proteam be expected (Smith & Sherman, 2009).

2.2.3.3Necropsy findings

A female that dies of PT usually has multiple fesg the uterus, unless these were
removed just before death. The fetuses may be foesthecomposed. The dam’s liver is
enlarged, with rounded edges and yellow becaussfitifation with fat. The dam’s adrenal

glands are enlarged (Smith & Sherman, 2009).
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The carcass appears dehydrated and has largetopsamitfatty tissue in the abdominal
cavity (in obese animals) and a small amount ofifatinderfed animals). Rumen content is
usually dry, yellow and with an acetic acid odoraddition, there is an increase in the size of
mesenteric vessels and the lungs due to hypostatigestion. If urine remains in the bladder,
it shows a strong ketone reaction (Sanches, 1986/aDi, 1994; Smith & Sherman, 2009).

Histopathological findings have poorly defined tes, which may cause cerebral and
cerebellar neuronal necrosis and vacuolation, eanyctural maturity of the placenta and liver
steatosis (Jeffrey & Higgins, 1992; Cal et al., 200

The liver can present a microvesicular fatty degatnen, affecting acinus regions of
hepatocytes. The severity of liver damage was &socwith increased activity of hepatic
enzymes. It was suggested that fatty liver dugtdysis interferes with hepatic gluconeogenic
capacity, thus ketosis and fatty liver disease @alay a central role in PT (Radostits et al.,
2007; Schild, 2007; Cal et al., 2009).

According to Andrews (1997) and Radostits et &0, the kidneys may have poorly
defined lesions; however, Souto (2013) have obsevaeuolation of hepatocytes and renal
tubular cells.

The differential diagnosis should be performed hwitabies, listeriosis and
polioencephalomalacia. Diagnosis should also diffeate PT from hypocalcemia, which has
similar clinical signs and can occur in the samdogeas PT and in conditions of stress.
However hypocalcemia has a more rapid clinical seuhan PT and the animals respond
quickly to treatment (Riet-Correa et al., 2007; @ds Silva, 2011).

2.2.4 Treatment

Many different forms of treatment can be used, h@remost of the animals do not
respond to it. The treatment and prognosis depenth® stage and on a rapid and accurate
diagnosis, if this is achieved then the chancesecobvery are better but in advanced cases,
recovery is rarely observed (Andrews, 1997; Ratiostial., 2007). Treatment of this disorder
should be based on two general principles: admatish of energy sources and removal of
factors that increase energy requirements (Brozabk,&£011).

The treatment of PT should be immediate and agiresSiesarean section in the early
stages of the disease, possibly before the deveopat irreversible brain damage, may be a

method of treatment by removing the fetal demamdjliacose. If an animal is not too weak or



Rego, R. O. Review of the Literature [IGZ—

the livestock value does not justify surgery, laban induced (Sargison et al., 1994; Andrews,
1997; Pugh, 2005; Brozos, 2011).

In the earliest clinical form, the goat easily eatfered grain. The diet should be
improved to include better quality roughage andhirdevels of concentrates. Propylene glycol
can be given orally by dosing syringe, at the a0 mL, two or three times daily as a glucose
precursor. Although some authors suggest an anoddts mL to 250 mL of propylene glycol
twice a day, this level seems excessive and itylilceoverwhelm the ability of the liver to
convert the propylene glycol into glucose. Overdasfepropylene glycol can be fatal, creating
plasma hyperosmolality that impairs neurologic tiox@ A commercial product that contains
niacin as well as propylene glycol has been recond®e. The goat can also be injected with
enough mixed B vitamins to supply 1g of niacin/d@gcium borogluconate (60mL of a 23%
to 25% solution) is given subcutaneously to cowtterany concurrent hypocalcemia.
Approximately 20% of sheep with PT are also hyposalic. Some authors recommended the
use of insulin, up to 40 units of protamine zinsulin twice daily subcutaneously (Sanches,
1986; Smith & Sherman, 2009).

Previous studies have demonstrated that propylgmelgadministration and cobalt
associated with B12 vitamin do not affect the eyiegd protein metabolic profile, and there
was no impairment of hepatic functionality of sheephe peri-parturient period (Andrews et
al., 1996; Santos et al., 2012).

If the goat is known to be within one week of itgtprition date, hormonal induction
of parturition with 10 mg of prostaglandin F2 alpkd end the energy drain caused by the
fetuses. If the due date is uncertain and the odesires to save the dam and offspring, 20 to
25mg dexamethasone may be preferred for its glugmrec effects and beneficial stimulus on
appetite. If possible, transabdominal ultrasoureh@ration of the uterus for evidence of fetal
movement or heartbeat should be performed to vehBt the fetuses are still alive.
Dexamethasone treatment requires a live fetus, séanaghter or euthanasia may be more
appropriate in commercial situations if the kids already dead (Smith & Sherman, 2009).

If a valuable goat is down and very depressed sifdiked to improve by the day after
initiation of treatment, a cesarean section shoelgerformed immediately. Severely toxemic
animals do not kid rapidly or dependably after nedog hormones, but dexamethasone on the
first visit may prepare the lungs of marginally iature kids and thereby increase their chances
of surviving a cesarean operation that can be ddl&yr twenty-four hours. Even with surgery

and extensive fluid therapy, prognosis is poordorvival of the recumbent goat in the late
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stages of PT. The kids from these dams are algodrely delivered dead or die within a few
hours of surgery (Smith & Sherman, 2009; Brozosl.e2011).

Generally after removal of the fetus, the clinisthtus of the animal improves.
However, it may often deteriorate, especially & fltus is dead. In all cases, the intravenous
administration of glucose in combination with etebttes should be continued until complete
recovery of the animal (Brozos et al., 2011).

Blood glucose levels in pregnant goats with PThmaa good indicator of the viability
of the fetus, in a situation associated with hygoginia the cesarean section should be
considered, knowing that the goat’s condition maysen rapidly and that performing rapidly
the surgery will avoid suffering in the female atgdoffspring (Lima et al., 2012).

2.2.5 Prevention

Prevention is the best way to avoid the damageechbyg PT. It should constantly
analyze the herd’s nutritional status; make adjests)to maintain the animal with a body
condition score suitable for each physiologicafystaPastures should be well managed and
supplemental feeding is essential for proper natv@l management during the dry period.
Thus, the requirements to supplement dams withesdrate tend to be lower, contributing to
a lower cost of production, less labor and consetiybealthy animals (Azevedo, 2012).

If goats are already obese when the last trimésteached, it is too late to propose a
weight-reducing diet. Instead, animals must behigth quality roughage and as much as 500g
of concentrate daily. Anthing that disturbs the éantnof the goat, such as lack of exercise,
poor ventilation, or drafts, should be correctedisTmeans that the stall should be dry, with
adequate litter, and uncrowded. The goats shouléethbeose for at least two to three hours per
day. Timid dams and slow eaters should be houspdrately from dominant, aggressive
animals that might drive them away from the feetfdetal numbers have been determined by
real-time ultrasonography, the goats can be growgmetifed according to litter size. Goats
carrying three or more fetuses should receive s guality roughage available in addition to
adequate concentrate (Smith & Sherman, 2009).

In intensive farming systems, the improvement & ttutritional plan of animals
should be made in the last half of pregnancy. Tressful situations should be avoided in the
final third of gestation: shearing, anthelmintiegtments and transportation, as well as changes
in the type of food (Radostits et al., 2007).
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When one dam develops PT, the diet of the redte@herd should be evaluated and
corrected if necessary. Concentrates should bedated gradually and under strict control, to
avoid indigestion. It is unrealistic to expect gaherd of commercial goats to be totally free
of PT. Routine monitoring of all late-pregnant dafos urinary ketones is also unrealistic.
Healthy dams carrying large litters can be expettegkcrete small quantities of ketones yet
they do not need treatment. Drenching with propttidgoropylene glycol (60mL orally twice
a day) is in itself a stress to a goat and shoeldeberved for those showing abnormal behavior
or diminished appetite (Smith & Sherman, 2009).

2.3 NATURAL PRODUCTS: GLUCAN & SAPONIN

2.3.1 p-glucans: structure, properties and bioactivity

2.3.1.1 Introduction

Natural products, useful in treating and/or prewentseveral diseases, have been
sought throughout the history of science. Mosthafse natural products are plagued with a
common problemj.e., the fact that they often represent a complextumex of individual
ingredients, each of which can contribute to th@togical activity. To a certain extent, this is
the case opl,3-D-glucans (hereafter referred to as “glucanshey form part of a group of
natural biologically active materials generallyledlimmunomodulators or biological response
modifiers (BRMs). Generally, immunomodulators cahlaoth positively (immunostimulators)
or negatively (immunosuppressant) (Novak & VetvicR809). Using immunomodulators to
modulate the immune function of animals is congdeas a potential means to improve their
performance and health status (Li et al., 2006).

Glucans are naturally occurring carbohydrates fogtructural components of cell
walls found in plants, yeast, fungi, mushrooms sy cereals and some bacterial species.
Generally, the term glucan is sometimes used dsemical name of a glucose polymer and
represents a group of chemically heterogeneousbgdoates consisting of various numbers
of glucose molecules bound together by varioussygidinkages (Mayell, 2001; Vetvicka &
Vetvickova, 2015).

B-glucans have been known to scientists as a ptargtituent for decades. For over
twenty years, they have been studied because iofaéiwverable biological effects on mammals
such as a biological response modifier. They artegeized by the organism which triggers a
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series of events in the immune response. It is comkmowledge in the scientific community
that B-glucan is a powerful molecule and can be usedeiat several diseases (Akramiené et
al., 2007; Vetvicka & Vetvickova, 2014).

Over the last decade glucans have received spatéaition due to their biological
bioactivity, particularly as regards immunomoduwati Furthermore, a great many beneficial
effects such as anticarcinogenic, antimutagenippblyolesterolemic and hypoglycemic have
been ascribed tthem. Recently, numerous studies have been pertbtoniey to improve the
extraction proceedure of glucans from yeast cellswiloreover, there is a growing interest in
the identification of structural and biological pesties of glucan and its derivatives, including
its immunostimulant potential (Magnani & Castro-Ggan2008; Malaczewska & Milewski,
2010).

In effective and nutritionally well-balanced aninthéts, essential nutrients are often
combined with feed additives and supplements thay nontain microorganisms and their
products. The results of numerous studies indith& Saccharomyces cerevisiafried
brewer’s yeast enhances animal productivity ant/eled health benefits (Zabek et al., 2014).
These positive effects can be attributed to thegree of mannans and glucose polymers in
yeast cell walls. Yeasts are unable to colonizeghstrointestinal tract independently. By
binding to the intestinal epithelium, they compeféh pathogenic bacteria and stimulate the
immune system of animalg-glucans and mannan oligosaccharides (MOSs) faugdast cell
walls have immunomodulative properties (Li et 2D06). MOSs are capable of neutralizing
pathogenic bacteria and they supp@rglucans in the process of stimulating defense
mechanisms (Malaczewska & Milewski, 2010).

Accordingly, MOSs have several beneficial propsrdad they can be widely used in
human and veterinary medicine, pharmaceutical, etisrand chemical industries as well as
food and feed production. The beneficial properbéwvariousp-glucans used in the food

industry are discussed elsewhere (Petravic-Tonehat, 2010).

2.3.1.2Historical interest ifg-glucans

The healing properties of mushrooms have been kriomousands years, with the
first recorded report of their medicinal qualitiéating from around 3000 BC. A number of
fungal components have been implicated in thespepties. The interest in polymers from
mushrooms (likg-glucans) originated in the early 1900s, when thktyof yeast to inactivate

serum complement was first described. This ledhéodevelopment of an insoluble yeast cell
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wall molecule, termed@ymosanwhich was subsequently used to help define thiewzsy of
alternative complement activation. Later studiesgtd that the direct intravenous injection of
zymosan could activate the immune system, stirnggbrotective host responses. Although
these particles were found to consist of a valétyomponents (including glucans, mannans,
chitin, protein, and lipids)}-glucan was identified as the biologically actianstituent. Since
the discovery of its stimulatory activities, zymodas been chosen for many studies of immune
function bothin vivo andin vitro, including inflammation, phagocytosis, arachidenalease
and cell migration (Brown & Gordon, 2003).

It is likely that the first substance investigatth immunomodulating properties was
called endotoxin lipopolysaccharide (LPS) from gmaegative microbes. A paper describing
the endotoxin was published in 1865. LPS intengifibagocytosis with a potential protective
effect for a host; however, its toxic effects wel@minant. It was found that a saccharidic
moiety of LPS, with prevailing glucose, galactosel anannose content, was non-toxic but
bears immunomodulating activity. It was appareat #ven polysaccharides themselves could
act as immunomodulators, while their toxicity waghgible. The history of polysaccharides
as immunomodulators goes back to the middle ofastecentury, when Shear and coworkers
in 1943 described a substance called Shear’s pmllgaaide which caused necrosis of tumors
(Novak & Vetvicka 2009).

Subsequently, other polysaccharidic immunomodutateere studied; among them
were B-glucans. Investigation gf-glucans began in the 60s and 70s of the last Beniwo
lines can be traced if--glucans history, based on different starting piriiut generally
converging. The first one took place chiefly in th&.A., the second one in Asia, specifically
in Japan. Research ab@glucans in the euro-american milieu was basederkhowledge
of the immunomodulatory effects of zymosan fromigtare of polysaccharides isolated from
the cell walls ofS. cerevisiaéPillemer & Ecker, 1941). When zymosan was closelgmined,
B-glucan was identified as a primary effective comgtt: it was subsequently isolated and its
immunological effects were investigated (Di LuzidR8ggi, 1970; Williams et al., 1970).

In Asian medicine, the consummation of differentdimmal mushrooms (shiitake,
maitake, reishietc) has been a long tradition. In detailed studieshefbiological effects of
theses mushrooms, especially their anticancer rgcfiglucans were again found to be
responsable due to non-specific immunomodulatidns Thitial investigation was conducted
by Goro Chihara at Teikyo University in Kawasakhaisolated3-glucan, which he referred
to lentinan, from the shiitake mushroohefitinus edodesow Lentinula edodés(Chihara et
al., 1969).
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The interesting activity as a polysaccharidic imamoedulator §-glucans) was seen
when purification was sufficient since they hadyenv toxicity. Conversely, the considerable
heterogeneity of all natur@-glucans continues to be the cause of a seriegprfazicting
conclusions. An attempt was then made to solveptioislem using semi-synthetic and synthetic
probes, suitable for accurate immunological rede@tamois et al., 20059)-glucan extraction
for therapeutic uses is generally performed usieastS. cerevisiaeand fungi,Lentinula
edodesand products have been marketed for therapewgimukapan and Brazil for a long time

and they are used as adjuvants in antitumor thei@agreira et al., 2012).

2.3.1.3Sources and structure

B-glucans are polysaccharides that make up thetsteuof the cell wall of yeast, fungi,
mushrooms, and each differs from the others bytype of linkage between glucose units.
These glucose polymers are produced also by atyariglants, such as cereals (oat, barley)
and seaweed. They are the constituents of thewals of certain bacteriaPheumocystis
carinii, Cryptococcus neoformans, Aspergillus fuatigg, Histoplasma capsulaturand
Candida albicans however an important source of these polymersSascharomyces
cerevisiaecell walls, also known as fermentation yeast (€dbil) (Akramiené et al., 2007,
Mantovani et al., 2008; Magnani & Castro-Gémez,800

The main components of the fungal cell wall arg/patcharides and glycoproteins. For
example, yeastS. cerevisiagecell walls consist of three layers: an inner tagkinsolublep-
glucan (30-35%), middle layer — of solubfeglucan (20-22%) and external layer — of
glycoprotein (30%)B-glucan has been purified from brewer’s and bakgeast, from oats and
barley bran (Fig.01) (Akramiené et al., 2007).

Table 1 — Structure, origin and biological activites ofp-glucan: Source: adapted from Mantovani et al.

(2008)
Structure Source Effects
B(—3)(1—6) Saccharomyces cerevisae Antiparasitic
Antibacterial
Antiviral
Antifungal
Antimutagenic/antigenotoxic
Antitumoral
Hematopoietic stimulator
Mitogenic
Candida albicans Imunostimulating activity
Poria cocus Antitumoral
Agaricus blazei Cytokine induction
Antimutagenic/antigenotoxic
Inhibition of CYP450 isoenzymes
Antitumor
Lentinus edodes Inhibition of CYP450 isoenzymes
Antitumor
Schizophyllum commune Antitumor
Coriolus versicolor Antitumor
B(—3)(1—4) Oat Antimicrobial
Antiparasitic

Hypocholesterolemic
Anti-thrombotic
Barley Antimutagenic
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S. cerevisiaeis commonly called brewery and bakery yeast. laisingle-celled
eukaryotic micro-organism which has different formdnong its characteristics, it has the
ability to adjust metabolically to the fermentatioh sugars in the presence or absence of
oxygen, producing alcohol and carbon dioxide (Tiartet al., 2000). In diverse environments,
developing an outer protective layer is criticaltfoe growth and survival of fungal cells (Duran
& Nombela, 2004). The cell wall is a common struetun filamentous fungi and yeast, located
at the interface between the microorganism ancetivironment. In recent decades, the cell-
wall polysaccharidg-1,3-glucan, has been widely studied as a novelamuamtifungal drug
(Firon et al., 2004).

OH OH

HO

Figure 1. General structure of glucan (Novak & VetvickaP2D

Glucans derived from different sources have sorfierdnces in their structure. They
are a heterogeneous group of glucose polymersistmgsof a backbone ¢%(1,3)-linkedp-D-
glucopyranosyl units with(1,6)-linked side chains of varying distributionddength. Oat and
barleyp-glucans are primarily linear with large regionsp¢f,4) linkages separating shorter
stretches of(1,3)-linked branches coming off of tift¢1,3) backbone. Yeagtglucans have
B(1,6) branches that are additionally ramified wattirap(1,3) regions (Fig 02) (Chan et al.,
2009).
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Figure 2. B-glucan is one of the key components of the fuiagal yeast cell wall. The basic subunit of the funga
B-glucan isB-D-glucose linked to one another by B glycosidic chain with ©6 glycosidic branches. The length
and branches of thfeglucan from various fungi are widely different @het al., 2009).

These structural differences can have large imipdica for the activity of theB-
glucan. For example, differences in the lengtheffiolysaccharide chain, extent of branching,
and the length of the branches can result in diffees between material extractable by hot
water, such as mushrooprglucans, and in different molecular weights. Imggl,in vitro
studies have suggested that large molecular weigbharticula-glucans (such adymonsah
can directly activate leukocytes, stimulating thelragocytic, cytotoxic, and antimicrobial
activities, including the production of reactiveygen and nitrogen intermediates. Intermediate
or low molecular weighp-glucan (such as glucan phosphate) possesses iballagtivity in
vivo, but their cellular effects are less clear. Vehnprs B-glucans (<500-10 000 molecular
weight; such as laminarin) are generally considenedtive. Severap-glucans have been

investigated, they come from yefisglucan, since it is easily purified, and from migsim -
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glucans, because there have been a lot of expasmperformed in Japan, China, and Korea
(Akramieneé et al., 2007).

In S. cerevisiagthe cell wall may account for up to 30% of th&tary weight of the
cell and its components are synthesized togethdrimrsynchrony with growth and cell
division. It consists of three fractiorfsglucan, chitin and cell-wall proteins (mannan)t thige
interconnected. The structure of these componerdspicted in Fig. (03B-1,3-glucan is the
most abundant component of the yeast cell wall§d%), which is a polymer of gluco$él-

3) andp(1-6) units forming a microfibrillar backbone to wwh other components are cross-
linked. The outer layer being composed of mann@mmetand the inner layer of glucan and
chitin in an interconnected structure by covalesids (Cid et al., 1995; Firon et al., 2004).
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Figure 3. Model of cell wall structure in yeast. (Cid et, d1995).

The wealth of mannoproteins that are incorporatéalthis structure and the functions
that they perform are far from being establishedués exist such as the genes involved in the
biosynthesis of the polysaccharide components hadécretion of the enzyme complement
required for this process to take place in an @dlenanner. Such an array of proteins and
structural polysaccharides maintains the integotythe cell wall. Deficiencies in any of
functions are rarely lethal but they are expressaedrms of alterations that lead to a defective
wall which will make the cell more vulnerable (Dor& Nombela, 2004).

Morris et al. (1983) reported that the cell walSincerevisiags highly elastic, because
the cells can rapidly decrease in volume in hypecteolutions in response to osmotic pressure,
and return to the original volume under favorabilgi@nmental conditions. The property of

elasticity can be attributed fachains (1-3) glucan arranged in a kind of flexigpging. This
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organization in the wall allows an increase or dase in cell volume in response to external

conditions and partly explains the increased pehitigain living cells.

2.3.1.4B-glucan immunostimulating activity

The most important quality ¢f-glucans and the reason why so much attention has
been devoted to them is due to the physiologidaices that they exerce. They are typical
biological responses modifiers (BRMs) as immunostators. A large number of
polysaccharides, which act only as immunostimulaats known, but the most effective (and
also most studied) afeglucans. More than 6,000 papers describing thiedial activities of
glucans exist. Thus far, strong immunostimulatifigats off3-glucans have been demonstrated
in all animal species tested including earthworBesghin et al.,1998; Kohlerova et al., 2004),
shrimp (Chang et al., 2000), fish (Anderson, 199Rice, rats (Feletti et al., 1992), sheep
(Buddle et al., 1988; Milesweski & Sobiech, 200@pb£k et al., 2014), pigs (Li et al., 2006;
Bugni et al., 2008), cattle (Anantasook et al.,£0dnd humans (Novak & Vetvicka, 2009).

Patients who suffer from systemic fungal infectionsluding those byCandida,
AspergillusandCryptococcuspecies have been described to possess high tdatsulation
B-glucans in their plasma. It is possible thatflgducans may have modulating effects on the
immune system by activating macrophages, by phagsisyof the pathogen and release of
proinflamatory cytokines. It has been establishet f-glucan has a key molecular pattern
recognized by neutrophils (or polymorphonucleakémytes — PMNS) in response@andida
albicans because of the production of antibodies spefofi@-glucan, a major component of
yeast cell walls (Lavigne et al., 2006). This methia, to recognize and respond to the
structural components of fungi, particulafiyglucans, has evolved in mammals as defense
against fungal pathogens (Akramieneé et al., 2007).

Macrophages play a critical role in all phasesasftiilefense be they innate or adaptive
Immune responses in reponse to infection. Whertleogan crosses an epithelial barrier, it is
phagocytosed by macrophages and digested by lysdsenzymes released by them.
Lysosomal enzymes and phagocytic activity deterrtieanacrophage function. The secretion
of cytokines (interleukins and TNé&} and inflammatory mediators (nitric oxide, NO and
hydrogen peroxide, #D,) are other effects of these cells. Therefore, alogvation of
macrophage function f§+glucans increases host immune defense. Howeviisgazharides
stimulate a dose-dependent increase in NO and d,Nbt not in reactive oxygen intermediate

in peritoneum macrophages (Kim et al., 2004). ltswsuggested that the ability of
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polysaccharides in the up-regulation of these serfaolecules involved in antigen-presenting
processes may, by inference, activate T-cell-medmmunity against malignant celfsvivo.
Taken together, these results suggestftgitican acts as an effective immunomodulator and

enhances the anti-tumoral activity of peritoneuncrophages (Fig 4) (Akramiené et al., 2007;
Chan et al., 2009).
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Figure 4. Immune activation induced p¢glucansp-glucans can act on a variety of membrane recefdorsd
on the immune cells. It may act singly or in congbwith other ligands. Various signaling pathway actvated
and their respective simplified downstream sigrplimolecules are shown. The reactors cells includeatytes,
macrophages, dendritic cells, natural killer calisl neutrophils. Their corresponding surface rexspre listed.
The immunomodulatory functions induced fyglucans involve both innate and adaptive immurspaase 3-

glucans also enhance opsonic and non-opsonic pyi@gte and trigger a cascade of cytokine releaseh as
tumor necrosis factor (TNF-and various types of interleukins (ILs). (Chamlet2009).

In vitro studies have demonstrated enhanced microbiahdsilictivity by monocytes
and neutrophils in healthy volunteers affeglucan administration. Besides activation of
macrophages, T cells and natural killer (NK) ceflgglucan activates complement by an

alternative activation pathway. Pathogens thatatgi complement are first coated with the
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C3b fragment of C3, which is rapidly proteolysetbithe iC3b fragments which serve to
promote a high-avidity attachment of the iC3b-opset pathogens to the iC3B receptors
(CR3,CD11b/CD18) of phagocytic cells and NK cetlserefore stimulating phagocytosis
and/or cytotoxic degranulation (Ross et al., 1999).

Studies provide clear evidence that the supplertientaf diets fed to lactating ewes
with S. cerevisiaedried brewer’'s yeast delivers health benefits. sSYemdded to diets for
pregnant ewes could prepare them better for lactabut the resulting improvement in their
milk performance was similar when yeast was adr@rnesl in late pregnancy or only during
lactation (Zabek et al., 2013; Zabek et al., 2014).

The productivity in small ruminant dairy farms isfluenced by diseases such as
mastitis. Milk from inflamed glands is characted4sy higher albumin and globulin levels and
lower lactose concentrations (Bianchi et al., 2004)erefore, an immunostimulant such as
glucan could be useful for elucidating the defensschanism operating in the ruminant
mammary gland (Buddle et al., 1988). Administrat@rS. cerevisiaaried brewer’'s yeast
improves the parameters of nonspecific humoralaalidlar immunity. The supplementation
of diets fed to late-pregnant and lactating eweth wried yeast increased gamma globulin
concentrations, lysozyme and ceruloplasmin actidtels, and the indicators of nonspecific
cellular immunity, the respiratory burst activitpdapotential killing activity of phagocytes
(Malaczewska & Milewski, 2010).

2.3.1.5Role ofp-glucan on cholesterol and glucose levels

Chronic diseases in humans and animals can begéddhyadietary-glucan. In a study
on the biological activity of cell wall polysaccldas fromS. cerevisiaded to pigs, Kogan and
Kocher (2007) showed the importance of the protecéffect off-glucan to the body by
stimulating the immune system of common mucous man@s, which are areas permanently
exposed to pathoger$glucan has a specific effect when consideringnigeedients used in
the production of functional foods (Mantovani et, &008). Fragments obtained from this
macromolecule, oligosaccharides, may act as piebistlectively stimulating the growth of
bacteria in the intestinal tract, and serving aseaargy source for beneficial microflora
(Przemyslaw & Piotr, 2003). Other positive aspetthe inclusion of-glucan in the diet, such
as reducing cholesterol and blood sugar, havelasn shown in humans (Kim et al., 2006).

An active hypolipidemic component in oats, the bu3-glucan fiber, has been

concentrated in an oat fiber extract, this exthast been used to replace fat in food products. A



Rego, R. O. Review of the Literature IO

number of studies in humans have indicated fhglucan has a major action in reducing
cholesterol. WhenB-glucans are fed in a dose-dependent manner, is@gnify greater
reductions in blood cholesterol concentrationsodngerved ag-glucan levels increase (Behall
et al., 1997). Furthermore, treatment of oats withymes that destr@¢glucan results in the
loss of the cholesterol-lowering potential of o&sits lower blood cholesterol levela the
formation of a viscous gel by the oat soluble fibEnis binds bile acids and increases their
excretion in the feces. The production of bile adiwm cholesterol of endogenous origin or
the circulation is thus stimulated, reducing ciating blood cholesterol (Katz, 2001).

There may be additional ways in which oats lowelesterol beyond the binding and
removal of cholesterol-rich bile acids. Bacteriaimentation of thg-glucans increases the
release of short chain fatty acids, which may iitabolesterol biosynthesis. Soluble fiber may
also delay gastric emptying and reduce post-pramdialin concentrations, which also inhibits
cholesterol biosynthesis. And there has been sodieation that soluble oat fiber may reduce
the intestinal absorption of cholesterol (Katz, 200

Physically, the3-glucans are discrete, hollow microspheres thahegtdy miscible in
most liquids and will not gep-glucan is composed of both soluble and insoluibler§. Other
soluble fibers such as pectin and psyllium tendltonp and gel when mixed with liquids-
glucan from oat fiber has been shown to improvid lgpofiles. In other word$i-glucans appear
to be effective in lowering blood cholesterol comications, however, the mechanism by which
this occurs is still unclear. There have been adiemies that have tested other furfigglucans
for this activity in humans. They are associatethwieatment of cardiovascular diseases due
to elevated plasma cholesterol levels, in particW®L-cholesterol concentrations (Nicolosi
et al., 1999).

Wilson et al. (2004) evaluated two fractions of Iearp-glucan, low and high
molecular weight, to reduce plasma cholesterol lny@ercholesterolemic diet using hamsters
as an experimental model. The tests showed naelifées in the activity of fractions, both of
which promoted a reduction in cholesterol levelserum. Similar observations were described
by Matiazi (2005) in assessing the hypocholestermesffect of-glucan extracted frors.
cerevisiaeadministered to mice in a hypercholesterolemit. die

Among the alternatives used in the control of gigize thep-glucans are outstanding.
These polymers have been shown to be effectivehen reduction of blood glucose
concentrations, possibly because of their capdoitincrease the viscosity of the intestinal
content, forming a protective barrier that deldys absorption of glucose and lipids (Lobato et
al., 2015)
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Several dietary fung@lglucans may reduce blood glucose concentratiossilpy by
delaying stomach emptying so that dietary glucasahbsorbed more gradually (Chen &
Serviour, 2007). A decrease in blood glucose lebglsicreasing insulin sensitivity has been
observed in genetically diabetic mice fed with 2@%ole mushroom maitake powder.
Although B-glucans have been identified as the likely actweastituents responsible for a
beneficial effect on cancer and immunity, it isslekear which constituents may promote effects
on blood sugar and blood lipids (Mayell, 2001).

2.3.1.6Anticarcinogenic activity

Anticarcinogenic substances are able to prevedtices and slow the appearance and
development of cancer (Magnani & Castro-Gomez, 200Be anti-tumor activity was first
demonstrated nearly 50 years ago. Many animal erpats have demonstrated the remarkable
effects of certain fungd-glucans on a range of tumors (Vetvicka & Yvin, 200n this regard,
the introduction of bio-modulators combined witheototherapy significantly contributes to
antineoplastic therapy. Among the known compoungsirmmunomodulatorsp-glucans
extracted fungi and yeast cell wall has been evatLitor their antitumor activity (Miadokova
et al., 2005).

The initial studies on the potential usepedlucan against cancer were performed in
70s. In 1979, Di Luzio and coworkers demonstrateat p-glucan preparations frors.
cerevisiaesignificantly reduce the growth of breast carcimsnand melanomas. In the same
study they found increased survival rates for migth subcutaneous tumor implantation.
Currently, it is known that the antitumor mechanshaction offf-glucans, including an effect
in situations of metastases, acts through sevaraline functions in the host and enhances the
host’s survival. Research reported that the amtietueffects of3-glucan are based mainly on
the ability to activate leukocytes by stimulatidrttzeir phagocytic activity and the production
of TNF-a as (Xiao et al., 2004).

B-glucans have a backbonefi§l,3)-linkedp-D-glucopyranosyl units with side chains
of different lengths. A variety of cell surface eptors bindp-glucan, including lectins,
scavenger receptors, and integrins on monocytesapiaages, neutrophils, and natural killer
(NK) cells and various lymphocyte subpopulationso{n & Gordon, 2003)3-glucan has anti-
infective and antitumorigenic properties throughkigcytes, phagocytic activity, production of
inflammatory cytokines and chemokines, microbidlikg and initiate the development of
adaptive immunity of (Brown & Gordon, 2003; Rosskt 1999).
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2.3.1.7Future perspectives

B-glucans have been shown to possess importantgigaloproperties regardless of
their origin. This finding calls for future work inhe domain of biotechnology using
microorganisms such & cerevisia¢o produce gharmaceutical product. Studies could also
involve the insertion of specific genes to contiteé production of a particuldl-glucan in
functional foods (transgenic food, Mantovani et 2008).

The identification of foods that produce high levet these polysaccharides and where
modifications of the3-glucan control gene are possible to improve alismrand efficacy;
could be an approach in the production of functidoads with medicinal properties. Besides,
the consumption of food with antimutagenic activabuld contribute to a reduction in risk of
cancer and of other degenerative diseases. Howawgher studies are needed involving
epidemiologic evaluation of the public’s intakecefreals such as oats and barley whiclfare
glucan-rich foods. For the moment no epidemioldgtizdy concerning the incidence of cancer
and consumption di-glucan is available, the only epidemiological stulvolving B-glucan

relates to its consumption with the decrease olesterol levels (Mantovani et al., 2008).

2.3.2 Plant secondary metabolites and their use mminants

Ruminants have the most differentiated and comgtiemach system of all mammals
and they have a unique capability of convertingoa-utilizable forms of energy, feed fiber
(lignocellulosic agro-industrial by-products) to atlizable form of energy i.e. volatile fatty
acids, which the ruminants can use as a souragenfg. This specialized digestive tract is well
adapted to the digestion of structural plant patgbarides, and enables ruminants to feed
exclusively on forages. Most of the nutrients sigzpto ruminants are produced in the rumen
from microbial fermentation of carbohydrates andot@in or non-protein nitrogen
(Teferedegne, 2000; Jouany & Morgavi 2007; Kamral.e2012).

Four main targets have been identified concerngsgl fadditives to optimize rumen
function and performance: decreased methane prioduntfavor of propionate to improve the
energy balance of animals, reduced feed proteimadatjon to increase bioavailability of
amino acids in the small intestine, reduced feradeont rate of rapidly fermentable
carbohydrate (starch, sucrose) and therefore dootriactic acid production and improved
fibre digestion. lonophore antibiotics are capaiflachieving these goals in the rumen. When

added continuously at low concentrations in fe&fs40 ppm), they slowed the rate of acid



Rego, R. O. Review of the Literature 2NN

production and prevented lactic acidosis (Osbotred. 2004), mitigated methane production
by redirecting metabolic hydrogen use towards mmogie formation, decreased deamination
of amino acids (Wallace et al., 1990), thus indreppeptide flow from the rumen into the
small intestine (Gomez et al. 1991), and reduceunnfo bloat in cattle grazing on legume
pasture (Lowe et al. 1991). Post-ruminal effectsoabphores have also been reported. For
example, they have been shown to be effective agaotcidiosis, one of the most important
and widespread parasitic diseases of ruminantsr(®&rg et al., 1982). Hence, animals treated
with feed antibiotics exhibited increased produtgiyJouany & Morgavi 2007).

There is increasing public and scientific concdsowd the use of antibiotics as feed
additives in animal production. This concern idédeby the emergence of antibiotic resistance
in many human pathogenic bacteria, the releaserdaminating residues into the environment
(water, soil, etc.) and the risk that growth-promgtntibiotic residues occur in foods of animal
origin (Yang & Carlson 2004;Manero et al. 2006;\an et al. 2006).

For all these reasons, the European Union (EU)ddedcithat antibiotic used in
livestock as production enhancers would be banrad 15 January 2006. (EU regulation N°
1831/2003 of the European Parliament and of then€ibof 22 September 2003). This ban
effectively ends nearly 50 years of antibiotic @ise non-therapeutic purposes. It covers all
classes of antibiotics, including ionophores, augraf substances extensively used as
coccidiostats in poultry production and as growtlonpoters or production enhances in
ruminants. lonophores improve animal performancebath dairy and meat ruminants
(McDougall et al. 2004; Gallardo et al. 2005; Malen et al., 2006). Consequently, there is
nowadays a real demand among animal producerdtéonative feed additives and among
consumers for more natural and safe products inhthrean food supply chain (Jouany &
Morgavi 2007).

One positive consequence of the ban is that hygitmalards in livestock production
had to be raised to reduce the risk of pathogesciin. However, to maximize the efficiency
of feed use and increase ruminant productivity ugho the manipulation of ruminal
fermentation, alternative feeding strategies and feed additives are needed (Jouany &
Morgavi, 2007).

Many substances, such as probiotics, prebioticgiesorganic acids involved in
metabolic pathways, plant extracts, can offer sathe benefits that synthetic antibiotics
provide (Jouany & Morgavi, 2007). Plants synthesizwoad range of compounds that are not
directly involved in their growth, development agproduction. These compounds are a

complex group of substances, synthetized by thetpia some specific conditions in order to



Rego, R. O. Review of the Literature SN

defend and protect them. Most of these compounde @also used extensively as medicines
before synthetic drugs and antibiotics were disoedeln addition, some of them have been
extracted and concentrated for use in animal mtritsuch as flavouring agents in feeds, for
their antimicrobial activity and their ability tonfluence the digestion of some ingredients
(Elgayyar et al., 2001). Moreover, plants and tleitracts have an important potential as
manipulators of rumen fermentation for productivatyd health benefits. They have specific
effects on rumen microflora and fauna that candyeehcial to animal productivity and health
(Wallace, 2004).

Studies on plant secondary metabolites (PSMs) maveased over the last 50 years.
These molecules are known to play a major rolbereidaptation of plants to their environment,
but also represent an important source of actiaerphceuticals. Plant cell culture technologies
were introduced at the end of the 1960s as a geswibl for both studying and producing
PSMs. Different strategies, usimg vitro systems, have been extensively studied with the
objective of improving the production of secondplgnt compounds (Bourgaud et al., 2001).

Plants produce several organic compounds that lassifted into primary and
secondary metabolites. The primary metabolites essential for their own growth,
development and reproduction (Wallace, 2004; Kaetral., 2006; Bodas et al., 2012). The
secondary metabolites are used as a defense m&chagainst the presence of pathogenic
microorganisms and predation by insects and herésv@Nallace, 2004). Moreover, the lack
of plant secondary metabolites can negatively immpéant persistence and adaptability. In
addition, they are recognized as being importatihénnutrition and health of animals (Jensen
et al., 2013).

PSMs play an important role in agro-ecosystems targl are a diverse group of
molecules that are involved in the adaptation ahd to their environmental, but are not part
of the primary biochemical pathways of cell growatid reproduction (Jensen et al., 2013; Ortiz
et al., 2014). They are usually classified accaydotheir biosynthetic pathways. Three large
molecule families are generally considered: phesoterpenes, and alkaloids (Bourgaud et al.,
2001).

In general, the terms plant secondary metabolplgtochemicals, antinutritional
factors and plant xenobiotics have been used inlitamture to refer to this group of
compounds. This number does not include the oligmm@olyphenolic compounds
(proanthocyanidins and hydrolysable tannins) tmatreow being more accurately described
and will increase the number by several thousantheSmajor PSMs or phytochemicals that

occur in plants include protease inhibitors, legtimlkaloids, non-protein amino acids,
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cyanogenic glycosides, saponins and tannins. Téwapounds are involved in defense against
herbivores and pathogens, regulation of symbi@sisirol of seed germination, and chemical
inhibition of competing plant species, and therefare an integral part of the interactions of
species in plant and animal communities and thetatan of plants to their environment
(Makka et al., 2007).

Much of the research on PSMs has concentrated @n txic and antinutritional
effects on livestock. Toxic PSMs are present imggat low concentrations (generally less than
2% of the dry matter) and may have negative phggioal effects when absorbed. Higher
concentrations (>2% of dry matter) of these compsiare required to elicit negative effects,
and the primary site of activity is in the digestitract or the sensory organs associated with
feeding behavior. They can induce neurological |@mwmis, reproductive failure, goiter,
gangrene and even death. Examples are alkaloidapggnic glycosides, toxic amino acids,
saponins and many others.. These PSMs includensnproteases and amylase inhibitors.
Compounds that have a structural role in the gleugt, lignin, biogenic silica, and cutin) lower
the extent of microbial digestion of cell wall psiccharides (Makka et al., 2007).

In addition, PSMs are also associated with improwettitive value and may have
beneficial effects on animal health for instancentas may protect ruminants against
helminthiasis. Growing interest in the potentiabltie-promoting effects of plant secondary
metabolites in human foods has prompted researtheampotential to prevent or treat cancer,
circulatory disease, and viral infection. The meghta by which these substances have
beneficial effects on health may also be relatati¢o toxic effects, and the difference between
toxicity and beneficial effects may depend on dasd molecular structure. However, the
mechanisms of toxicity and health-promoting effaftnost PSMs in human and animal diets
are not well established (Makka et al., 2007).

Interest in PSMs has risen dramatically in recezdry amongst plant molecular
biologists and plant breeders because of theirrseveffects, which, in addition to those
mentioned above, include antioxidant, antiviratjlzacterial and anticancer effects. As pointed
out by few recent studies, molecular biologistsehanade genetic modifications in biosynthesis
in forage plants in order to improve the efficierafyconversion of plant protein into animal
protein (increase rumen undegradable protein angs timcrease protein availability
postruminally), reduce greenhouse gases, and reghsteointestinal parasites (Haralampidis
et al., 2002; Makka et al., 2007).

Most plants, especially in the tropical regiongjtain PSMs, due to wide biodiversity

and high temperature and humidity. The lack of rimfation on the appropriate methods for
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their determination has been the main bottleneckderstanding the enzymes and biochemical
pathways in their synthesis, the genes respon&btntrolling major biochemical processes,
and the physiological significance of PSMs andxpleiting the beneficial effects of these
phytochemicals (Diaz et al., 1993; Makka et alQ20

PSMs limit how much of a particular plant an hedoer can eat through feedback
mechanism that prevent damage to animal cellsigsssand metabolic processes. When plant
diversity is high, herbivores can attenuate theatieg impacts of these metabolites by eating a
variety of forages with different PSMs, therebyesating the load across many plant species.
Increased intake of PSMs when eating a varietylaftp can occur because diverse PSMs can
be detoxified by different mechanisms, and they icactivate one another through various
chemical interactions, leading to greater intakestwhen a single secondary metabolites-
containing food is ingested. Thus, by eating aetgrof secondary metabolites, herbivores can
enhance nutrient intake while taking advantagéeflieneficial properties of them (Jensen et
al., 2013).

2.3.2.1 Saponins

The word ‘saponin’ is derived from the Latin wosdpo (soap) and traditionally
saponin-containing plants have been utilized foshirag. Chemically, saponins are high-
molecular weight glycosides in which sugars ar&dihto a triterpene or steroidal aglycone
moiety (Wallace, 2004).

Plant extracts containing saponin are of interegp@ential feed additives for dairy
and meat ruminants because they can influence ptiody. Several authors have reported that
some of the physical and chemical properties adglmmpounds have sparked research into
their use in livestock production applications dasaponin improving ruminal organic matter
digestion, increasing ruminal propionate concernat stimulating the growth of steers while
not affecting animal performance (Goetsch & Owed®5] Wu et al. 1994; Lila et al. 2005).

Several authors have reported that this substamcanees ruminal organic matter
digestion because its mechanism of action affdesraimen microbial population directly,
resulting in an improvement in rumen fermentatiod decreasing methane production. The
majority of research on saponins has focused ofokixyy its characteristics in supressing
rumen ciliate protozoa and on its ability to saleay inhibit some bacteria, hence reducing the
production of hydrogen ions which are emitted mfibrm of methane (Patra & Saxena, 2010b;
Bodas et al., 2012; Bharathidhasan et al., 2013).
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Saponins are known to have some distinctive featurglants due to their protective
actions against bacteria, fungi and insects andnaadditive in animal nutrition. In animal
feeding, there is an increasing amount of resefarchutraceutical and phytogenic additives.
Saponins are one of the important plant secondatalolites which have been shown to
selectively modulate the rumen microbial populaioesulting in an improvement in rumen
fermentation and to decrease methane productidra(Re5axena 2010b; Bodas et al. 2012).

In ruminants that are fed on diets with saponinaraadditive, there is a reduction in
ammonia release in excrements, reducing odour rmpdoving the stool consistency. Such
characteristics are interesting for animal husbabécause they may improve air and bedding
quality, ease of cleaning and others benefits lged to improve production performance.
Therefore these promising molecules are being aseadditives in animal feeding. Several
experiments demonstrating the physiological, imnhogioal and pharmacological properties

of saponins have provoked considerable clinicaregt (Francis et al. 2002).

2.3.2.1.1 Nature

Saponins comprise a large family of structuralllated compounds containing a
steroid or triterpenoid aglycone (sapogenin) linkedne or more oligosaccharide moieties by
glycosidic linkage. The carbohydrate moiety cosststpentoses, hexoses, or uronic acids. The
presence of both polar (sugar) and nonpolar (stenciriterpene) groups confer strong surface-
active properties that are responsible for marsapbnins’ adverse and beneficial effects. The
primary biological effect of saponins is its inteians with cellular and membrane
components. For example, saponins haemolyse red bklls by nonspecific interactions with
membrane proteins, phospholipids, and cholestefoérgthrocytes (haemolytic activity)
(Makka et al., 2007).

Saponins are natural surface-active glycosidesy &ne mainly produced by plants,
but also by lower marine animals and some bact@h& easily observable character has
attracted human interest from ancient times. Sap@oinsist of a sugar moiety usually
containing glucose, galactose, glucuronic acid,osg] rhamnose or methylpentose,
glycosidically linked to a hydrophobic aglycone sgenins) which may be triterpenoid or
steroid in nature. The aglycone may contain onemore unsaturated C-C bonds. The
oligosaccharide chain is normally attached at thg@sition (monodesmosidic), but many
saponins have as additional sugar moiety at #aeCCs position (bidesmosidic). The large

complexity of saponin structure arises from thaalkality of the aglycone structure, the nature
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of the side chains and the position of attachmétitese moieties on the aglycone (Sen et al.
1998; Francis et al. 2002).

In general, very little is known about the enzyraed biochemical pathways involved
in saponin biosynthesis. Triterpenoid saponinssgrghesisedia the isoprenoid pathway by
cyclization of 2,3-oxidosqualene to give primaribjeanane {f amyrin) or dammarane
triterpenoid skeletons. The genetic machinery megiufior the elaboration of this family of plant
secondary metabolites is as yet largely unchaiaeterdespite the considerable commercial
interest in this group of natural products. Thisikely to be due in part to the complexity of
the molecules and the lack of commercially avadgtdthway intermediates for biochemical
studies. A review describes the advances madeiarta of 2,3-oxidosqualene cyclisation, the
genes that encode enzymes giving rise to the aivarsy of plant triterpenoid skeletons, and

the characterisation of saponin glucosyltransferéidaralampidis et al., 2002).

2.3.2.1.2 Occurrence

Saponins occur constitutively in a large numbeplaht species, in both wild plants
and cultivated crops. In cultivated crops the tpénoid saponins are generally predominant,
while steroid saponins are common in plants usetiesbs or for their health-promoting
properties. Triterpenoid saponins have been det@éct@many legumes such as soybeans, beans,
peas, lucerne, etc. and also in alliums, tea, shinsugar beet, quinoa, liquorice, sunflower,
horse chestnut and ginseng. Steroid saponins arg fim oats, capsicum peppers, aubergine,
tomato seed, alliums, asparagus, yam, fenugreatGayand ginseng. One example of an
extensively studied group of triterpenoid sapomngroduced fronQuillaja saponaria a tree
native to the Andes Region. The bark can be pesfeand the saponin extracted with water
by the indigenous peoples and used as a shampagéerd, and by the Shamans as an overall
curing agentYucca schidigeras the most common commercial source of sterombis@as
(Francis et al. 2002).

A number of factors, such as physiological agejrenment and agronomic factors,
have been shown to affect the saponin contentwoitgl Reports reviewed indicate that saponins
increase on sprouting in some plants such as sagabéucerne, mung beans and peas but
decrease in others such as moth bean and thatdamyirduring germination has a profound
stimulating effect on saponin content. Generalhlymiature plants have been found to have

higher saponin content than more mature plantseoame species (Francis et al. 2002).
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The second major sources of saponin are from delserts:Y ucca schidigerésteroid
saponins called also sarsaponins) from Mexico@uitlaja saponaria(triterpenoid saponins)
from Chile. Lucerne and soya beans are the maimpbes of saponin-rich plants that are
extensively used in ruminant’s diets (Sen et 2889

Yuccasaponins have a steroidal nucleus, whe@@aabaja saponins are triterpenoids.
A recentin vitro study showed that liquid extracts ¥f schidigeraeandQ. saponariaadded at
2 to 6 mL/L of buffered ruminal fluid decrease runy@otozoa and have the potential to alter
ammonia-N and propionate concentrations and thet&cpropionate ratio. In the same study,
Y. schidigerareduced the rate and extent of methane produstiandose-dependent manner
by up to 42 and 32%, respectively, wher@assaponariadid not affect methane production
(Pen et al., 2008).

2.3.2.1.3 Mechanism of Action

Saponins have been variously attributed with ardeveéange of properties, some of
which included both beneficial and detrimental efffeon human health, piscidical, insecticidal
and molluscicidal activity, allelopathic action tiautritional effects, sweetness and bitterness,
and as phytoprotectants that defend plants agatiatk by microbes and herbivores
(Haralampidis et al., 2002).

Saponins are also characterized by their haemadtiwity and foaming properties
and are responsible for imparting a bitter tastesdrarpness to plant materials containing high
concentrations of saponins. Saponins are repodedffect the permeability of the small
intestinal mucosal cells and thus have an effe@abive nutrient transport. Saponins have also
been shown to inhibit various digestive enzymeduting trypsin and chymotrypsin, and are
also known to inhibit protein degradation by forgngaponin-protein complexes. On the other
hand, the positive nutritional effects of spec#aponins such as its hypocholesterolemic effects
and the improvement in growth in various animaksggehave also been reported. For instance,
Medicago sativgalfalfa or lucerne) contains numerous saponinegelsas medicagenic acid
that is unique to alfalfa. Alfalfa saponins may &vgrowth rate in chicks and egg production
of hens when included in poultry diets above 5%.

A more detailed understanding of the biochemic#hways and enzymes involved in
saponin biosynthesis will facilitate the developmehplants with altered saponin content. In

some cases, enhanced levels of saponins or thieesy®if novel saponins may be desirable
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(for example, for drug production or improved dseaesistance) while for other plants a
reduction in the content of undesirable saponinglvbe beneficial (Haralampidis et al., 2002).

2.3.2.1.4 Biological effects

In ruminants and other domestic animals, dietappsas have significant effects on
all phases of metabolism, from the ingestion ofifaethe excretion of waste (Cheeke, 1996).
In these species, dietary supplementation with rsagohas been also claimed to improve
growth, feed efficiency and health These effectgehaeen explained partly by the action of
saponins on ruminal microbes, resulting in a dessrea rumen degradability of feed proteins
and an increase in microbial protein synthesid©iewrtimen, which both increase the intestinal
flow of amino acids (Mader & Brumm, 1987; MakkarBcker, 1996).

The majority of research on saponin has been facaseexploiting the characteristic
that it inhibits rumen protozoa and on its abitibyselectively inhibit some bacteria and thus
reduces the production of hydrogen ions needethéomethane emission. A number of studies
have reported that plants rich in saponins decr@&bleane production in the rumen. Moreover,
methane production in ruminants in negatively datesl with energy utilization; thus, a
reduction of methane production through the usieed additives and rechanneling hydrogen
to short-chain fatty acids and microbial mass isirdéle, provided that the additives do not
adversely affect animal productivity. Thereforelueing methanogenesis is beneficial from the
standpoint of increasing energy efficiency of themmant and from an environmental
perspective, because methane is a potent greengaasaccording to the Intergovernmental
Panel on Climate Change, 2007 (Lila et al., 200BgHal., 2005; Patra & Saxena 2009a; Patra
& Saxena, 2010a,b; Bodas et al., 2012).

Several studies have found no indication of angat#f of saponin on microbial growth
or protein breakdowim vitro (Van Nevel & Demeyer, 1990). In contrast otherglss have
reported that lucernéiedicago sativasaponins appear to inhibit fermentation in camuns
culture (Lu et al., 1987). A subsequeémtvivo investigation confirmed a general decrease in
fermentation activity when lucerne saponins werppiad to the sheep rumen, seen as a
decrease in volatile fatty acids and a decreaseeitulose digestion. Importantly, this
investigation also noted large decreases in pralomambers in sheep receiving lucerne
saponins (Lu & Jorgensen, 1987). Goetsch and O{&&5) have concluded that the benefits
of saponins would depend on the type of diet, iasirey the digestion of sorghum silage and

other fibrous feeds but apparently decreasing tmesf cereal and protein meals.
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Removal of rumen ciliate protozoa or defaunatios haen an objective of rumen
microbiologists for a generation. There are manyseguences for fermentation, and
consequently for nutrition, that result from thenoeval of protozoa. A meta-analysis has
demonstrated that the benefits of defaunation agtweny disadvantages (Eugéne et al., 2004).
Antiprotozoal agents, such as surface-active agdrds have been investigated in attempts to
apply defaunation at the farm level have been hamtpby problems with toxicity to other
rumen microorganisms. Lipids are toxic to protoand also to fibre digestion. Thus, there has
been, until now, no reliable safe on-farm methodilable for inhibiting rumen protozoa
(Wallace, 2004).

In the last decade, some tropical plants have bmaemd to have the potential to be
used as a safe means of inhibiting or eliminatingggzoa from the rumen. These plants all
share the same characteristic that they are ridaponins. Thus, research on saponins and
defaunating plants has to some extent convergealz(Bi al., 1993; Newbold et al., 1997,
Odenyo et al., 1997; Wallace, 2004).

Natural plant products are a particular case antbegdditives reviewed. Owing to
the diversity of bioactive components in these rafmon-purified preparations, their effective
doses are difficult to determine and the effectamimals are not totally controlled (interaction,
synergism and antagonism). Farmers and consumkes génerally perceive ‘natural plant
extracts’ to be less toxic than synthetic antilo®tor other chemical products. However, this
perception is unsound as there are many examplearggerous natural toxins. The dose-
response relationship must be precisely establisimd well-designed experiments for a
specific claim in animal production, and risks asated with the use of these negative natural
preparations must be robustly tested in carefudlighed clinical studies (Wallace et al., 2002;

Jouany and Morgavi, 2007).

2.3.2.1.4.1 Effects on rumen microorganism

Dietary saponins are poorly absorbed, so theioliohl effects occur in the digestive
tract (Cheeke, 1996). Although antimicrobial eféeat saponins and saponin-containing plants
are to be expected, based on the wealth of infeomdtom other biological systems, the
earliest observations relating to rumen microorgiasi have come relatively recently from
Vivo continuous-culture systems. Saponins, frgocca schidigerahave been observed to
decrease protozoal numbers but not bacterial nuismber22d semi-continuous system (Valdez

et al., 1986). In the presence of lucerne sapotimesbacterial population is changed from a
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morphologically-diverse one to one in which fewgrds are present (Lu et al., 1987). Not only
can the saponins have an effect on rumen microa@ga but microorganisms can metabolize
the saponins, thus introducing another factor todresidered in the use of saponins in ruminant
nutrition (Wallace, 2004).

Saponins have antimicrobial properties, particylanl suppressing ciliate protozoa
(Wallace et al., 1994; Hristov et al., 1999), peasie producing bacteria (Wallace et al., 1994;
Wang et al., 2000) and cellulolytic bacteria (Waatcal., 2000). Furthermore, methanogenic
bacteria were metabolically co-related with ciliptetozoa (Stumm et al., 1982; Finlay et al.,
1994; Newbold et al., 1995) and protozoa activelydpce hydrogen, which is utilized by
methanogenic bacteria (Stumm & Zwart, 1986).

Studies about the effect of saponins from tea sieslseep reported an unexpectedly
low effectin vivowhich may in part be due to adaptation of the nip@tozoa to saponins, or
through degradation of these compounds by rumetetiacwhich adapt to become capable of
degrading the saponin antiprotozoal component (Néahvet al., 1997).

Saponins can also act in the distal part of theesiige tract. They increase the
permeability of intestinal cells through their atyilto complex sterols in mucosal cell
membranes (Johnson et al., 1986), which enablagtiaé&e of non-absorbable substances (Gee
et al., 1997). This property has been exploitedrtbance absorption of orally administered
drugs (Chao et al., 1998). However, saponins féelals as low as 0.15% in the diet can alter
intestinal mucosa integrity, and affect the actnamsport of nutrients by lowering transmural
potential differences across the brush border mangbof intestinal cells (Gee et al., 1989).

Optimal levels for a positive effect of saponinsramen fermentation or ruminant
production are difficult to assess since saponiassapplied either as extracts or as ground
saponin-rich plants and levels are cited varioasyper unit of animal live weight, per head,
per unit of dietary DM weight, or per unit of liglivolume inin vitro experiments. Several
saponin sources have been tes¥ac€a Quillaja, S. saponariaS. rarak alfalfa root, tea) on
various species of animal in various physiologistdtes. Also, Cardozo et al. (2005)
demonstrated that the effect of yucca saponinsioren fermentation was highly dependent on
rumen pH. They showed that saponins were much racotige in the rumen at pH 5.5,
corresponding to high-starch diets, than at pHébfresponding to low-digestible forage-based
diets.

This aspect has also to be consideread intro comparative tests, where the pH values
are usually set between 6 and 7. Neverthelessestudlicate that optimal levels are generally

lower for steroidal saponins that for triterpenségbonins. They range from 1.5-8 to 20-60g/cow



Rego, R. O. Review of the Literature HO2NN

or heifer/day for yucca extracts, depending onntfugle of extraction. A dose as low as 280
mg/sheep/day of yucca showed significant effectsrumen fermentation in adult sheep
(Santoso et al., 2004), whereas a dose of 30g/&teepf a product called’'uccaextract’ had

no effect (Eryavuz & Dehority, 2004). Optimal dosessheep were set at 12 to 50g/day and
24g/day of saponins frordaponaria sp.and alfalfa root, respectivelyn vitro, the NH
concentration, acetate/propionate ratio, methamelymtion and protozoa population were
dose-dependently decreased by sarsaponin (Lild.,e2@03). A negative effect on DM
digestibility appeared at a dose of 1.8 g/L of aposin in the liquid of fermenters.

Dietary supplementation withuccaextracts has also been recommended for non-
nutritional purposes. They are used to reduce enment pollution due to odoriferous manures
from animal sheds by decreasing the release oftNlthe air through the mechanism already
described for the rumen (Killeen et al., 1998).cAkhe antiprotozoal property of saponins could
be exploited in the treatment of protozoal infegsian ruminants such &iardia (McAllister
et al., 2001) an®lasmodiun(Traore et al., 2000).

Various plant-derived compounds such as probiotitgrboxylic acids and enzymes
are able to act positively on rumen feed digesdiod ruminant production. These additives are
diverse and exert their action through differenchamisms. Despite their diversity, they all
ultimately affect the fermentation metabolic patlgeraand/or the digestive microbial
ecosystem. However, unlike synthetic antibiotickiol have a specific microbial target, these
additives generally have multiple, subtler modeadaifon. Their efficacy is influenced by the
type of feed and physiological status of the aninfdle interactions that occur between
additives, active principles in additives, feedsl drost are complex, and more research is
needed to improve our understanding of these psese3 his knowledge will help us to predict
when a given feed additive may be useful, thuscaguinconsistencies in response observed
in the field (Jouany & Morgavi, 2007).

2.3.2.1.4.2 Rumen antiprotozoal activity

As noted earlier, N metabolism in the rumen affdxith the efficiency of ruminant
production and the environmental impact of excreten ruminant livestock production.
Inefficient N retention by rumen microorganismscismpensated in production terms by
feeding excessive amounts of dietary protein taathienal to meet required production levels.
This process leads directly to the excretion oidi-wastes. Microbial protein turnover in the

rumen may result in the net microbial protein awtflbeing less than half the total protein
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synthesizedln vitro studies suggest that engulfment and digestioraofdia by protozoa is
by far the most important cause of microbial pmt&irnover in the rumen (Wallace &
McPherson, 1987). Thus, it is apparent that rengpwiliate protozoa from the rumen
(defaunating) should prevent the recycling of Nwesin bacteria and protozoa, and thereby
increase the efficiency of N metabolism in the raraed stimulate the flow of microbial protein
from the rumen (Williams & Coleman, 1992).

Several methods have been tried experimentallgrimorve protozoa from the rumen
ecosystem. Rumen protozoa ingest and digest bacwed fungi, degrading their cellular
protein to NH. Results fromn vivo experiments have clearly shown that duodenal @bloth
undegraded dietary and bacterial protein is gelyeiradreased by defaunation. However, no
practical method has been developed to eliminattopoa. Antiprotozoal plants may be
promising, safe, natural defaunating agents. Rbgetitere has been increased interest in
saponin-containing plants as a possible meansidifitmg or eliminating protozoa in the rumen
Saponins are glycosides and are generally considerebe anti-nutritional factors. Anti-
nutritional effects differ depending on the digestprocess of the ingesting animal, because in
ruminants, saponins are differentially toxic to emprotozoa (Teferedegne, 2000).

Since increasing levels of saponin infused in timen have been shown to decrease
the concentrations of protozoa (Lu & Jorgenseny)],98umerous studies have been conducted
to determine the effects of feeding ruminants ws#ponins-rich plants, such as alfalfa (Lu &
Jorgensen, 1987; Klita et al., 199Bhterelobium cyclocarpurfNavas-Camacho et al., 1993),
Spinadus saponariéDiaz et al., 1993)Sapindus raraKThalib et al., 1996)Sesbania sesban
(Newbold et al., 1997; Odenyo et al., 1997; Tefegee et al., 2000Quillaja saponariaand
Acacia auriculoformis(Makkar et al., 1998) antucca schidigergWallace et al., 1994,
Hristov et al., 1999; Wang et al., 2009).

These results have indicated that saponins hamegsantiprotozoal activity and may
serve as an effective defaunating agent for runtnarhe detergent action of saponins is
believed to be responsible for killing the rumentprzoa (Makkar et al., 1998). The general
mode of action of saponins on microorganisms ig theeraction with the sterol moiety, which
is present in the membrane of protozoa (Williams&eman, 1997). In other words, the
detrimental effect on protozoa is caused by theti@a of triterpenoid or steroid saponins with
the sterols located in the ciliate cell membraoe@hy & Morgavi, 2007). Although the toxicity
of saponins towards protozoa seems to be widespirghdon-specific (Sliwinski et al., 2002;
Hristov et al., 2003), some authors found no eféecprotozoa number, or even observed an
increase (Abreu et al., 2004; Eryavuz & Dehori§02).
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The authors suggest that physiological activitissoaiated with eating, including
saliva secretion, may play a role in neutralizihg protozoa inhibiting substances found in
saponin-containing plant (Eryavuz & Dehority, 200#) addition, Newbold et al. (1997)
reported that adding the saponins to the diet coalde an increase in bacterial numbers, whose
activity could possibly alter the toxic propertefssaponins.

Thus, the antiprotozoal activity of saponins maylbe to the destruction of protozoal
cell membranes, causing leaking of cell contentsa$ been reported that the main sterols from
different sources of the same plant material migit eifferent responses on rumen metabolism.
Also the method to measure the saponins in theextr plant may differ, which may be
explained differences in response despite simigpkementation levels (Patra & Saxena,
2009a).

As mentioned previously, a major effect expectemnfia supplement of saponin is a
decrease in the ruminal ciliate protozoa populatddany authors and studies have suggested
that total and partial removal of protozoa from thmmen is favorable to improve the utilization
of low quality tropical forages and to increasenaati productivity (Teferedegne, 2000). This
hypothesis is based mainly on the often-found mseen the net efficiency of microbial protein
synthesis in the rumen due to the decrease in gbeotein degradation by the protozoa,
followed by an increased flow of total microbialofgin to the duodenum (Williams &
Coleman, 1992). Foliage and fruits of several taband subtropical multipurpose shrubs and
trees have been reported to adversely affect rdmiiree protozoa. For instance, the protozoa-
suppressing effect & saponariafruits has been demonstraiaedsitro (Hess et al., 2003a) and
in vivo (Diaz et al., 1993; Navas-Camacho et al., 1994)wéver, Abreu et al., (2004) noted
that the ciliate protozoa count was increased Ipplamentation withSesbania sesbam
saponin-containing forage from an African multipesp leguminous tree. Variable effects on
ruminal protozoa have also been reported afteusigeof foliage from this plant (Newbold et
al., 1997; Odenyo et al., 1997; Teferedegne el1889).

S. sesbamlepressed protozoa counts in the ruminal fluidghefep (Newbold et al.,
1997; Teferedegne et al., 1999) and also deprgsstnzoa counts when administered directly
into the rumen of sheep; however it had no effeaghimtozoa number when fed orally to sheep
(Odenyo et al., 1997). Therefore, Teferedegne (R80Qgested that, in sheep adapte®.to
sesbansaponins could be degraded in the saliva beéaehing the rumen. This cannot explain
the absence of antiprotozoal activity®fsaponarian the study of Abreu et al. (2004), since

the fruit were supplied intraruminally.
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A possible adaptation in this study of Abreu et(2004) cannot be excluded due to
the fact that sheep were freely browsing nativalsfiand grazing native and improved pastures
prior to the experiment and could have had acaesaponin-containing feeds. Also, Wallace
et al. (2002), reviewing current literature, sudgdsthat adaptation of mixed microbial
populations in the rumen was a factor contributmthe variability of the antiprotozoal activity
of saponins or saponins-containing plants. Addéllyn the results of Hess et al. (2003b)
suggest that effects @dapindus saponari@mn ruminal protozoa could be diet-dependent,
because protozoa numbers were decreased. Isaponariafruit only when added to a diet
supplemented with a high-quality leguminous fe@da¢his pinto), but not with Cratylia
argenteawhich is a poor quality forage.

Adaptation of ruminal microbial populations to saps could be responsible for the
absence of antiprotozoal activity 8f saponarian the Abreu et al. (2004) study, but cannot
explain the highly significant increase in protozmaunts. Besides fiber, total sugars were the
most abundant nutrient fraction $ saponaridruit, representing over 200g/kg of DM, thus
providing a unique extra supply of readily fermda¢acarbohydrates available for ruminal
microbes. This could have enhanced protozoa papota{Williams & Coleman, 1992).

The detrimental effect on protozoa is caused byehetion of triterpenoid or steroid
saponins with the sterols located in the ciliatk weembrane (figure 5) (Assa et al., 1975;
Pacheco-Soares & de Souza, 2000). Although theitgxaf saponins towards protozoa seems
to be widespread and non-specific (Valdez et 8861 Diaz et al., 1993; Hristov et al., 2003),
some authors found no effect on protozoal numblexi¢®ki et al., 2002, Hristov et al., 2003),
or even observed an increase (Abreu et al., 20§4\viEz & Dehority, 2004). This may be due
to the capacity of some rumen bacteria to hydroggeonins into free glucosyl and sapogenins
fractions (Newbold et al., 1997), thus removingrthexicity against protozoa. When incubated
in vitro with non-adapted rumen micro-organism, no degradatf Quillaja saponins was
observed during the first 6h and about 50% of seysaisappeared during the next 6h (Makkar
& Becker, 1997). Saponins may also be degradedhactivated” by some still unidentified
components of salivary (Odenyo et al., 1997; Tefegae, 2000). This explains why the effects
of saponins are more pronounced when they aretlyi@dded to the rumen rather than mixed
with the diet (Odenyo et al., 1997). To avoid ad#éph of bacteria and maintain the activity of
saponins in the rumen, Thalib et al. (1995) adwweaiministering them once every 3 days.

The mechanism of protozoal lysis is suggested tueeto a change in cell membrane

permeability as saponins form complexes with chietesin the protozoal cell membrane and
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result in cell lysis which in turn decreases hy@mgn transfer and ultimately reduces methane
production (Francis et al., 2002).

The strong bioactivity of saponins, associated withpossibility for rumen microbes
to deglycosylate them, explains why their effectamimal performance is rather inconsistent,
and generally low when animals have been treatedalong period of time (Mader & Brumm,
1987; Wu et al., 1994; Calsamiglia et al., 200B8)view of their foaming properties, dietary
saponins have often been suspected of favouringmustoat in ruminants, but clear evidence
is lacking (Cheeke, 1996).
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Figure 5 . A schematic presentation of the proposed effects of saponins on rumen microbes and fermentation.
Primary effects modify the composition of rumen microbes and secondary effects modify the rumen fermentation.
+, increase; -, decrease; OM, organic matter; VFA, volatile fatty acids; P, propionate (Adapted from Patra &
Saxena, 2009a).

2.3.2.1.4.3 Effects on protein digestion

Saponins reduce protein digestibility probably bg formation of poorly digestible
saponin-protein complexes. The heat stability ofil® serum albumin was increased by the
addition of soyasaponin due to electrostatic aratdphobic interactions. The digestibility of
the bovine serum albumin-soyasaponin complex washriawer than that of free bovine serum
albumin indicating that complexing with saponintobsted digestion. A large number of foods
and feed materials contain both saponins and pt@ihe nature of the interactions between
them could influence the nutritive value of a détd hence these interactions need to be studied

to elucidate possible structure-activity relatiapsh(Francis et al., 2002).
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2.3.2.1.4.4 Hypoglycaemic activity

Saponins isolated from plants have been showrnve Imgpoglycaemic effects in mice.
The hypoglycaemic action is due to suppressioh@titansfer of glucose from the stomach to
the small intestine and inhibition of glucose tq@ar$ across the brush border of the small
intestine. The inhibitory activity is dependent thie level of serum glucose and mediated at
least in part by the capsaicin-sensitive sensoryaseand the central nervous system. Petit et
al. (1993) found chronically higher plasma insugivels, probably caused by stimulation of the
B-cells in male Wistar rats given 10 and 100 mg fgaak extract/300g body weight mixed
with food while Matsuda et al. (1999) did not fimsulin-like or insulin-releasing activity in

rats given oleanolic acid glycosides orally.

2.3.2.1.4.5 Effects on cholesterol metabolism

A number of studies have shown that saponins frdfardnt sources lower serum
cholesterol levels in a variety of animals inclglihuman subjects. Large mixed micelles
formed by the interaction of saponins with biledscaccount for their increased excretion when
saponin-rich foods such as soyabean, Lucerne am#ipga are consumed. The resulting
accelerated metabolism of cholesterol in the lnarses its serum levels to decrease. Several
dietary saponins have a hypocholesterolemic agtigsihce cholesterol binding takes place in
the intestinal lumen and factors such as the quyasitisaponins and cholesterol are important
(Francis et al., 2002).

Saponins also have an antibacterial activity inhibi peptidase producing bacteria
and cellulolytic bacteria. They inhibit growth, paularly of Butyrivibrio fibrisolvensand
Streptococcus bovilsacteria (Wallace et al., 1994). It seems thabsi@s show a more marked
antibacterial activity against gram positive thgaiast gram negative bacteria (Patra & Saxena,
2009a).

Several studies have been shown the saponins hgpecholesterolemic,
anticoagulant, anticarcinogenic, hepatoprotectivieypoglycemic, immunomodulatory,
neuroprotective, anti-inflammatory and anti-oxidantivities in animals (Milgate & Roberts
1995; Hristov et al. 1999).
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2.3.2.1.4.6 Methane

The observations that there was an interactiondetvdefaunation and tea saponin in
decreasing CH production, and that tea saponin decreased @Hboth refaunated and
defaunated sheep, indicates that reduced methaesigdyy tea saponin addition was not only
due to inhibition of protozoa, but that anotherilron mechanism existed. Tea saponins may
have a minor effect on other microbiota which resud a lower amount of +being produced
and thus less CHn the refaunated and defaunated sheep (Zhou, 04l1).

Using anin vitro fermentation technique, Goel et al. (2008a) olestthat methane
emission was decreasgth a reduction in methanogen populations, by 78%guSiesbania
saponins, by 22% witRenugreelsaponins and by 21% wikautia saponins. Saponin extracts
from Yucca schidigeraand Quillaja saponaria have been demonstrated to reduce
methanogenesis vitro (Pen et al., 2008; Holtshausen et al., 2009). ,Téagonin appears to
reduce methane emissions by inhibiting protozoachvheduces the availability of hydrogen

ions for methane production (Bharathidhasan efall3).

2.3.2.1.4.7 Ammonia concentration

Ammonia concentrations in the rumen reflect a badametween degradation of feed
protein and uptake of ammonia for synthesis of afi@ protein. Ruminal ammonia-N
concentrations are reduced with saponin supplementa number of studies with sheep fed
a silage-based diet and vitro ruminal culture fermentation noted that saponiomry.
schidigerareduced ruminal ammonia concentrations. Ammonigentrations in the rumen
are reduced when protozoa growth is inhibited, presbly as a result of depressed rumen
degradation of feed protein or turnover of bactgratein. Ammonia concentrations will also
be altered by the binding of ammonia to compouik@sdaponin. Another possible explanation
for the reduction in ruminal ammonia in saponingamented goats may have been due to
increased incorporation of ammonia, peptide or amairids into microbial protein (Santoso et
al., 2007).

Administration of saponins improve the assimilatidfieed N by animals because less
NHzs is produced in the rumen and less urea is elirthat urine (Santoso et al., 2004). Two
mechanisms have been considered to explain thet effesaponins on N metabolism in the
rumen: saponins extracted from leavesSetbania sesbaor from lucerne roots have been

shown to reduce significantly the numbers of protod.u and Jorgensen, 1987; Klita et al.,
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1996; Newbold et al.,, 1997). They play a major rimleruminal feed protein degradation
(Jouany, 1996) and the resulting Nfilom microbial protein degradation, can be bougd b
saponins in a balanced chemical reaction regulatédHs concentration (Headon et al., 1991).
Thus, an adequate amount of Nil continuously supplied for microbial protein gyesis in
the rumen (Hussain & Cheeke, 1995).

Studies have shown that another type of saponimsaganin can partially decrease
methane and hydrogen vitro (Lila et al., 2003). It also decreased the molapprtion of
acetate, and increased propionate and butyrate witborresponding decrease in the
acetate:propionate ratio. Total volatile fatty aiFA) concentrations were increased and
ammonia was decreased by sarsaponin. These changesinal fermentation suggest that
saponin behaves like ionophores, and the additiaponin may improve the efficiency of
ruminant production (Lila et al., 2005).

The effects of saponins on ruminal fermentatiorehiasen extensively studie@dvivo
and in vitro. They significantly decrease ruminal BlEbncentrations and increase that of
propionic acid at the expense of acetate and hetyAbreu et al., 2004; Santoso et al., 2004;
Hristov et al., 1999). In agreement with the stmotetry of ruminal fermentations, they
significantly decrease methane production bothtro (Lila et al., 2005; Hu et al., 2005) and

in vivo (Santoso et al., 2004).

2.3.2.1.4.8 Bacteria and fungi

Saponins can alter the cell wall structure of Grawsitive bacteria such as
Ruminococcus flavefacieasdR. coccus albysand impair the digestion of filter paper by these
bacteria, but had no effect on the cellulolytic hatit of gram negativeFibrobacter
succinogenegWina et al., 2006). Saponins inhibit the growttBatyrivibrio fibrisolvensand
Streptococcus bovisacteria (Wallace et al., 1994).

Some of the antimicrobial compounds have been iftehtas three butanol-
extractable B-spirostan-B-ol saponins (Killeen et al., 1998), which are thouto alter
bacterial membranes by increasing their porosith(@nan et al., 1955; Wang et al., 2000).
The foaming property of saponins increases theasartension of the bulk solution and
accelerates lysis of microbial cells with weakemnegimbranes. In addition, bacterial growth
inhibition may be caused by complexation of ess¢ntinerals and steroids with saponins, thus
limiting their bioavailability for bacterial metaliem (West et al., 1978; Simons et al., 2006).
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The ruminal fungiNeocallimastix frontalisand Piromyces rhizinflatawere totally
inhibited by 2.25pg saponins per mL. Using the memé hybridization technique with
oligonucleotide probes, Wina et al. (2005) obsetyed a marked decrease in protozoal RNA
offset an increase in bacterial RNA concentratitvemS. raraksaponins were added vitro
at Img/mL. Methanogen RNA concentration was algectgd and was minimal at the saponin
concentration of 4mg/mL. Because of the stronghiinig effect of saponins o8. cerevisiae
(Killeen et al., 1998), it is strongly recommendkdt saponins not be used in association with

yeast-based probiotics.
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3. MAIN OBJECTIVES AND APPROACH OF THE STUDY

3.1 GENERAL OBJECTIVE

The general objectif was to study and better urtdiedsthe effect of natural substances such
as p-glucan and a saponin-based plant extract on thaboksm of small ruminants in theeri-
partumperiod. This period is a particularly critical ment in the production cycle and nutritional

and metabolic disorders can occur at this time.

3.2 SPECIFIC OBJECTIVES

* The glucan project was conducted to evaluate thaeince of i.m. injection of-glucan on

the metabolism of peri-parturient Santa Inés ewes:
- To assess energy and lipid profiles (glucose, bgthiioxybutyrate fHB, non-
esterified fatty acids - NEFA, fructosamine, chtdesl and triglycerides), protein
profile (total protein, albumin, urea and cholestgrenzyme activities (aspartate
amino transferase - AST, gamma glutamyl transéerdSGT and creatinine kinase -
CK) and levels of minerals (total and ionized aafej inorganic phosphorus, sodium,
magnesium, potassium and chloride).

* The purpose of the saponin experiments was to @fise®ffects of a saponin additive on
performance and systemic and ruminal metabolisdao¥ goats:
i During a period of metabolic balance (mid-lacta}ion
- During a period of metabolic imbalance (late premyaand early lactation).
- To assess energy profile (glucogelB, NEFA and urea) and pH and ammonia gNH
concentrations, and estimation of volatile fattidadVVFA) in both periods.
- During a period of metabolic imbalance the variatd€lipid and protein profiles were
total cholesterol (TC), total bilirubin (TB), totgdrotein (TP), albumin, high-density
lipoprotein (HDL) and haptoglobin (Hp). Concernitig enzyme profile the variables were
AST, GGT and alkaline phosphatase (ALP). Magnesitata| calcium, phosphorus were
also assessed in relation to mineral profile.
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Do intramuscular injections of f1,3-glucan affect metabolic and enzymatic profiles in Santa Inés

ewes during late gestation and early lactation?

Est-ce que des injections intramusculaires de B1,3-glucane influencent les profils métaboliques
et enzymatiques chez des brebis Santa Inés pendant la fin de la gestation et le début de la

lactation ?
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30 Summary

31 The aim of this study was to investigate the influence of f1,3-glucan on the metabolic
32 profile of Santa Inés ewes in the peri-partum period. Fourteen pregnant ewes were randomly
33 divided into two groups: a glucan group (G) and a control group (C) 60d before expected lambing.
34  Over eight weeks, between the -60 and -10 days in relation to lambing, each animal in the G
35 group received weekly a 1mL intramuscular injection of B1,3-glucan. Nutritional requirements
36  were covered. Blood samples were collected on the -30, -20, -10, 0, +10, +20, +30 and +60 day
37 in relation to lambing. Glucose, L-lactate, non-esterified fatty acids (NEFA), B-hydroxybutyric acid
38 (BHB), fructosamine, cholesterol, triglycerides, total protein, albumin, urea, creatinine, total and
39 ionized calcium, chloride, sodium, potassium, inorganic phosphorous, magnesium, aspartate
40  aminotransferase (AST), gamma glutamyl transferase and creatine kinase were measured. The
41 results were analysed with a repeated measures model. The ewes were clinically healthy.
42 Glucose, L-lactate, NEFA and BHB peaked at parturition (p<0.05). AST was significantly higher in
43 C compared to G (p<0.05) and there was a similar trend for fructosamine and albumin (p<0.10).
44 Urea concentrations tended to be higher in G compared to C (p<0.10). In conclusion, in this
45 preliminary experiment, the changes with time were consistent with a change in physiological
46  status (gestation/lactation). f1,3-glucan did not affect energy metabolism. $1,3-glucan appeared
47  to protect muscle and liver because AST levels were lower than in controls. The use of 81,3-
48  glucan did not negatively affect the animals.

49

50 Key-words: B1,3-glucan; Sheep; Blood; Metabolites; Minerals; Enzymes; Peri-partum.

51 Running title: B1,3-glucan and metabolism in the peri-partum sheep

52
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Résumé
Le but de ce travail était d'étudier I'influence du 31,3-glucane sur le profil métabolique de brebis

Santa Inés dans la période péri-partum. Quatorze brebis gestantes ont été réparties au hasard
en deux groupes: un groupe glucane (G) et un groupe contrdle (C) 60 jours avant la date
présumée de mise-bas. Pendant huit semaines entre -60 et -10 jours par rapport a I'agnelage,
chaque animal du groupe G a recgu une injection intramusculaire hebdomadaire de 1ml de 31,3-
glucane. Les besoins nutritionnels ont été couverts. Des échantillons de sang ont été prélevés a
-30, -20, -10, 0, +10, +20, +30 et +60 jours par rapport a I'agnelage. Le glucose, le L-lactate, les
acides gras non estérifiés (AGNE), le B-hydroxybutyrate (BHB), la fructosamine, le cholestérol,
les triglycérides, les protéines totales, I'albumine, I'urée, la créatinine, le calcium total et ionisé, le
chlorure, le sodium, le potassium, le phosphore inorganique, le magnésium, l'aspartate
aminotransférase (AST), la gamma glutamyl transférase et la créatine-kinase ont été mesurés.
Les résultats ont été analysés avec un modele en mesures répétées. Les brebis étaient
cliniquement saines. Le glucose, le L-lactate, les AGNE et le BHB ont atteint un pic a la parturition
(p<0,05). L’AST était significativement plus élevée dans le groupe C par rapport au groupe G
(p<0,05) et une tendance similaire était observée pour la fructosamine (p=0.07) et I'albumine
(p=0,0619). Les concentrations en urée ont eu tendance a étre plus élevées dans le groupe G
par rapport au groupe C (p=0.0987). En conclusion, dans cette expérience préliminaire, les
changements en fonction du temps étaient compatibles avec une modification de ['état
physiologique (gestation/lactation). Le B1,3-glucane n'a pas affecté le métabolisme énergétique.
Le B1,3-glucane a semblé protéger le muscle et le foie car le niveau d'AST était réduit dans le

groupe G. L'utilisation de B1,3-glucane n'a pas eu d'incidence négative sur les animaux.

Mots-clés: B1,3-glucan; Brebis; Sang; Métabolites; Minéraux; Enzymes; Péri-partum.

Titre courant: B1,3-glucan et métabolisme dans le péri-partum chez la brebis
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78 INTRODUCTION
79
80 The Northeast region of Brazil has a long tradition when it comes to small ruminant
81  farming. Approximately 57% of the Brazilian sheep herd is reared in this region [21]. In this
82 context, the state of Pernambuco occupies a prominent place in the Brazilian small ruminant
83 industry [36]. Among the different breeds raised in Brazil, the Santa Inés breed is noted for being
84  the hardiest and the most resistant when farmed under difficult conditions such as those seen in
85  tropical and arid areas. Santa Inés sheep are generally raised using semi-intensive and intensive
86 management systems that include a relatively rich diet in concentrate. Indeed, this breed of ewe
87 has good growth rates and high reproductive rates throughout the year. This breed is an excellent
88  option for crossbreeding, due to the Santa Inés’ maternal ability, good prolificacy, high milk
89 production, and rapid reproductive maturity [2, 5, 20, 34].
90 One of the goals of intensive farms is to predict and to limit nutritional and metabolic
91 disturbances during critical physiological periods, such as the peri-partum period. This phase is
92 particularly crucial because the energy needs of multi-foetus carrying pregnant animals are
93 greatly increased and the ability to meet these demands is limited. The high requirements in
94 productive systems and intensive management in modern farms have increased the risk and
95 incidence of nutritional imbalances and metabolic disturbances in sheep during the peri-partum
96 period. This period is characterised as a phase where changes occur in metabolism, due to the
97  exponential increase in foetal growth and the need for colostrum production [11, 19].
98 Late pregnancy and early lactation are physiological states known to induce metabolic
99 stress and can in some cases also lead to welfare problems and even mortality [15]. Metabolic
100 disturbances in pregnant sheep can induce deleterious effects on foetal and newborn lambs by
101 adversely affecting placental size, foetal growth, and deposition of foetal fat reserves for use after
102 birth, maternal udder development and colostrum and milk production [33, 41].
103 A variety of nutritional methods can be used in the prevention and treatment of metabolic
104  diseases such as pregnancy toxaemia. In addition to metabolic problems induced by
105 underfeeding, the immune system has been reported to be depressed due to oxidative stress.
106  Animals could benefit from having a stimulated immune system during critical stress periods such

107  as the peri-partum period. Some studies have shown that -glucan has immunostimulatory
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108 properties including anti-tumour and anti-bacterial activities [1, 31, 43]. There is increasing interest
109 in identifying its biological characteristics, in order to facilitate its use, and to take advantage of
110 its potential as an immune-stimulant [28]. However, very little information is available concerning
111 its possible effects on metabolism and it is necessary to ensure that immune-stimulation is not
112 obtained to the detriment of the animal’s metabolic adaptation to the peri-partum period.

113 Although extensive knowledge exists concerning metabolic disturbances in the peri-
114 partum period, studies on the effects of treatment with 3-glucan injections on metabolism are
115 inexistent. Therefore, the current project was conducted to evaluate the influence of B-glucan
116  administration on the metabolism of peri-parturient Santa Inés ewes.

117

118 MATERIAL AND METHODS

119

120 Animals and experimental protocol: The study was conducted in the northeast of Brazil at the
121 Cattle Clinic of the Federal Rural University of Pernambuco in Garanhuns, for five months from
122 September 2014 to February 2015. Fourteen clinically healthy pregnant Santa Inés ewes
123 weighing between 40 and 50 kg were used in the experiment. The average body condition score
124  of the ewes was 3.0-3.5 on a scale of 1-5 [35, 10]. The animals were raised under an intensive
125 system, using the same hygiene, sanitary and nutritional management scheme, and assessed at
126  the same metabolic stage (late gestation and early lactation).

127 On the 90" day of pregnancy, ewes were divided randomly into two groups of seven
128  animals: glucan group, received (31,3-glucan (Imunoglucan® Glucana (B-1,3-D-glicopiranose),
129 Hebron Laboratory, Brazil) or control group. The 1,3-glucan was injected at the recommended
130 dosage of 1 mL intramuscularly once a week, from the -60 day until -10 day in relation to
131 parturition. All animals were vaccinated (Poli-Star®, Vallée S/A Veterinary products Ltd, Brazil),
132 dewormed (Diantel®©, Oral solution, Hipra Sadde Animal Ltda, Brazil) and submitted to a daily
133 clinical observation to detect possible peri-partum diseases. Ultrasonography (Ultrassom GE,
134 modelo Logic 100 pro, Brazil) was performed to diagnose and monitor gestation [14]. Gestation

135 length for each ewe was calculated from mating and lambing records.

136 During the experiment, the animals were housed in an open wooden sheep barn, the two

137  groups were fed a commercial concentrate, 150g/animal/day twice daily, plus elephant grass
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138 (Pennisetum purpureum) and tifton (Cynodon sp). The diet was prepared to cover nutritional
139 requirements. Fresh water and mineral salt were available ad libitum.

140

141 Sampling and measurement

142 Blood samples were collected on the 30t, 20", 10t day ante-partum, at parturition and on the
143 10t 20", 30t and 60" day post-partum [12]. Blood samples were taken by jugular venipuncture,
144  with 25x8mm needles, into sterile vacuum tubes. One tube contained sodium fluoride and oxalate
145 as anticoagulants for glucose and lactate analyses, while the other tube did not include
146  anticoagulant and was used for biochemical and mineral analyses. In the laboratory, samples
147  containing anticoagulant were immediately centrifuged at 3000xg for five min, and the plasma
148  was removed, placed in eppendorfs, and stored in an ultra-low temperature freezer at -80°C until
149 required for analysis. The other samples were allowed to clot to produce serum, and they were
150 then centrifuged and stored under the same conditions as the samples with anticoagulant.

151 Plasma samples were analysed for L-lactate (Biotécnica Ind. E Com. Ltda, Brazil) and
152 glucose (Labtest Diagnéstica S.A., Brazil) and serum samples were analysed for beta-
153 hydroxybutyrate (BHB) and non-esterified fatty acids (NEFA) (using kits from Rambut Randox
154 Laboratories Ltd, UK) and fructosamine, cholesterol, triglycerides, urea and creatinine (Labtest
155 Diagnostica S.A., Brazil). Total protein and albumin (Labtest Diagnostica S.A., Brazil) were
156 measured by the biuret and bromocresol green methods respectively. Globulin concentration was
157  calculated as the difference between total protein and albumin. Enzyme activities were
158  determined in serum samples: aspartate amino transferase (AST), gamma glutamyl transferase
159 (GGT) and creatine kinase (CK, Labtest Diagndstica S.A., Brazil). All assays were performed
160 using a semi-automatic analyser (Labquest, Labtest Diagnéstica S.A., Brazil) at 37°C.

161 Serum levels of minerals: total calcium, inorganic phosphorus, magnesium and chloride
162  were analysed by a semi-automatic biochemical analyser with commercial kits (Labtest
163 Diagnostica S.A., Brazil). lonized Ca?*, Na* and K* ion levels were determined by an electrolyte

164  analyser (M0d.9180, Cobas, Roche Diagnostics, Brazil).

165 Statistical analysis:
166 Statistical analysis was performed using a linear mixed model with the MIXED procedure in SAS

167 [37] for repeated measures, including a random female effect. The effects of experimental
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168  treatment, time and their interaction were tested on plasma and serum measurements. The p
169  values were adjusted for multiple comparisons between the treatment groups using F test. The
170  significance level for all statistical tests was set at a = 0.05, where p-Values < 0.05 were used to
171 define statistical significance. All data are presented as Least Square (LS) means were
172 subsequently compared with the Contrast statement in the MIXED procedure [27].

173

174 Ethical committee: the experimental protocol was approved by the Animal Ethics Committee
175 (CEUA) of the Universidade Federal Rural do Pernambuco under license No. 004/2014 (protocol
176 No. 23082.013890/2013-85) according to the Brazilian School for Animal Experimentation
177 (COBEA -Colégio Brasileiro de experimentagdo animal) and the National Institute Guide for the
178 Care and Use of Laboratory Animals.

179

180 RESULTS

181

182 Energy metabolism indicators

183  There was no change in BCS throughout the experiment. The BCS remained constant between
184 3.0 and 3.5 (data not shown). Glucose, L-lactate, NEFA and BHB were unaffected by treatment
185 however, there was a significant effect of time on these parameters (p<0.01, Table 1) where
186  concentrations peaked on the day of parturition. Fructosamine tended to be higher in the Control
187  compared to the glucan group (p=0.07) and concentrations increased just before parturition and
188 remained high thereafter (p=0.0002, Figure 1). Cholesterol and triglycerides were unaffected by
189  treatment (Table 1). However, their concentrations increased just before parturition and then

190  declined with time (p<0.0001).

191

192 Protein metabolism indicators

193  Total protein and globulin were not affected by treatment (Table 2). However, their concentrations
194  decreased before parturition and then subsequently increased (p<0.0001). There was a trend for
195 albumin to be affected by treatment (control > glucan, p=0.062, Figure 2). A significant time effect
196  was observed (p<0.001) where the highest average value was observed at -10d compared to the

197  other time points. Urea tended to be affected by treatment (glucan > control, p=0,0987, Figure 3).
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198  There was also a significant effect of time on urea concentrations (p=0.0110), where urea peaked
199 on the day of parturition. Creatinine was unaffected by treatment (Table 2) but concentrations
200 peaked just before and at parturition (p<0.0001).

201

202 Enzyme profiles

203  AST activity was higher in the control compared to the glucan group (p=0.035, Figure 4). AST and
204 GGT activity were higher in lactation than during the end of gestation (p<0.05, Figure 4 and Table
205 3). Creatine kinase was unaffected by treatment and time (Table 3).

206

207 Mineral metabolism indicators

208  Total and ionized calcium, magnesium, chloride, inorganic phosphorous, sodium and potassium
209 concentrations were not affected by treatment (Table 4). Total and ionized calcium were
210 unaffected time. Chloride increased after parturition (p=0.002). Inorganic phosphorous decreased
211 up to parturition and then increased (p<0.001). Sodium and potassium peaked before parturition
212 (p<0.05).

213

214 DISCUSSION

215 Metabolism

216 Body condition score (BCS) was constant throughout the present experiment. This is in
217  contrast with other studies [37, 35] which showed that BCS decreased over the peri-partum
218 period. It was concluded [42] that the change in BCS was due to a decrease in dry matter intake.
219  The ewes in our experiment appeared to be able to maintain a neutral energy balance probably
220 because our ewes produced singletons except one ewe which produced twins. Similar results
221 have been obtained by others [13, 37, 3].

222 The blood concentrations of glucose, L-lactate, NEFA, BHB, cholesterol, triglycerides,
223 total protein, albumin, AST and CK were within the normal ranges for sheep [23, 26].

224 Glucose, L-lactate, NEFA and BHB, fructosamine and potassium evolved with time,
225 peaking just before or at parturition. This is a normal picture of the response in metabolism to the
226 ‘stress’ of parturition due to increased cortisol concentrations seen at parturition. Total protein and

227  globulin concentrations decreased significantly at parturition. This was probably due to the need

Submitted to Revue de Médecine Vétérinaire



Rego, R. O. $1,3-glucan and metabolism in the peri-partusheep FEZONN

228  for globulins to make up the IgG component of colostrum. Total protein concentrations are highly
229 dependent on blood globulin. Both AST and GGT were low prior to parturition and then increased
230  after parturition. AST is an indicator of muscle damage and may indicate that there was
231 mobilisation of muscle protein for lactation. GGT is an indicator of liver damage or insult as in the
232 case of hepatic lipidosis [39], which is often encountered in early lactation. However, if hepatic
233 lipidosis existed in the present experiment it was very mild since other parameters such as urea
234 or albumin, which can also be used as indicators of hepatic lipidosis, were not affected in a way
235  which was indicative of lipidosis.

236 There is a wealth of information concerning the decline in immune function in association
237  with parturition and numerous mechanisms are involved. The most important appears to be an
238  energy deficit which increases the release of NEFA from adipose tissue and the production of
239 ketone bodies by the liver [17, 16]. High plasma NEFA contribute to the development of fatty liver
240  syndrome which is a contributing factor to peri-parturient immunosuppression in the post-partum
241 period [24, 22]. It was shown [44] that inflammatory immune genes were up-regulated in cows
242 suffering from severe negative energy balance and that at the same time genes involved in the
243 acquired immune response were down-regulated [29]. Elevated plasma NEFA signalling intense
244 lipomobilization has been associated with reduced lymphocyte proliferation and their ability to
245 secrete immunoglobulin M and interferon in response to polyclonal stimulation [25]. It has been
246 proposed that plasma NEFA concentrations may be used as a diagnostic marker of impaired peri-
247 parturient immunity and increased risk of infections [30, 32]. High concentrations of NEFA are
248  associated with increased risk for displaced abomasum, clinical ketosis, retained placenta and
249 metritis [32].

250 In this context treatment with glucan may possess the ability to up-regulate the immune
251 system. Indeed, B1,3-glucan exerts potent effects on the immune system by stimulating anti-
252  tumour and anti-microbial activity. They are thought to bind to receptors on macrophages and
253 other white blood cells and hence activate them [8]. Indeed, glucan injection during lactation in
254  sheep was able to reduce the severity of a Staphylococcus haemolyticus intra-mammary
255 challenge [9]. However, it is necessary to evaluate any potential effects that glucan has on

256 metabolism, particularly glucose, in the peri-parturient animal, since they face major metabolic
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257  challenges during this period. Indeed, one of the main fuels for cells involved in the immune
258  system is glucose [45].

259 In addition to glucose requirements for the immune system, the gravid uterus during late
260 pregnancy and the lactating mammary glands also need glucose. Major adjustments in glucose
261 production and utilization in maternal liver, adipose tissue, skeletal muscle etc... are required
262 during this period. Ruminants rely principally on hepatic gluconeogenesis for their glucose supply
263 since glucose absorption levels are low. Hepatic glucose synthesis increases to cover uterine or
264 mammary demands even when glucose precursor supply is low. At the same time, glucose
265 utilization by adipose tissue and muscle is reduced and this is mediated by reduced tissue insulin-
266  sensitivity and responsiveness. Glucose transport into tissues by the GLUT4 transporter is also
267  decreased. As lactation progresses peripheral tissues become more responsive to insulin [7].
268 Direct measurements of glucose concentrations indicate transient changes due to diurnal,
269 dietary and individual factors. In human medicine, the measurement of products of blood protein
270  glycation (HbAlc, fructosamine) has been established as an indicator of glycaemia over a longer
271 period of time where the carbonyl group of a sugar binds to a free amino-group of a protein [4,
272 23]. Once formed, fructosamine is stable, until degraded during protein catabolism. The level of
273 fructosamine depends on the average blood glucose concentration during the previous two weeks
274  and the half-life of the blood proteins, and is not subject to changes due to transient
275 hyperglycaemia [4].

276 There are several small indicators that glucan may have increased glucose use perhaps
277  as aresult of the immune system being stimulated. Blood albumin (and fructosamine) tended to
278 be reduced and urea increased by Glucan compared to control. This could suggest that
279 gluconeogenesis was higher in glucan animals because they used amino acids and labile proteins
280  to produce glucose and urea concentrations increased due to increased levels of deamination
281 during the process of gluconeogenesis. Indeed, in the present experiment the concentrations of
282  fructosamine decreased in the transition period (parturition to +10d post-partum) and this was
283 suggested to be linked to a decrease in blood albumin [18] and perhaps the increased

284 requirements for lactation.
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285 The activity of aspartate amino transferase was significantly lower in the blood of Glucan
286  sheep compared to controls. AST is often used as an indicator of muscle damage [40]. However,

287  creatine kinase, another enzyme used to judge muscle [6], was unaffected by treatment.

288

289 CONCLUSION

290

291 The weekly intramuscular administration of B1,3-glucan in the peri-partum period in Santa

292 Inés ewes did not modify the metabolic profile. B1,3-glucan appeared to have a positive effect on
293 muscle metabolism. Further research on its immunological activity in small ruminants would be
294 interesting to conduct.
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Figure 1. Blood fructosamine concentrations in Sant a Inés ewes during late pregnancy and
early lactation in relation to seven intramuscular injections of B1,3-glucan given during the
injection period (-60 to -10 days in relationtola  mbing). Control, n =7 and B1,3-Glucan, n =
7. Values are LS means * standard error. a,b: diffe rent letters indicate a significant
difference between average values at different time points.
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Figure 2. Blood albumin concentrationsin Santalné s ewes during late pregnancy and early
lactation in relation to seven intramuscular inject ions of B1,3-glucan given during the
injection period (-60 to -10 days in relationtola  mbing). Control, n =7 and B1,3-Glucan, n =
7. Values are LS means = standard error. a,b: diffe rent letters indicate a significant
difference between average values at different time points.
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Figure 3. Blood urea concentrations in Santa Inés e wes during late pregnancy and early
lactation in relation to seven intramuscular inject ions of B1,3-glucan given during the
injection period (-60 to -10 days in relationtola  mbing). Control, n =7 and B1,3-Glucan, n =
7. Values are LS means * standard error.
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Figure 4. Blood aspartate amino transferase (AST) ¢  oncentrations in Santa Inés ewes
during late pregnancy and early lactation in relati on to seven intramuscular injections of

B1,3-glucan given during the injection period (-60 t o0 -10 days in relation to lambing).
Control, n=7 and B1,3-Glucan, n = 7. Values are LS means * standard e rror.
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Table 1 - Effect of treatment (glucan, n = 7 and adrol, n = 7), sampling time and their interactionon blood energy metabolites in Santa Inés ewes duog late pregnancy
and early lactation. Values are LS means + standardrror.
Sampling time

Variation factor (Pr>F)

n Interact
R ey -30d -20d -10d Parturition +10d +20d +30d +60d Treatment time ion
(T xt)
Glucose  Olican 28:022  31:061 313048 72320  30:034 2920, 32029  3.0:026 35
(mmoyly  Contol  28+0.25 281037  25:023  66+244  28:036 2870 311019  30:016 33 02559  <0.0001 0.9936
GM 2.8 2.9 2.8 6.9 2.9 2.8 3.1 3.00
Ulactae  Glucan 11047  15:059  12:0.89  24:1.12  07:031 0540, 082030 051013 1.1°
(mmoyy  Control  1.260.74  13:080  08:024  26+108  07:034 0740, 08:030  10:074 11 0.713  <0.0001 0.7547
GM 1.0 1.4 1.0 2.5 0.7 0.6 0.8 0.8
NEEA Glucan 0.5+0.49  0.4+0.33  05+0.47  1.1+054  0.2+¢0.19  0.280. 0.6+0.45  0.2+0.05 0.5
(mmoyly  Conol  06:0.54  02:016  0.4:020 11054  08:028  0860. 04:0.49 05:052 06 03598  <0.0001 0227
GM 0.5 0.2 0.4 1.1° 0.5 0.4 0.5 0.9
BHB Glucan 0.3+0.09  0.4+0.06  0.3+0.07  0.5%0.13  0.4+#0.08  0.890. 0.4+0.15  0.3+0.08 0.4
(mmoyLy  Conol 04008 032006 03005 04015  05:011 0890. 05:0.16 04010 0.4 02843 00087 00525
GM 0.9 0.2 0.2 0.5 0.4¢b 0.460 0.4¢b 0.460
 Glucan 211.4+26.30 193.7+36.90 223.9+13.10 232.2+26.00 203.0+32.30 220.2+20.00 236.9+14.10 207.6+43.9C 216.1
F“(‘Cmfl‘f)“”e Control 237.5+16.80 225.8+20.00 232.0+9.10 246.5+24.1(201.4+11.90 204.7+12.80 235.147.30 212.3+29.4 224.# 0.0722  0.0002 0.1865
i GM 224,40 209, 7 228.G° 239.4 202.2 212.4b 236.G° 209.9°
Cholestero]  OlUcan 182033 211046  21:041 17035  17:042 1380, 19:033  19:030 19
(i) Control  1.8£0.30 211028 212040 174033  17:038 1TR0. 194037  19:030 19" 04945  <0.0001 0.9156
GM 1,600 2.0° 2.0 1.6 1.7 1.6¢ 1.9 1.9
. . Glucan 0.240.05  0.3+0.07  0.3+0.10  0.2#0.06  0.2#0.07  0.0%0. 0.1+0.03  0.2+0.09 0.2
Tr('g:ﬁfgjges Control  0.2¢0.05  0.3+0.08  0.2#0.06  0.2#0.05 0.2+0.06  0.030. 0.1:0.02  0.1:0.02 0.2*0 02412 <0.0001 0.0885
GM 0.2 0.3 0.3 0.2 0.2 0.1¢ 0.1¢ 0.2

GM: General mearNEFA: non-esterified fatty acidgHB: beta-hydroxybutyrate; a,b : different letters iradea significant difference between a value aachtixt on the same line
(p<0.05. A,B : different letters indicate a trend for a differedaetween treatments<0.05).
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Table 2 - Effect of treatment (glucan, n = 7 and adrol, n = 7), sampling time and their interactionon blood protein metabolites in Santa Inés ewes ding late

pregnancy and early lactation. Values are LS means standard error.

Sampling time

Variation factor (Pr>F)

Metabolite - Group -30d -20d -10d Parturition +10d +20d +30d +60d Treatment time Int(e_Fa:(cgon
TP Glucan 70.2+5.45 64.5+11.60 59.1+8.84 63.5+4.57 68.4t+5.86.5+3.16 66.7+7.63 71.2+5.2 66.3'
(g/L) Control 71.6+4.52 67.0+6.17 58.1#5.31 65.0t5.59 71.4+4.P8.4+3.88 63.8+9.20 73.7+8.3 66.9° 0.7996  <0.0001 0.6634
GM 70.9 65.8 58.6 64.9 69.9 65.4 65.9 72.4
Albumin  Glucan  27.5:2.60  26.6:3.00 31.4+6.00 26.8+3.10 25.6+2.06.8+2.40 28.9:3.20 26.80+2.« 27.6'
(L) Control 28.7#1.60 30.6+3,90 31.843.20 29.10+2.818.9+2.50 27.8+2.30 27.4+2.60 25.8+1.8 28.8 0.0619  0.0013  0.1875
GM 2Lk 28.6% 31.6 28.0% 27.2 27.3 2L 26.9
Globulin ~ Glucan 42.7+4.83 37.9+11.23 27.6+14.47 36.7¢5.31 42.843.72 39.6+3.63 37.947.82 44.4:5.56 38.7
(/) Control 42.9+5.50 36.4+5.94 26.3+5.74 36.0+6.39 42.5+5.90 36.6+5.00 36.4+10.71 47.9+9.41 38.1 0.8378 <0.0001 0.9103
GM 42.8° 37.2 27.0% 36.3 42.7° 38.%¢ S 46.12°
Glucan 0.7+0.10  0.8+0.23  1.9+1.77 0.8+¢0.16 0.6+0.05 0.I30. 0.8+0.28 0.6+0.10 0.8
AIG Control 0.7+0.12  0.9+0.20  1.3+0.34 0.8+0.22 0.7+0.13 0.840. 0.8+0.34 0.6+0.13 0.8" 0.8199  <0.0001 0.4644
GM 0.7 0.8 1.6 0.8 0.6° 0.7 0.8 0.9
Creatinine  Glucan 73.5#6.89 70.2+2.44 75.849.08 74.6+8.27 58.8+52%89+10.1566.2+10.77 68.3+10.11 68.4* 0.1073
(umol/L)  Control 66.5+11.45 69.1+12.97 76.5+11.0580.9+8.46 64.8+9.8566.0+8.23 64.7+11.7465.8+9.38 69.3" 0.8128 <0.0001
GM 70.9¢ 69.6° 76.2° 77.8° 61.8 63.0° 65.4 67.1°
Urea Glucan 8.1#1.59 6.9+1.60 7.2+1.32 7.842.03 6.3+1.03 8.4+1.81 6.4+1.52 8.6+1.19 7.4 0.8810
(umol/L)  Control  7.9+0.73  7.0+2.21 6.6+2.08 7.4+1.94 57+1.41 6.1+1.67 6.4+2.46 7.2+255 6.8 0.0987 0.0110
GM 8.0 6.9 6.9° 7GR 6.0° Y7 6.4 7.9

GM: General mean; TP: Total Prote#'G: Albumin and globulin ratio; a,b : different letseindicate a significant difference between a valne the next on the same line
(p<0.05. A,B : different letters indicate a trend for ifetence between treatmen{s<(0.05).
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Table 3 - Effect oftreatment (glucan, n = 7 and control, n = 7), samplig time and their interaction on enzymes in Santénés ewes during late pregnancy and early
lactation. Values are LS means + standard error.

Sampling time Variation factor (Pr>F)

Metabolite  Group B _ Interac
-30d -20d -10d Parturition +10d +20d +30d +60d Treatment time tion
(T xt)
Glucan 81.6+23.20 77.1+8.93 81.6+13.81 85.2+18.83 96.3316.95.8422.57 107.0+34.48106.3+48.66 91.4*
AST (U/L) Control 106.3+21.97 111.5+23.19 92.0+15.38 94.3+11.32 120.5+24.9B13.0+22.41 118.2+26.85 125.8+63.86 110.2  0.0348 0.0112 0.8761
GM 93.9 94.3 86.8 89.8 108.9 104.4° 112.8 116.¢°
Glucan 53.6+6.25 59.0+12.27 55.7+7.28 62.3%11.20 80.9+#30.75.4+31.66 71.0+24.08 63.4+24.0 65.2
GGT (U/L) Control 55.7+10.56 54.6+9.29 52.5+8.18 60.1#8.18  72.1#9.784.5+13.14 64.5+13.14 69.9#9.2¢ 61.7 0.6106 <0.0001 0.5581
GM 54.8 56.8 54,1 61.2 76.5 69.9 67.8 66.7
Glucan 121.4+48.58131.8+52.21 118.0+29.51 121.4+28.00 149.2+25.98 121.4+34.35 142.2+69.29 138.8+23.11 130.8
CK (U/L) Control 149.2+51.40 125.5+41.84 128.4+38.95 124.9+29.51 114.5+41.39 111.0+30.90 124.9+51.39 166.5+127.2€ 130.7* 0.9693 0.6098 0.6224

GM 135.3 128.9 123.2 123.2 131.8 116.2 133.6' 152.6
GM: General mearAST: Aspartate amino transferas§GT: Gamma glutamyl-transferaseéK: Creatine Kinase; a,b : different letters indicatggnificant difference between a value and the ae the same lingp0.05).

A,B : different letters indicate a trend for a diénce between treatments:Q.05).
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Table 4 — Effect of treatment (glucan, n =7 and adrol, n = 7), sampling time and their interactionon blood ions in Santa Inés ewes during late pregnay and
early lactation. Values are LS means *standard erno

Sampling time Variation factor (Pr>F)

Interac

s CitEL D -30d -20d -10d Parturition +10d +20d +30d +60d €4 Treatment time tion
(T xt)

Total Glucan 2.2+0.12 2.2+0.33 2.5+0.18 2.3+0.30 2.3£0.15 2.380. 2.3+0.29 2.3+0.26 2.3
calcium  Control 2.3+0.21 2.4+0.16 2.3+0.26 2.2+0.17 2.4+0.11  2.240. 2.3+0.14 2.3+0.24 2.3 0.8167 0.4691 0.9811
(mmol/L) GM 2.3F 2.3 2.4 2.2 2.3 2.3 2.3 2.3
Glucan 109.3+4.89 112.6+8.94109.0+3.46 107.4+8.00111.0+2.62 116.0+4.47 112.0+3.21 107.9+4.60 110.6!

(mn?cl)I/L) Control  107.6+5.44 115.1+9.70111.3+2.93 111.0+5.39110.9+2.98 114.4+3.36 113.6+4.28 109.0+4.97 111.8¢  0.4718 0.0021 0.8261
GM 108.4 113.9 110.F 109.Z2 111.G 115.2 112.8 108.4
PO Glucan 2.3+0.47 1.9+0.55 1.7+0.46 1.6+0.50 2.0+0.25 1B%0. 2.1+0.42 1.7+0.59 1.9
(mmol/L) Control 1.9+0.52 1.6+0.36 1.5+0.57 1.4+0.60 2.1+0.50 2.090. 2.0+0.60 1.9+0.58 1.8 0.6794 0.0005 0.4076
GM 2.1° 1.7 1.6 1.5 2.7° 1.9 2.12 1.8
Mg Glucan 1.1+0.23 1.1+0.15 1.1+0.14 1.1+0.32 1.0+0.16  1.240. 1.1+0.17 1.0#0.15 1.14
(mmol/L) Control 1.2+0.21 1.2+0.24 1.1+0.19 1.1+0.24 1.1+0.09 1.280. 1.0+¢0.21 1.240.26 1.1* 0.2029 0.7137 0.4542
GM 1.2 1.18 1.18 1.18 1.0¢ 1.0¢ 1.7 1.18
Na* Glucan 145.4+7.04 145.6+4.20155.4+14.44 149.1+2.54 146.6+0.98 147.4+2.30 145.9+2.34 147+2.00 147.8
(mmol/L) Control  150.0+18.97 146.0+3.37 153.6+10.34 150.6+1.90 146.3+1.89 146.6+1.90 147.9+1.95 146.6+1.62 148.4  0.6545 0.0236  0.9559
GM 145.3 145.8 154.5 149.9 146.4 147.G 146.9 146.8
K+ Glucan 4.5+0.28 4.4+0.32 4.9+0.30 4.5+0.18 4.4+0.38  4.3%0. 4.4+0.33 4.4+0.38 4.5
(mmol/L) Control 4.6+0.22 4.5+0.48 4.7+0.46 4.4+0.23 45+0.36 4.260. 4.5+0.30 4.4+0.27 4.5 0.7699 0.0117 0.947
GM 4.6 4.5 4.8 4.5 4.5 4.4 4.5 4.4
Caz* Glucan 0.8+0.18 1.0+0.31 1.1+0.18 1.0+0.13 1.0+¢0.17 1.140. 1.0+0.15 1.0+0.13 1.0%
(mmacl)I/L) Control 1.0+0.32 1.2+0.15 1.1+0.21 1.0+0.10 1.0+¢0.13 1.0%0. 1.0+0.15 1.0+0.14 1.0% 0.3672 0.1666 0.2193

GM 0.9 1.7° 1.8 1.00 1.0 1.0 1.00 1.0

GM: General meanCl:Chlore; PO4* : phosphateMg3*: MagnesiumNa*: Sodium;K*: PotassiumCa**: lonized calcium; a,b : different letters indicatsignificant
difference between a value and the next on the §am@<0.05). A,B : different letters indicate a significariffdrence between treatments<Q.05).
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4.2 Paper 2

Effects of a Saponin-based Additive on Two DifferenDairy Goat Metabolic
Statuses

R. O. Regd? A. A. Pontef; C. Duvaux-Pontér; O. DhumeZ M. Taghipoof’; J. A. B.
Afonsc’; C. Domang®’

ABSTRACT. - R. O. Rego; A. A. Ponter; C. Duvaux-Ponter; @Guibhez; M. Taghipoor; J. A.
B. Afonso; C. Domange. 201&ffects of a Saponin-based Additive on Two DiffererDairy
Goat Metabolic Statusef00(0):00-00. *E-mail: faelvet@yahoo.com.br.

The purpose of this paper was to evaluate the tefffcsaponin-based additive: during mid-
lactation and peri-parturient period. Two experitsenere carried out with 31 dairy Saanen
and Alpine goats which were assigned to a controlig (C group) or a group treated with
saponin (S group). Experiment 1 consisted of 26ydpats (C group, n=10; S group, n=10) in
lactation and experiment 2 had an overall numbe@dgiregnant goats, including 13 goats from
experience 1, around parturition (C group, n=18r&p, n=12). S group received the saponin
additive powder blended with the total mixed ratadra dose of 25g/animal per day, whereas
the C group was only given the standard diet. Afiae week of adaptation, the daily
administration of saponin additive was conductedndufour consecutive weeks followed by
one or two weeks of wash-out. Blood and rumen fhachples were taken weekly from both
groups to perform a metabolic screening. The plasamaples were analyzed for: glucose, non-
esterified fatty acids (NEFA)B-hydroxybutyric acid fHB), total cholesterol (TC), high-
density lipoprotein (HDL), total bilirubin (TB), tal proteins (TP), albumin, haptoglobin (Hp),
urea, aspartate-aminotransferase (AST), gamma ngylitaransferase (GGT), alkaline
phosphatase (ALP), total calcium (Ca), magnesiuP{Mphosphorus (P&). Rumen sample
analyses involved pH and ammonia nitrogen §Néteterminations, concentration of volatile
fatty acids (VFA) and total protozoa counts. Feaahgles, milk yield (MY) and body weight
(BW) were measured on a weekly basis. Throughotlt bxperimental periods, all the goats
were clinically healthy. Statistical analyses weerformed using the linear mixed model
procedure of SAS. The results of the first expentweith lactating goats showed no saponin
effect among the zootechnical measures, plasmaémical metabolites (glucose, NEFA,
BHB and urea) and ruminal fermentation paramee¥8.05. However, there was a tendency
for the acetate to propionate ratio (S <pS0.0570Q. The results showed an important time
effect on BW, MY, glucose, NEFA and all ruminalifentation parameterp<0.05), with the
exception of caproic acigp$0.05). This time effect, which is mainly associatedhntihe last
week of the experiment, could be due to a high satpre during this week. In the second
experiment there was an absence of saponin effeatroost all blood metabolitepX0.05),

I Graduate programme in Veterinary Science, Federal Rural University of Pernambuco (UFRPE), Av. Dom Manoel de Medeiros, Dois
Irmaos, Recife, PE 52.171-030, Brazil. faelvet@yahoo.com.br.

2 Co-supervision PhD programme, ABIES Doctoral School, 19 Avenue du Maine, 75732, Paris Cedex 15, France.

3 Ecole Nationale Vétérinaire d’Alfort, UMR 1198 BDR, Biologie du Développement et Reproduction, 7 Avenue du Général-de-Gaulle,
94704, Maisons-Alfort Cedex, France.

4+ INRA, UMR 1348 PEGASE, Physiologie, Environnement et Génétique pour I’Animal et les Systémes d’Elevage, 35590, Saint-Gilles,
France.

5 Clinica de Bovinos, Campus Garanhuns, Federal Rural University of Pernambuco (UFRPE), Av. Bom Pastor, Boa Vista, Postal Code
152, Garanhuns, PE 55.297-270, Brazil.

6 AgroParisTech, UMR 0791 MoSAR, Modélisation Systémique Appliquée aux Ruminants, 16 rue Claude Bernard, 75005 Paris, France.
7 INRA, UMR 0791 MoSAR, Modélisation Systémique Appliquée aux Ruminants, 16 rue Claude Bernard, 75005 Paris, France.
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except for plasma urea (S >850.0544. Concerning ruminal fermentation parameters, only
total protozoa showed a tendency (S >€0.096. A time effect was observed for most of
zootechnical, plasmatic and ruminal variables adoparturition because of the physiological
imbalances during this transition periqek(.05), with the exception of GGT, Mgand total
protozoa countp>0.05. Hence, it was concluded that the daily admiatgin of saponin
additive during four consecutive weeks in mid-léctaandperi-partumin Saanen and Alpine
dairy goats had not influenced plasma metabolitédsaminal fermentation parameters; neither
did it influence the zootechnical animal performan€he observed tendencies for a saponin
effect in relation to blood urea, total protozoaigband acetate/propionate ratio were relevant
in this current research. The potential of sapadditive to improve efficiency of ruminal
fermentation through increased microbial proteintisgsis could be dependent on the dose, the
period of administration and the type of basal thked.

Keywords: Metabolism; Rumen parameters; Feed additRezj-partum Saponin; Goat.

RESUME: Le but de cette étude est d'évaluer les effetsadditif & base de saponine sur la
performance et deux différents stades métabolicjues les chévres laitieres. Deux expériences
ont éte réalisées avec 31 chévres laitieres, Sadrfdpine. Elles ont été répartis en deux lots :
un lot contrdle (lot C) et le lot saponine traitéof S), dans chacun des deux statuts
métaboliques. L’expérience 1 a été réalisée avah@0res en lactation (Lot C, n = 10; Lot S,
n = 10). La deuxieme expérience a eu un nombrédetad4 chevres gestantes (groupe C, n =
12; groupe S, n = 12), dont 13 chevres de I'expégel. Le lot S a recu la poudre d'additif
saponine mélangée avec la ration compléte a ureed#85 g / animal par jour. Tandis que le
lot C n’a recu que le régime standard. Aprés urmmaasee d’adaptation, I'administration
journaliere d’additif saponine a été effectuée penmdjuatre semaines consécutives, suivies
d’'une ou de deux semaines sans saponine. Des #omarnde sang et de jus de rumen ont été
prélevés chaque semaine. Les échantillons de plasinété analysés pour: le glucose, les
acides gras non-estérifiés (AGNE),Bdrydroxybutyrate fHB), le cholestérol total (CT), la
bilirubine totale (BT), les lipoprotéines de hautlensités (LHD), les protéines totales (PT),
I'albumine, I'haptoglobine (Hp), l'urée, l'aspagtaminotransférase (AST), la gamma-glutamyl
transférase (GGT), la phosphatase alcaline (PA&LJalcium total (Ca), le magnésium

le phosphore (P&). Les échantillons de jus de rumen ont servis poasurer le pH et
l'ammoniaque (NB), les concentrations d'acides gras volatils (A@Y)e nombre total de
protozoaires. Les échantillons de ration, la prtidadaitiere (PL) et les poids vifs (PV) ont
été mesurées sur une base hebdomadaire. L'antdyisticgie a été effectuée en utilisant le
model linéaire mixte avec la procédure MIXED de SA®ut au long des deux phases
expérimentales, toutes les chevres étaient clinigume en bonne santé. Les résultats de la
premiere expérimentation avec des chévres enilattat montré qu'aucun effet des saponines
n'a été observé parmi les mesures zootechniquesdeabolites biochimiques plasmatiques
(glucose, NEFA,BHB et urée) et les paramétres de fermentation ralmip> 0,05.
Cependant, le rapport acétate/propionate a mongdarte tendance entre les groupes (S < C,
p = 0,057Q. De plus, un effet important du temps lié adaniEre semaine de I'expérience chez
les chévres en lactation a été observé pour lesrmdares PV, PL, glucose, NEFA et tous les
parametres de fermentation rumingte<Q,05), a I'exception de l'acide caproique(0,05.

Cet effet du temps pourrait étre di a une tempegatmbiante élevée au cours de la derniére
semaine expérimentale. Les résultats de I'expériehez les chevres gestantes ont montré de
maniere similaire une absence d'effet des sapopmaspresque tous les métabolites sanguins
(p> 0,05, sauf pour 'urée plasmatique qui présentaitfarte tendance entre les groupes (S >
C,p =0,059. En ce qui concerne les parameétres de fermentatiminale, seul le comptage
de protozoaires a montré une tendance a un effeadement (S > Cp = 0,099 parmi les
autres variables ruminales. La plupart des varsabtmtechniques, plasmatiques et ruminales
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ont montré des effets du temps autour de la padmrien raison des déseéquilibres
physiologiques au cours de cette période de tianspp <0,05), sauf la GGT, le My et le
nombre total de protozoairep> 0,05. Par conséquent, il a été conclu que l'admirtistra
journaliere d'additif a base de saponines pendaatre) semaines consécutives en milieu de
lactation et pendant la période péri-partumchez les chévres laitieres Saanen et Alpine n'a
pas influencé les métabolites plasmatiques etdepetres de fermentation ruminale. Elle n'a
pas non plus influencé les performances zootecksiges animaux. Les tendances observées
de l'effet des saponines sur l'urée sanguine, lmbmn® de protozoaires et le rapport
acétate/propionate étaient pertinents dans lampesecherche. Enfin, le potentiel de cet additif
a base de saponines pour améliorer 'efficacité dermentation ruminale par I'augmentation
de la synthése des protéines microbiennes poulépindre de la dose utilisée, de la période
d'administration et du type du régime.

Mots-clés :Métabolisme; Parametres ruminaux; Additif aliméetaPéri-partum;Saponines;
Chévre.

INTRODUCTION

In animal production, crucial consideration is gite rational feeding systems due to
their effect on meat and dairy quality. Small ruamts are known for their excellent ability to
digest fibrous feed; however the level of produtti® generally lower in these species than in
other farm animals. Therefore, attempts are madmipply animal diets with feed additives
that enhance productivity, increase milk productemd reduce the stress of parturition
(Milewski & Sobiech 2009).

High herd nutritional requirements influenced bynegc selection and intensive
farming systems increase the risk and impact aftrartal imbalances and metabolic disorders
(Gonzalez et al., 2000; Campos et al., 2010). THsseders are the result of increased nutrient
requirements during the transition period arourmtipgion. This transition period in ruminants
is marked by intense physiological, hormonal, meliaband anatomical changes. These
changes are associated with a decrease in fede jmtigh demands for nutrients, high growth
rates of the fetus(s), high milk yield, which adlsult in a negative energy balance (NEB)
(Drackley et al., 2005). The intensity of NEB magd to metabolic disorders such as pregnancy
toxemia and hypocalcemia in small ruminants (Gazét al., 2000). These metabolic diseases
result in decreased milk production, affect repaithe performance and increase herd culling
rate, leading to economic losses for dairy farnfiisisen et al., 2005; Tharwat et al., 2013).

In general, pregnancy toxemia is a key metabobordier in small ruminant caused
by NEB during the final stage of gestation. It laracterized by an increase in ketone bodies
due to an imbalance in maternal metabolism that@ameet fetal requirements at the end of
gestation (Cal et al., 2009; Brozos et al., 201dfnawy et al., 2011).
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Nowadays, there is increasing interest in explgitmatural products as phytogenic
feed additives for livestock, due to the fact tifnaty represent an alternative feeding strategy in
replacement of antibiotic growth promoters and p#uditives. As pointed out by Wallace et
al. (2002), consumers and health authorities irelbged countries, especially in the European
Union, have banned or limited the use of chemieatifadditives such as growth promoters,
including antibiotics and ionophores in livestoded since 2006 (Council Regulation No
1831/2003 of the European Parliament and of then€ibwn additives for use in animal
nutrition). Natural products when used as feedtasdi must be harmless to animals, leave no
toxic residues in the carcass or in animal produltsy must also be environmentally-friendly
(Wallace et al., 2002; Santoso et al., 2007; Vrublet al. 2010).

Some plants produce and store secondary compolatare not directly involved in
their growth, development or reproduction, but ¢heempounds are a complex group of
substances that defend and protect plants. Theg ssrchemical messengers between plants
and the environment; they are responsible for@ttrg pollinator insects, and play a role in the
protection against other plants, herbivores andtebstressor processes (Jouany & Morgavi
2007). Some of these compounds exert beneficiaies in human and animal organisms due
to their antioxidant activity, their favourable @fts on cardiovascular disease, inflammatory
and tumour processes, on digestion and for théiseptic and antimicrobial effects (Franz et
al. 2005).

Saponins are a group of steroidal glycosides, wharh be extracted from different
plants such a¥ucca schidigeraSeveral studies have shown an interesting rosapbnins in
animal nutrition because they improve the efficieno€ruminant production without having a
detrimental effect on animal performance (Jouanyl&rgavi, 2007; Patra & Saxena, 2009).
Saponins have other properties such as being aniambial agent (Chao et al., 1998), since
they can inhibit populations of ciliate protozoappidase producing bacteria and cellulolytic
bacteria. Furthermore, a metabolic co-relationsbxists between ciliate protozoa and
methanogenic bacteria. In fact, protozoa producgdgen which is utilized by methanogenic
bacteria. Indeed, saponins can partially decreasthane and hydrogen productionvitro,
therefore, they are considered to be powerful ibdri® of rumen methanogens due to their
effectiveness at low concentrations and they danfhtence feed intake (Bodas et al., 2012).
In addition, these substances also increase tolaiile fatty acid (VFA) and decrease ammonia
concentrations in the rumen. Moreover, saponinsedse the molar proportion of ruminal
acetate, and increase that of propionate and hatyvdh a corresponding decrease in the

acetate/propionate ratio (Lila et al. 2005; Daalet2012; Wang et al., 2012).
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The aim of the present study was to assess thetefié a saponin-based additive on
dairy goat performance and metabolism during twifedint physiological states: in mid-
lactation (which is a period of metabolic balanaed during late pregnancy and early lactation
(which is a period of metabolic imbalance). The liemge was to better understand the
underlying mechanisms of responses of animals guine dangerous transition periodoefri-
partunm and to validate the potential usefulness of Hyosin additive by integrating several
parameters using complementary analytical appr@aci@iteria such as biochemical

parameters and animal husbandry performance wésentieed.

MATERIALS AND METHODS

Animals and proceduresThe present study was carried out according with3R
guidelines and French legislation on animal expentation (Rural code: articles R.214-87 to
R.214-126) and in line with the European Conventarihe Protection of Vertebrates used for
Experimental and other Scientific Purposes (Eurodesective 2010/63/UE). Furthermore,
the experimental procedure was approved by thd &h&c committee Comité d’Ethique en
Matiere  d’Expérimentation Animgle and received the authorization number
2015050418233758v2 (APAFIS#601).

This research was divided into two experiments, sistimg of two different
physiological statuses. The first experiment airaethckling the effects of a saponin additive
on the systemic and ruminal metabolism of dairytgiaturing a period of energetic equilibrium
(mid-lactation). The second experiment evaluatedeffect of the saponin additive during late
pregnancy and early lactation on the systemic andmal metabolism, in order to study its
importance in th@eri-partumperiod where energy requirements are increased.

The experiments were conducted in two consecutaaggsyfrom May to July 2015
(mid-lactation) and from December 2015 to Janu@3i62(peri-parturient period), at the Goat
Research Unit of INRA/UMR 0791 MoSAR in Thivervaki@non, France.

Thirty-one high producing dairy goats (Saanen alpilh&, 2-3 years of age) were used
in the two experiments. In each experiment, thagyo@re allocated to one of two groups of
goats blocked by breed, age, body weight (BW), boatydition score (BCS) and MY. The
group treated with saponin (S) received the sapadditive powdétfrom extracts ofYucca
schidigera,blended with the total mixed ration (TMR), at aosemended level of 25g/animal

per day by the manufacturer. The control groupw&$ given the standard TMR. Voluntary

8 Norponin®K - Nor-Feed Sud - 3 Amedeo Avogadro street 49070, Beaucouzé, France




Rego, R. O. Saponin and dagoat metabolisnilZSONIE

feed intake was estimated to minimize feed refusaless than 5%. The TMR was pushed-up
at least once during the day in the first experithand given in two meals in the second one.
The diets were formulated to cover the requiremeanid-lactation for experiment 1,
and pregnancy and early lactation for experimenttz composition of the TMR for both
experiments is presented in table 1. The animaldite® access to water and mineral fortified
salt licks.
Goats were weighed on a weekly basis before feediagy average temperature

(T°C) and hygrometry (HR %) were measured duriregetkperimental periods.

Experiment 1 lactating goats — mid-lactation (around 12@ay)

The P! experiment lasted six weeks and was performedQOoday goats (S group,
n=10 and C group, n =10), Saanen and Alpine (6612+kKg of BW), around the 1¥ay of
lactation (4.4+0.72 kg/day of MY). During the exjpeental period, goats were always housed
in individual pens (1.2m x 0.75m, L x W) with a tséal wooden floor. The individual pens
allowed social interaction between goats and siieglisampling. The daily administration of
the saponin additive was conducted during four eocuve weeks (W2, W3, W4 and W5).
Saponin was not added in the first and last week &\ W6) of the experiment. Samples of
blood and rumen fluid were taken every week throughthe experiment. Animals were
automatically milked twice daily (7 am and 5 pmaistall autorotor milkingparlor for goats

with automatic measurement of milk production.

® Fosomatic, Hiller@d, Denmark
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Saponin group = 10 goats m

Control group = 10 goats ‘m

Middle of lactation period (around 120t day)

'|'
Period of saponin additive supply
(25g/goat/day)

Figure 1. Diagram of experiment 1: lactating goats This figure shows the experimental design dutireg
middle of lactation (around day 120). This experninkasted 6 weeks: 1 week of adaptation, 4 weeks of
saponin supplementation (25g/goat/day; n = 10patrol (n = 10) followed by 1 week of wash-out.

Experiment 2:Pregnant goats — peri-parturient period

The 29 experiment was conducted over seven weeks on Biparous pregnant goats
(S group, n=12 and C group, n =12), Saanen anth@lpVe couldn’t used all the same animals
from the first experiment because all of these$adiédn’t succeed in being pregnant. So, among
the 24 goats of the 2nd experiment, only 13 of thesme issued from the 1st experiment and
kept in the same experimental group.

Before the start of the experiment, the animalsevegnchronized and inseminated in
order to program parturition over a 10 day periBdughly 60 days after insemination,
pregnancy was confirmed by ultrasonography andoequpiately after 90 days of gestation the
two groups were formed by blocking by breed, ag8 {2ars of age), BW (75.3+£8.28 kg) and
MY (1.02+0.14 kg/day).

Five weeks before the expected parturition datdy bmups received a standard TMR
diet, and then during the four subsequent weelaparsn supplement was given to half the
goats until the day of parturition. After partuoiti, all the goats were given the standard TMR
without saponin (Figure 2). The goats were housetivb separated straw bedded pens and
were fed once daily at around 2 pm. To avoid ar@keffect of pen position within the
building on the results, the animals were switcbiece a week between the two pens. In order
to take into account animal welfare at this stagg@regnancy the animals were placed in
individual pens (1.2m x 0.75m, L x W) only for saimg during two hours once a week. In

addition, blood and rumen fluid samples were takegkly.
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The goats were weighed before the beginning oé¥periment and on a weekly basis
thereafter, before feeding. The goats were alsgtveei 24h post-parturition.

Saponin group = 12 goatsm

Control group = 12 goats m

Period of saponin additive supply
(25g/goat/day)

|

Weeks in reference to parturition (Parturition = @)

Figure 2. Diagram of experiment 2: pregnant goatsThis figure shows the experimental design dutivgperi-
partum This experiment lasted 7 weeks: 1 week of admptad weeks of saponin supplementation (25g/gagt/d
n = 12) or control (n = 12) followed by 2 weekswdsh-out. The samples were taken weekly in referéoc
parturition (P=0) during late pregnancy (from Re3Pt1) and early lactation (P+1 and P+2).

Sampling and measurements

Feed SamplesThe amounts of feed offered and orts were measiaiy, and 200g of feed
for each group was sampled weekly for nutrient cositppn analysis. The samples were
analyzed for dry matter (DM), organic matter (OMiude protein (CP), acid detergent fiber
(ADF), neutral detergent fiber (NDF), acid detergégnin (ADL) and starch (Table 1)
according to AFNOR (1997).

Table 1. Ingredients and proximate analysis of théotal mixed ration (TMR) given to dairy goats
during the experimental periods and adjusted accorihg to the nutritional requirements of two
different metabolic statuses (INRA, 2010).

Composition (%) Mid- -10to -5 -41t0 -1 -1to +2
lactation week! week week
Sugar beet pulp 28 30 37.5 28
Meadow hay 24 30 37.5 28
Dried alfafa (Rumiluz®F) 28 30 25 28
Protein concentrated Fluvialaé® 15 5 - 11
Defatted concentrated Colz&® 5 5 - 5
Chemical composition (g/kg dry matter)
Organic matter 865 871 860 817
Neutral detergent fibre 460 467 473 481
Acid detergent fibre 263 276 279 278
Acid detergent lignin 44 50 54 43
Crude protein 119 115 110 128
Starch 41 21 24 27

L weeks in reference to parturition (parturition)= 0

10 Désialis, 27, 29 rue Chateaubriand, 75383 Pari€X8dFrance
11 Agralys aliment, Chateaudun, France
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Blood Sampling During the two experiments, 10 mL of blood wereetaweekly by jugular
venipuncture into sterile heparinized tubes (13%heparin}? in the morning. They were
immediately centrifugeld at 3000x) for 15 min at 4 °C, and the plasma was aliquoted a
stored at -20°C until required for analysis. Thaspha samples were then subjected to standard
biochemical procedures to determine gluéhsaon-esterified fatty acids (NEFR) B-
hydroxybutyrate fHB)6, urea” in both experiments. In thé®experiment total cholesterol
(TC), total bilirubin (TB), total protein (TP), alimin, high-density lipoprotein (HDL),
magnesium (M%), total calcium (Ca), phosphorus (PQ) gamma glutamyl transferase
(GGT), alkaline phosphatase (ALP), aspartate artmansferase (AST) and haptoglobin (Hp)
were also determined. All these analyses were pedd using an automatic
spectrophotometé&t with commercial biochemical kit$HB concentrations were analyzed
from the enzymatic principle defined by Williamsamd Mellanby (1974) and globulin content
was calculated as the difference between TP anoatb The biochemical analyses of plasma
were performed at the MoSAR unit of AgroParisTectd dhe Alfort Veterinary School

(ENVA). In-house control plasma was systematicafigd as a quality control.

Rumen fluid collection:All the analyses concerning rumen fluid were perfed during the

two experimental phases. Approximately 50 mL of emndigest was collected using a flexible
polyvinyl stomach-tube introducefia the oesophagus and a vacuum pump. The rumen sample
was subsequently pressed and squeezed throughmegkntissue into an Erlenmeyer flask for
pH and ammonia nitrogen (NHdeterminations. Rumen pH was immediately measattenl
collection using a portable digital pH meterThe NH; concentration of rumen fluid was

estimated by steam distillation as per gas micfiugsion method (Broudiscou & Papon, 1994).

Estimation of Volatile Fatty AcidsSamples for determination of volatile fatty acit&-A)
were stabilized with a 25%3RQs solution (2 mL 25% kPQy/8 mL rumen fluid) and stored at

-20°C until analysis. After thawing, the rumen duwas centrifuged at 1500@%or 20 min at

12 venosafe, Terumo, Belgium — 135mg USP U lithiumpara.

13 Sigma 3K12 — 37507, Osterode am Harz, Germany.

14 Gluco-quant, glucose/HK, Roche.

15 NEFA-HR®, Wako Chemical GmBH, Neuss, Germany.

16 Beta-hydroxybutyrate, Roche.

7 Urea/BUN, Roche.

18 Haptoglobin kit, Phas¥ Range, Tridelta Development Ltd. Maynooth, CodKike
1% Cobas Mira-Analyser, Roche®, Mannheim, Germany.

20 pH meter PHM220, Radiometer Analytical S.A., HACH LANGE, France.
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4°C, and the VFA were analyzed with a gas chromaf@' using a capillary coluntd of
phase (30 meter length x 0.32 micrometer diamé&g(Husek, 1998).

Total Protozoal countThe remaining rumen fluid was also preserved fontiag of protozoa
by combining 1:1 (1.500 pL of filtrate with 1.50Q of methylgreen formalin-saline solution
(MES - 100 mL 35% formaldehyde, 900 mL distilledtera0.6 g Methylgreen and 8g NaCl).
Total Protozoa count was calculated as describexdqarsly (Ogimoto & Imai, 1981), with the
aid of the Jessen counting chantfer

The enumeration of total protozoa count per mLuefit was calculated as shown below:

Dilution ratio: 1:16

Volume of Jessen chamber: 5 x 1Aarea) x 0.4 mm (depth) = 2.0 pL (fim

Total number of fields counted: 05

2.0 pL of diluted effluent contained: A protozoa

Conversion factor: 1000 to convert from pL to mL

NO. of protozoa in 0.25 pL of effluent fluid = A x&16 x 1000 /2 = x 10mL of rumen
fluid

Statistical Analysis:Statistical analysis was performed using a lineexeth model with the
MIXED procedure of SA%. The parameters measured in this study were repeagasures
over time on individual goats. This procedure wssdito determine the effect of the saponin-
based additive, time and the interaction betwem® tand saponin treatment on plasma and
rumen fluid measurements. Theralues were adjusted for multiple comparisons betwthe
treatment groups usingtest The significance level for all statistical testas set at = 0.05,
wherep-Values < 0.05vere used to define statistical significance. ddta are presented as
Least square (LS) means were subsequently compathdthe Contrast statement in the
MIXED procedure. (Littell et al., 1998). For thaasstical analysis of the second experiment,
data related to ruminal fluid of one of the animaés removed because of difficulties obtaining
esophagial samples.

21 Model CP 3800, Varian Chrompack, 2700 Mitchell Drive, Walnut Creek, CA-USA.
22 Restex Rtx®-502.2, 110 Benner Circle, Bellefonte, PA - U.S.

23 Jessen, Marienfeld® GmbH and Co. KG, 97922, Lauda-Koénigshofen, Germany.

24 SAS Version 9.1, SAS Institute, Cary, NC, USA.
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RESULTS AND DISCUSSION

Environment

Temperature (T°C) and Hygrometry (HR %)

Experiment 1: The mean values and standard error of weekly testyrer ranged from
15.9+0.93 °C to 26.8+1.84 °C. Temperature peakdtarnast week of the experiment. Mean
values and standard error of weekly hygrometry edrigom 58.4+6.95% to 71.8+2.12%.

Experiment 2:Mean values and standard error of weekly tempezand hygrometry ranged
from 11.1+0.77 °C to 16.7£1.44 °C and from 77.3464lto 89.4+6.02% respectively.

Animal performance

Milk yield and body weight

Experiment 1:There was no effect of the saponin-based additiengluring mid-lactation on
BW and MY (>0.05,table 2).

Other studies have shown contradictory results @onieg the effect of saponin-based
additives on BW. Hu et al. (2006) reported thattgdad with a diet containing 3 g of tea
saponin (TS) had higher daily gain and better femaversion ratio than those on 0 and 6 g
TS/day. Nasri et al. (2011) showed that the adrmatisn of 30, 60 or 90 mg duillaja
saponariaper kg DMI had a ruminal defaunation effect buiefhto improve feed digestibility,
growth performance and meat quality in lambs. Idddeom the information available on
microbes and fermentation parameters, this vanahoDMI could be attributed to increased
efficiency of microbial protein synthesis and desed degradability of feed protein because
protozoa numbers were reduced (Wang et al., 2012).

Table 2 also shows that the effect of time wasiBggmt (p<0.000]), mainly because
of a decline in BW and MY in the last weeks of theeriment. This decrease was perhaps
associated with the observed rise in temperatuneglthe fifth week of the experiment.

Milk Yield steadily declines at the end of lactatiwhen compared to the early- and
mid-stages of lactation. In general, MY decreasesrate of 18.4% in mid-lactation, compared

with early lactation (El-Tarabany et al., 2016).
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It has been reported that intake of tannins andrsapncreased MY in sheep (Wang
et al., 1996) and dairy cows (Turner et al., 20@8bantasook et al., 2014). However, other
studies showed that MY and milk composition werechamged when ruminants were
supplemented with plants containing tannin and siap@Vilson et al., 1998; Benchaar et al.,
2008; Holtshausen et al., 2009). This indicatestti@mconcentration of the supplement and the
saponin source could influence animal responsear{fasook et al., 2014).

Experiment 2:In the second experiment, the animals were clilyichgalthy during the
experimental period; no problems were detectechdysregnancy and after parturition. There
was a prolificacy of 2.04+0.62 kid/goat. There wedesaponin kids (17 females and 7 males)
and 25 control kids (15 females and 10 males). Alnadl the 12 dams in the saponin group
carried twins but there were also two singletond ane triplet bearing goats, while in the

control group there were four triplets, three twamsl five singleton bearing females.

Body weight:There was no effect of saponin on Bjg¥(.05), however, there was a significant
effect of time around parturitiop€0.000) (Table 6).
Some authors have reported that restricted feediimmg pregnancy modifies fetal

organ growth and overall foetal development (Kakitet al., 1981; Greenwood et al., 1999).
The differences observed in BW during fre-partumperiod indicate that both groups were
forced to mobilise body reserves because requirenveere not covered. Sahlu et al. (1995)
have produced similar results. They showed thaydgiats gained very little BW between 90
days of pregnancy and parturition. The metabokgrenment at the end of gestation may result
in the redirection of nutrients towards the conae@nd therefore an increase in BW at the end

of pregnancy may be physiologically difficult (Lap®-Broux et al., 2011).

Blood biochemical metabolites

Experiment 1:Data summarizing the effect of a saponin-basediaedluring mid-lactation
on goat blood biochemical metabolites (glucose, NHFHB and urea) are presented in table
3.

No treatment effect was observed for these vamsal§e-0.005. However, a
significant time effect was observed for all valesh(<0.000]), except forBHB. Glucose

reached its lowest concentration in both groupthénlast week of the experiment, differing
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significantly from the previous weeks<0.000]). NEFA was also affected by time<(0.0001)
but with a peak in both groups at the end of thgedarment.

The significant decrease in glucose observed irasteweek of the first experiment
was similarly reported by El-Tarabany et al (201€)ggesting an impact of the stage of
lactation on biochemical parameters in dairy go@ts.the contrary, other researchers stated
that blood glucose levels were significantly higimemid- and late-lactation compared to early-
lactation (Slanina et al., 1992). Moreover, otheage reported in goats no significant variation
in blood glucose at different stages of lactati@agamassima et al., 2007). Therefore, the time
effect observed in our first experiment may be ttuthe higher temperatures observed in the
last week of the experiment.

NEFA andBHB dynamics in the first experiment were within thermal range for
small ruminants according to Bani Ismail et al.q2)) Rios et al. (2006) and Celi et al. (2008)
(from 0.2 to 0.4 mmol/L for NEFA and0.86 mmol/L forpHB).

Experiment 2: The effects of a saponin-based additive, sampimg and their interaction on
blood energy and lipid metabolites in Saanen anqung&lgoats during late pregnancy and early
lactation are presented in table 7 (glucose, NEfHS, HDL, TC and TB).

Glucose:There was no treatment effept0.05). Moreover, the plasma glucose concentrations
of both groups were within the normal range fortgahuring our experiments (Kaneko et al.,
2008) (2.78 to 4.16 mmol/L). However, a large tiefect was observe@€0.000) with an
increase after parturition.

The increase in glucose concentrations from PR+1cand their decrease in P+2 were
also reported by Sadjadian et al. (2013) and Manal. (2016). An increase in glucose
concentrations on the day of parturition may betdueetabolic changes and hormonal changes
at parturition, that promote gluconeogenesis agdogjenolysis (Herdt, 2000).

According to Herdt (2000), decreasing glucose cotraéons during the first two
weeks of lactation appears to be related to thie @irgergy demands in high producing breeds
of goats. A significant increase in glucocorticoalses liver glycogenolysis and mobilization
of amino acids for gluconeogenesis. In additior, decrease in blood glucose as lactation
advances may be attributed to the synthesis afdacwith increased milk production.

Another study has reported higher glucose condaemisain early-lactation in dairy

goats which may be considered as compensatory misamao meet the high energy demand
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for milk synthesis (Abdelrahman et al., 2002). ledereduced energy supply during early-
lactation leads to a greater risk of metabolic @iecs (Bremmer et al., 2000).

Non-Esterified Fatty Acids (NEFA):No difference in plasma NEFA was observed between
the two groups>0.05). However, there were significant effects of timeet during the weeks
after the parturition in both groups<0.000]). NEFA concentrations gradually increased from
P-3 and reached peak levels in the two weeks péteurition (P+1 and P+2).

In this study, NEFA concentrations for both grouplich presented no clinical
problems ranged from 0.18 to 0.26mmol/Lpire-partumand between 0.63-0.79 mmolfost-
partum There are no published data of cut-off levelsaference range for NEFA in dairy
goats; Kaneko et al. (2008) displayed a very watege for cows (0.4-3.78 mmol/L), but none
for sheep and goats. These findings are in agrelewimother studies on variation in energy
biochemical metabolites in sheep (Contreras e2@00) and peri-parturient Saanen goats (Rios
et al., 2006; Laporte-Broux et al., 2011; Radimlet2015; Sadjadian et al., 2013) who found
NEFA concentrations below <0.8 mmol/L in healthynaals.

The NEFA profile indicates an increase in lipid riiahtion from adipose tissue or a
reduction of its rate of utilization by other tigsu However, the former is probably the main
effect due to the energy demands imposed by mitklysstion, which are not covered by
nutrient intake. Moreover, a reduction in DMI leddsa difference between the energy intake
and expenditure which is very large and associatigd different physiological functions
resulting in a NEB (Sundrum, 2015).

p-Hydroxybutyric Acid HB): There was no effect of treatme®>0.05. PlasmaHB
concentrations of both groups increased graduattytive time during the experimental period.
A time effect was observed at P+1 and PR2(Q.0001).

The mearHB concentrations in both groups of pregnant gavat® within the normal
range for dairy goats (below 0.86 mmol/L) (Bani &het al., 2008). This result confirms the
absence of ketosis in the present experiment $iR@&is one of the most important energy
status indicators during the peri-parturient pe(@dni Ismail et al., 2008; Kaneko et al., 2008

). Normally,BHB concentrations increase from 15 days beforeigadn until 21 days
post-parturition and they decrease thereafter szl et al., 2013).

Harmeyer and Schlumbohm (2006) have previously shthat lipid mobilization
causes an increasefiflB and that liver production of ketone bodies isager than that of the

rumen epithelium in restricted feeding. Howeverpdade-Broux et al. (2011) found th@gitiB
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concentrations were between 0.4 and 1.2 mmol/Lgnoap of healthy goats during the peri-
parturient period.

Therefore, in this current studgHB results were linked to normal physiological
changes during the peri-parturient period, and gbats did not display any clinical and

biochemical signs of ketosis.

Total Cholesterol (TC) and High Density Lipoprotesn(HDL): No treatment effect was
observed for TC and HDL concentratiops>(.05). The TC and HDL levels of both groups
decreased during the first three experimental weekisthen increased gradually until the last
week of experimenp<0.0007).

The mean values of TC in both groups during thegeturient period are within the
normal range for goats, 2.07 to 3.37 mmol/L (Kanekal., 2008). Moreover, the increase in
TC during the last weeks of pregnancy in sheepgaads appear to be related to the energy
demand of the foetal-placental unit (Seifi et @007; Sadjadian et al.,, 2013). However,
decreased TC concentrations during the last wekkgeqregnant goat experiment could be
due to increased requirements for foetal growth ymdhesis of steroid hormones (Pysera &
Opalka, 2000).

Concentrations of HDL in both groups during the iehduration of the second
experiment were above the normal range for nonfameggoats (from 1.1 to 1.18 mmol/L),
pregnant goats (1.14+0.29mmol/L) and lactating goatthe 10 daypost-partum(0.47+0.16
mmol/L) (Nazifi et al., 2002b; Skotnicka et al.,120. Significant increases in HDL observed
during early lactation in the present study ardedgint from the results of Skotnicka et al.
(2011), who showed a decrease in their concentimto day 1@ost-partum

TC and HDL concentrations gradually increased éendiesent experiment during P+1
and P+2 and this was also shown by Nazifi et2002b). Therefore, the increase in TC during
the lactation period could be explained by lipidimtiaation that is stimulated by glucagon or
by increased synthesis of plasma lipoproteins (Stavy et al., 2005; Sadjadian et al., 2013).
Different dynamics were found by Manat et al. (20ib6that there was a decrease in TC and
triglycerides from parturition to day 4¥ostpartumindicating that the goats utilized the lipids
for fat milk production.

This dynamic for TC and HDL after parturition issfified during the lactation period
of sheep and goats because lipogenesis and esteoifi are reduced, and free fatty acid
mobilization is stimulated by an increase in noinephrine and epinephrine secretion. The

activity of lipoprotein lipase is increased in thammary gland and decreased in adipose tissue.
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In addition, increased lipolysis around parturitisrregulated by hormones and it is not only
an expression of an energy deficit (Nazifi et2002a; Nazifi et al., 2002b; Manat et al., 2016).

Total Bilirubin (TB): There was no treatment effect on §20.05. Plasma TB concentrations
were higher in th@ost-partumperiod than during pregnangy<0.000J).

TB concentrations in both groups around parturit@re higher than normal range
for goats (1.71 mmol/L) (Kaneko et al., 2008). Higlplasma bilirubin levels were also
recorded in pregnant small ruminants with an ineeearound the parturition period and at the
beginning of lactation. This increase could be uke degradation of fetal hemoglobin or due
to inadequate glucuronic acid synthesis (Balikcalgt2007). Generally, in hepatic disorders
due to a fatty hepatic infiltration, an increaseplasma hepatic enzyme activity and total

bilirubin is often seen (Gonzalez, 2000).

Protein profile

Experiment 2: The effects of a saponin-based additive on gaaidprotein profiles during

late pregnancy and early lactation are present&ble 8 (TP, albumin, globulin, Hp and urea).

Total Protein (TP), albumin and globulinNo effect of treatment was observed on TP, albumin
and globulin >0.05). However, an effect of time was observed fortia# variables after
parturition £<0.000]). The plasma concentrations of these variablésapre-partumperiod
were lower than in thpost-partumperiod. Aloumin and TP were at their highest Isvalthe
first and second week after parturition (41.9 abh®&)/L respectively). Both variables were at
their lowest in P-3 while globulin concentratioreaged at P+2 (41.5 g/L).

The dynamics of TP, albumin and globulin concerdret in the present study are
similar to those published by Tagipour et al. (204:fd Sadjadian et al. (2013) during pesi-
partumperiod in goats and sheep, respectively.

The decrease in these variables may be due toipmtethesis by the fetus which
comes from amino acids derived from its dam. Thoaviin of the fetus increases exponentially
reaching a maximum level during late pregnancyn(idee & Hafez, 1994). The low values
could also be explained by the subsequent trartsfethe colostrum which is rich in
immunoglobulin and other proteins (Swenson & Re&886; Kaneko et al., 2008). Therefore,
uptake of proteins by the mammary gland for colostand milk synthesis may be considered

to be the main factor which influences the evolutmver time of these parameters. TP
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concentrations were higher than normal values aigy(64 to 70 g/L, Kaneko et al., 2008), but
similar values were found in healthy Saanen goatsg theperi-partumperiod by Sadjadian
et al. (2013) and in multiparous goats by Cavestdraf. (2005). Consequently, this increase
is not linked to dehydration in the animals.

No effect of the saponin additive on TP and albuanncentrations were observed in
our study, while Hu et al. (2006) observed higreraentrations of TP and albumin in growing

Boer goats receiving 3 g of tea saponins/day coetptar controls.

Haptoglobin (Hp): There was no effect of saponin on Hp concentrat{pr8.05). Hp values
were significantly different before and after paittan (p<0.000]). The highest values were
observed after parturition in both groups.

Concentrations of Hp in both groups before paituriaire within the normal range for
small ruminants between 0.09 and 0.10 g/L (Gonztlek, 2010; EI-Deeb, 2012). The increase
in Hp found in this study after parturition could telated to the changes in lipid metabolism
that occur due to the energy demand imposed by prtiduction. Hp is synthesized by
adipocytes and hepatocytes which confirms a relabipp between Hp and lipids (Gonzalez et
al., 2010). Moreover, Hp is bound to high-densippproteins in ruminants (HDL) and NEFA
(Katoh & Nakagawa, 1999).

Acute phase proteins (APPs) have been proposeehagige and rapid indicators of
inflammatory disturbances in ruminants. Previousligts have shown a relationship between
some APPs and lipid mobilization which can be exlab NEB, since cows with high milk Hp
also had high plasma NEFA. Moreover, a signifieamtelation has been also reported between
Hp andBHB in lactating goats (Trevisi et al., 2005; Gorzaét al., 2008; Hiss et al., 2009).

However, another study showed that Hp is not a gwaxker of subclinical pregnancy
toxemia because other markers in urine (ketonegspgdhowed earlier changes (Skinner et al.,
1991). Another study also showed that significacteases in Hp appeared in fasted goats at
the same time as the clinical pregnancy toxemiass{onzalez et al., 2011; Macedo et al.,
2016).

Urea

Experiment 1:No treatment differences were observee(.05). However, there was an effect
of time with a decrease in urea concentrations Wxifollowed by an increase back to the pre-
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treatment value on the last week of the experinféré) (p<0.000]). While an interaction
between the treatment and time was observed inT\aBl¢ 03).

Experiment 2:A tendency was seen between the two groups of gotis trend for a higher
urea concentration in saponin treated goats (Syn®l/L and C, 3.7 mmol/Lp=0.054). In
addition, a time effect was observgek(.000]) with a decrease until P-3, followed by an
increase back to pretreatment values on P+2 (Tof)le

The urea concentrations of both experiments arkinvthe normal range for healthy
goats (Kaneko et al., 2008) (3.57-7.14 mmol/L). teerease in urea concentrations around
the parturition could be associated with the declimfeed intake due to stress and hormonal
changes during the kidding process. Thereaftes, leneels increase after parturition because of
increasing feed intake consequently (Bauchar, 188djadian et al., 2013; Manat et al., 2016).
Similar dynamics have been observed by Laporte-Begual. (2011) in restricted fed goats
which had low urea concentrations around parturiéind by Manat et al. (2016) who observed
an increase during lactation.

Hussain and Cheeke (1995) reported a trend fodwction in urea in steers fed with
aY. schidigeraextract. Similar reductions in urea were obsetwe#tiu et al. (2006) evaluating
the effect of tea saponins in growing Boer goae @iacrease in plasma urea could be due to
more efficient utilization of protein and high ureancentrations reflect losses of N (Wilson et
al., 1998).

However, another study with cows supplemented wiimilar additive did not show
differences in plasma urea. This finding could ssoaiated with the poorly defined interaction
betweenY. schidigeraand soluble dietary protein. This may be explaimgdifferences in the
size of the soluble protein pool in the rumen ilatien to the amount of. schidigerafed to
the cows. In addition, ruminal N¢oncentrations did not decrease wheschidigeravas fed
with a low soluble protein diet (Wilson et al., B)9

Many animal and nutritional factors may influencariability in plasma urea
concentrations which include: BW, MY, DMI, dietazgude protein, degradable protein intake
and dietary fermentable energy content/intake (Bric# & Clayton, 1997). Therefore, it has
been suggested that degradation of protein inuheen may lead to increased ruminal ;NH
concentrations and then plasma urea concentrgtitaremon et al., 2005).

The different results of treatment effect on ureacentrations in both experiments
might be linked to the NEconcentrations. Hence, excess production of amanfsom the

degradation of ingested protein by ruminal bacteriabsorbed into the blood, transported to
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the liver, and converted to urea. Urea equilibraggsdly throughout body fluids, including
milk and urine and its concentration in these bibalgs is positively correlated with the amount
synthesized in the liver (Wilson et al., 1998). Higpsynthesized urea can diffuse between the
blood and mammary gland and be secreted in milidsti can be extracted from blood by the
kidney and excreted into the urine and it can logaled to the rumen (Broderick & Clayton,
1997).

Hepatic enzymesTable 9 summarizes the effects of a saponin-badéitivee, sampling time
and their interaction on some goat enzymes duate pregnancy and early lactation (GGT,
AST and ALP).

Gamma Glutamyl Transferase (GGTINo effect of treatment and time was observed reggrd
plasma GGT concentrationg>0.05) (Table 9).

The plasma GGT concentrations were within the nbmaage for healthy goats
according to Kaneko et al. (2008) (20-56U/L). Thewes a high individual variability in GGT

responses (figure 3).
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Figure 3. Individual variations in plasma gamma glutamyl sf@mase (GGT) concentrations in saponin
supplemented and control goats during the peridpartt period (parturition = p0).

Aspartate Amino Transferase (ASTNo effect of treatment was observed on AST activity

(p>0.05). A previous study reported that the concentratimrglucose and the activities of ALT
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and AST were not affected by the addition of saposuggesting that this additive has no
adverse effect on hepatic metabolism (Hu et aD620

However, in comparison with th@e-partumperiod, thepost-partumshowed higher
AST activities p<0.000]) (Table 9). The activity of AST increased from RelP+2 in both
groups (from 84.6 to 126.9 U/L)he effect of time observed before and after paidarcould
be used as an indicator of liver function in partprient animals.

Numerous studies have shown higher AST activitiesnd post-partumn ruminants
(Seifi et al., 2007; Taghipour et al., 2011b; Sddja et al., 2013). DMI and milk production
may be decreased with high levels of AST activ@gdjadian et al., 2013).

In cattle, the sensitivity of AST is reported to 4% to diagnose hepatic lipidosis
(Kaneko et al. 2008). AST activity increases inesagf pregnancy toxemia in sheep and goats
(Balikci et al. 2009; Barakat et al. 2007).

There were some animals from the saponin grouphwaacted excessively around
P-4 and P+1 (Figure 4).
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Figure 4. Individual variations in plasma aspartate aminansferase (AST) concentrations in saponin
supplemented and control goats during the peridpartt period (parturition = p0).

Alkaline Phosphatase (ALP)There was a large discrepancy between the groujgh wiakes
any interpretation difficult. The individual goaesponses (Figure 5) highlight the large

difference between the groups, even before the stahe experiment. It is due to a high
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individual variability in the control group withtée goats which had very high values compared
to other animals.

An evolution over time was observed by Tharwatle(2013) with an increase pre-
partum. This elevated activitpre-partum may be explained by an increased placental
production of this enzyme in ruminants (Peter et287). ALP activity was in the normal
range for goats (93 and 387 U/L, Kaneko et al.,820Bligher concentrations of ALP were
observed when tea saponin was given at a levej/ah8nal/d in Boer goats (Hu et al., 2006).

Mundim et al. (2007) showed higher ALP activitiesgoats in their first lactation
compared to later lactations. This result is conéid by Sarma and Ray (1985) showing that
age and number of parturitions exert a certaiuerfte on ALP activity. However, the number
of parturitions was similar in the goats of thegamet experiment and cannot explain the high
ALP concentration observed in three goats from dbetrol group. Nevertheless, in most

species the most common cause of increased ALvlestasis (Kaneko et al., 2008).
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Figure 5. Individual variations in plasma alkaline phospkat@ALP) concentrations in saponin supplemented and
control goats during the peri-parturient periodr{pdtion = p0).

Mineral profile
Total calcium (Ca), Phosphorus (P9) and Magnesium (M§"): There was no saponin effect

on Ca, Md* and PG* concentrationsp0.05). However, a time effect was observed after
parturition for Ca and P& with a reduction in these iong£0.0005 Table 10).




Rego, R. O. Saponin and dagoat metabolisnili4cHE

Calcium, PG* and M@* concentrations around the periparturition peri@dewvithin
the normal reference range for goats (Kaneko e2@08). Although we found no effect of
saponin on these parameters an experiment withség®nin in goats reported higher
concentrations of serum Ca and#£@~ang et al., 2012).

The Ca dynamics in the present study were in aggaemith the results of Azab et al.
(1999) and Iriadam (2007). They showed that todéddiam concentrations decreased in late
gestation, the lowest value was at parturition tnredvalues remained low for the first three
weeks of lactation. However, other studies showeliffarent dynamic for Ca (Goff, 2000;
Cavestany et al., 2005). Ca levels rose generé@llgdys prior to kidding, and this rise was
associated with an increase in albumin. The twarpaters were strongly correlated. This could
be due to a fraction of the total calcium pool elimked to albumin and thus Ca partially
depends on albumin concentrations. Initiation ofddon and the uptake of blood minerals into
milk could be the cause of the observed decreasé €5al., 2007).

The observed decrease in £Qluring pregnancy could be explained by the rapid
increase in fetal growth in the last third of pragay (Payne, 1983). Ca and PQure also vital
for fetal skeleton growth and are required in re&y constant proportions.

The dynamics of Ca and Mgaround parturition are due to several factoreaehse
in DMI when close to parturition, an increased iegaent for these ions at parturition and in
early-lactation and the level of Ca and ¥l the diet (Goff & Horst, 1997; Degaris & Lean,
2009; Santos, 2011).

Ruminal fermentation parameters

Experiment 1:The effects of a saponin-based additive, sampiing and their interactions on
different ruminal parameters (pH, NHotal protozoa count and VFA) in goats during imid
lactation are presented in table 4 and 5.

Most of the ruminal parameters were not affectedaldging saponin to the diet
(p>0.05). All the ruminal parameters were affected by ti(p€0.05 with the exception of
caproic acid. This time effect was mainly observdten comparing the last week of the

experiment with other weeks.

Experiment 2:Tables 11 and 12 present the effects of a safgmased additive on goat ruminal

parameters (pH, Nitotal protozoa count and VFA) during late pregrnyaand early lactation.
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Ruminal pH

Experiment 1:Ruminal pH concentrations were below 7.0 and reath@most constant in
both groups during the experiment. Time effectsensdyserved during the third and last weeks
(p=0.0098.

The observed fluctuation in ruminal pH during tastlweeks in theS1experiment
could be due to decreased feed consumption indogddgh temperatures abovementioned.
The physiological pH of the rumen fluid ranges frorfato 7.4 (Dirksen, 1993). This was within
the optimum pH for fibre digestion (Odenyo et &B97). Values of pH vary according to the
quantity and different components in the diet (RighH values, near neutral, with fibre-rich
diets compared to lower pH values for starch-rigtsid Dirksen, 1993). The stability of ruminal
pH could also be attributed to the stability in VIEAncentrations in this current experiment

which was also observed by Lima et al. (2016).

Experiment 2:Ruminal pH concentrations ranged from 6.6 to 7d.ramained almost constant
in both groups during the experiment. There wagsreatment effectg>0.05). Time effects
were observed with a decrease in both groups ififdteveek after parturitionp<0.0007).

The observed fluctuation in ruminal pH during lasteks could be due to an increase
in feed consumption. Effects of saponin supplentemtaon ruminal pH have been reported
previously in different ruminant species with sfgrant increase or decrease (Jouany &
Morgavi, 2007; Patra & Saxena, 2009). Even though experiments did not display a
treatment effect, Eryavuz & Dehority (2004) havewh an effect at different concentrations
of Y. schidigeraextract in sheep. There was no effect on rumikbhhp20g/animal/day but a
significant increase at 30g/animal/day. Santosd. ¢2007) also reported an increased pH value
in goats fed with saponins which could reflect erdase in total VFA concentrations that could

also be due to lower protozoal activity.

Ruminal NH3

Experiment 1:Ruminal NH concentrations increased during the last weekegkperiment,
compared to the previous weeks(0.000]). Saponin had no effect on Nip>0.05).
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Experiment 2: Ruminal NH concentrations fluctuated with time in the weelkefobe
parturition £<0.000J), but they were not affected by saporpr@.05).

The variations in NElhave been reported in vivo andin vitro studies with different
types and doses of saponins and in different rumispecies (lvan et al., 2004; Jouany &
Morgavi, 2007; Patra & Saxena, 2009) although nmosm effect was noted in these current
experiments.

Ruminal NH; is a balance between degradation of feed protairuatake of NH for
synthesis of microbial protein. In general, redwuesi in NH concentrations associated with
saponin have been observed in ruminantgvo andin vitro (Wallace et al., 1994; Hussain and
Cheeke, 1995), bunh vivo, responses have been more variable and are aflpastated to the
levels used and time of sampling (Hristov et 899).

Several studies have shown that ruminalsNtgncentrations were reduced with
saponin supplementation (Abreu et al., 2004; Ivaad.e2004). This reduction might be due to
a decrease in the digestibility of the diet, orexréase in insoluble protein or to the less
predatory activity of the protozoa on the resthef inicrobial biomass or a combination of these
factors (Diaz et al., 1993, Ivan et al., 2004).

A number of studies with sheep fed silage-basets dfgantoso et al., 2004) aid
vitro ruminal culture fermentations (Wallace et al.,49®%ang et al., 2000) noted that saponin
of Y. schidigerareduced ruminal NE Ruminal NH is reduced when protozoal growth is
inhibited (Williams & Coleman, 1991), presumablysaesult of depressed rumen degradation
of feed protein or reduced turnover of bacteriakgin. NH concentrations may also be altered
by NHs binding to compounds like saponin, as noted by Makdt al. (1998) and Cheeke
(1999). Another possible explanation for a reductioruminal NH in saponin-supplemented
goats may have been due to increased incorporatiammonia, peptide or amino acids into
microbial proteins (Santoso et al., 2007).

Similar results on sheep have been related by Btaal. (1993) who noted no
significant effect of different levels &apindus saponarian ruminal pH, NHand VFA molar

proportions.
Total protozoa count
Experiment 1:There was no effect of treatment on protozped(05). However, total protozoa

counts were affected by time. The effect of timeswaainly due to the value at week 4, when
both groups had very low values (10.4%hilL, p=0.0108.
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Experiment 2: There was a trend for a treatment effect on pozofp=0.0960Q. Protozoa
numbers tended to be higher in the S comparedeadCtilgroup. There was no time effect
(p>0.05).

In most previous studies, saponins have been foariéive a detrimental effect on
ruminal protozoa (Jouany & Morgavi, 2007; Patra@&e&na, 2009). In the present experiment,
total protozoal count tended to be higher in threo@pared to C group. Therefore, the effects
of saponins on rumen protozoal population are éiand probably depend on numerous
factors like the level of supplementation and teeoaiated diet (Navas-Camacho et al., 1993;
Abreu et al., 2004; Santoso et al., 2007).

Odenyo et al. (1997) tested the effecBekbania sesbarontaining saponins on the
rumen of sheep. The numbers of ciliate protozoaneed higher in sheep that were allowed to
eat the saponin supplement than in the sheep wieickived it through a cannula. They
suggested that physiological activities associatia eating, including saliva secretion, could
play a role in neutralizing the protozoal inhibgiaubstance(s) found # sesbann addition,
Newbold et al. (1997) suggested that adding thersap to the diet could cause an increase in
certain bacteria, whose activity could possiblgaihe toxic properties of the saponins.

Similar results to our results were also found byakzuz and Dehority (2004). There
was no effect on protozoal numbers in sheeprfexthidigeraextracts when the level used was
lower than 30g/animal/d. Navas-Camacho et al. (16B8erved an increase in rumen protozoal
count by feedindenterelobium cyclocarpurat a level of 100g/animal/day.

Thus, unchanged or increased rumen protozoal nambetudies withy. schidigera
supplementation may possibly be attributed to: ajtdrial deactivation of saponins i
schidigerato nontoxic substances, b) physiological effestgh as an alteration in the rate of
feed intake as seen in the periparturition perigdan effect on ruminal turnover rate or
increased salivary production; d) a differencénmhiological effects of saponins from different
sources; e) the presence of other secondary mé&siaol saponin-rich plants f) the composition
of the diet or g) feeding levels (Eryavuz & Dehpri2004).

Newbold et al. (1997) found strong antiprotozoabparties associated with the
saponin component of an African multipurpose t®esgsbanfed to sheep. After 10 days of
saponin administration, the protozoal populatiothie rumen was back to initial value levels.
The authors concluded that was not the protozoahtbeame resistant to the antiprotozoal
compound and that another microbial populationpabby the bacteria, adapted to become

capable of degrading the antiprotozoal compondménTit justifies that this adaptation could
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be overcome by feeding the plant by intervals. H@wueHristov et al. (1999) reported that this
adaptation did not occur in their study.

Volatile Fatty Acids (VFA)

Experiment 1:Table 5 shows the effect of treatment, samplingetand their interaction on
concentrations of total and individual VFA. Botha8d C groups had similar mean values in
total VFA and the proportions of individual fattgids such as acetate, propionate, and butyrate
(p>0.05. However, there was a strong trend for an eftéctaponin on the ratio acetate to
propionate (S < 3y)=0.0570. While a significant interaction between the tneent and time
was identified §=0.0213. In addition, saponin had no effectign-butyrate, valerate ando-
valerate p>0.05).

Experiment 2:Concentrations of total and individual VFA are greted in Table 12. Total
VFA concentration varied between 71.3 and 97.2 mimahd were unaffected by treatment
(p>0.05. There was an effect of time where levels rosetauparturition (P-4 and P+1,
p<0.0001Y).

There was no effect of treatment on the main inldigl fatty acids (acetate, propionate
and butyrate) (Table 12). However, these variaptegressively increased during pregnancy
until P-1, with a peak in concentrations in thetfwveek after parturition (P+1) and a decrease
in the next week (P+2p&0.000). There was no saponin effect isn-butyrate, valerateso-
valerate and on the ratio of acetate/propionat®.05).

As for the other ruminal parameters, differentiffeets of saponins or saponin-
containing plants om vitro andin vivo ruminal VFA have been reported by several studies
(Jouany & Morgavi, 2007; Patra & Saxena, 2009).eDtesearchers have found similar results
to our results such as, a non-significant decreag#tal VFA and the unchanged proportion of
individual fatty acids were observed by other reslegroups (Klita et al., 2006; Hristov et al.,
1999; Santoso et al.,, 2004). Santoso et al. (280@yved a linear decrease in total VFA
concentrations with increasing saponin intake imtgodue to decreased microbial VFA
production by protozoa. In addition, Lu and Jor@en$1987) noted a reduction in VFA
concentrations when saponin was administered atkgQgf DM intake. Therefore, giving
saponin could alter the pattern of ruminal fermgota(Hristov et al., 1999).

The short chain fatty acids produced by microleairfentation of carbohydrates in the

rumen represent the main source of metabolizaldeggrior ruminants and they are of utmost
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importance in nutritional physiology. The total centration of VFA is on average from 60 to
120 mmol/L of rumen fluid with acetic acid (50 t®d 6nmol/%), propionic acid (20 to
25mmol/%) and butyric acid (10 to 20 mmol/%), focymvialeric, caproic acids and other fatty
acids add up to 5 mmol/% (Dirksen, 1993; Benchaal.£2008). Wang et al. (2012) stated that
the effects of different additives on VFA of rumitund were unpredictable, because variations
in VFA, the proportion of individual fatty acids @rthe ratio of acetate to propionate in
ruminants were not consistent.

Ruminal fermentation and products are dependentdienh and the acetate to
propionate ratio is also dependent the type of,fbethg generally lower for cereal grains than
for forages. The relationship between the acetatpropionate ratio and the diet has been
explained by the metabolic characteristics of fidigesting and starch-digesting bacteria, but
this explanation is not entirely convincing (Ru§sed98).

In summary, no clear effects of saponin supplentiemaon metabolic or ruminal
parameters were observed, either in mid-lactatiSnekperiment) or around parturition"2
experiment). There was a trend for an increasedtopoa numbers in théd%experiment. This
is contrary to the generally accepted effect thabsins decrease protozoa numbers (Santoso
et al., 2007). However, the saponin levels usegr@vious studies were often high and some
authors have also shown that low levels of sapomuoeease protozoa numbers (Navas-
Camacho et al., 1993; Abreu et al., 2004). Thecefféthe saponin supplement in the present
experiment on protozoa numbers might explain wieydtwas an increase in ruminal Na&hd
in turn plasma urea concentrations. It is known piatozoa prey on bacteria in the rumen and
that if bacteria are used as a food source by poatthen NHincreases due to the catabolism
of bacterial protein. The N&so0 released is not recycled by the bacteria imdheen because
there are less of them due to predation by protdamgner levels of NRwill be absorbed from
the rumen and as a result be converted to ureaeiver, therefore increasing plasma urea
concentrations. However, this trend was alreadgadet! in the first week of the experiment
and therefore before the beginning of saponin supehtation. Although the two groups were
balanced for production parameters, there were ooigly not balanced for metabolic
parameters like urea concentration.

Another possible confounding factor in this expemn was that the
forage:concentrate ratio increased as tHeegperiment progressed because of the need to try
to develop the volume of the rumen for the futwetdtion. Saliva production is known to
increase when there is more forage in the dietv&a thought to neutralise part of the effect

of saponins in the rumen. Indeed, Hess et al. (R6A8wed that saponin had no effect on
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protozoa numbers when forage levels were incremste: diet. Therefore, the increase in the
forage:concentrate ratio may have acted to nesgralie saponin effect on protozoa via high
saliva secretion.

In the F' experiment, there was no effect of treatment orabwdic or ruminal
parameters, but there was an interaction betwesatntent and time for urea and rumen
acetate/propionate ratio. However, these interastwwere mainly due to a difference between
treatments in W5, the week during which a largegase in ambient temperature was observed.
Moreover, the higher acetate/propionate ratio endhponin treated group compared to control
was already observed in W1, before the beginninth@treatment. Therefore, no clear effect

of saponin was shown in these two experiments.

CONCLUSION

In conclusion, the daily administration of a sapoadditive at a level 25g/goat over
four consecutive weeks in two different physiol@jistatuses (mid-lactation apédri-parturn)

did not influence plasma metabolites, ruminal femtagon parameters and animal performance
studied. However, there were some small effectsapnin on: blood urea, total protozoa
numbers and the acetate to propionate ratio. Thenpal of a saponin-based additive to

improve the efficiency of ruminal fermentation thgh increased microbial protein synthesis
probably depends on the supplementation levelpdr®d of administration and the type of

basal diet.

It is worth pointing out that the response of arigna any treatment depends to a large
extent on environmental conditions. Indeed, ouultegrom the first experiment highlight the
possible influence of a spike in temperature dutimg last week of the experiment. In the
second experiment, a significant time effect waseolled mainly because of physiological
imbalance due to parturition.

Further studies are required to better understawd daponin can be administered:
level and method of supplementation, in order teestigate its ability to prevent metabolic
diseases in small ruminants which reduce animafopeance and consequently cause

economic losses during the peri-parturient period.
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Table 2 - Effect of treatment (Saponin, n = 10 an@ontrol, n = 10), sampling time and their interacton on goat BW, MY during mid-
lactation (LSmeans + standard error). Saponin wasigen in the diet during weeks 2 to 5 (25g/animal/dg.

Weeks Variation factor
Measure  Group M i
wi W2 W3 wa W5 W6 Treatment  time '”t?Tr"’:fgo”
Saponin  67.5:7.09 68.08.00 66.6+7.75 66.9+7.90 66.0+7.62 63.4t8.46 66.0°
BW (kg) Control 66.+7.48 67.1+7.63 65.4+7.54 65.9+7.50 65.647.54 62.5+7.15 655" 0.7882  <0.0001 NS
M 66.9 67.5 66.0° 66.9 65.8 63.4
MY Saponin  4.41+0.78 4.73+0.88 4.52+0.88 4.83+0.86 4.11+0.68 3.65:0.85 4.3
(kglday) CONOl 4482074 4.63+0.62 4.4420.70 4402055 3.97+1.10 3.640.52 422 0.8478  <0.0001 NS
graay M 4.45 4.68 4.48 4,62 4.08 3.65

M: Mean;BW: Body weight;MY: Milk Yield; kg/w: kilogram/weeka,b: different letters indicate a significant differenbetween values within the same lipg@.05). A,B: different
letters indicate a trend for a difference betweeatmentsg<0.05); NS: Non-significant

Table 3 - Effect of treatment (Saponin, n = 10 an@€ontrol, n = 10), sampling time and their interacton on blood biochemical metabolites
in goats during lactation period (LSmeans +* standat error). Saponin was given in the diet during week 2 to 5 (25g/animal/day).

Weeks Variation factor
Metabolte — Group w1 W2 w3 W4 W5 W6 M reatment  time '”t?Tricgon
Saponin_ 3.1620.27 3.12%0.17 3.1620.18 3.1920.27 3.18+0.22 3.01£0.22 3.14
(Sq'#]%‘l’/f_‘i Control  3.15+0.22 3.10+0.26 3.20+0.19 3.16+0.16 3.13+0.22 3.01+0.14 3.13* 0.9753 <0.0001 NS
M 315  31® 318 318 315 300
Saponin  0.25+0.07 0.24+0.06 0.21%0.10 0.23+0.08 0.1940.05 0.54+0.12 0.27
(n’:'rﬁgﬁ) Control  0.25+0.07 0.22+0.07 0.21+0.09 0.22+0.09 0.19+0.05 0.4620.08 0.26'  0.5024 <0.0001 NS
M 025 023  02F 022 019 050
Saponin  0.52+0.10 0.52+0.10 0.51%0.16 0.56+0.15 0.53+0.09 0.47+0.20 0.53"
(m[::'O'?/L) Control  0.51#0.10 0.55£0.08 0.52+0.11 0.5440.11 0.51#0.10 0.550.08 0.52* 0.6758  0.7255 NS
M 05F 053 052 058 052 0.6
Saponin  6.31+1.55 6.1540.96 5.47+0.68 5.34+0.81 5.24+0.99 6.34+0.73 5.80"
(mllfggsl_) Control  5.59+1.32 5.8640.97 5.96+1.40 5.33+1.13 6.04+1.24 7.02+1.44 597  0.6610 0.0001  0.0362

M 5.95 6.00 571 5.33 5.64¢ 6.68

NEFA: Nos-esterified fatty acidjHB: B-hydroxybutyrateM: Mean;a,b: different letters indicate a significant differenbetween values within the sampe&@.05). A,B: different
letters indicate a trend for a difference betweeatmentsg<0.05). NS: Non-significant.
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Table 4 - Effect of treatment (Saponin, n = 10 an@€ontrol, n = 10), sampling time and their interacton on ruminal fermentation parameters (pH,
Ruminal NH3 and Protozoa) in goats during lactation period (L#eans + standard error). Saponin was given in theiet during weeks 2 to 5
(25g/animal/day).

Weeks Variation factor

Variable  Group w1 w2 w3 W4 W5 W6 M reatment | time '”t(eTraXC:')O”

. Saponin  6.87:0.29  6.67#0.27  6.3620.75 6.69t0.31  6.78+0.17.8980.18 6.7
R“mk'ina' Control  6.77+0.13 6.70+0.19 6.80+0.26 6.70+0.18 6.82+0.14.9180.08 6.78  0.2627  0.0098 0.0637

P M 6.82 6.68" 6.6° 6.6 6.80% 6.9
Ruminal  Saponin 55.3+14.68 59.9+23.04 61.5+14.38 69.6+34.34 58.4KBO0 88.2+27.66 66.8" <0.000

NHs Control  61.2+34.23 76.1+43.98 65.8+16.19 69.0+32.98 56%29. 95.7+21.41 70.8¢  0.5235 1 NS
(mg/dL) M 58.3 59.9 63.7 69.6 57.65 88.2

Saponin  12.242.03 11.9+43.40 13.246.99 10.4+3.72  14.9+3.032.843.86 12.6"

&;%2‘;;"’_‘;‘ Control  12.943.16  13.1#2.92 14.6+4.65 9.2+2.67 11.6£1.98 .94259 124  0.8228 0.0106 NS

M 12.5 11.9 13.9 10.4 13.3 12.8

NH3: Ammonia-N;M: Mean;a,b: different letters indicate a significant differensetween values within the sarpe@.05). A,B: different letters indicate a trend for a differerietween treatments
(p<0.05); NS: Non-significant
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Table 5 - Effect of treatment (Saponin, n = 10 an@ontrol, n = 10), sampling time and their interacton on ruminal fermentation parameters (total volatie
fatty acids) in goats during lactation period (LSmans * standard error). Saponin was given in the dieduring weeks 2 to 5 (25g/animal/day).

Weeks Variation factor
VETIEIS CLly w1 W2 w3 w4 W5 W6 Treatment  time '”t(eTrict')O”
Saponin 94.5:20.45 87.1+18.6678.3t24.98 89.6221.65 07.4+16.28 71.3t17. 85.2
TOta'\I//'iA Control 101.8+13.38 87.6+17.24 82.4+17.96 84.9+15.65 84.8+14.78 70.0+12. 853 08548 <0.0001 NS
(o) M 08.2 87.1® 80.4 89.6° 91.7 71.3
Saponin 62.8+13.57 56.5+12.1251.5+16.59 59.5+16.99 63.7+12.91 46.7+12. 55.9°
(nﬁﬁ%ﬁ Control  68.949.27 57.6+11.3654.3+12.50 56.1+10.48 55.2410.22 47.5+10. 56.68° 09661 <0.0001 NS
M 65.9 56.50 52.9 59.5 59.4 46.7
. Saponin  17.1#4.23 16.23.85 14.6:+4.88 16.5:3.68 18.5:2.772.944.74 15.8
Fzgﬁ’fr:glr/‘f)te Control 18.0+3.26 16.1+3.88 15.0+3.80 15.5+3.55 15.5+2.941.442.13 153 05483 <0.0001 NS
M 17.6 16.2 14.8° 16.5 17.0 12.9
Saponin  11.3+2.54 10.84#2.45 9.7¢43.20  11.0+2.00 12.0¢1.61 5t8.63 10.4
(Er‘#ggf}s Control 11.6+1.90 10.5+2.07 10.3+1.90 10.5+1.80 10.7+1.83 .7+B30 10.4  0.8030 <0.0001 NS
M 11.4 10.8 10.0 11.0 11.4 8.5
Saponin 0.7820.22 0.80:0.24 0.63:0.25 0.67#0.29  0.74%0.29.60£0.14 0.70"
(\r/nar'ﬁ(;f;ts Control 0.77#0.15 0.74+0.18 0.68+0.15 0.71+0.14 0.72+0.12.43£0.24 0.68  0.6583 <0.0001 NS
M 0.78 0.78 0.66 0.69 0.73 0.52
o Saponin  1.1620.05 1.12+0.05 1.14#0.07 1.04#0.37 1.07+0.38.1040.07 1.10°
C(anﬁ’]rrgglf;'d Control 1.15+0.05 1.13+0.08 1.11+0.09 1.18+0.07 1.18+0.07.8760.46 1.1%*  0.8575 0.1469  0.0913
M 1.16 1.12 1.13 1.1P 1.12 0.99
Saponin  0.52+0.19 0.79+0.11 0.24+0.11  0.42#0.28  0.74+0.31.52€0.21 0.5
'S&‘r’n‘lfr"j‘(')‘f/rl_a)te Control  0.67+0.19 0.76+0.15 0.28+0.09 0.33+0.33  0.81+0.14.40€0.23 0.54 09432 <0.0001 NS
M 0.5g 0.78 0.20 0.39 0.78 0.48
Saponin  0.79£0.09 0.74#0.12 0.63+0.18 0.55:0.31 0.68+0.28.90£0.14 0.72
'S(On'q"l’#g/rste Control 0.76+0.16 0.7620.13 0.69+0.13 0.59+0.23  0.76+0.10.74€0.42 0.72 09794  0.0048 NS
M 0.77" 0.75" 0.66 0.57 0.72 0.82
Saponin 3.71#0.27 3.50+0.13 3.5620.25 3.58#0.30  3.43:0.26.6680.33 3.57
Acetate/Propionate Control ~ 3.8520.22  3.62+0.26 3.67¢0.34  3.6520.27 3.574#0.25.17#0.45 3.7  0.0570 <0.0001 0.0213
M 3.7¢ 3.5¢ 3.62 3.62 3.50 3.92

VFA: Volatile fatty acidsM: Mean;a,b: different letters indicate a significant differenigsetween values within the sarpe@.05). A,B: different letters indicate a trend for a differefbetween treatments
(p<0.05); NS: Non-significant
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Table 6 - Effect of treatment (Saponin, n = 12 an@ontrol, n = 12), sampling time and their interacton on BW of goats during late pregnancy and first
weeks of lactation (LSmeans + standard error). Sapon was given in the diet from week P-4 to parturiion (25g/animal/day).

Weeks in reference to parturition Variation factor

Inte
racti

Measure  Group P-5 P-4 P-3 p-2 P10 P+l P+2 M Treatment tme on
(T x
t)

Body  Saponin 79.93+7.01 80.27#6.75 83.94+#6.75 86.11+7.12 87.51&67  77.4449.0872.11+7.87 81.0°

Weight Control 80.82+10.0281.20+10.06 84.55+10.60 86.52+10.67 87.75+10.57 76.6619.252.94+8.21 81.8° 0.8953 <0.0001 NS

(kg) M 80.4 80.7 84.2 86.3° 87.6 77.0° 72.5

M: Mean; a,b: different letters indicate a significdifference between values within the same0(05). A,B: different letters indicate a trend for a differerimetween treatments<0.05); NS: Non-
significant
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Table 7 - Effect of treatment (Saponin, n = 12 an@ontrol, n = 12), sampling time and their interacton on blood energy and lipid metabolites during
late pregnancy and first weeks of lactation (LSmean+ standard error). Saponin was given in the digrom week P-4 to parturition (25g/animal/day).

Weeks in reference to parturition Variation factor
Metabolite Group M . Interaction
P-5 P-4 P-3 P-2 P-1 0 P+1 P+2 Treatment time (T x 1)
Saponin _ 2.8620.25 2.50+0.32 2.60£0.31 2.57%0.26 2.60+0.29  2.65:0.49 2.73%0.31 2.64
Glucose - ol 3.010.35 2.52+0.35 2.69+0.29 2.66£0.39 2.6540.31  2.82+0.26 2.79+0.28 2.7 04336 <0.0001 NS
(mmol/L)
M 2.9% 255 269 262  263c 273 2,760
Saponin  0.18+0.06 0.26+0.15 0.20+0.12 0.2020.12 0.23+0.13  0.6620.17 0.8320.33 0.4C"
(n’:'rEEI’/*L) Control  0.190.05 0.30+0.14 0.21+0.10 0.24+0.13 0.30+0.15  0.61+0.30 0.74%0.37 0.40® 0.9625 <0.0001 NS
M 0.18 0.28 0.20° 0.22 0.26 0.63 0.79
Saponin  0.2620.05 0.25+0.04 0.34+0.06 0.3240.05 0.34+0.07  0.61+0.18 0.690.22 0.40"
(mllf:'OEf/L) Control  0.270.05 0.23+0.05 0.30+0.07 0.29+0.07 0.31+0.07  0.57+0.21 0.5520.20 0.3¢® 0.1676 <0.0001 NS
M 0.27 0.24 0.32 0.3F 0.32 0.59 0.62
Saponin  1.53%0.23 1.46+0.19 1.38+0.19 1.4020.20 1.39+0.20  1.56+0.25 1.61+0.35 1.48"
(m':n%'l-/l_) Control  1.54+0.22 1.50+0.24 1.37+0.18 1.43+0.24 1.3840.17  1.57+0.18 1.7640.37 1.5 0.7097 <0.0001 NS
M 1.54 1.48" 1.37 1.420  1.3gb 1.57¢ 1.69¢
Saponin  3.5520.62 3.4610.63 3.04+0.54 3.17+0.58 3.15£0.54  3.25+0.57 3.41%0.58 3.28"
(m;SVL) Control  3.48+0.49 3.28+0.59 2.95+0.45 2.98+0.43 3.03+0.40  3.12+0.57 3.51+0.75 3.19  0.6277 <0.0001 NS
M 35F  33@x 299 3.07 3.09 3.19 3.46¢
Saponin  1.78+0.36 2.04+0.56 1.92+0.49 1.95+0.52 1.98+0.50  2.6620.78 2.67+0.84 2.14"
(“;('fllu Control  1.82+0.36 2.03+0.37 1.95+0.27 1.98+0.43 2.01+0.38  2.58+0.88 2.31+0.75 2.1¢° 0.7671 <0.0001 NS

M 1.80° 2.04 1.93 1.9¢ 2.00 2.62 2.49

NEFA: Nos-esterified fatty acigfHB: Beta-hydroxybutyrateiiDL: high-density lipoproteinf C: Total cholesterolTB: Total bilirubin;M: Mean;a,b: different letters indicate a significant differenc
between values within the sanpe<.05). A,B: different letters indicate a trend for a differerimetween treatments<0.05); NS: Non-significant.




Rego, R. O. a@dnin and dairy goat metabolisn sz

Table 8 - Effect of treatment (Saponin, n = 12 an@ontrol, n = 12), sampling time and their interacton on blood protein metabolites in goats during
late pregnancy and first weeks of lactation (LSmean+ standard error). Saponin was given in the didrom week P-4 to parturition
(25g/animal/day).

Weeks in reference to parturition Variation factor

Metabolite  Group g P-4 P-3 P-2 P1 0 P+ P+2 ™ Treatment time '”t(eTrict')O”
o Saponin 77.9%3.71 78,5566 7512523 7474500 74.74.58  80.657.47 805:7.58 77.4
@y  Control 782481 77.284.80 76.4:4.89 75.2:5.28 7551507  80.6:6.62 8351634 780  0.607 <0.0001 NS
M 780 77.8%  758% 750 751 806 819
Ay S@POnin 39.5:3.00 39.3+3.52 37.8+3.16 38.3£2.86 38.0:3.25  40.9:2.91 40.1+2.27 39.1
o) Control  39.0:2.75 30.4:2.84 30.412.68 39.0:2.41 30.5:2.58  42.8:6.01 41.0:2.63 40.2 03275 <0.0001 NS
M 397 393 386 285 388 419 405
Globuiin  S@POnin  38.4:5.52 39.3:6.85 37.347.07 36.416.80 36.745.79  30.648.27 40.4:8.41 38.3"
L) Control  38.316.0 37.745.68 37.0:5.48 36.265.60 36.0:5.82  37.7:0.49 42.747.72 37.9 03275 <0.0001 NS
M 383 385  37.F 363 363 R 41
y Saponin  0.820.38 0.66+0.47 0.5240.12 0.440.13 0.51:0.12  1.36+1.45 1.68+1.37 0.85"
@y  Conrol 071024 0.520.10 0.51:0.11 0.45:0.11 055:0.11  0.99:042 1435179 074 04023 <0.0001 NS
9 M 076 059  05F 045 053 1170 159
Saponin  4.92+0.78 4.86+0.73 3.71#0.79 4.49+0.92 3.90+0.85  3.61+1.21 457+1.68 4.29
(mlrJr:gﬁL) Control  3.85:0.60 4.010.05 3.15:0.74 3.86+1.01 3.4740.74  3.72+1.654.12¢1.13 3.74 00544 <0.0001 NS
M 439 448 343 417 368 367 438

TP: Total proteinsHp: HaptoglobinM: Mean;a,b: different letters indicate a significant differenoetween values within the sarpe@.05). A,B: different letters indicate a trend for a difference

between treatmentp<0.05); NS: Non-significant.
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Table 9 - Effect of treatment (Saponin, n = 12 an@ontrol, n = 12), sampling time and their interacton on blood enzymatic metabolites in goats duringate pregnancy and
first weeks of lactation (LSmeans + standard error) Saponin was given in the diet from week P-4 to parition (25g/animal/day).

Weeks in reference to parturition Variation factor
Metabolite - Group P-5 P-4 P-3 p-2 P10 P+l p+2 M Treatment time '”t(eTrict')O”
GG Saponin  27.9+8.56  28.548.54  28.0+9.06  26.5+8.64  26.5+8.64 26.3+8.49 26.8+7.17 27.8
(UIL) Control  28.3+5.85  17.845.25  27.3#5.61  27.7#5.71  26.5+5.44 27.2+£7.04 30.247.09 27.8° 0.9034 0.0928 NS
M 28.7 28.2 27.9 27.¢ 26.5 26.8 28.%
AST Saponin  76.3x7.45 113.6+59.02 83.3x13.46 84.8+15.07 84.3+9.84 134.8+43.30 119.2+15.90 99.53
(UIL) Control  83.7#11.98 89.0+14.12 80.5+9.89  81.3#8.74 84.9+10.93 119.1+16.94 120.33+19.83 94.7*  0.2880 <0.0001 NS

M 80.C0 101.3° 81.9° 83.0°° 84.6 126.9 119.8%

GGT: gamma glutamyl transfergs&ST: aspartate amino transferabk; Mean;a,b: different letters indicate a significant differenisetween values within the sarp&@.05). A,B: different letters indicate a trend for a
difference between treatmens<0.05). NS: Non-significant.
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Table 10 - Effect of treatment (Saponin, n = 12 an@ontrol, n = 12), sampling time and their interacton on blood mineral metabolites in goats
during late pregnancy and first weeks of lactation(LSmeans + standard error). Saponin was given in #hdiet from week P-4 to parturition
(25g/animal/day).

Weeks in reference to parturition Variation factor
SRS Ee P-5 P-4 P-3 p-2 P1 0 P+l p+2 " Treatment time '”t?Tricgon
Ca Saponin  2.28+0.15 2.30+0.13 2.34+0.15 2.3240.15 2.35+0.12  2.3040.17 2.25+0.19 2.3
(mmoliL) Control  2.34+0.13 2.29+0.09 2.33+0.09 2.31+0.10 2.34+0.12  2.30+0.11 2.27+0.08 2.3 0.8700  0.0005 NS
M 2.3 2.29¢ 2.34 2.3 2.39¢ 2.30%c 2.2¢
Mo+ Saponin  1.02+0.08 1.05+0.13 1.05+0.14 1.09+0.15 1.07+0.14  1.11+0.21 1.09+0.11 1.07
(mm%I/L) Control  1.06%0.14 1.02+0.14 1.03+0.14 1.05+0.15 1.05#0.16  1.01+0.17 1.09+0.14 1.04* 0.6483 0.1529 NS
M 1.04 1.04 1.04 1.07 1.0¢ 1.0¢ 1.09
PO Saponin  2.00+0.60 1.32+0.43 2.00+0.45 1.814+0.43 1.87+0.55 1.60+0.44 1.51+0.37 1.73"
(mm(:I/L) Control  2.01+0.45 1.36+0.41 1.89+0.52 1.81+0.25 1.77+0.45 1.80+0.37 1.64+0.38 1.78* 0.8751 <0.0001 NS

M 2.0 1.34 1.94¢ 1.8 1.82¢ 1.70 1.57

Ca: Calcium;Mg®: MagnesiumPQ,*: Potassium;M: Mean; a,b: different letters indicate a significant differenisetween values within the sarpe@.05). A,B: different letters indicate a trend
for a difference between treatmers@.05); NS: Non-significant.
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Table 11 - Effect of treatment (Saponin, n = 12 an@ontrol, n = 12), sampling time and their interacton on ruminal fermentation parameters (pH, Ruminal
NHs and Protozoa) in goats during late pregnancy andrkt weeks of lactation (LSmeans * standard error)Saponin was given in the diet from week P-4 to
parturition (25g/animal/day).

Weeks in reference to parturition Variation factor
Variable - Group P-5 P-4 P-3 P-2 P10 P+l P+2 ™ Treatment time '”t(eTrict')O”
. Saponin  6.68+1.36 7.10+0.45 6.96+0.20 6.99+0.21 6.97+0.19 6.62+0.19 6.84+0.31 6.88"
Rug:_l'nal Control  6.93+0.10 7.16+0.30 6.84+0.17 6.84+0.18 6.87+0.12 6.67+0.14 6.90+0.29 6.89" 0.2123 <0.0001 NS

M 6.80 7.13 6.90: 6.91 6.92 6.65 6.87
Ruminal Saponin 102.6+31.9C 103.1+15.65 59.0+27.06 72.6+22.34 63.1+14.78  63.7+24.64 76.3+33.44 77.6
NH:  Control 95.026.97 95.7+37.59 54.5+23.03 65.3+24.36 47.1+16.54  75.9+35.77 78.9+24.97 73.2*  0.3504 <0.0001 NS
(mg/dL) M 98.8 99.4 56.7 69.0° 54.8 70.1° 77.6"
Saponin  8.8+2.97 11.2+2.66 10.0+2.36 10.7+2.00 11.6+2.94  9.74#2.28 10.4#3.66 10.3*
Control ~ 9.8+1.40 10.5#2.66 9.1+1.94 8.7+1.84 9.8+3.45 0.6+2.40 9.4#2.44 96 00960 0.1079 NS
M 9.3 10.9 9.5 9.7 10.8! 9.6 9.9

NH3: Ammonia-N;M: Mean;a,b: different letters indicate a significant differenisetween values within the same lipe@.05). A,B: different letters indicate a trend for a differeriietween treatments
(p<0.05); NS: Non-significant.

Protozoa
(x10°/mL)




Table 12 - Effect of treatment (Saponin, n = 12 an@ontrol, n = 12), sampling time and their interacton on ruminal fermentation parameters (total volaile fatty
acids) in goats during late pregnancy and first wees of lactation (LSmeans +* standard error). Saponiwas given in the diet from week P-4 to parturition
(25g/animal/day).

Weeks in reference to parturition Variation factor .
VelfElds - Elep P-5 P-4 P-3 p-2 P10 P+l P+2 M Treatment time '”t(eTrict')O”
Saponin 69.1+24.09 66.7+17.63 78.7+12.58 83.0+9.88 81.6+8.06  99.5+12.84 85.0+14.94 80.2°
Total \l//FLA Control 81.8+7.18 76.0+18.88 88.1+14.98 94.8+11.83 87.0+10.14  95.0+9.04 81.3+13.82 86.3 0.1797  <0.0001 NS
(et M 75.50 71.3 83.40  88.G°  g4.4b 97.7 83.1°
Saponin 46.6+17.68 45.3+12.69 53.7+9.33 56.8+7.39 55.6+5.98  66.1+7.86 57.6+10.09 54.3"
(Q‘;f(tﬁ_e) Control  55.2+5.55 52.2+14.25 60.1+11.20 66.1+9.15 60.3+8.25  63.8+6.10 55.5+10.75 59.0° 0.1484  <0.0001 NS
M 50.9 487 56.9% 61.4 58.0% 64.9 56.5
, Saponin 11.8+4.10 11.1+3.11 13.9+3.08 14.3+2.16 14.2+2.07  20.0+3.82 15.7#355 14.3°
PrOp'Olr/‘E‘te Control 14.4+1.33 12.9+3.39 15.8+2.90 16.6+2.73 15.6+1.88  18.4+2.53 14.6+2.65 15.5" 0.2589  <0.0001 0.0434
(mmol/L) M 13.1 12.0¢ 14.8 15.5 14.9 19.2 15.1
Saponin 7.62+2.55 7.16+1.90 8.32+1.28 8.95+1.14 8.89+0.96  10.23+1.48 8.87+1.98 8.55
B“era/f_e Control 9.13+1.11 7.68+1.81 9.20+1.40 9.22+1.16 8.31+0.83  9.55+1.19 8.43+1.23 8.7% 0.9300  <0.0001 NS
(mmol/L) M 8.37 7.42 8.76" 9.09 8.5g® 9.87 8.6bc
Saponin 0.52+0.17 0.48+0.12 0.52+0.07 0.56+0.08 0.55+0.08  0.76+0.13 0.60+0.16 0.57
Va'erf;tLe Control 0.61+0.09 0.50+0.07 0.60+0.12 0.57+0.08 0.52+0.06  0.75#0.15 0.57+0.10 0.59" 0.7259  <0.0001 NS
() M 0.56° 049 0.56 0.56 0.54 0.7% 0.58

__ Saponin 1.1#0.07 1.1#0.05 1.1+0.07 1.1+0.06 1.1+0.06 1.1+0.09 0.9+0.05 1.08
Caproicacid  ~oniol 124006 1.1+0.08 1.240.07 1.2+0.05 1.1+0.04 1.1+0.07 0.9+0.05 1.1% 0.1325  <0.0001 0.0254

(mmol/L) M 113 1.07 1.16 113 113 1.10 0.93
Saponin  0.58+0.32 0.66+0.22 0.48+0.16 0.50+0.17 0.50+0.15  0.61+0.33 0.56+0.29 0.56'
'SO'Va"T/f‘te Control 0.51#0.18 0.75+0.26 0.48+0.10 0.37+0.11 0.48+0.21  0.57+0.21 0.63+0.34 0.54 0.4499  <0.0006 NS
(mmol/L) M 0.54 0.7% 0.48 0.43 0.4 0.5 0.60%
Saponin  0.92+0.32 0.93+0.20 0.68+0.21 0.78+0.13 0.73+0.11  0.73+0.19 0.69+0.19 0.78
'So'b”tllf/rfte Control 0.90+0.17 0.90+0.19 0.67+0.09 0.74+0.15 0.67+0.08  0.82+0.24 0.70+0.25 0.77 0.4825  <0.0001 NS
(et M 0.97 0.97 0.68 0.760 0.7¢° 0.78% 0.69
_ Saponin 3.92+0.23 4.09+0.34 3.90+0.30 3.99+0.33 3.95+0.35  3.34+0.23 3.71+0.38 3.85
Acetateipr‘)p' Control 3.84+0.17 4.04+0.35 3.81+0.21 4.01+0.33 3.87+0.33  3.49+0.28 3.80+0.23 3.84° 0.8264  <0.0001 NS
onate M 3.88° 4.06 385°  400°  3.0® 3.42 3.76

VFA: Volatile fatty acidsM: Mean;a,b: different letters indicate a significant differencetween values within the same (p<0.85: different letters indicate a trend for a diffecerbetween treatments<0.05); NS: Non-significant.
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5 GENERAL DISCUSSION AND PERSPECTIVES

The objectives of this work were to gather inforimatabout the use of two natural
substancegfglucan and saponin) and their relationships withrhetabolism and performance
of small ruminants in different metabolic statusks.relation to the economic and social
importance of sheep and goat farming mainly in Neastern Brazil and France, this work
aimed to contribute to a better understanding @thderlying mechanism of female responses
to the challenge of the physiological and/or meliabmbalance such as NEB during the risky
period around parturition.

The adoption of preventive practices in feeding aggment in small ruminants,
especially at the beginning of gestation, promgtexd body condition score, providing a better
development of gestation, without compromising tiealth and productivity of the females
(Lima, 2013). Therefore, another important aspédhese two studies was that for the first
time the effects of these natural substances wealaaed, on the metabolism of pregnant sheep
and goats, and the studies paved the way for fuésesarch in this field. This work also allowed
the exchange of information between the reseammgein particular by studying the effects
of these natural substances in two small ruminpgetiss in order to access the differences in

metabolic responses.

5.1INTEREST IN THESE NATURAL SUBSTANCES (-glucan and saponin)

B-glucan and saponin-based substances have been sh@essess a wide range of
biological properties. These findings call for figuperspectives into the diverse ruminant
production systems using these natural substaasewell as their use in the prevention of
metabolic disorders, especially during the periyo@nt period. Their utilization will depend
on their potential purpose either as a pharmaadytioduct or as a functional feed additive.
Some studies have reported that these two natukstances have an important role on
cholesterol and glucose modulation in human anchalsi, however the mechanism by which
this occurs is still unclear (Milgate & Roberts B9¥ristov et al. 1999; Magnani & Castro-
GoOmez, 2008). In animal production and in particuia dairy ruminants, they may be
promising alternative medicines in order to miniendisruptions in glucose metabolism around
parturition.

Indeed, a common practice in small ruminant farsn® iadministrate gluconeogenic

supplements in late pregnancy in order to prevestabolic disturbances that usually happen
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in this transition period. Among the precursorgloicose, propylene glycol stands out because
it is responsible for increasing glucose and imsatincentrations, as well as for decreasing the
release of non-esterified fatty acids (Castafiedte@az et al., 2009; Chiofalo et al., 2009). In
addition, the use of ionophores in the diet alsyplan important role as a gluconeogenic
additive by minimizing the NEB impact during theripearturient period (Lima et al., 2016).
Ruminants supplied with these molecules showedehiginoportions of propionate in the
rumen, which is a glucose precursor (Nielsen & artsen, 2004; Chiofalo et al., 2009).

Over recent years, research on the use of ‘nasutzdtances’ has grown due to the
reduction and banning of ‘non-natural substanceshsas feed antibiotic additives. This
concern is fueled by the emergence of antibioscstance in many human pathogenic bacteria,
the release of contaminating residues into therenment (water, soil, etc.) and the risk that
growth-promoting antibiotic residues will appearfaods of animal origin (Yang & Carlson
2004; Manero et al. 2006; Parveen et al. 2006) s€guently, there is nowadays a real demand
among animal producers for alternative feed adestiand among consumers for more natural

and safe products in the human food supply chaina@dy & Morgavi 2007).

5.2EXPERIMENTAL DOSE

The dose of the saponin-based additive used irstugty (25g/animal/day) and the
dose of3-glucan (1ml/animal/day) correspond to the reconuaéons of the manufacturers.

The pharmaceutical and feeding industries havestiyated dosage levels compatible
with animal welfare and valid science. In the ekpental phases of the safety assessment of
new drugs and feed additives, normal practice afgusultiples of the ‘effective doses’ is
important in order to establish the necessary pafetrgins (Diehl et al., 2001; Damy et al.,
2010). It is necessary to take into account differgharacteristics of the products such as
toxicity, physical properties, palatability, costdaregulatory requirements. For example, the
saponin-based additive was not consumed by thes gdatn incorporated into a concentrate
and had to be mixed in the TMR as shown by Olestek (1994). These negative effects have
been ascribed to several properties by the astrtraged irritating taste of saponins (Oleszek et
al., 1994). It was therefore not possible to measuttividual saponin intake.

In the case of natural products such asfigtucan and saponin, it is difficult to
understand all their effects. Indeed, owing to dheersity of bioactive components in these
natural product, drug or feed additive, their efitex doses on specific animal species are
difficult to determine and the effects (direct andirect) on animals are not totally controlled.
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Farmers and consumers alike generally perceiveirabsubstances’ to be less toxic than
synthetic antibiotics or other chemical productewdver, this perception is unsound as there
are many examples of dangerous natural toxins.uBkeof natural substances must therefore
obey the same general rules as non-natural prqdugtshey must be safe for both the animal
and the handler of the product, they must not bedaas residues in animal products, and they
must not be a hazard to the environment. The desmense relationship must be precisely
established from well-designed experiments whenpecic claim is made in animal
production, and risks associated with the use e$é¢hatural preparations must be robustly
tested in carefully designed clinical studies imraals (Jouany & Morgavi, 2007). Therefore,
research should continue to investigate the sade dbthese substances in animals.

The literature shows that more studies have beedumtedin vitro thanin vivo to
understand the effects of saponins. All these stutlave tested the effects of saponins with
different doses, associated diets, saponin sourgetes of administration and animal species
(Jouany & Morgavi, 2007; Patra & Saxena, 2009araPatSaxena, 2010; Bayourthe & Ali-
Haimoud-Lekhal, 2014). In other words, they werefqgrened with different sources from
saponin-containing plants such@sillaja saponariain sheep (Pen et al., 2008; Holtshausen et
al., 2009)Sapindus saponaria vitro and in sheep (Diaz et al., 1993; Hess et al., 2008ss
et al., 2004),Yucca Schidigeran cows and sheep (Hussain & Cheeke, 1995; Sarmtbab,
2004),Biophytum petersianumm goats (Santoso et al., 2007) &@amellia sinensisn steers
or goats (Hristov et al., 1999; Hu et al., 2005; étwal., 2006). In addition to these various
origins, saponins were studied by administeringwthele plant (Holtshausen et al., 2009), or
using different galenics such as total plant extf@atu et al., 1994; Eryavuz & Dehority, 2004;
Wang et al., 2009), or using specific parts ofglamnts like fruits (Hess et al., 2003b; Abreu et
al., 2004), seeds and leave extracts (Goel eR@D8b) or root (Klita et al., 1996), and as a
vaccine adjuvant (Kensil, 1996).

The major problems in saponin chemistry lie in #m®rmous diversity of naturally
occurring saponins. It is clear from the very didiat properties of a crude mixture of saponins
isolated from different plants that subtle variaian structure give rise to substantial variations
in physical, chemical and biological propertiess ltherefore difficult to extrapolate the results
of one study to other studies using different estgalsolation of pure compounds from a crude
extract is very difficult, making it almost impobk to obtain pure compounds in sufficient
quantity to investigate their biological propert{€@sakenfull, 1981).

Overall, the oral dose of 25g/goat/day of sapomiwger from aY. schidigeraextract

used in our experiments showed some effects onbmigaand ruminal parameters. In the 1
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experiment, there was no saponin effect, but tlh® an interaction between treatment and
time for urea and rumen acetate/propionate raiigu¢g 6). In the 2 experiment, a trend for
an increase in protozoa number was observed (Figur€ontrary to our results, Diaz et al.
(1993) observed a decrease in protozoal populatiorsheep with a similar dose of
25g/animal/day ofSapindus saponariaHowever in their experiment, saponins were
administered by a cannula directly into the rumémese different observations show that the
effects of saponins are variable and often conttadi, because of multiple factors. However,
one may wonder whether a higher dose than 25g/#diayper sewould have led to significant
effects. It would also be interesting to test astewo different doses to confirm and describe
the dose-response and to avoid a potential expetahieias due to the fact that there was only
one treatment group. Moreover, in order to be tumesaponins can act on ruminal bacteria, it
would be interesting to test ruminal juice for saipoat different times after supplementation.

Another possible factor which could explain theklat a clear effect of saponins in our
experiments is the fact that our diets were adata@quirements, while Bayourthe & Ali-
Haimoud-Lekhal (2014) showed that saponins couldnbee effective in a protein deficient
diet.

Moreover, the forage:concentrate ratio increasethas?® experiment progressed
because of the need to try to develop the voluméefumen for the future lactation. Saliva
production is known to increase when there is nforage in the diet. Saliva is thought to
neutralise part of the effect of saponins in theen. Indeed, Hess et al. (2003a) showed that
saponin had no effect on protozoa numbers whergéolavels were increased in the diet.
Therefore, the increase in the forage:concentedie may have acted to neutralise the saponin
effect on protozoa via high saliva secretion. Oméd also wonder if the bitterness of saponins
could have induced higher rates of salivation.

The lack of effect of saponins might also be du¢h® administration of levels of
saponins which are too low and therefore inefficterelicit a rumen response. It is necessary
to identify the feeding conditions that would allavieeneficial response to saponins in ruminant
production (Patra & Saxena, 2009a) and to targettbst appropriate physiological statuses to
use saponins. Therefore, complementary tiraldvo andin vitro in the short- and long-term
remain essential to test the effects under vaoeditions of use, but also to ensure the absence
of residues in the animals and their safety foratwesumer.
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Lactating goat experiment

Saponin 25g fgoat/day

Acetate/Propionate Protozoa
ratio

Plasma Urea § : NH; concentration

Figure 6. This diagram shows the main results of tiedperiment with lactating goats. The arrow in bsighals
a trend for a change in the acetate to propioraie (+); NS: represents non-significant effec®; (epresents
the indirect effect of protozoa and bacteria orgbhcentration and therefore on plasma urea.

5.3JUSTIFYING THE EXPERIMENTAL NUMBERS OF ANIMALS

The use of animals in scientific research is angife that causes some of the greatest
conflict in the bioethics debate proposed by Ruissal Burch, (1992). They proposed the 3R
principle: i) reduction of the number of animals used in each experim@ntefinement of
experimental techniques in order to avoid unnecg$s=an and suffering; iiijeplacementwvith
alternative methods as an imperative.

Reducing the number of animals in an experimems¢arch should not impair the
detection of biological effects and should not léa@ repetition of an experiment in order to
obtain significant results. Therefore, the studgigie and sample size calculation, the control
of variation, the statistical hypothesis beingddsthe choice of statistical test used for data
analysis and the interpretation of the resultscatitribute towards refinement. Therefore, an
experiment is likely to obtain more information maut increasing the number of animals used
(Festing & Altman, 2002).

According to previous studies, the number of angmadeded to obtain statistically
significant results gp<0.05 for a range of differences between control andtinent groups

and with coefficients of variation (CV) of 15% dd% is from 5 to 8 animals (Elckelman et al.,
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2007; Scheibe, 2008; Damy et al., 2010; Doke & Ddlan2015). However, the fact of working
with farm animals compared to laboratory animalglies a higher variability. Moreover, at
the present time due to the lack of experimentsadly done on the subject it was difficult to
estimate beforehand the CV and therefore the mimmumber of animals necessary. The
slight effects observed in the current studiesadtalve been clearer with a higher number of
animals.

Finally, although we tried to use the same aninmei®th saponin experiments in order
to compare the two metabolic statutes, we did noteed because of reproduction problems
and the impossibility to obtain sufficient synchization of parturition dates. We were forced
to choose additional animals to make up the expsrial groups.

5.4 DIFFERENT METABOLIC STATUSES

Our objectives were to test the effect of sapoanasind parturition. In order to avoid
a possible confounding effect of the metabolic itabee, a first experiment was performed in
a stable metabolic status (mid-lactation). Howemereffects of saponins were observed in the
15t experiment and only trends in the second. Morélesubodifications could be revealed by
using more sensitive and global new approaches asitfMR spectroscopy (see section title
5.8 metabolomic by RMN spectroscopy). Moreover,cemsning the-glucan experiment, it
would have been interesting to also test this suostin a stable metabolic status.

Pregnancy and lactation represent two importantsiplygical statuses in dairy
ruminants. The different tissues undergo an extersgries of metabolic adaptations to support
the main changes involved such as fetus developtheinig pregnancy and mammary gland
during lactation. If physiological adaptations ad sufficient to supply enough nutrients and
fulfill the needs of tissues, then animal perforceans affected and animal health is
compromised. Several metabolic changes occur tptaidathese different physiological
statuses (Chavez et al., 2009).

In general, the peculiarities of the ruminant diyestract lead to marked differences
in absorbed nutrients compared to monogastric spekloreover, there is a lack of information
about the manner in which natural substances dmelfuithe animal to cope with high nutrient
requirements during these two different metaboksatuses. To our knowledge, our research
is one of the first to focus on the dynamic effexftsaponin in different metabolic statuses with

weekly measurements.
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5.5 MICROBIAL COMPOSITION AND ADAPTATION IN SHORT AND L ONG
TERM FEEDING OF SAPONINS

If these substances are used as additives in teke differences in protozoa
composition in the rumen of sheep and goats habe taken into account, as shown by Ruiz
et al. (2004) and Santra et al. (1998). A studystban apparent discrepancy in different trials
with supplementation of saponins due to the diffees in the composition of the protozoal
population of sheep and goats (Wina et al., 208®jgher proportion of certain protozoa were
found in the rumen of goats compared to sheepoassgre browsers, they are confronted with
more secondary plant components than sheep, whidtlyreat grass. Therefore, the rumen
microorganism of goats could be more adaptablenése substances than those of sheep
(Silanikove, 2000), leading to possible differerdtabolic effects.

Defaunation is difficult to achieve as there aresafe defaunation agents commercially
available for use under practical conditions. Hogrevin contrast to known benefits of
defaunation, reduced fauna might also be benefadat has been shown to increase MY in
ruminants (lvan et al., 2004). One of the challengkusing saponins or saponin-containing
plants is that the effect of saponins on protozc#vity is transient (Newbold et al., 1997).
Several studies have reported different protozgameses to the saponins administered for days
or months (Newbold et al., 1997; Ivan et al., 20IBhany & Morgavi, 2007; Patra & Saxena,
2009a). The majority of previous studies reporteét@mental effect on ruminal protozoa after
saponin administratiom vitro (Wallace et al., 1994) and in small ruminants (Ld&gensen,
1987; Diaz et al., 1993; Klita et al., 1996). Howg\Eryavuz and Dehority (2004) showed in
sheep that rumen protozoal concentrations eitremdt change or increased as a result of
Yucca schidigeraupplementation for 3 weeks. This last resulbisststent with the trend for

an increase in protozoa count observed in 8lie2periment around parturition (Figure 7).
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Pregnant goat experiment

Saponin 25g/goat/day

Total VFA

Acetate/Propionate
ratio

Plasma Urea : NH; concentration

Figure 7. This diagram shows the main results of tffeekperiment with pregnant goats. The arrow in Isadaals
a trend of an effect on protozoal count and plasrea (+); NS: represents a non-significant eff€t; represents
the indirect effect of protozoa and bacteria orgbhcentration and therefore on plasma urea.

No effect of saponin was observed on microbial oigas in long-term saponin
feeding by Wina et al. (2006), suggesting an adiapteof certain microorganisms to the
saponins. Most studies on microbial adaptation weneluctedn vitro and several mechanisms
of adaptation to secondary plant components ott gielhwall substrates have been suggested
(Wina et al., 2006). One possible mechanism of @di@n of protozoa and bacteria is probably
due to an increase in wall thickness (Wang e2800). This mechanism of adaptation could
be via the production of extracellular polysacatke@siaround the microbial cells as a protective
barrier. However, no information on the productidnhese substances in response to saponins
is available (O’'Donovan & Brooker, 2001).

Although no effect of saponin was found on micrblmeganisms in a long-term
experiment, Wina et al. (2006) showed an increlaggatozoa in a short-term one (after seven
days of saponin) even if not in the same speciesveNer, their conclusion on adaption of
protozoa has to be taken with caution becausedttegot measure the protozoa in the first 7
days of the long-term experiment.

Nevertheless, Newbold et al. (1997) suggestedpittdibzoa did not become resistant

to these compounds, but rather that the rumen tagpepulation degraded the saponins.
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Therefore in the literature, either the protozoadmee resistant to saponins, or the
saponins are neutralized by bacteria. In our erpaits, we were only able to count the
protozoa and it was not possible to detect an eaéntodification in their cell wall thickness.

Teferedegne (2000) suggested that saponin maygvadil in the saliva of sheep after
prolonged feeding of saponin-containing plantss Ihot known if the loss of anti-protozoal
activity in the saliva of sheep fé&ksbania sesbdor prolonged time is due to the binding of
saponin to protein, or if a cleaving of saponisépogenin occurs in saliva as a detoxification
process in the ruminal fluid. In other words, amothdaptation to saponins might be due to a
detoxification system that is induced by the sapsnConversely, the anti-protozoal activity of
saponin-containing plants might depend on theirceatrations (Jouany & Morgavi, 2007,
Patra & Saxena, 2009a). This factor warrants furthesstigations.

In both our experiments, the saponin and controligs were unfortunately different
from the start in relation to the amount of totadtpzoa. At the beginning of the experiments,
first of all, a strong individual variability waseerved on rumen and plasma parameters, and
secondly, the allocation of the goats to the twougs was not done on physiological or ruminal
parameters but on production parameters like boelght, milk production, parity and breed.

Therefore, this imbalance between the groups cexjidain part of our results.

5.6 EFFECT OF THESE NATURAL SUBSTANCES ON HORMONAL PROF ILE

Despite extensive and intensive small ruminantstioek methods and the Brazilian
semi-arid or French climate, nowadays these anistads/ good reproductive performance and
have a better litter size at parturition than ia plast. Nevertheless, there have been few studies
on the hormonal profile and the influence that redtaubstances might have on it during the
peri-parturient period.

Further studies could be planned to determine fieets of these natural substances
on insulin, cortisol, glucagon, leptin and thyrdidrmones and correlations between them and

with some biochemical parameters, particularly peaters involved in basal metabolism.

5.7IMPACT ON THE IMMUNE SYSTEM

The endocrine system generates coordinated metaih@nges to support pregnancy,
parturition and lactation periods. These changeddcimvolve several organs and systems: i)

including the immune system, reducing the productad acute phase proteins and ii)
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decreasing the leukocyte function, which can leadther disorders in healthy ruminants (Cai
et al., 1994; Shuster et al., 1996).

Therefore,pf-glucans and saponins are thought to have an ingache ability to
potentiate and modulate immune response in sespeaies (Pedroso, 1994; Rodriguez et al.,
2003; lisley & Miller, 2005). Some studies haveadpd that oral and injectable administration
of these substances might modulate the immune mespancluding enhancing antibody and
cytokine production (Cainelli Gebera et al., 19BBshi et al., 1999). Therefore, another area
of interest is the impact of these natural substamn the immune system and in particular on
the passive transfer of immunity from the dams heirt offspring by the absorption of
immunoglobulins found in colostrum. In additiontims current work, data on the development
or metabolism of the offspring have not yet beealysed.

Saponin and glucan based adjuvants have the atalisgimulate the cell-mediated
immune system, as well as to enhance antibody ptmtuand have the advantage that only a
low dose is needed for adjuvant activity. The meagrm of immune-stimulating action of
saponins and glucans has not been clearly undersbab many explanations have been put
forward (Oda et al., 2000; Petrovsky & Aguilar, 200

Saponins reportedly induced production of cytokinssch as interleukins and
interferons that might mediate their immunostimulaffects (Kensil, 1996; Petrovsky &
Aguilar, 2004). There is evidence that saponins rnmyease the immune response by
increasing the uptake of antigens from the gut atmér membranes. Therefore, a saponin
supplement added to colostrum may help the absorgti intact IgG molecules (Das et al.,
2012).

On the one hand, lisley and Miller (2005) repotteat a saponin supplement given to
pregnant sows between 72-93 days of gestation alicemhance the antibody profile of sow
colostrum or milk, nor did it alter the levels oftdodies found in sow serum during lactation.
However, stillbirths were significantly reduced. €Thatter effect may be due to better
oxygenation of the foeto-placental unit. On thesotiand, another study has shown an increase
in 1gG levels in the serum of weaner pigs when gigetary saponin for 20 days post-weaning.
This study indicated that dieta@uillaja saponins enhanced the immune function and also
increased piglet feed intake. However, no benefgrowth was observed, and there was no
improvement in feed efficiency (lIsley et al., 2004

One area of interest would be to determine if tthiaistration of saponins to kids
could increase the passive immunization responsdabyitating absorption of maternal

antibodies by the young animal.
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5.8METABOLOMIC BY NUCLEAR MAGNETIC RESONANCE (NMR)
SPECTROSCOPY

The objectives in this further research is to stiidyeffect of saponin-based additive
on goat performance in the mid-lactation and sulisetly investigate its effect on goat
responses to metabolic disorders related to thegef late gestation and early lactation, but
using a novel global (or holistic) approach.

In this work, we analyzed the responses of goatsvatdifferent levels: (i) animal
performance (macroscopic level) based on MY andd&\ (ii)) metabolites in the plasma and
variables in the rumen fluid (or the microscopieB. The previous statistical analyses showed
no significant effect of saponin. However, it isnbopointing out that the use saponin-based
additives have increased in the last decade, avdftire its metabolic targets are not yet well
known. Therefore, a good strategy would be to explbe effect of saponin, withoatpriori,
on all the metabolic pathways for saponin and @mroups by accessing all the metabolites
(metabolome).

This work has been started and is still going othiwiour team. Fingerprinting of
plasma and rumen metabolites was done by nucleginetia resonance (NMR) spectroscopy.
The use of this sensitive method of analysis aasegiwith an adequate statistical approach to
study this high dimensional data will make posstbléighlight the main metabolic pathways
affected by saponin and, some putative metabagdsiomarkers of this metabolic disruption.
Because of the intrinsic structure of the experitalgolan (longitudinal follow-up through two
physiological periods, first, during lactation witto feed additive perturbation, then, in late
pregnancy combined with saponin supplementatiorogrin a multivariate assessment), iais
priori complex and a canonical correlation analysis @aseh when multiple variables need to

be processed at the same time.
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The analyses of the metabolites in plasma of tHeegperiment (pregnant goats)
presented in figure 8 shows a slight differenceveen the two groups.

Correlation Circle Plots

0.51

0.0+

Component 2

054

1.0 05 0.0 05 1.0
Component 1

Figure 8.Biplot of the loadings explaining the canonicairqgmnents 1 and 2 for both the set of metaboliades
(matrix X, variables in blue) and the set of dumwayiables used to summarize the different factdth their
respective levels (matrix Y, variables in orangegutoff fixed at 0.25 is used to discard no infattive loadings
which would be projected inside the central ellipse

This figure 8 represents the most correlated métabariables to the two first
canonical components. Because of the canonicaleafihe statistical modeling, we have also
access to corresponding projection of factor védembClearly, there is a clear opposition on
the F'component between the situation where goats wegnpnt (Ind.preg.1) and that where
goats were lactating (Ind.preg.2). There was alstear opposition on the same component
between the control (Ind. Saponin Out) and thetédegroup (Ind. Saponin In). A metabolic
network gives the most correlated variables to piigsiological situation with threonic acid,
L-arabitol, deoxycholic acid, N-acetylmannosamiceiticosterone, 5-methoxysalicylic acid,
and hydroxyphenylacetylglycine being quantifiecadtigher value in thpost-partumperiod
(lactation) than in gestation (Figure 8 and table 2

The effect of saponin can be mainly observed ingament 2, in which the metabolic
situation recorded for goats exposed to sapongmmerpartumperiod (noted "Ind.2.1" in figure
8) is contrasted with week 6 (first week after pation; p+1) to the control group
("Ind.Control™); and this is no longer the casevaeek 7 (second week after parturition; p+2).
For this 29 component, a metabolic network gives the mostésteng variables (Figure 8 and
table 2) to the effect of saponin.
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Table 2. Correlations matrix between metabolites ath
the controlled factors characterized by component .2

Metabolites Ind. Control Ind.2-1
Cortisol -0.19 0.26
Oxoglutaric acid 0 0.21
D-Arginine 0 0.20
Lipoamide 0 0.20
Gamma-Caprolactone 0 0.19
N-acetylgalactosamine 0 0.19
Glycerophosphocholine 0 0.19
2-Hydroxy-3-methylbutyric acid 0 -0.19
L-Valine 0 -0.20
Tetrahydrocortisone 0 -0.22

The following metabolites: cortisol, oxoglutaricddcD-arginine, lipoamide, gamma-
caprolactone, N-acetylgalactosamine, and glycergpihacholine are positively correlated to
controlled factors corresponding to the group aftg@xposed to saponinpre-partumperiod,
while the 2-hydroxy-3-methylbutyric acid, L-valirend tetrahydrocortisone are negatively
correlated to it (Table 2). These latter metabsléee present in plasma at a lower relative
concentration in saponin-treated goats than inrobmines on week 6. All these putative
positively and negatively correlated metabolites@mstitutive of the "memory" effect induced
in lactating goats which were expog@e-partumto saponin.

Altogether, these preliminary results suggest thate investigations on NMR data
are required to highlight metabolic pathways infloed by a saponin-based additive, by using
metabolomic data on milk, plasma and rumen fluidetber with adequate statistical

approaches.

5.9CONCLUSION

More information was provided on the us@ajlucan and saponin natural substances
in late pregnancy and early lactation in sheepgmads. A few effects were found but they were
not strong enough to conclude on the efficiencyhefse natural substances to prevent the
metabolic disturbances during the peri-parturieatiqu. More research is needed on the
different factors modulating these effects and len underlying mechanism. In addition, the

combination of different data from animal husbandbyochemical and metabonomical



Rego, R. O. GeneRibcussion & PerspectiveSISsIg

approaches may help to shed more light on the lywgrmetabolic pathways of small

ruminants during this period of transition.
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6. RESUME SUBSTANTIEL

6.1 INTRODUCTION

Les petits ruminants sont connus pour leur excelaerapacité a utiliser des aliments fibreux.
Cependant, l'efficacité de la production est gdeérant plus faible chez ces espéces que chez
d'autres animaux d’élevage. Par conséquent, degtit&s existent pour compléter les régimes avec
des additifs alimentaires qui, en interagissant é&€ore ruminale, stimuleraient la productivatién
d'assurer des conditions optimales pour I"élevdgta progéniture (Milewski & Sobiech, 2009).

Les exigences productives requises par les éleyseétsction génétique et gestion de systeme
d'élevage intensif) ont augmenté le risque etitlerece de déséquilibre nutritionnel et de troubles
métaboliques dans les troupeaux. Pendant la pédiogdéri-partum surviennent des modifications
physiologiques qui peuvent prédisposer la femetlesamaladies métaboliques, comme par exemple
la toxémie de gestation. Il faut ainsi bien comeatiette période de transition pour mettre en place
des actions préventives afin d'éviter les pertespamluction. En effet, ces périodes peuvent
prédisposer a la morbidité voire a la mortalitézcles petits ruminants. Parmi les premiers sigees s
trouve alors une perte d'appétit, entrainant udeatéon de l'ingestion de nutriments essentiels
pendant une période durant laquelle les ruminaritdes besoins énergétiques importants (Gonzalez
et al., 2000; Campos et al., 2010).

Difféerentes stratégies nutritionnelles sont utésédans le but d'éviter ou minimiser le bilan

énergeétique négatif (BEN) et ses conséquencesalesatives aux médicaments allopathiques pour
la prévention et le traitement de diverses malaggesent permettre d’améliorer I'apport en matiere
séche et les performances de production. Le propyigycol, un produit de synthése, est le seul
composeé regulierement utilisé par les éleveurs,ncenprécurseur de glucose, afin d'éviter les
maladies métaboliques (Das et al., 2012).

Au cours des derniéres années, un intérét padicalété montré dans la recherche d'un composé
d'origine naturelle avec des effets similaires.shill existe une recherche et un attrait croissdet
produits d'origine naturelle, tels que les addipfsytogénes utilisés en élevage comme alternative
aux promoteurs de croissance comme certains aindibés et hormones.

A TI'heure actuelle, les autorités sanitaires degspaeveloppés, en particulier ceux de I'Union
Européenne, ont interdit ou limité I'utilisationsdantibiotiques de synthése en tant que promoteurs
de croissance, dans les aliments pour animaux @&kt al., 2002). Les principes actifs, utilisés
comme additifs alimentaires ou agents médicamentiixent étre inoffensifs pour les animaux, ne
laisser aucun résidu toxique dans la carcasse sl lda produits animaux (Wallace et al., 2002;
Franz et al., 2005; Santoso et al., 2007; Vrubktva. 2010).

Un stimulateur naturel, avec des propriétés proprébiotiques, est la levurBaccharomyces
cerevisiage qui posséde un large éventail d'activités. Ertefé B-glucane, produit a partir de.
cerevisiae a comme principale caractéristiqgue une action umomodulatrice chez les humains et
les animaux. Plusieurs études ont montré que cepasamt présentait des propriétés
immunostimulantes, y compris des activités antittates et antibactériennes. Il pourrait également
réduire les teneurs de cholestérol et de triglgesi normaliser les taux de glycémie, avoir des
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propriétés anti-oxydantes (Akramiene et al., 2000jak & Vetvicka, 2009; Vetvicka & Vetvickova,
2010).

Cependant, tres peu d'informations sont disponildescernant ses effets possibles sur le
meétabolisme et il est nécessaire de s'assureragagntulation immunitaire n'est pas obtenue au
détriment de l'adaptation métabolique de l'animalaapériode péri-partum Bien que des
connaissances existent sur les troubles métabslmueours de cette période, les études sur ks eff
d’un traitement et/or prévention par des injectidag-glucane sur le métabolisme sont inexistantes.

De plus, actuellement dans les élevages, des gikatélimentaires et aussi sanitaires tendent a
favoriser la prévention en regard du curatif eta@puyer en premiere intention sur l'utilisation de
substances naturelles, le plus souvent a basexdtegl

Certaines plantes, en raison de leurs compositiomplexes, peuvent étre utilisées comme additifs
alimentaires avec de multiples activités biologgjuElles produisent et stockent des composés
secondaires qui ne sont pas directement impligagas kbur croissance, leur développement ou leur
reproduction, mais dans des processus divers denskfvis-a-vis d’agresseurs mécaniques ou
biochimiques, contre d'autres plantes, les herba/et les stress abiotiques. lls peuvent également
servir de messagers chimiques entre les plantebergtironnement, ou attirer les insectes
pollinisateurs (Jouany & Morgavi 2007).

Parmi ces composés secondailes saponines sont un groupe de glycosides stéanejajai peuvent
étre extraits de différentes plantes telles quéuleca schidigerdl.). Plusieurs études ont montré le
réle bénéfigue des saponines dans [lefficacité dlige des ruminants, les performances
zootechniques et la limitation des productions ééhane (Jouany & Morgavi, 2007; Patra & Saxena,
2009). Ces bénéfices seraient dus a leurs progriét@imicrobiennes sélectives, inhibant
préférentiellement les populations de protozoadiéés, de bactéries cellulolytiques et a activité
peptidasique (Franz et al., 2005).

Les saponines auraient des propriétés telles queothfication de la perméabilité a la membrane
cellulaire des protozoaires, I'immunostimulatiomles$ propriétés hypocholestérolémiques. Il a aussi
été montré qu'elles auraient des effets sur |ssaoice et I'ingestion.

En outre, une co-relation métabolique existe eré® protozoaires cilies et les bactéries
méthanogenes. Les protozoaires produisent ain$hgdrogene qui est utilisé par des bactéries
méthanogenes. Les saponines peuvent réduire fartegit la production de méthane et d'hydrogéne
in vitro, et peuvent donc étre considérées comme de ptgsshibiteurs des méthanogenes du rumen
en raison de leur efficacité a de faibles concéntra. Enfin, ces substances augmenteraient
également la production en acides gras volatiButotf(AGV) et diminueraient les concentrations
d'ammoniac dans le rumen. Les saponines diminugdai@roportion molaire de I'acétate ruminal et
augmenteraient celle du propionate et du butyre¢ée ane diminution correspondante du rapport
acétate/propionate (Lila et al., 2005; Das et2dl12; Wang et al., 2012). Ces composés affectent
ainsi les animaux de maniére positive ou négative.
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6.1 PAPIER 1 —Soumis a l&Revue de Médecine Vétérinaire

EST-CE QUE DES INJECTIONS INTRAMUSCULAIRES DE B1,3-GLUCANE
INFLUENCENT LES PROFILS METABOLIQUES ET ENZYMATIQUE S CHEZ DES
BREBIS SANTA INES PENDANT LA FIN DE LA GESTATION ET LE DEBUT DE LA
LACTATION ?

Introduction

La région Nord-Est du Brésil et surtout I'état derffambuco ont une longue tradition et occupent
une place prépondérante dans I'élevage des patiimants. Environ 57% du cheptel de moutons du
Brésil est élevé dans cette région. Dans ce cajtixtace Santa Inés se démarque des autres races
de par une robustesse et résistance accrue ldisagseélevée dans des conditions difficilesgtell

gue celles observées dans les zones tropicalesles,grésentant de bons taux de croissance et une
efficacité de la reproduction élevée tout au loadg'anhnée.

Les exigences élevées dans les systémes de paodettia gestion intensive dans les exploitations
modernes ont augmenté le risque et l'incidenceddséquilibres nutritionnels et des perturbations
meétaboliques chez les brebis pendantpéi-partum Cette période est caractérisée par des
changements métaboliques, en raison de besoirngéfigeies augmentés pour satisfaire la croissance
foetale puis la production de colostrum et lait.c®s besoins accrus sont difficilement comblés du
fait d’une ingestion limitée par le volume foetogaataire. En plus des problemes métaboliques
induits par l'insuffisance de I'apport énergétiqiea été souligné une déficience du systéme
immunitaire en raison de stress oxydatifs accrusgiiené et al., 2007; Novak & Vetvicka, 2009;
Vetvicka & Vetvickova, 2010).

Objectifs

Diverses démarches nutritionnelles peuvent étlesémgis dans la prévention et le traitement des
maladies métaboliques telles que la toxémie deatiest Plusieurs études ont montré que-le
glucane possede des propriétés immunostimulatrycesmpris anti-tumorales et anti-bactériennes.
Cependant, tres peu d'informations sont disponildescernant ses effets possibles sur le
meétabolisme et il est nécessaire de s'assureragagntulation immunitaire n'est pas obtenue au
détriment de I'adaptation métabolique de I'animgbé&riodepéri-partum

Bien que des connaissances approfondies existelessnoubles métaboliques au cours de la période
péri-partum les études sur les effets du traitement panjestions dg3-glucane sur le métabolisme
sont inexistantes. Par conséquent, le projet acaueté réalisé pour évaluer linfluence de
l'administration dg8-glucane sur le métabolisme des brebis Santa E@parturientes.

Matériels et méthodes

Quatorze brebis Santa Inés, cliniquement sainesnpentre 40 et 50 kg et ayant une note d’état
corporelle moyenne de 3,0-3,5 ont été utilisées dare expérimentation au nord-est du Brésil a la
clinique des bovins de I'Université Rurale Fédédal€®ernambuco a Garanhuns, pendant cing mois,
de septembre 2014 a février 2015. Les animaux t@nélévés en systéme intensif, en utilisant le
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méme protocole d'hygiene, sanitaire et nutritioneiebnt été étudiés au méme stade métabolique (fin
de gestation et début de lactation).

Au 9C°™¢jour de gestation, les brebis ont été séparéatiément en deux groupes de sept animaux
chacun : le groupe «glucane », qui a re¢cifle3-glucane (Imunoglucan® Glucang-X,3-D-
glicopiranose)), en utilisant une dose hebdomadagemmandée de 1 ml par voie intramusculaire,
du 60™au 16™¢jour avant l'agnelage, en totalisant sept injestj@t le groupe « contrdle », qui n'a
pas recu d’injections.

Pendant toute la phase expérimentale, les animatuat® logés dans une bergerie ouverte et ont recu
une ration a base de concentrés a raison de 15fglaadaptée aux besoins nutritionnels de chaque
période pré et post-partun), distribués deux fois par jour, en plus d’herb&é&phant Pennisetum
purpureumSchumach.), de foin du Tifton 85 (hybride@gnodondactylonL.), de sels minéraux et
d’eauad libitum

Des échantillons de sang ont été prélevés [E& 3P et 1G™jours avant 'agnelage, a I'agnelage
et les 10™ 20°™¢ 30°™eet 60G™ejours aprés l'agnelage. Les échantillons de plasmaté analysés
pour le L-lactate et le glucose et les échantillaes sérum ont été analysés pour le beta-
hydroxybutyrate fHB) et les acides gras non estérifiés (AGNE), letivsamine, le cholestérol, les
triglycérides, l'urée et la créatinine. Les progéirtotales et I'albumine ont été mesurées par les
meéthodes du biuret et au vert de bromocrésol, céispenent. La concentration de globulines a été
calculée par différence entre les teneurs en pregéitotales et en albumine. Les activités
enzymatiques en aspartate aminotransférase (Aamma glutamyl-transférase (GGT) et créatine
kinase (CK) ont été déterminées dans des écharstitle sérum. Tous les essais ont été effectués en
utilisant des kits commerciaux avec un analysemni-seitomatique a 37°C. Les niveaux sériques des
minéraux (calcium total, phosphore inorganique, méagm et chlorure) ont été analysés par le
méme analyseur biochimique semi-automatique. Lasuts en ions G4 Na et K ont été
déterminées par un analyseur d'électrolytes.

L'analyse statistique a été réalisée en utilisantnodele mixte linéaire avec la procédure MIXED
dans SAS pour les mesures répétées. Les valeups ate été ajustées pour des comparaisons
multiples entre les groupes en utilisant le test.&.niveau de significativité pour tous les tests
statistiques a été fixé a 5%.

Résultats

Aucun changement dans la note d'état corporelt@'aliservé pendant la phase expérimentale. La
note d'état corporel est restée constante entretB(b. Les variables glucose, L-lactate, AGNE et
BHB n'ont pas été affectées par le traitement, mmaisffet significatif du temps sur ces parametres
(p < 0,0 a été noté, leurs concentrations ayant atteirgicite jour de I'agnelage. Les teneurs en
fructosamine ont aussi présentées une tendance @@ élevées dans le groupe contréle, comparées
au groupe glucan@ & 0,07 et sa concentration a augmenté juste avant llagaet est restée élevée
par la suite § = 0,0003. Les teneurs en cholestérol et triglycérides tnfas été affectées par le
traitement. Cependant, leurs concentrations ontnautg juste avant I'agnelage, puis ont diminué
avec le tempsp(< 0,000).

Les valeurs en protéines totales et en globulife# pas été affectées par le traitement. Cependant
leurs concentrations ont diminué avant I'agnelaggs ont augmentép (< 0,000). Une tendance a
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éte constatée pour I'albumine (contréle > glucpre,069 ainsi qu’un effet temps significatip (<
0,001, la valeur moyenne la plus élevée ayant été wbeedO jours avant I'agnelage. Les
concentrations en urée ont eu tendance a étre ideglipar le traitement (glucane > contrjes
0,0987. Il y a également eu un effet significatif du fgsrsur les concentrations en unge(0,0110,

ces concentrations ayant culminé le jour de I'aggel La concentration en créatinine n'a pas été
affectée par le traitement, mais elle a atteinpigrjuste avant et a I'agnelage € 0,000).

L'activité d’AST a été plus élevée dans le groupatdle comparée au groupe glucape=(0,035.
Les activités des AST et GGT ont été plus élevéeslgnt la lactation qu'en fin de gestatipn<(
0,05. L'activité de la CK n'a pas été affectée pardgtement ni par le temps.

Les concentrations totales des minéraux et de leass(calcium, magnésium, chlorure, phosphore
inorganique, sodium et potassium) n'ont pas éextdés par le traitement. Le calcium total et ®nis
n'a également pas été affecté par le temps. Lewrbla augmenté aprés l'agnelage=(0,002. Le
phosphore inorganique a diminué jusqu'a I'agne&ge ensuite augmentg € 0,00]). Les teneurs
en sodium et en potassium ont atteint un pic akagrelage §p < 0,05.

Discussion et conclusion

Les concentrations de glucose, L-lactate, AGBHB, cholestérol, triglycérides, protéines totales,
albumine et les valeurs des activités en AST ets€Kituaient dans les intervalles de référence pour
les ovins. Les concentrations en glucose, L-lacta@NE, BHB, fructosamine et potassium ont
évolué avec le temps, atteignant un pic juste avankors de I'agnelage. Il s'agit d'une réponse
physiologique en réaction au «stress» de I'agnekageaison de I'augmentation des concentrations
de cortisol, observée a cette période. Les coratoris en protéines totales et en globulines ont
diminué significativement a I'agnelage, ceci étanmbbablement lié a la production en IgG du
colostrum.

Les activités des AST et GGT ont été toutes deilptefa avant 'agnelage, et ont ensuite augmenté.
Une augmentation en activité de I'AST est un ingioade Iésion musculaire et peut indiquer une
mobilisation des protéines musculaires pour laatamm. L'activité de la GGT est un indicateur des
Iésions hépatiques, comme dans le cas de la stdadpatique, qui est souvent rencontrée en début
de lactation. Cependant, si un processus de stéaépatique était présent chez les animaux de cette
étude, elle serait trés faible puisque d'autrearpatres, tels que l'urée ou l'albumine, qui peuvent
également étre utilisés comme indicateurs de stédtépatique, n'‘ont pas été affectés dans ce sens.

Des concentrations plasmatiques élevées en AGNEasi un début possible de stéatose hépatique
pourraient étre liées aussi au statut d'immunoseggion propre a la péri-parturiente en période de
post-partum Les concentrations plasmatiques élevées en AGfBalant aussi une lipogenése
intense, ont été associées a une prolifération yoytaire réduite et a leur capacité a sécréter de
I'immunoglobuline M et de l'interféropen réponse a une stimulation polyclonale. Il apgétposé

gue les concentrations plasmatiques d’AGNE puisétatutilisées comme marqueurs diagnostics
d'une immunité altérée et d'un risque accru d'tidas chez la péri-parturiente.

Dans ce contexte, le glucane peut posséder uneita@aréguler le systeme immunitaire, en
stimulant les activités antitumorales et anti-midemnes de I'animal. Cependant, il est nécessaire
d'évaluer tous les effets potentiels que le glucGmait sur le métabolisme, en particulier sur le
glucose, chez les péri-parturientes, car ces anireait confrontés a des défis métaboliques majeurs
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au cours de cette période. En effet, I'un des jpanux carburants des cellules impliquées dans le
systeme immunologique est le glucose.

Les ruminants dépendent principalement de la giéieganese hépatique pour leur apport en glucose
puisque les taux d'absorption du glucose sontdailila synthese de glucose hépatique augmente
pour couvrir les besoins fceto-placentaires en &ngedstation, des systemes immunologique et
mammaire, méme lorsque l'approvisionnement en pgéats de glucose est faible. Dans le méme
temps, l'utilisation du glucose par le tissu adipetile muscle est réduite, ceci étant permis par u
sensibilité et une réponse tissulaire a l'insulimeinuée. Le transport de glucose dans les tisaus p
le transporteur GLUZT est également diminué. A mesure que la lactati@myrpsse, les tissus
périphériques deviennent plus sensibles a l'insulin

Les activités d’AST et GGT étaient significativerhgius faibles dans le sang des brebis du groupe
glucane, comparées au groupe contréle. L'activéé AST est un indicateur de dommages
musculaires et peut indiquer qu'il y a eu une nigddibn et catabolisme des protéines musculaires
pour la lactation. L'activité en GGT est un indmat de lIésions hépatiques comme dans le cas de la
lipidoses hépatique, qui est souvent rencontré&edame lactation précoce. Cependant, si la ligdos
hépatique existait dans la présente expérieneesethit tres faible, car d'autres paramétregteds
l'urée ou I'albumine, qui peuvent également &ifisés comme indicateurs de la lipidoses hépatique,
n'‘ont pas été affectés de fagcon concomitante effisitive.

En conclusion, I'administration intramusculaire éhefnadaire dg1,3-glucane pendant la période du
péri-partum chez les brebis Santa Inés n'a pasfi@telprofil métabolique. Lg1,3-glucane semble
avoir un effet positif sur le métabolisme muscuiaien limitant le catabolisme musculaire pour
satisfaire en partie les besoins lors de la lamtati
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6.3 PAPIER 2

EFFETS D'UN ADDITIF A BASE DE SAPONINE SUR DEUX DIF FERENTS STATUTS
METABOLIQUES CHEZ LA CHEVRE LAITIERE

Introduction

Les exigences nutritionnelles élevées augmenteargdae et I'impact des déséquilibres nutritionnels
et des troubles métaboliques dans les troupeapg&tde ruminants. Ces troubles sont le résultated'u
augmentation des besoins en nutriments autour dese-bas. Cette période est marquée par des
changements physiologiques, hormonaux, métaboligematomiques intenses, associés a une
diminution de l'ingestion, a une forte demande d&iments, a des taux de croissance élevés du
foetus, puis a une production laitiere élevée, gtriagnent tous un bilan énergétique négatif (BEN).
L'intensité du BEN peut entrainer des troubles bwdiques tels que la toxémie de gestation et
I'nypocalcémie chez les petits ruminants.

Actuellement en élevage, les stratégies alimerg@trsanitaires tendent a favoriser la préventan p
rapport au curatif et a s’appuyer en premiéere tdansur I'utilisation de substances naturelles, le
plus souvent a base de plantes.

En effet, la plupart des plantes produisent etksiotcdes composés secondaires qui ne sont pas
directement impliqués dans leur croissance, dépelmgnt ou reproduction, mais pour se défendre

vis-a-vis de différents stress abiotiques ou noertdins de ces composés exercent des activités
bénéfiques sur les organismes humains et animauxign de leurs propriétés antioxydantes, anti-

infectieuses, anti-inflammatoires ou antinéoplasgjude leurs effets favorables sur les maladies

cardiovasculaires ou sur les processus digestifs.

Parmi ces composés secondailes saponines sont un groupe de glycosides sténejajai peuvent
étre extraits de différentes plantes telles Yueca schidigerdL.). Plusieurs études ont montré le
réle bénéfigue des saponines dans lefficacité dlige des ruminants, les performances
zootechniques et la limitation des productions d&hamne. Ces bénéfices seraient dus a leurs
propriétés antimicrobiennes sélectives, inhibagfgentiellement les populations de protozoaires
ciliés, de bactéries cellulolytiques et a actipéptidasique.

Objectifs

Le but de cette étude a été d'évaluer les effetsatiditif a base de saponines sur les performances
et le métabolisme de chévres laitieres lors de dtatuts physiologiques différents: en milieu de
lactation (période d'équilibre métabolique), etfende gestation/début de lactation (période de
déséquilibre métabolique). L'originalité a été diser simultanément différentes approches
analytiques complémentaires, ceci, afin de mieuxprendre les mécanismes sous-jacents des
réponses des animaux et de valider l'utilité paedatdes saponines.

Matériel et Méthodes
Trente et une chevres laitieres (de races SaanAlpiee, agées de 2-3 ans) ont été utilisées sur

'ensemble des deux expériences, séparées en dewpeg : un groupe traité (S) recevant I'additif &
base de saponines (issuesYieca schidigerdL.)), mélangé a la ration compléete (Total Mixed
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Ration, TMR), a une dose journaliere recommandédeptabricant de 25 g/animal, et un groupe
témoin (T) ne recevant que la TMR. Les animaux &gt pesés chaque semaine, les parametres
d’ambiance (température ambiante moyenne et hygriem@&R%)) ont été mesurés sur toute la
durée des périodes expérimentales.

La premiére expérimentation a duré six semainasét réalisée sur 20 chévres (groupe S, n = 10 et
groupe T, n = 10), dont les poids vifs (PV) moyehkes productions laitieres (PL) moyennes étaient
homogénes (PV : 66,9 + 7,12 kg, autour du®T2@our de lactation, PL: 4,4 + 0,72 kg/jour).
L'administration journaliere de saponines a étdéis@a durant les quatre semaines conseécutives
centrales (S2, S3, S4 et Sb), les premiéres etedesrsemaines (S1 et S6) en étant exemptes.

La deuxiéme expérimentation a duré sept semained4sahevres gestantes multipares (groupe S,
n =12 et groupe T, n = 12). Cing semaines avadata prévue de la parturition, tous les animaux
ont commencé a recevoir la TMR, puis le méme dddiiase de saponines a été administré au groupe
T durant 4 semaines minimum jusqu'au jour de laupéon (P). Aprés la parturition, toutes les
chevres ont regu de nouveau la TMR.

Au cours des deux expérimentations, des échargilensang et de jus de rumen ont été collectés
toutes les semaines. Les teneurs plasmatiquesuensgl, acides gras non estérifies (AGNE),
hydroxybutyrate [fHB) et urée ont été dosées dans les deux expéati@y ; les concentrations en
cholestérol total (CT), bilirubine totale (BT), péines totales (PT), albumine, lipoprotéines deadau
densité (HDL), magnésium (MY, calcium total (CT), phosphore (B0, haptoglobine (Hp), les
activitées des gamma glutamyl-transférase (GGT), sphatase alcaline (PAL), aspartate
aminotransférase (AST) ont été dosées seulemeldssahévres gestantes.

Les échantillons de jus de rumen ont été préleaéspnde cesophagienne. Le pH et 'ammoniac
(NHs3) ont été mesurés immédiatement apres les préletenet un comptage des protozoaires a été
effectué ultérieurement. Des mesures des acides gohtils (AGV) ont été realisées par
chromatographie en phase gazeuse.

Les analyses statistiques ont été réalisées asantiiun modele mixte linéaire avec la procédure
MIXED sous SAS pour des mesures répétees. Lesrgalelp ont été ajustées pour des comparaisons
multiples entre les groupes en utilisant le test.&.niveau de significativité pour tous les tests
statistiques a été fixéca= 0,05, soit 5%.

Résultats

Les valeurs moyennes de température et d’hygroeiéétidomadaires de 18°expérimentation ont
varié de 15,9+0,93°C & 26,8+1,84°C et de 58,4+6,85%,8+2,12%, respectivement. La température
a atteint un pic exceptionnel lors de la derni@mane de cette expérimentation. Lors de la seconde
expérimentation, les valeurs moyennes de températud'hygrométrie hebdomadaires ont oscillé
entre 11,1+0,77°C et 16,7£1,44°C et entre 77,31%, 81 89,4+6,02% respectivement.

Les animaux ont été cliniquement sains pendanséatble des deux périodes expérimentales et
aucun signe clinique de toxémie de gestation réadétecté pendant la gestation ou apres la
parturition.
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Concernant les performancesicun effet de I'additif a base de saponines @aBservé chez les
chévres en milieu de lactatiop & 0,05pour PV et PL), ni empéri-partum(p > 0,05 pour PV).
Cependant, un effet significatif du temps autoutadearturition a pu étre souligng € 0,000).

Concernant les métabolites biochimiques plasmagjquecun effet du traitement n'a été observé
(p > 0,005 dans la 3 expérimentation, contrairement & un effet temgmicatif pour les
parametres glucose, AGNBHB et urée § < 0,000). Les valeurs deHB n'ont pas été
significativement affectées. Le glucose a attarplsis faible concentration dans les deux groupes a
cours de la derniere semaine de I'expérimentapiend,000). Les AGNE ont également été affectés
par le tempsgd < 0,000, mais avec un pic dans les deux groupes a kefifrexpérimentation.

Concernant la 2" expérimentation sur les chévres autour de la paoty il n'y a pas eu d'effet
traitement sur les parametres suivants : gluco&N®B fHB, CT, HDL, BT @ > 0,095. Cependant,

un effet temps important a été observé sur le geigp< 0,000) avec une augmentation apres la
parturition. Des effets significatifs du temps $es AGNE ont été observés pendant les semaines
suivant la parturition (P+1, P+2) dans les deuwupes p < 0,000). Les concentrations d’AGNE
ont augmenté graduellement a partir de P-3 etttginades pics a P+1 et P+2.

Les concentrations plasmatiquesittB des deux groupes ont augmentée graduellemertas du
temps pendant 1a¥2°période expérimentale et un effet temps a étérobsmalement a P+1 et P+2
(p < 0,000).

Les taux de TC et de HDL des deux groupes ont diénigu cours des trois premiéres semaines
expérimentales, puis ont progressivement augmestfuja la derniere semaine d'expérimentation
(p < 0,0002. En méme temps, les concentrations plasmatiged®Tdont été plus élevées past-
partumque pendant la gestatiogm € 0,000).

Aucun effet traitement n'a été observé sur leslBlbumine, les globulines et la Hp (p > 0,05).
Cependant, un effet du temps a été observé potestdes variables du profil protéique apres la
parturition p < 0,000). Les concentrations plasmatiques en PT, alburatnglobuline dans la
périodepré-partumétaient plus faibles que dans la péripdst-partumL'albumine et les PT étaient
a leur plus haut niveau en P+1 et P+2 (41,9 et &1,9respectivement). Les deux variables (PT et
albumine) étaient les plus faibles en P-3 alorslgsieoncentrations de globulines atteignaienticin p
aP+2 (41,5 g/L). Les valeurs de Hp étaient sigativement différentes avant et apres la parturitio
(p <0,000). Les valeurs les plus élevées ont été obsenpges k& parturition dans les deux groupes.

Concernant les concentrations en urée, aucunedatffé de traitement n'a été obsenge 0,05
dans la ¥ expérimentation, mais un effet temps (diminuti@s doncentrations jusqu'en S4, puis
augmentation jusqu’en S@ & 0,000) a été souligné. En revanche, dans®&&xpérimentation,
une tendance a été observée entre les deux grdapg®vres, ou la concentration d'urée a été plus
élevée dans le groupe saponine (S : 4,3 mmol/L:e8,T mmol/L,p = 0,059. En outre, un effet
temps a été également obsery®  0,000) avec une diminution jusqu'a P-3, suivie d'une
augmentation des valeurs de prétraitement jusqde P+

Aucun effet du traitement et du temps n'a été olésen ce qui concerne les activités plasmatiques
en GGT et PAL§ > 0,05. L'activité des AST n’a également pas été affegh@r le traitement
(p > 0,05, mais les activités étaient plus élevéepe@st-partunmgu’enpré-partum(p < 0,000).
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Il n'y a eu aucun effet des saponines sur les coratons en Ca total, Mg et PQ* (p > 0,05.
Cependant, un effet temps a été observé apréstiaipan avec une diminution de Ca total et£0
(p = 0,00085.

Dans la $" expérimentation, la plupart des paramétres rumirfptl, NHs et AGV) n'ont pas été
affectés par les saponinep ¢& 0,05), a I'exception d'une forte tendance sur le rapport
acétate/propionate (S < p,= 0,0570Q. Tous ces parameétres ruminaux ont été affectékegamps

(p < 0,05, sauf l'acide caproique. Cet effet du temps apéirgcipalement observé lors de la
comparaison de la derniere semaine de |'expérirmemiavec les autres semaines.

Dans la 2™ expérimentation, aucun effet traitement n’a éti& sorr les variables pH, NHet AGV

(p > 0,05. Les effets temps ont été observés sur le pH aveaiminution dans les deux groupes en
P+1 @ < 0,000, bien que les concentrations en Ntent fluctué avec le temps dans les semaines
précédant la parturitionp(< 0,000). Les niveaux d’AGV sont demeurés élevés autoudade
parturition p < 0,0002.

Aucun effet du traitement n’a pu étre décelé saolmbre de protozoaires dans {&éxpérimentation
(p > 0,05 mais un effet temps en S4 a souligné des vategégsdaibles [§ = 0,010 dans les deux
groupes T et S. Dans I8 expérimentation, une tendance a un effet traitémeété observée sur le
nombre de protozoaires 00,0960 (valeurs plus élevées dans le groupe S par rapparoupe T).

Il n'y avait pas d'effet du tempg $ 0,05.

Discussion et conclusion

Aucun effet clair de I'additif a base de saponisasles parameétres métaboliques ou ruminaux n'a
été observé, ni & mi-lactatiorflexpérimentation) ni autour de la parturitiofM@expérimentation).

En effet, les résultats de 1&¢expérimentation ne mettent en évidence que I'éffet pic de chaleur
sur le métabolisme des animaux en derniére senfaares la 2"¢expérimentation, un effet temps a
été observé principalement en raison du déséqaiiibysiologique da a la parturition.

Une tendance a une augmentation du nombre de peiteg a été observée dans "2
expérimentation. Ceci est contraire a I'effet, géleénent admis, des saponines dans la défaunation.
Cependant, les doses de saponines utilisées daisuldes précédentes étaient souvent élevees et
certains auteurs ont également montré que de $aibfeurs en saponines augmentaient le nombre
de protozoaires. L'effet de I'additif & base deosdépes dans la présente expérimentation sur le
nombre de protozoaires pourrait expliquer l'augragoh en NH ruminal et, a son tour, les
concentrations plasmatiques en urée. Il est coneueag protozoaires, en se nourrissant des bactérie
ruminales, généraient une augmentation es &traison du catabolisme des protéines bactésenne

Cependant, cette tendance avait déja été déteatsela premiére semaine de I'expérience et donc,
avant le début d’administration de I'additif a balsesaponines. Bien que les deux groupes aient été
équilibrés pour les parameétres de production, yil avait pas d'équilibre pour les paramétres
meétaboliques, comme la concentration en urée.

Un autre facteur de confusion possible dans cetprementation pourrait étre que le rapport
fourrage/concentré a augmenté a mesure qu&"fee2périmentation a progresseé, pour des raisons
zootechniques (nécessité de développer le volunrardan). Or, la production de salive augmente
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lorsque la ration est plus riche en fourrage. Csdteve pourrait étre responsable de la neutradisat
d’'une partie de l'effet des saponines dans le rumen

Dans la $¢expérimentation, aucun effet traitement sur leap@tres métaboliques ou ruminaux n’a
été observe, mais il existait une interaction el@reaitement et le temps concernant les parasétre
acétate/propionate, et urée. Cependant, ces itimracsont principalement attribuables a une
différence entre les traitements en S5, la semai@sentant un pic de chaleur. En outre, le rapport
plus élevé d'acétate/propionate dans le group tBapar rapport au T a déja été observé dans S1,
avant le début du traitement. Par conséquent, aeffanclair de I'additif n'a été montré dans ces
deux expérimentations.

En conclusion, I'administration d'un additif a bdsesaponines a la dose de 25g/chévre/jour pendant
guatre semaines consécutives lors de deux statytsobogiques différents (mi-lactation péri-
partum) n'a pas influencé significativement les métabslitplasmatiques, les parametres de
fermentation ruminale et les performances animélediées. Pour autant, il a pu étre souligné une
tendance quant a un effet des saponines sur kamdguine, le nombre total de protozoaires et le
rapport acétate/propionate. Ceci nous amene arénibjtpothese que le potentiel d'un additif a base
de saponines sur l'efficacité de la fermentatiominale via une synthese accrue de protéines
microbiennes, dépendrait probablement de différatteurs tels que le niveau de supplémentation,
la période d'administration et la composition dgimée de base.

6.4 DISCUSSION GENERALE ET PERSPECTIVES

Les objectifs de ce travail ont été de testerlibation de deux substances naturellggl(icane et
saponine) leurs propriétés biologiques et leuiitais avec le métabolisme et la performance chez
les petits ruminants sous différents statuts méitples. Le challenge était de mieux comprendre les
mécanismes sous-jacents des réponses des femmdtkesafun déséquilibre physiologique et/ou
meétabolique au cours gheri-partum

A T'heure actuelle, les filieres animales s’origritevers ['utilisation en premiere intention
d’alternatives aux méthodes allopathiques et vieesr@duction du nombre d’additifs alimentaires de
synthese chez les animaux d’élevage. Cette voldgéEbule de préoccupations sanitaires et
environnementales, dont des problématiques d'amébistance et d’augmentation de résidus et
contaminants dans les produits alimentaires etit@mnement.

En production animale, et en particulier chez lawinants laitiers, la parturition est une période
critique durant laquelle I'organisme animal esstsellicité, ce qui est alors propice a des déssrdr
meétaboliques, notamment énergétiques. L'utilisatiEnp-glucane et de substances a base de
saponines, de par leur action potentielle sur Eesvde métabolisme énergétique, pourrait étre
valorisée en prévention afin de minimiser les pbgtions du métabolisme énergétique autour de la
parturition. En effet, ces deux substances d’oegiaturelle peuvent agir sur les teneurs plasnmegiqu
en cholestérol et glucose chez les humains eniesaaix, maivia des mécanismes encore a clarifier
(Milgate & Roberts 1995; Hristov et al., 1999; Magnh& Castro-Gémez, 2008).

Les doses utilisées pour ces additifs ont été dg/@ismal/jour (voie orale) pour I'additif a base d

saponines et de 1 ml/animal/jour pourfalucane (voie intramusculaire), en accord avec les
recommandations des fabricants. Il est difficilappréhender tous les effets des produits d’origine
naturelle du fait de leur nature méme, en géndeal matrices complexes pouvant contenir différents
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principes actifs pouvant agir en synergie/inteactiDe ce fait, les doses efficaces et adaptées en
fonction de I'espece animale, de son age, poidtagit physiologique sont particulierement délisate
a déeterminer et les effets (directs et indireats)es animaux ne sont pas totalement élucidés.

Des étudesn vitro etin vivo ont été menées pour comprendre les effets desisago(Jouany &
Morgavi, 2007; Patra & Saxena, 2009a; Patra & Sax2010; Bayourthe & Ali-Haimoud-Lekhal,
2014). Toutes ces études ont testé les effets pEnwees en faisant varier les doses, les régimes
associés, les plantes a l'origine des saponinesydees d'administration et les espéces animales
etudiées. En plus de ces facteurs de variatiorsdpsnines pouvaient provenir de différentes artie
de la plante : la plante entiére (tmiumde la plante), des extraits de plante entierejemuparties
spécifigues comme les fruits, les graines et lemes.

Cette grande diversité dans la nature des sapomisiese probléme majeur en recherche des
phytocomposés d’intérét. En effet, il est clairlqumélange de saponines issues de sources diverses,
présentera des variations subtiles de leurs stegt donc tout naturellement, donnera lieu a des
variations importantes dans les propriétés physigtlemiques et biologiques obtenues.

Globalement, la dose d'extrait de saponine utilisésue deYucca schidigeradans nos
expérimentations a montré certains effets sur dearpétres métaboliques et ruminaux. Dansfa 1
expérimentation, un effet des saponines a étégmylmais I'interaction entre les facteurs traitetne
et temps, notamment pour les parametres urée pigsmat rapport acétate/propionate ruminal
complique linterprétation. Dans 18 expérimentation, une tendance a I'augmentationaiubre
de protozoaires a, quant a elle, pu étre observée.

Contrairement a nos résultats, une autre étdaontré une diminution de la population des
protozoaires chez le mouton avec une dose simitkersaponines mais d’'une origine botanique
différente Sapindus saponarih.) (Diaz et al., 1993) et, aprés analyse d’un étihan de contenu
ruminal obtenu directement par canule ruminale tramement a nos prélevements par sonde
cesophagienne, pouvant potentiellement étre conésnpar un exces de salive. Ces différentes
observations montrent que les effets rapportésaasnines peuvent étre variables et, parfois méme
contradictoires, du fait des trés nombreux factaysgendre en compte.

Dans les deux expérimentations sur les effets dpergnes, les groupes des animaux traités et
témoins présentaient déja une variabilité initdiféérente de par leur quantité totale en protozsai

En effet, I'attribution des chévres dans les deoxiges n'a pas été effectuée sur des considérations
de parameétres biochimiques mais sur des paramegteechniques, comme le poids vif, la
production laitiere, la parité et la race. Par égpuent, ce biais initial entre les groupes pourrait
expliquer qu’une partie de nos résultats soitcl#ment interprétable.

Un autre facteur limitant serait le faible nombtanimaux étudiés. Bien que les regles de bioéthique
tendent a réduire le nombre d’animaux utilisésesherche expérimentale, cette réduction ne doit
pas nuire a la significativité des résultats. RPaiséquent, le nombre d’animaux retenus procede d’un
choix issu de la prise en compte des parametrearggest du test statistique utilisé pour l'analyse
des données et l'interprétation des resultats.

Dans notre étude, n'ont été pris en compte priteipant que des parametres biochimiques liés au
métabolisme énergétique de l'animal. Or, le syst@médocrinien intervient également lors des
changements de statuts physiologiques comme Idesgisstation, de la mise-bas et de lactation. Ces
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changements pourraient impliquer plusieurs orgahegstemes : le systeme immunitaire, réduisant
la production de protéines d’inflammation de la ghaaigué et la diminution des activités
leucocytaires, ce qui peut potentiellement entradfautres troubles chez les ruminants sains.

Or, des études montrent quediglucane et les saponines ont un impact sur lacii#pde modulation

de la réponse immunitaire chez plusieurs especéssi,Al'administration orale ou par voie
intramusculaire de ces substances pourrait mothl&ponse immunitaire, y compris améliorer la
production d'anticorps et de cytokines chez lesnank (Oda et al., 2000; Petrovsky & Aguilar,
2004). De ce fait, il serait intéressant de mieamgrendre les modes d’action de ces substances
naturelles sur le systeme immunitaire et, par exenspr le transfert passif de l'immunité des meres
a leurs jeunes par l'absorption des immunoglobsiichecolostrum.

Un autre domaine de prospection serait I'étudeetfiiets de ces substances naturelles sur le profil
hormonal, notamment sur l'insuline, le cortisolylkecagon, les hormones thyroidiennes, la leptine e
leurs potentielles corrélations avec certains pateas biochimiques. En effet, des études de l'impac
de ces substances naturelles sur le systeme hdrmeoaaient & montrer leur influence péri-
partum

Un des objectifs de cette these était d'étudidfet'ale I'additif a base de saponines sur les
performances et les parametres biochimiques desehéurant deux statuts physiologiques : en
milieu de lactation puis en fin de gestation/détdetla lactation. Outre I'étude des réponses des
animaux en termes de performances zootechniquéss(pib, production laitiére) et de parameétres
biochimiques classiques (glucose, urée, acidesmgnaestérifies, beta-hydroxybutyrate, acides gras
volatils ruminaux,...) ou de populations microbiennesmptage des protozoaires ruminaux),
'ensemble des métabolites (métabolome) propresrairices plasmatique et ruminale a été analysé
via une approche par métabonomique.

Les empreintes des profils des métabolites du @astrdu rumen ont été realisées par spectroscopie
a résonance magnétique nucléaire (RMN) du protdutilisation de cette technique analytique
particulierement sensible pour étudier ces donmggsdimensionnelles a pour but d’accéder a toute
modification, si infime soit-elle, et de facon gueshaustive des profils métaboliques des individus
puis, de potentiellement remonter aux principal@es métaboliques affectées par les saponines et,
enfin, si possible, d’identifier certains biomargtgepotentiels de ces disruptions métaboliques.

En raison de la structure intrinseque du plan empbrtal (suivi longitudinal a deux périodes
physiologiques, i .e, pendant la lactation, puisfie de gestation, combinée, dans chaque casg a un
supplémentation en saponine ou non), les donnéésétin analyséesiia des statistiques
multidimensionnelles comprenant une analyse detlaion canonique.

Les analyses des métabolites dans le plasma d&9axpérimentation avec les chévres gestantes
montrent une faible différence entre les deux gesypraités et témoins. En raison de la nature
canonigue de la modélisation statistique, nous si¢égialement acces a la projection correspondante
des variables factorielles. La représentation goagha permis de visualiser une opposition claire
entre la situation ou les chevres sont gestanteslletou elles sont en lactation, de méme qu’datre
groupe témoin et le groupe traité.

Les variables les plus corrélées a la différencstdtut physiologique sont apparues comme étant
I'acide thréonique, le L-arabitol, l'acide désoxglajue, la N-acétylmannosamine, la corticostérone,
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l'acide 5-méthoxysalicylique et I'nydroxyphényladglycine avec des valeurs supérieures apres
mise-bas.

Les métabolites, quant a eux, impliqués dans ietnent avec les saponines sont : le cortisoidéac
oxoglutarique, la D-arginine, le lipoamide, la gaaoaprolactone, la N-acétylgalactosamine et la
glycérophosphropholine (corrélés positivement aauge de chévres exposées a la saponine en
période depré-partun), tandis que l'acide 2-hydroxy-3-méthylbutyriquie, L-valine et la
tétrahydrocortisone sont corrélées négativement.

Globalement, ces résultats préliminaires suggemprg les données RMN issues de fluides
biologiques, traitées grace a des méthodes sgastimultidimensionnelles adéquates, peuvent étre
un atout pour mettre en évidence les influenceslsald’'un additif & base de saponines sur lessvoie
meétaboliques.

En conclusion, l'utilisation de substances natesedin fin de gestation et début de lactation cbez |
brebis et les chévres a entrainé quelques effais, qui n'étaient pas suffisamment significatifampo
conclure quant a l'efficacité véritable de ces wrxes naturelles pour prévenir les perturbations
métaboliques epéri-partum Un approfondissement de I'étude des donnéesssier différentes
approches (biochimiques et métabonomiques) poumigier a mieux comprendre les voies
métaboliques sous-jacentes chez les petits runsinamajoritairement impliguées pendant cette
période de transition.
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8. ANNEXES

8.1 NOTIFICATION OF AUTHORIZATION OF PROJECTS USING ANIMALS FOR
SCIENTIFIC PURPOSES

8.1.1 Ethical committee of glucan project

Yo

P~

I- FORMULARIO UNIFICADO PARA SOLICITAGAO DE AUTORIZAC ‘&P
USO DE ANIMAIS EM EXPERIMENTAGAO E/OU ENSINO - ouy

PROTOCOLO PARA USO DE ANIMAIS USO EXCLUSIVO DA COMISSAO
PROTOCOLO N2.23082,01339%0| 2013
RECEBIDO EM: 9 /10 10013 .
Doz

No campo “farmaco”, deve-se informar o(s) nome(s) do(s) principio(s) ativo(s) com suas
respectivas Denominagdo Comum Brasileira (DCB) ou Denominagéo Comum
Internacional (DCI).

Lista das DCBs disponivel em:

http://www.anvisa.gov.br/medicamentos/dcb/lista dcb 2007.pdf .

1. FINALIDADE

Ensino

Pesquisa

Treinamento

Inicio: ---/03/2013
Término: ---/03/2017
2. TITULO DO PROJETO/AULA PRATICA/TREINAMENTO

Efeito da administracdo da B1,3-glucana sobre o perfil metabdlico de ovelhas da raga Santa
Inés no periparto e suas consequéncias sobre os perfis bioquimico e imunolégico dos
borregos

Area do conhecimento: Clinica médica de ruminantes
Lista das éreas do conhecimento disponivel em:
http://www.cnpgq.br/areasconhecimento/index.htm .

3. RESPONSAVEL

Nome completo José Augusto Bastos Afonso da Silva

e Universidade Federal Rural de Pernambuco
Instituicdo

CEUA-UFRPE
Aprovadoem

3101/ 2014
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eletroforético das proteinas séricas das ovelhas (maes) e dos borregos recém-nascidos sera |
realizado, segundo a técnica de eletroforese em gel de agarose, de acordo com o kit
comercial. Amostras de urina serdo obtidas por meio de micgdo espontanea. A
determinagéo do pH e qualitativa dos corpos cetdnicos na urina das ovelhas sera realizada
empregando-se fitas reagentes comerciais. As andlises das amostras de leite se iniciardo
apbs a pari¢éo, uma vez ao dia, no momento do parto, 10, 20, 30 e 60 dias pés-parto, nelas

serdo realizadas a determinag&o da densidade, lactose, gordura, proteina, extrato seco total

e do pH'
14. TERMO DE RESPONSABILIDADE
(LEIA CUIDADOSAMENTE ANTES DE ASSINAR)
Eu, José Augusto Bastos Afonso (nome do responsavel), certifico que: j

a) li o disposto na Lei Federal 11.794, de 8 de outubro de 2008, e as demais normas
aplicaveis a utilizagéo de animais para o ensino e pesquisa, especialmente as
resolugdes do Conselho Nacional de Controle de Experimentagéo Animal — CONCEA;

b) este estudo ndo & desnecessariamente duplicativo, tem mérito cientifico e que a equipe
participante deste projeto/aula  foi treinada e € competente para executar 0s
procedimentos descritos neste protocolo;

c) nao eXiSte/;ijo &:ﬁizi%le poszg::tilizado como uma altemativa ao projeto.
[ : T PR EA L)
Assinatura: £ 4 Z7 & o B ,-‘.;'Jﬂ

Data: A4 /0% /3315 U jesé A oaernEl
L1418 o of
L : 7 erP

Encaminhar em 2 vias.

A critério da CEUA, podera ser solicitado o projeto, respeitando confidencialidade e conflito de
interesses.

Quando cabivel, anexar o termo de consentimento livre e esclarecido do proprietario ou
responsavel pelo animal.
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8.1.2 Ethical committee of saponin project

Direction générale
de la recherche
et de l'innovation

Service de la performance,
du financement et de la
contractualisation avec les
organismes de recherche

Département de la culture
scientifique et des relations
avec la société

Expérimentation animale -
Autorisation de projet

Affaire suivie par
Didier HOFFSCHIR
Conseiller scientifique
auprés du DGRI

Florence HERVATIN
Chargée de mission

Téléphone
0155558405

Fax

0155 55 99 59

Mél.
florence.hervatin-queney
@recherche.gouv.fr

1 rue Descartes
75231 Paris Cedex 05

E]
=4

Liberté + Egalité + Fraternité
REPUBLIQUE FRANCAISE

MINISTERE DE L’EDUCATION NATIONALE,
DE L’ENSEIGNEMENTSUPERIEUR ET DE LA RECHERCHE

Paris, le mercredi 9 septembre 2015

Objet : Notification d’autorisation de projet utilisant des animaux a des
fins scientifiques

Madame, Monsieur

En application des dispositions du code rural et de la péche maritime,
notamment ses articles R. 214-87 a R.214-126, le projet :

- référencé sous le numéro 2015050418233758 v2 (APAFIS#601)

- ayant pour titre : « Etude des effets d’un additif a base de saponines
sur le métabolisme de la chévre laitiére. Construction d’un index
global de prédiction de sensibilité a la cétose »,

- déposé par I'Etablissement Utilisateur : Installation Expérimentale
INRA Jouy en Josas, numéro d’agrément A78-615-1002, dont le
responsable est Monsieur Benoit MALPAUX

- ectdont le responsable de la mise en ceuvre générale du projet et de sa
conformité a I’autorisation est Madame Céline DOMANGE,

est autorisé.

L’au}orisation de projet est accordée, sous réserve de la validité de I’agrément
de I'itablissement Utilisateur, pour une durée de 3 ans & partir du
09/09/2015

Le projet précité a été évalué sur le plan éthique par le Comité d’éthique en
expérimentation animale n°45 et a regu un avis favorable.

Ce projet ne fera pas ’objet, a I’issue de sa réalisation, d’une appréciation
rétrospective.

Dans les conditions définies par I’article R.214-113 du décret n°2013-118 du
197 février 2013, la réutilisation de tout ou partic des animaux d’un projet
antérieur est autorisée.
Pour la ministre et par délégation,
L'adjointe au chef du service de la performance,
du financement et de la c’ yntractualisation avec les
organismes ¢le recherche

Christine COSTE
Monsieur Benoit MALPAUX
Installation Expérimentale INRA - Jouy en Josas.
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8.2 INSTRUCTIONS TO AUTHORS FOR THE PUBLICATIONS

8.2.1Revue de Médecine Vétérinaire

REVUEDE 2

Website for the Revue de Médecine Vétérinaire: htt/www.revmedvet.com/

General:
TheRevue de Médecine Vétérinapeblishes four kinds of text:
1) Scientific reviews on subjects related to veteynand comparative medicine. Suggested
length: 10 to 30 typed pages.
2) Original reports on fundamental or applied reseastlygested length: 10 to 15 typed pages.
3) Continuous education articles that should be easilgerstandable by non-specialists.
Suggested length: 10 to 15 typed pages.
4) Clinical reports. Suggested length: 5 to 15 typaggs.
The publication can be done in French languagengiigh language.
For an article written in English by not Englishtina speaker authors, the manuscript must be
subjected by attesting that it was read again b&reglophone scientist or a scientific translator.
The authors must certify that the manuscript waguoblished or subjected for publication to another
review.
The manuscript must be accompanied by a sheetdsigpeall the joint authors indicating their
agreement for the tender of the manuscript.
The publication is free but a financial participaticould be required for the photographs color. An
estimate will be sent to collect the agreemenhefauthors.

Sending of the manuscripts:
The manuscripts must be sent by email with the &rword PC to the following address:
ed.rmv@envt.fr.
The authors must make sure that the definitiohefdcanned documents is sufficient to provide an
impression of quality (scanner minimal resolutioh 3®0dpi recorded to format JPEG with a
compression ratio of 15%).
The Editor in Chief will acknowledge receipt of thenuscript which will then be peer-reviewed.
Authors will be notified of any recommendations &snendments and final acceptance will depend
on application of these recommended modificatiémg. reason for their non-application should be
clearly stated and justified.
If electronic submission is not possible the foliogvaddress can be used (send an original and 2
copies):
Editor in chief of the Revue de Médecine Vétériaair
National school Veterinary of Toulouse

23 Chemin des Capelles

31076 Toulouse Cedex 03

FRANCE
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General presentation:

The text is typed in double space with marginstééast 3,5 cm on the sides.
All the pages and all the lines are numbered.

The presentation is done according to the follovardgr:

1 - Title | summary and keywords:

Page 1 of the manuscript indicates the title (ian€h and English), the name of the authors, the
complete address of the establishments where waskoarried out.

The author ensuring the correspondence must beyciedicated thus that his address email.

The summary (roughly 150-250 words, in French angdligh) must be descriptive and emphasize
the projecting points of the manuscript. For amgioal article, it must emphasize the aims of the
study, the number of animals used, the materialraethods, the results and conclusions. The key
words (in French and English) must selected cdyefuld be limited to ten.

The running title (in French and English) mustibgted to 5 to 8 words.

No modification of this page will be possible oribe accepted article.

2 - Article itself:

The text of the article must start on page 3.

For a scientific review, the introduction will emgsize the interest of the development, the text wil
be detailed and complete and the bibliographylvélexhaustive.

For a report of original research, the introductiah locate the problem clearly, will emphasizeth
aims of the study and will quote only the essemgétrences. "Material and methods" will describe
the experimental procedure and the statistical austlused of such manner that another scientist can
reproduce the results. If the techniques used alezady described in an indexed review, this chrapte
will be very concise and will return to the bibliaghical reference. The results will be presemnted i
a logical and concise way, possibly in the fornates or figures which will not have to make daubl
employment. The discussion will be strictly limitéal the subject, will emphasize the significant
points and will propose adequate openings.

For a clinical case, the introduction will emphasthe interest for an expert, the commemorative
ones and the procedures will be sufficiently detiilthe results will be described with exactitude,
and the discussion will be relevant and considedifferential diagnosis. Illustrations are necegsa
For an article of continuing education, the intradlin will emphasize the interest of the
development, the text will be easily comprehendititea non-specialist and the bibliography will be
limited to some significant references. As far asgible, the text must be accompanied by a
significant but nonredundant illustration (tablégures, photographs).

3 - Bibliographical references :

The list of the references is presented alphalibtieecording to names' of authors and by
chronological order for a given author. The tittdshe periodicals must be shortened according to
standards' of BioSciences Information Service (Bjos

The style and the punctuation of the referenced brig conformity with the following examples:

-Article (to indicate all the authors):
1.- TRAN CONG T., MILON A., BOURY M., TASCA C. : dicines et effets de barriére écologique
dans I'entérocolite &scherichia coliO 103 du lapin sevr®evue Méd. Vét1992,143 655-665.




Rego, R. O. Anexes

Book:
2.-EUZEBY J.: Les éch[nococcoses animales eslemllations avec les échinococcoses de ’homme,
163 pages, Vigot freres Editeurs, Paris, 1971.

- Chapter of book:

3. - REGNIER A., TOUTAIN P.L. : Ocular pharmacolognd therapeutic modalities : K.N.
GELATT (éd.) : Veterinary ophtalmology, Lea & FebrgPhiladelphia, 1991, 162- 194.

In the text, the references are called by theiueage number between square brackets: [ 5], [ 5-8,
11],[6,45,78].

4 - lllustrations (photographs, figures and tables)

The illustrations are separated from the text. Téameynumbered in Arab numerals.

All the illustrations must be indexed in the teytdall of their number. The legends are gathered at
the end of the text of the manuscript.

They must be sufficiently detailed to make thesitations to be comprehensible independently of
the text.

To avoid a possible reduction, it is advised tovmte illustrations whose width corresponds to a
column (85 mm) or to two columns (180 mm).

The photographs and figures must be provided tmdbdPEG with a compression ratio of 15%. If a
scanner is used for digitalization, the resolutised must be of 300dpi.

The photographs must be of good quality and integali the symbols, characters or arrows which
appear in the legend.

The figures must be carried out in two dimensiovijout background color or gray. The size of the
characters used must be sufficient to allow thelirgpafter reduction with a width of 85 mm (1
column) or 180 mm (2 columns).

Tables (Word PC) must be presented separated fiertekt according to the model below (single
spaced):

V. V. V. splendidus V.
scophthalmi aestuarianus vulnificus
V. V.
splendidus | splendidus Il
ADH + + (+) v -
LDC - \% - - +

oDC - . - :

Color should be used only for the photographst isinecessary to the comprehension of the
manuscript. The figures and tables in color areawsepted. If the authors wish to publish colored
figures or tables an overcost of impression willibeoiced to them (cf Cost of publication and
Reprints).

Proofs:

Printing proofs (format pdf) are sent by Emailhe aauthor ensuring the correspondence. The author
is requested to type the corrections to be caoigdn a separate textual file and to return ihimit

3 day. If no correction is necessary this mustdezigied.

Only the corrections of form are allowed, they masstimited to the typographical corrections.
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In the absence of answer of the authors withiny& ddne manuscript could be published without
correction or its publication could be deferred.

Cost of publication and Reprints:

The publication of the manuscripts in black andte/is free.

One board of photographs in color is offered toah#or if they are necessary to the comprehension
of the manuscript (cf. Illustrations).

Any other color publication must be required by dlughors and will be invoiced (an estimate will be
communicated).

The authors will receive for free a pdf file of thenanuscript after its publication for scientific
diffusion on individual request. The AUTHORS DO N®RVE THE RIGHT TO PRINT AND
DIFFUSE THEIR MANUSCRIPT IN CONFERENCES OR FOR COMMCIAL PURPOSES
WITHOUT AUTHORIZATION. This kind of diffusion musbe carried out by using Reprints
provided by th&Revue de Médecine Vétérinaire

The authors who wish to obtain reprints must maleerequest of them BEFORE PUBLICATION
OF the MANUSCRIPT (an estimate will be communicated
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8.3 THE PACKAGE LEAFLET OF B-GLUCAN MEDICINE

" ESTA BULA E CONSTANTEMENTE ATUALIZADA. LEIA-A ATENTAMENTE ANTES DA ADMINISTRAGAO DO MEDICAMENTO.

Imunoglucan®

Glucana (8 -1,3-D-glicopiranose)

FORMAFARMACEUTICAE APRESENTAGAC
SuspensBo injetavel subcutBnea e intramuscular. Frasco-ampola &mbar
contendo Smk.

VIAS DE ADMINISTRACAO: Subcutinea s intramuscular
USOPEDIATRICO OUADULTO

COMPOSIGAO

Cadafrasco-ampola da suspenséaoinjetdvel, com S mL, contém:
Glucana {p-1,3-D-glicopiranose) ...
Excipientes: Intralipide*, cloretc de sédio, fenol, dgua estéril.
*Intralipide é composto por: dlec de soja, lecitina, glicerina, &gua para injegéo.

10.0mg

INFORMAGOES AQ PACIENTE

-Comao aste medicamanto funciona?

Este medicamento & base de glucana, funciona como imuncmoedulador,
aumentando as defasas do organismo.

-Porque este madicamento Tolindicado?

Este medicamento esté indicado para aumentar as defesas imunolgicas do
arganismao.

-Quando ndo devo usar este medicamento?

Este metdicamento & contraindicadc em pacientes fransplantados; nos irés
primeiros meses de gestagio e nos casos em que houver formag#o de nodules
e/ou abscassos nos locais de aplicagdo.

Evitar a administragéo do produto na vigéncia de febre (aplicar s6 apés baixar a
temperatura).

"N&o deve ser ulilizado duranie a gravidez e a amamentagsio, exceio sob
orientagdo médica. Informe ao ssu médico ou cirurgiSio-dentista se ocorrer
gravidez ou sa iniciar amamentacio durante o usa deste medicamento

"Este medicamente é contraindicada na faixa etéria abaixo de 5 anos.”

"Informe @0 médico ou cirurgido-dentista o aparecimento de reagoes
indesejaveis.”

"Informe a0 seu médico ou cirurgido-dentista se vocé estd fazendo uso de aigum
outro medicamento.”

"N3o use madicamento sem o conhacimento do seu médica. Pode ser perigoso
paraasuasaide.”

-Como devo usareste medicamento?

Suspenséao estéril levemente leilosa.

Este medicamento deve ser usado por via subcutinea ou intramuscular, e deve
seraplicado por profissional habilitado.

Ust adulto - Via intframuscular

Injetar 1 mL, de 7 em 7 dias, até terminar o contelda do frasco, ou a critério
médico.

Uso pediatrico - Via subcuténea

Em criangas acima da 5 anos, injetar 0,25 mL, por via subcuténea, de 7 em 7
dias,durante cinco semanas ou a critério médico.

" "Siga a crientagdo de seu médico, respeitando sempre os hordrics, as dosesea

duracao do tratamento.”

"N&a interrompa o tratamento sem o conhecimento do seu médico.”

"N&c use o medicamento com o prazo de validade vencido. Antes de usar,
observe o aspecto do medicamento.”

- Quais os males gue ests medicamento pode causar?

Pade apresentar febre (raramente), moleza na corpo, discreta dor de cabega e
muscular até 2 haras apds a aplicagao, geralmente de duragéa limitada. No local
da aplicacdio pode ocorrer vermelhiddo e dor, entre 0 1° e o 6° dia. Com a
continuagéo do uso, pode surgir nédulo e mesme formagdo de abscesso, no
entanto, ambos n@oc possuem bactérias em seu interior. Portanto, devem-se
tomar algumas medidas corrstivas, conforme descrigao abaixo.

Em caso da ocorréncia de nddulo e/ou abscesso:

- Suspendera aplicagdoimediata damedicacao;

- N&o fazeruso de antibiéticos, pois ndo se irata da processa infeccioso;

-Em caso de nédulos, colgear compressas geladas sobre os mesmas, varias
vezes ao dia;

- Em caso de abscesso, que se rompa expontaneamente, cobrir o local com
compressas de gaze para nao haver possibilidade de contaminaco externa.

Em pacientes com dermatite de contato, o usoc deste medicamento pode
exacerbar o quadro.

- 0 que fazer se alguém usar uma grande quantidade deste medicamentode
umasdvez?

Caso ocorra aplicacéo acidental com dose muito acima do prescrito, suspendero
tratamento @ comunicar imediatamente aoc médica. Neste caso, poderd ocorrer
raagéo local com vermelhiddo e dor.

-Onde e como devo guardar este medicamento?

Este medicamento deve ser guardadoc dentro da embalagem original, a
temperatura enire 15 & 30 °C, a0 abrigo da luz e umidade. Nessas candig@es, o
prazo de validade do medicamento & de 24 meses, a pariir da data de fabricag8o.
Ac adquirir o medicamento, confira sempre ¢ praze de validade impresso na
embalagem do produlo. Nunca tome medicamenic com prazo de validade
vencido.

TODO MEDICGAMENTO DEVE SER MANTIDO FORA DO ALCANCE DAS
CRIANCAS.

“Informe seu médico sobre gualquer medicamento que esteja usando, antes do
inicio ou durante o tratamenta. O usa dests, junio com culres medicamentos
(principalmente antibi6ticos) deve serarientado pelo médico.”

NAC TOME REMEDIO SEM O CONHECIMENTO DO SEU MEDICO, PODE
SERPERIGOSOPARAA SAUDE.

INFORMAGOES TECNICAS AOS PROFISSIONAIS DE SAUDE

imunoglucan®contém glucana (&-1,3-D-glicopiranose), biopolimero com peso
molecular em tomo de 6.500 Dalton, exiraida da parede celular do
Saccharomyces cerevisiae, através de hidrlise e processos fisicos. A glucana
n&c possui agdo i6xica nem atividade imunogénica e, como propriedade
farmacolégica, estimula as defesas do sistema mononuclear fagocitico contra
infecgBas por virus, bactérias, protozodrios e fungos patogénices. Aumenta a
imunocompeténcia do sistema imune; amplia a atividade dos macréfagos na
modulacdio da resposta imune, de modo inespecifico; reforca o poder
imunogénico do antigeno, quande injetado associado; modula a resposia
humoral e celular, @ estimula as respostas primdrias e secundérias contra
inGmeros antigenas. Estimula o sistema timo-dependente & aumenta as células
formadoras de coldnias de macréfagos e granuldcitos do bago e da medula
6ssea. Estas propriedades indicam gque a glucana, usada coma agente
imunoterapice, pode estimular o crescimento do nimero de células efetoras
vidveis; produzir necroses de células tumorais por meio de injecBes intralesionais
@, reduzir, de moda significante, o infiitrado de mondcitos. As pesquisas indicam
que o uso de glucana faz desaparecer a susceptibilidade as infecgbes dos
animais tratados com ciclofosfamida; estimula a producio de IL-1, que ampliaa
resposia imune pela estimulagdo do T-helper; astimula os macréfagas do figado
a formar estruturas granulomatosas, retarda o crescimento de varios tipos de
tumores (leucemia mislogénica aguda, adenocarcinomas, melanomas por
células B), quando injetada por via infravenosa ou infralesional. A regresso dos
tumores promovida pela glucana é sempre acompanhada por necrose das
células tumerais e de infilirado de células monocllicas. A glucana exerce agio
anti-tumoral por vérios mecanismos: estimulagdo do sistema moncnuclear

fagocitico, estimulag@o dos linfécitos Th1; proliferaggo do tecido de granulagdo -

fibrobléstico; diminuigdo do tamanho dos granulomas existenies na
esquistossomose, madificando sua morfologia e compesicdo. Agrava as reagées
nos enxertos xenogénicos e afiva as reagles enxsrip-hospedeiro.

INDICAGOES
Imuneglucan®estd indicado, como imunomadulador nos casos de tumores (por

infiltrac&a local); nas viroses crénicas, como Hepatites, Herpes (HSV-1e HSV-2), -

HiV, HPV; Parasitoses; Neoplasias com e sem metdstases; Micoses profundas,
como: Paracoccidiodoses, Criptococoses e Aspergiloses.

CONTRAINDICAGOES

Em caso de pacientes transplantados; nos trés primeiros meses de gestagéo,
nos casos em que houver formagio de nédulos e/ou abscessos nos locais de
aplicaco e em criangas na faixa etéria abaixo de 5 anos.

POSOLOGIA
ESTE MEDICAMENTO DEVE SER APLICADO POR
PROFISSIONAL HABILITADO

« Agitar energicaments o frasco por pelo menos 3 minutos.
s Logo apés a agilagho, aspirar o conleldo do frasco, ulilizando "agulha de insulina”

e seringa de 3 mlL.

s Mudar de agulha e apiicar por via subculdnea (crisncas) ou via intramuscular
{adulics).

Criangas acima de 5 anos Adultos

Injetar: Injetar:

= Via subcutanea e Via inframuscular

« 0,25 mL e 1mb

s |ntervalo de 7 dias entre as|e Iniervaiode 7 dias entre as aplicacbes
aplicagbes duranis 5 semanas aléo ino do conleiide do frasco

Realizar rodizio dos locais de aplicag@o. No injetar no mesmo local de
aplicagbes anteriores.
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AGITE ENERGICAMENTE O FRASCO
ANTES DA APLICAGAO DO PRODUTO.

0 TEMPO RECOMENDADO DE
AGITAGAO DO FRASCO E DE NO
MINIMO 3 MINUTOS.

Aplicacio Subcutinea Locais de Aplicagio

Apli o Int Locals de Aplicacio

uscular

CUIDADOS NA APLICACAO
ESTE MEDICAMENTO DEVE SER APLICADO POR
PROFISSIONAL HABILITADO
= _Agitar enargicaments o frasco por peio menos 3 minutos.
s Logo apds a agilaglo, aspirar o contelido do frasco, ulilizando “agulha de insuling”
eseringade 3 mL.

e Mudar de agulha e aplicar por via subcuténea {cri
(adultos).

Via subcutagn

) ou via i

Via I_ntramuscu!ar

Aplicar: Aplicar:

e Face intema dos bracos nals Regido do deltéide (face superior
regido intermediaria compreendi- externa do brago).
da enire o 1/3 acima da dobra do|s Regiga dos gliteos (usar agultha mais
colovelo e ¢ 1/2 abaixo da axila. langa), nc quadrante superior externo.

= Face interna das coxas na regiao
intermediaria cormpreendida en-
tre 0 1/3 acima do joelhce o 1/3
abaixo da viritha.

s Abdome.

Raalizar rodizio dos locals de aplicagdio. Ndo aplicar no mesmo local de

aplicagies anteriores,

PRECAUCOES E ADVERTENCIAS

Durante o estado febril, evitar a administrac@o do produto.

Na gravidez e lactagio, o Imunoglucan® deve ser administrado somente sob
orientagdo médica.

PACIENTES IDOSOS
Na&o existe restrigdo para o uso em pacientes idosos, na posclogia recomendada.

INTERAGOES MEDICAMENTOSAS

A utilizacio concomitante de Imunoglucan® com outros medicamentos deve ser
sempre feita com muita atengéo. Imunogiucan®ndo deve ser misturado a oulras
drogas, na mesma seringa, durante a sua aplicacac. Possiveis interagGes com
fatores de crescimentc hematopoiéticos néc foram ainda investigados.

REAGOES ADVERSAS

Reacdes gerais: slguns pacienies podem apresentar febre & sensagbes de
estada gripal, tais camo: astenia, mialgia e cefaléias discretas. cerca de 2 horas
apés a aplicagio, geralmente de duragao limitada. Afebre pode sa fazer presente
com baixaintensidade.

Reagbes cutdneas: pode ocorrer rubor e dor no local da aplicagéc, entrec 1°e 0
§°dia. Isto se justifica, pois, com o uso prolongade do produto pode surgir, desde
discreta hiperemia, passando a nodulagio, podendo ocorrer até formagao de
abscesso. O Imunoglucan® enfre as suas vérias acdes, estimula os macrdfagos
a produzirem vérios tipos de citocinas, algumas, localments, podem levar &
agressao, promovendo destruigdo tissular. Outras citocinas promovem migragao
dos leucécitos para o sitio estimulado, pedendo favorecer reacéo local. Estas
reagdes levam & formagao de nGdulo, que podem vir, inclusive, a romper para o
exterior da pele, caracterizando abscesso. Ressalte-se que ambos - nddulo e
abscesso - sdo estéreis (ndc possuem bactérias em seu interior). Portanto,
devem ser tomadas algumas medidas cometivas conforme descrigéo abaixo:

e
CONDUTA EM CASO DE:

NODULOS ABSCESSOS astérsis
« Suspender a medicacdo de = Suspender a medicagdo de
imediato; imediato;

= Colocar compressas geladas sobre
a drea do nédulo;

Realizar drenagem cirdrgica dos
abscessos gque apresentem flutu-
agdo, deixando drenc laminar par|
24 a 72 horas;

N3o fazer uso de antibibticos (ndo
s8 trata de processao infeccioso);

o Cobrir o local abscedado com
compressas de gaze, para ndo
haver possibilidade de contami-
nacdo extema. ===

= N&o fazer uso de antibidlicos (n3o
sa trata de processo infeccioso).

Em pacientes com AIDS, tem sido relatado o aparecimento de hiperqueratose
palmar e plantar. Em partadores de dermatite de contato, o uso de Imunolucsn'—
pode exacerbar o guadro. cocm
SUPERDOSAGEM
Caso ocorra uma superdosagem acidental, suspender o fratamento e comunicar g
imediatamente ao médico.

CUIDADOS DE ARMAZENAGEM
Este medicamento deve ser guardado deniro da embalagem original, a
temperatura entre 15 e 30 °C, a0 abrigo daluze umidade. —

M.S.1.1557.0048.001-2 —
Farm. Resp.: Rosa Licia Cameiro da Silva - CRF-PE 1938 L

Imunoglucan®e Hebron®s&@io marcas sob licenga da
Hebron Farmacéutica - Pesquisa, Desenvoivimente e Inovag@o Tecnaldgica
CNPJ 05.314.980/0001-10

INFAN - INDUSTRIA QUIMICA FARMAGEUTICA NACIONAL SIA
Rodovia BR 232, Km 136 - Bairro Agamenom Magalh&es - Caruaru - PE
CEP: 55.034-640 - Industria Brasileira
C.N.P.J.: 08.939.548/0001-03
www hebron.com.br

Atendimanto aoc consumidor: 0800-724 2022
sac@hebron.com.br
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Abstract:

The peri-partumperiod is a critical time for small ruminants besa nutritional requirements are
very high and feed intake is often limited. Nutital diseases, such as pregnancy toxemia, can
develop. Farmers try to limit these probleglucan and saponin-based plant extracts have been
shown to have favourable effects on animal prodactimmune-modulation for the former and
reduced methane production and modification of nufeementation patterns for the latter. However,
little is known about their effects on metabolisiinerefore, the general objective was to better
understand the effects of gjglucan injections and 2) dietary saponin, on maiatm and rumen
fermentation in small ruminants during the trawositperiod. The influence di1,3-glucan (i.m.
injections, 1ml/animal/week for 60 days) on the abelic profile of 14 Santa Inés ewes in the last
weeks of gestation was studied. Two groups of emae formed in late gestation: a glucan group
(G, n=7) and a control group (C, n=7). Nutritioradjuirements during the experiment were covered.
Blood samples were collected throughout the stidlyod samples were analysed for metabolites,
ions and enzymes. All ewes were clinically healtBlucose, L-lactate, non-esterified fatty acidsl an
B-hydroxybutyrate peaked at parturition (p<0.053partate aminotransferase (AST) was higher in
C vs.G (p<0.05 and there was a similar trend for fructosaming albumin p<0.10). Urea tended

to be higher in G&rs.C (p<0.10. In conclusion, the changes with time were cdasiswith a change

in physiological status (gestation/lactatidsf),3-glucan appeared to protect muscle and livesulse
AST levels were lower than in controls and it dat negatively affect metabolism. The influence of
a dietary saponin-based additive (25g saponin/dfdag on the metabolic and rumen fermentation
profile of Saanen and Alpine dairy goats during tdifferent metabolic situations: metabolic
neutrality (mid-lactation) and metabolic imbalan@@egnancy/lactation) was studied in two
experiments. Experiment 1, used mid-lactating g@&aégponin group (S), n=10; Control group (C),
n=10). The 6 week experiment was divided into: &kvef C diet, 4 weeks either S or C and 1 week
C. Experiment 2, used peri-parturient goats (Sapgroup (S), n=12; Control group (C), n=12). The
7 week experiment was divided into: 1 week C dletjeeks either S or C (stopping at parturition)
and 2 weeks C. Nutritional requirements duringeRperiments were covered. Blood samples and
rumen fluid were collected throughout both expentse Blood samples were analysed for
metabolites, ions and enzymes. All the goats winecally healthy. There was no effect of saponin
in experiment 1 on animal husbandry measures, plasmatabolites and ruminal fermentation
(p>0.05. The ruminal acetate to propionate ratio tendduktaffected by treatment (S <0.057).
There was no effect of saponin in experiment 2 lood metabolitesp>0.05), except for plasma
urea (S > Cp=0.054. Total protozoa numbers tended to be affectettdatment (S > (p<0.10).
Most of the animal husbandry, plasma and ruminabatbiées showed a time effect around parturition
(p<0.05). In conclusion, dietary saponin during mid-laictator theperi-partumperiod had little
effect on metabolism and ruminal fermentation. Tie@ds observed in blood urea, total protozoa
count and acetate/propionate ratio could be paknbeneficial. Lastly, the potential for sapomin
influence ruminal fermentation may depend on thellehe period of administration and the type of
diet. B-glucan and saponin did not have a negative effieghetabolism and it would be interesting
to conduct further work in animals suffering fromnegnancy toxemia. Studies could also be
conducted on the possible immune action§-glucan and saponin.
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Résumé :

Le péri-partum est une période critique chez ldgspriminants car les besoins nutritionnels sont
élevés et l'apport alimentaire souvent limité. Desladies nutritionnelles comme la toxémie de
gestation peuvent survenir et doivent étre évit®es produits d’origine naturelle comme fle
glucane ou des extraits de plantes a base de sagueuvent favoriser sur la production : modulation
immunitaire dans le®lcas, réduction des émissions de méthane et matitiins du profil fermentaire
dans le 2. Cependant, leurs effets sur le métabolisme s@htconnus. L'objectif était de mieux
comprendre les effets 1) d’'injections fglglucane et 2) de saponine alimentaire, sur le Inoéitane

et la fermentation ruminale de petits ruminantsda@i la transition gestation/lactation. L'influence
dupl,3-glucane (1ml IM/animal/semaine pendant 60 josus le profil métabolique de brebis Santa
Inés a été étudiée en fin de gestation (groupesaBi(G, n = 7) et Contréle (C, n = 7)). Les besoin
nutritionnels étaient couverts. Les métabolitescteblytes et enzymes plasmatiques ont été doses.
Toutes les brebis étaient cliniquement en bonnegsae glucose, le L-lactate, les acides gras non-
estérifies et lep-hydroxy-butyrate ont atteint un pic a la partariti (0<0,05. L'aspartate
aminotransférase était plus élevée dans le grous3dp < 0,05 avec une tendance similaire pour
la fructosamine et l'albuming & 0,10. L'urémie tendait a étre plus élevée dans leggda vs C
(p<0,10. En conclusion, I'évolution dans le temps étaih@ente avec une modification du statut
physiologique (gestation/lactation). B&,3-glucane a semblé protéger le muscle et le liesetaux
d'AST étant inférieurs a ceux des controles. Il a’ypas eu d'effet négatif sur le métabolisme.
L’influence d'un additif alimentaire a base de sape (25g/animal/jour) sur le profil métabolique et
de fermentation ruminale de chevres Saanen etesl@rété étudiée dans deux expérimentations :
équilibre (mi-lactation) ou déséquilibre (gestatiactation) métabolique. Dans |&°Ldes chévres en
mi-lactation ont été utilisées (groupes Saponin@{30) et Contréle (C, n = 10). Les 6 semaines ont
été divisées en 1 semaine de régime C, 4 semaiiteS soit C et 1 semaine C. Dans 4°2des
chévres péri-parturientes ont été utilisées (grelgaponine (S, n = 12) et Contrdle (C, n = 12). Les
7 semaines ont été divisées en 1 semaine de réhicheemaines soit S soit C (arrét a la partunition
et 2 semaines C. Les besoins nutritionnels étaiemterts. Du sang et du contenu ruminal ont été
prélevés dans les deux cas. Les métabolites,iesides enzymes plasmatiques ont été dosés.sToute
les chevres étaient cliniquement saines. Dansdhgxqce 1, il n'y a eu aucun effet de la saporime s
les parametres de production, les métabolites @lagues et la fermentation ruminageX 0,05. Le
rapport acétate/propionate du rumen a eu tendaétre &duit (S < Qy=0,057). Dans l'expérience

2, il n'y a pas eu d'effet de la saponine sur légbolites sanguing$0,05), sauf pour 'urémie (S >

C; p=0,0549. Le nombre de protozoaires a eu tendance a égmente (S > <0,10). La plupart
des variables de production, plasmatiques et rdgsnent présenté un effet temps autour de la
parturition @ <0,05. En conclusion, la saponine alimentaire en mialth@n ou en péri-partum a eu
peu d'effets sur le métabolisme et la fermentationinale. Les tendances observées pour l'urémie,
le nombre de protozoaires et le rapport acétatgipmate pourraient étre potentiellement bénéfiques.
L’effet de la saponine sur la fermentation ruminptirrait dépendre de la dose, de la période
d'administration et du type de régime.fl-glucane et les saponines n‘ont pas eu d'effettifeegur

le métabolisme. Il serait intéressant de réalisautees études chez des animaux atteints de toxémie
de gestation ou d’évaluer les actions immunitadies deux produits.



