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ABSTRACT: The effect of insulin administration on the productive responses of Saanen goats during early lactation was investigated. Ten of
20 adult females were subjected to subcutaneous administration of intermediate-acting insulin (0.14Ul/kg body weight) at 2, 9, and 14 days
postpartum. Milk yield was measured twice daily for 13 weeks and milk samples were collected to measure protein and fat contents. Plasma levels
of progesterone, insulin, non-esterifies fatty acids, glucose and other metabolites were measured. Results showed a significantly increased effect
of insulin treatment on the content of milk fat and protein; moreover, milk production in the first and second postpartum weeks were higher than
control group. The peak of lactation in the insulin group was achieved one week earlier in comparison to the control group. In addition, the milk
production rate showed lower persistency (milk yield 13 week/milk yield at peak) in the same group. During the first four weeks of postpartum,

treated animals showed greater weight loss and higher non-esterified fatty acid concentration, whereas no effect was observed on the concentration

of progesterone and other metabolites. The above results indicated that repeated administration of insulin in dairy goats during early lactation

increase yield and qualitative components of milk, but has substantial consequences on animal productive rate and metabolic response.
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Producio de leite em cabras Saanen tratadas com repetidas doses baixas de insulina
de liberacido intermedidria durante a lactacio inicial

RESUMO: O objetivo do estudo foi avaliar o efeito da administra¢do de insulina sobre a resposta produtiva de cabras Saanen durante
a lactagdo inicial. Dez de vinte fémeas adultas foram sujeitas a administra¢do subcutinea de repetidas e baixas doses de insulina de
liberagdo intermediaria aos 2, 9 e 14 dias pos-parto. A produgdo de leite foi mensurada duas vezes ao dia, por 13 semanas, e amostras
de leite foram coletadas para mensurar teores de proteina e gordura. Os niveis plasmaticos de progesterona, insulina, dcidos graxos ndo-
esterificados (AGNE), glicose e outros metabolitos foram mensurados. Os resultados mostraram um efeito significativamente maior nos
animais tratados com insulina sobre o teor de gordura e proteina no leite. Além disso, a produgdo de leite na primeira e segunda semana
pos-parto foi maior no grupo tratado do que no grupo controle. O pico de lactagdo no grupo insulina foi alcangado uma semana antes em
comparagdo ao grupo controle. Além disso, a taxa de produgdo de leite nos animais tratados mostrou uma menor persisténcia de producdo
de leite durante o periodo analisado. Durante as primeiras quatro semanas pos-parto, os animais tratados com insulina mostraram
maior perda de peso e maior concentrac¢do de AGNE, enquanto ndo se observou nenhum efeito sobre a concentragdo de progesterona ou
outros metabolitos. Os resultados acima indicam que repetidas doses de insulina em cabras leiteiras durante a lactagdo inicial aumenta o
rendimento de produgdo e concentragdo de componentes qualitativos do leite, mas apresenta consequéncias consideraveis sobre taxa de
produgdo animal e resposta metabdlica.

Palavras-chave: cabra, insulina, leite, pos-parto, metabolitos.

INTRODUCTION milk production, fertility, health of goat and kid and

profitable farm productivity JOUANY, 2006). Nutritive

In goats, as well as other ruminants, the
period between parturition and peak of lactation is
characterized by prolonged negative energy balance
(NEB) and represents a crucial point for the entire
productive cycle of females (TOVAR-LUNA et al,
2010). This phase is the main responsible for affecting
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management plans usually used in this period aimed to
maximize feed intake or increase diet energy density
and ultimately improving the availability of glucogenic
precursors in the rumen (HAYIRLI, 2006). Low insulin
concentration in the plasma is associated with a negative
energy balance during the early postpartum period;
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therefore, several studies have suggested that optimizing
nutrient uptake altered concentrations of this metabolic
hormone (MOLENTO et al., 2005). This approach
appears to be consistent, particularly in many tropical
areas, where the main drawback of dairy husbandry is
sustaining alimentary intake at high temperatures and
where the programs of high-energy diets to properly
nourish the animals with high-quality feed are often
competitive with human diet.

Insulinaemia is improved by the
administration of a glucogenic feed additive such as
propylene glycol or glycerol, the precursor of ruminal
propionate, which is a commonly used therapy for
energy deficit in dairy cows during postpartum
(NIELSEN & INGVARTSEN, 2004). However,
when insulin is directly administered, the magnitude
of an animal’s response varies according to the dosage
and time of release (HAYIRLI, 2006). An elevated
dosage can induce severe feed intake and milk
depression (MOLENTO et al., 2005). However, low
doses can be usefully employed against lipidosis and
ketosis in cows (HAYIRLI et al., 2002). In addition,
it is hypothesized that both treatment intensities can
influence milk quality. Based on this information, the
aim of this study was to verify the effect of repeated
administration of low doses of insulin during early
lactation on the productive responses of Saanen goats
raised in a tropical area of northeastern Brazil.

MATERIALS AND METHODS

The experiment was carried out at the
farm “Lar Antonio de Padua” (Pacatuba-CE, Brazil),
located at 3°43'S and 38°30'W, from August to
March. The mean ambient temperature recorded
during the experimental period was 26.9+0.78°C
(meantstandard  deviation  [SD]).  Forty-two
multiparous Saanen adult cyclic female goats had
their estrus synchronized using the buck effect and
mated naturally with Saanen bucks from August to
September. These animals were part of a herd of 150
does that were housed at ground level and grouped
(n=10) according to parity in boxes with free access
to water and mineral salt, as well as to open paddock
areas. Goats were fed twice per day (0600 and
1500) with a diet consisting of 70% elephant grass
(Pennisetum purpureum) and 30% leucaena leaves
(Leucaena leucocephala) chopped in the trough ad
libitum. A concentrate supplement (29% soybean
meal, 45% corn, 21.7% wheat bran, and 2% mineral,
1.3% lime, and 1% common salt) was provided at 1.6
kg per animal/day. At 45 days after mating, pregnancy
was detected by ultrasonography, and 20 goats with

twin fetuses were chosen with similar parity 2.4+0.7
(mean+SD) and kept in the flock. At parturition,
all animals showed a similar body condition score
(3.440.2 (mean£SD), body weight 55.9+9.0kg
(mean+SD) and milk production (2.5+0.2kg/doe,
overall mean, P=0.12). Kids were separated from
their mothers 24 hours after parturition to permit
them to suckle the first day colostrum. The kidding
period was 58 days.

At 2,9, and 14 days after parturition (D=0),
the animals were divided into two groups: 10 goats were
treated subcutaneously with 0.14Ulkg body weight
(BW)/day human intermediate-acting insulin, (100IU/
mL; Humulin NPH, human insulin rDNA in isophane
suspension, Eli Lilly Co., Fegersheim, France). The
control group (n=10) received an injection of saline
solution as a placebo. Starting from parturition, the goats
were weighed weekly and milk yield was measured
twice daily (4:30AM, 1:30PM) from separation of
the kids to the 13% week postpartum. Milk samples
were collected at 7, 14, 21, and 28 days postpartum to
determine protein and fat contents (AOAC, 1997).

Blood samples were collected in heparinized
tubes by venipuncture before feeding and insulin
administration beginning 50 days before parturition
(weekly) and every 3 days for 28 days postpartum.
Plasma samples were subsequently assayed for
progesterone, insulin, non-esterified fatty acids (NEFA),
glucose, urea, creatinine, gamma-glutamyl transferase
(GGT), glutamyl pyruvic transaminase (GPT), and
glutamyl oxaloacetic transaminase (GOT). Plasma
glucose, urea, creatinine, GGT, GOT, and GPT were
quantified by enzymatic assay (Wiener Laboratorios,
Rosario, Argentina). Insulin and NEFA concentrations
were measured using a commercial kit (NEFA: Medical
Systems, Genova, Italy; Insulin: IBL International
GmbH, Flughafenstr, Hamburg, Germany) validated
for goat (RONDINA et al., 2005). Plasma progesterone
was analyzed using a radioimmunoassay as described
previously (RONDINA et al., 2005).

Data was analyzed using the GLM
procedures of the SAS program software (SAS
Institute, Cary, NC, USA). Factors used in the model
included group (control and insulin), time (interval
of assessment considered), and interaction between
group and time. To compare treatments, the #-test
was used, while the differences between sampling
intervals were analyzed using the paired z-test.

RESULTS AND DISCUSSION

Results obtained in the present study have
shown that repeated low doses of intermediate release
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insulin administrated during early lactation have an
effect on qualitative and quantitative milk production
in dairy goats. Although, the total amount of milk
produced was similar between groups (Table 1),
lactation showed different patterns during thirteen
weeks of post-partum (Figure 1). Milk yield
was high in the treated group during the first and
second week of lactation (Figure 1) and the peak of
lactation in insulin goats was reached earlier (Table 1),
approximately 10 days before the control group;
however, no differences were observed concerning
the extension of peak or the milk yield recorded in
this period (Table 1). Milk yield decreased in both
groups in the 4" week of lactation, and continued to
decrease in all animals until the 13" week (Figure 1).
In treated goats, lactation persistency was lower than
that in the control group (Table 1). Thus, from weeks
7—13 of lactation in untreated animals, a higher milk
production rate was observed (Figure 1).

Our results are consistent with those of
HAYIRLI et al. (2002), who reported a significant

increase in milk yield of lactating cows injected with a
0.14 UI/BW dose of slow-release insulin administrated
on the 3" day postpartum. These authors suggesting
that the effect of insulin on milk synthesis is indirect,
and attributes to hypoglycemia the depression of
milk yield related in other studies with cows also
treated with exogenous insulin (KRONFELD et
al., 1963; SCHMIDT, 1966). The hypoinsulinemia
of early lactation is part of the changes that occur
during the transition period in support of lactation.
Low plasma insulin levels reduce glucose uptake by
insulin-responsive adipose tissue and promote greater
uptake of glucose by the mammary gland, which is
not insulin-responsive (PATTON et al., 2004).

In this study, plasma insulin concentration
did not show an overall significant effect of treatment
or time (Table 1). However, in treated goats an
increase of insulin level was observed between 1 and
4 days postpartum (P=0.01), and in 4* day the insulin
group showed a higher concentration than untreated
animals (10.3+1.2pU/mL vs. 7.4+0.5uU/mL; P=0.01).

Table 1 - Body weight (BW), weight loss, milk traits, and plasmatic metabolites levels in goats. Values are shown as the mean+standard

error of the mean (SEM).

Attributes Group p — value--------------——-
Untreated Insulin Group Time GxT
No. of does exposed 10 10
BW at parturition %, kg 54.1£3.0 58.0£2.8 0.35 - -
Weight loss °, kg 5.0+0.6 6.6+0.4 0.04 0.01 0.99
Milk Traits
Peak of lactation, days 20.143.5 10.4+1.5 0.02 - -
Peak length ¢, days 18.0+£3.4 19.8+1.8 0.65 - -
Milk yield at peak, kg 3.6+0.05 3.5+0.04 0.08 - -
Total milk yield ¢, kg 230.8+19.4 214.949.8 0.47 - -
Lactation Persistency °, % 37.0£5.1 22.5+2.6 0.01 - -
Milk fat, g/kg 31.2+1.2 36.7+1.7 0.01 0.01 0.01
Milk protein, g/kg 29.5+1.9 35.0+£1.7 0.01 0.01 0.42
Metabolism °
Insulin, pU/mL 7.9+0.4 8.2+0.4 0.55 0.61 0.41
Glucose, mg/dL 47.0£1.2 51.4£1.0 0.03 0.14 0.13
Urea, mg/dL 46.4+0.8 40.8+0.8 0.01 0.02 0.23
Creatinine, mg/dL 0.68+0.02 0.74+0.02 0.05 0.27 0.48
Liver injury
GGT, U/L 44.6+0.9 45.9+1.1 0.31 0.01 0.99
GOT, U/L 79.8+2.1 76.1£1.7 0.16 0.47 0.67
GPT, U/L 12.5+0.4 10.8+0.4 0.01 0.74 0.84

“performed after kidding; “number of days which milk yield remain at highest levels; “milk yield 13 weeks; ‘LP=milk yield 13 week/
milk yield at peak; "Mean and ANOVA results were referred to interval from 1 to 28 days of postpartum. GGT: gamma-glutamyl

transferase, GPT: glutamyl pyruvic transaminase, GOT: glutamyl oxaloacetic transaminase.
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In addition, exogenous administration of insulin
increased (P = 0.03) the glucose concentration during
the first 4 weeks postpartum (Table 1). Generally,
exogenous insulin induces an increase in plasma
glucose and plasma insulin; however, the magnitude
of this response can vary according to the dosage as
well as the type of insulin (rapid, intermediate and
slow release) (HAYIRLI, 2006).

In relation to the specific pattern of
lactation reported in the insulin group, BOVERA
et al. (2004) and CANNAS et al. (1998) reported
similar trend of milk production in dairy sheep fed
with high availability of energy promoted by dietary
non-structural carbohydrates. According to these
authors one of the possible causes of the decrease
in the persistence of lactation was that while at
the beginning of lactation the greater availability
of energy translates into milk production in
intermediate lactation reduces or does not increase
milk production but stimulates animal fattening
(CANNAS et al., 1998).

Insulin treatment also improved fat and
protein milk contents (Table 1). Both parameters
showed an expected decrease in both groups during
the first four weeks postpartum (Time effect: P<0.01),
but protein showed a different pattern in relation to
fat milk. Therefore, a significant interaction between

insulin treatment and time was observed only in fat
levels. Milk fat content of insulin goats was higher
than in the untreated animals at 7 and 14 days after
parturition. By contrast, protein content decreased in
goats treated with insulin slowly and values remained
high with respect to the untreated group at 21 and 28
days postpartum.

Early lactating goats generally showed
decreased milk protein or fat content because of the
increase in milk volume until the peak of lactation
(CHILLIARD et al., 2003). In this period, protein
synthesis is very sensible to insulin and its action
regulates protein metabolism in goats by clearly
decreasing in vivo proteolysis (TESSERAUD et
al., 2007). Enhancement of glucose availability
increased milk protein by decreasing of amino acid
requirements for gluconeogenesis, thus limiting the
spared amino acids due to the increase of protein
synthesis in the mammary gland (GRIINARI et al.,
1997). A decreased rate of protein synthesis in muscle
and skin tissue corresponds to a reduction in the use
of amino acids in the extra mammary tissues, which
makes amino acids available to the mammary gland
(TESSERAUD et al., 2007).

It is well know that the onset of lactation
is a vulnerable phase of the productive cycle. During
this period, due of energetic cost of rising milk

Figure 1 - Milk production (kg/doe) during postpartum in goats treated with insulin (white
mark) and control goats (dark mark). Differences at individual time points are
indicated by a " (P<0.05). Analysis of variance results for the effects of group,
time, and the interaction group vs. time are represented in the figure. Values are
shown as the meantstandard error of the mean (SEM).
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production, goats go through a high body tissue
mobilization. A reduction in body mass is typical
for lactating goats, which lose 5-10% of their initial
body weight at parturition (SILVA et al., 2011). These
findings are consistent with our data, which showed
that mean weight loss over 4 weeks of lactation
was 1.04+0.18 and 1.19+0.20kg for untreated and
treated groups, respectively. However, weight loss
occurred for an extensive period in treated goats and
recovery of body weight began during the 4% and 5%
weeks in the control and insulin groups, respectively.
Therefore, the loss of body mass was higher (P=0.04)
in insulin-treated animals (Table 1) and over the same
time interval an increased concentration of NEFA
was observed in the insulin group (Figure 2). In
this experiment, insulin administration for 4 weeks
postpartum increased the mean levels of NEFA
compared to in untreated animals (1.1+0.1mM/L vs.
0.7+0.1mM/L, P<0.01).

Furthermore, plasma NEFA levels decreased
slowly with insulin treatment compared to the control
group (Figure 2). This increase in NEFA levels when
associated with higher levels of milk fat during 4
weeks of lactation indicated that insulin treatment

promoted greater mobilization of corporal reserves in
lactating goats. This is not surprising and demonstrated
the higher values of milk traits in the earlier weeks of
postpartum. According to DUNSHEA et al. (1988),
the increased NEFA mobilization during the negative
energy balance in goats is due to a decrease in the re-
esterification of fatty acids associated with increased
lipolysis. When energy balance is negative, animals
mobilize lipids stored in adipose tissues, mainly in the
form of NEFA. CHILLIARD et al. (2003) reported
that in early lactation energy balance, plasma NEFA
and milk fat content are highly correlated in goats.
Concentration of liver triglyceride is negatively
correlated with plasma glucose and serum insulin
concentrations and positively correlated with plasma
NEFA (McNAMARA, 1991).

NEFA is correlated negatively with energy
balance in early lactating and can; therefore, be used as
an indicator of energy balance and metabolic disorder
(MULLIGAN, 2006). However, our results were
not shown to promote an excessive quantity of non-
esterified fatty acids in goats. During the experimental
period, the highest value was 1.30.9mM/L of NEFA
in insulin group, which agrees of what was reported

Figure 2 - Non-esterified fatty acids (NEFA) levels from 50 days before parturition to 28
days postpartum in goats treated with insulin (white mark) and control goats
(dark mark). Analysis of variance results for the effects of group, time, and the
interaction group vs. time are represented in the figure. Values are shown as the
meandstandard error of the mean (SEM).
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for dairy goats in early lactation (DUNSHEA et al.
1988). Furthermore, the regular hepatic and renal
activity verified for metabolites strongly suggested
the non-appearance of subclinical metabolic disorders
in goats treated with insulin.

All levels of the metabolites (Table 1) are in
agreement with previously published studies stipulated
for goats and suggested the non-appearance of
subclinical metabolic disorders in goats. No significant
changes in liver (gamma-glutamyl transferase-GGT,
and glutamic oxaloacetic transaminase-GOT) and
kidney function metabolites (creatinine) were observed
during the experimental period. For urea and glutamyl
pyruvic transaminase-GPT, control does showed mean
values higher than the insulin group (Table 1).

Insulin treatment did not affect the
progesterone pattern after parturition. Both groups
showed no indication of a corpora lutea during this
period, and in fact in all animals, progesterone plasma
concentrations were <lng/mL. Typically, the onset of
lactation is a vulnerable phase of the reproductive
cycle. In goats, the restart of luteal activity depends
on the extent of the negative energy balance, which
in turn depends on the capacity of the animal to fully
recover from the loss of stored body reserves, which
did not occur during period investigated. As well
recognized the negative balance during early lactation
reduced levels of progesterone that influence uterine
function, delays timing of first ovulation and exerts
consequences on early embryo development and
fertility during the breeding period (INSKEEP, 2004).

CONCLUSION

In conclusion, we reported that low doses
of insulin in dairy goats could be used successfully
during early lactation to enhance milk yield and
the quality of milk components. However, the low
persistency of lactation and increase in NEFA plasma
levels demonstrated that increased productivity was
associated with significant metabolic efforts. Therefore,
we do not recommend the use of the proposed method.
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