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Background: Chronic active adrenocorticotropin hormone (ACTH) immunization of ewes (with a previous history of immunization) 
resulted in elevated titres of antibody against ACTH, which induced a reduction in circulating levels of cortisol.
Objectives: The aim of the present study was to investigate: a) the influence of active immunization against ACTH on milk production 
of the ewe as assessed by milk intake of the lamb measured with two different methods, b) whether the stimulation of levels of β-end 
and α-MSH in the circulation can result in a similar increase in the expression of these peptides in the milk of the lactating ewe, thereby 
producing a milk with high analgesic properties.
Materials and Methods: Ten primiparous Merino ewes (4-5 years old) during their first 5 weeks of lactation were used in the experiment. 
Milk intake of each lamb can be used to give the ewe’s milk yield per unit time, and this can be used for secretion of peptides over time. This 
was determined by two different techniques: the deuterium oxide method and the weigh-suck-weigh method. β-end, α-MSH and cortisol 
were measured in blood samples and β-end, α-MSH in milk samples using RIAs (Radio Immune Assay).
Results: Plasma β-end and α-MSH in ACTH-immune animals increased to 3 and 38-fold respectively, although the level of α-MSH is most likely 
exaggerated by the presence of α-MSH antibodies in the ACTH immune plasma, as α-MSH comprises the N-terminal 13 amino acids of ACTH. 
Antibodies also were detected in the plasma of lambs of immune ewes after birth, at levels, which were comparable to those measured in 
the ewes during the period of colostrum production and thereafter decreased to much lower levels by the end of the experiment. Plasma 
β-end and α-MSH in the lambs of immune ewes were significantly higher than those measured in the lambs of control ewes.
Conclusions: The immunization procedure had no effect on feed intake, live weight gain and milk production of ewes nor was the growth 
rate or milk intake of the lambs altered. The expression of β-end and α-MSH in milk was also unaffected by the high concentrations of these 
hormones in the circulation of immune ewes.
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Implication for health policy/practice/research/medical education:
The present study focused on some hormonal and immune manipulation to find the possible effects on the yield of ewe milk production.
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1. Background

Both colostrum and milk are complex biological fluids 
that only contain gross nutrients (such as proteins, car-
bohydrates, and fats), and micronutrients (such as miner-
als and vitamins), but also provide an abundant source of 
biologically active peptides for the new-born and growing 
lambs. These peptides include EGF, nerve growth factor, 
insulin, PRL, somatostatin, thyroid releasing hormone, 
GHRH, luteinizing hormone releasing factor, ACTH, eryth-
ropoietin, bombesin like peptides, calcitonin and peptides 
with opiate activity (1). Many of these are actually circulat-
ing hormones, which have been sequestered from the ar-
terial blood supply to the mammary gland via mammary 
epithelial cells into milk. Alternatively, it is possible that 
some of these are actually synthesized in the mammary 
tissue and secreted directly into milk. The function of this 

maternal source of peptides to the lamb is not well defined, 
although they are likely to modulate gut maturation, met-
abolic status and the behavior of the lamb since, many of 
them have been shown to survive in the acid environment 
of the GIT of the neonate (2). The opiates are particularly 
important to the lamb since they induce analgesia, modify 
behavior and influence feed or milk intake. Furthermore, 
they may have a direct influence on the maturation of the 
GIT (1, 3).

It is well known that stress-induced release of CRF stim-
ulates the secretion of ACTH and Beta endorphin (β-end) 
from the anterior pituitary with ACTH inducing the secre-
tion of cortisol from the adrenal cortex.

A number of studies have shown that both the imposi-
tion of stress and ACTH administration stimulate the se-
cretion of cortisol, both of which decrease milk produc-
tion and milk protein yield (4, 5).
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One physiological mechanism through which cortisol 
secretion caused by stress may decrease milk production 
is related to glucose availability. There is a significant cor-
relation between glucose entry rate and mammary up-
take of glucose with milk yield in the cow (6, 7), where it 
is required for the synthesis of lactose and protein. The 
administration of synthetic corticosteroids to cows in 
vivo results in a decrease in glucose uptake into mam-
mary tissue (8, 9) and therefore, presumably less lactose 
and total milk output.

Thatcher and Tucker (10) have demonstrated that adre-
nal corticosterone content is correlated with mammary 
gland mRNA and DNA in the rat. This is in agreement with 
Baxter (11), Gille et al. (12) and Lofberg et al. (13), who had 
shown that protein synthesis is reduced by high concen-
trations of the glucocorticoids through a reduction in 
DNA synthesis or a decline in the rate of transcription to 
mRNA.

Active immunization against ACTH results in the pro-
duction of antibodies against ACTH which decreases the 
secretion of cortisol and increases the secretion of β-end 
and α-MSH into the circulation (14). This latter result is 
due to the suppression of negative feedback of either cor-
tisol or ACTH or both on the hypothalamus and pituitary.

2. Objectives
The present study investigates: a) the influence of ac-

tive immunization against ACTH on milk production of 
the ewe as assessed by milk intake of the lamb measured 
with two different methods, b) Whether the stimulation 
of levels of β-end and Alpha Melanocyt Stimulating Hor-
mone (α-MSH) in the circulation can result in a similar 
increase in the expression of these peptides in the milk 
of the lactating ewe, thereby producing milk with high 
analgesic properties.

3. Materials and Methods
Experimental procedures were approved by the University 

of Sydney Animal Welfare and Ethics Committee.

3.1. Sheep
Ten primiparous Merino ewes (4-5 years old) during 

their first 5 weeks of lactation were used in the experi-
ment. Of the ten ewes, five delivered twin lambs, one of 
which was withdrawn from the ewe within 24 hours of 
birth. Lucerne chaff was offered ad libitum to the ewes for 
the duration of the experiment. Four ewes with a previ-
ous history of seven immunizations over a period of two 
years were used as the ACTH immune group, while six 
ewes which had received a comparable immunization 
regime with either Freund’s complete or incomplete ad-
juvant only were used as the control group. The immune 
ewes were boosted 2 and 18 days after the birth of the 
lambs, while the control animals received the Freund’s 
incomplete adjuvant alone. The left jugular vein of the 

sheep was catheterized one day-after parturition and was 
used to collect blood samples and administer oxytocin 
and heparin.

3.2. Measurement Methods

3.2.1. Estimation of Milk Intake
Milk intake of each lamb can be used to give the ewe’s 

milk yield per unit time, and this can be used for secre-
tion of peptides over time. This was determined by two 
different techniques: the deuterium oxide method and 
the weigh-suck-weigh method.

3.2.1.1. Hormone Measurements
β-end, α-MSH and cortisol were measured in blood 

samples and β-end, α-MSH in milk samples using RIAs 
(Radio Immune Assay). The antibody levels produced in 
response to active ACTH immunization were measured 
by ELISA method.

3.2.2. Anti α-MSH Antibody Titre
The ability of the ACTH immune plasma to bind α-MSH 

was assessed at lower dilutions of plasma than used in 
this cross reactivity study.

Samples diluted serially in assay buffer (100 µL) were 
incubated with 10000 cpm of 125I-α-MSH and 400 µL of 
assay buffer for 12 hours at 4°C. The final dilutions used 
were serial dilutions from 1:25 to 1:12800. Normal rab-
bit serum in 5% polyethylene glycol (100 µL) and donkey 
antisheep (100 µL; 1:40 final dilution) were added to tubes 
and incubated at 4°C for a further 12 hours. Tubes were 
then centrifuged at 2000 g and the supernatant aspirat-
ed. The pellet was counted in a gamma spectrometer, and 
the antibody titre calculated as that dilution that allowed 
50% of maximum binding.

4. Results

4.1. ACTH Antibody Titres in Immunized Ewes and 
their Lambs

4.1.1. Ewes
No antibodies were detected in the plasma of control 

ewes. In contrast, antibodies were detected in the plasma 
of immune ewes, the levels of which were boosted follow-
ing each immunization with the ACTH: ovalbumin conju-
gate (Figure 1). Before the first boost, there were residual 
circulating antibodies against ACTH from the previous 
immunization regime, the last boost injection having 
been administered 32 months before the commence-
ment of this study. However, the titre was doubled one 
week after the first boost and doubled again one week af-
ter the second boost. The assessment of anti-α-MSH anti-
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body levels showed that there was a titre of 1:3000 in the 
sample analyzed.

4.1.2. Lambs
No antibodies were detected in the plasma of the lambs 

born from control ewes. In contrast, antibodies were de-
tected in the plasma of the lambs of immune ewes, the 
levels of which were comparable to those measured in 
the ewe at the same time and which decreased gradually 
to a titre of 2030 ± 174 by the end of the experiment (Fig-
ure 1). The boot immunization of their dams' post-par-
tum did not, however, elevate the circulating antibody 
levels in the lambs as they did in the dams.

4.1.3. Feed Intake
Changes in feed intake in ACTH immune and control 

ewes during the first 32 days after the birth of the lambs 
are shown in Figure 2. During the first week post-partum; 
ewes consumed less than the daily allowance (3-4 kg). 
However, by week’s 2 to 3 post-partum, this ad libitum 
intake had increased by approximately 50%. There was 
no significant difference in feed intake between ACTH-
immune and control groups, although the feed intake 
increased significantly (P < 0.05) with time.

4.2. Body Weight of Ewes and Growth Rate of Lambs

4.2.1. Ewes 
The mean body weight of immune and control ewes 

during the experiment are shown in Figure 3 A. Although 
the control ewes were heavier compared with the im-
mune ewes during the experiment, this difference was 
not statistically significant.

4.2.2. Lambs
The growth rates of the lambs of immune and control 

ewes were 188.9 ± 9.1 and 212.2 ± 22.0 (g.day-1) respectively. 
The growth curves of lambs born from immune and con-
trol ewes are shown in Figure 3 B. There was no significant 
difference between the two groups; however, the lambs 
born from control ewes tended to be heavier at birth and 
over the total 32-day period.

4.3. Plasma Hormones

4.3.1. Ewes

4.3.1.1. Cortisol
The mean plasma concentration curves of cortisol of 

ACTH-immune and controls are shown in Figure 4 A. 
There was a significant difference between mean values 
of circulating cortisol of immune and control animals (P 

< 0.05). The concentration of cortisol in the plasma of im-
mune ewes was significantly lower than in control ewes. 
The immune ewes showed a decrease in circulating levels 
of cortisol one week after each boost. In contrast, the con-
trol ewes showed a rise in cortisol at the same time.

Figure 1. Antibody Titre Response of Merino Ewes and Their Lambs to the 
Immunization of Ewes Against the ACTH.
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Figure 2. The Influence of Active Immunization Against ACTH.
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4.3.1.2. α-MSH
The concentration of circulating α-MSH in immune 

ewes was significantly higher than in control ewes (P < 
0.05) (Figure 4 B). There was a significant relationship be-
tween time and mean concentration of α-MSH (P < 0.01) 
in immune animals, with concentrations increasing fol-
lowing the administration of boost immunizations. In 
contrast, control animals had a low and stable concentra-
tion of α-MSH during the experiment.
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Figure 3. The Influence of Active Immunization Against ACTH.
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Figure 4. The Influence of Active Immunization Against ACTH.
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4.3.1.3. β-end

The mean circulating concentration curves of β-the ß-
end in ACTH-immune and control animals are shown in 
Figure 4 C. The concentration of circulating β-end in im-
mune ewes was higher (P<0.05) than in control ewes.

4.3.2. Lambs

4.3.2.1. Cortisol
The mean circulating cortisol levels in lambs born from 

ACTH-immune and control ewes are shown in Figure 5 A. 
The lambs born from immune dams had lower concen-
trations of circulating cortisol at birth and during the last 
week of the experiment and higher levels during weeks' 
2-4 post-partum compared with the lambs born from 
control dams: this difference was not statistically signifi-
cant. There was a significant change in plasma cortisol 
levels with time over the period of the experiment which 
was reflected as a decrease after birth in both groups.

4.3.2.2. α-MSH
The mean circulating concentrations of α-MSH in lambs 

born from ACTH-immune and control ewes are shown 
in Figure 5 B. The lambs from immune dams had signifi-
cantly higher concentrations of circulating α-MSH for 
the period of 32 days post-partum compared with the 
lambs born from control ewes (P < 0.01). These levels 

were at their highest immediately after parturition and 
thereafter decreased throughout the subsequent 32 days, 
although remaining higher than the levels in control 
ewes. In contrast, the lambs of control ewes displayed a 
low and stable concentration of circulating α-MSH for the 
entire 32-day period post-partum.

4.3.2.3. β-end
The mean circulating concentrations of β-the ß-end in 

lambs born from ACTH-immune and control ewes are 
shown in Figure 5 C. The lambs born from immune dams 
had a significantly higher (P < 0.05) concentration of cir-
culating β-end at birth and during the entire 32-day pe-
riod of the experiment, although the difference between 
groups decreased with time.

4.4. Milk Hormones

4.4.1. α-MSH
Changes in mean concentrations of α-MSH in milk of 

ACTH-immune and control ewes are shown in Figure 6 A. 
Although there was a small increase in milk concentra-
tion of α-MSH in immune animals 10 days after each boost, 
there was no significant difference in milk concentration of 
α-MSH between the two groups. There was, however, a trend 
for a decrease in α-MSH concentration in milk during the 32-
day period post-partum in both immune and control ewes.

Figure 5. The Influence of Active Immunization Against ACTH.
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4.4.2. β-end
Changes in mean concentration of β-end in milk of ACTH-

immune and control ewes are shown in Figure 6 B. There 
was no significant difference between the milk concen-
tration of β-end in immune and control ewes (P < 0.05), 
however, a small increase in milk levels from immune ani-
mals occurred 8-10 days after each boost (days 8-12 and 28). 
These concentrations decreased in both groups over the 5 
week period of the experiment (Table 1). 

4.4.3. Milk Intake
The mean milk intakes of the lambs born from immune 

and control ewes were (1226.6 ± 113.3 and 1394.1 ± 162.0 
g.day-1) estimated by D2O method and (1235.8 ± 119.0 and 
1293.4 ± 159.5 g.day-1) measured by the WSW method re-
spectively (Figure 7). Although the intakes of the lambs 
from control ewes were higher than those from immune 
ewes when assessed by either measurement, this differ-
ence was not statistically significant.

Table 1.  The Mean Concentrations of α-MSH and β-end (pg.mL-1) in Colostrum, Milk and Plasma of Immune and Control Ewes

Peptide Colostrums Milk Plasma

Immune Control Immune Control Immune Control

α-MSH 82.0±9.6 84.8±10.5 60.9±7.8 60.2±4.9 1599.2±795.9 42.1±19.4

β-end 18.8±1.1 19.7±2.2 15.3±1.6 14.5±1.4 174.1±66.9 60.1±30.5

Figure 6. The Influence of Active Immunization Against ACTH.
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5. DISCUSSION

5.1. ACTH-Immunisation, Cortisol, β-end and α-MSH

5.1.2 Endocrine Status of the Ewes
The effect of immunization against ACTH was to induce 

a persistent level of circulatory ACTH antibodies in the 
ewe (Figure 1), which resulted in a marked reduction 
in the secretion of cortisol from the adrenal cortex and 
therefore the circulating levels of cortisol during the to-
tal period of the experiment. In view of the low level of 
specific antibodies directed against ACTH (1-13) (α-MSH), 
it would appear that most of the polyclonal response was 
directed to the C-terminal ACTH (14-39) sequence. Previ-
ous experience has shown that the ACTH immunization 
procedure only suppresses stress induced cortisol levels 
without affecting basal secretory levels as well (15). Sub-
sequently, the circulating levels of other POMC derived 
peptides, α-MSH and β-end rose substantially compared 
to the control ewes (P < 0.05, P < 0.01, respectively). This 
is in agreement with the findings of (15, 16), who reported 
similar rises in circulating levels of these peptides and 
a decrease in cortisol after active immunization against 
ACTH. This may be attributed to either the disruption of 
the negative feedback of corticosteroids or of ACTH itself 
on the pituitary and hypothalamus (17, 18). Presumably 
the rate of synthesis of either CRF or AVP both from the 
paraventricular nucleus in the mid- hypothalamus was 
increased resulting in the release of these peptides from 
the median eminence. Since we are unable to sample 
blood from the hypothalamic–pituitary–portal blood 
system we are unable to substantiate this hypothesis. Al-
ternatively the increase in expression may have resulted 
from an increase in the sensitivity of corticotrophs to the 
actions of CRF and AVP through the loss of negative feed-
back of control and ACTH at that level pituitary. Either 
way this response would have caused an up-regulation 
in the transcription and translation of the POMC gene in 
pituitary corticotrophs (17, 18).

The control sheep which were injected with Freund's in-
complete only, showed an increase in circulating cortisol 
one week after each boost (1, 17). This may be due to the 
local inflammatory response by the Freund’s adjuvant or 
to the handling of animals.

5.1.3 Changes in Milk Hormone Levels
Milk and colostrums a variety of proteins and steroids 

that possess biologically activity. Many of these are pres-
ent in colostrums in higher concentrations than in ma-
ternal plasma (1). In studies in which the concentration 
of hormone/ growth factor has been measured in both 
colostrum and milk, the highest concentrations occurres 
in colostrum (19). The measurement of milk concentra-
tions of α-MSH and β-end in the present study showed 

that the level of these peptides was significantly higher 
in colostrum than in milk in both groups of ewes, which 
is in accord with the findings of Baumrucker and Blum 
(19). The α-MSH level in colostrum of control sheep was 
higher (P <0.01) than in their plasma (on the first day-
after parturition) which is in agreement with the results 
of Ferrando et al. (20), who also reported higher levels of 
α-MSH and β-end in human milk than in plasma. Howev-
er, in contrast, both milk and colostrum had lower con-
centrations of β-end when compared with those levels 
measured in plasma in both treatment groups. This may 
in part be explained by the lower recovery of β-end from 
colostrum and milk than α-MSH.

There was no significant difference between the mean 
milk level of α-MSH and β-end in immune and control 
sheep (Figure 6). This shows that immunization against 
ACTH has no effect on milk concentrations of these pep-
tides, although systemic circulating levels of both pep-
tides increased markedly. The mechanism for the transfer 
of such peptides into milk from the circulation is poorly 
understood. Three possible mechanisms have been con-
sidered for the appearance of such bioactive peptides in 
milk:

1. Passive diffusion from plasma to milk.
2. Active concentration of plasma peptides in the mam-

mary gland acini.
3. Endogenous production of these peptides in mam-

mary epithelial cells during galactopoiesis.
As circulating levels of the peptides, α-MSH and β-end, 

exceed the levels found in milk, it is possible that they 
diffuse passively from the bloodstream. However, in the 
present study, we have shown that this is most likely not 
the case, since the higher α-MSH concentrations found 
in colostrum were not related to higher levels in circula-
tion.

The possibilities existed that the high circulating levels 
of α-MSH was due to the ACTH-immune plasma contain-
ing some antibodies against the N-terminal 13 amino 
acids of ACTH bound 125I-α-MSH in the RIA and therefore, 
artificially increased the measured level. Although a low 
anti- α-MSH antibody titre was found in plasma, the fact 
that neither β-end nor α-MSH levels varied in the milk 
between ACTH immune, and control animals suggests 
that the levels of these 2 peptides was varying in unison. 
Therefore, it is most likely that α-MSH levels were, in fact, 
increased by the immunization procedure. The extent of 
the increase, however, awaits HPLC and separation and 
quantitation by RIA of α-MSH extracted from ACTH im-
mune plasma.

In synthesizing colostrum, these peptides are either 
actively concentrated in the mammary acini or synthe-
sized in the glandular epithelium. The dissociation of 
plasma and milk concentrations of these peptides is even 
more graphically illustrated in the ACTH immune ewe, 
in which there was up to a 40- fold difference in levels 
of these peptides between plasma and milk. This find-
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ing provides compelling evidence to discount a role for 
passive diffusion or active concentration of these two 
biological peptides from the circulation for secretion in 
milk. As it is likely that these peptides have an important 
functional role in the neonate, it is not surprising that 
peptides have an important functional role in the neo-
nate, it is not surprising that peptides do not simply dif-
fuse passively as their role in neonatal development is 
likely to be concentration dependent. Similarly, these re-
sults do not suggest any localized concentration mecha-
nism, unless it is very tightly regulated and in this case 
suppressed in the ACTH-immune ewes. The validity for 
such a mechanism could be established by developing a 
model for suppressing circulating α-MSH or β-end levels, 
perhaps by inducing active immunity to these peptides. 
Thus, a protective mechanism for the neonate is in place 
to prevent any possible deleterious effects of high levels 
of these peptides being expressed in milk.

5.1.4. Lambs
Circulating levels of cortisol in lambs of immune ewes 

were lower than of those in lambs of control ewes at 
birth, however, the levels for both groups decreased to 
similar concentrations within one week of birth. The rise 
at the time of parturition is consistent with the well- es-
tablished rise observed in the foetus at birth. This rise is 
associated to an increase in gluconeogenesis, which en-
sures the supply of glucose to vital organs during the pe-
riod between placental separation and the establishment 
of nutritive sucking in the lamb (21, 22). This is confirmed 
by the demonstration that cortisol appears to induce the 
activity of most of the gluconeogenic enzymes in the 
sheep foetus during late gestation (22).

The absence of differences in plasma cortisol levels of 
lambs in response to ACTH immunization of their dams 
is difficult to explain, particularly since the lambs of im-
mune ewes show significant increases in circulating 
levels of α-MSH and β-end compared with the lambs of 
control ewes. These data would suggest that the nega-
tive feedback of ACTH at the glucocorticoids. In concur-
rent studies (16, 23), we have shown that in some ACTH 
immune animals from which affinity purified anti-ACTH 
antibodies have been obtained, some antibody popula-
tions actually stimulate the release of cortisol from iso-
lated adrenocortical cells in culture rather than prevent 
ACTH stimulation of cortisol release. In these studies, it 
has been shown that basal circulating levels of cortisol is 
unaffected by ACTH immunization, but the response to 
stress is suppressed. This phenomenon explains the pres-
ent results and identifies the importance of ACTH in the 
negative feedback regulation of POMC gene transcrip-
tion, translation and post-translational processing.

This is also most effectively demonstrated in the neo-
nate, which has been passively immunized against ACTH 
via the colostrums from the ACTH-immune dam. Thus 
the passively acquired antibodies have altered the tran-

scription and translation of the POMC gene and therefore 
the circulating levels of α-MSH and β-end presumably by 
neutralizing circulating ACTH. Again little difference in 
circulating levels of cortisol was found between the ACTH 
immune and control lambs.

5.2. Feed Intake and Live Weight
Although there is a significant body of evidence to show 

that opioid peptides stimulate feed intake (24-26), no sig-
nificant difference was observed between ACTH- immune 
and control ewes in feed intake and efficiency of con-
version to live weight (P > 0.05) in spite of low levels of 
cortisol or high levels of β-end being present in immune 
ewes. These observations are consistent with the results 
of Shahneh (16), who showed that chronic immuniza-
tion of growing crossbred lambs against ACTH increased 
plasma β-end twelve–fold, but did not change feed intake 
or the efficiency of conversion to live weight. The two 
groups of ewes also did not lose live weight during the 
period of five-week post-partum suggesting that feed in-
take was adjusted to meet the metabolic requirements of 
lactation.

5.3. Milk Intake and Growth Rate
The similar growth rate and milk intake of the lambs of 

immune and control ewes suggest that immunization 
against ACTH has not affected milk production from the 
ewes and growth rate of the lambs. The elevation of cir-
culating β-end in the passively ACTH immune lamb has 
not stimulated milk intake. This is not surprising, since 
no increase in feed intake was observed in the ACTH im-
mune ewes either, even though circulating levels of β-end 
were much higher in the ACTH immune ewes.

5.4. General Discussion
The answer to the question as whether these important 

bioactive peptides were transported directly from the 
circulation to the milk was provided by the study on the 
influence of active immunization against ACTH on pe-
ripheral and milk hormones.

Active immunization against ACTH induced high spe-
cific anti-ACTH antibody titres which decreased the secre-
tion of cortisol and increased the secretion of β-end and 
α-MSH into the circulation of immune ewes. This latter 
response was presumably due to the suppression of the 
negative feedback of their cortisol, ACTH or both on the 
hypothalamus and pituitary. Thus the transcription and 
translation of the pro-opiomelanocortin gene together 
with the post-translation modification of this gene have 
all been up-regulated to account for these high circulat-
ing peptide concentrations. The antibodies were also de-
tected in the plasma of the lambs of immune ewes after 
birth, the levels of which were comparable to those in the 
ewe at the same time and which decreased subsequently. 
The boost immunizations of the dams did not alter the 
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gradual decline in antibody levels in the lambs with in-
creasing age suggesting that lambs received this anti-
body via colostrum in the first day’s post-partum. Similar 
results have been reported by Westbrook et al. (25), who 
demonstrated that passive immunization of lambs with 
anti-somatostatin antibodies transferred from their an-
tibody immunized dams. These demonstrate how effec-
tively lambs can be immunized against any antigen into 
the ewe. These demonstrate how effectively lambs can be 
immunized against any antigen into the ewe. The stud-
ies of Westbrook et al. (25) have demonstrated that the ef-
ficiency of growth of animals can be improved by using 
this procedure.

In view of the importance of the endocrine status of the 
neonate in the first few days post-partum to the process 
of hormonal imprinting to establish subsequent growth 
and development patterns (28, 29), this procedure may 
have wider application in boosting other growth charac-
teristics of lambs, or for that matter, other species as well. 
The lambs born from immune dams had significantly 
higher concentrations of circulating β-end and α-MSH 
at birth and for the period of 32 days post-partum com-
pared with the lambs from control ewes, suggesting that 
the same negative feedback mechanisms were operative 
in the lambs as in the ewe. Their concentration was much 
higher (especially α-MSH) in the first days after birth to 
which is in accord with high concentrations of antibodies 
against ACTH in the circulation of lambs while consum-
ing colostrum. However, caution has to be taken in inter-
preting the high α-MSH levels, as evidence is presented 
to show that low anti-α-MSH antibody titres are present 
in ACTH-immune plasma. This reflects the fact that the 
N-terminal 14 amino acids of ACTH(1-39) comprises α-MSH 
and therefore these antibodies artificially increase cir-
culating levels of α-MSH in the RIA because of ability of 
these antibodies to bind the radiolabelled α-MSH.

There were no significant differences between the mean 
milk level of these 2 peptides in immune and control 
sheep which shows that immunization against ACTH has 
no effect on milk concentration of these peptides, despite 
the fact that systemic circulating levels of both of those 
peptides had increased markedly. This result suggests 
that a protective mechanism for the neonate is in place 
to prevent any possible harmful effects of high levels of 
these peptides being expressed in milk. Yet this mecha-
nism must be selective since other peptides appear to 
be able to pass from the circulation into milk. Gow and 
Moore (30) showed that milk EGF levels could be elevated 
by systemic infusion by 50%, while intra-pudendal artery 
infusion of IGF-I resulted in a similar increase in expres-
sion in milk (7, 31). There are many other hormones which 
must also pass from the circulation into milk including 
pituitary hormones, prolactin and TSH while the hypo-
thalamic releasing factors are well represented by GH 
realizing hormone, TRH and GnRh (32, 33). Of particular 
interest however are the hormones and growth factors 

that are expressed in milk at higher concentrations than 
in plasma. Examples of this phenomenon are GH realiz-
ing factor and somatostatin (34, 35), both of which ap-
pear to be concentrated from the circulation into milk 
rather than being synthesized in mammary tissue. Thus 
it is conceivable that the POMC peptides are concentrated 
from the circulation, although the evidences presented 
in this study do not agree with this possibility.

As these peptides undoubtedly have important func-
tional roles in the neonate, it is not surprising that pep-
tides do not simply diffuse passively as their role in the 
neonate is likely to be concentration dependent. In view 
of this result and the specific localization of these pep-
tides in mammary tissue, it is possible that these two 
POMC-related peptides, β-end and α-MSH are synthesized 
in mammary tissue.

Although there is a significant body of evidence to show 
that opioid peptides stimulate feed intake, in this study no 
difference was observed between feed intake and efficien-
cy of conversion to live weight in in spite of the changes 
in endocrine status induced by the immunization proce-
dure. High circulating levels of cortisol have been shown 
previously to decrease the growth rate of sheep and cattle 
(36-38), although the ewes in the present study had already 
attained mature live weight and therefore cannot be clas-
sified as growing animals. This is in agreement with the 
results of Shahneh (37), who reported no change in feed 
intake or the efficiency of conversion of feed to live weight 
in spite of ACTH-immune lambs. There was also no signifi-
cant difference between milk intake and growth rate of 
the lambs of immune and control ewes suggesting that 
immunization against ACTH did not affect milk produc-
tion of the ewes. The lambs and ewes were maintained un-
der ‘optimal’ conditions, and therefore there was no sug-
gestion that suppressive high levels of cortisol would have 
been present in these animals, which would be prevented 
by ACTH immunization.
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