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Abstract 

Two hundred Single Comb White Leg-Horn
spent hens at the age of 70 weeks were pur-
chased from a commercial layer farm. The
birds were shifted to the Poultry Research
Station, Department of Physiology and
Pharmacology, University of Agriculture,
Faisalabad, Pakistan. High dietary zinc (3 g/kg
feed/day) was used to induce molting in all the
birds after one week of acclimatization.
Thereafter, birds were divided in groups of 50
birds each, with the following treatments: G1
[control; crude protein (CP)16%, no other sup-
plement], G2 (CP18%, no other supplement),
G3 (CP16%, Symbiotic, 85 mg/L drinking
water) and G4 (CP16%, Probiotic, 85 mg/L in
drinking water). Fifteen birds were slaugh-
tered at 5% of peak of production for each
group to collect their pituitary glands. Better
egg production was seen in all the supplement-
ed groups as compared to the control.
Especially an earlier post molt production
recovery and delayed decline was seen in G2 as
compared to all other groups. The immunohis-
tochemistry of the pituitary gland reveals the
decrease (P≤0.01) in the cell and nucleus size
as well as area of somatotrophs in G2 and G4
as compared to G1. The cell and nucleus size as
well as area of lactotrophs decreased (P≤0.01)
in G2, G3 and G4 as compared to G1. The bet-
ter and earlier post molt production in G2 high-
lights the potential role of protein supplemen-
tation in connection with the decreased lac-
totroph size and area in molted birds.

Introduction

Molting is characterized by the periodic
shedding and than replacement of feathers.1

This technique became very useful as well as
the most adopting tool to expand and explore
the production potential of laying hens till the

early eighties. Keeping in view the economic
aspect, the induced molting of laying hens is
prudently valuable as it can save the money
incurred on purchasing and rearing new flock
till the age of maturity (20-22 week). However,
the supplementation could be valuable in fur-
ther extending and better production perform-
ance in the second production cycle of the
molted birds.
The pituitary is master gland of body com-

prised of anterior and posterior pituitary also
known as adenohypophysis and neurohypoph-
ysis. The adenohypophysis is responsible for
the release of five major hormones including
growth hormone (GH), prolactin (PRL),
gonadotrophs (FSH and LH) and adenocorti-
cotropic hormone (ACTH). The distribution of
these hormone producing cells are scattered
through cephalic and caudal lobe of the anteri-
or pituitary in avian species. The intermedia-
tory lobe is absent in the birds and some mam-
mals.2 The plasma prolactin level increased
from 5-10 folds with the expression of incuba-
tion phase.3 It was also reported that a replace-
ment of somatotrophs in the caudal lobe of the
anterior pituitary with the lactotrophs during
the incubational resting phase is responsible
for the hyperprolactineimia.4 It is supposed
that change in the morphometry as well the
apoptosis of somatotrophs and lactotrophs is
connected with the process of molting. The
importance of the protein in the diet could be
highlighted by various reports in the literature
regarding the effects of experimental protein
deficiency on poultry.5 These include reduced
growth, reduced feed consumption, decreased
egg production and egg size, and loss of body
weight in adults. Increasing the protein in the
diet of post molted hens has lead to the early
onset of egg production in the second produc-
tion cycle after the molting.6 The protein addi-
tion in the diet has an improving effect on the
post molt egg production percentage as well as
egg weight and mass including FCR/dozen
eggs.7,8 Probiotics are microbial cell prepara-
tions having beneficial effects on the host
regarding health.9 Commonly Lactobacillus is
being used by different researchers in their
study. During stress induced by molting these
microorganisms were most commonly com-
pensated in birds.10

The dynamics of the anterior pituitary hor-
mone producing cells were affected with the
process of molting. Keeping in view the litera-
ture documentations and the significance of
protein and probiotics supplementation, cur-
rent study was planed to assess the efficacy of
protein, probiotic and symbiotic supplementa-
tion on the dynamics of pituitary hormone pro-
ducing cells in connection with the production
performance in the molted layers.

Materials and Methods

A total of two-hundred aged spent commer-
cial Single Comb White Leg Horn layers at the
age of 70 week were arranged from a commer-
cial poultry farm. The birds were brought to the
Poultry Research Station at the Department of
Physiology and Pharmacology, University of
Agriculture, Faisalabad, Pakistan. One week
for acclimatization was given to the birds dur-
ing which crude protein (CP) 16% diet was
offered at 100 g/bird/day, with 16 hours of light
and water ad libitum. After one week of
acclimatization all the birds were induced to
molt by dietary Zn at 3 g/kg of the feed (Table
1). After molting the specified groups (50 birds
each) with their respective treatments were
allotted as follows: group G1 (control, CP16%,
no supplement), G2 (2% Protein supplement;
CP 18%, no other supplement), G3 [CP16%;
Symbiotic (Perfectin®) in water at 85 mg L–1 of
drinking water daily] and G4 [CP16%;
Probiotic (Protexin®)] at 85 mg L–1 of drinking
water daily. The composition of feed and sup-
plements is presented in Table 2. The birds
were sacrificed at peak of production to collect
their pituitary glands as described below. The
post molt egg production record was main-
tained in each group. The temperature of the
poultry shed was maintained at 25±2°C
throughout the experiment.

Immunocytochemistry of pituitary
gland
The pituitary gland was collected from the

each sampling bird within 30 min from slaugh-
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tering. The upper part of the skull was removed
in the shape of a cup after reflecting the skin
from the skull. The brain was recovered carefully
from the skull in intact form. Pituitary gland was
located at the base of the brain just beneath the
hypothalamus. The pituitary glands were kept in
Bouin’s Hollande solution for 24 h after removal.
After 24 h, pituitaries were shifted to 4% forma-
lin solution and preserved till the paraffin block-
ing was done. The pituitary glands were dehy-
drated and paraffin blocking was done.11

Coating of slides and sectioning
The glass slides were cleaned by acid alcohol

(1% HCl in 70% alcohol) and dried. The clean
dried glass slides were coated by dipping in
0.1% Poly-L Lysine solution for 10 min; there-
after, glass slides were drained and dried at

60ºC for 2 h.11 The pituitary sections were cut
at 4 µM by using the microtome (HM-315,
Microm GmbH, Walldorf, Germany). The
appropriate sections were lifted on the Poly-L
Lysine coated slides. The standard rehydration
protocol was adopted to rehydrate the sections
before the process of immunostaining. The
primary antibodies against (human GH and
Ovine Prolactin) were provided by the courtesy
of Dr. A.F. Parlow (National Hormone and
Peptide Program, Harbor-UCLA Medical
Center, Torrance, CA, USA). All the antisera
were rabbit raised.

Immunostaining of pituitary sections
Secondary antibody was rabbit specific

(Biotinylated, goat antirabbit IgG; H+L),
including HRP/DAB detection IHC kit, provided
by Abcam (Cambridge, UK) (Cat #ab64261).

The rehydrated and dewaxed slide was
removed from the PBS container. The sections
were identified and encircle by the Aqua hold
barrier Pap pen (ProSciTech, Thuringowa,
Australia) so that drop of regents and antibod-
ies could stay over the sections. The antigen
retrieval was attained by Tris-HCl buffer (0.1 M,
pH 6.6) for 10 min at 121ºC, which was opti-
mum for single labeled staining of GH and PRL
cells. A drop of Hydrogen peroxide block
(ab64261, Abcam) was placed over the section
and incubated for 10 min at room temperature
to cease the activity of endogenous peroxidas-
es. Thereafter, four washings of PBS were
given and a drop of protein block (ab64261,
Abcam) was placed over the section. After giv-
ing the five minutes of incubation at room tem-
perature a single washing with PBS was given.
A drop of diluted primary antibody of hGH
(1:2000) and oPRL (1:200) was applied to the
section to cover the whole section. Two hour of
incubation at room temperature was given
prior to the procedure of secondary antibody
incubation and DAB staining. The primary
antibody was washed four times with buffer
after the completion of appropriate incubation.
The rabbit specific secondary antibody
(Biotinylated goat antirabbit IgG) was applied
to the tissue and 10 min of incubation was
given at room temperature. Four washings with
buffer were thereafter given. Then, the enzyme
streptavidin peroxidase was applied to the tis-

Original Paper

Table 1. Molting schedule of spent White Leg-Horn layers through high dietary zinc at
3 g/kg feed.

Stage Age (weeks) Feed offered (g/bird/day) Water Light (hours)

Pre-molt* 70 110 Ad libitum 16
Start of molting° 71-74 35 Ad libitum 12
Rest period 74-75 70 Ad libitum 12

76 80 Ad libitum 14
Post molt# 77 to onward 110 Ad libitum 16

*Deworming, EDS & ND vaccination; °Zn included diet started; #start of egg production.

Table 2. Composition of supplements and feed (g/100 mg) for molted White Leg-Horn layers.

Feed ingredients CP16% CP18% Composition of Perfectin (per kg) Composition of Protexin
Energy = Energy = probiotic: Viability: Viability:
2795 Kcal 2800 Kcal 1×104 cfu mL–1 1×106 cfu mL–1
g/100 g g/100 g

Corn 40 40 Lactobacillus acidophilus Lactobacillus plantarum
Rice tips 10 10 Bifidobacterium thermophilus Lactobacillus bulgaricus
Rice polishing 11 11 Bifidobacterium longum Lactobacillus acidophilus
Maize gluten 30% 6 - Streptococcus faecium Lactobacillus rhamosus
Maize gluten 60% - 4 Prebiotics Bifidobacterium bifidum
Canola meal 10 10 Vit. A 4,000,000 U Streptococcus thermophilus
Soybean meal 8 10 Vit. D3 800,000 U Enterococcus faecium
Fish meal 6 6 Vit. E 500 U Aspergillus oryzae 
Dicalcium phosphate 1.5 1.5 Vit. K 200 mg Candida pintolopesi
Limestone powder /0 chips 7 7 Vit. B1 200 mg
Vitamin premix* + Amino acid° 0.5 0.5 Vit. B2 2000 mg
Total 100 100 Vit. B6 600 mg

Vit. B12 2000 mg
Vit. C 2000 mg
Folic acid 100 mg
Niacin 10,000 mg
L-lysine 5000 mg
Dl-methionine 15,000 mg
Iron 7500 mg
Copper 1000 mg
Zinc 7500 mg
Manganese 10,000 mg

CP, crude protein. Study groups: G1 (CP 16%, no other supplement); G2 (CP 18%, no other supplement); G3 (CP 16%, symbiotic at 1 g/4L drinking water); G4 (CP 16%, probiotic at 1 g/4L drinking
water); *composition per kg of diet: vitamin A, 8300 U; cholecalciferol, 2200 U; vitamin E, 8 U; vitamin B12, 0.02 mg; riboflavin, 5.5 mg; D-calcium pantothenic acid, 15 mg; niacin, 36 mg; choline, 500 mg;
folic acid, 0.5 mg; vitamin B1, 1 mg; pyridoxine, 2.2 mg; biotin, 0.05 mg; vitamin K, 2 mg; °composition per kg of diet: methionine, 0.143 g; lysine, 0.72 g; threonine, 0.35 g.
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sue and kept at room temperature for 10 min to
incubate. After that, four rinses of buffer were
given to the tissue. The concentrated chro-
mogen (50 X) was diluted to 1:50 with DAB sub-
strate, mixed by swirling and applied to the tis-
sue. Staining at room temperature was then
performed for 10 min. DAB chromogen was
washed five times by rinsing with buffer. The
slide was air dried and mounted with DPX
mountant and covered with cover slip. 

Specificity of immunoreactive cells
- negative control
The specificity of the primary antibody was

crosschecked by running the negative control
slides parallel. In these slides primary antibody

was skipped or replaced with PBS/1% normal
rabbit serum. Some slides were also incubated
with appropriate primary antibodies; however,
secondary antibody was raised in inappropri-
ate specie (other than rabbit). No immunore-
active cells were observed in these control pro-
cedures (Figure 1).

Morphometry of immunoreactive cells
The slides were observed under the micro-

scope to locate the specified hormone produc-
ing cells. The morphometry of the immunore-
active cells showing complete cross sections
with clear non-reactive nucleus were done.
More than 100 cells in each section, three sec-
tions per slide and more than 20 slides were

observed for each group (total cell number
≥6000). The Image J software (Image J 1.44P,
Wayne Rasband, National Institute of Health,
USA) was used to take the measurements. In
morphometry whole cell and nucleus size (µm)
as well as area (µm2) was calculated.

Statistical analysis
The significance of difference between dif-

ferent groups was assessed by applying one-
way analysis of variance technique in com-
pletely randomized experimental design.12 In
case of significant difference among groups,
the Duncan multiple range test was applied
and mean with standard error was calculated
keeping the P value less than 0.01.13
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Figure 1. Negative control slides. A) pri-
mary antibody absent and replaced with
PBS/1% normal rabbit serum; B) second-
ary antibody raised in-appropriate specie
of primary antibody.

Figure 2. Egg production percentage in control (G1), 18% protein (G2), symbiotic (G3)
and probiotic (G4) supplemented groups.

Figure 3. Overall mean somatotroph size (µm±SE) and area
(µm2±SE) in control (G1), protein (G2), symbiotic (G3) and pro-
biotic (G4) supplemented groups. 

Figure 4. Overall mean somatotroph nucleus size (µm±SE) and
area (µm2±SE) in control (G1), protein (G2), symbiotic (G3) and
probiotic (G4) supplemented groups. 
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Results

Egg production percentage
The egg production percentage in different

groups throughout the experiment is present-
ed in Figure 2. The post molt egg production
peak was seen earlier in G2 and G3 group as
compared to control (G1). The egg production
percentage was remained high in G2 as com-
pared to all other groups throughout the peak
production phase. At the end of post molt pro-
duction phase a delayed decline in production

was seen in G2, G3 and G4 as compared to an
abrupt decline in control (G1) group. Overall
better production span was seen in G2 as com-
pared to other groups.

Morphometry of immunoreactive
cells
Over all mean somatotroph cell size found

significantly reduced in the G2 and G4 as com-
pared to G1 and G3, however in G4 over all
mean cell size was even less (P≤0.01) than G2.
The statistical comparison of cell size in differ-
ent groups has been given in the Figure 3.

Similar to the cell size over all mean cell area
was also decreased (P≤0.01) in G2 and G4 as
compared to G1 and G3 (Figure 3). The soma-
totroph over all mean nucleus size reduced sig-
nificantly in G2 and G4 as compared to G1 and
G3, which has been presented in the Figure 4.
The over all mean nucleus area decreased
(P≤0.01) in G2 and G4 as compared to G1
(Figure 4). The immunoreactive somatotrophs
in different groups have been given in the
Figure 5.
The over all mean size of lactotrophs

decreased significantly in all the supplement-
ed groups (G2, G3 and G4) as compared to G1
(Figure 6). The over all mean cell size in G2
was even less (P≤0.01) than the cell size in G3
and G4; however, the over all mean cell area
was not found to be significantly different
among various groups (Figure 6). Similar to
cell size, over all mean nucleus size and area
was also decreased (P≤0.01) in all supple-
mented groups (G2, G3 and G4) as compared to
G1 (Figure 7). The immunoreactive lac-
totrophs in various groups have been present-
ed in Figure 8.

Discussion

The fluctuation in circulating hormones is
related to the phase of feed withdrawal used
for the induction of molt, and many
researchers have reported the increases in
growth hormone, thyroid hormone and corti-
costerone during that phase.14,15 On the other
hand, some researchers reported a decline in
circulating prolactin, luteinizing hormone,
estrogen, and progesterone during the fasting
period.14,16 Yoshimura et al.17 mentioned an
increase in the proliferation of the adenohy-
pophyseal cells during the molting phase and
at the resumption of laying. Chowdhury and
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Figure 6. Overall mean lactotroph size (µm±SE) and area
(µm2±SE) in control (G1), protein (G2), symbiotic (G3) and pro-
biotic (G4) supplemented groups. 

Figure 7. Overall mean lactotroph nucleus size (µm±SE) and area
(µm2±SE) in control (G1), protein (G2), symbiotic (G3) and pro-
biotic (G4) supplemented groups. 

Figure 5. Immunoreactive somatotrophs in molted layers. Immunohistochemical local-
ization of GH cells (400 x) in Zn induced molted layers of different groups: G1 (control,
crude protein 16%; no other supplement); G2 (crude protein 18%; no other supple-
ment); G3 (crude protein 16%; symbiotic at 85 mg L–1 drinking water); G4 (crude pro-
tein 16%; probiotic at 85 mg L–1 drinking water). Arrowheads: elliptical GH cells.
Arrows: more densely stained immunoreactive GH cells. Dashed arrows: less densely
stained immunoreactive GH cells.
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Yoshimura18 reported the replenishment of the
PRL and GH cell populations with the resump-
tion of laying, which were changed during the
process of molting. These literature reports
highlight the change in anterior pituitary cel-
lular morphology, as well as the expression of
their receptors during and after the process of
molting. Induced molting was reported to influ-
ence the dynamics of adenohypophyseal hor-
mone-producing cells. However, supplementa-
tion affected adenohypophyseal cellular mor-
phology of the molted birds in their 2nd produc-
tion cycle. A decrease in the size and area of
immunoreactive growth hormone producing
(irGH) cells and then nuclei in G2 and G4 was
seen. In previous reports, a decrease in cell
population and size was reported in molted
hens; however, supplementation did not show
any significant impact on irGH cells. In con-
trast to this, Hara et al.19 described a negative
impact of low protein in the diet on the cell and
nucleus size of somatotrophs in growing rats.
They also described a decrease in the secreto-
ry granules of reactive cells. Nevertheless, the
difference between that study and the current
experiment is in the age and species, because
the levels and requirement of growth hormone
is high during development in young animal
and decreases with age due to the internaliza-
tion of receptors along with the decreased pro-
duction from the GH-producing cells of the
pituitary. So, no improvement or rather reduc-

tion in the cell size and area of somatotrophs
may be due to the aging and molting of the lay-
ers that are at the end of their first production
cycle. Their cellular distribution was in line
with previous findings;2 as more populations of
irGH cells are seen in the caudal lobe of the
parsdistalis. In G1, more populations were
observed at the dorsal portion of the caudal
lobe at the junction of the cephalic and caudal
lobes, which was also reported.20 The
immunoreactive prolactin (irPRL) cells irre-
spective of the groups were seen in the cephal-
ic lobe which was also reported by Ramesh et
al.21 and more recently the invasion of irPRL
was seen by Sandhu et al.20 The decrease in
the irPRL cell size and area in the supplement-
ed groups supports the early resumption of lay-
ing and better egg production performance.
Hyperprolactineimia is connected with the
decline in egg laying and ultimately cessation,
and is also associated with the incubational as
well as nesting behavior.22 The bidirectional
interconversion of somatotrophs (GH cells)
into lactotrophs (PRL cells) has also been
reported by many researchers in mammalian
species previously, and these are denoted as
mammosomatotrophs, which colocalize with
GH and PRL.4 The population of these bihor-
monal cells was low during the peak of egg lay-
ing, as PRL is associated with the decrease or
cessation in egg production.2 They have also
seen that during or before the start of the incu-

bational period, the presence of PRL mRNA in
the irGH indicator the transformation of these
irGH into complete lactotrophs. Halawani and
Rozenboim22 have attributed hyperprolactine-
mia to ovarian regression and loss of egg pro-
duction, which is ultimately responsible for
huge economic losses to the turkey industry.
This hyperprolactinemia is also responsible for
hemoconcentration, hypoglycemia, hypother-
mia and enhanced blood ketone levels, which
could lead to death in the turkeys if left
untreated.23 The decreased cell and nucleus
size in all of the supplemented groups as com-
pared to the control shown the atrophy as well
as reduction in the cellular proliferation,
which is then responsible for decreased PRL
production. This hypoprolectinemia in supple-
mented groups is also responsible for
improved egg production performance as com-
pared to the control. In the current study it was
observed that supplementation of molted birds
with extra protein and symbiotic did show an
impact on earlier post molt production recov-
ery, a better peak production phase and
delayed decline in the production. The
decrease of lactotroph cell size/area is also very
well related with more sustained production in
these groups. The supplementation with addi-
tional protein did show the promising results
in production performance and anterior pitu-
itary cellular morphometry. 
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