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Abstract: 
    Introduction:When the drinking water of many species of ducks is changed from 

freshwater to saline, their salt glands hypertrophy and the principal cells showed numerous 

lateral cell evaginations and abundant mitochondria, enhancing their capacity to excrete salt.  

   Aim of the work:The purpose of this investigation was to demonstrate and evaluate the 

anatomical, histological, and ultrastructural adaptations of the salt gland of the  domestic  

female ducks associated with high salt osmotic stress. 

   Material and methods:   

   The present study was carried out on two groups of female domestic ducks and one group of 

wild ducks. Where as one group of domestic ducks was exposed to osmotic stress; imposed 

by replacing drinking  tap water with 1% sodium chloride solution for two consecutive weeks. 

Morphometric measurements as well as histological and ultrastructural aspects of the salt 

glands were considered. 

    Results: The investigation revealed that the weight and  size of the salt glands of the salt-

stressed ducks were markedly heavier and larger in comparison to those of the control and 

wild ducks. The number and the diameter of secretory lobules as well as the length of 

secretory tubules of the salt-stressed group were greater compared to the control ones.The 

degree of the proliferation and differentiation of the peripheral cells was distinctly greater for 

the salt-stressed than the control and wild ducks. The basal and lateral surfaces of the fully 

specialized secretory cell type in the salt-stressed and wild birds were obviously amplified 

and in many cases the folds of adjacent cells meshed with one another forming an elaborate 

complex of extracellular spaces and intracellular compartments. The cytoplasm of the fully 

specialized principal cells displayed abundant endoplasmic reticulum, numerous well 

developed mitochondria  and deeply well developed basal foldings which increase the 

absorptive surface. 

    Conclusion: The recorded peculiar features of the salt glands of the salt-stressed birds  

may be presented as an adaptive features to satisfy its special demands to eliminate the 

remarkable increased levels of sodium chloride load effectively.   
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Introduction:  
    Active nasal salt glands have been 

reported in several avian orders 
(Spheniciformes, Precelariformes, 

Charadriformes, Pelecaniformes, 
Anseriformes, Phoenicopteriformes), in 

which post-renal transport mechanisms are 

used to conserve urinary water and to 

recycle excess NaCl to the nasal salt 

glands (1,2). The salt glands are not 

restricted to birds that live in saline or 

maritime habitats, but are also present in 

some terrestrial avian species  (3,4).  

A typical salt gland is a bilateral paired 

crescent-shaped organ, composed of 

separate medial and lateral segments (5). 

Each segment consists of several 

longitudinal lobules composed of 

secretory tubules radiating from central 
canals. These, in turn, form secondary and 

primary ducts running toward the nasal 
cavity and discharging the hypertonic fluid 

through the nares (6). There are no evident 

differences in tubule length or in types and 

distribution of secretory cells within the 

medial and lateral segments even though 

they have different embryonic origins (7).       

   Since the avian salt gland provides an 

extra-renal pathway for the maintaince of 

homeostasis because bird kidneys are 

generally incapable of excreting all 

electrolytes (8),  many species of ducks be 

able to switch seasonally between 
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freshwater and saline habitats. In some 

avian and reptelian  species, the salt gland 

exhibits reversible phenotypic plasticity. 

The variation in the plastic response of 

bird salt glands may be related to the 

ecology, and probably, to the ecological 

flexibility of species (9, 10).  

The adaptive hyperplasia is induced when 

duckling become osmotically stressed for 

the first time (11). Cell proliferation, 

especially of the peripheral cells that line 

the blind ends of the secretory tubules, 

leads to tubule elongation and optimizes 

the salt-excretory capacity of the organs 

(11,12). 

      Several studies had demonstrated 
changes in mass and function of the salt 

gland in birds exposed to hypertonic salt 

solutions both in the field and laboratory 

(13,14,15 ).  When the ducks and/ or geese 

are initially exposed to osmotic stress, the 

nasal glands proliferate and show an 

increase in the number of secretory cells 

(hyperplasia) and reorganization of 

existing ones to reach full differentiation 

within a few days (4,16).   

The ultrastructure investigation of the salt 

glands of the roadrunner injected with salt 

and of quail drinking 200 mM NaCl 

resulted in the presence of numerous 

lateral cell evaginations and abundant 

mitochondria in the principal cell types  

(17). 

Aim of the work: 

The present study aimed to demonstrate, 

evaluate and compare the different 

structural adaptations of the salt glands of 

the domestic non-marine female ducks  

(Anas  platyrhyncha) associated with 

osmotic stress.  The migratory wild 

northern shovelers ducks (Anas clypeata) 

inhabiting  brackish water in  the Lake 

Manzala were considered in this 

investigation to be compared with those 

experimentally osmotic-stressed domestic 

ducks. 

 Material and Methods: 

1- Experimental animals 

    The experimental animals   included 

two different avian species which inhabit 

different ecological niches; domestic 

ducks  (Anas platyrhyncha) and the wild 

migratory  northern shoveler (Anas 

clypeata) ducks. The domestic  ducks 

inhabit lakes, streams and nearby 

grassland and farm crops (18).  On the 

other hand, the wild migratory ducks are 

particularly fond of fresh and brackish 

waters. In winter, they look for the 

mildness of maritime coasts (19).  In 

Egypt they winter in the area of Lake 

Manzala, thereby  they might ingest large 

amount of salty water.  Both studied 

species were belong to the family Anatidae 

or dabbling ducks.  

    The domestic ducks were bought from a 

local duck farm while the wild migratory 

ducks were hunted from the Lake Manzala 

area and transported  immediately to the 

laboratory for subsequent experimental 

investigation. The domestic ducks were 
housed in special avian farm under a cycle 

of 12 h light−12 h dark and fed 

commercial duck grower food with 

drinking water ad libitum for a further 

three days before they were used for the 

experiments. The different studied groups 

including: 

• Control female domestic ducks  (Anas 

platyrhyncha)           (9). 

• Salt-stressed  female domestic ducks  

(Anas platyrhyncha)  (9). 

•  Wild female migratory ducks                    

(Anas clypeata)  (9). 

   Each group included nine healthy adult 

female birds. The treated group of the 

domestic ducks (the salt-stressed group) 

was given 1% NaCl solution to drink for 

two consecutive weeks.  While the control 

ducks were maintained exclusively on tap 

water  for the same period.  

 11- Microscopic Investigation 

1- Histological preparation 

Since the structure of the medial and 

lateral segments of the salt glands of the 

avian species are identical (7), only the 

medial segments were considered in the 

present study.  At the end of the 

experiment, all the studied birds were 

weighed separately then sacrificed by a 

sharp knife, after which they were 

dissected to remove out the right and left 

salt glands from the eye socket after 

pulling out the eye balls. The glands were 

immediately cleaned by filter paper and 

weighed separately.  The gross anatomy of 

the medial segments of the salt glands of 
the different studied groups were 

examined and photographed.  
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     For the histological study, only the left 

medial segments of the salt glands were 

used. The tissue samples were immersed 

in 10% neutral formalin for 48 hours for 

fixation, after which the fixed samples 

washed with tap water and dehydrated 

with ascending grades of ethanol (50% up 

to 100%). Dehydration was followed by 

clearing the samples with xylol,  then 

mounted in paraffin wax. Sections (5-7 

µm) were stained with Harris 

haematoxylin and eosin (20). Histological 

sections were examined by a light 

microscope and photographed.  

2- Morphometeric investigation  

      The stained histological sections were 
used to enumerate (count) the number of 

secretory lobules per each microscopic 

field at magnification  X40 for ten 

different areas and the mean number was 

computed.  Also, the diameters of the 

secretory lobules as well as the length of 

the secretory tubules for the studied 

species were measured  in 4 slides for each 

gland using an eye-piece  ocular 

micrometer for at least five lobules and 

seven tubules for each slide.  

3- Ultrastructural studies 

    The left medial segments of the salt 

glands were also used for ultrastructural 

study. Small pieces appropriate (1mm³) of 

the gland tissues of the studied groups 

were excised and fixed in 2.5% 

glutaraldhyde in 0.1M sodium cacodylate 

buffer at pH 7.2 (for 3 hours), the tissue 

was post-fixed in 1% buffered osmium 

tetroxide for 1 hour at 4°C. The fixed 

tissue was dehydrated in ascending grades 

of ethanol, cleared in propylene oxide, 

then embedded in epon (21). Ultra- thin 

sections (60-90 nm) were  stained with 

uranyl acetate and lead citrate (22,23) then 

examined with JEOL transmission 

electron microscope operating at 60 or 80 

KV.  The present ultrastructure studies 

were done in the electron microscope  unit 

of  Faculty of Science, University of Ain 

Shams, Cairo. 

  I11- Statistical Analysis  

  Statistical evaluation of the present data 

was  carried out using one ways Anova 

test whereas the level of significance was 

estimated taking the probability (p<0.05) 

as a minimal requirement for significance. 

All the investigated parameters were 

presented as means ±  standard error. 

Results 

1- Salt gland weight  

The absolute weights of the right (0.57± 

0.04g) and left (0.57± 0.03g) medial 

segments of the salt glands of the salt-

stressed ducks were significantly 

(P<0.001) heavier compared to the 

corresponding values of the right (0.39± 

0.01g), (0.14± 0.02g)  and left (0.43± 

0.01g), (0.15± 0.02g)  medial segments of 

the control and wild ducks  respectively as 

shown in Table (1). In addition, the 

relative weights of the medial segments 

followed the same pattern as those of the 
absolute weights ;with the salt-stressed 

ducks had the heaviest followed by the 

control then the wild ducks which showed 

the lightest relative weight. 

 2- Gross anatomy      

 The gross anatomy  investigation of the 

salt glands showed that all the examined 

birds had bilateral paired crescent-shaped 

lobular, compound, branched, tubular, 

salt-secreting glands  located within the 

socket of the orbit. The salt gland was 

composed of tubes or lobes, giving it a 

characteristic surface structure. Each gland 

composed of separate medial and lateral 

segments,  however, in the present study 

only the medial segments of the salt glands 

were considered.  

      The colour of the medial segments of 

the salt-stressed as well as the wild 

migratory ducks seemed relatively dark 

reddish when compared to that of the 

control ones which was relatively pale in 

colour. The most striking change in duck 

salt glands subsequent to salt manipulation 

was the increase in gland size. The size of 

the medial segment of the salt-stressed 

ducks was markedly larger in comparison 

with the control and wild ones Fig. (1).   

3-Morphometeric studies 

        The data considering the number  and 

diameter of the secretory lobules as well as 

the length of the secretory tubules of the 

salt glands of the different studied species 

were recorded in Table (1) and illustrated 

in Figs. (2-4 ). The data showed  that the 

salt-stressed ducks had (4±0.3) 

significantly (P<0.01) greater numbers of 

secretory lobules than the control ones 
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(3±0.3) and  the same number as those of 

the wild ones (4±0.3). 

   In addition,  the salt-stressed ducks had 

the largest (1160±56 µm) diameter of the 

secretory lobules, followed by that of the 

wild migratory ducks (913±58 µm) then 

the control ducks which had the smallest 

(772±55 µm) diameter.  

Moreover,  the secretory tubules of the 

salt-stressed ducks (157± 9 µm) was 

longer than the control (143± 9µm) and 

wild migratory ducks (155± 15 µm) 

respectively. However, there was no 

significant difference for all the studied 

groups. 

4- Histological organization  

Histological investigation of the salt gland 

of the selected groups  revealed that the 

medial segment consisted of numerous  

longitudinal secretory lobules  which 

separated by interlobular connective 

tissue. The secretory lobules composed of 

branching secretory tubules radiating from 

central canals  Fig.( 5) whereas the latter 

contained cellular debris in both the salt-

stressed and wild migratory ducks as 

presented in Fig. (6). In the periphery of 

the lobule, the tubules were run parallel to 

each other, separated by very delicate 

connective tissue membranes and blood 

capillaries. The tubules were closely 

packed together in both salt-stressed and 

wild ducks in comparison with control 

ducks  see Fig. ( 7 ).The secretory tubules 

branched 4-6 times forming different 

"generations" or "orders" of tubules. The 

degree of the hypertrophy of the branched 

secretory tubules was greater  in salt-

stressed than both control and wild ducks  

Fig.( 8).  Close to the central canal, where 

the gland tubules had not yet branched 

extensively, the tubules were round in 

transverse section  Fig. (9 ) and separated 

by highly vascularised connective tissue in 

salt-stressed and wild ducks compared to 

control ones Fig. (10). The  secretory 

tubules  formed  a honeycomb-like pattern 

at the peripheral parts of a lobule  Fig.(11). 

The cytoplasm of the cells had a lamellate 

or striate appearance. The striation was not 

limited to a striated border, but extends 

through the cells from the lumen to the 

periphery, where the cells were in contact 

with blood capillaries Fig.(12).  

The secretory tubules were lined by simple 

cuboidal-columnar epithelium. Two types 

of cells comprised the secretory 

epithelium: peripheral cells and principle 

secretory cells Fig. (13). The peripheral 

cells lied at the blind ends of the secretory 

tubules and were active in mitosis. They 

showed cellular proliferation, the degree of 

which was  distinctly greater in salt-

stressed ducks than both the wild 

migratory and the control ducks  Fig. (14). 

The remainder of the secretory epithelium 

was composed of principal secretory cells 

which differentiated into  partially 

specialized and fully specialized secretory 

cells  Fig.(15).  
5- Ultrastructural studies   

     In the present work, the ultrastructural 

aspects of the peripheral, partially and 

fully specialized cells of the secretory 

tubules of the different studied groups 

were investigated. The peripheral  

secretory cells contained relatively few 

small rounded mitochondria and had 

nearly smooth cell surfaces in comparison 

to the principal ones for all the selected 

studied species.  However, the peripheral 

secretory epithelium of un-stressed control 

birds had  relatively few ribosomes and 

small rounded mitochondria in comparison 

to those of salt-stressed and wild ducks 

Fig. (16). The partially specialized cells 

represented the developmental transition  

stage to the fully specialized secretory 

cells in the tubular epithelium Fig. (17). 

The fully specialized cells  become the 

dominant in the salt gland of the salt-

stressed and wild migratory ducks.  

However, the partially specialized cells 

were the most common ones in the control 

ducks. The fully specialized cells were 

located in contact to blood capillaries  Fig. 

(18).  

 The basal and lateral surfaces of the fully 

specialized secretory cell type in the salt-

stressed and wild birds were obviously 

amplified and in many cases the folds of 

adjacent cells meshed with one another 

forming an elaborate complex of 

extracellular spaces and intracellular 

compartments  Fig.(19). The basal folds 

generally invested the cytoplasm to the 

level of the nucleus and, in conjunction 

with lateral folds, vastly increase the total 

absorptive surface of the secretory cell 
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Fig.(20), this was due to the development 

of numerous basal infoldings and lateral 

interdigitations. 

    The cytoplasm of the well developed 

fully specialized principal cells which 

comprise the bulk of the salt gland 

epithelium of salt-stressed and wild 

migratory ducks showed abundant free 

ribosomes and seemed to be a  labyrinth of 

well-developed mitochodria with closely 

packed cristae in comparison to the control 

group  Fig. (21). 

 

 Discussion 
In the present study, the mean weights of 

the medial segments of the salt glands of 

the salt-stressed group was obviously 

heavier than those of the control ones.  

The same results are obtained from the 

study of Hossler & Olson (24) who found 

that osmotic loading (feeding 1% NaCl) 

for 1 day and 4 days resulted in  increment 

in the vascular volume of the duckling  

gland  five fold and nine fold respectively, 

a response that precedes and exceeds that 

of the gland weight.  

In addition, the present findings are 

parallel with the observations of Bennett 

&Hughes (25) who mentioned that the salt 

glands of many species of ducks 

hypertrophy when they switch seasonally 

from fresh water to saline habitat.  

 Further support for the current 

observations comes from the study of 

Rubega & Oring (26) and Woodin et al. 

(27) who reported that the mean mass of 

the salt glands of redheads (Aythya 
americana) and other waterfowl species 

are significantly varied depending on the 

salinity conditions of the environment.  

They related salt gland size and its 

efficiency to the salinity regimes 

experienced by these species.  

The increment in the weight of the salt  

glands in ducks receiving  salt water may 

result entirely from hypertrophy of the 

secretory cells which is brought about by 

changes in secretory cell volume and  cell 

number as has been mentioned by Hossler 

and Hanwell &Peaker (11,28). 

   In the present investigation, the observed 

reddish colour of  the salt gland of the salt-

stressed as well as wild ducks comparing 

to the control ones are in agreement with 

the findings of El Gohary (4) on domestic 

geese. Such result may be attributed to the 

changes in blood flow to and within the 

gland as has been recorded by Hossler 

(11). Confirmation of such observation 

comes from the study of Hossler & Olson 

(24) who found that osmotic loading 

(feeding 1% NaCl) resulted in  increment 

in the vascular volume of the duckling  

gland.  

 

      In the current work, all the different 

examined groups have bilateral paired 

crescent-shaped organ lie within the eye 

socket beneath the orbital membrane, 

composed of separate medial and lateral 

segments.  Each medial segment consists 

of many concentric polygonal lobules 

arranged in rows and separated by 

vascularized interlobular connective tissue. 

Each lobule is made of a mass of 

parenchymal branched secretory tubules 

radiate out from a central canal and 

enmeshed in one cell layer of blood 

capillaries.  The secretory tubules are 

closely packed  and arranged parallel to 

each other. They are lined by a single layer 

of principal columnar cells surrounding a 

narrow lumen while the peripheral blind 

end of the tubules are lined with short 

columnar and round basal peripheral cells. 

 The observed histological organizations 

of the salt glands are in agreement with the 

results of Almansour  (29) and Ahmed 

(30). They showed that the salt gland in 

different avian species is a bilateral paired 

crescent-shaped organ, composed of 

separate medial and lateral segments. Each 

segment consists of several longitudinal 

lobules composed of secretory tubules 

radiating from central canals.   

 

Several studies correlated the efficiency of 

the salt gland with its size, the number and 

length of secretory tubules  (2). In the 

present investigation, the greater number 

and larger diameter of secretory lobules as 

well as the longer secretory tubules of the 

stressed group compared to the control one 

were recorded . Such findings may  reflect 

high functional efficiency of the gland of 

the salt-stressed group.   The elongation of 

the secretory tubules may be due to cell 

proliferation, especially of the peripheral 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hossler%20FE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Olson%20KR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hossler%20FE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Olson%20KR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Olson%20KR%22%5BAuthor%5D
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cells that line the blind ends of the 

secretory tubules. 

     .       From the structural point of view, 

the strictly parallel arrangement of closely  

packed,  glandular secretory tubules may 

be necessary for the osmotic work 

performed by the gland. It is probable that 

the manner of distribution of the blood 

capillaries within the gland tissue is also of 

importance in this respect (31). 

   Factors controlling adaptive 

hypertrophy, which occurs when marine, 

or potentially marine, birds drink salt 

water, have been investigated in geese and 

ducks using changes in salt gland weight, 

RNA and DNA contents as indices of this 

process (28).  Cells in the salt gland of the 

domestic ducklings  and geese can be 

induced in vivo to proliferate (11) and to 

differentiate (4, 32) simply by replacement 

of the animal's drinking water with a 1% 

NaCl solution.   

          The observed  hypertrophy and 

well-developed basal infoldings and lateral 

interdigitations of the fully specialized 

secretory cells of the salt glands of salt-

stressed ducks are in accordance with the 

study of  Sarras et al. (33). They 

mentioned that feeding ducklings 1% 

sodium chloride (salt stress) induces the 

secretory cells of the gland to synthesize 

large amounts of plasma membrane (PM), 

which forms an extensive basolateral PM 

domain after 7-9 days of treatment.  

In addition, the present findings are in 

agreement with the results of El Gohary 

(4) who recorded an obviously increment 

of the total surface area of the plasma 

membrane of the fully specialized 

secretory cells of osmotically stressed 
geese due to the development of numerous 

basal infoldings and lateral 

interdigitations. 

   Further confirmation of the present 

observations comes from the study of  

Müller & Hildebrandt (34) on ducklings. 

They reported that when newly hatching 

ducklings, Anas platyrhynchos, which 

have never been exposed to excess salt 

become initially osmotically stressed, the 

nasal glands start to secrete a moderately 

hypertonic sodium chloride solution. The 

number of cells per gland is elevated by a 

factor of 2–3, the secretory cells 

differentiate and acquire full secretory 

capacity. During this differentiation 

process, extensive surface specializations 

are formed. The number of mitochondria 

is increased and metabolic enzymes and 

transporters are upregulated. 

Conclusion: The recorded adaptive 

growth and differentiation processes may 

result in a much higher efficiency of salt 

secretion of the salt gland in salt-stressed 

ducks to maintain water and electrolyte 

balance of the body fluid regardless the 

high salt manipulation. 
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Table (1) : Absolute (A.W.S.G.) and relative (R.W.S.G.) weights of the medial segments 

of the right (R)  and left  (L) salt glands, number  , diameter (µm) of secretory  lobules 

and length(µm) of  the secretory tubules of  the  control, salt-stressed female  domestic 

ducks  (Anas platyrhyncha) and the wild  migratory female ducks (Anas clypeata).  All 

the data are represented as means ± standard errors.  Numbers in parentheses are the 

numbers of the experimental birds. 

Experimental 

birds 

A.W.S.G.(g) R.W.S.G 
No of 

secretor

y  

lobules 

Diamete

r of 

secretory 

lobules 

(µm) 

Length 

of  

secretor

y tubules 

(µm) 

R L R L 

a) Control 

domestic 

ducks (9) 

0.39± 

0.01 

0.43± 

0.01 

0.15± 

0.01 

0.16± 

0.01 
3±0.3 772±55 143±9 

b) Salt-

stressed 

domestic 

ducks (9) 

0.57± 

0.04 

0.57± 

0.03 

0.19± 

0.02 

0. 19± 

0.01 
4±0.3 1160±56 157±9 

c) Wild ducks 

(9) 

0.14± 

0.02 

0.15± 

0.02 

0.12± 

0.02 

0.12± 

0.02 
4±0.3 913±58 155±15 

Probabilit

y 

a  vs b 

P<0.00

1 

(S) 

P<0.00

1 

(S) 

P<0.0

5 

(S) 

P>0.0

5 

(NS) 

P<0.01 

(S) 

P<0.001 

(S) 

p>0.05 

(NS) 

a  vs c 

P<0.00

1 

(S) 

P<0.00

1 

(S) 

P<0.0

5 

(S) 

P>0.0

5 

(NS) 

P<0.05 

(S) 

P<0.05 

(S) 

P>0.05 

(NS) 

b vs c 

P<0.00

1 

(S) 

P<0.00

1 

(S) 

P<0.0

5 

(S) 

P>0.0

5 

(NS) 

p>0.05 

(NS) 

P<0.01 

(S) 

p>0.05 

(NS) 

S= Significant.                                        NS = Non-significant                  

 

 

 

 

 

 

 
Fig. (1): Photographs of the gross anatomy of the medial segments (MS) of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks  as well as wild migratory 

duck (C). Note the relatively dark reddish colour and the large size of the salt gland of 

the salt-stressed duck compared to the control one. ( X  20)  
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Fig. (2):  Number of secretory lobules of the control, salt-stressed female domestic ducks  

(Anas platyrhyncha) and the wild migratory  female ducks (Anas clypeata).{bars=SE} 

 

 

 
Fig. (3): Diameter of secretory lobules (µm) of the control, salt-stressed female domestic 

ducks  (Anas platyrhyncha) and the wild migratory female ducks (Anas 

clypeata).{bars=SE} 

 

 
Fig. (4): Length of secretory tubules (µm) of the control, salt-stressed female domestic 

ducks  (Anas platyrhyncha) and the wild migratory female ducks (Anas 

clypeata).{bars=SE} 
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 Fig. (5): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing the secretory lobules (SL), the secretory tubules (ST), the central 

canal (cc), the interlobular connective tissue (CT). Note that the secretory lobules of the 

salt-stressed and wild ducks are larger than those of the control.  (H&E, X 40).  

     
Fig.(6): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing an enlarged  secretory lobule with central canal (CC) containing 

cellular debris (CD) resulting from high proliferation of the secretory cells along the 

secretory tubule of the salt-stressed duck.(H&E, X 100).  

 
Fig.(7): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing the secretory  tubules (ST) run parallel to each other, separated by 

very delicate connective tissue membranes (CT). The tubules are closely packed together 

in both salt-stressed and wild ducks. (H&E, X 120). 
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Fig. (8): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing the secretory tubules (ST) branched  forming many generations in 

which the degree of the hypertrophy of the branched secretory tubules is greater  in salt-

stressed than both control and wild ducks.(H&E, X250).   

 
Fig. (9): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing the tubules  are round in transverse section with lumen (L).(H&E, 

X350). 

       

   
Fig.(10): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing  the secretory tubules separated by highly vascularised connective 

tissue (VCT) in salt-stressed and wild ducks compared to control ones. (H&E, X350). 

 

  
Fig. (11): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 
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duck (C) showing  the  secretory tubules  formed  a honeycomb-like pattern at the 

peripheral parts of a lobule. (H&E, X 450). 

    
Fig. (12): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing   the cytoplasm of the cells had a lamellate or striate appearance. 

(H&E, X 400).  

Fig. (13): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing  the secretory tubules (ST) are lined by peripheral cells  (PH) and 

principle secretory cells  (P). (H&E, X250).  

     
Fig. (14):  Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 

duck (C) showing  the cellular proliferation of the peripheral cells (PH), the degree of 

which is distinctly greater in salt-stressed ducks than both the wild migratory and the 

control ducks. (H&E, X 500).    

Fig.  (15): Photomicrographs of transverse sections in the medial segments of the salt 

glands of the control (A) and salt-stressed (B) domestic ducks as well as wild migratory 
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duck (C) showing the  principal secretory cells  differentiated into  partially specialized 

(PP)  and fully specialized (FP) cells.(H&E, X 350).     

Fig. (16): Transmission electron micrographs at the blind end of the secretory tubules  

of the control  (A) and salt-stressed (B)  domestic ducks as well as wild duck (C)  

showing numerous cells resulting from higher proliferating rate in peripheral cells of 

the salt-stressed and wild ducks. The cells  have spherical centrally located nuclei (N),  

endoplasmic reticulum  (R)  and small rounded mitochondria (M). 

Fig. (17): Transmission electron micrographs of the partial specialized secretory cells  of 

the control (A) and salt-stressed (B) domestic ducks as well as wild duck (C) showing 

endoplasmic reticulum and  numerous rounded  mitochondria  (M)  characteristic to the 

cells of the salt-stressed  and wild ducks. 

Fig. (18): Transmission electron micrographs of the  fully specialized secretory cells  of 

the control  (A) and salt-stressed (B) domestic ducks as well as wild duck (C) showing 

distinct rounded nucleus (N), numerous mitochondria (M). The cells located in contact 

to blood capillaries (BC) containing blood corpuscles (BCOR). 
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Fig. (19): Transmission electron micrographs of the  fully specialized secretory cells of 

the control  (A) and salt-stressed( B) domestic ducks as well as wild duck (C) showing  

the basal and lateral surfaces in the salt-stressed and wild birds are obviously amplified 

and  the basal folds  (BF) of adjacent cells meshed with one another. 

Fig.( 20): Transmission electron micrographs of the  fully specialized secretory cells of 

the control  (A) and salt-stressed( B) domestic ducks as well as wild duck (C) showing  

the complex basal  folds (CBF) which generally invested the cytoplasm to the level of the 

nucleus (N).     

Fig.( 21): Transmission electron micrographs of the  fully specialized secretory cells of 

the control  (A) and salt-stressed( B) domestic ducks as well as wild duck (C) showing  

the cytoplasm of  the salt-stressed and wild migratory ducks having abundant 

endoplasmic reticulum   (R) and seemed to be a  labyrinth of well-developed 

mitochondria (M) with closely packed cristae. 
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