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Abstract: The harderian gland is a compound tubuloacinar gland located around the posterior aspect 
of the eye ball in the majority of land vertebrates. Despite this gland has been comprehensively studied 
in several mammalian species, little studies tackled the lagomorph’s harderian gland. The present study 
was undertaken to describe the structure of the rabbit (Oryctolagus cuniculus) harderian gland and to 
evaluate effects of atropine sulphate (As; muscarinic antagonist) and neostigmine (NS; muscarinic 
agonist) on the physiology and ultrastructure of the gland. The gland was found to be composed of two 
lobes; a dorsal white and larger ventral pink lobes. Treatment of animals with As did not affect total 
lipid contents,decreased total protein contents and increased acid phosphatase activities in both lobes. 
In addition, treatment with As induced mitochondrial degeneration and cytoplasmic vacuolization in 
the secretory epithelial cells of the white lobe. In the pink lobe, As treatment inhibited release of lipid 
from the secretory epithelium and induced partial contraction of myoepithelial cells. Treatment of 
animals with ns increased total lipid content, only in the pink lobe, decreased total protein contents and 
increased phosphatase activities in both lobes. NS induced too notable accumulation of lipid vacuoles at 
the apical part of the secretory epithelial cells, appearance of mitochondria with signs of degeneration and 
loss of internal structures and partial contraction of myoepithelial cells in the white lobe. In case of the 
pink lobe, ns induced appearance of degenerative signs in the mitochondria and vacuolization of the 
cytoplasm in the epithelial cells and contraction of myoepitelial cells. 
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INTRODUCTION 

 
 The harderian gland is a large orbital gland present in most terrestrial vertebrates which possess a nictitating 
membrane. Payne (1994) cited that the gland was first described by Johan Jacob Harder in 1694 in the deer. 
Later, the gland was found in amphibians, reptiles, birds and mammals where its main function is the protection 
and lubrication of the cornea (Sakai, 1981). However, it was found to be absent in some mammals, notably bats, 
cows, horses, terrestrial carnivorous and higher primates (Payne, 1994). Several functions have been suggested 
for the harderian gland in various vertebrate classes. In some snakes the gland is believed to form an additional 
and copious source of lubrication while eating (Gans, 1974). In terrapins and tortoises, there are cells that appear 
like those of the harderian gland but lack the secretory vacuoles of the “true” harderian gland cells, and resemble 
ultrastructurally salt-secreting cells (Chieffi et al., 1993). In some birds, the gland was found to be a source of 
immune-competent cells and topical application of antigens to the conjunctiva is said to stimulate immune 
response within the harderian gland of birds (Mueller et al., 1971). The harderian glands might also function as 
a synthesis site of social odors. For example, in gerbils, harderian gland secretions have been found to be spread 
over the face when the animals groom (Thiessen and Harriman, 1986). The gland may also act as a source of 
lipids in gerbils (Thiessen, 1992). The secretion of the harderian gland is affected by temperature,where hot 
temperatures reduce whilst cold temperatures increase the amount of the harderian secretions and the frequency 
and duration of grooming bouts (Thiessen et al., 1977).  
 The mammalian harderian gland is a tubulo-alveolar gland located around the posterior part of the eye ball. 
It is a large gland, in some cases larger than the eye itself (Djeridane, 1996). The structure of the harderian gland 
varies from one species to another. In addition, the harderian gland secretion varies among vertebrate classes. 
These secretions are mucous in amphibians, serous in reptiles, mucous in birds, and lipid in mammals (Sakai, 
1981), where lipids are the major gland product and may constitute up to 35% of the gland wet weight 
(Watanabe, 1980). In rodents, 20% of the harderian glands wet weight is lipid, where the main lipid in many 
animals is 1-alkyl-2,3-diacylglycerol (Seyama et al., 1992). The harderian gland may be the only example of an 
exocrine gland in which lipid is chiefly secreted by exocytosis (Wooding., 1980; Winterhager and Kühnel, 
1983). Melatonin has been detected in the harderian gland of rats confirmed byimmunohistological (Bubenik et 
al.,1976a,b) and radioimmunological (Pang et al., 1976) methods. Consistent with this, activity of melatonin-
forming enzyme, hydroxyindole-O-methyltransferase (HIOMT), has also been found in the harderian gland 
(Vlahakes and Wurtman, 1972). 
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 The harderian gland of lagomorphs is well developed; in rabbits, the gland occupies the posterior part of the 
orbit and is divided into 2 parts, the small white upper part and the large pink lower part (Sakai, 1981). No 
marked sexual dimorphism was observed in the rabbit harderian gland, despite that the gland in male is larger 
than that in female (Sakai, 1981). The harderian gland structure has been extensively studied in several 
mammalian species; in particular the rodent sharderian gland received the lion’s share in the study. However, no 
much studies were carried out on the lagomorph gland. The present study aimed to fully describe the structure of 
the rabbit (Oryctolagus cuniculus) harderian gland and to evaluate the effects of two drugs, namely, atropine 
sulphate (muscarinic antagonist) and neostigmine (cholinomimetic drug) on the physiology and ultrastructure of 
the gland. 

MATERIALS AND METHODS 
 
Drugs and Experimental Animals: 
 Atropine sulphate was purchased from Misr Company for Pharmaceutical industries, Egypt, and 
neostigmine was obtained from Amirya Pharmaceutical Industries, Egypt. Adult male domestic rabbits 
(Oryctolagus cuniculus) ranging in weight between 1.5 and 2 kg were purchased from the local market in 
Alexandria at the same morning of their experimental use. Upon their arrival to the laboratory, food was 
removed from their cages. Animals were randomly divided into three groups. Group I (6 animals) used as 
control group, these animals received subcutaneous injection (s.c.) 1 ml saline and were sacrificed 60 min after 
injection. Group II (18 animals) were further subdivided into subgroups IIA, IIB and IIC (6 animals each) and 
received s.c. single dose of 1, 2 and 4mg/kg, respectively, AS. Group III (18 animals) were further subdivided 
into subgroups IIIA, IIIB and IIIC (6 animals each) and received s.c. single dose of 1, 2 and 4mg/ kg, 
respectively, NS. All animals of the groups I and II were decapitated after 60 min of initiation of treatment.  
 
Specimen Collection and Fixation: 
 After decapitation, the harderian glands were bilaterally dissected out of the orbits from each experimental 
animal. The white and pink lobes were separated by cutting through the connective tissue binding them together. 
Each lobe was divided into 2 portions; a portion of each lobe (100 mg) was rapidly frozen and stored in 1.5 ml 
microcentrifuge tubes at -80°C for biochemical assays. The second portion was immediately cut into small 
pieces and fixed by immersion in formalin-glutraldehyde fixative (F4G1) in phosphate buffer (pH 7.2) at 4°C for 
3 hours. Specimens were then post-fixed in 2% osmium tetroxide (Os O4) in the same buffer for 2 hours. 
 
Biochemical Studies: 
 Gland samples were thawed and washed with heparinized phosphate buffer (pH 7.4). Each sample was then 
homogenized in 400 l of phosphate buffer (pH 7.4). The homogenates were centrifuged at 10,000 rpm at 4°C. 
Supernatants were carefully separated and collected for further assay.  
 
Total Lipids: 
 Total lipids were colourimetrically determined using kits and protocols supplied by the Biodiagnostic 
Company (Egypt). Briefly, 0.05 ml of standard solution (total lipids, 1g/dl) and 2 ml sulfuric acid were added in 
a standard tube. Then, 0.05 ml sample and 2 ml sulfuric acid were added in a sample tube. Each tube was mixed 
well, covered with a glass bead and let stand in boiling water bath for 10 min. then cooled and pipetted into dry 
test tubes. 0.05 ml of concenterated sulfuric acid and 1ml of color reagent (Phosphoric acid, 14 mol/l) were 
added together in a blank tube. 0.05 ml of the standard solution and 1 ml of color reagent were added together in 
a standard tube. 0.05 ml of the sample solution and 1ml color reagent were added together in a sample tube. 
Next, all tubes were mixed well and allowed to stand at room temperature for 30 min. The absorbance of a 
sample (A sample) and standard (A standard) were read against the blank within 30 min. at a wave length of 530 
nm. Concentration of total lipids in the sample was calculated using the following equation: 
 

Total lipids in sample (g/dl) = Asample

As tan dard
 1. 

Total Proteins: 
 Total proteins were determined by a colorimetric method (pyrogallol–red molybdate complex) using kits 
and protocols supplied by Egyptian Company for Biotechnology (S.A.E). Briefly, 1 ml of the reagent R 
(Succinate buffer 100 mmol/l, Sodium oxalate 4.0 m mol/ l, Sodium molybdate 60 µmol/l and Pyrogallol red 80 
µmol/l) was added to a blank tube and 1 ml reagent R and 20 µl of standard protein solution (150 mg/dl) were 
added to the standard tube. 1 ml reagent R and 20 µl (sample) were added to the sample tube; each tube was 
then mixed well, and incubated for exactly 10 min. at 15-25°C. The absorbance of a sample (A sample) and 
standard (A standard) were read against the blank within 10 min. at a wave length of 600 nm. Concentration of 
total proteins in the sample was calculated using the following equation: 
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Total protein (g/dl) =  Aspecimen

As tan dard
 150. 

 
Acid Phosphatase (ACP): 
 Acid phosphatase activity was determined by a colorimetric test (Hillmann Method) using kits and 
protocols supplied by Spinreact, S.A. Ctra. Santa Coloma, 7E-17176 SantEsteve De Bas (GI) Espana. Briefly, 2 
ml working reagents (50 m mol/l citrate buffer pH 5.2, 10 m mol/l -naftyl phosphate and 6 m mol/l Tablets fast 
red TR) and 200 µl sample were added together in a test tube, well mixed and incubated for 5 min. at 30-37°C. 
Acid phosphatase activity was determined as following, Total acid phosphatase: (U/L) = 750 E/ min., where 
E is the difference in readings.   
 
Ultrastructural Studies: 
 After fixation of harderian gland specimens as explained above, specimens were washed with phosphate 
buffer, dehydrated at 4°C through ascending series of ethyl alcohol then through propylene oxide to remove 
traces of alcohol and embedded in epon-araldite mixture. For light microscopy investigations, semithin section 
were cut using LKB ultratome with glass knives to give 1m section and mounted on glass slides. Sections were 
then stained with methylene blue and examined under light microscope. For ultrastructural examination, the 
proper areas were selected and ultrathin section (500 A°) were obtained using LKB ultratome and picked upon 
200 mesh naked copper grids. Then, grids were stained using double stain of freshly prepared uranyl acetate (for 
20 min.) and lead citrate (for 5 min). Preparations were examined and photographed using Jeol 100 cx 
transmission electron microscope at the electron microscope unit of the Faculty of Science, Alexandria 
University.  
 
Statistical Analysis: 
 Data are represented as means ±SEM and were analyzed using a statistical package for social science 
(SPSS) software (version 9.0, SPSS Inc. for comparison between the mean values of two quantitative variables. 
Analysis of variance (ANOVA) was applied for comparison of the means of more than two groups. Least 
significant difference test (LSD) was used for comparison of each two means. 
 
Results: 
Effects of AS Treatment on the Total Lipid and Protein Contentsand Acid Phosphatase Activityin the 
Harderian Gland: 
 Initially, the total lipid content in both lobe swas assessed in control animals, it was found that the total lipid 
content in the white lobe has a mean value of 135.67  9.97 mg/dl. Meanwhile, the total lipid content in the pink 
lobe was about 3 folds higher than that in the white lobe being ranged between 290 and 361 mg/dl with a mean 
value of 324.0  9.92 mg/dl (Table1 & Fig. 1A).The effect of AS on total lipid contents in both lobes was 
determined. It was found that treatment of rabbits with increasing doses (1, 2 and 4 mg/kg) of AS induced no 
significant change in the lipid contents in both lobes (Table 1 & Fig. 1A). 
 The total protein content in both lobes of control animals was assessed, it was recorded that the total protein 
content in the white lobe ranged between 81 and 102 mg/dl with a mean value of 93.33  3.5 mg/dl, whilst the total 
protein content in the pink lobe ranged between 64 and 75 mg/dl with a mean value of 69.67  1.59 mg/dl. Also, 
treating animals with 1 mg/kg of AS induced no marked effect on the total protein content in both lobes of the 
gland. However, when animals treated with 2mg/kg of AS, the total protein contents in both lobes noticeably 
decreased. In the white lobe, the total protein content ranged between 65 and 88 mg/dl with a mean value of 72.17  
3.30 mg/dl (Table 2 & Fig. 1B).Whilst in the pink lobe the total protein content ranged between 42 and 51 mg/dl with 
mean value of 46.67  1.54 mg/dl. Escalation of AS dose up to 4 mg/kg led to further decrease in protein content in 
the pink lobe but not in the white one. The total protein content in the white lobe ranged between 43 and 88 
mg/dl with a mean value of 71.50  7.78 mg/dl, while in the pink lobe, the total protein content ranged between 
41 and 82 mg/dl with a mean value of 61.17  5.32 mg/dl (Table 2 & Fig. 1B). 
 Then, the acid phosphatase activity was assessed in both lobes. The data in Table (3) & Fig. (1C) indicate that 
in case of control animals, the acid phosphatase activity ranged between 6.2 and 13.2 U/L with a mean value of 8.18  
1.04 U/L in the while lobe and ranged 4.8 and 8.5 U/L with a mean value of 6.53  0.6 U/L in the pink lobe. 
Treatment of rabbits with AS at dose of 1 mg/kg had no significant effect on the acid phosphatase activity in the 
white lobe, where the values ranged between 5.5 and 12.5 with a mean average of 9.02  1.33 U/L. On the other 
hand, acid phosphatase activity in the pink lobe was significantly increased, where its values ranged between 7.2 
and 22.5 U/L with a mean value of 11.1  2.34 U/L. Increasing dose of AS up to 2 mg/kg resulted in consistent 
increase in the phosphatase activity in both lobes. In the white lobe, the values ranged between 4.7 and 16.1 U/L 
with a mean value of 13.88  1.84 U/L. In the pink lobe, the values ranged between 10.8 and 14.2 U/L with a 



Aust. J. Basic & Appl. Sci., 6(6): 368-381, 2012 

371 
 

mean value of 12.73  0.60 U/L. When AS dose was increased to 4 mg/kg, acid phosphatase activity was 
increased in parallel in both lobes. The values ranged between 7.2 and 18 U/L with a mean value of 14.7  1.62 
U/L and between 10 and 15.9 U/L with a mean value of 13.45  0.82 U/L in the white and pink lobes, 
respectively. 
 
Table 1: Total lipid content (mg/dl) in rabbit Harderian gland after atropine sulphate treatment.   

Serial Control (GP I)  
n = 6 

Atropine sulphate 1 mg 
(subgroup II A) 

n = 6 

Atropine sulphate 2 mg 
(subgroup II B) 

n = 6 

Atropine sulphate 4 mg (sub 
group II) 

n = 6 
W P W P W P W P 

1 146 330 121 342 131 331 100 290 
2 92 308 95 415 129 351 111 297 
3 129 290 171 295 135 319 112 303 
4 135 335 132 349 117 331 117 310 
5 163 320 119 275 107 275 125 349 
6 149 361 121 290 104 260 119 337 

Mean 135.667 324.000 126.500 327.667 120.500 311.167 114.000 314.333 
S.D 24.427 24.306 24.978 52.053 13.111 35.667 8.532 23.475 
S.E 9.972 9.923 10.197 21.250 3.353 14.561 3.483 9.584 
LSD - - - - - - - - 

I: Untreated control; IIA: treated Subgroup A with (1mg/kg b.w.) atropine sulphate; IIB: treated subgroup B with (2mg/kg b.w.) atropine 
sulphate; IIC: treated subgroup C with (4mg/kg b.w.) atropine sulphate. 
 
Table 2: Total protein content (mg/dl) in rabbit Harderian gland after atropine sulphate treatment. 

Serial Control(GPI) 
n = 6 

Atropine sulphate 1 mg 
(subgroup II A) 

Atropine sulphate 2 mg 
(subgroup II B) 

Atropine sulphate 4 mg 
(subgroup II C) 

W P W P W P W P 
1 81 64 97 81 70 51 88 63 
2 100 71 96 97 69 49 79 82 
3 100 72 95 70 72 48 85 61 
4 87 69 89 61 65 42 82 59 
5 102 75 102 72 69 48 52 41 
6 90 67 99 71 88 42 43 61 

Mean 93.333 69.667 96.333 75.333 72.167 46.667 71.500 61.167 
S.D 8.571 3.882 4.367 12.372 8.085 3.777 19.045 13.029 
S.E 3.499 1.585 1.783 5.051 3.301 1.542 7.775 5.319 
LSD 2 , 4 2 2 , 4 2 , 4 C , 1 C , 1 , 4 C , 1 1 , 2 

I: Untreated control; IIA: treated Subgroup A with (1mg/kg b.w.) atropine sulphate; IIB:treated subgroup B with (2mg/kg b.w.) atropine 
sulphate; IIC: treated subgroup C with (4mg/kg b.w.) atropine sulphate. 
 
Table 3: Acid phosphatase activity (U/L) in rabbit Harderian gland after atropine sulphate treatment. 

Serial Control (CPI) Atropine sulphate 1 mg 
(subgroup II A) 

Atropine sulphate 2 mg 
(subgroup II B) 

Atropine sulphate 4 mg 
(subgroup II C) 

W P W P W P W P 
1 7.5 7.7 6.7 22.5 15.4 13.6 18 13 
2 13.2 8.5 12.5 9.7 16.1 14.2 7.2 13 
3 6.2 7.1 6.1 7.2 16 12.2 17.2 15.9 
4 8.2 5.9 5.5 7.4 15.3 11.4 16.8 14.1 
5 7.1 5.2 11.1 9.8 4.7 10.8 15 10 
6 6.9 4.8 12.2 10 15.8 14.2 14 14.7 

Mean 8.183 6.533 9.017 11.100 13.883 12.733 14.700 13.450 
S.D 2.545 1.465 3.251 5.722 4.510 1.473 3.959 2.015 
S.E 1.039 0.598 1.327 2.336 1.841 0.601 1.616 0.823 
LSD 2 , 4 1 , 2 , 4 2 , 4 C C , 1 C C , 1 C 

I: Untreated control; IIA:  treated Subgroup A with (1mg/kg b.w.) atropine sulphate; IIB: treated subgroup B with (2mg/kg b.w.) atropine 
sulphate; IIC: treated subgroup C with (4mg/kg b.w.) atropine sulphate 

 
Effects of NS Treatment on the Total Lipid and Protein Contents and Acid Phosphatase Activity in the 
Harderian Gland:  
 Treatment of animals with NS led to increase on the total lipid contents in pink, but not in white, lobe. The 
data in Table (4) & Fig. (2A) demonstrate that increasing doses (1, 2 and 4 mg/kg) of NS gave 90 and 117 mg/dl 
with a mean value of 106.33  4.14 mg/dl, 89 and 111 mg/dl with a mean value of 102.83  3.75 mg/dl and 75 
and 95 mg/dl with a mean value of 84.0  3.06 mg/dl, respectively, in white lobe.In case of pink lobe, increasing 
doses (1, 2 and 4 mg/kg) of NS showed values ranged between 251 and 310 mg/dl with mean value of 287.50  
9.38 mg/dl, 249 and 300 mg/dl with mean value of 277.83  9.75 mg/dl and 222 and 264 mg/dl with a mean 
value of 242.33±5.63 mg/dl, respectively. 
 Next, the effect of NS on total protein contents in both lobes was determined. Table (5) and Fig. (2B) show 
that treatment of experimental animals with 1 mg/kg of NS decreased the total protein contents in both lobes. In 
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Table 4: Total lipid content (mg/dl) in rabbit Harderian gland after neostigmine treatment.  
Serial Control (GPI) 

n = 6 
Neostigmine  

1 mg (subgroup III A) 
Neostigmine  

2 mg (subgroup III B) 
Neostigmine  

4 mg (Subgroup III C) 
W P W P W P W P 

1 146 330 100 269 95 250 95 264 
2 92 308 90 251 89 249 90 249 
3 129 290 112 302 102 274 85 241 
4 135 335 105 290 110 295 79 239 
5 163 320 114 303 110 300 80 239 
6 149 361 117 310 111 299 75 222 

Mean 135.667 324.000 106.333 287.500 102.833 277.833 84.000 242.333 
S.D 24.427 24.306 10.132 22.967 9.196 23.895 7.483 13.794 
S.E 9.972 9.923 4.137 9.376 3.754 9.755 3.055 5.631 
LSD 1 , 2 , 4 1 , 2 , 4 C , 4 C , 4 C , 4 C , 4 C , 1 , 2 C , 1 , 2 

I: Untreated control; IIIA:  treated Subgroup A with (1mg/kg b.w.) neostigmine; IIIB: treated subgroup B with (2mg/kg b.w.) neostigmine; 
IIIC: treated subgroup C with (4mg/kg b.w.) neostigmine. 
 
Table 5: Total protein content (mg/dl) in rabbit Harderian gland after neostigmine treatment. 

Serial Control GPI Neostigmine  
1 mg (subgroup III  A) 

Neostigmine  
2 mg (subgroup III B) 

Neostigmine  
4 mg (subgroup III C) 

W P W P W P W P 
1 81 64 75 42 59 51 60 42 
2 100 71 74 42 62 49 65 37 
3 100 72 95 61 71 45 55 40 
4 87 69 86 68 69 41 57 53 
5 102 75 77 40 45 52 59 41 
6 90 67 99 75 57 59 69 47 

Mean 93.33 69.667 84.333 54.667 60.500 49.500 60.833 43.333 
S.D 8.571 3.882 10.764 15.280 9.375 6.189 5.231 5.750 
S.E 3.499 1.585 4.394 6.238 3.828 2.527 2.136 2.348 
LSD 2 , 4 1 , 2 , 4 2 , 4 C , 4 C , 1 C C , 1 C , 1 

I: Untreated control; IIIA: treated Subgroup A with (1mg/kg b.w.) neostigmine; IIIB: treated subgroup B with (2mg/kg b.w.) neostigmine; 
IIIC: treated subgroup C with (4mg/kg b.w.) neostigmine. 
 
Table 6: Acid phosphatase activity (U/L) in rabbit Harderion gland neostigmine treatment. 

Serial Control (GP I) Neostigmine  
1 mg (subgroup III A) 

Neostigmine  
2 mg (subgroup III B) 

Neostigmine  
4 mg (subgroup III C) 

W P W P W P W P 
1 7.5 7.7 5.0 7.2 10.2 8.7 8.4 6.9 
2 13.2 8.5 10.2 8.1 9.1 7.6 9.1 7.6 
3 6.2 7.1 5.6 4.8 7.9 5.8 6.2 15.0 
4 8.2 5.9 6.2 7.1 9.9 6.1 16.8 10.5 
5 7.1 5.2 15.0 11.0 8.0 3.2 11.0 9.4 
6 6.9 4.8 16.0 5.0 6.0 4.2 13.1 10.6 

Mean 8.183 6.533 9.667 7.200 8.517 5.933 10.767 10.000 
S.D 2.545 1.465 4.882 2.274 1.554 2.047 3.772 2.875 
S.E 1.039 0.598 1.993 0.928 0.634 0.836 1.540 1.174 
LSD - 4 - 4 - 4 - C,1,2 

I: Untreated control; IIIA: treated Subgroup A with (1mg/kg b.w.) neostigmine; IIIB: treated subgroup B with (2mg/kg b.w.) neostigmine; 
IIIC: treated subgroup C with (4mg/kg b.w.) neostigmine. 

 
Ultrastructureof the Harderian Gland of Male Rabbits: 
 Initially, ultra-structure of the rabbit harderian gland was studied. The gland was found to be large 
bilobedbody of about 1cm in length composed of an upper white lobe and a larger lower pink lobe (Fig. 3A). In 
toluidine blue stained preparations, the secretory epithelium of the white lobe appeared to be formed of high 
columnar cells with small lipid vacuoles (Fig. 3B), while the secretory epithelium of the pink lobe turned up to 
be formed of cuboidal cells with very large lipid vacuoles (Fig. 3C).  
 Ultra-structurally, the columnar secretory epithelial cells of the white lobe are characterized by the presence 
of rounded basally located nuclei and numerous lipid vacuoles, which are small in size and present throughout 
the cytoplasm. Short apical microvilli could be observed at the free luminal side of the epithelial cells and, 
occasionally, exocytotic figures could be also observed. The most prominent cytoplasmic organelle in these 
cells is mitochondria with their characteristic pleomorphic shape. They are densely present in the basal and 
perinuclear area of the epithelial cells and are observed along the lateral cell membranes (Fig. 4A).  
 Granular endoplasmic reticulum (GER) was also found in the perinuclear area of the epithelial cells (Fig. 
4B). In addition, free ribosomes are quite frequent in the secretory epithelial cells throughout the cytoplasm 
(Fig. 4C). The plasma membrane of adjacent epithelial cells was clearly observed with interdegitation tight 
junctions (Fig. 4C). Between the basement membrane and the secretory epithelium, myoepithelial cells were 
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 In a previous study, Iwai et al. (2000) found that injection of AS into rats led to increase in porphyrin 
content in harderian gland, 2 hours after injection. The levels peaked at 36 hours, and were 7 times those of the 
controls. Afterwards the levels decreased, but the content had not recovered to levels comparable to the controls 
by the 48 hr point. Iwai et al. (2000) measured luminal dilatation after AS administration; they found that the 
degree of lumina dilatation and extent of brownish pigments in the lumina correlated well with the porphyrin 
levels, whereAS inducing luminal dilatation in the harderian gland is due to an excessive accumulation of 
porphyrin in the lumina. However, in the present study, no porphyrin accumulation was observed in the lumen 
of the rabbit harderian gland after treatment with AS at all levels of the applied doses; this could be attributed to 
the fact that porphyrin level in the rabbit harderian gland is low (Davidheiser and Figge,1985).  
 NS is a parasympathomimetic that acts as a reversible acetylcholinesterase inhibitor; by interfering with the 
breakdown of acetylcholine, NS indirectly stimulates both nicotinic and muscarinic receptors (Howland et al., 
2008). When we treated animals with 4 mg/kg of NS, we found that the myoepithelial cells of the white lobe 
were partially contracted in most of examined specimens and lipid vacuoles were evident at the apical cell parts. 
Mitochondria also showed signs of degeneration and loss of internal structures. In case of the pink lobe,the 4 
mg/kg dose of NS induced contraction of myoepithelial cells, while lipid vacuoles were found almost normal in 
appearance and distribution. These findings suggest that the pink lobe is more responsive to NS treatment than 
the white lobe. Also, lipid production from the harderian gland is a muscarinic receptor-related event.  These 
observations are too in accordance with those of Satoh et al. (1992) who reported that the rat harderian gland 
has a tubuloalveolar structure with relatively wide lumina, in which some osmiophilic dense droplets exocytosed 
from glandular cells were observed. Satoh and associates found that injection of carbamylcholine chloride or 
bethanechol chloride, which, like NS, has a muscarinic action, many of the alveolar lumina dilated and 
contained a small number of osmiophilic droplets. Exocytotic figures and a pronounced decrease in the number 
of vacuoles in the glandular cells were observed. However, there was no evidence of apocrine or holocrine 
secretion. In addition, the injection of the higher dose of carbamylcholine caused fusion of secretory vacuoles in 
the apical cytoplasm and contraction of myoepithelial cells in the rat harderian glands (Satoh et al., 1992). 
Based on these observations, Satoh and associates concludedthat cholinergic systems regulate the secretion of 
rat harderian gland cells which have muscarinic receptors. In an earlier time, Harkness and Ridgways (1980) 
reported that the injection of acetylcholine led to appearance of chromodacryorrhea (bloody tears), while 
injection of AS inhibited chromodacryorrhea. In another study, Clement (1994) injected rats with carbachol 
(cholinergic agonist) and found that an intense chromodacryorrhea, accompanied by copious salivation, was 
apparent within 2-3min following administration of carbachol.Tashiro et al. (1990) and M’azl’o and Rohonyi 
(1963) have reported that injection with cholinomimetic substances leads to chromodacryorrhea, while the 
antimuscarinic atropine blocked chromodacryorrhea (Harkness and Ridgway, 1980 and Clement 1994). Thus, 
based on these studies, it seems that chromodacryorrhea and lipid production in harderian gland appear to be a 
muscarinic receptor-related event. 
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