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SUMMARY 
 
The main objective of this study was to investi-

gate the morphological aspects of the develop-
ment of the Harderian gland (HG) in the female 
guinea pig. A total number of thirty animals were 
used and divided according to age into groups, five 
animals each. Specimens were taken at the follow-
ing ages; birth, one week, two weeks, three weeks, 
four weeks and two months postnatal. Histological, 
histochemical and immunohistochemical tech-
niques were used. The gland was constituted of 
secretory end pieces and a duct system formed of 
intra- and extra-parenchymal ducts. At birth, the 
female guinea pig HG was active in the secretion 
of lipid and neutral mucin and the differentiation of 
several populations of cells (light and dark) was 
possible. However, its histological structure was 
still incomplete. The lining cells revealed many free 
ribosomes, a few and small organelles and large 
irregularly shaped nuclei and numerous mitotic 
figures. The secretory cells reached maturity by 
the age of three weeks, but growth in size contin-
ued up to the age of two months. They were light 
or dark; the light cells presented three forms that 
exhibited different morphological features. All 
modes of secretion (apocrine, merocrine and holo-
crine) were detected.  
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INTRODUCTION 
 

The Harderian gland (HG) is an exocrine gland 
located behind the ocular bulb in many mammals 

(Satoh et al., 1996). In rodents this gland is large 
and contains a considerable amount of lipid and 
porphyrins secreted via a duct that opens directly 
into the nictitating membrane (Watanabe, 1980). It 
has been reported that the gland functions may 
vary with species (Payne, 1994 in tetrapods; De-
jeridane et al., 1996 in mammals; Sakai, 1992 in 
rodents). The known functions of this gland in-
clude: lubrication of the eye, secretion of phero-
mones, secretion of growth factors, osmoregula-
tion, photoprotection and thermoregulation (Chieffi 
et al., 1993). Although the HGs of different rodent 
species share many common features, none are 
identical. It is stated that the description for each 
species is different, and the morphology of the 
gland in any unstudied species could not be in-
ferred safely from existing reports (Payne 1994). 
Guinea pigs Hg are of particular interest; although 
they have no nictitating membrane (Smelser, 
1943), they possess well-developed HG which 
does not secrete porphyrin (Seyama et al., 1984). 
Besides, the guinea pig is more physiologically 
and immunologically similar to humans than other 
small animal models (Padilla-Carlin et al., 2008). 
However, very little is reported on the morphology 
of guinea pig HG.  The only known description of 
adult guinea pig HG was by Paule (1957), all sub-
sequent guinea pig HG papers being about lipid 
synthesis (Satoh et al, 1993). Few reports could be 
found on the development of the HG in rodents 
(Muller, 1969; Lopez et al., 1990, 1992a,b; Lopez 
et al., 1996; Wetterberg et al., 1970; Menendez-
Pelaez et al., 1992). To the best of the author’s 
knowledge, no reports are available on the devel-
opment of HG in guinea pig. Therefore, the lack of 
an in-depth study prompted us to carry out this 
work which aimed at providing a detailed morpho-
logical study of secretory cells in developing fe-
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male guinea pig HG using light, electron microsco-
py and immunohistochemistry. The characteristic 
morphological features of the other structures con-
stituting the parenchyma will be covered in a sepa-
rate report. As sexual differences of the lipids and 
their metabolism in the HG of the golden hamster 
have been reported (Seyama et al., 1995; 1996), 
only females were studied in this work to avoid the 
potential gender-related differences in the HG of 
guinea pig. Understanding the glandular structure 
in the guinea pig would be helpful in order to study 
eye physiological processes or diseases. 

 
MATERIALS AND METHODS 
 

A total number of thirty female guinea pigs were 
used and divided into groups (five animals each): 
at birth (newborn), one week, two weeks, three 
weeks, one month (young growing), two months 
(adolescent) (Chitano et al., 2000).  The animals 
were anesthetized with ether and perfused intra-
cardially with the appropriate fixative (5%) glutaral-
dehyde for electron microscopy and 10% formalin 

for light microscopy (LM). After removal of the eye, 
the HG was dissected out and cut into small piec-
es. 

 
LM The specimens were immersed into 10% for-
malin for two days fixation. Next, the specimens 
were processes for preparation of paraffin blocks. 
Paraffin sections (5-7 µm) were cut into a trans-
verse plane, mounted into glass slides, and every 
tenth section was stained with hematoxylin & eosin 
stain (Drury and Wallington, 1980). In addition, 
selected sections were processed for histochemi-
cal demonstration of polysaccharides using Alcian 
blue (AB) at PH 2.5 for acid mucosubstances, peri-
odic acid Schiff (PAS) method for neutral mu-
cosubstances, and green staining of mucin by 
Massonʾs trichrome stain. Processing and staining 
techniques were done according to Drury and 
Wallington (1980). 

 
TEM The specimens were immersed in glutaralde-
hyde in cacodylate buffer for 24 hours and post 
fixed in 1% osmium tetroxide in phosphate buffer 

Fig. 1.  Semithin section of the newborn Harderian 
gland (HG) . EPD (extraparenchymal duct), Lu 
(lumen). Toluidine blue, x 10. Bar, 0.1 µm. 

Fig. 2.  Semi-thin section in newborn HG, type I 
light cell (LI), fixed secretion (∆). Toluidine blue, x 
1000. Bar, 10 µm. 

Fig. 3.  TEM from newborn HG showing type I light 
cell (LI). D (dark cell), L (lipid vacuole). x 5,200. 
Bar,  1.8 µm. 

Fig. 4.  Semithin section of newborn HG showing 
type II light cell (L II), type III light cell (L III). Tolui-
dine blue, x 1000. Bar, 10 µm. 

Fig. 5.  TEM from newborn HG showing type II light 
cell (LII) with rounded nucleus (N). x 3,500. Bar, 
2.8 µm. 

Fig. 6.  TEM from newborn HG showing type III 
light cell (LIII). Basal ovoid irregular nucleus (N), 
apical cytoplasm (*), a secretory granule (↑), My 
(myoepithelial cell). x 3,500. Bar, 2.8 µm. 

for two hours. Tissues were rinsed in the 
same buffer dehydrated with alcohol, cleared 
with propylene oxide and embedded in epon 
812. Semi-thin sections (0.5-1 µm) were cut 
and stained with toluidine blue (Gupta, 1983) 
for examination on a light microscope. Ul-
trathin sections (500-800 Å) were cut from 
selected areas of the blocks and contrasted 
with uranyl acetate and lead citrate 
(Reynolds, 1963). These sections were ob-
served with the transmission electron micro-
scope (Jeol E.M.-100 CX11; Japanese elec-
tron optic laboratory, Tokyo, Japan) and pho-
tographed at 80 K.V. 

 
Immunohistochemistry Expression of chro-
mogranin A (CgA) was detected in formalin-
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fixed paraffin-embedded sections. Sections (5 µm) 
were deparaffinized and rehydrated. Sections 
were digested with protease XXV (enzyme-
induced epitope retrieval) at 1 mg/ml PBS solution 
for 10 minutes at 37˚C. Sections were processed 
according to the manufacture instructions using 
the universal kit (ultravision detection system, anti-
polyvalent, HRP/DAB, Thermo Fischer Scientific, 
Fremont, CA, USA). Immunohistochemical stain-
ing was demonstrated using labeled streptavidin-
biotin immunoperoxide technique. Mouse mono-
clonal antibody Ab-1 Clone LK2H10 Lab Vision 
Corp, Neo Markers Inc/ Lab Vision, Fremont, CA, 
USA) was used at 1:800 dilution for 20 minutes at 
room temperature. Sections were then incubated 
with biotinylated goat antipolyvalent secondary 
antibody for 10 minutes at room temperature. The 
reaction was then visualized using diaminobenzi-
dine (DAB) for 10 minutes. Sections were counter-

stained using Mayer’s hematoxylin, dehydrated 
and cover slipped using a mixture of distyrene (a 
polystyrene), a plasticizer (tricresyl phosphate), 
and xylene (DPX). 

 
RESULTS 

 
Birth to week one 
 

In newborn animals, the HG was surrounded by 
a thin capsule. It had a convex surface and a con-
cave hilum from which an extra-parenchymal duct 
exits (Fig. 1). The secretory end pieces consisted 
of alveoli or tubuloalveoli lined by a single layer of 
cuboidal to columnar epithelial cells surrounded by 
myoepithelial cells. The lining cells contained cyto-
plasmic vacuoles of variable sizes. Numerous mi-
totic figures were encountered (Fig. 10) however, 
their incidence decreased gradually to become 
rare by the age of three week. According to stain-
ing affinity, two types of lining secretory epithelial 
cells could be distinguished; dark and light.  Three 
forms of light cells were identified and designated; 
I, II & III (Figs. 2, 4). 

Type I light cells were frequently encountered. 
They possessed large, round, pale basal nuclei 
surrounded by poorly stained voluminous cyto-
plasm containing a few dark granules and lipid 
vacuoles (Fig. 2). In ultrastructure, they contained 
euchromatic, round central nuclei which were large 
relative to the cytoplasm, and a few organelles 
(Fig. 3).  

Type II light cells were columnar or pyramidal in 
shape. They possessed round basal nuclei sur-
rounded by light abundant cytoplasm and some 
lipid vacuoles (Fig. 4). In ultrastructure, the nuclei 
were euchromatic with prominent nucleoli and sur-
rounded by copious cytoplasm which contained 
numerous tiny vesicles and variable sized mito-
chondria, which may exhibit electron lucent matrix, 
a scanty short segments of rough endoplasmic 
reticulum (RER) and lipid vacuoles (Fig. 5).  

Type III light cells were high cuboidal or colum-
nar in shape containing dark ovoid nuclei with an 
irregular outline. The nucleus was large relative to 
the cytoplasm which was devoid of lipid vacuoles 
(Fig 4). They were present either singly or in 
groups. In ultrastructure, the nuclei were hetero-
chromatic and surrounded by a scanty electron 
lucent cytoplasm containing numerous free ribo-
somes, mitochondria and a few small electron 
dense secretory granules. The surrounding plasma 
membrane exhibited interdigitations and desmoso-
mal junctions with adjacent cells (Figs. 6, 7). 

Fig. 7. (A) TEM from one-week Harderian gland (HG) 
showing type III light cells (LIII) with interdigitations (□). x 
2,700. Bar, 3.7 µm. (B) TEM from one-week HG showing 
type III light cells at higher magnification. Oval irregular 
nucleus (N), free ribosomes (rib), interdigitations (►) and 
desmosome (↑) between light cells. x 7,200. Bar, 1.4 µm. 
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Dark cells, which were the most 
common type, possessed variable-
shaped basal nuclei and numerous 
cytoplasmic lipid vacuoles of variable 
size. In ultrastructure the apical plas-
ma membrane exhibited unevenly 
distributed short microvilli (Fig. 8A) 
and the apical part of the lateral plas-
ma membrane formed junctional complex with the 
adjacent cells. The cytoplasm contained numerous 
variable-sized lipid vacuoles that opened into the 
lumen which may contain some electron-dense 
granulated secretory material. Other organelles 
included small mitochondria, free ribosomes and a 
few short segments of RER, and vesicular smooth 
endoplasmic reticulum (SER) and lysosomes (Fig. 
8A). Some dark cells contained numerous cyto-
plasmic clear vesicles and electron-dense secreto-
ry granules surrounded by a thin membrane (Fig. 
8B). Occasionally, the dark cells may reveal nucle-
olus-like cytoplasmic inclusions which consisted of 
aggregate of medium density granules without lim-
iting membrane, but a considerable amount of 
clustered ribosomes were evident (Fig. 9). 

The secretory material in the lumina of the secre-
tory end pieces and/or the cytoplasm of the lining 
cells may reveal PAS positive reaction (Fig. 11) 
and green colour in Massonʾs trichrome stain, but 
AB stain was negative. Apical protrusions extend-
ed from the apical surfaces into the lumina (Fig. 
13, inset). These protrusions may exhibit meta-
chromatic stained areas in toluidine blue stained 
semi-thin sections (Fig. 13, inset) and granular 
electron-dense secretory material in ultrastructure 
(Fig. 13). Less frequently the lumina of the secre-
tory end pieces and/ or those of the intra-
parenchymal ducts may exhibit cell nuclei (Figs. 

14A, B). In ultrastructure, type II light cells may 
reveal rupture with release of secretion, which may 
include granular electron-dense secretory material, 
into the lumina suggesting holocrine secretion. 
These cells usually exhibit small heterochromatic 
nuclei (Fig. 15). The cytoplasmic vacuoles may 
contain granular electron dense secretory material 
(Fig. 15). 

Myoepithelial cells, which were located at the 
basal part of secretory end pieces varied in shape, 
often elongated, with their longitudinal axis orient-
ed parallel to the basement membrane and con-
tained ovoid or elongated nuclei. Their staining 
affinity varied, being either light (Fig. 16) or dark 
(Fig. 17) with preponderance of the light one. Mi-
totic activity was evident in myoepithelial cells 
which divided symmetrically across their long axis 
(Fig. 16). In ultrastructure, they were present be-
tween the luminal cells and the basal lamina. Their 
cytoplasm varied in electron density: the majority 
had low electron density, large nucleus relative to 
the cytoplasm and a few organelles. These includ-
ed free ribosomes, filaments, mitochondria (Fig. 
16) and centrioles. The dark myoepithelial cells 
had moderate electron-dense cytoplasm, smaller 
nucleus and more cytoplasm containing more 
organelles (Fig. 17). 

Lymphocytes were frequently encountered 
within the secretory end pieces in a basal loca-

Fig. 8. (A)  TEM from newborn Harderian 
gland (HG) showing a dark cell containing 
lipid vacuoles opening into the lumen (↑), 
coalescence of lipid vacuoles (↕), microvilli 
(mv) and apical junctional complex (J).  x 
3,500. Bar, 2.8 µm. Inset: High magnifica-
tion for an apical junctional complex be-
tween adjacent dark cells (J).  x 14,000. 
Bar, 0.7 µm. (B) TEM from newborn HG 
showing a dark cell containing numerous 
smooth vesicles with or without electron 
dense core, lipid vacuoles with electron 
dense granular secretion (bold arrow). Ly-
sosomes (Ly), myoepithelial cell (↑).  x 
3,500. Bar, 2.8 µm. 

Fig. 9.  TEM from newborn HG showing a 
part of a dark cell containing nucleolus-like 
body (*) surrounded by free ribosomes (rib). 
Nucleus (N), mitochondria (mit).  x 8,000. 
Bar, 1.2 µm. 

Fig. 10.  TEM from newborn HG. A secreto-
ry cell in mitosis, ch (chromosome).  x 
4,000. Bar, 2.5 µm. Inset: Semi-thin section 
in new borne HG showing a mitotic figure. 
Toluidine blue, x 1000. Bar, 10 µm. 
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tion between myoepithelial cells and secretory 
epithelial cells. 

 
Weeks two to three 

Type I light cells possessed the same morpho-
logical features found in the previous age group; 

 

Fig. 11.  Paraffin section in newborn Harderian gland (HG) showing PAS positive secretion in a secretory end piece 
(arrow). PAS, x 1000. Bar, 10 µm. 

Fig. 12.  Paraffin section in newborn HG showing green stained secretion in secretory end pieces (arrowheads) and 
collagen fibers (V) around an interlobular duct (D). Massonʾs trichrome stain, x 400. Bar, 25 µm. 

Fig. 13.  TEM from newborn HG showing  an apical protrusion (arrowhead) with a thin stalk extending from a dark cell 
containing granular electron dense secretion (♦) and another released apical protrusion (arrow). x 4,800. Bar, 2 µm. 

Inset: Semi-thin section in newborn HG showing an apical protruding secretion (arrowhead) with a metachromatic 
stained part (arrow). Toluidine blue, x 1000. Bar, 10 µm. 

Fig. 14. (A)  Semithin section in newborn HG showing an epithelial cell studded with cytoplasmic vacuoles and the nu-
cleus is located at the cell surface. Toluidine blue, x 400. Bar = 25 µm. (B) Semi-thin section in newborn HG showing 
an intralobular duct containing luminal remnants of cells with nuclei (arrowhead). The secretory end pieces exhibit cells 
with an apically displaced nucleus (arrow) and cells full of cytoplasmic vacuoles (empty arrowhead). Toluidine blue, x 
400. Bar, 25 µm. 

Fig. 15.  TEM from newborn HG showing a ruptured type II light cell with a  nucleus (N), lipid vacuoles (*) and granular 
electron dense secretion (arrowhead).  x 4,800. Bar, 2 µm. 

Fig. 16.  TEM from newborn HG showing a Light myoepithelial cell, cytoplasmic process (P), filaments (F). x 6,500. Bar, 
1.4 µm. Left inset: semi-thin section in new born HG showing a light myoepithelial cell (arrowhead). Toluidine blue, x 
1000. Bar, 10 µm. Right inset: Semi-thin section in new born HG showing a myoepithelial cell in mitosis (arrowhead). 
Toluidine blue, x 1000. Bar, 10 µm. 

Fig. 17.  TEM from newborn HG showing a dark myoepithelial cell, cytoplasmic process (P) and a bundle of filaments 
(F). x 8,700. Bar, 1.1 µm. Inset: semi-thin section in new born HG showing a dark myoepithelial cell (arrowhead). Tolui-
din blue, x 1000. Bar, 10 µm. 

large pale nuclei surrounded by light cytoplasm; 
however, they became less frequently detecta-
ble. In ultrastructure they contained euchromatic 
nuclei and a few organelles. Type II light cells 
revealed further growth with a marked increase 
in amount of granular cytoplasm which contained 
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ate RER, a marked increase in vesicular SER, 
mitochondria which may possess electron 
lucent matrix and lipid vacuoles (Fig. 18D). 
Type III light cells became larger in size and 
lighter in staining than the previous age (Fig. 
19 inset). Ultrastructure revealed euchromatic 
nuclei with regular outline surrounded by elec-
tron-lucent cytoplasm containing less free ri-
bosomes than the previous age (Fig. 19). 
   Dark cells revealed more developed cyto-

plasmic organelles, as well as developed stacks of 
RER, moderate Golgi bodies, reduction in free ri-
bosomes, an increase in electron dense secretory 
granules, SER, coated vesicles and electron 
dense mitochondria. The nuclei were euchromatic 
with prominent nucleoli (Figs. 20, 21). 

   Myoepithelial cells with light cytoplasm and 
those showing mitotic figure became less frequent 
than in the previous age. The dark type exhibited 

Fig. 18. (A)  Semi-thin section in three-week HG 
showing apical  protrusions extending from a type 
II light cell (arrow) which contains a large dark 
secretory granule (arrow). Toluidin blue, x 400. 
Bar, 5 µm. (B) Semi-thin section subsequent to 
the previous image showing the apical protrusion 
extending into the lumen (arrowhead). Toluidin 
blue, x 400. Bar, 25 µm. (C) Semi-thin section in 
three-week HG showing an interlobular duct con-
taining luminal remnants of cells with nuclei 
(arrowhead). Toluidin blue, x 400. Bar, 25 µm. (D) 
TEM from two-week HG showing a type II light 
cell with large lipid vacuoles. x 3,500. Bar, 2.8 µm. 
Inset: Semi-thin section in three week HG show-
ing type III light cells (LIII). Toluidine blue, x 1000. 
Bar, 10 µm. 

Fig. 19.  TEM from two-week HG showing a type 
III light cell (LIII) containing an oval nucleus (n) 
with a few peripheral heterochromatin clumps and 
a scanty electron lucent cytoplasm containing a 
few organelles. x 5,200. Bar, 1.8 µm. Inset: Semi-
thin section in two week HG showing type III light 
cells. Toluidine blue, x 1000. Bar, 10 µm. 

Fig. 20.  TEM from two-week 
HG for a dark cell showing 
cytoplasmic groups of free 
ribosome, RER and mito-
chondria (arrow) and lipid 
droplets (L). x 4,000. Bar, 
2.5 µm. 

Fig. 21.  Higher magnifica-
tion for the basal part of the 
previous figure showing 
cytoplasmic electron-dense 
granules (arrows), coated 
vesicle (arrowheads), des-
mosome (D) between the 
basal surface of the dark cell 
and a myoepithelial cell pro-
cess which also shows a 
hemidesmosome (H) attach-
ing it to the basal lamina 
(BL) and a corrugated basal 
surface (double arrows). x 
10,000. Bar, 1 µm. 

relatively small nuclei and occasional large and 
dark granules (Figs. 18 A, B). Their apical cyto-
plasm protruded into the lumina (Figs. 18 A, B), 
whereas others may appear rupturing into the 
lumina (Fig. 18A). The lumina of intra-
parenchymal ducts may reveal cell remnants 
containing nuclei (Fig. 18C). In ultrastructure, the 
cytoplasm of type II light cells exhibited a moder-
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Fig. 22. (A)  Semi-thin section in two-month HG show-
ing type II light cells with granular cytoplasm contain-
ing fusing cytoplasmic lipid vacuoles (asterisk). Tolui-
dine blue, x 1000. Bar, 10 µm. (B) Semi-thin section 
in two-month HG showing parts of type II light cells 
within the lumen (asterisk) containing a large dark 
cytoplasmic granule (arrowhead). Toluidine blue, x 
1000. Bar, 10 µm. (C) Semi-thin section in two-month 
HG showing luminal degenerating cellular remnants 
(asterisk). Toluidine blue, x 1000. Bar, 10 µm. 

Fig. 23. (A)  TEM from two-month HG showing type III 
light cells (arrowhead) with apical cytoplasmic secre-
tory granules (Sgr) and a dark cell (D). x 3,500. Bar, 
2.8 µm. Inset: semi-thin section in two month HG 
showing type III light cells (asterisks). Toluidine blue, 
x 1000. Bar, 10 µm. (B) Magnified part of the 
previous figure showing surface processes (arrows) 
projecting to an overlying dark cell (D), junctional 
complex (J), secretory granules (Sgr), mitochondria 
(mt), short segments of RER (R) and lipid vacuole 
(L). x 10,400. Bar, 0.9 µm. 

Fig. 24.  TEM from two-month HG showing a dark cell 
containing numerous mitochondria (mt) of variable 
electron density. x 2,700. Bar, 3.7 µm. Inset: higher 
magnification for condensed (arrowhead) mitochon-
dria (mt). x 14,000. Bar, 0.7 µm. 

Fig. 25. (A)  Paraffin section in two-month HG show-
ing luminal PAS positive vacuolated secretory materi-
al. x 1000. Bar, 10 µm. (B) TEM from two-month HG 
showing luminal membrane-bound apocrine secretory 
products. x 2,900. Bar, 3.7 µm. © TEM from two 
month HG showing luminal non membrane-bound 
electron-lucent cytoplasmic fragments. x 2,900. Bar, 
3.7 µm. 

er and to the overlying epithelial cells. Hemi-
desmosomes connected them to the underlying 
basement (Fig. 21). 

Lymphocytes were frequently encountered 
within the secretory end pieces. 

 
Months one to two 

Type I light cells were occasionally observed. 
Type II light cells became enlarged and exhibit-
ed voluminous cytoplasm which may reveal fu-
sion of the lipid vacuoles (Fig. 22A). Their cyto-
plasm was studded with fine pale granules and a 
few, large dark granules (Figs. 22A, B). Large 
parts of the cytoplasm were frequently detected 
in the lumina of the secretory end pieces (Fig. 
22B), where they consequently undergo darken-
ing and degeneration (Fig. 22C). In ultrastructure 
the nuclei revealed dilated perinuclear cisternae 
and the cytoplasm contained dilated RER, nu-
merous vesicular SER and numerous mitochon-
dria which usually exhibit electron lucent matrix. 
Type III light cells became larger and paler 
compared with the previous age with light, basal 
and ovoid nuclei (Fig. 23A inset). Ultrastructural-
ly, the nuclei exhibited less heterochromatin and 
the surrounding cytoplasm became more elec-
tron-lucent than that of the previous age. They 
were observed to be well equipped with cytoplas-
mic organelles, mainly mitochondria, lysosomal 

reduction in free ribosomes, an increase in 
densely packed filaments which formed the main 
cytoplasmic organelle at both ends of the nucleus 
and in a thin shell around it. Other organelles in-
cluded mitochondria, short RER strands and 
dense bodies. Microfolds extended from their api-
cal plasma membrane into complementary invagi-
nations of the secretory cells, and their basal sur-
face might reveal corrugated surface (Fig. 21) 
Desmosomes attached myoepithelial cells togeth-
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bodies, RER and Golgi bodies. In addition, a few 
typical supra-nuclear neuroendocrine secretion 
granules appeared (Figs. 23 A, B). They were dis-
playing a fine structure that was rather common-
place, an electron dense, homogeneous core of 
non-crystalline shape, surrounded by a thin gran-
ule membrane. 

Dark cells cytoplasm contained well developed 
RER, numerous vesicular SER and numerous mi-
tochondria with electron dense matrix. The latter 
possessed preserved normal structure with intact 
cristae (Fig. 24).The secretory material in the lumi-
na of the secretory end pieces may reveal PAS 
positive (Fig. 25A), AB negative and green colour 
in Massonʾs trichrome. In ultrastructure, the mem-
brane-bound apical protrusions are pinched off into 
the lumina (Fig. 25B) and the somata of cells pos-
sessing morphological features similar to type II 
light cells (electron lucent vacuolated cytoplasm 
containing numerous mitochondria with damaged 
cristae) and containing lysosomal-like dense bod-
ies were detected in the lumina (Fig. 25C). 

Myoepithelial cells of the light type and their 
mitotic figures were rare. The dark type revealed 
more processes, cytoplasmic bundles of packed 
filaments and coated vesicles along both the basal 
and apical plasma membranes. 

By the age of two month, the secretory end piec-
es frequently revealed presence of mast cells 
among their lining epithelium. These mast cells 
exhibited numerous cytoplasmic metachromatic 
secretory granules (Fig. 26, inset). In ultrastructure 

the secretory granules were of low electron-density 
(Fig. 26). 

Lymphocytes were also encountered within the 
secretory end pieces.  

 
Immunohistochemistry 

Use of chromogranin A antibodies revealed a 
negative reaction at birth, whereas a week positive 
reaction was observed at one and two week. With 
development, a strong positive reaction was ob-
served by the age of one-two month (Figs. 27A, 
B). 

 
DISCUSSION 

 
This work demonstrated that the female guinea 

pig HG is secretory at birth. However, it was imma-
ture in structure and its secretory cells undergo 
maturation during the first three weeks postnatal. 
The gland and its secretory cells continue their 
growth up to the age of two months postnatal. The 
main secretory material of the mammalian HG is 
lipids (Paule, 1957; Sakai, 1981) and the biochem-
istry of the guinea pig Harderian lipids have been 
extensively studied (Yamazaki et al., 1981; Seya-
ma et al., 1983, 1984). Although Gasser et al. 
(2011) recorded negative staining with PAS in 

Fig. 26.  TEM from two-month HG showing an intraepi-
thelial mast cell (m) containing numerous cytoplasmic 
secretory granules of low electron density. x 2,700. Bar, 
3 µm. Inset: semi-thin section showing an intraepithelial 
mast cell (m) with numerous metachromatic secretory 
granules. Toluidine blue, x 1000. Bar, 10 µm. 

Fig. 27. (A)  Paraffin section in two-month HG showing 
immunoreactivity for chromogranin A in some cells (O). 
x 40. Bar, 25 µm. (B) Higher magnification of the previ-
ous image showing a cell which is chromogranin A 
immunoreactive (arrowhead).  x 400. Bar, 2.5 µm. 
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guinea pig HG, we demonstrated in this work that 
the secretory material of guinea pig HG may in-
clude some neutral mucin as confirmed by the 
positive PAS, negative AB reaction, metachro-
matic stained material and the green colour detect-
ed by Massonʾs trichrome stain in the lumina and 
or cytoplasmic vacuoles of some secretory end 
pieces. Green staining with Masson’s trichrome 
stain is an indicative of the presence of mucin that 
is a heavily glycosylated protein (Drury and 
Wallington, 1980). Gasser et al. (2011) did not rec-
ord neither the age nor the sex of the guinea pig 
used in their study. The PAS positive secretory 
material found in our work could be correlated with 
the electron-dense granular secretory material de-
tected in ultrastructure. The presence of granular 
dense material similar to that found in this study 
has been described in the HG of South American 
armadillo (Aldana and Affani, 2005). 

In previous studies by other investigators, two or 
three types of glandular cells have been morpho-
logically distinguished in various rodents: the 
mouse (Strum and Shear, 1982; Watanabe, 1980; 
Woodhouse and Rhodin, 1963), the rat 
(Brownsheidle and Niewenhuis, 1978; Carrier, 
1985; Tsutsumi et al., 1966) the plain mouse 
(Johnston et al., 1985) and the male golden ham-
ster (Bucana and Nadakavukaren, 1973; Hoffman, 
1971; Lopez et al., 1993). However, in the guinea 
pig we distinguished four types of cells with differ-
ent characteristic morphological features. Detec-
tion of dark and light cells have been reported fre-
quently in many tissues as developing hamster HG 
(Lopez et al., 1992), adult rat vomeronasal organ 
(Eltony and Elgayar, 2011) and developing rabbit 
VNO (Elgayar et al., 2014). Presence of more than 
one cell type in many HGs has often been inter-
preted as being one cell type in different activity 
levels (Payne et al., 1994; Lopez et al., 1996). This 
hypothesis could be applicable for light and dark 
myoepithelial cells detected in the guinea pig. This 
is in agreement with the work of Nagashima and 
Ono (1985) who considered the light myoepithelial 
cells in human submandibular gland as an imma-
ture type. However, type I light cells could repre-
sent undifferentiated cells capable of undergoing 
division. In support of this view, their gradual de-
crease in frequency coincides with the gradual 
decrease in mitotic figures observed among the 
secretory cells. In addition, they possess large size 
and large light nuclei and there is evidence that 
the cell volume of growing cells is proportional to 
the amount of DNA in the nucleus (Horner and 
Macgregor, 1983) and the diploid cells are twice 
the size of haploid cells (Swanson et al., 1991). 

The morphological features of myoepithelial cells 
in this work are in accordance with the study of 
Satoh et al. (1994). These authors suggested that 
their function is to maintain the contour of the glan-
dular endpieces, serving as the exoskeleton of the 
endpieces. However, the cytological features are 

consistent with the function of the myoepithelial 
cell mainly as a contractile element, and possibly 
as a regulator for fluid transport. They are attached 
to the glandular cells of the end-pieces with des-
mosomes and interdigitating cytoplasmic process-
es. Densely packed myofilaments fill most of the 
cytoplasm, and coated vesicles on the inner and 
outer borders are prevalent. 

Chromogranin has been found to be a ubiquitous 
protein stored in dense-core secretory granules of 
the endocrine, exocrine, and nervous systems. 
This observation was confirmed by detection of 
CgA positive reacting cells by immunohistochemis-
try among the gland secretory epithelial cells. CgA 
present in endocrine cells serve as a marker for 
large secretory granules with electron dense cores 
(Taupenot et al., 2002). It belongs to the granin 
family of acidic secretory glycoproteins that are 
expressed in most types of normal neuroendocrine 
cells (c.f. Nobels et al., 1998; Wick, 2000). Cg A is 
typically bound to the membrane of the neuroen-
docrine secretion granules. Many of the listed 
chromogranin fragments act by means of autocrine 
and paracrine in endocrine, cardiovascular and 
nervous system (Jiang et al., 2001). According to 
Taupenot et al. (2002), cells present in non-
endocrine organs produce highly active chemical 
substances (biogenic and peptide amines) respon-
sible for local regulation. 

According to the objective ultrastructure criteria, 
the electron-dense secretory granules present in 
type III light cells may be sources of CgA which we 
detected by immunohistochemistry in cells dissem-
inated among the epithelium lining the glandular 
secretory end pieces. The age by which type III 
light cells reached complete maturation coincided 
with the time of sexual maturation may lead one to 
suggest presence of mutual relation. However, 
CgA is also found to be expressed and released 
from exocrine serous acinar cells of the human 
submandibular salivary glands of human (Saruta et 
al., 2005), and its processed products have been 
shown to have a role in immunity against microbes 
(Metz-Boutigue, 2003). Therefore, immunoelectron 
microscopic technique is necessary to verify that 
type III cell is the CgA producing cell. 

The newborn dark cells were morphologically at 
an advanced stage of development, as evidenced 
by the secretory activity of the newborn gland. Dur-
ing early stages of maturation, the dark cells re-
vealed nucleolus-like bodies which were similar to 
those described in various cell types including oo-
cytes (Azavedo, 1984), spermatocytes (Fuge, 
1976), embryonic cells (Takeuchi, 1980), pinealo-
cytes (Fechner, 1986) as well as in developing 
hamster HG (Lopez et al., 1990). This finding may 
lead one to suggest their being a transient store of 
ribonucleoprotein during periods of rapid metabo-
lism and differentiation as in embryonic ectodermal 
cells (Takeuchi and Takeuchi, 1982). 

The difference in the configuration of the secreto-
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ry granules in dark cells indicates difference in 
their products. The gradual increase in frequency 
of condensed mitochondria in dark cells, with de-
velopment, could be related to the energy and 
metabolic requirements during development. The 
density of mitochondria generally depends on cel-
lular requirement of ATP and differs significantly 
from one cell type to another (Veltri et al., 1990). In 
accordance with our findings, Baccari et al. (2004) 
reported that the condensed configuration ob-
served in the hyperthyroid rat HG indicated in-
creased phosphorylative activity. It is noteworthy to 
mention that in guinea pig HG mitochondria, in 
addition to synthesizing ATP required for the 
maintenance of aerobic life, share peroxisomes 
the process of oxidation of fatty acids and it is 
proved that mitochondria possess distinct fatty acyl 
Co-A synthetase enzyme (Kono et al., 1996). 

In female guinea pig HG, all modes of secretion 
(merocrine, apocrine and holocrine) have been 
observed in this work. The detection of the lipid 
vacuoles fusing with the apical plasma membrane 
and the discharge of their contents into the lumen 
were indicative of merocrine mode of secretion. 
These findings are in agreement with the hypothe-
sis proposed by several authors concerning the 
merocrine nature of HG secretion (Watanabe, 
1980; Sakai and Yohro, 1981; Lopez et al., 
1992a). However, neither the apocrine or holocrine 
modes of secretion have been previously reported 
in guinea pig HG. Satoh et al. (1996) elicited the 
presence of merocrine cell discharge in male guin-
ea pig HG by high doses of carbacol. The apocrine 
mode of secretion was evident in this study by de-
tection of apical protrusions and/or membrane 
bounded cytoplasmic fragments in the lumen 
which were extending from the dark and/or type II 
light cells. The physiological significance of the 
occurrence of both exocytosis and apocrine secre-
tory mechanisms in a single cell is not clearly 
known. Cristofoletti et al. (2001) reported that it 
may indicate that the glandular cells synthesize 
both apocrine secreted substances and those re-
leased via exocytosis. Holocrine release was evi-
dent in female guinea pig by detection of rupturing 
type II light cells and the detection of their cyto-
plasmic fragments, which were non-membrane 
bound, in the lumina. These cells characteristically 
possessed morphological features characteristic of 
dying cells specifically voluminous cytoplasm, 
large lipid vacuoles and huge amount of mitochon-
dria with electron lucent matrix. In the rat, Carrier 
(1985) reported that cells with large lipid vacuoles 
were in fact dying cells, and that this formed a hol-
ocrine mechanism by which gland products were 
released. Similar findings have been reported in 
HG of golden hamsters (Hoffman, 1971) and 
wistar rat (Djeridane, 1994). However, the holo-
crine mode of secretion was not the main contribu-
tor of secretion. In conclusion, the female guinea 
pig HG is an actively secreting gland since birth, 

completes its development by the age of two 
month and possesses many characteristic mor-
phological features. 
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