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Abstract: Seven categoriesof corporaluteai.e. small ( 1-5days), medium (6-10 days), large (11-
15 days), regressing (16-21days) and of previous cycle, penultimate cycle and pregnancy (<30
days) of goat (Capra hircus) were analyzed for cellular polymorphism, dynamicsand ultrastructural
variations. Histologically, corpusluteum was comprised of two types of steroidogenic cells. The
diameter of granulosa luteal cellsincreased from 33.00 nmin small to 42.00 mmin large category.
The theca luteal cellsdimensionsincreased from 19.25 to 28.00 nm. The cell diameters of both
these categories of cells showed maxima during pregnancy whereas corpora lutea of previous
and penultimate cyclesreveal ed the minimum values. Therelative abundance of different typesof
steroidogenic and non-steroidogenic cells were studied in different reproductive phases of the
goat. Blood capillaries and the endothelial cells showed statistically significant variations in
different phases. Ultrastructurally, both theca and granulosa luteal cellsrevealed variationsin
the relative abundance of different of cell organelles. Mitochondria, smooth endoplasmic
reticulum, Golgi complex and secretory granules increased with the increase in granulosa cell
diameter during pregnancy. The lysosomes, lipid droplets and vesicles were maximum in the

theca luteal cellsshowing minimum values of diametersin penultimate cycle.

K ey wor ds: Goat ovary, Corpusluteum

INTRODUCTION

The corpus luteum, a dynamic endocrine gland [1,2]
is comprised of steroidogenic cells and non-
steroidogenic cells which show variations in their
dimensions and numbers [3-6]. The steroidogenic
cdlsi.e granulosa luteal cels and theca luteal cels
have been implicated for the production of
progesterone hormonefor maintaining pregnancy [3].
Thecorpusluteum of small and large ruminants show
variationsinitsactivity. During itsfunctional lifespan,
it undergoes differentiation, grows in size and
regresses to corpus albicans. Morphology (including
histochemistry and ultrastructure) of rodents corpus
luteum have been documented [7]. Limited
information on cellular components of bovine corpus

luteum is focussed on cows and buffaloes [3,8]. In
goat and sheep fragmentary information on
morphology of corpus luteum of luteal phase of
estrous cycle have been recorded [9-11]. Keeping in
view, these gaps in literature, present investigation
was undertaken to investigate the cdlular changes
of steroidogenic cells of caprine corpus luteum during
different phases of oestrous cycle and pregnancy.

MATERIALS AND METHODS

Goat (Capra hircus) ovaries were collected from
the slaughter house of Eidgah Delhi and brought to
laboratory at 0°C in ice bucket. Corpora lutea were
dissected out and classified into seven categories on
the basis of its morphology (Table 1). The corpora
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RESULTS AND DISCUSSION

lutea of different categories were subjected to
histological and ultrastructural studies.
The corpus luteum of goat ovary was comprised of

For histological studies, corpora lutea were fixed in
alcoholic Bouins fixative for 24 hours and were
processed following the technique of Pearse [12].
The sections were cut at 7nm thickness and stained
with haemotoxylin and eosin stain.

For ultrastructural studies, corpus luteum was flxed
in Karnovsky fixativein 0.1M phosphate buffer (pH
7.2 to 7.4) at 4°C for 24 hours. The tissue was
processed by the method of Zamboni [13]. The
sections were cut at 60-90nm mounted on 100 mesh
grids and were stained with uranyl acetate followed
by lead citrate [14]. The sections were examined
and photographed under eectron microscope, CM-
10 Philipsinstalled at All India Institute of Medical
Sciences, New Delhi.

two types of steroidogenic cellsi.e. small thecaluteal
cdlsand largegranulosaluteal cellsand several other
types of cells such as endothdial cedls, pericytes,
smooth muscle cells, fibroblasts, macrophages,
leucocytes and plasma cdls (Fig. 1). The dimensions
and relative abundance of different type of cells
present in the corpus luteum varied with the phase
of oestrous cycle and pregnancy (Table 2,3; Figs.
9,10). During regression, stellatetoirregular in shapes
of steroidogenic cells were observed. A large
number of phagocytic cells were observed in corpus
luteum (Fig. 2).

During pregnancy, large granulosa luteal cells with
small spherical nucleus were observed whereas small
theca luteal cdls were characterized by large oval

Explanation of figures:

Fig.1: A magnified view of a portion of the corpusluteum of large category (11-15 days) showing large granulosa lutedl cells
(9) with spherical nucleus possessing prominent nucleoli and pale cytoplasm. The small thecalutea cells (t) having an elongated
nucleus and dense cytoplasm. X600. Fig. 2: T.S. of corpus luteum of regressing category (16-21 days) reveding a large number of
autophagocytotic bodies (a) and irregular shaped steroidogenic cells (i). X600. Fig. 3: A portion of the corpus luteum of
pregnancy (< 30 days) showing large granulosa luteal cell (g) with small spherical nucleus. The small sized endothelial cell () in
the connective tissue (c) are enclosing the luteal cells. Note the hypertrophy of luteal cells. X600. Fig. 4: A magnified view of
granulosaluteal cell of large category (11-15 days) of corpus luteum exhibiting rough endoplasmic reticulum, mitochondria(m)
and lipid droplets (). X26460. Fig. 5: Electronmicrograph of theca luteal cell from large category of corpus luteum (11-
15days) revealing oval shaped nucleus with eccentric nucleolus (nu), abundant smooth endoplasmic reticulum lipid droplets
(). X15960. Fig. 6: Ultramicrophotograph of granulosa luteal cell from 16-21 days of corpus luteum showing swollen
Jdisintegrating rough endoplasmic reticulum, fewer swollen , vacuolated mitochondria (m) and a few secretory granules
(arrow), lysosomes. X26460. Fig. 7 Fine photograph of granulosa luteal cell of corpus luteum of pregnancy (< 30 days)
reveding uneven contour of cell membrane, undulating nuclear membrane (arrow ), abundant oval to spherical shaped mito-
chondria with crecentric cristae, secretory granules and fewer number of lipid droplets. X3654 Fig. 8: Electronmicrograph
of theca luteal cell of corpus luteum of pregnancy (< 30 days) reveding abundant smooth endoplasmic reticulum (ser
) and spherical to oval shaped mitochondria with well developed cristae. Notea number of elongated to dumble shaped
mitochondria revedling the division of mitochondria X35280
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Fig. 9: Histogram showing variationsin the diameter (mm) of granulosa lutea cells and theca lutedl cells in different categories of
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Fig. 10: Histogram showing variations in the percentage of number of granulosa luteal cells and theca luteal cells in different

categories of corpus luteum of goat.

nucleus. Thedimensionsof luteal cdlsweremaximum
during pregnancy. The relative percentage of blood
capillariesand blood vessels weremore during pregn-
ancy as compared to rest of the categories (Tables
2,3; Fig. 3). The diameter of granulosa luteal cells,
theca luteal cdls, endothdial cdls and that of blood
vessds and blood capillaries revealed the maximum
values during pregnancy.

Ultrastructural studies of caprine corpus luteum has
revealed the presence of rough and smooth ER in

large granulosa luteal cells. Mitochondria were
spherical to oval in shape withwell developed cristae
(Fig. 4). Spherical nucleuswith well spread chromatin
material in homogenous nucleoplasm, Golgi
complexes and abundant secretory granules were
observed. On the contrary, small theca luteal cdls
were characterized by having oval shaped nucleus
with eccentric nucleolus, abundant smooth endopl-
asmic reticulum, lipid droplets and few mitochondria.
Ther cytoplasm was devoid of rough endoplasmic
reticulum and secretory granules (Fig. 5).
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During regression, pycnotic nucleus, apoptotic
granules, dispersed nuclear membrane with uneven
outline were abserved. The clump of vacuolated and
deeply condensed chromatin material was seen
adhering to the nuclear membrane and was heterog-
eneously dispersed within the nucleoplasm (Fig. 6).
Thelipid droplets, lysosomes and the clumps of vacuo-
lated mitochondria with reduced cristae were
observed. Degenerating swollen rough endoplasmic
reticulumwas irregularly dispersed in the cytoplasm

(Fig.6).

The corpus luteum of pregnancy, the cdlular details
wereclear and distinct. Inlargegranulosaluteal cdlls,
the nuclear membrane was thrown into a number of
undulations and folds. These cdls possessed rough
endoplasmic reticulum, secretory granules, oval and
spherical shaped mitochondriawith crecentric cristae.
The lipid droplets were fewer in number whereas
secretory granules were abundant and wererandomly
placed inthecytoplasm (Fig. 7). Insmall thecaluteal
cdla, abundant smooth endoplasmic reticulum,

Table 1: Classification of Corpus luteum

spherical, oval and dumble shaped mitochondriawith
well developed cristae were observed (Fig. 8). The
presenceof steroidogenic and non steroidogenic cells
in the caprine corpus luteum during different phases
of reproduction suggest that cellular archite-cture of
caprine corpus luteum shows great similarity with
other mammalian species[3,6,8,11,15]. Themaximum
diameters of steroidogenic cells observed in corpus
luteum during pregnancy while a minimum values
recorded in corpus luteum of penultimate cycle
correspond to the progesterone production in these
phases of reproduction[11,16-19]. Thevariationsin
luteal cdl dimensions is a direct indication of their
steroidogenic activity as already reported in ewe[20].

Ultrastructurally, the presence of rough endoplasmic
reticulum and smooth endoplasmic reticulum in
granulosa luteal cdlls indicate that these cdls have
exceptional steroidogenic and protein synthesizing
cdlls as reported in sheep and other bovine species
[3,6,21-23] Besides usual organelles, steroidogenic
specific components like abundant smooth
endoplasmic reticulum, lipid droplets, lysosomes and
multivasicular bodies observed in pregnant and mid-
luteal caprine corpus luteum show resemblance

Sr.No.| Size(mm)andcdour [Nameof category] Stage largdy with that of sheep corpusluteum[21,24]. The
1 |<2Pirk with red blood clot|  Small | | 1-5days increased meshwork of smooth endoplasmic reticulum
2 25 Pink Medium | 1 { €10d<)  ang mitochondria in small luteal cells in addition to
3 5Real L I | 11-15d
. > age -15 days -
1 -2 Brown Regressing | IV | 16-21 days the usual ceI.I organelileclndlf:ate that th@egells are
3 O Previows |V = largely steroidogenic in function as observed in other
6. <2 White Perultimate| V1 Pn bovine species [3,21,24]. The presence of Golgi
7. > 6Dark Red Pregnency | VII| <30days|  complexes with stacks of cisternae and nascent
Cell Types Categpries of Corpus L uteum Tab,l e, 2:
Parameters | I i v Vi VI Variations
Smdl Med um Large Regressing Previous Penultimate Pregiangy | inthediam-
(1-5days) (6-10 days) (11-15day9) (16-21 days) (Pr) (Pn) (< 30 chys) eter of diff-
I_G';a”LI"gSIaI 33.00 % 4.65 [37.00% 497 |4238* 682 [g050t7.89 2713+ 28 133t 457 |a725F11.77| €rent cate-
uteal Cellsl(15.0-35.0) |(17.5-40.0) (22.5-55.0) (20.0-45.0) (22.5-30.0) | (15.0-27.5) |(27.5-60.0) gories of
Thleca | 1925388 | 2313% 284 ps.oot359 pe2st290 | 2250+ 354 |1463% 309|353 577 | COrpuUS
Luteal Cells } 19 0.22 5) (12.5-25.0) | (17.530.0) |(15.0-27.5) (175-27.5) | (10.0-20.0) [(25.0-40.0) luteum of
E”dggne‘ ial | 625+ 125 | 850+ 166 | 1275+1.92 | 1038% 1.63| 7.88F 089 | 575+ 115 | 15.25 +2.07| 902t (Ca-
s (5.0-7.5) (5.0-10.0) (10.0-15.0) (7.512.5) (7.5-10.0) (5.0-7.5) |(12.5-17.5) pra hirc-
c B.'ﬁoa?es 1425+160 | 17754370 | 26384477 | 22624 561 | 2075+ 462 | 16.00% 1.84 | 34.50 +6.30 | US): (Range
apiiiarl (10.0-15.0) (125-22.5) (17.535.0) | (15.0-30.0) | (12.5-27.5) | (12.5-17.5) |(20.0-40.0) in Parenth-
VBe'SOSOe‘l’S 10800F 1366 | 11538 F 1564 | 13538 2425 12105+ 230 | 1088+ 140 | ores 1618 | 529 F 4655 €SIS)
(50.0-112.5) (67.5-15.0) (825-180.0) | (70.0140.0) (80.0-1250) | (7001125 |@5.0-212.5)
Categories of Corpus Luteum Table 3:Relative
I I m v \% \ Vi ercentage of nu-
Parameters Small M edium Large Regesing | Previous Penultimate Pregnancy ?nber ofa%iifferent
(1-5days) | (6-10days | (11-15days)| (16-21days) (Pr) (Pn) (< 30 days) types of cells of
GraEqusa Lut(leal (I:Iells 27.11 26.32 14.26 20.80 28.03 | 27.30 23.06 corpus Iuteum in
Thecal uteal Cells 28.07 24.39 28.08 2129 | 2275 | 2754 2261 | jittorent phases
el dCol, | ow 0 | 9o | sy 69 G0l | 8% oeuon o
00 aplllari es . . . . . . . and pregnancy.
Blood Vessels 0.42 107 1.10 1.01 0.80 031 1.68
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granules associated with concave side of Golgi
revealed a closefunctional relatedness of goat corpus
luteum with that of cow [3,25]. Stacks of rough
endoplasmic reticulum observed in both the categories
of steroidogenic cells have already been reported in
cows [3]. Thehigher frequency of secretory granules
and their organization inlarge clusters are similar to
those reported in other domestic animals [3,25,26].
Ultrastructurally, large and small luteal cells of goat
corpus luteum revealed a great similarity to those of
other bovine species[3,27,28]. During regression, the
steroidogenic cells of caprinecorpus luteum revealed
apoptotic specific degenerating features similar to
those reported in cow [24,29-31]. Thusit is evident
from the present studies that caprine corpus luteum
and bovine corpus luteum have close evolutionary
relationship and common regulatory mechanism.
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