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Ultrastructure and Histochemistry of Granulosa Cells of
Pre- and Post-Ovulatory Follicles in the Ovary
of the Medaka, Oryzias latipes

Hirohiko Kacawa* and Kazunori TAkaNo*

Abstract

The granulosa cells of pre- and post-ovulatory follicles in ovaries of the medaka,
Oryzias latipes, kept under constant temperature (25::1°C) and artificial light
cycle (14 hrs. light, 10 hrs. dark) were examined ultrastructurally and histochemi-
cally.

The granulosa cells of the cocytes in the tertiary yolk stage (0-8 hours
after lighting) contained rough endoplasmic reticulum arranged in parallel,
mitochondria with lamelar cristae, and well-developed Golgi apparatus. In
the granulosa cells of the cocytes which had attained the late phase of the tertiary
yolk stage and the pre-maturation stage (12-16 hours after lighting), the
mitochondria with ill-developed cristae decreased in size, and the cisternae of the
rough endoplasmic reticulum mostly assumed either a rod-shaped or a vesicular
form. In the maturation stage just before ovulation (20 hours after lighting),
most prominent alterations in the granulosa cells were a dilatation of vesicular
cisternae of the rough endoplasmic reticulum and an appearance of the mito-
chondria with tubular cristae. In addition, four types of lysosome-like bodies
with different inner structures were observed during the course of the final phase
of oocyte maturation.

In the post-ovulatory follicles, immediately after lighting, the granulosa
cells markedly hypertrophied, and possessed numerous microvilli projecting
into the follicular lumen. These cells were characterized by having many
lysosome-like bodies and lipid droplets in addition to other cell organelles.
Between 4 and 8 hours after lighting, follicular lumen was crushed, and the
granulosa cells formed an irregular clump of cells. These cells were characterized
by the presence of many cytolysomes and by a decrease in the amount of
vesicular rough endoplasmic reticulum. Thereafter, the granulosa cells rapidly
degenerated in association with an increase of lysosome-like bodies and a dis-
appearance of other cell organelles. It was difficult to detect the granulosa cells
in the ovaries examined between 16 and 20 hours after lighting.

Histochemical reaction for 45-3-hydroxysteroid dehydrogenase (35-HSD) was
detected in the granulosa cells of all of the pre-ovulatory follicles examined
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in the present study. The granulosa cells of post-ovulatory follicles also
showed 38-HSD activity. However, response for 33-HSD disappeared from the
granulosa cells of post-ovulatory follicles 8 hours after lighting.
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Fig. 1. Light-microscopic figure of Epon section (1 pm) of follicle layers and a peripheral
part of oocyte at the early phase of the tertiary yolk stage (immediately after light-
ing). FL, follicle layers: ZR, zona radiata. Methylene blue stain. x 885.

Fig. 2. Electron micrograph of a granulosa cell at the early phase of the tertiary yolk stage.
Note many rough endoplasmic reticulum (rER) and well-developed Golgi apparatus
(G). BM, basement membrane: Ly, lysosome-like body: M, mitochondrion: N,
nucleus: TC, theca cell: ZR, zona radiata. x 10,000.
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Fig. 3. Changes in the average numbers of lysosome-like bodies per section in the
granulosa cell during the course of final maturation. Letter symbols, a, b, ¢, and
d, indicate different types of lysosome-like bodies respectively.

AT 12~16 s COMICIPRMI 'S, ISR 252 T3 2 SOk O F 0 & B
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AT 20 3R IBREMIBRIE 1100~1200um OIFE2HL, BEWIICEL T 5. ¢ ORI 2
& BRI ARG RE 2 I8 & SIBEL . IPIKOETLA IEEL T s (M6), BEEMIC b TR G &
TERICHBEL Tzl MR o CESEIC X 5 THEHL Tz, UL, FRIEHE O N
MBI AIOR L O & 3 5 ITHHRL, T2 ZOMBICFEL TOIETFEEORCWEIR, 13X AL
HEL Tore (J7). Bid—MRICHEBEMIRANCAIE T 2 L5 s. ¢ bas B Y 70E 2/NER
D&Y RAEREECHEL, KETHBZIRBEABR2RET 2. Ao fid fior 22 ¢, g7
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.4 and 5. Electron micrographs of a portion of a granulosa cell at the late phase of
the tertiary yolk stage (12 hours after lighting). Microvilli (Mv) are somewhat
withdrawn from zona radiata (ZR) and intercellular space (IS) between granulosa
cells is filled with low electron-dense material (Fig. 4). Mitochondria (M) with
poor lamellar cristae decreased in size (Fig. 5). G, Golgi apparatus: N, Nucleus:
Ly. lysosome-like body. TFig. 4, x10,500; Fig. 5, x7,300.
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Fig. 6. Light-microscopic figure of Epon section (1 um) of follicle layers and a peripheral
part of oocyte at the maturation stage (20 hours after lighting). Pore canals
disappeared from zona radiata. x 885.

Figs. 7 and 8. Electron micrographs of a portion of a granulosa cell at the maturation
stage. Microvilli (Mv) are completely withdrawn from zona radiata, and many
vacuolated lysosome-like bodies (Va) are seen in the cytoplasm (Fig. 7). Mitochondria
(M) with tubular cristae and dilated rough endoplasmic reticulum (rER) filled with
low electron-dense material are seen in the cytoplasm. Intercellular space (IS)
between granulosa cells becomes markedly wide (Fig. 8). BM, basement membrane:
N, nucleus: TC, theca cell. Fig. 7. x12,600; Fig. 8, x18,000.
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b il 3 . : :
Figs. 9-12. Light-microscopic figures of parts of ovaries after ovulation. Hematoxylin-
eosin stain. Fig. 9, the ovary of fish immediately after lighting, containing post-
ovulatory follicles (arrows); Fig. 10, post-ovulatory follicle 8 hours after lighting;
Fig. 11, post-ovulatory follicle 12 hours after lighting, showing crushed follicular
lumen; Fig. 12, degenerated post-ovulatory follicles (arrows) 20 hours after lighting.

Figs. 9 and 12, x50; Fig. 10, x700; Fig. 11, x220.

BEIN % O FERIREHRAY

SATIERS (ORSRD : PEONGRIENLIR, B RUNEERIEIMICL T OB 5 4 £ { DUIRIIOREIT,
SR OBEH 1 % SIS A THTEL T 3 (K9). i d OPRSIRIEIRIE, 22 A EDHIBGIE
M AT L Tz, BRIEMAG I 3 18~25 um T, HRIRAMCENTEH U CIEEL, PR LR
SRR L T (18). FRIBGMAL ORI 2 ZOMIEZEES RS S0, 21, iRk
= DTEBEAE CESHIC X o THOICEA L, MERABIIE - A SHEL T RIEMBOED
WAL EERF VI HEL, 3561 COBMMITE, PRIMmITE & A S RIHE 20 5 kb B o h
Too TS OIEMIT, BEIINTIT RSN ERRO/MER ¢ = ) LGS FHEL T (K14, Y
K — A DRFED D EIEL TN O HUR A RO RS % D T 503, EHIRET
it e BERROME A BE s, Ay FY TR AEBL L CREAET ZONMIEE
FHEESE L, &) AL RHBNMERELEL T, T o FRIRBRCEAIL DR T L o B
LEED, HEOMMEIZAEL T (X15).
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Fig. 13. Light-microscopic figure of Epon section (1 um) of a part of a post-ovulatory
follicle immediately after lighting. Methylene blue stain. x 885.

Fig. 14. Electron micrograph of a portion of a post-ovulatory follicle immediately after
lighting. Hypertrophied granulosa cells with numerous microvilli (Mv) contain
lipid droplets (L) and many vacuolated lysosome-like bodies (Va) in the cytoplasm.
N, nucleus. x 3,300.

Fig. 15. Electron micrograph of a portion of a granulosa cell in the same post-ovulatory
follicle as above. Note mitochondria (M) with tubular cristae and dilated rough
endoplasmic reticulum (rER). G, Golgi apparatus: N, nucleus. x 12,800.
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Fig. 16. Electron micrograph of a portion of a granulosa cell of a post-ovulatory follicle
8 hours after lighting. Many cytolysomes (Cy) and myelinated bodies (My) are
observed in the cytoplasm. N, nucleus. x 8,000.

Fig. 17. Electron micrograph of a portion of a granulosa cell of a post-ovulatory follicle
12 hours after lighting. Note electron-dense granular materials (arrows) and
myelinated bodies (My) in the cytoplasm. x12,000.
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ST 4~ 8 BRMIRE PR RS BRI AL TUERARE & v, ERIBTANAL 3 AHANCEBEL 1
Mz 2L T2 (K10). EFEEE C L, o, ZEERCI ST barrITRYR
J— bz OPEI AT B O EATEE (cytolysome) 2 ED S 4 U — AEREE S HIML T, AIERKE
DIEFTL T Bk BRL Tl b, —3F, HEERL MR/ Mz (s h, Thitf- TMFIRD
INEERLEED SN L9z 51 (16).

A% 1200 PEOPRIEAR O %  RIMBOBMIEFHICERL T b, sAJ% MO DLt
AT 35BN A, EHEEISREEAIT MEL T (K1), EREMRANTE ¢ =) 58
BB ZOEL O R ED S X, BITYEL CETL TOABHEEREL Tz, MigED:
Wz b 5 TETHEEDE O BEREWENED 5 N, MPYNEE &7 OB RHRC 2,
EF B 2E1GS AL (K17,

AT 16~20ERE:  HRURTRIERD I TR L2 RERE & Wk JIROERIEFEICAEL T 505,
FOHEIEL CEAL, FAMEE OXBID Rt s 5 (K12), BEPSIEORHS L ¢ =Y LR
HEC Lo TEDLONE EHIEZh, 2 b3y FY 7Y OMIEA/NEE EL L ZOPHE T
tre Fn, ATR 2R HZ RS N E R EE OGO BRLRYE S b L Tt (K18).

Fig. 18. Electron micrograph of a portion of a granulosa cell of a post-ovulatory follicle 16
hours after lighting. Numerous myelinated bodies (My) are seen in the cytoplasm.
x12,300.

BEOPRI# (Cd(T D 38-HSD Fi4

PEOURT, 85 SR OBEERI O 1D & BN 2> 1 T, SIERR OO BURIISHIA (2 35-HSD iR R X
Ntz. 2, PROMBUENS O BhIEHINT & 35-HSD iGHEAS D b 1chs, TR S REILAMRE C DIh
RS ad ot o, WRGHILRE PRI 2 B U T L ORFIT & 3p-HSD iftE % RHT
AR S
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MEFEOEE LIEBRD bz, ChE T RIL 24 % CHRINENT O E/ MR BB 2 /R %
BT3B NATNEY Y, Z2OBHCOVTIEHHRALLIRINTOE N, —F,, 294
FBD Cichlasoma nigrofasciatum T, PEINERII RS N 5 ME/MGEOIED IS BEDE
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