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A Study on Bovine Ovarian Function by Cell Culture

- With Special Reference to Response of Granulosa Cells

and Luteal Cells to Gonadotropin and Prostaglandin Fpa -
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Abstract

Cell culture initiated in 1907 by Harrison's nerve fiber
culture has achieved so tremendous a progress as to enable
detailed in vitro studies using cultured cells.

In this study, culture of granulosa cells (GC) and
luteal cells (LC) from a cow ovary was undertaken to investi-
gate the in vitro behavior of these cells free from the bio-
logical control mechanism which is presumed to regulate their
behavior in vivo to a certain extent under the control of
cerebroneural system, and also their behavior in the presence
of gonadotropin (GTH) and prostaglandin F2a (PGFZa)' The
behavioral aspects mainly studied were the multiplication and
morphélogical characteristics of these cells together with
secretion of progesterone and estrogen into the culture

fluid.

Materials and Methods

GC was collected from the follicles of slaughtered
animals and from those of live animals of the estrous stage
using an injector. LC of the almost functional luteal stage
was collected from slaughtered animals. For both the cells,
subculture and primary culture cells were used in the experi-
ment. Used in addition were slices of the corpus luteum.

The culture medium used was an Eagle MEM (Nissui) (1).

After dissolution of this medium to a desired concentration,



10% cow and newborn calf sera were added. Culture was carried
out by stationary incubation at 37OC.

GTH consisted of human chorionic gonadotropin (HCG),
pregnant mare serum gonadotropin (PMS), prolactin, follicle
stimulating hormone (FSH) and luteinizing hormone (LH).

They were added to the medium at the commencement of culture.
The cell multiplication was determined when the cell prowth
was microscopically found to be spread over the entire bottom
of the culture vessel. The supernatant was freeze-preserved
for quantification of hormones. The cells adhered to the
culture vessel were counted after the required treatment.

The cells grown on the bottom of the culture vessel was
immediately examined using an inverted phase-contrast micro-
scope. Furthermore, the cells adhered onto the cover glass
placed in the culture vessel were, when necessary, stained
by Giemsa or May-Gruenwald Giema to examine the cell mor-

phology.

Results
1. Cell culture of GC and LC
Multiplication and morphology: GC and LC achieved smooth
multiplication in vitro. The cells grown showed an epithelium-
like morphology and indicated a possibility of subculture.
Hormone production: Hormone production in the culture fluid

seemed to be most affected by the ovarian cycle at the time



of cell collection.

In culture of GC from animals of the estrous stage, the
maximum productins of estradiol (E2) and progesterone were
considerably high, indicating significant differences compared
to culture of GC from slaughtered animals. High production
of progesterone suggested a functional shift of GC into 56 .

In culture of 1.C, estrogen production was barely
detected. Although progesterone production was large,
remarkable variations such as seen in GC were not found.

2. Response of GTH to GC and LC

Single mixture of hormones: HCG, PMS, prolactin, FSH or LH
generally accelerated multiplication of GC and LC. Especially
prolactin demonstrated a higher accelerative effect than HCG.
However, PMS had obviously an inhibitory action on multi-
plication of GC and LC.

No demonstrable results were obtained in relation to
hormone production.

Combined mixture of hormones: Within the concentrations used
in this experiment, no synergic effect was demonstrated on
multiplication of GC and LC. No distinct results were also
obtained on hormone production.

3. Response of PGF to GC and LC

20

Cell multiplication: PGFQG seemed to somewhat inhibit multi-

plication of GC and stimulate that of LC.

Hormone production: Progesterone production was markedly



accelerated in GC from slaughtered animals. However, no
specific tendency in hormone production could be defined in
GC from the follicles of animals at their estrous stage.
Estrogen production seemed to be slightly accelerated in 5
of 8 culture vessels of GC from animals of the estrous stage.

Progesterone production tended to increase in LC.
Estrogen production showed no distinct tendency. Almost
the identical results were obtained in the experiment of the
sliced corpus luteum.

The above findings confirmed that the phenomena occurring
in vitro do not necessarily correspond with biological reac-
tions occurring in vivo and suggested that the sexual function
is governed in vivo by a complexity of factors. Thus the
experiment with the cultured cells of follicular granulose
cells and luteal cells seemed to be a helpful technique that
allows simple analysis of the reproductive phenomena occurring

in vivo under complicated control mechanisms.
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Table 1, Estrogen and progesterone production of
the granulosa and luteal cells of tertiary

culture generation

( 24 )

Progesterone Estrogen(El,E2,E3

ng/ml fraction) pg/ml
Medium(control) ND ND
Granulosa cells 3.8 ND
Luteal cells 29l

Note: Values were determined by RIA, after
7-da&s culture,

ND, not detected,



Table 2, Estrogen and progesterone production of

the luteal cells of tenth culture generation

Progesterone Estrogen(El,E2,E3

ng/ml fraction) pg/ml
Medium(control) ND ND
Luteal cells 2e 18 ND

Note: Values were determined by RIA, after
7-days culture.

ND, not detected,

(25 )



(26 )

Fig. 1. Granulosa cell suspension in the bovine

follicular fluid, > 150,

Fige 2. One-day culture of bovine granulosa

cells in primary culture, X60.



(.22 )




( 28 )

Fig. 3. Two-day culture of bovine granulosa

cells in primary culture. X 60,

Fig. 4. Five-day culture of bovine granulosa

cells in primary culture. X 150.
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( 20 )

Fig. 5. Chromosomes of the granulosa cells of

tenth culture generation. X 300.

Fig. 6. Granulosa cell suspension prepared with

trypsinization at the passage. X 150,
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( 32 )

Development process of the bovine granulosa cell

strain(Strain JTC-35) of 224th culture generation,

( Inoculated 105cells/5ml medium, May-gruenwald

giemsa stain )

Fig. e One-day culture of Strain JTC—35 of 224th

culture generation. X 10,

Fig. 8, Two-day culture of Strain JTC-35 of 224th

culture generation, X 10,
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( 34 )

Fig, 9. Three-day culture of Strain JTC-35 of

22hth culture generation. X 10,

Fig. 10. Four-day culture of Strain JTC-3%5 of

22L4th culture generation, X 10,






( 36 )

Fig, 1ll. Five-day culture of Strain JTC-35 of

224th culture generation. X 10.

Fig.l2. Seven-day culture of Strain JTC-35 of

22L4th culture generation.x)(lO.
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( 28 )

Fig. 15. Luteal cell suspension of primary culture
prepared from the bovine colpus luteum by
treatment with collagenase—hyaluronidase
and trypsine. X 150

Fige 1lhe Luteal cell suspension of primary culture

prepared from the bovine colpus luteum by

treatment with collagenase—hyaluronidase

and trypsin. X150
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( Lo )

Fig, 15, The part of bovine luteal cells
prorifelated from luteal cell mass.

X 150

Fig, 16, Luteal cell suspension prepared with

trypsinization at the passage. X 150,
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( 42 )

IMige 17 The epithelial cell-like part of
bovine luteal cells of primary culture,

X 150

Fig. 18, The fibloblast-like part of bovine
luteal cells of primary culture.

X 1504
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Fig. 19. 'The granule-like part of bovine

luteal cells of primary culture.

¥ 150,
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( 46 )

Fig. 20. Cells with vesicle,
Three-day culture of bovine luteal cells

of tertiary culture generation, X 150,

Fig. 21l. Cells with vesicle.
Three-day culture of bovine luteal cells

of fifth culture generation. X 150.
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( 48 )

Fige. 22 Cells with vesicle.
[ive-day culture of bovine luteal cells

of seventh culture generation. X150,

Fige. 23 Cells with vesicle,
[Mve-day culture of bovine luteal cells

of seventh culture generation. X150,

( Giemsa stain )
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( 50 )

Development process of the bovine granulosa cell

of tertiary culture generation,

( Inoculated loscells/5ml medium, May-gruenwald

giemsa stain )

Fige 24, One-day culture of bovine granulosa cells

of tertiary culture generation, X 10,

Fige. 25 Two-day culture of bovine granulosa cells

of tertiary culture generation., X 10,
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( 52)

Fig., 26. Four-day culture of bovine granulosa

cells of tertiary culture generation,

X 10.

Fige 27 Five-day culture of bovine granulosa
cells of tertiary culture generation,

X 10.
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Fige 28. Six-day culture of bovine granulosa

cells of tertiary culture generation,

Xlo.

Fige 29 Seven-day culture of bovine granulosa

cells of tertiary culture generation,

X 10,
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( 56 )

Fig. 30 Nine-day culture of bovine granulosa
cells of tertiary culture generation,.

X 10.
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Development process of the bovine luteal cell ot

tertiary culture generation,

( Inoculated lOBCOllS/5ml medium, May-gruenwald

giemsa stain )

Fig. 3l. One-day culture of bovine luteal cells

of tertiary culture generation., X 10,

Fig, 32. Tvo-day culture of bovine luteal cells

of tertiary culture generation. X 10,

( 58 )
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Fig. %%, Three-day culture of bovine luteal cells

of tertiary culture generation., X10.

»

Fige 3. Five-day culture of bovine luteal cells

of tertiary culture generation., X 10,

( 60 )
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( 62)

Fige 35s Six~day culture of bovine luteal cells

of tertiary culture generation. X 10,

Fig. 36. Nine-day culture of bovine luteal cells

of tertiary culture generation. X 10O,
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Table 3. List of combined addition of PMS,
HCG and Prolactin to the granulosa

and luteal cells in culture

Group PMS(IU) HCG(MU) PMS(IU) Prolactin(IU)

500 500
500 10 500 5
500 50 500 25
A 500 100 500 50
10 5
50 25
100 50
100 50
10 1CO 10 50
50 100 50 50
B 100 100 100 50
10 10
50 50
100 . 100
Control O 0 0 0

Note: U/20ml medium



( 93 )

Table la Effects of HCG, PMS and Prolactin on granulosa cell(GC)
development in culture
GC from Test Passage GTH added to 20ml medium

No. number

of GC . HCG 1000 MU PMS 500 IU Prolactin 100 IU
used
No. of cells(%) No., of cells(%) No: of cells(%)

Small-sized 1 3 *u13(13Y) *190(61) *733(235)

follicles 2 3 585(190) 150(48) 1450 (472)

(1-2mm) 2 3 482(157) 156(50) 1140(371)

Mean (160) (53) (323)

Medium-sized 1 3 285(164) 100(57) 570(329)

follicles 2 3 290(167) 100(57) 550(317)

(3-6mm) Mean (165) (57) (323)
Large-sized 1 2 1150(139) 650(78)

follicles 2 I 956(117) 60( 7) 1315(161)

(7-12mm) 2 2 270(150) 86(47) 606(336)

N P 153(288) 272(513)

Mean (173) (41) (336)

Cystic 1 3 840 (202) 330(79) 1240(298)

follicles 2 3 1130(137) 590(78) 1465(195)

Mean (169) (78) (246)

* %103/20ml medium

(%): Compared with control Without GTH(as 100%).



(94 )

Table 5. Effects of GTH on luteal cell(LC) development

in culture

LC used N B C D I

Passage number

of LC used 3 1o 15 2 5

Culture period

(days) Ly Ly L b 5 Vs i

Test No. » 8 2 5 L 5 6 7 Mean

Control(intact) 1010™ 1132 784 490 210 437 425
(100) (100) (100) (100) (100) (100) (120) (100)

HCG 1000 MU 1720 1650 1620 7350
(170) (210) (330) (167) (156) (206)

PMS 500 1U 820 172 525
(72) (55) (75) (69) (67)

Prolactin 1445 1405
100 1U (330) (320) (320)

% %103/20ml medium
(%): Compared with control without GTH(as 100%) .
A-E: Different corpora lutea from which LC was obtained.
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Table 6. Lffects of GIH on llela-s3 cell development

in culture

Culture
period 3 n in Ly 5 5 5 Mean
(days)

Control 3605% 755 620 2275 1765 717 845
(100) (100) (100) (100) (100) (100) (100) (100)

HCG 1000 3905 368 548 2150 1685 1013 1053

MU (108) (49) (88) (95) (95) (141) (125) (100)
PMS 500 3750 665 695 2083 1635 837 920
IU (104) (88) (112) (92) (93) (117) (109) (102)

Prolac- 3630 780 1028 2125 1805 820 1030
}%n 100 (101) (103) (166) (93) (102) (11y) (122) (11y)

* %10%/20ml medium
(%): Compared with control without GTH(as 100%).
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Table 7. Effects of HCG, PMS and Prolactin on cell develop-

ment and Progesterone production of granulosa and

Luteal cells in culture

Granulosa cell culture

Luteal cell culture

Noe, 0f cells Progeste- ** No, of cells Progeste-

*3

(%) rone(ng/ml) (%) rone(ng/ml)
Control *173(100) 0.7 *1,37(100) 6ol
HCG 1000 MU 285(16L4) 0.5 730(167) 6.0
PMS 500 IU 100( 58) Ol 3223( 73) 2+ 5
Prolactin
F %103/20m1 medium

e sl determined by RIA.
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Table 8. Effect of GTH on cell development of
the granulosa, luteal and Hela-s3cells in cul-

ture, expressed as % of number of cells agalnst

that in control(as 100%).

Granulosa Luteal Hela-83

cell cell cell
Control(without GTH) 100% 100% 100%
HCG 500 MU 172 177 72
1000 261 198 103

2000 276 202 98

3000 355 297¢ 9e

PMS 250 1U 73 115 oL
500 82 96 97

1000 h 78 106

2000 15 103 97
Prolactig 1U 100 122 100
25 ‘ 180 122 100

50 254 203 105

100 246 372 101

200 160 381 91
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Table 9, LBffects of combined addition
of PMS and HCG on cell development of
the granulosa and luteal cells

in culture

GTH used Cell development(%)™
Group
PMS(IU) HCG(MU) ggi"lmlosa Ly el
500 85 94
500 10 111 128
500 50 134 156
A 500 100 160 195
10 139 218
50 177 246
100 180 228
100 141 176
10 100 139 180
50 100 142 161
B 100 100 125 104
10 85 116
50 78 87
100 67 5
Control 0 0 100 100

# Compared with control without GTH(as 100

%)
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Table 10, Effects of combined addition of
PMS and Prolactin on cell development of
the granulosa and luteal cells

in culture

GIH used Cell development (%)™
Group

s Piztr;  Sppmaoss g

290 L2 38

500 5 61 70

500 25 67 57

2 200 50 62 78

5 156 147

25 173 198

20 171 207

50 199 L1l

10 50 188 100

S0 50 96 299

B 100 50 9> 289
10 98 82

50 61 85

100 51 67

Control 0 0 100 100

% Compared with control without GTH(as 100
%) e
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Table 1l,. Lffect of HCG, PMS and prolactin on cell development

and progesterone production of the granulosa and

luteal cells in culture

GTH used Granulosa cells Luteal cells

Progeste- Cell develop- Progeste-

PMS HCG Prolac- Cell develop- e e
. o for 2 rone o/ \ % rone
(IU) (MU) tin(IU) ment (%) (e /il ) ment (%) (ng/ml)
50 100 142 2e5 162 1.8'
50 199 D7 N Lok
50 50 96 267 299 2.2

% Compared with control without GTH(as 100%) «
% determined by RIA,
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Table 12. Effects of FSH and LH on cell development of the
granulosa and 1uteal cells in culture, expressed as % of

number of cells against that in control without GTH(100%).

F'SH Granulosa Luteal LH Granulosa Luteal
(#g/20ml) cell cell (#g/20ml) cell cell
(S:Vg_gflglol% gru) ~ 100%  100% (8&%1&53% gry) ~ 100%  100%

1 136 104 1 9L 178

5 138 151 5 100 177

10 146 167 10 105 & 3474
50 156 166 50 144 222
100 164 173 100 135 260
250 151 222 250 111 307
500 156 219 500 134 392
1000 159 219 1000 128 L75
2500 159 286 2500 192 495

5000 194 501 5000 253 664
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Table 13,
rone, Estrogen production by the granulosa and

Effects of FSH on cell number and progeste-

luteal cells in culture

FSH Granulosa cells Luteal cells
(rg/20ml)
No, of Progeste- Estro- No, of Progeste- Estro-
cells rone gen cells rone gen
X104(%) ng/ml pe/ml x104(%) ng/ml pg/ml
1 190 7ol <10.0% 76 1.8 <10.,0"
(1y2) 10.3 (104) <1040
<540 <540
10 182 S50 12:1 l22 2ol 10,6
(136) 100 (167) <10,0
<5.0 <5,0
100 201 6.0 <109 126 lis 5 12.3
(151) <10.0 (172) <€10:0
<540 < 5,0
1000 202 2\l <1060 160 10, 4 ¥le 2
<10.0 (219) 2180
<540 <5,0
(210) €100 1446
<5.0 £5.0
Control 1333 L4aO . i 9 73 1.7 £10.0
(100) <10.0 (100) <100
5,0 <5.0

# Figures of top, middle, and bottom in each column

represent the values of estrone, estradiol, and estriol

respectively.
<: undetectable at the level indicated,
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Table 14, Effect of LH on cell number and progesterone,
estrogen production by the granulosa and
luteal cells in culture

LH Granulosa cells Luteal cells
(#g/20ml)
No, of Progeste- Estro- No, of Progeste- Estro-
cells rone gen cells rone gen
X104(%) ng/ml pg/mlL  %104(%) ng/ml pg/ml
1 84 1l.4 <10.0% 156 7.6 11.5™
(104) <10,0 (250) 15:9
<50 <5.0
10 95 1l <10.0 140 6e8 12,0
(118) <10.0 (222) <10,0
<5.0 £ 5.0
100 93e5 245 101 248 | | < 10,0
(116) <10.0 (393) 110
<5.0 A <5,0
1000 8645 0.8 <10,0 299 369 <10,0
(119) £10,0 (474) <10.0
<20 <50
- 5000 2L6 O 195 L18 2.9 12.6
(305) 12.0 (663) <10,0
<5.0 <50
Control 805 h 1 12.4 63 10.6 12,1
(100) 10«5 (100) <10.0
<50 <5.0

* Figures of top, meddle, and bottom in each column
represent the values of estrone, estradiol, and estriol
respectively.

<: undetectable at the level indicated.
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Effects of GrH( HCG,PMS and Prolactin resp.) on bovine

granulosa cell development of tertiary culture

generation,
( Inoculated 1O5cells/5ml medium, May-gruenwald gilemsa

stain )

Fige 357 Control. X1O0.

Fig. 3%8. 1000MU HCG. X 10
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Fig. 39. 5001U PMS. X 10.

Fige. 4O 1001U Prolactin. X1O.
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Effects of GTH( ICG,PMS and Prolactin resp. ) on bovine

luteal cell development of tertiary culture generation,

( Inoculated 10°cells/5ml medium, May- gruenwald giemsa

stain )

Fige 4l. Con<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>