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TISSUE CULTURE STUDIES ON COMPENSATORY
TESTICULAR HYPERTROPHY OF THE YOUNG
RABBIT AFTER HEMICASTRATION

Takeshi SANEFUJI

From the Department of Urology, Nagasaki University School of Medicine
(Director: Prof. Y. Saito)

The regulation of compensatory testicular growth after hemicastration using prepubertal rabbits
(less than 1000 g) was analyzed by weight increase of the remaining testis. At the 4th week postop-
eratively, the testis of hemicastrated rabbits weighed about 0.453 mg/g (testis weight/body weight)
while the testis of sham operated rabbits weighed about 0.258 mg/g (testis weight/ body weight).
Thus, the testis of hemicastrated young rabbits developed compensatory growth up to about twice
the size of control rabbit testis. This was further confirmed by the histological analysis of testes, in
which the number of seminiferous tubules of hemicastrated rabbits was doubled as compared with
the sham operated animal.

The rabbit testicular cells obtained from the above operated testis could be cultured in monolayer
form. These cultured monolayered cells were synchronized by culture in serum-free minimum
essential medium (MEM) for 24 hrs. Thesc primary rabbit testicular cells synthesized more
DNA and RNA when cultured in a medium that centained hemicastrated rabbit serum, than in that
containing normal serum. Stimulation of 3H-thymidine and $H-uridine incorporation reached the
maximum on the 4th day postoperation and thereafter DNA synthesis decreased rapidly whereas
RNA synthesis decreased gradually. However, these cells cultured in MEM containing sham
operated serum showed no significant increase in 3H-thymidine or 3H-uridine incorporation. Thus,
the hemicastrated serum must contain a testis growth stimulating factor(s).

Primary monkey testicular cells and primary rat testicular cells were treated with hemicastrated
rabbits serum. The testicular cells of these animal species were insensitive to growth stimulation by
the hemicastrated serum, which suggests that the testicular growth stimulation is species specific.
Furthermore, the growth of primary rabbit skin fibroblasts was not stimulated by the hemicastrated
rabbit serum. Therefore, it may be concluded that the growth stimulating factor(s) in hemicastrated
serum is organ specific,
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(A) Hemicastration group (f&# 868.3 gr.)

(B) Sham operation group ({kE& 1,107.5gr.)
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1) fAfsss

® RESAEBOEE

B U 7o RESLHMAB 0 — 3 % ER-A 1 0.25%
trypsine T UEEE %17 - 1c®. 1 L1 medium
1310% fetal bovine serum (FBS) (Microbiologi-
cal, Bethesda, Maryland) % {50 L 7= minimal
essential medium (MEM) (B/K84384-51, cat No.
05900) ¢, 37°C 5% CO: f£7E® incubator % fH\-
THE LI,

5 UCHAE & e primary babbit testes (LT
PRT tWgE3) % A\ TEAME O DNA % X O
RNA AHEEOREX T 1.

® REBBEASFMI, 1L AW, 5o LB
SR o

primary rabbit skin fibroblast (LA F PRSF &
BE3) (AR K 553 %, primary monkey testicu-
lar cell (BI'F PMT L #54) (KHABIZK01-233,
I NV ¥A) & primary rat testicular cell (AT
PRtT L BE3) X PRT X [l#E0.25% trypsine
MBH THEEREZT- 0.

2) DNA, RNA &RREEDORIE

Culture bottle Pz 2% #E L7 PRT iz, 0.1%
trypsine 35 X0 0.15% ethylenediaminetetraacetic

45 19884

acid (EDTA) # AT H#ERE 2 ¢ 7o D b petri
dish (85x10mm) (Lux Scientific Corporation)
1 1x105 cells/dish w7c s X 53E L. Th#l0
% FBS #%@inLic MEM ¢5 AREEHEL, conflu-
ent {Z7g o7 cell (4x105 cells/dish) %, DNA %
XU RNA &REERIZ A1,

FiiEBRE LT, @0 MERECTOWTD
time course % BE Lz, T, MEHRMEED
R R RKOMISEME LY BT 5 » 25 BT,
DNA % X 0" RNA AEfEAR #IEAYw Fie. | 0o
&P KHiTE L1z, confluent 7t »i-fila% phos-
phate buffered saline (PBS) i C 3@EI¥EIET 5
Ewr X b, serum free DREB L LT MEM 4L
2454 incubate L. Z o fifEc 10% normal
rabbit serum %ML, —EREEIHETE O PBS #H
WC 3 E¥EHE, 1 #Ci/ml @ *H-thymidine (specific
activity, 193 Ci per mM, Amersham, Arling-
ton Height, Illinois) %0 7o MEM T804 in-
cubate Lic. ZOMEAEO PBS 1T 3 EIELE,
IN NaOH %z CHifg % B L. Zhic 10%
trichloro acetic acid (TCA) #fnxt-o %, 045
pm millipore filter % 3 L, acid insoluble com-
ponent [ZH 1A ¥ hi- H-thymidine % scintilla-
tion vial JZHEEX L7z, scintillant (Amersham scin-
tillant) 10cc % ¥ 0 L 2 BEfE) #1c, Scintillation
counter (7 = 2 #H) & A\ THEERZ & o *H-thy-

PRT Cells (MEM+10% FBS)
é_ 1X105 Cells/dish (35 by 10 mm)

Confluent (4 X105 Cells/dish)
wash with PBS (X3)
g’_‘ incubation with 2 ml of MEM
g_. normal rabbit sera (10%)
: wash with PBS (X 3)
§ 2H-thymidine (1 gci/mi) +MEM (2 mi)

wash with PBS (X 3)
1N NaOH (cell lysis)

P
10% TCA

*+——— Cell

4
E-———v millipore filter (0.45 ym)
+

3" ™ liquid scintillant (10 mi)

—————= scintillation vial

‘

counting with scintillation counter

Fig. 1. Standard assay for stimulation of DNA

synthesis.
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Fig. 2. Time course study of *H-thymidine in-
corporation into DNA of primary rabbit
testes cells in the presense of 10% fetal
bovine serum 24 hrs after starvation in
a serum-free medium. Confluent mono-
layer cells were used (4x105 per plate).

ysiQ/ (;-0Lx) Wdd

N

—_— .

PR s PR
9 12 14 16 18 20 24 36
Hours after medium change

wh
»

Fig. 3. Time course study of *H-uridine incor-
poration into RNA of primary rabbit
testicular cells in the presense of normal
rabbit serum 4 hrs after starvation in a
serum-free medium.

midine & (CPM) % JlE L DNA SfEDIFEL
Lic.

e LC, 1pgCi/ml » *H-uridine % i 2=
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Fig. 4. Testicular weights in hemicastration

group (A) and sham operation group
(B). Each bar represents the mean+SE
testis weight per body weight (mg/gr).
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Iig. 5. Incorporation of 3H-thymidine into
DNA of primary rabbit testicular cells
in the presense of pre- and postcastra-
ted rabbit sera.

@ —@® MEM+10% hemicastrated sera.
H—H MEM+10% sham-operated sera.
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Fig. 6. Incorporation of 3H-uridine into RNA
of primary rabbit testicular cells in the
presense of pre - and postcastrated rabbit
sera.
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HB—MW MEM+10% sham operated sera.
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T,

% S

W A 2R 0 — (VA7) & s 0 [ R TR BERE S 3ak 1
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Table 1. Effect of hemicastrated rabbit serum on DNA and RNA synthesis
of confluent monolayer cultures of various cell type®

Serum in MEM PRT PRSF PMT PRtT
+ 8398 10066 2198 3504
pre-hemicastrated sera

+¢4(2248) (466) (250) (280)

* 11639
hemicastrated sera 0 72400 3464 2206
+4 (11843) (356) (219) (415)

+:DNA PRT:Primary rabbit testicular cell
##RNA PRSF:Primary rabbit skin fibroblast

PMT:Primary monkey testicular cell

PRtT:Primary rat testicular cell

a)Values are expressed as counts per minute of *H-thymidine and *H-uridine per plate

b)Serum was obtained from rabbits 4days after castration

At 2ED PRT #EHTH DNA LU0 RNA
E% *H-thymidine & *H-uridine O WY AL &%
PEFTHZET, HBBF LI 7 TIK IO assay
FEEAGT, £R5P. ILHEL W —ERFRO M
EC AR A A B X582 23 growth factor(s) A3
FETH I EHTEH LTS,

FETITEAERYERCRNERE TS LT X
h, YERED CTH OBFAEXGER Lic. A
LR REORENBEECRD LI, O LR
L LT CTH #i|xe LicbotE i bh, Putra
B LEEOATH 7. %D CTH %3]
I THER, —HEMERROPNER LTS
CEEBLAI L, T OWEDMAPRER, U
Wik 4 B ECERAE D, 2BHEGCEERTHT R
Rorobbbhote. ZOWHEICY - TEAEEAME
o DNA FRESHIEM L ZF, LThictfv RNA &
AA R L, BASPHEOAMEIEEL L0 LM
EIND.

PRETX v, BHFEWFHCIL pituitary-gonadal cont-
rol system DFENIER TR TLB0D. = DN
e EAR M L VSR S v TH L, M
i) testosterone YEEMNEA L, T D fodiT feed
back mechanism ODff)% T pituitary X DD gona-
dotropine OBEEAN T VD, TofFR CTH »
FERIIhZEVhRTNES®
: ; Lo AN, oMo mEF O testosterone R
AL L R BAFELL BATE LY, —ED MBS AL
Fig. 7. Photomicrographs (x40) of the testis RT 7o Ui pioTHE D feed back me-

from 4th week cryptorchid (A), and ‘
sham-operated (B), rabbits. chanism 730 GBI TE s\ G d 5. ORI
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B LT Mizunuma 52°4%, X 6D hypotha-
lamus 3B L. 37 b — S < k-
T hypothalamus X » gonadotropine releasing
hormone A'JEHEL, % O#5%E gonadotropine 72343
WA Z Ex REL, I Osystem DB
WEFEIh TS,

XTHM oSG R, 5, CTH 25| &2 &7
growth factor (s) (X —EBM b it 24,
FOWBEC RS L ORISR S B N
XNt S5 adult rabbit &R RBEOSE
BfERA BN T 5 L, SBAERMET control &
FAtile &, ¥ 7o growth factor assay T34 DNA
¥ L0 RNA G @B gE£sicd, CTH
HHERRED R AL N BBETHE (F—2K%E
#). Mincgishi 52 (33T, FSH @R
BHHERBRELTED, ZhboHRENL CTH
@ growth factor(s) 3 FSH o alfEtE & £x bh
5.

&

EFRREACCREEEARRORE, BIUZ
> mechanism {Z ¥ 1J % growth factor(s) &xL
T, RS AGCCHiar XL TOERYINL,
LT ogRvEL.

1. SERRO— ISR 8 4 BREEE Lokl
WHEROFHEL, 04583 mg/gr (BIER HE)
Thb, xERE (0.258 mg/gr) & L HEFHIRE
# (p<0.001) *F- THE L TV

2. WHEAomREERRC, EMRCERIIL
MmigxEM X T DNA & XU RNA SEEE% Al
Lick o h, k4 A BomiEme X Y AR
wRAE L1

3. LA 4 BROMEPCEET S LBbh3
growth factor(s) (X9 Ak XOF o + D B,
T b T HER RO LG RAEFMISC A LT 2 &
WY, ¥hHTEVER IUOBHERREX AL
AV R

4. MBENCIENEOBENBEETHD
growth factor(s) & LTix FSH o fTREMNE 2 5
nas.

BAERAZBICHIY, FHEGAHEEY, BEMEBHO %
L7 BEEHE BEZCLIOREI-LET. FRICBL
THIEHA TR 72 kE Hahnemann BRLSEBAEDFELKE
INAEAES, YBESEREHRMCERUET. TR
HAMICH L TH KL BBEIE OO RSPERKER
BORERS LA R EB O LT, NERRIOER D
FT0E AR S 2 &ic TR L.

B8

=]

X L5

1) Ribbert H: Uber die compensatorische Hy-

pertrophie der Geschlechtsdrusen, Virchows

Arch 120: 247-272, 1890

Ojeda SR and Ramirez VD: Plasma level

of LH and FSH in maturing rats: response

to hemigonadectomy. Endocrinol 90: 466-

472, 1972

3) Ramirez VD and Sawyer CH: A sex differ-
ence in the rat pituitary FSH response to
unilateral gonadectomy as revealed in plas-
ma radioimmunoassays. Endocrinol 94: 475-
482, 1974

4) Lingren S, Damber JE and Carsten H:

Compensatory testosterone secretion in uni-

laterally orchiectomized rats. Life Sci 18:

1203-1206, 1976

Gallagher JG: Preparation of primary cul-

tures. In Tissue Culture: Methods and Ap-

plications, P.F. Kruse and M.K. Patterson

(Editors), p. 102, Academic Press, New

York, 1973

6) Gospodarowicz D and Moran JS: Stimula-

tion of division of sparse and confluent 3T3

cell populations by a fibroblastic growth

factor, dexamethasone, and insulin. Proc

Natl Acad Sci USA 71: 4585-4588, 1974

Bury HPR, Crane WAJ and Dutta LP:

Cell proliferation in compensatory renal

growth., Br J Urol 37: 201-210, 1965

8) Johnson HA and Roman JMV: Compensa-
tory renal enlargement. Am J Pathol 49: 1-
13, 1966

9) Lowenstein LM and Stern A: Serum factor
in renal compensatory hyperplasia. Science
142: 1479-1480, 1963

10) Preuss HG, Terryi EF and Keller AI: Re-
notropic factor(s) in plasma from uninephrec-
tomized rats. Nephron 7: 459-470, 1970

11) Laron Z, Dickerman Z, Prager-Lewin R,
Keret R and Halabe E: Plasma LH and
FSH response to LRH in boys with com-
pensatory testicular hypertrophy. J Clin En-
docrinol Metab 40: 977-981, 1975

12) Laron Z, Dickerman Z, Ritterman I and
Kaufman H: Follow-up of boys with unila-
teral compensatory testicular hypertrophy.
Fert and Ster 33: 297-301, 1980

13) Kanetake H and Yamamoto N: Studies on
the mechanism of compensatory renal hy-
pertrophy and hyperplasia in nephrectomi-
zed animal model. I. Evidence for a reno-
trophic growth stimulating factor in unj-
nephrectomized rabbit using tissue culture.
Invest Urol 18: 326-330, 1981

14) Yamada J, Kanetake H, Saito Y. Kondo A

2

~—

5

~—

7

~



ERE : ABERR - AERERIRX 591

and Yamamoto N: Renotropic growth fac-

tor found in cancer patient sera after remo-

val of cancer-bearing kidney. Kidney Int

23: 632-634, 1983

Putra DKH and Blackshaw AW: Morpho-

metric studies of compensatory testicular

hypertrophy in the rat after hemicastration.

Aust J Biol Sci 35: 287-293, 1982

Byrnes WW and Mayer RK: The inhibition

of gonadotrophic hormone secretion by phy-

siological doses of estrogen. Endocrinol 48:

133-136, 1951

17) Jacobson D and Morgren A: Early effects
of testosterone propionate injected into 3
day old rats. Acta Endocrinol 49: 453-465,
1965

18) Goldman BG, Grazia YR, Kamberi IA and
Porter JC: Serum gonadotropin concentra-
tions in intact and castrated neonatal rats.
Endocrinol 88: 771-776, 1971

19) Gupta D, Rager K, Zarzycki J and Eichner
M: Levels of luteinizing hormone, follicle-

15

~r

16

N~

stimulating hormone, testosterone and dihy-
drotestosterone in the circulation of sexually
maturing intact male rats and after orchiec-
tomy and experimental bilateral cryptorchi-
dism. J Endocrinol 66: 183-193, 1975
Berger M, Jean-Fancher Ch, Turckheim
MD, Veyssierc G and Jean Ci: The effect
of unilateral castration on plasma and testi-
cular testosterone in rabbits from birth to
60 days. Arch Int Physiol Bioch 86: 799-
808, 1978
21) Mizunuma H, Palatis LR and McCann SM:
Effect of unilateral orchidectomy on plasma
FSH concentration: evidence of o direct
neural connection between testes and CNS.
Neuroendocrinol 37: 291-296, 1983
22) Minegishi T, Mizunuma H, Igarashi M, and
Wakabayashi K: Species specificity of radio-
receptor assay and radiommunoassay for rat
FSH. Endocrinol Jpn 28: 369-373, 1981
(19874 3 A25R %)

20

—



