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I n  vitro M e t a b o l i s m  of 4 - ~ C - T e s t o s t e r o n e  b y  T h y m u s  of  M a l e  R a t s  of  V a r i o u s  A g e s  

The observa t ions  t h a t  hypersecre t ion  of androgen  
causes a t r o p h y  of the  t h y m u s  dur ing  p u b e r t y  and  
cas t ra t ion  p r even t s  th is  a t rophy ,  po in t  to  specific rela- 
t ions  be tween  the  t h y m u s  and  the  geni tal  organs.  L i t t l e  
in fo rmat ion  is, however ,  known  as to  w h e t h e r  t he  t h y m u s  
itself is capable  of metabo l iz ing  androgen  and,  if it  does, 
w h e t h e r  t he  me tabo l i sm  varies  w i th  age. In  t he  p re sen t  
s tudy,  t he  up t ake  of 4-14C-testosterone (T) by  the  
t h y m u s  in male  ra t s  and  the  a l te rna t ion  of t he  in v i t ro  
me tabo l i sm of 4-14C-T by  the  t h y m u s  of ra t s  of var ious  
ages were inves t iga ted .  

Methods .  In  the  f i rs t  e x p e r i m e n t  which  dea l t  wi th  t he  
up take  of 4-14C-T by  the  t hymus ,  4 male  ra t s  of the  
Wis t a r  s t rain,  two  21- and  two 30-day-old, were used. 
E a c h  ra t  was  in jec ted  i.p. w i th  0.5 ml  of corn oil conta in-  
ing 0.5 ~xc of 4-14C-T, pu rchased  f rom the  New E n g l a n d  
Nuclear  Corp., USA.  10 or 30 min  af ter  inject ion,  the  
an imal  was decap i t a t ed  and  the  thymus ,  liver, t es tes  and  
adrenals  were removed.  The l iver was perfused  wi th  saline. 
E a c h  organ was homogen ized  wi th  0 .1M Krebs -R inge r  
p h o s p h a t e  (KRP)  buffer  (pH 7.4) in a P o t t e r - E l v e h j e m  
t y p e  homogen ize r  a t  4~ The homogena t e  was  shaken  
4 t imes  wi th  10 ml  por t ions  of d ich loromethane .  The 
combined  d i ch lo rome thane  ex t r ac t  was evapo ra t ed  and  
t h e n  the  residue was  redissolved in an adequa te  vo lume  of 
e thanol .  A sui table  a l iquot  was t aken  in to  a p lanche t  and  
was evapora ted .  The r ad ioac t iv i t i e s  (RA) were coun ted  
by  a gas flow coun te r  (Aloka TDC-2, Japan) .  

In  the  second exper iment ,  which  deal t  w i th  the  in v i t ro  
me tabo l i sm of 4-14C-T by  t h y m u s  homogena te s  f rom ra ts  
of var ious  ages, 2-, 3-, 4-, 5-, 7- and  10-week-old male  ra ts  
of Wis ta r  s t ra in  were used. I m m e d i a t e l y  af ter  t he  ra t  was 
killed, t he  t h y m u s  was homogenized  wi th  0 . 1 M  K R P  
buffer.  To a f lask con ta in ing  the  whole homogena tes ,  
0.5/xc of 4-14C-T dissolved in 0.1 ml of e thanol  and  500 ~xg 
of N A D P H  dissolved in 1.0 ml  of K R P  buffer  ( p H  7.4, 
0.1M) were added.  The mix tu re  was incuba ted  a t  37~ 
for 90 min  unde r  an a tmosphe re  of 95% O 3 and  5% COs, 
w i th  cont inuous  shaking.  The ex t rac t ion  was  carr ied out  
by  OBARA et  al. 1 and  a sui table  a l iquot  of the  ex t r ac t  was 
c h r o m a t o g r a p h e d  on a t h i n  layer  of silica gel using mos t ly  
a b e n z e n e : a c e t o n e  (80:20 by  volume) sys tem.  Af te r  the  
d e v e l o p m e n t  of t he  th in - l ayer  plate,  the rad ioac t ive  spots  
were de tec ted  by  an au torad iographic  m e t h o d  1. As a way  
to iden t i fy  the  spots ,  ox ida t ion  and  ace ty la t ion  procedures  
were  used 

Resul ts .  The IRA in the  t h y m u s  10 and  30 min  a f te r  the  
inject ion of T were  1/1.43 and  1/1.44 of the  cor responding  
accounts  in t he  tes tes  in 21-day-old ra ts  (Table I). The 
ratio of t he  RA of t he  t h y m u s  at  10 min  af ter  the  in ject ion 
to those a t  3 0 m i n  was 1: 3,15. In  30-day-old rats,  the  RA 
taken  up  b y t h e  t h y m u s  were 1/1.66 and  1/2.75 of the  RA 
in the  tes tes  a t  10 and  30 rain, respectively.  

The au to rad iogram of the  metabo l i t es  of 4-~4C-T is 
i l lus t ra ted in t he  Figure. E a c h  rad iographic  p a t t e r n  of the  
metabol i tes  ob ta ined  f rom the  ra ts  a t  var ious periods af ter  
b i r th  was essent ia l ly  similar.  Iden t i f i ca t ion  or p re sump-  
t ion of t he  subs tance  in each spot  was m a d e  b y  the  
procedures  r epo r t ed  previously1. The free metabo l i t e s  of 
4-14C-T ident i f ied  or p r e sumed  and  the  average pe rcen tage  
of t he  1RA of t he  ind iv idua l  metabol i tes  to  the  to ta l  RA 
ob ta ined  in t he  ra t s  are shown in Table  [I. No s ignif icant  
difference was observed  in the  percentages  of RA of T 
and  its me tabo l i t e s  in the  rats of var ious  ages. 

Discus s ion .  In  a s imilar  incubat ion  condi t ion  as used 
in the  p resen t  expe r imen t ,  98.9% of T added  was meta -  
bolized by  h o m o g e n a t e  p repa red  f rom 0.5 g of adu l t  male 
ra te  l iver 3. In  th is  s tudy,  only  5-8 % of the  subs t r a t e  was 

metabol ized .  This  f inding indicates  t h a t  the  t h y m u s  is no t  
an act ive  organ for me tabo l i sm of androgen.  

The fact  t h a t  6f l -hydroxy T was  found a m o n g  the  
metabo l i t e s  suggests  the  presence  of androgen  h y d r o x y -  
lase, which  requires  N A D P H  and O 3 for ac t iv i ty  3, in the  
t h y m u s  of rat .  A4-androstene-3, i7 -d ione  and andro-  

Table I. Uptake of injected 4-14C-testoster6ne by thymus in male 
rats (%) 

Age 21-day-old rats (%) 30-day-old rats (%) 

Minutes after 
injection 10 min 30 min 10 mill 30 min 

Organ: Thymus 0.040 0.126 0.059 0.069 
Liver 3.350 4.468 3.403 2.985 
Testes 0.057 0.181 0.098 0.190 
Adrenals 0.019 0.025 0.029 0.026 
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Autoradiogram of metabolites of 4A4C-testosterone incubated with 
thymus homogenates. 

Table II. Percentage of specific radioactivities of the individual 
metabolites of 4-14C-testosterone by rat thymic homogenates to the 
total radioactivity 

Age (weeks) 2 3 4 5 7 10 
Av. of body weight (g) 23 38 73 112 173 249 
Av. of thymus weight (mg) 87 110 206 423 470 546 

Testosterone metabolite : 
Unidentified �9 0.4 0.4 0.5 0.5 0.6 0.6 
6~-hydroxy testosterone 0.6 0.4 0.7 0.6 0.7 0.7 
5/~-androstane-3c~, 17fi-dio] 1.1 1.9 0.9 1.7 1.1 0.7 
Testosterone 94.8 91 .9  95 .3  94.3  9 4 . 3  95.6 
Androsterone 1.5 2.2 1.4 1.8 1.7 1.1 
A4-androstene-3,17-dione 1.6 3.2 1.2 1,1 1.6 1.3 

Percent-values. 
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s t e rone  were p r e d o m i n a n t  me t abo l i t e s  of T. This  ind ica tes  
t he  r e d u c t i o n  of t h e  4-5  doub le  b o n d  a n d  t h e  s u b s e q u e n t  
r e d u c t i o n  of t he  c a r b o n y l  g roup  a t  C-3. The  h ighes t  per-  
cen tage  of A4-andros tene-3 ,17-d ione  a n d  a n d r o s t e r o n e  
was obse rved  in t he  t h y m u s  of 3-week-old r a t s  a n d  t h e  
lowest  was in t h a t  of 10-week-old ones. These  f ind ings  
r ep re sen t  t h a t  t he  ac t iv i t i e s  of A4-5e-hydrogenase  an d  
3x -hydroxys t e ro id  d e h y d r o g e n a s e  were s l igh t ly  e l eva ted  
a t  3 weeks of age. The  s igni f icance  of these  f ind ings  are 
no t  known,  b u t  i t  is of i n t e r e s t  t h a t  a h i g h  m e t a b o l i c  r a t e  
was obse rved  in a 3-week-old r a t  wh ich  was  a t  t he  t i m e  of 
p r e p u b e r t y .  

Zusammen/assung. S t o f f w e c h s e l u n t e r s u c h u n g e n  v o n  
4-14C-Testosteron w u r d e n  in v i t ro  m i t  T h y m u s h o m o -  
gena ten ,  die aus  2, 3, 4, 5, 7 u n d  10 W o c h e n  a l t en  m~tnn- 
l ichen  R a t t e d  gewonnen  wurden ,  durchgef i ih r t .  Die 
R a d i o c h r o m a t o g r a m m e  tier M e t a b o l i t e n  ze ig ten  ein gleich- 
a r t iges  Bild.  

N. SATO, M. OTA a n d  K. OBARA 

Iwata Medical University, 
School o/Medicine, Department o/ Biochemistry, 
Morioka, [ware (Japan), 8 J u l y / 9 6 9 .  

Morphological Counterparts of the Genetically 
Poisoning 

Chloroform causes  r ena l  t u b u l a r  necrosis  in ma le  mice  
of t he  s t r a in  CDH/He, resu l t ing  in t he  d e a t h  of an ima l s  
w i t h i n  4 -9  days  1. Necrot ic  t ubu le s  calcify, no  signs of 
t u b u l a r  r egene ra t i on  be ing  presen t .  Females  of th i s  s t ra in ,  
as well  as males  a n d  females  of t he  s t r a in  C 5 7 B L / 6 J N  an d  
BN, su rv ive  t he  ch lo roform in tox ica t ion .  The  same  is 
t r ue  of t he  males  of t he  gene ra t ion  F1 f rom the  crossing 
99 CDH/He • Sd~ C 5 7 B L / 6 J N  2. Acc iden ta l  ch lo roform 
po i son ing  in mice  was r epo r t ed  b y  CHRISTENSEN et  al. 3 
and  JACOBSEN et  al. 4. 

The  purpose  of the  p re sen t  e x p e r i m e n t  was  to check  t h e  
d e v e l o p m e n t  of rena l  lesions a f t e r  ch lo roform po i son ing  
in males  and  females  of t he  r e s i s t an t  s t r a i n s  C 5 7 B L / 6 J N ,  
BN, as well as of t he  gene ra t ion  F1 de r iv ing  f rom t h e  
cross ing of mice  of s t r a i n  CDH/He and  C 5 7 B L / 6 J N .  

Material. and method. The  m a t e r i a l  cons is ted  of the  
fol lowing groups  of sexual ly  m a t u r e  mice, aged 2-3 
m o n t h s ,  weighing  18-20 g: 

Group  I. 16 male  and  16 female  mice  of the  s t r a i n  
C57BI , / JN.  

Group  II .  16 male  and  16 female  mice of the  s t r a in  BN. 
G r o u p  I I I .  16 male  and  16 female  mice of the  genera-  

t ion  F 1 / ~  CDH/He • ~ C 5 7 B L / 6 J N .  
E a c h  of t he  mice received s.c. a single dose of 0.1 cm a 

of 0.05 g of ch lo roform in 1 cm a of e thy l  laura te .  
The  an ima l s  were des t royed  a f t e r  6, 12, 24, 48 h, 4, 6, 

8, 10 days.  Af te r  p o s t - m o r t e m  e x a m i n a t i o n  t he  k idneys  
were f ixed in 10% formal in .  Pa ra f f i n  sect ions  were s t a ined  
w i t h  h e m a t o x y l i n  and  eosin, w i t h  PAS,  w i t h  azan  a f t e r  
He idenha in ,  a n d  w i t h  v a n  Kossa  m e t h o d  for ca lc imn.  

Results. All an ima l s  su rv ived  t he  in tox ica t ion ,  none  of 
t h e m  died spon taneous ly .  The  k idneys  of female  mice 
were n o r m a l  t h r o u g h o u t  the  course of t h e  en t i re  exper i -  
men t .  

All male  mice  exh ib i t ed  morpholog ica l  signs of rena l  
d a m a g e  b e t w e e n  the  6 th  a n d  12 th  h a f t e r  ch lo ro fo rm 
in j ec t ion  (Figure 1). The  lesions cons is ted  of t he  acido- 
phi l ic  necrosis  of some segments  of p r o x i m a l  c o n v o l u t e d  
tubules ,  s i t u a t e d  pa r t i cu l a r l y  in  t h e  ou t e r  cor tex.  
T u b u l a r  b a s e m e n t  m e m b r a n e  was  u n c h a n g e d .  U p  to t h e  
4 th  d a y  the  lesions g radua l ly  b e c a m e  more  ex tens ive  a n d  
were assoc ia ted  w i t h  t he  presence  of p r o t e i n - c o n t a i n i n g  
fluid, in i t ia l ly  in  t he  l u m e n  of p r o x i m a l  convolu t ions ,  
l a t e r  of Hen le ' s  loop a n d  col lect ing tubules .  

On a b o u t  t h e  4 th  day,  all an ima l s  deve loped  t u b u l a r  
r egene ra t i on  w h i c h  c o n t i n u e d  t h r o u g h o u t  t he  course of 
expe r imen t .  Necro t ic  ep i the l i um did  n o t  show a n y  calci- 
f icat ion,  a n d  was  u n d e r m i n e d  b y  young,  flat ,  basophi l i c  
ep i the l ia l  cells enc roach ing  u p o n  t h e  b a s e m e n t  m e m b r a n e  
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(Figure 2). B e t w e e n  t h e  4 th  an d  10th  d ay  of r eg en e ra t i on  
basophi l i c  e p i t h e l i u m  formed  rena l  tubules ,  a n d  g r adua l l y  
d i f f e r en t i a t ed  in to  ac idophi l ic  fo rm typ ica l  of p r o x i m a l  
convolu t ions .  As was s t a t e d  in p rev ious  r e p o r t  s , t h e  
k i d n ey s  are a l m o s t  normal ,  showing  only  focal regenera-  
t ion  on  t h e  15 th  d a y  (Figure 3). 

Discussion. T h e  p re sen t  e x p e r i m e n t  p rov ides  a mor-  
phologica l  bas is  of t h e  m e c h a n i s m  of t h e  gene t ica l ly  
d e t e r m i n e d  res i s tance  aga ins t  ch lo ro fo rm po i son ing  of 
ma le  mice  of t h e  s t r a in s  C 5 7 B L / 6 J N ,  BN, a n d  of genera-  
t i on  F1 der ived  f rom t h e  cross ing of a suscep t ib le  s t r a i n  
C 3 H / H e  an d  a r e s i s t a n t  one C 5 7 B L / 6 J N .  

In i t i a l l y  all ma le  mice  showed  rena l  t u b u l a r  necrosis.  
T h e y  were t h u s  suscept ib le  to  t h e  h a r m f u l  ac t ion  of 
ch loroform.  T h e  fac t  of su rv iva l  of these  mice  seems to 
d e p e n d  upon  two essent ia l  ' defens ive '  p h e n o m e n a  wh ich  

Fig. 1. Male mouse, generation F1 (CDH/He • C57BL/6JN), 24 h 
after chloroform poisoning. Necrosis of renal tubular epithelium. 
H.E., magnitude about • 400. 
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