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Content  of  the  Ren in -Like  E n z y m e  in P r e g n a n t  and N o n - P r e g n a n t  Rabbit  U t e r u s  

Prev ious  s tudies  of t h e  c o n t e n t  of renin- l ike  enzyme  in 
p r e g n a n t  r a b b i t  u te rus  h a v e  yie lded d i f fe ren t  results .  
GRoss, e t  al. :, e s t i m a t e d  t h a t  p r e g n a n t  u te rus  con ta ins  
a b o u t  20% of the  renin  concen t r a t i on  (act iv i ty /g  of tissue) 
of k idney  cortex.  FERRIS, GORDEN and  ~V[uLROW ~ found 
the  ren in  concen t r a t ion  of p r e g n a n t  u terus  t o  be" the  
same or s l igh t ly  h igher  t h a n  t h a t  of whole  k idney.  BING 
and  FAARUP 3 found t h a t  some p r e g n a n t  u te r i  have  renin 
concen t ra t ions  9-10 t imes  grea te r  t h a n  t h a t  of kidney.  
These s tudies  dif fered in m e t h o d s  of ex t r ac t ion  and  assay 
of enzyme,  and  the i r  resul ts  c anno t  be compared .  Recen t ly  
we deve loped  accura te  means  of assaying renin- l ike en- 
zymes  in aqueous  ex t r ac t s  of k idney  and  u te rus  4 and  
have  used th is  m e t h o d  fo d e t e r m i n e  renin con t e n t  of 
p r e g n a n t  and  n o n - p r e g n a n t  uterus .  

New Zealand W h i t e  and New Zealand Grey rabbi ts ,  4 
to  48 m o n t h s  of age, were used as t issue donors .  Uter i  
were  col lected f rom 8 p r e g n a n t  rabbi t s ,  25-29 days  af ter  
ma t ing ,  and  f rom 14 n o n - p r e g n a n t  rabbi t s .  9 of the  non- 
p r e g n a n t  r abb i t s  u n d e r w e n t  b i la tera l  n e p h r e c t o m y  and  
were  exsangu ina t ed  48 h later.  Ute r i  were  col lected af ter  
exsangu ina t ion .  The  k idneys  of 4 r abb i t s  were ex t r ac t ed  
as pairs.  Tissues were  f rozen in a solid COz-acetone slurry,  
t h a w e d  a t  r o o m  t e m p e r a t u r e  a n d  t h e n  p u t  t h r o u g h  one 
more  f reeze- thaw cycle. E a c h  t issue was  minced  in a 
m e a t  gr inder .  W a t e r  was  added  to  give 2 ml /g  of mince.  
The  suspens ion  was  s t i r red  for  10 min  and  t h e n  cent r i fuged 
a t  2,000 r p m  a t  4°C for 15 rain. The s u p e r n a t a n t  was  
saved.  The  p rec ip i t a t e  was  r e suspended  in the  original  
v o l u m e  of w a t e r  and  t h e n  s t i r red  and  cen t r i fuged  as 
before.  The  second s u p e r n a t a n t  was  added  to  t he  first.  
The  aqueous  e x t r a c t  of each t i ssue  was  d i lu ted  w i t h  0.1 M 
sod ium p h o s p h a t e  buffer ,  p H  6.0, to  give a f inal  p ro te in  
concen t ra t ion  of 2-4 mg/ml ,  and  the  final  solut ion was 
hea t ed  a t  56°C for 30 min,  t hus  i nac t iva t ing  ' angio ten-  
s inase '  enzymes  of k idney  and  u terus  w i t h o u t  af fec t ing  
renin  a c t i v i t y  4. Ren in  ac t iv i ty  was assayed  as descr ibed 
previous ly  4-v. 

E x t r a c t i o n  of t he  renin- l ike  enzyme  of u terus  was easier 
t h a n  ex t r ac t ion  of renin  f rom kidney.  In  one e x p e r i m e n t  
k idney  and  u te rus  were  p u t  t h r o u g h  2 f r eeze - thaw cycles, 
and  t h e n  minced  in a m e a t  grinder.  E a c h  mince  was  
e x t r a c t e d  3 t imes  w i t h  w a t e r  and  each s u p e r n a t a n t  was  
t e s t e d  for renin- l ike ac t iv i ty ,  The mince  was  resus-  
p e n d e d  in wa te r  a four th  t ime  and  the  suspens ion  was 
frozen, t h a w e d  and  t h e n  homogen ized  in a War ing  b lender  
for 1 min.  I t s  s u p e r n a t a n t  was  assayed  (Figures 1 and  2). 
Most  of the  renin- t ike ac t i v i t y  of u te rus  was re leased in to  
t he  f i rs t  wa te r  ex t rac t .  Howeve r  t he  second  ex t r a c t  of 
k idney  con ta ined  as much  renin  as the  first .  Thus  our  
s t a n d a r d  ex t r ac t i on  p rocedure  a l lowed recovery  of 
> 80% of u te r ine  e n z y m e  and  a b o u t  67% of renin  f rom 
kidney.  

Renin- l ike  ac t iv i ty /g  (see Tables  I, I I  and  I I  I) of p r e g n a n t  
u te rus  was  16 t imes  grea ter  t h a n  t h a t  of no rma l  non-  
p r e g n a n t  u te rus  and  9.5 t imes  grea te r  t h a n  t h a t  of non-  
p r e g n a n t  u terus  col lected 2 days  a f te r  b i la tera l  nephrec-  
t o m y .  These differences  are s igni t icant ,  p < 0.001 and  
p < 0.01, respec t ive ly  (S tuden t ' s  t-test).  There  was a 
t e n d e n c y  for n o n - p r e g n a n t  u terus  collected a f t e r  nephrec-  
t o m y  to  con ta in  more  ren in /g  t h a n  the  normal  non-  
p r e g n a n t  uterus,  b u t  the  difference was no t  s ignif icant .  
There  was  a s t ronger  t e n d e n c y  for the  u terus  t a k e n  a f te r  
n e p h r e c t o m y  to  con ta in  more  ren in /u te rus  t h a n  the  
no rma l  (0.05 < p < 0.1) suggest ing t h a t  renin/g  m i g h t  
be re la ted  to  u te r ine  weight .  By  combin ing  p r e g n a n t  and  
n o n - p r e g n a n t  groups  there  was  a s t rong  corre la t ion of 
u te r ine  weigh t  wi th  renin/g,  r,  = 0.778, p -4 0.01. 

Mean renin concen t r a t ion  of k idney  was 7,540 IU/g,  
and  ren in  a c t i v i t y / k i d n e y  was  94,000 IU.  Ren in  ac t iv i ty /  
p r e g n a n t  u terus  was 114 t imes  t h a t  of normal  non-preg-  
n a n t  u te rus  (p < 0.001} and  a lmos t  38 t imes  grea te r  t h a n  
t h a t  of n o n - p r e g n a n t  u te rus  col lected a f te r  n e p h r e c t o m y  
(p < 0.001). P r e g n a n t  u terus  con ta ined  a b o n t  24 t imes  
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Fig. 2. Extraction of renin from the kidney. Minced kidney was ex- 
tracted as described in the text. Other details are similar to those of 
Figure 2. 

Table I. Renin activity of non-pregnant rabbit uterus 

No. Rabbit Uterine wt. Renin concentration Total renin 
(g) (I U/g) (I U]uterus) 

C 7.2 1,680 12,096 
R 1 6.8 6,240 42,432 
85 11.2 2,080 23,296 
80 3.0 6,620 19,860 
89 1.2 960 1,152 
Sum 29.4 17,580 98,836 
Mean 5.88 3,516 19,767 

+ S.D. ± 3.91 ::ix 2,694 ~15,261 

Uterine extracts were prepared and their renin activities determined 
as described in the text. 

!:i: 
Fig. 1. Extraction of renin-like enzyme from the uterus. Minced ute- 
rus was extracted 4 times with water (see text for full details). Renin- 
like activity of each extract was compared by 'direct' assay. Numbers 
refer to extract number. All extracts were diluted 4-fold with water. 
The volume of each injection was 0.05 mL 

1 F. GRosS, G. SCHAECHTELIN, M. ZIEGLER and M. BERGigR, Lancet 
1, 914 (1964). 
T. F. FERRIS, P. GORDEN and P. J. MULROW, Am. J. Physiol. 212, 
698 (1967}. 

s j .  BtNo and P. FAARUP, Acta path. microbioL seand. 67, 169 
(1966). 
J. W. Rv^N and D. C. JoHNsoN, Biochim. biophys. Acta 191, 386 
(1969). 

5 j .  W. RvAN, J. K. MeKENZlE and M. R. LEE, Bioehem. J. 108, 
679 (1968). 

s j .  W. RvAN and J. K. McKENZXE, Biochem. J, I08, 687 (1968). 
7 W. S. PEART, A. M. LLOYD~ G. N. TttATCHER, A, F. LEVER, N. 

PAYNE and N. STONE, Biochem. J. 99, 708 (1966). 



1392 Specialla EXPERtX~TZA 27/12 

;Fable II. Renin activity of non-pregnant uterus, 48 h after Nephree- Table IIL Renin activity of pregnant rabbit uterus 
tomy 

No. Rabbit Uterine wt. Renin concentration Total renin No. Rabbit Uterine wt. Renin concentration Total renin 
(g) (IU/g} ( IU/u terus)  (g) (IU]g) (IU/uterus) 

1 R32 9.6 9,890 94,944 1 R60 38.6 37,440 
2 R30 16.0 7,440 119,040 2 R15 32.8 124~780 
3 R13 6.7 1,532 10,264 3 R2 25.0 66,160 
4 R12 6.6 4,228 27,905 4 R6 44.3 97,000 
5 B3 8.0 4,228 33,824 5 R50 47.4 38,800 
6 B 2 4.4 9,886 43,498 
7 A1 5.8 1,824 10,579 6 ER 51.1 33,820 
8 A 5.8 3,646 21,147 7 70 44.2 36,280 
9 R31 14.2 12,664 179,829 8 75 40.6 33,580 

Sum 77.1 55,348 541,030 Sum 324.0 467,860 
Mean 8.57 6,150 60,114 Mean 40.5 58,483 

:~: S.D. 4- 4.01 4- 3,445 ± 58,608 =t= S.D. _-]:8.4 =i: 34,825 

1,445,184 
4,092,784 
1,654,000 
4,297,100 
1,839,120 
1,728,202 
1,603,576 
1,363,348 

18,023,314 
2,252,914 

4- 1,209,200 

48 h after bilateral nephrectomy, rabbits were exsanguinated. Their Uteri were collected 25-29 days after mating. 
uteri were collected and prepared as described in the text. 

more  renin  t h a n  t h a t  of  one k idney  (p < 0 . 01 ) .  The  
concen t r a t ion  of renin-l ike enzyme  of p r e g n a n t  u terus  
was  a lmos t  8 t imes  t h a t  oi k idney(p  < 0.01). 

Our resul ts  agree wi th  those  ot BING and  FAARUP 3, in 
which  renin  of s imple  aqueous  ex t r ac t s  was measured  by  
'd i rec t '  assay.  T h e y  p re sen t ed  ev idence  t h a t  resul ts  of 
the i r  ' d i rec t '  a s say  were  corre la ted  wi th  resul ts  of  an 
' i nd i rec t '  assay.  However ,  t he  ' i nd i rec t '  a ssay  used was 
no t  shown to  be reproducible ,  and  'd i rec t '  assays  are 
imprecise  even  w h e n  careful ly  control led .  Thus  we 
c o m p a r e d  resul ts  of our  ' ind i rec t '  assay w i t h  those  of a 
'd i rec t '  assay.  W e  found t h a t  one b ioassay  p r e p a r a t i o n  
m a y  dif fer  f rom a n o the r  b y  6-fold in t e r m s  of t he  dose 
of ren in  requi red  for  t h re sho ld  response.  Fu r the r ,  we found  
t h a t  a good b ioassay  p r e p a r a t i o n  m a y  va ry  in sens i t iv i ty  
by  3-fold over  the  course of 4 -6  h. To lessen t h e  m a g n i t u d e  
of these  prob lems ,  we pe r fo rmed  all ' d i rec t '  assays  in t h e  
shor t e s t  possible  t ime  using the  s ame  b ioassay  p repara -  
t ion.  U n k n o w n s  were  c o m p a r e d  to  our  s t anda rd ,  a par t ia l -  
ly-pur i f ied  renin  p repa red  f rom k idney  ~,e, a 'd i rec t '  
r en in  un i t  be ing  def ined  as  t h e  a m o u n t  oI r en in  con ta ined  
in 0.25 ml  of t he  s t a n d a r d  renin  solut ion.  O n e - t e n t h  of 
th is  a m o u n t  ra ised mean  ar ter ia l  b lood pressure  by10-15  
m m H g .  Resu l t s  are shown in Figure  3. A l though  agree- 
m e n t  was  no t  perfect ,  the  corre la t ion  of ' d i rec t '  and  
' ind i rec t '  assays  was  s ignif icant ,  r = 0.962, p < 0.01. 

Our e s t ima te  of renin- l ike ac t iv i ty  in p r e g n a n t  u te rus  is 
several-fold h igher  t h a n  the  e s t ima te s  of GRoss e t  al. 1 
and  FERRIS, GORDEN and  MULROW 2. I t  m a y  be s igni f icant  
t h a t  t h e y  measu red  renin a f te r  pa r t i a l -pur i f i ca t ion  proce-  
dures  involving,  in t he  f i rs t  s tudy ,  ac idi f ica t ion (pH 2.8), 
and,  in the  second s tudy,  ac idi f ica t ion (pH 1.6) and  
a m m o n i u m  sulfate p rec ip i t a t ion  steps.  A l though  ne i the r  
of these  s tudies  p r e sen t ed  evidence  of the  reproduc ib i l i ty  
of the i r  f rac t iona t ion  procedures ,  t he  poss ib i l i ty  exis ts  
t h a t  t h e  u te r ine  enzyme differs  f rom ren in  of k idney  and  
requires  d i f fe rent  means  of pur i f i ca t ion  s . On the  o the r  
hand ,  renin  occurs  in a t  least  four  forms  ~. One fo rm can  
be conve r t ed  to ano the r  b y  mi ld  acidi f ica t ion (pFI 5), a 
po in t  t h a t  could have  biased the  resul ts  of earl ier  s tudies .  
R e c e n t l y  we carr ied ou t  paral lel  pur i f ica t ions  of r a b b i t  
u te r ine  ren in  and  k idney  renin to  specific ac t iv i t ies  > 1400 
t imes  t h a t  of t he  s t a r t ing  mater ia l  4. We  were  unable  to  
d i s t ingu i sh  one  e n z y m e  f rom t h e  o the r  in t e r m s o f b e h a v i o r  
on DEAE-ce l lu lose  and  d e x t r a n  gel (Sephadex  G-100) 
c h r o m a t o g r a p h y  or on s t a r ch  gel e lectrophoresis .  None-  

the less  our  s t u d y  does no t  p rov ide  def in i t ive  ev idence  for 
deciding the  ques t ion  of w h e t h e r  renal  renin  and  uter ine  
renin are identical .  However ,  we have  shown  t h a t  the  
specif ic i ty  of reac t ion  of the  u te r ine  enzyme  wi th  t h e  
t e t r a d e c a p e p i d e  ren in  subs t r a t e  and  na t ive  renin  sub-  
s t r a t e  is ident ica l  to  t h a t  of renin  itself i°, l i .  Thus  if t h e  
u ter ine  enzyme  en te rs  t h e  circulat ion,  as is ind ica ted  b y  
in v i t ro  perfus ion s tudies  n ,  i ts  physiological  effects  
should  be  m u c h  the  s ame  as t h a t  of ren in  i2 
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Fig. 3. Correlation of results of 'direct' and 'indirect' renin' assays. 
Extracts of 11 rabbit uteri (pregnant and non-pregnant) were assayed 
as described in the text. (3, experimental values. Solid line shows the 
calculated regression curve. 
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Rdsumd. Chez les l ap ins  gris e t  b l ancs  de la  Nouvel le -  
Z61ande, la  c o n c e n t r a t i o n  d ' u n e  e n z y m e  s e m b l a b l e  ~ la  
r6n ine  es t  16 lois p lus  g r a n d e  d a n s  l ' u t6 rus  g rav ide  p resque  

t e r m e  que  d a n s  l ' u t6 rus  n o n - g r a v i d e  et  9.5 fois plus  
g r a n d e  que  d a n s  l ' u t6 rus  apr6s  n 6 p h r e c t o m i e  b i la t6ra le .  
E n  t e n a n t  c o m p t e  du  fo r t  a cc ro i s semen t  de  l ' u t6 rus  
grav ide ,  le c o n t e n u  t o t a l  de  l ' e n z y m e  e n  ques t i on  es t  
114 fois sup6r ieu r  A celui  de  l ' u t 6 rus  n o n - g r a v i d e  e t  24 
lois  p lus  g r a n d  que  cetui du  rein.  
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Further New Diterpene Esters from the Irritant and Cocarcinogenic Seed Oil and Latex of the Caper 
Spurge  (Euphorbia lathyris L.) 

F r o m  t h e  h y d r o p h i l i c  n e u t r a l  f r ac t i on  of t he  seed oil 
of t h e  cape r  spurge  (Euphorbia lathyvis L.) b y  m u l t i s t a g e  
Craig  d i s t r i bu t i on ,  t h e  c rys t a l l i ne  es ters  L~, L 2 a n d  L 3 a n d  
t h e  res inous  es ters  L 4 a n d  L~ 1,2 h a v e  b e e n  isolated.  L~ a n d  
L~ were iden t i f i ed  as es ters  of t he  new macrocyc l i c  
d i t e rpenes  6 ,20-epoxy -~,4 a n d  7 - h y d r o x y - l a t h y r o l  s, re- 
spec t ive ly ,  a n d  L 4 a n d  L 5 as es ters  of t he  new t e t r acyc l i c  
d i t e r p e n e  ingenol6,L R e c e n t l y  t h e  s t r u c t u r e  of L~ was 
clar i f ied a n d  f u r t h e r  res inous  (L,, L~) a n d  c rys t a l l i ne  (Ls) 
d i t e r p e n e  es ters  were i so la ted  f rom t h e  i r r i t a n t  a n d  
cocarc inogen ic  seed oil  of t h e  cape r  spurge.  Also, a com-  
p a r a t i v e  i n v e s t i g a t i o n  of t h e  i r r i t a n t  l a t e x  of t h i s  species  
was  u n d e r t a k e n .  

E s t e r  L~, Ca~H~sO ~ (MS), m.p.  156-158°C is t h e  d iace-  
t a t e - b e n z o a t e  I of a new  d i t e r p e n e  a l coho l  C~oHaoOa~, ~. I 
shows t h e  fo l lowing spec t r a l  d a t a :  U V  (MeOH):  2max = 
229, 275 nm,  e = 16400, 15300; I R  ( K B r ) :  1730, 1705 
(CO), 1640, 1613 (C = C-CO), 897 (C = CH~), 705 c m  -x 
(CaHs). T h e  N M R - s p e c t r u m  (CDCI~) i n d i c a t e s  p resence  
of two  ace ty l  g roups  (~ ---- 2, 23, 1, 85 ; 2 × 3 H,  S) ; t h e  
d i a m a g n e t i c  sh i f t  of t h e  l a t t e r  s igna l  m a y  b e  u n d e r s t o o d  
b y  t h e  n e i g h b o u r h o o d  of t h e  b e n z o y l  group,  t h e  s ignal  of 
w h i c h  a p p e a r s  a t '  ~ = 7,3-8,1 p p m  (M). F u r t h e r  N M R  
d a t a  of I :  H-12 :  6,53, D D  (Jx2,x~ : 11 cps, Jl~.ls = 
1-2  cps) ;  H-5 :  6,2,  D (Ja.~ = 10 cps) ;  H - 3 :  5,81, T 
(J,,~ = Js , ,  = 3,5 cps) ;  H , -20 :  5,0, S, 4,78, S; H - l a :  
3,6, D D  (Jxa,~ = 14 cps, Jxa,~ = 8,6 cps) ;  H-4 :  2,92, D D  
Ja,,  = 3,5 cps, J,,~ = 10 cps);  H-2 :  2,3, M;  Ha-18:  1,76, 
D (J~z,lS -~ 1-2  cps) ;  H-13 :  1,4, M;  Ha-16, Hs-17:  1,22, 
S; H s - 1 9 : 0 , 9 8  p p m ,  D (J~_,~ = 6,5 cps). T he  N M R  d a t a  
of t h e  t r i e s t e r  L ,  co r r e spond  to  t hose  of L~, a t e t r a e s t e r  
of 7 - h y d r o x y - l a t h y r o l  ~, w i t h  t h e  e x c e p t i o n  t h a t  a s igna l  of 
a g e m i n a l  es ter  p r o t o n  in pos i t i on  7 is a p p a r e n t .  T h u s  t he  
new d i t e r p e n e  a lcohol  is t h e  p a r e n t  of 6 ,20-epoxy-  a n d  
7 -hyd roxy - l a thy ro l ,  r espec t ive ly ,  a n d  the re fo re  cal led 
l a t h y r o l  (II).  Because  of t h e  close r e l a t i onsh ip  of I I  w i t h  

OR, ~_~H~ ,.H CH 3 

I :  R~-R 3 = 2 COCH~, i COC~H 5 
I I :  R 1 = I I  e = R  3 = H  

I I I :  R:t = R 2 = COCH~, R 3 = H  
IV: R1-R 3 = 2 COCI-I 3, 1 COCsI-I4N 

7 -hyd roxy - l a thy ro l ,  trans-configuration of A s,9 a n d  t he  
abso lu t e  c o n f i g u r a t i o n  as d e t e r m i n e d  for  t h e  l a t t e r  b y  
X - r a y  d i f f r ac t ion  ana lys i s  ~ m a y  be  a d o p t e d  also for  I I  
The  pos i t ions  of t h e  t h r e e  acyl  g roups  in I r e m a i n  to  be  
d e t e r m i n e d .  T h e  s a t u r a t e d  h y d r o c a r b o n  co r r e spond ing  to  
lathyrol (II) is p roposed  to  be  cal led l a t h y r a n .  

B y  h y d r o l y s i s  of I (0,5 m K O H  in m e t h a n o l )  l a t h y r o l  
(II),  c20H30o, (MS), m.p .  168-169°C is o b t a i n e d .  I t  is 
a c e t y l a t e d  w i t h  A c 2 0 / p y  to  yield l a t h y r o l - 3 , 5 - d i a c e t a t e  
III,  m.p.  134-136~C, N M R  (CDC13): H-3 :  5,55, T ;  H-5 :  
5,87, D ;  O H - 1 0 : 2 , 9 - 3 , 4  p p m  (broad) .  

Le (resinous,  M S :  p a r e n t  ion m]e = 548) is a m o n o - e s t e r  
of ingeno l  ? w i t h  t h e  h i g h l y  u n s a t u r a t e d  A ~, 4, ~, s, ~O_pent a_ 
e n - t e t r a d e c a n o i c  acid.  T r a n s e s t e r i f i c a t i o n  of Le (1% 
N a O C H  3 in m e t h a n o l )  y ie lds  ingenol  a n d  t h e  m e t h y l  
es te r  ClsHI~COOCH a (MS) which ,  on  h y d r o g e n a t i o n  w i t h  
Pd/C,  leads  t o  t h e  m e t h y l  e s t e r  of t e t r a d e c a n o i c  ac id  
iden t i f i ed  b y  gas - l iqu id  c h r o m a t o g r a p h y  a n d  m a s s  spec-  
t r u m .  

E s t e r  L 7 (resinous,  M S :  p a r e n t  ion m/e = 580) was  n o t  
f u r t h e r  i n v e s t i g a t e d  because  of l ack  of ma te r i a l .  Accord ing  
to  i t s  U V - s p e c t r u m  (MeOH) (2ma x = 278 nm,  ema x 
11600), a s t r u c t u r a l  r e l a t i o n s h i p  of i ts  p a r e n t  a lcohol  to  
l a t h y r o l  ( I I )  is i nd ica t ed .  
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