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R e p o r t s  on  t he  v i t a m i n  A r e q u i r e m e n t s  for  t h e  n o r m a l  
a l b i n o  r a t  v a r y  widely.  Howeve r ,  i t  a p p e a r s  t h a t  250 
I U / w e e k  is a b o u t  twice  t h e  n o r m a l  r e q u i r e m e n t  to  m a i n -  
t a i n  t h e  i n t e g r i t y  of m u c o u s  m e m b r a n e s  s. T h e  r e l a t i ve  
i n h i b i t i o n  of e s t r o g e n - i n d u c e d  e n d o m e t r i a l  m e t a p l a s i a  b y  
t he se  m o d e r a t e  doses  i n d i r e c t l y  s u p p o r t s  t h e  c o n t e n t i o n  
of 3{cCuLLOUGH a n d  DALLDORF 5 a n d  CRAMER 6, i. e. t h a t  
v i t a m i n  A def ic iency is a n  e t io logical  f ac to r  in  p r o d u c i n g  
these  lesions. However ,  i t  is c e r t a i n l y  n o t  p roof  of t h i s  
h y p o t h e s i s  s ince  u t e r i ne  k e r a t i n i z i n g  m e t a p l a s i a  n e v e r  
deve lops  in b i l a t e r a l l y  o v a r i e c t o m i z e d  r a t s  m a i n t a i n e d  on  
v i t a m i n  A-free d ie ts  for  long  per iods  of t ime ,  e.g. g roup  1 
of t h e  p r e s e n t  i nves t i ga t i on .  F u r t h e r m o r e ,  e s t rogen-  
t r e a t e d  r a t s  deve lop  k e r a t i n i z i n g  m e t a p l a s t i c  lesions w i th -  
o u t  o t h e r  gross s igns of v i t a m i n  A def ic iency ( u n k e m p t  
fur,  dyspnea ,  etc.).  T h e  absence  of h e t e r o p l a s t i c  changes  
in  t h e  u t e r i  of t h e  ova r i ec tomized ,  v i t a m i n  A-def ic ien t  
r a t s  s u p p o r t s  t h e  sugges t i on  of B e  ~ t h a t  a def ic iency  of 

Incidence and extent of metaplastie lesions observed in the uteri of 
the animals within the five experimental groups 

Group Treatmcnt No. of No. of rats Extent of 
rats with lesions a,b 

uterine 
metaplasia 

1 Ovariectomized 7 0 - -  
Vitamin A-deficient diet 

2 Ovariectomized 11 10 
Vitanfiu A-deficient diet 
Estrogen 

3 Ovarieetomized 9 2 + (2) 
Vitamin A-deficient diet 
Estrogeu 
250 IU vitamin A 

4 Ovarieetomized 15 12 
Vitamin A-deficient diet 
Estrogen 
100,000 IU vitamin A 

5 0variectomized 6 0 - -  
Vitamin A-deficient diet 
100,000 IU vitamin A 

+++ (4) ; 
++ (5); + (U 

+++ (4); 
++ (7);+ (1) 

+ indicates one to several metaplastic foci o f  the glandular or 
luminal epithelium; ++ indicates more numerous small metaplastic 
lesions; +++ indicates very extensive metaplastic lesions involving 
the entire or nearly the entire endometrium. 
b Numbers in parentheses indicate number of animals with a lesion 
of this extent. 

t h i s  v i t a m i n  is n o t  a n  i m p o r t a n t  f ac to r  in  p r o d u c i n g  s t r a -  
t i f ied  s q u a m o u s  m e t a p l a s i a  in  t h e  u t e r u s  of  t h e  r a t .  

A l t h o u g h  t h e  i m p o r t a n c e  of a n  a d e q u a t e  s u p p l y  of  
v i t a m i n  A for  m a i n t a i n i n g  m o s t  ep i the l i a l  m e m b r a n e s  is 
wel l  e s tab l i shed ,  ev idence  is a c c u m u l a t i n g  wh ich  i n d i c a t e s  
t h a t  h i g h  doses  of  v i t a m i n  A a re  j u s t  as  de le t e r ious  as  a n  
absence  of t h i s  v i t a m i n .  SHERMAN X0 f o u n d  t h a t  b y  a d d i n g  
large doses of v i t a m i n  A to  c u l t u r e  med ia ,  a s ign i f i can t  
decrease  in t h e  mi to t i c  i n d e x  of c u l t u r e d  skin,  cornea ,  a n d  
t r a c h e a  was obse rved .  LAWRENCE, BERN, a n d  STEAD- 
MAN n r e p o r t e d  ep i the l i a l  a t r o p h y  of h a m s t e r  c h e e k  
p o u c h  e p i t h e l i u m  a f t e r  app l i c a t i ons  of h i g h  c o n c e n t r a t i o n s  
of v i t a m i n  A. T h e  in ju r ious  effects  of excess v i t a m i n  A 
were  r eco rded  also b y  FELL e t  al. 1-°. T h e y  c o n j e c t u r e d  
t h a t  t he  severe  effects on  t i s sue  e x p l a n t s  were  r e l a t e d  t o  
t h e  in f luence  of excess v i t a m i n  A on  t he  p e r m e a b i l i t y  of 
c e r t a i n  subce l lu l a r  m e m b r a n e s .  Since excess  e s t r o g e n  
s t i m u l a t i o n  also causes  d e g e n e r a t i o n  of t h e  n o r m a l  u t e r i n e  
c o l u m n a r  e p i t h e l i u m  fol lowed b y  r e p a r a t i v e  s t r a t i f i e d  
s q u a m o u s  m e t a p l a s i a  ~3, i t  is n o t  su rp r i s ing  t h a t  w h e n  t h e  
t w o  were  a d m i n i s t e r e d  s i m u l t a n e o u s l y  t h e  p e r c e n t a g e  of 
a n i m a l s  w i t h  u t e r i n e  changes  was  h i g h  (group 3). I n  t h e s e  
e x p e r i m e n t s ,  howeve r ,  a t r o p h i c  o r  m c t a p l a s t i c  c h a n g e s  
were  n o t  p r o d u c e d  in t h e  u t e r u s  w h e n  large doses  of  v i t a -  
m i n  A were g iven  a lone  (group 5). The  resu l t s  show t h a t  
c e r t a i n  levels of v i t a m i n  A a n d  e s t rogen  are  r equ i r ed  to  
m a i n t a i n  n o r m a l  e n d o m e t r i a l  m o r p h o l o g y  a n d  t h a t  a 
sys t emic  i m b a l a n c e  of t he se  s u b s t a n c e s  can  cause  p a t h o -  
logical  a l t e r a t i ons  in  t h e  r e p r o d u c t i v e  t r a c t  of t he  f ema le  
ra t .  

Zusammen/assung. A n  der  R a t t e  w u r d e  de r  E in f lu s s  
y o n  oral  v e r a b r e i c h t e m  V i t a m i n  A auf  die 0 s t r o g e n -  
i n d u z i e r t e  Metap las i e  de r  U t e r u s s c h l e i m h a u t  u n t e r s u c h t .  
Klc ine  D o s e n  y o n  V i t a m i n  A (250 I E  p ro  Woche )  s i nd  
z u r  V e r m e i d u n g  dieser  Me tap l a s i e  w i r k s a m e r  als grosse  
D o s e n  v o n  V i t a m i n  A (100000 I E  p ro  Woche ) .  

R, J .  REITER 

Experimental Zoology Branch, Directorate of Medical 
Research, Edgewood Arsenal (Maryland USA),  
November 30, 196d. 
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E f f e c t  o f  A g a r  o n  B r a d y k i n i n o g e n  L e v e l s  and 
Esterolytic Activity in Rat Plasma 

P r e v i o u s  resu l t s  1 h a v e  s h o w n  t h a t  t h e  inc reased  capi l -  
l a ry  p e r m e a b i l i t y  o b s e r v e d  d u r i n g  pass ive  c u t a n e o u s  a n a -  
p h y l a x i s  (PCA)3, i n d u c e d  b y  he t e ro logous  a n t i b o d y  a n d  
a n t i g e n  in  t h e  r a t ,  cou ld  b e  s u p p r e s s e d  in  a n i m a l s  w h i c h  
h a d  rece ived  a n  i n t r a v e n o u s  i n j e c t i o n  of  s t a r c h  or  agar .  
Th i s  i n h i b i t o r y  e f fec t  was  ' o b t a i n e d  in  sp i te  of u n d i m i n -  

i shed  sk in  h i s t a m i n e  levels  a n d  of a n  u n i m p a i r e d  sens i t iv -  
i t y  of a g a r - t r e a t e d  a n i m a l s  to  h i s t a m i n e  re lease  b y  com-  
p o u n d  48/80, d e x t r a n  or ovomueo id .  These  f ind ings  led 
to  t h e  conc lus ion  t h a t  t he  re lease  of e n d o g e n o u s  h i s t a m i n e  
p r o b a b l y  p l a y s  no  m a j o r  role  in  t h i s  t y p e  of pas s ive  a n a -  
p h y l a c t i c  r eac t ion .  A s imi l a r  conclus ion ,  e x t e n s i v e  t o  

1 M. ROCHA E SILVA and A. M. ROTHSCalLD, Nature 175, 987 (1955). 
Z. OvxRY, Int. Arch. Allergy 3, 293 (1952). 
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5-hydroxytryptamine as well, has been arrived at by 
other workers 3. Bradykinin, a polypeptide arising through 
the enzymatic cleavage of a plasma protein (brady- 
kininogen), has marked effects on skin capillary permea- 
bility4; i t  has also been shown to arise during systemic 
anaphylaxis in the rat ~. The present study was undertaken 
in order to discover the possible participation of brady- 
kinin in PCA reactions by examining whether the in- 
creased resistance to this phenomenon in rats treated 
with agarL was accompanied by changes in plasma brady- 
kininogen levels. Since other authors ',7 have indicated 
tha t  agents which release bradykinin are also able to split 
arginine ester derivatives, it was considered of interest 
also to examine the esterolytic activity of the plasma of 
agar-treated rats, on p-tosyl arginine methyl ester 
(TAME). 

Female  %Vistar rats (150-200 g) were intravenously in- 
jected with 0.5 g/kg of agar (Difco). Like the product 
employed before l, the polysaccharide had been partially 
hydrolysed by reflux boiling in 0.1 N acetic acid until, 
while retaining its activity,  the neutralized hydrolysate 
no longer formed a gel when kept at 37°C. In this way the 
danger of an embolism following intravenous injections 
was avoided, and except for a transient prostation, the 
product appeared to be well tolerated by the animals. 
Controls were prepared by equivalent injections of 0.9% 
saline, 50 rain after t reatment,  blood was withdrawn from 
the abdominal aorta of the ether-anaesthetized animals, 
using a siliconized syringe containing sodium oxalate (2 
mg/ml of blood). Plasma was obtained by eentrifugation 
and its bradykininogen content  determined ~, using 
crystalline trypsin (Worthington), to convert brady- 
kininogen into bradykinin. Esterolytic act ivi ty on TAME 
was also measured 0. 

The Table shows tha t  the average value of brady- 
kininogen in the plasma of control rats was 5,16 units]ml; 
this agrees with previous findings s. After the animals had 
been treated with agar, their plasma bradykininogen 
dropped markedly, reaching, on an average, a value of 
87% lower than tha t  of the controls. A bradykininogen 
depleting effect of agar was thus demonstrated, In addi- 
tional experiments, fresh normal ra t  plasma was mixed 
with agar in amounts sufficient to give a final concentra- 
tion equal to the one calculated to exist in the plasma of 
the treated animals; when assayed immediately after 
mixing, normal bradykininogen values were found in such 
samples. This indicates that  agar did not interfere with 
the action of trypsin on bradykininogen, an essential step 
in the procedure employed for the assay of this substrate. 
The effect of agar on bradykininogen levels could result 
from an in r i v e  act ivation of an enzyme system capable 
of at tacking this bradykinin precursor in plasma. As 
shown in the Table, the act ivi ty  of plasma TAME esterase 
was significantly increased in agar-treated rats. This result 
suggests that  agar is able to promote the activation of an 
enzyme system which, while sharing with normal plasma 
esterase its abil i ty to split TAME, has in addition the 
faculty of at tacking bradykininogen. When considered 
in relation to previously presented data x, these results 
indicate tha t  the inhibition of PCA in agar-treated rats 
may be due to a depletion of bradykininogen, and they 
point towards a possible participation of bradykinin in 
this anaphylactic reaction. 

A significantly increased level of esterolytic act ivi ty on 
TAME was also observed in vitro when fresh rat  plasma 
was incubated for 5 min a t  37°C with 10 mg/ml of agar. 
This t rea tment  also leads to the formation of anaphyla- 
toxin x°, a potent  histamine releasing agent in certain 
species, Fur ther  work is planned to test whether the 

parallelism between conditions leading to the appearance 
of a histamine releasing principle on the one hand, and the 
breakdown of bradykininogen on the other, has more 
than a mere coincidental significance. 

Little is known about the chemical nature of the inter- 
action of agar with plasma proteins; it seems possible 
that, in activating a plasma esterase system, agar acts by 
an adsorption mechanism through which an inhibitor, 
having a high affinity for a long chain polysaccharide like 
agar, is removed from the medium. I t  is interesting to 
note that  an activation of plasma esterase by heparin, a 
compound having a certain structural resemblance to 
agar, has been noted n. 

Effect of intravenously administered agar on bradykininogen levels 
attd esterolytic activity of rat plasma 

Means + standard errors Signifi- 
cance 

Controls Agar treated P 

Bradykininogen 
(units/ml) 5.16 ± 0.61 (10) 0.85 4- 0.08 (8) < 0.001 

Activity on 
TAME (/,moles 
hydroL/mllh) 76.20 4- 3.40 (18) 102.60 ± 4.70 (10) < 0.001 

Figures within parentheses indicate number of animals used. Signifi- 
cance (P), determined by. Studeqt's °t' test. 

Zusammen[assung. Bei der Rat te  fiihrt intravenOs inji- 
zierter Agar zur Senkung des Bradykininogengehaltes, 
Erh6hung der p-Tosyl-L-Arginin-Methylester (TAME)- 
Spaltfahigkeit, ferner zur Auflaebung der Sensibilit~it der 
Rat tenhaut  fiir Permeabilit~tsstSrungen durch passive 
kutane Anaphylaxie. Danach und nach in-vitro-Ver- 
suchen bcstcht die MSglichkeit, dass Bradykinin bei 
solchcn Hautreaktionen eine Relic spiclt. 
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