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m e m b r a n e  (Figures 2 and  3). On the  o ther  hand ,  nuclei  
fold in and  show a den t ed  appearance  (Figure 2). The 
changes  observed are in accordance  wi th  those  r epor ted  by  
MAJNO et al. 6 and  s imilar  to  those  induced  in several  
kinds of cells by  t r e a t m e n t  w i th  proteol i t ic  enzymes  12, ~3 
or a lkyla t ing  agents  2. Since these  subs tances  ac t  by  
modi fy ing  the  chemical  composi t ion  of the  cell membrane ,  
it  m igh t  be suggested t h a t  h i s t amine- induced  changes  
could be the  resul t  of changes  in the  cell coat.  H i s t amine  
could bind,  perhaps ,  to  the  cell coat  and  react  w i th  nega- 
t ively  charged Ioci, as happens  in p lasma pro te ins  x4. This 
would result  in a d iminu t ion  of b inding  forces w i th  a 
subsequen t  d i s rup t ion  of intercel lular  junct ions .  In  order  
to tes t  th is  hypothes is ,  s tudies  a imed at  eliciting h i s t amine  
effects  on the  cell surface are now in progress  a t  our 
laboratory .  Capil lary s t ruc tures  of animals  t r ea t ed  wi th  
calcium dobesi la te  alone do no t  differ s ignif icant ly  f rom 
those of cont ro l  animals  (Figure 4). On the  o the r  hand,  
cap i l l a ry  responses  to h i s t amine  in dobes i la te - t rea ted  ra ts  
marked ly  differ f rom those  of un t r ea t ed  animals.  In  fact,  
endothel ia l  cells appear  normal  in all senses and no changes  
are seen in the  morpho logy  of capi l lary venules.  Thus,  it  
seems t h a t  calcium dobesi la te  is able to p ro tec t  the  ex- 
pe r imen ta l  an imal  f rom h i s t amine  in jury  a t  the  capi l lary 
level. The mechan i sm of th is  p ro tec t ion  is no t  clear. 
Calcium dobesi la te  is comple te ly  devoid of any  an t ih is ta -  
mine ac t iv i ty  in the  isolated guinea-pig ileum, as well as 
in o ther  biological p repa ra t ions  xa, bu t  it  has  been shown 
to coun te rac t  increases in capi l lary permeabi l i ty  induced  
by  a va r i e ty  of causes n.  We believe t h a t  any  possible 
in t e rp re t a t ion  should take  into account  the  poss ibi l i ty  
t h a t  h i s t amine  reac t ion  wi th  the  cell coat  could be the  
initial  cause of changes  in cell morphology.  In  o ther  words,  
it  would be reasonable  to  explore whe the r  the  endothel ia l  
cell contract ion,  as suggested by  MAJNO et al.6, could be 

the  resul t  of changes  in cellular adhesiveness .  Capil lary 
p ro tec t ion  by  calc ium dobesi la te  m i g h t  well be the  resul t  
of a direct  effect  on the  cell coat  wi th  secondary  changes  on 
cellular adhesiveness  is, ~. 

Summary. The u l t r a s t ruc tu re  of blood capil laries and  
venules  are s tud ied  in r a t  skin. Af ter  i.v. in ject ion of 
h i s t amine  the  luminal  surface of the  endothel ia l  cells 
show pro t rus ions  of var iable  size. Numerous  gaps have  be 
found in the  capi l lary wall, specially in the  venules.  These 
a l te ra t ions  are no t  observed  in the animals  t h a t  were 
t r e a t ed  wi th  calcium dobesi la te  before the  admin i s t r a t i on  
of h i s tamine .  In  these  cases the  capi l lary s t ruc tu re  are 
indis t inguishable  of t he  controls .  The possible effects of 
the  h i s t amine  and  calc ium dobesi la te  on the  cell coat  and  
cell junc t ions  of the  endothel ia l  capi l lary cells are discuss- 
ed. 
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Cytotoxic i ty  and Carcinogenic i ty  of Pteros ins  and Pteros ides ,  l - I n d a n o n e  Derivat ives  f r o m  
Bracken  (Pteridium aquilinum) 

Since bracken  fern (Pleridium aquilinum) was not iced  
to produce  tumors  in expe r imen ta l  animals  1, ex tens ive  
surveys  have  been carr ied out  to a t t a in  the  isolat ion of 
the  carcinogenic principle(s)2, a. We have  also conduc ted  
the  f rac t iona t ion  of the  ex t rac t s  of dr ied young  leaves 
and rh izomes  of b racken  along wi th  cy to tox ic i ty  and 
carc inogenic i ty  tests.  We have  so far isolated and ident i f ied  
more t h a n  30 compounds ,  in which sesqui terpenes  hav ing  
1-indanone nucleus, n a m e d  pterosins,  and the  glucosides, 
pterosides,  have  been shown to  be character is t ic  const i t -  
uents  of the  p l an t  4. 

Al though  there  is no s imple  eff icient  m e t h o d  for 
de tec t ing  carc inogenic i ty  using small  a m o u n t  of samples  
such as separa ted  f rac t ions  by  chromatograph ies ,  we 
have  t en t a t ive ly  employed  cy to tox ic i ty  tes t s  using H e L a  
cells for the  first  screening 5. Near ly  500 f ract ions  separa t -  
ed f rom the  m e thano l  ex t r ac t  of young leaves of b racken  
were checked by  this  me thod .  Al though  several  f rac t ions  
wi th  high cy to tox ie i ty  have  no t  been isolated as pure  
forms, the  tox ic i ty  of p te ros ins  and pterosides ,  isolated 
as the  character is t ic  cons t i tuents ,  will be collectively 
p resen ted  here. 

H e L a  cells were grown in Eagle ' s  m i n i m u m  essent ial  
med ium supp lemen ted  wi th  10% calf serum. For  t es t ing  
toxic concen t ra t ion  and  morphological  changes,  modif ied  
pane l  m e thod  was employed  5. Each  cup of panels  con- 
t a ined  round  cover-glasses,  and  the  cells grown on them,  
were t r ea ted  wi th  t e s t  compounds  for 3 days.  These 

cover-glasses were t hen  f ixed wi th  Carnoy ' s  f ixat ive  and 
s ta ined wi th  h e m a t o x y l i n  and eosin. Cell injuries were 
recorded as 0 t h ro u g h  4, where  0 mean  no apprec iable  
effect,  4 le thal  effect  and 1, 2, 3, gradual  injuries be tween  
0 and 4. 

In  Table I, chemical  s t ruc tures  of the  compounds  and  
the  degree of cell injuries are presented .  The morpho logy  

1 I. A. EVANS and J. MASON, Nature, Lond. 208, 913 (1965). - I.A. 
EVANS, Cancer Res. 28, 2252 (1968). - J. M. PRICE and A. M. 
PAMUKCU, Cancer Res. 28, 2247 (1968). - I. HIRO•O, C. SHIBUYA, 
K. FUKUSHI and M. HAGA, J. natn. Cancer Inst. 45, 179 (1970). 
H. LEACH, G. D. BARBER, I. A. EVANS and W. C. EVANS, Biochem. 
J. 724, 13 (1971). 

a C.-Y. WANG, A. M. PAMUKCU and G. T. BRYAN, Phytochemistry 
72, 2298 (1973). K. TAKATORI, S. NAKANO, S. NAGATA, K. OKU- 
MURA, I. HIRONO and M. SHIMIZU, Chem. pharin. Bull., Tokyo 20, 
1087 (1972). - K. AOKI, K. YAMADA and Y. HIRATA, paper pres- 
ented at Ann. Meeting of chem. Soc. Japan, April 1973 Tokyo, 
Abstracts of papers, p. 1780. - H. HIKINO, T. TAKAHASHI and T. 
TAKEMOTO, Chem. pharm. Bull., Tokyo 20, 210 (1972). 

a K. YOSHIHIRA, M. FUKUOKA, M. KUROYANAGI and S. NATORI, 
Chem. pharm. Bull., Tokyo 19, 1491 (1971); chem. pharm. Bull., 
Tokyo 20, 426 (1972). - M. FUKUOKA, M. KUROYANAGI, M. TOYA- 
MA, K. YOSHIHIRA and S. NATORI, Chem. pharm. Bull., Tokyo 20, 
2282 (1972). - M. KUROYANAGI, M. FUKUOKA, K. YOSHIHIRA and 
S. NATORI, Chem. pharm. Bull., Tokyo 22, 723, 2762 (1974). 

5 M. [IMEDA, T. YAMASItlTA, M. SAITO, S. SEKITA, C. TAKAHASHI, 
K. YOSHIHIRA, S. NATORI, H. KURATA and S. 17DAGAWA, lap. J. 
exp. Med. 44, 83 (1974). 



8 3 0  Specialia 

Table I. Structures and toxic effects of pterosins and pterosides on HeLa cells 

EXPBltlENTIA 31[7 

Compound ' R 1 

~g/ml 

R2 320 100 32 10 

( ~  Pterosin Z 
R Pterosin I 

Pteroside Z 
(3 R) pterosin D 

R2 (3 S) pteroside D 

(2 S) pterosin A 
R 1 (2 S) pterosin K 

(2 R, 3 R) pterosin L 
OH (2 S) pteroside A 

R2 

R2 

R1 R2 

H o R ~ ~ R 2  

(2 R) pterosin ]3 
(2 R) pterosin F 
(2R) pterosin E 
(~k) pterosin O 
(2 R) palmitylpterosin B 
Acetyl-A 2-dehydropterosin 13 
(2 R) pteroside B 
(2S, 3S) pterosin C 
(2 S, 3 S) pterosin J 
(2 S, 3 S) aeetylpterosin C 
(2 R, 3 R) pteroside C 

(2 S) pterosin G 

Pterosin N 

(2 S) pterosin P 
(2 S) pteroside P 

--CH2OH - - H  4 4 3.5 2 
--CH2OCH 3 - - H  4 4 0 0 
--CH~OGlu, - - H  3.5 0 0 0 
--CH~OH - - O H  - 0 0 0 
--  CH=OGlu. - -  OH 2 0 0 0 

--CH2OH - - H  2 0 0 0 

--CH2CI - - H  - - 1 0 
--CH2OH - - O H  4 0 0 0 
--CH~OGlu - - H  0.5 0 0 0 

- -  CH2OH --  H 4 2 0 0 
--CH2C1 - - H  4 4 0.5 0 
--COOH - - H  - 3 2 1.5 
--CH~OCH a - - H  4 4 2 0 
--  CH~Opalmityl --  H - 0.5 0 0 
--CH2OAc - - H  4 4 4 - 
--CH=OGlu. - - H  0 0 0 
--CHzOH - -OH 2 0 0 0 
--CH2C1 - - O H  - - 1 0 
- -  CH2OAe --  OH - 1 0 0 
--CH~OGlu. --  OH 0 0 

- -  CH2OH /CH~OH 4 0 0 0 
\H 

--CH=OH / C H  3 3 0 0 0 
\OH 

-- CH~OH --  H 4 2 0 0 
--CH~OGlu. - - H  0 0 0 0 

of  H e L a  cel ls  i n j u r e d  b y  t h e s e  i n d a n o n e  c o m p o u n d s  
( tox ic  d e g r e e  1 t o  3) w a s  m o r e  o r  less  s i m i l a r .  T h e  s ize  of  
t r e a t e d  cei ls  b e c a m e  m o r e  o r  less  s m a l l e r .  S o m e  cel ls  
b e c a m e  s p i n d l e - s h a p e d  a n d  s o m e  cells  r e t a i n e d  p o l y g o n a l  
s h a p e .  T h e  c y t o p l a s m  w a s  c lear ,  s o m e t i m e s  w i t h  v a c u o l e s .  
T h e  n u c l e u s  s t a i n e d  d e e p e r  w i t h  h e m a t o x y l i n  a n d  t i n y  
c h r o m a t i n  c o n d e n s a t e s  w e r e  s c a t t e r e d  t h r o u g h o u t  t h e  
n u c l e u s .  T h e  n u c l e o l u s  b e c a m e  r o u n d e d .  M i t o t i c  f i g u r e s  
we re  d e c r e a s e d .  

S ince  p t e r o s i n  13 w a s  d e t e c t e d  in  a b u n d a n c e  in  t h e  
l e aves ,  t h i s  c o m p o u n d  w a s  t e s t e d  for  p r o d u c t i o n ,  if a n y ,  

Table II. Toxic effect on HeLa cells of extracts, and the fractions 
separated from the ethyl acetate supernatant  after the procedure 
reported by EVANS = 

Fractions 1000 320 100 32 ~g/ml 

Extracts  
Benzene extract of leaves 4 1 0 0 
Ethyl  acetate extract 4 1 0 0 
Methanol extract 2 0 0 0 

The fractions 
Ethyl  acetate supernatant  4 1 0 0 
Fraction i (Quinic acid) 0 0 0 0 
Fraction 2 (Shikimie acid) 0 0 0 0 
Fraction 3 (Mixture of pterosins 4 2 1 0 

and pterosides) 

of  c h r o m o s o m a l  c h a n g e s .  Cel ls  w e r e  t r e a t e d  a t  t h e  c o n -  
c e n t r a t i o n  o f  100 a n d  32 ~zg/ml for  24 o r  48 h ,  swo l l en  in  
h y p o t o n i c  s o l u t i o n ,  f i x e d  w i t h  m e t h a n o l  a n d  ace t i c  a c i d  
(3:1) m i x t u r e ,  s p r e a d  on  s l i des  a n d  s t a i n e d  w i t h  G i e m s a  
s o l u t i o n .  M i t o t i c  i n d e x  w a s  d e c r e a s e d  b u t  m o r p h o l o g i c a l l y  
no  b r e a k a g e  w a s  d e m o n s t r a t e d .  

P t e r o s i n  /3 a n d  F we re  t h e n  t e s t e d  for  t h e  e f f ec t  o n  
t h e  i n c o r p o r a t i o n  r a t e s  of  D N A ,  IRNA a n d  p r o t e i n  p r e -  
c u r s o r s  b y  m o d i f i e d  f l y i n g  c o v e r s l i p  t e c h n i q u e  5. C e l l s  
w e r e  p l a t e d  o n  c o v e r - g l a s s e s  w h i c h  w e r e  t r e a t e d  w i t h  t h e  
c o m p o u n d s  for  1 h a n d  t h e n  t r e a t e d  w i t h  3 H - T d R ,  3 H - U R  
or  3 H - L e u .  A f t e r  1 h f u r t h e r  i n c u b a t i o n ,  c o v e r - g l a s s e s  
we re  f i x e d  w i t h  C a r n o y ' s  f i x a t i v e ,  t r e a t e d  w i t h  co ld  
p e r c h l o r i c  ac id ,  w a s h e d  w i t h  d i s t i l l ed  w a t e r  a n d  dr ied .  
R a d i o a c t i v i t i e s  i n c o r p o r a t e d  i n t o  cel ls  a t t a c h e d  Oil c o v e r -  
g l a s s e s  we re  c o u n t e d  in  s i t u  b y  w i n d o w l e s s  g a s  f l o w  
c o u n t e r  ( A l o k a  J /3C-104) .  I n  t h e  F i g u r e ,  t h e  i n c o r p o r a t e d  
r a d i o a c t i v i t y  w a s  e x p r e s s e d  as  t h e  p e r c e n t a g e  of  t h e  
c o n t r o l s  a n d  p l o t t e d  a g a i n s t  t h e  c o n c e n t r a t i o n  of  t h e  
c o m p o u n d s .  I n  t h e  c a s e  of p t e r o s i n / 3 ,  t h e  u p t a k e  of  3H- 
L e u  c o n t i n u e d  f a i r l y  wel l  a t  t h e  c o n c e n t r a t i o n  t o  i n h i b i t  
t h a t  o f  ~ H - T d R  o r  8H-UIR .  P t e r o s i n  F a l so  s h o w e d  a 
s i m i l a r  p a t t e r n ,  b u t  t h e  i n c o r p o r a t i o n  of  3 H - L e u  w a s  
f a i r l y  i n h i b i t e d .  T h e  r e s u l t  i n d i c a t e d  t h a t  C l - c o n t a i n i n g  
c o m p o u n d  is  m u c h  m o r e  t o x i c  a n d  less  spec i f ic .  

EVAI~S 2 r e p o r t e d  t h e  i s o l a t i o n  of  a n  a c t i v e  p r i n c i p l e  
f r o m  b r a c k e n ,  w h i c h  w a s  r e c e n t l y  p r o v e d  to  be  s h i k i m i c  
a c i d  s . W e  h a v e  a l so  t r i e d  t h e  s e p a r a t i o n  of  t h e  e x t r a c t  
b y  t h e  p r o c e d u r e  r e p o r t e d  b y  EVANS 2. T h e  e t h y l  a c e t a t e  
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Incorporation rate of DNA, RNA and protein precurosors into acid- 
insolubles of HeLa cells treated with various concentrations of 
pterosin B and pterosin F. 

s u p e r n a t a n t  7 was f rac t iona ted  in to  3 por t ions ,  which  
were respec t ive ly  ident i f ied  by  pape r  and  th in- layer  
c h r o m a t o g r a p h y  wi th  quinic acid, shikimie acid and a 
mix tu re  of p te ros ins  and  pterosides .  The f ract ions  did 
no t  show any  not iceable  cy to toxic i ty ,  excep t  the  f rac t ion 
conta in ing  p te ros ins  and  pterosides,  as shown in Table II .  

Besides these  cy to tox ic i ty  tests ,  long t e rm exper imen t s  
of feeding dr ied powder  of young leaves and  rhizomes,  
ex t rac t s  p repa red  by  successive t r e a t m e n t  of the  leaves 
wi th  benzene,  e thy l  aceta te ,  and methano l ,  p te ros in  B 
and p teros ide  B, ma jo r  indanones  in leaves and rhizomes 
respect ively,  were pe r fo rmed  using ra ts  (Wistar,  or Fischer,  
male 8 to  10 weeks of age). The resul ts  are shown in 
Table I I I .  

F u r t h e r  a t t e m p t s  to e lucidate  the  carcinogenic prin-  
ciple(s) are now in progress.  

Zusammen/assung. ~ b e r  30 Chemikal ien aus getrock- 
ne ten  jungen  Bl~t te rn  und  Wurze ls t6cken  des japa-  
nischen F a r n k r a u t e s  Pteridium aquilinum wurden  iso- 
l iert  und  als Sesqu i t e rpen-Der iva te  mi t  1 - Indanonkern ,  
P te ros ine  und  deren Glukoside, Pteroside,  ident if izier t .  
E ine  n u t  geringe Toxizit / i t  ftir HeLa-Zel len  ohne Chro- 
mosomensch/ id igung  wurde  festgestel l t .  Langze i t f t i t t e rung  
yon P te ros in  B und P te ros id  B ergab keine Tumorb i ldung  
in W i s t a r - R a t t e n ,  obwohl  die rohen  B1/itter und  Wurzel -  
s t6cke kanzerogen waren.  
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