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Medicagenic Acid, the Factor Responsible for Hemolytic Activity of Lucerne Saponins 

Recent  work on lucerne saponins has shown ~ tha t  the 
various adverse physiological properties of lucerne sapo- 
nins, such as hemolysis of red blood cells, larval  growth 
depression and inhibition of seed germination, are exhi- 
bited to a greater extent  by saponin extracts from lucerne 
roots (St)  than by those extracted from lucerne tops 
(S t ) .  St and Sr are very similar in their composition 2 
except tha t  the latter is composed of saponins in which 
the aglycone moiety consists mainly of medicagenic acid 
and to a lesser extent  of soyasapogenols, whereas in S t 
the various soyasapogenols are the main aglycones. I t  
was therefore of interest to investigate the relationship 
between the presence of medicagenic acid in lucerne sapo- 
nins, and the extent  of their biological activities. 

A 2% suspension of washed ram red blood cells was 
prepared in isotonic buffer (NaitHPO~ + 1KHitPO~), pH 
~7 .4 .  The minimal amount  of lucerne saponins needed 
for effecting complete hemolysis was previously deter- 
mined as follows: varying amounts  of St or Sr dis- 
solved in 2 ml of the buffer were added to 2 ml of the 
suspension of the red blood cells and were left at  room 
temperature for 3 h. The solutions were then centrifuged, 
the supernatant  decanted, diluted with an equal volume 
of buffer and its absorption measured at 540 nm. Com- 
plete hemolysis of the standard was effected with water. 
According to the results in these experiments, appro- 
priate amounts of S t or St were added to 100 ml of the 
suspension of blood cells and left at  room temperature 
for 3 h. In order to separate the red blood cell mem- 
branes, the solutions were then centrifuged at 3000g, 
the supernatant  was decanted and the precipitated mem- 
branes were washed several t imes with water. The 
washings were concentrated under reduced pressure and 
subjected to thin layer chromatography (TLC) for identifi- 
cation of saponins ~. Washing of the red blood cell mem- 
branes was continued unti l  no lucerne saponins could be 
detected by TLC in the supernatant.  6-7 washings are 
usually sufficient. The membranes were then washed with 
50 ml boiling absolute ethanol and 50 ml boiling 50% 
ethanol, in order to liberate any lucerne saponins, which 
may have adhered to the cell membranes during hemo- 
lysis. The combined ethanolic washings, and the combined 
aqueous washings were evaporated to dryness, the 
residues were assayed for their hemolyt ic  activity, and 
subjected to acid hydrolysis. The hydrolysates were sub- 
sequently examined by chromatography i for sugars and 
aglycones present. 

As shown in the Table, the washings do not differ in 
regard to sugars identified in them, but  they differ com- 
pletely in the composition of their  aglycone moieties. 
~¥hereas the aqueous washings contain only those sapo- 

nins which yield the various soyasapogenols after hydro- 
lysis and are devoid of medicagenic acid, the ethanolic 
extracts of the red blood celt membranes contain sapo- 
nins, which have medicagenic acid as their sole agtycone. 
-When these 2 groups of lucerne saponins, both from tops 
and roots, were assayed for their  hemolytic activity,  i t  
was found that  only those containing medicagenic acid 
were able to haemolyze red blood cells, whereas the 
soyasapogenol containing saponins had not hemolytic 
ability whatever.  I t  seems therefore that,  when whole 
St or Sr exhibit  hemolytic activity, only the medica- 
genie acid containing saponins are responsible for this 
phenomenon. 

As lucerne saponins are able to form addition products 
with cholesterol, which are insoluble in water 3, and as 
those saponins, which bring about hemolysis could not 
be removed from the reaction mixture with water, i t  
can be assumed tha t  association of the saponins with 
certain cell membrane components, possibly cholesterol 
change the permeabil i ty of the membranes, and cause the 
rupture of red blood cells. Similar conclusions have been 
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The effect of esterification on the hemolytic activity of medieagemc 
acid. 0 - -0 ,  medicagenic acid; t - -O,  medicagenic acid dinlethyl- 
estel'. 
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Chemical composition and haemolytic indexes of lucerne saponins present in aqueous and ethanolic washings of red blood cell membranes 

Saponin Washings  Sugars identified Aglycones identified Haemolytic 
e x t r a c t  index, 
used for  
haemolysis 

S t Aqueous Glucose, galactose, arabinose, xylose, rhamnose, glucuronic acid Soyasapogenols A, B, C, D, E None 
Ethanolic Glucose, galactose, arabinose, xylose, rhamnose, glucuronic acid Medieagenic acid 2500 

Sr Aqueous Glucose, galactose, arabinose, xylose, rhamnose, glueuronic acid Soyasapogenots A, B, C, D, E None 
Ethanotic Glucose, galactose, arabinose, xylose, rhamnose, glucuronic acid Medicagenic acid 3500 

For method see SHANY et  a l A  
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r eached  p rev ious ly  4.e b y  showing  t he  ab i l i t y  of o t h e r  
s apon ins  to  fo rm complexes  w i t h  cho les te ro l  in  m o n o -  
l ayers  of cho les te ro l  or in  v i ru s  a n d  red  b lood  cell m e m -  
b ranes .  

H a v i n g  e s t ab l i shed  t h e  r e l a t i ons h i p  b e t w e e n  t h e  pres-  
ence  of med icagen ic  ac id  in lucerne  s a p o n i n s  a n d  t h e i r  
h e m o l y t i c  a c t i v i t y ,  i t  was  of i n t e r e s t  to  examine ,  w h e t h e r  
t he re  a re  c e r t a i n  s t r u c t u r a l  f ea tu re s  in  med icagen ic  acid,  
wh ich  are  essen t ia l  to  i t s  ab i l i t y  to  h a e m o l y z e  red  b lood  
cells. C o m p a r i s o n  of t h e  s t r u c t u r e s  of t h e  va r ious  soya-  
sapogenolsT-°,  w i t h  t h a t  of m ed i cagen i c  acid shows t h a t ,  
t h e  m o s t  o u t s t a n d i n g  d i f fe rence  is t h e  p resence  of two  
COOH groups  in  t h e  l a t t e r  10, w h i c h  are  a b s e n t  f rom the  
soyasapogenols .  A t t e m p t s  h a v e  the re fo re  been  m a d e  to  
e x a m i n e  t he  h e m o l y t i c  a c t i v i t y  of free med icagen ic  ac id  
a n d  of i t s  d e r i v a t i v e  in  w h i c h  t he  free c a r b o x y l  g roups  
are  b locked.  Medicagenic  ac id  was  i so la ted  b y  semi-  
p r e p a r a t i v e  t h i n  l aye r  c h r o m a t o g r a p h y  2 f r o m  a n  acid 
h y d r o l y s a t e  of Sr ; a s a m p l e  of i t  was  c o n v e r t e d  to  i t s  
d i m e t h y l e s t e r  w i t h  d i a z o m e t h a n e  as  desc r ibed  b y  DJE- 
RASSI e t  al. I°. 

As  s h o w n  in t h e  Figure ,  on  b lock ing  t h e  free c a r b o x y l  
groups ,  med icagen ic  ac id  loses p rac t i ca l l y  al l  of i t s  
h e m o l y t i c  a c t i v i t y .  T h u s  i t  c a n  be  conc luded  t h a t ,  in the  
case  of lucerne  saponins ,  t h e  p resence  of  free c a r b o x y l  
g roups  of med icagen ic  acid is e ssen t i a l  t o  t h e i r  ab i l i t y  
to  h e m o l y z e  red  b lood  cells n,  1~. 

Zusammen[assung. Die aus  W u r z e l n  v o n  L uze r ne  iso- 
l i e r t en  Sapon ine  w i r k e n  s t a r k e r  h i imo ly t i s ch  als  die-  
j en igen  in den  grf inen Tei len  dieser  Pf lanze .  Die h~imoly- 

t i s ch  w i r k s a m e r e n  Sapon ine  s ind  re icher  a n  Medicagen-  
s/ iure u n d e s  wi rd  a n g e n o m m e n ,  dass  diese fiir d ie  
h / imo ly t i s che  W i r k u n g  de r  S a p o n i n e  v e r a n t w o r t l i c h  ist.  
Die  A n w e s e n h e i t  y o n  2 C a r b o x y l g r u p p e n  in  de r  Medica-  
gens~ture s c h e i n t  fiir ih re  h ~ m o l y t i s c h e  "Wirkung yon  aus-  
s c h l a g g c b e n d e r  B e d e u t u n g  zu sein,  d a  de r  D i m e t h y l e s t e r  
d ieser  S~ure  n i c h t  m e h r  h ~ m o l y t i s c h  wi rk t .  
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S t r a i n  Di f ference  in S e x  Rat io  R e s p o n s e  of  Mice  

In i t i a l ly ,  one  of us  ~ r e p o r t e d  a s ign i f i can t  a l t e r a t i o n  
in t h e  sex  r a t i o  of wean l ings  b o r n  to  C 5 7 B L / F g  mice  
inocu la ted ,  a t  10-19 days  before  concep t ion ,  w i t h  t he  
l a c t a t e  d e h y d r o g e n a s e  (LDH)  v i ru s  3. Then ,  d a t a  were  
o b t a i n e d  to  sugges t  t h a t  t h e  a l t e r a t i o n  in  sex r a t i o  s t e m s  
f r o m  a response  of t h e  in fec ted  C 5 7 B L / F g  sire to  t h e  
cha r ac t e r i s t i c  increase  in p l a s m a  L D t t  a c t i v i t y  4. I n  t h i s  
paper ,  we wish  to  descr ibe  resu l t s  o b t a i n e d  in r e l a t e d  
s tud ies  w i t h  mice  of t h e  B A L B / c D g  s t r a i n  w h i c h  h a v e  
a s p o n t a n e o u s l y  low sex ra t io .  

Materials and methods. Animals .  B A L B / c D g  m a t e  a n d  
f e m a l e  mice,  4--6 m o n t h s  old, were  b r e d  in t h e  r e sea rch  
colonies  of  T h e  J a c k s o n  L a b o r a t o r y .  S t r a i n  C 5 7 B L / F g  
a n i m M s  were  supp l i ed  b y  Dr .  F.  H.  J .  FmGE, U n i v e r s i t y  
of M a r y l a n d  School  of Medicine.  

L D H  d e t e r m i n a t i o n s .  B lood  was  col lec ted  b y  ta i l  
b l eed ing ;  p l a s m a  L D H  ac t iv i t i e s  were  m e a s u r e d  b y  t h e  
m e t h o d  desc r ibed  e lsewhere  ~. 

Sex ra t ios .  A d u l t  B A L B / c D g  mice  were  m a t e d  (5 fe- 
ma le s  a n d  2 ma le s  pe r  cage) a t  i n t e r v a l s  of 10-14 days  
a f t e r  a n  i.p. i n j e c t i o n  of m o u s e  p l a s m a  (0.1 m l / a n i m a l )  
c o n t a i n i n g  107"0 ID~0/ml of t h e  L D H  virus .  Those  females  
w h i c h  b e c a m e  p r e g n a n t  were i so la ted  in  s e p a r a t e  cages;  
t he  n u m b e r  of bab ie s  b o r n  to  each  was  r ecorded  a t  b i r t h .  
The rea f t e r ,  m o t h e r  a n d  p r o g e n y  were t r e a t e d  as descr ibed  
p rev ious ly  * e x c e p t  t h a t  al l  dead  of fspr ing  were  e x a m i n e d  
for  sex as  welI as  gross pa tho log i c  lesions.  Con t ro l  a n i m a l s  
rece ived  a n  i. p. i n j ec t ion  (0.1 ml /mouse )  of p h o s p h a t e -  
buf fe red  sa l ine  (PBS) ,  p H  7.2. 

S p e r m a t o z o a .  V a s a  d e f e r e n t i a  f r o m  n o r m a l  a n d  14-day-  
i n f ec t ed  m a l e  mice  ( B A L B / c D g  a n d  C57BL/Fg)  were  
s t r i p p e d  i n t o  1.0 m l  of cold  P B S  in  s e p a r a t e  Sy racuse  

to Lac ta te  D e h y d r o g e n a s e  V irus  In fec t ion  1 

w a t c h  glasses. Af t e r  3 washings ,  each  s p e r m  s a m p l e  was 
r e suspended  in 0.5 ml  of P B S ,  a n d  t h e n  f rozen a n d  t h a w e d  
before  c e n t r i f u g a t i o n  a t  2500g for  20 ra in  a t  0°C. The  
r e su l t i ng  s u p e r n a t a n t  e x t r a c t  was  a s sayed  spec t ropho to -  
m e t r i c a l l y  for L D H  ac t iv i ty .  

Results and discussion. As s h o w n  in T a b l e  I, whereas  
t h e  sex r a t i o  of o f f spr ing  b o r n  to  non in f ec t ed  B A L B / c D g  
p a r e n t s  was  41:59 ,  t h a t  o b s e r v e d  a m o n g  t he  p r o g e n y  
of m a t i n g s  b e t w e e n  L D H  v i rus - in fec ted  an ima l s  was  
49 :51  (chi square ,  2.45; _P0.12). Th i s  f ind ing  p r o v e d  
of i n t e r e s t  because  i t  sugges ted  a response  in sex r a t i o  
oppos i t e  to  t h e  d i r ec t ion  r epo r t ed  in p rev ious  s tud ies  
w i t h  C 5 7 B L / F g  mice  °-. Accord ingly ,  a d d i t i o n a l  exper i -  
m e n t s  were u n d e r t a k e n  to  i n v e s t i g a t e  c e r t a i n  f ac to r s  
w h i c h  m i g h t  b e  of s ignif icance.  

T h e  f i rs t  e x p e r i m e n t  was  des igned  to see if  t h e  p l a s m a  
L D t t  levels  of n o n i n f e c t e d  a n d  in fec ted  B A L B / c D g  mice  
were  t h e  s ame  as  or  d i s t i n c t  f rom those  r ecorded  a m o n g  
c o m p a r a b l e  g roups  of C 5 7 B L / F g  an imal s .  T h e  resul t s ,  
s u m m a r i z e d  in T a b l e  I I ,  i nd i ca t e  t h a t  t h e y  are  s imi lar .  
Therefore ,  t h e  di f ference in  sex ra t io  r e sponse  c a n n o t  
be  exp la ined  on  t h e  basis  of a s t r a i n  d i f ference  in :  1. t h e  
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