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Abstract 

P u r i f i e d  oes t rogenic  e x t r a c t s  were obtained from 
25 g  samples of gound a i r  d r i e d  l e a f  and stem p o r t i o n s  
of guinea g r a s s  (Panicum m a r h u m  var.  S112) and s t y l o  
(SttjLobarLhu ghncd% ) a t  f o u r  s t a g e s  of  growth. 
0.05 m l  o f  each of t h e s e  e x t r a c t s  was i n j e c t e d  i n t o  
immature female mice weighing 8 t o  1 0  g  i n  o r d e r  t o  
determine t h e  o e s t r o g e n i c  a c t i v i t i e s  o f  t h e  forages  
a t  d i f f e r e n t  s t a g e s  of  growth. The mean va lues  ob- 
t a i n e d  f o r  t h e  o e s t r o g e n i c  potency of  guinea g r a s s  
were 0.30,  0.23, 1.41 and 0.86 mcg of d i e t h y l  s t i l -  
b e s t r o l  per  kg of  t h e  l e a f  por t ion  and 0.28, 0.15. 
1.01 and 0.49 mcg of d i e t h y l  s t i l b e s t r o l  p e r  kg of 
the  stem p o r t i o n  a t  e a r l y  v e g e t a t i v e ,  f u l l  v e g e t a t i v e .  
e a r l y  bloom and f u l l  bloom growth s t a g e s  r e s p e c t i v e l y .  
Mean va lues  f o r  e t y l o  l e a f  por t ion  were 0.62. 0.85,  
1.50 and 0.75 mcg of  d i e t h y l  s t i l b e s t r o l  p e r  kg, and 
those  f o r  t h e  stem por t ion  were 0.43, 0.62, 0.80 and 
0.55 mcg of d i e t h y l  s t i l b e s t r o l  per kg a t  the  e a r l y  
v e g e t a t i v e ,  f u l l  v e g e t a t i v e ,  e a r l y  bloom and f u l l  
bloom growth s t a g e s ,  r e s p e c t i v e l y .  The r e s u l t s  i n d i -  
cated t h a t  the  oes t rogenic  conten t  o f  SRy~ona~ztztlzc~ 
g h a c h  was s i g n i f i c a n t l y  h i g h e r  ( P  .05) than tha t  
of guinea g r a s s .  For both f o r a g e s ,  oestrogen n r t i v i -  
t y  was h igher  ( P  .05) in  the  l e a f  than i n  the stem. 
and thc d i f f e r e n c e s  observed during the  var ious  s t a g e s  
of growth were s i g n i f r c a n t .  

Introduction 

Since  t h e  obse rva t ion  of the  occurrence of o e s -  
t r ogens  i n  t h e  i n f l o r e s c e n c e  and peduncle of female 
wil low, (Loewe and Sphor, 19?6)  t h e r e  has been consi-  
d e r a b l e  i n t e r e s t :  irl t h e  de termina t ion  of oes t rogen ic  
po t enc i e s  of va r ious  p l a n t s .  I n  r ecen t  y e a r s ,  more 
i n t e r e s t  has been shown i n  t he  oes t rogen ic  potenc ies  
of g r a s s e s  and legumes not  only because fo rages  form 
t h e  ba.sis of ruminant feeding  a11 over  t h e  world but  
a l s o  because of t h e  e f f e c t  of o c s t  rogen o n  f e r t i l  i i-:: 

and ga in  e f f i c i e n c y  i n  1 ivesrc>ck. For:3ge p l a n t s  Imvc 

been shown t o  c o n t a i n  oes t rngens  ( R a r t l e t t  Of C L ! .  , 
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1948; Legg d d,, 1950 and Bickoff f2.t at., 1957), 
and a l s o  saponins i n  addi t ion t o  o the r  un iden t i f i ed  
f a c t o r s  (Lindahl & d., 1957) . The oestrogenic 

present  i n  subterranean c lover  was s h o e  
t o  be l a rge ly  gen i s t e in  (Curnow and Benette, -1952) 
while coumestrol was i so la ted  a s  the  dominant oestro- 
gen i n  a l f a l f a  and ladino clover (Bickoff c?A d., 
1959). 

The question of oes trogen dosage requi;ed t o  
produce adverse e f f e c t s  on reproductive performance 
was inves t igated by Underwood d d. (1959). They 
found t h a t  10 mcg s t i l b e s t r o l  d a i l y  f o r  s i x  months 
produced ba re ly  detectable  e f f e c t s  on f e r t i l i t y .  I n  
a  t r i a l  with ewes t r ea ted  with 8  o r  15 mcg s t i l b e s -  
t r o l  d a i l y  f o r  21 t o  33 days, Morley et d.. (1966) 
obtained s l i g h t  decrease i n  f e r t i l i t y  and fecundity.  
L i t t l e  and Lambourne (1976) indicated t h a t  a  potency 
of l e s s  than 10 mcg s t i l b e s t r o l  i s  moSt unl ikely  t o  
produce adverse e f f e c t s  on reproduction i n  c a t t l e ,  
whereas the  implantation wi th  30 mg d ie thy l  s t i l b e s -  
t r o l  i n  s t e e r  ca lves  i n  a  feeding t r i a l  r e su l t ed  i n  
marked weight gain  and feed e f f i c i e n c y  s t imulat ion 
(Preston & d.. ,1978). Newsome and K i t t s  (1977) 
cqncluded from t h e i r  inves t iga t ion  on the  e f f e c t s  of 
a l f a l f a  phyto-oestr6gens on c i r c u l a t i n g  l e v e l s  of 
endogenous oestrogens i n  ewes, t h a t  the  consumption 
of a l f a l f a  could be high enough t o  cornpete.with en- 
dogenous oestrogen f o r  s i t e s  on the  oestrogen bind- 
ing prote in  i n  the  hypothalamus of the  ewes and thus  
influence the  production of gonadotrophins, and so ,  
depress the  functioning of th'e ovary, 

This preliminary study was undertaken t o  deter-  
mine t h e  oestrogenic a c t i v i t y  of t h e  leaf  and stem 
por t ions  of guinea grass  P~nicum muximum var .  S112) 
and ,of  s t y l o  (Stylobanthecs gtrac2&5) a t  four  d i f fe -  
rent  s t ages  of growth so a s  t o  provide a  guide t o  
the s a f e  l e v e l  of t h e i r  inc lus ion  i n  feeding programmes 

MATERIALS AND METHODS 

Guinea grass  and s t y l o  were es tab l i shed  on a  
forage c o l l e c t i o n  p lo t  of the  Universi ty farm. These 
were harvested a t  four  d i f f e r e n t  s t ages  of growth, 
with the  harvest  from each s t age  divided i n t o  the  
leaves and stems por t ions .  The s t ages  of growth a t  
which the  forages were harvested were (a)  the  e a r l y  
vegeta t ive  growth s tage ,  when the  p lan t s  were j u s t  
becoming es tabl ished with a  high l e a f  t o  stem r a t i o  
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(b)  t h e  f u l l  v e g e t a t i v e  growth s t a g e ,  when t h e  p l a n t ;  
were f u l l y  e s t a b l i s h e d  and t h e  growth of t he  vegeta-  
t i v e  p a r t s  was a t  a  maximum (c )  t h e  e a r l y  bloom s t a g & ,  
when t h e  i n f l o r e s c e n c e  heads of t h e  p l a n t s  were begin- 
i ng  t o  form and (d) t h e  f u l l  bloom s t a g e ,  when t h e  
f lower  heads of t h e  p l a n t s  were f u l l y  formed and 
mature. 

The l e a f  and stem po r t i ons  were w i l t e d  i n  t h e  
shade f o r  24 hours  b e f o r e  being t r a n s f e r r e d  t o  an  
oven s e t  a t  6 0 ' ~  f o r  f u r t h e r  dry ing  f o r  24 hours .  
They were then  ground and t h e  oes t rogen  e x t r a c t e d  
from 25 g  of each sample us ing  t h e  e x t r a c t i o n  proce- 
du re  of Beck and Braden (1951), s l i g h t l y  modif ied by 
adding 100 ml of 95% e thano l  t o  2 5 - g  of t h e  d r i e d  
ground sample, and r e f l u x i n g  f o r  one hour.  Su f f i c i , en t  
a l c o h o l i c  NaOH was then  added t o  make t h e  s o l u t i o n  
0.5 M NaOH, followed by a  f u r t h e r  r e f l u x i n g  f o r  10  
minutes .  A f t e r  cool ing ,  t he  a l c o h o l i c  e x t r a c t  was re -  
moved.by f i l t r a t i o n  and saved.  The r e s i d u e  was ex- 
t r a c t e d  a  second t ime wi th  50 m l  of 95% e thano l  by 
r e f l u x i n g  f o r  15  minutes  and then  f i l t e r e d .  The two 
e x t r a c t s  were combined and n e u t r a l i z e d  wi th  a l c o h o l i c  
H2S06 t o  pH 6.6 and allowed t o  s t and  overnight i n  a  
refrigerator a t  1 0 ' ~ .  The s o l u t i o n  was then f i l t e r e d  
and evaporated t o  dryness  under vaccum. The crude ex- 
t r a c t  was p u r i f i e d  by t h e  procedure adopted by Evans 
& d., (1941), s l i g h t l y  modif ied by adding 50 m l  of 
s a t u r a t e d  NaHCO and 100 m l  of e t h e r  t o  t h e  crude ex- 3 t r a c t ,  which was l e f t  s t and ing  f o r  15 minutes  and then  
t r a n s f e r r e d  t o  a  s e p a r a t i n g  funnel .  Fu r the r  ex t rac-  
t i o n  was done by adding another  100 m l  of e t h e r .  The 
e t h e r  p o r t i o n  from t h e  s e p a r a t i n g  funnel  was concen- 
t r a t e d  t o  50 m l  and t h e  a c t i v e  f r a c t i o n  removed by 
t h r e e  consecut ive  e x t r a c t i o n s  w i th  an equal  volume of 
0.1M NaOH. The a l k a l i n e  s o l u t i o n  thus  obta ined  was 
a c i d i f i e d  w i t h  HCL and e x t r a c t e d  twice w i th  a  small  
volume of  e t h e r .  A f t e r  washing wi th  wa te r ,  t he  o t h e r  
phase was evaporated t o  dryness .  The r e s u l t i n g  pur i -  
f i e d  e x t r a c t  was weighed and then  p l a c e d  i n  o l i v e  o i l .  

Twenty one immature female mice weighing between 
8 and 10 g  were d iv ided  i n t o  seven groups f o r  admini- 
s t r a t i o n  of s tandard ized  doses of d i e t h y l  s t i l b e s t r o l  
(bES) f o r  t he .pu rpose  of o b t a i n i n g  a  s t anda rd  curve 
of t h e  response of u t e r i n e  weights  t o  d i f f e r e n t  l e v e l s  
of DES. Of t h e  two groups of c o n t r o l  mice r ece iv ing  
no DES, each mouse i n  one group was i n j e c t e d  wi th  0.02 
m l  and t h e  o t h e r  w i t h  0.08 m l  of s t e r i l e  d i s t i l l e d  
water .  Each mouse i n  t h e  remaining f i v e  t rea tment  
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groups was i n j e c t e d  w i t h  DES c o n c e n t r a t i o n s  of  0 . 0 1 ,  
9 0.02, 0.025, 0.03 and 0.04 mcg i n  each group r e s p e c t i -  

v e l y  f o r  f o u r  consecu t i ve  days ,  a f t e r  which t hey  were 
s a c r i f i c e d .  T h e i r  u t e r i  were removed, f i x e d  i n  
Souin ' s  f l u i d  f o r  24 hou r s ,  d r i e d  by  p r e s s i n g  a g a i n s t  
f i l t e r  paper ,  trimmed of any adhe r ing  t i s s u e s  and t h e n  
weighed. 0.05 m l  of each p u r i f i e d  e x t r a c t  i n  o l i v e  
o i l  of  l e a f  and stem samples a t  t h e  s t a g e s  of growth 
be ing  cons ide r ed  was i n j e c t e d  subcutaneous ly  i n t o  each 
of t h r e e  mice i n  a  t r e a tmen t  f o r  f o u r  consecu t i ve  days 
a f t e r  which t hey  were s a c r i f i c e d  and t h e i r  u t e r i  re-  
moved. The po t enc i e s  of the p u r i f i e d  e x t r a c t s  i n j e c t e d  
were determined by p l o t t i n g  t h e  u t e r i n e  weigh ts  ob ta ined  
on t h e  s t anda rd  curve  of mice r e c e i v i n g  known doses  of  
d i r t h y l  s t i l b e s t r o l .  

The d a t a  ob t a ined  were s u b j e c t e d  t o  a n a l y s i s  of 
v a r i a n c e ,  and s i g n i f i c a n c e  of d i f f e r e n c e s  were a s se s sed  
by app ly ing  Duncan's Mu l t i p l e  Range Tes t  a t  5% l e v e l  o f  
p r o b a b i l i t y  ( S t e e l  and T o r r i e ,  1960) .  

v 

RESULTS 

Table  1 shows t h e  e f f e c t  of  i n j e c t i n g  d i e t h y l  
s t i l b e s t r o l  (DES) a t  c o n c e n t r a t i o n  of 0.01 t o  0.04 
mcg on u t e r i n e  weigh ts .  U t e r i n e  weigh ts  i nc r ea sed  
w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  of  d i e t h y l  s t i l b e -  
s t r o l  w i t h  a  mean of  7.6 m g  a t  0.0 mcg DES and 49.0 

P TABIJ: 1; UTERINE WEIGHT RESPONSES TO VARYING 
CONCENTRATION OF DIETHYL STILBESTROL (DES) 

M i c e  DES C o n c e n t r a t  ion U t e r i n e  w e i g h t  (mg) Mean uterine vt. 
Groups (mcg) M i c e  N o .  (mg) 
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mg a t  0.04 mcg DES. The i n j e c t i o n  of 0.02 and 
0.08 m l  of s t e r i l e  d i s t i l l e d  water  t o  mice i n  
croups A and B r e s p e c t i v e l y  d id  no t  produce any in- 
c r ease  i n  u t e r i n e  weight .  

Table 2 shows t h e  weight of p u r i f i e d  oes t rogen 
e x t r a c t  obtained from 25 g of d r i e d  ground sample 
from t h e  l e a f  and s te r  po r t ions  of guinea g r a s s  a t  
the  f o u r  s t a g e s  of growth s tud ied .  It a l s o  shows 
the  c a l c u l a t e d  oes t rogen ic  a c t i v i t y  pe r  kilogram of 
dry sample a t  each of t h e  fou r  s t a g e s  of growth. The 
l e a f  p o r t i o n  e x t r a c t  weights  were s i g n i f i c a n t l y  
h ighe r  (P  .05) than t h e  corresponding stem p o r t i o n  
e x t r a c t  weights  a t  t h e  e a r l y  vege ta t ive ,  f u l l  vege- 
t a t i v e ,  e a r l y  bloom and f u l l  bloom growth s t a g e s  
r e s p e c t i v e l y .  The mean oes t iogen ic  a c t i v i t y  of t h e  
guinea  g r a s s  l e a f  po r t ion  a t  the  e a r l y  vege ta t ive  
growth s t a g e ,  though h ighe r ,  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P  .05) from t h a t  of t h e  f u l l  vege ta t ive  
growth s t a g e .  These va lues  were, however, s  i g n i f i -  
c a n t l y  lower (P -05)  than  t h e  va lue  obtained f o r  
t h e  e a r l y  bloom s t a g e ,  which i n  t u r n  was s i g n i f i -  
c a n t l y  h ighe r  (P -05 )  than t h e  va lue  f o r  t h e  f u l l  
bloom s t a t e .  A s i m i l a r  p a t t e r n  of oes t rogen ic  
a c t i v i t y  was obta ined  f o r  t h e  stem por t ions ,  al-  
though t h e  a c t i v i t y  of t h e  l e a f  po r t ion  was h ighe r  
(P .05) at each of t h e  fou r  s t agec  of growth. 

TdBLE 2: OESTROGENIC ACTIVITY IN GUINEA GRASS 

(PANZCUM MAXIMUM VAR. S112) 

Part of plmt St-. of Ikight of Wt. of Calculated W .  man 
man s r m h  purified extract of forrse I r a  uterine calcn1at.d 

extract (p) ejected which extract w t .  (1) potmcyfkg 
(p) injected ru of foruea 

ob5tained (p) &s DES) 

haves  Early 

w e t a t i r e  0.14 0.06 m.l 11.0 
S t a  .23 " 0.05 0.02 10.0 

9.6 
hav.8 .15 

Early blood 0.14 0.04 7.1 18.1 
st-  1.41 " 0.06 0.02 8 .3  15.6 
h a v e l  1-01 

h l l  b l w  0.08 0.03 9.4 
St.. 14 .O 0.86 

0.04 0.02 12.5 12.0 0.49 
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TABLE 3 : OESTROGENIC ACTIVITY I N  S T Y L O S A m H E S  G R A C l L  I S  

h r t .  of plant S ta ta  of Weight of Wt. of Calculated 
m a n  Fkan 

grovth pur i f ied  u t r a c t  weight of Uterine ca lcu la ted  
ex t rac t  (p) injected forage from w t .  (-1 potency/lg 

(p) vhich ext rac t  of forage 
injected w u  (me8 DES) 
obtained (p) 

- -- 
h a v e #  Early 

vegetative 0.20 0.05 7.0 12.3 0.62 

0.11 0.03 7 .O 10.6 0.43 
St- 

have .  -11 
vegetative 0.27 0.09 5.3 14.7 0.83 

0.09 0.05 14.0 0.67 0.63 st- 
Leaven xar ly  bloom 0.08 0.02 6.3 17.7 1 .M 

Stem 1 0.03 0.01 8.3 14.6 0.80 

Leave8 h l l  b l o m  0.06 0.03 12.5 17.3 0.75 

S t a n  0.04 0.02 12.5 14.2 0.55 

Table 3 shows t h a t ,  a s  observed f o r  guinea 
g r a s s ,  s i g n i f i c a n t l y  h ighe r  anounts of e x t r a c t s  were 
obta ined  from t h e  l e a f  po r t ions  of s t y l o  a s  compared 
wi th  t h e  stem por t ion .  Also, t he  es t imated  oes t ro-  
genic  a c t i v i t i e s  of t h e  stem and l e a f  po r t ions  of 
s t y l o  followed a s i m i l a r  p a t t e r n  a s  descr ibed  f o r  
guinea g r a s s  i n  Table 2. 

Discussion 

The c o n s i s t e n t l y  h igher  oes t rogen ic  a c t i v i t y  i n  
t he  l e a f  po r t ion  a s  compared wi th  t h e  stem por t ion  
i n  both forages  a t  the  fou r  s t a g e s  of growth s tud ied  
may be due t o  t h e  h ighe r  content  of c h l o r o p l a s t s  i n  
t h e  l eaves  than stem, a s  ch lo rop la s t s .have  been known 
t o  be t h e  s i t e  of formation of  oestrogens i n  p l an t s  
( B a r t l e t t  d . ,  1348; Legg & d. ,  1950; P i e t e r s e  
and Andrews, 1956). The same f a c t o r  could exp la in  
why h igh  va lues  were obtained a t  the e a r l y  vege ta t ive  
growth s t a g e  i n  t h e  two forages .  AS t he  p l a n t s  mature, 
however, t h e r e  would be fewer c h l o r o p l a s t s  per  u n i t  
a r e a ,  hence t h e  observed s l i g h t  dec rease  i n  a c t i v i t y  
i n  t h e  f u l l  vegetative growth s t a g e .  

The h igher  oes t rogenic  a c t i v i t y  obtained i n  t h e  
subsequent e a r l y  bloom s t a g e  was probably due t o  t h e  
f a c t  t h a t  t h e  p l a n t s  were i n  t h e i r  a c t i v e  reproduc- 
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t i v e  form a t  t h i s  s tage .  Legg & d., (1950) observed 
t h a t  high oestrogen concentrat ion normally proceeds 
flowering. Alexander and Watson (1951), P i e t e r s e  and 
Andrews (1956), indicated t h a t  oestrogenic a c t i v i t y  
w i l l  genera l ly  dec l ine  a f t e r  i n i t i a t i o n  of flowering. 
This f inding i s  cons i s t en t  with the d a t a  reported here- 
i n ,  i n  which t h e  a c t i v i t y  declined i n  both forages a t  
the f u l l  bloom s tage .  

That there  were d i f fe rences  i n  oestrogenic a c t i -  
v i t i e s  of the l ea f  and stem por t ions  of t h e  two fora- 
ges and a t  d i f f e r e n t  growth s t ages  was i n  conformity 
with the  r e s u l t s  obtained by Legg e;t d. (1950) who 
found oestrogenic a c t i v i t y  i n  the l e a f ,  p e t i o l e ,  scem 
and inf lorescence of p lant  species  with considerab1.e 
seasonal  v a r i a t i o n s  and with the d i f f e r e n t  n lant  Darts 
not showing maximal concentrat ions sirnultanecusly. 

The oes t rogenic  potencies obtained f o r  guinea 
grass  and s t y l o  i n  t h i s  study a r e  lower than the  value 
of 1.60 - 5.40 mcg s t i l b e s t r o l / k g  f o r  a l f a l f a  reported 
by Chcng & d. (1953). Dif ferent  forage species  
grown on d i f f e r e n t  s o i l s  and c l ima t ic  environment may 
conta in  varying l e v e l s  of oestrogen. 

Cox and Braden (1974) reported t h a t  the  e f f e c t  
of oestrogen i s  r e s t r i c t e d  i n  ruminants because the 
metabolism of such substances i n  the  rumen i s  known t o  
a l t e r  the  oestrogenic potency s u b s t a n t i a l l y ,  but  
Bindon and Lamond (1966)observed t h a t  ewes fed on 
Leucuenu during pregnancy and l a c t a t i o n  produced smal. 
lambs exh ib i t ing  low v i a b i l i t y  and growth r a t e .  The 
problem of ovine i n f e r t i l i t y  due t o  phyto-oestrogens 
i n  subterranean c lover  has a l s o  been reported by Moule 
a d., (1963). Underwood c?A d. (1959) found t h a t  
10 ncg s t i l b e s t r o l  d a i l y  f o r  s i x  months produced 
ba re ly  de tec tab le  e f f e c t s  on f e r t i l i t y  and L i t t l e  and 
Lambourne. (1976) observed t h a t  potency of l e s s  than 
10 mcg s t i l b e s t r o l  is most un l ike ly  t o  proauce adverse 
e f f e c t s  i n  c a t t l e .  However, Preston & &. (1978) 
concluded t h a t  implantation with 30 mg d ie thy l  stil- 
b c s t r o l  i n  s t e e r  ca lves  produced marked weight gain  
and st imulated e f f i c i ency .  The f igures  reported here 
i n  f o r  guinea grass  and s t y l o  should, therefore ,  be 
of i n t e r e s t  t o  t h e  l ives tock  feeder  a s  t o  the  s a f e  
l e v e l  of inclus ion of these  forages a t  the  d i f f e r e n t  
growth s t ages  i n  feeding progrmmes. 
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