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I n  all  cul tures ,  a f t e r  48 h, t he  mono laye r s  were w a s h e d  
a n d  s t a ined  a n d  the  p laque  i n h i b i t i o n  t i t e r  recorded.  The  
P M N  s u p e r n a t a n t s  Were also e x a m i n e d  for v i rus  n e u t r a l -  
izing a c t i v i t y  aga ins t  V S V  and  I B R  b y  m e t h o d s  descr ibed  
before  s; no neu t r a l i z i ng  a c t i v i t y  was found.  
T h e  de ta i l s  of t he  m e t h o d o l o g y  used to p roduce  b o v i n e  
types  I a n d  I I  in t e r fe rons  were descr ibed  p rev ious ly  18. 
Also descr ibed  p rev ious ly  were the  m e t h o d s  of m e a s u r i n g  
acid s ens i t i v i t y  a n d  the  a n t i v i r a l  a c t i v i t y  of the  com- 
p o u n d s  in d i f fe ren t  cell l ines 1. 
Results and discussion. As is shown  in f igure 1, I B R -  
v i rus - in fec ted  G B K  cells ( I B R - G B K )  was a p o t e n t  
s t i m u l a t o r  for the  release of a n  a n t i v i r a l  i nh ib i t i o r  f rom 
the  b o v i n e  PMN cul tures .  T h u s  the  cell free s u p e r n a t a n t  
f luid,  f rom such cu l tu res  h a d  a n t i v i r a l  a c t i v i t y  aga in s t  
b o t h  V S V  and  I B R  viruses.  The  s t i m u l a t o r y  effect  of 
t he  I B R - G B K  a n t i g e n  was dose d e p e n d e n t  and  was 
a p p a r e n t l y  the  r e su l t  of s t i m u l a t i o n  of P M N  b y  I B R  v i ra l  
induced  an t i gen  since un in fec t ed  G B K  cells fai led to  
cause  t he  release of a n y  inh ib i to r .  As few as a p p r o x i m a t e l y  
1000 v i rus - in fec ted  cells were needed to cause  t he  P M N  
cu l tu res  to  release d e t e c t a b l e  inh ib i to r .  
The  i n h i b i t o r  was f i rs t  d e t e c t a b l e  6-9  h a f t e r  s t imu la t i on ,  
r eached  p e a k  levels a t  18-21 h and  pers i s t ed  for a t  leas t  
48 h (f igure 2). The  a c t i v i t y  was expressed  aga ins t  b o t h  
V S V  and  I B R  viruses.  A l t h o u g h  v i rus - in fec ted  cells 
caused  t he  release of large a m o u n t s  of inh ib i to r ,  t he  
levels of free v i rus  re leased f rom such  cells were insuf f ic ien t  
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Fig. 2. Kinetics of production of inhibitor of VSV virus replication 
after stimulation of PMN with UV-irradiated IBR-virus-infeeted 
GBK cells. The results of 3 separate experiments are shown. 

to  s t i m u l a t e  release.  In  fac t  i t  was necessa ry  to concen-  
t r a t e  v i rus  10fold or more  for i t  to  be s t i m u l a t o r y  (equiva-  
l en t  to  v i rus  released f rom a p p r o x i m a t e l y  4 X 1 0  s in- 
fec ted  G B K  cells). Since such  cell-free v i rus  cou ld  ad-  
d i t i ona l ly  con t a in  cell m e m b r a n e  f ragments ,  i t  is poss ible  
t h a t  such  f r agmen t s ,  w i t h  i nco rpo ra t ed  v i rus -coded  
an t igen ,  were respons ib le  for  t he  s t imu la t ion .  
W h e r e a s  G B K  cells in fec ted  w i t h  I B R  vi rus  regu la r ly  
t r iggered  P M N  to release the  inh ib i to r ,  o t h e r  v i rus - infec ted  
cells t e s t ed  were u n a b l e  to  do so ( table  1). These  obse rva -  
t ions  m a y  m e a n  t h a t  t he  P M N  bear  a r ecep to r  t h a t  
specif ical ly recognizes  a herpesvi rus .  However ,  m a n y  
more  vi ruses  m u s t  be i n v e s t i g a t e d  a n d  d i rec t  b i n d i n g  
s tud ies  m u s t  be done,  before  such  a c l a im can  be  sub-  
s t a n t i a t e d .  
I t  is of i n t e r e s t  t h a t  ou r  o b s e r v a t i o n  m a y  no t  mere ly  
be res t r i c ted  to the  bov ine  sys tem,  since we h a v e  observed ,  
in p r e l i m i n a r y  expe r imen t s ,  t h a t  h u m a n  P M N  can  be  
t r iggered  b y  Herpes  s implex  v i rus  in fec ted  VeRo cells 
to  release a s imilar  i n h i b i t o r  (unpub l i shed  da ta ) .  Al- 
t h o u g h  the  an t igen  recogn i t ion  e v e n t  requi red  for t he  
i nduc t i on  of the  i n h i b i t o r  m a y  p rove  to be  virus-specif ic ,  
t he  m a t e r i a l  i tself  is, like t y p e  I in te r fe ron ,  nonspeci f ic  
in t h a t  the  a c t i v i t y  was expressed  aga ins t  b o t h  D N A  
and  R N A  viruses.  Also in r e semblance  o t  in ter feron ,  t he  
m a t e r i a l  exh ib i t ed  no d i rec t  a n t i v i r a l  effects as could be 
d e t e r m i n e d  b y  v i rus  n e u t r a l i z a t i o n  assays.  However ,  
p r e l im ina ry  c h a r a c t e r i z a t i o n  s tudies  h a v e  revea led  dif- 
ferences f rom b o v i n e  t y p e  I and  t y p e  I I  in te r ferons ,  
in t h a t  the  m a t e r i a l  shows a n  i n t e r m e d i a t e  level of acid 
s ens i t i v i t y  and  a n t i v i r a l  a c t i v i t y  in some he te ro logous  
cells ( table  2). 
S tudies  are in  progress  no t  on ly  to cha rac te r i ze  t he  
i n h i b i t o r y  mate r ia l ,  b u t  also to descr ibe  the  o p t i m a l  
cond i t ions  needed  for i ts  p roduc t ion .  I t  seems no t  to  be 
per formed,  since sonica tes  of P M N  were no t  i n h i b i t o r y  
( table  2). The  c o n t e n t s  of P M N  granu les  did  no t  a p p e a r  
to be t he  i n h i b i t o r  since t r e a t m e n t  of P M N  wi th  a n t i b o d y -  
c o m p l e m e n t  opsonized z y m o s a n  part ic les ,  a p rocedu re  
t h a t  causes  t he  release of g ranu le  c o n t e n t s l L  fai led to  
t r igger  the  release of the  i n h i b i t o r  ( table  1). 
W h a t e v e r  t he  n a t u r e  of t he  i n h i b i t o r  or  t he  exac t  condi-  
t ions  needed  for i ts  p roduc t i on ,  our  s tud ies  do serve to  
s t r e n g t h e n  t he  hypo thes i s  t h a t  P M N  m a y  be  e x t r e m e l y  
i m p o r t a n t  ef fector  cells in  a n t i v i r a l  i m m u n i t y .  I t  m i g h t  
also be  t h a t  we h a v e  ident i f ied  a 3rd, t y p e  of i n t e r f e r o n -  
if so we could proVisional ly  n a m e  the  m a t e r i a l  in t e r fe ron  3. 

17 P.M. Henson, J. Immun. 107, 1535 (1971). 
18 L.A. Babiuk and B. T. Rouse, Intervirology 8, 618 (1977). 

Fol iar  sp ira l i ty  and a e s t i v a t i o n  of f l o w e r s  in Hibiscus cannabinus  Linn.  

S. S. G h o s h  a n d  T. A. Dav i s  1 

Crop Science Unit, Indian Statistical Institute, Calcutta 700 035 (India), 5 July 1977 

Summary. I n  Hibiscus cannabinus a nega t ive  assoc ia t ion  exis ts  be tween  t he  fol iar  sp i ra l i ty  and  t h e  ae s t i va t i on  of 
corolla. Moreover ,  i t  is seen t h a t  the  f ru i t s  deve loped  f rom le f t - twis t ing  flowers of lef t -spira l led p l a n t s  and  those  of 
t he  r i gh t - tw i s t i ng  flowers of r igh t - sp i ra l l ed  p l a n t s  are b e t t e r  in qua l i ty .  

The  a e s t i v a t i o n  of corol la  in Hibiscus cannabinus is con-  
t o r t e d  ( the 5 pe t a l s  t w i s t  regular ly)  as in  o t h e r  species of 
Malvaceae  3-4. I n  a b o u t  50% of t he  f lowers on a n y  of these  
a n n u a l  p lan t s ,  t he  c o n t o r t i o n  of pe ta l s  is clockwise (left- 
handed )  a n d  in t he  rest ,  counter -c lockwise  ( r igh t -handed) .  
Since t he  p h y l l o t a x y  in th i s  species is a l t e r n a t e  (cyclic), 

t he  p l a n t / s h o o t  can  be  g rouped  in to  l e f t -handed  or  r i gh t -  
h a n d e d  s. The  foliar  a s y m m e t r y  is no t  gene t ica l ly  de te r -  
mined .  However ,  t he re  is an  assoc ia t ion  be tween  t he  fol iar  
sp i ra l i ty  a n d  t he  a e s t i v a t i o n  of peta ls .  A l e f t -handed  shoo t  
is found  to p roduce  more  of r i g h t - t w i s t i n g  (counter-c lock-  
wise) flowers, a n d  th i s  s i t u a t i o n  is reversed  in t he  case of 
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Table 1. Percentage of left- and right-twisting flowers of Hibiscus cannabinus 
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Plants with left-handed foliar spiral 
Year Plants No. of 

observed flowers 
Left- Right-  
twisting twisting 
flowers (%) flowers (%) 

Plants with right-handed foliar spiral 
Plants No. of Left- Right- 
observed flowers twisting twisting 

flowers (%) flowers (%) 

1966 16 312 26.60 73.40 
1967 17 401 38.65 61.35 
1968 45 1225 33.31 66.69 
1969 56 1863 40.63 59.37 
1970 30 950 40.00 60.00 
1971 49 2155 29.47 70.53 
1972 39 1415 42.47 57.53 
1073 38 849 34.86 65.14 
1974 52 541 27.36 72.64 
1975 48 995 34.37 65.63 
1976 48 775 33.03 66.97 

18 427 70.49 29.51 
27 686 63.56 36.44 
39 1018 68.37 31.63 
61 1968 61.99 38.01 
29 824 64.20 35.80 
54 2308 68.93 31.07 
41 1500 58.33 41.67 
40 849 62.43 37.57 
39 482 68.46 31.54 
49 1099 64.33 35.67 
48 886 70.20 29.80 

a r i g h t - h a n d e d  s h o o t  w h i c h  p r o d u c e s  m o r e  of  l e f t - t w i s t i n g  
f l ower s  6. O b s e r v a t i o n s  we re  m a d e  a t  C a l c u t t a  o n  t h o u -  
s a n d s  of p l a n t s  s u b j e c t e d  to  o p e n  p o l l i n a t i o n  d u r i n g  
11 y e a r s  c o m m e n c i n g  f r o m  1966. 
E a c h  p l a n t / s h o o t  t e r m i n a t e s  in  a l ong  i n f l o r e s c e n c e  d u r i n g  
O c t o b e r - N o v e m b e r .  T h e  f lower  b u n c h  b e i n g  a r a c e m e ,  
b l o o m i n g  of  f l ower s  t a k e s  p l a c e  a c r o p e t a l l y ,  t h e  o l d e s t  
f l ower  o c c u p y i n g  t h e  b a s e  of  t h e  i n f l o r e s c e n c e .  T h e  k i n d  
of  a e s t i v a t i o n  o f  e a c h  f l o w e r  w a s  r e c o r d e d  for  e a c h  p l a n t .  
U n d e r  C a l c u t t a  c o n d i t i o n s ,  b a r r i n g  a f ew f l o w e r s  a t  t h e  
v e r y  t i p  of  t h e  p l a n t ,  p r a c t i c a l l y  al l  f l ower s  s e t  f ru i t s .  T h e  
n u m b e r  of  f r u i t s  m a t u r e d  o n  e a c h  p l a n t  w a s  a l so  r e c o r d e d .  
D r y  c a p s u l e s  we re  o p e n e d ,  a n d  t h e  n u m b e r  of  s e e d s  p e r  
c a p s u l e  w a s  c o u n t e d .  S eeds  of k n o w n  f l ower s  a n d  k n o w n  
p l a n t s  we re  s o w n  y e a r  a f t e r  y e a r  u p t o  1976. 
T h e  d a t a  on  t h e  a s s o c i a t i o n  of fo l ia r  sp i r a l  a n d  a e s t i v a t i o n  
of co ro l l a  a r e  p r e s e n t e d  in t a b l e  1. T h e  l e f t - s p i r a l l e d  p l a n t s  
p r o d u c e d  2 6 - 4 2 %  l e f t - t w i s t i n g  f l ower s  a n d  57-73~ r i g h t -  
t w i s t i n g  f lowers .  R i g h t - s p i r a l l e d  p l a n t s  s h o w e d  a m i r r o r -  
i m a g e  s i t u a t i o n  b y  p r o d u c i n g  5 8 - 7 0 %  l e f t - t w i s t i n g  a n d  
2 9 - 4 1 %  r i g h t - t w i s t i n g  f l ower s  r e s p e c t i v e l y .  T h u s ,  t h e r e  
e x i s t s  a d i s t i n c t  n e g a t i v e  a s s o c i a t i o n  b e t w e e n  t h e  fo l ia r  
sp i r a l  of  t h e  p l a n t s  a n d  t h e  k i n d  of  a e s t i v a t i o n  of  coro l la .  

Left (a) and right-spiralled (b) flowers of Hibiscus cannabinus to- 
gether with their partial floral diagrams. 

S i m i l a r  o b s e r v a t i o n s  we re  m a d e  oi1 A be lmoschus  esculentus ,  
A l t hae  rosea a n d  H i b i s c u s  rad ia tus .  B u t  in  n o n e  of  t h e s e  
w a s  t h e  a s s o c i a t i o n  as  p r o n o u n c e d  as  in  H .  c a n n a b i n u s .  
I n  o r d e r  to  t e s t  w h e t h e r  t h e  m e a n  p e r c e n t a g e  of  l e f t -  
t w i s t i n g  f l ower s  in  p l a n t s  w i t h  l e f t  fo l i a r  s p i r a l  is e q u a l  to  
t h e  m e a n  p e r c e n t a g e  o f  r i g h t - t w i s t i n g  f l o w e r s  in  p l a n t s  
w i t h  r i g h t - f o l i a r  sp i ra l ,  t h e  f o l l o w i n g  t e s t  s t a t i s t i c  w a s  
u s e d  : 

x - y  
T =  

(l/n 1 + l/n2) (nl-1) six (n~ 1) s2y 

( n  1 - n 2 2 )  

w h e r e  x a n d  y a r e  t h e  m e a n  p e r c e n t a g e  of l e f t - t w i s t i n g  
f l o w e r s  of  l e f t - s p i r a l l e d  p l a n t s ,  a n d  t h e  m e a n  p e r c e n t a g e  
of  t h e  r i g h t - t w i s t i n g  f l o w e r s  in  r i g h t  p l a n t s  r e s p e c t i v e l y .  
Sx 2 a n d  s~ a re  t h e  v a r i a n c e s  of  t h e  p e r c e n t a g e  v a l u e s  of  t h e  

t y p e s  i n d i c a t e d  a b o v e ,  n 1 a n d  n 2 d e n o t e  t h e  s a m p l e  s izes  
for  t h e  2 s e t s  of  d a t a .  I n  t h e  p r e s e n t  c a se  n 1 - -  n 2 = 11. 
T h e  a b o v e  t e s t  s t a t i s t i c  fo l lows  a t - d i s t r i b u t i o n  w i t h  d . f .  
n l  + n 2 - 2 .  F o r  t h e  p r e s e n t  s e t  of  d a t a  

x = 34.6136, y = 34.4282 

Sx2 = 26.4427, Sy2 = 14.1574 

a n d  T = 0.0966.  T h i s  T - v a l u e  is i n s i g n i f i c a n t  a t  t h e  5 %  
leve l  w i t h  d.f .  20. T h e  a b o v e  r e s u l t  t h u s  i n d i c a t e s  t h a t  t h e  
m e a n  n u m b e r  of  l e f t - t w i s t i n g  f l o w e r s  in  l e f t  p l a n t s  is t h e  
s a m e  as  t h e  m e a n  n u m b e r  of  r i g h t - t w i s t i n g  f l o w e r s  in  
r i g h t  p l a n t s .  
I n  o r d e r  t o  c h e c k  u p  t h e  q u a l i t y  of  f r u i t s  p r o d u c e d  b y  t h e  
p l a n t s  of  d i f f e r e n t  s p i r a l i t y ,  t h e  s e e d s  we re  e x a m i n e d  a n d  
t h e  d a t a  g i v e n  in  t a b l e  2. F r o m  t a b l e  2 i t  is s e e n  t h a t  t h e  
f r u i t s  d e v e l o p e d  f r o m  l e f t - t w i s t i n g  f l o w e r s  of  t h e  l e f t -  
s p i r a l l e d  p l a n t s  a n d  t h e  f r u i t s  d e v e l o p e d  f r o m  r i g h t -  
t w i s t i n g  f l ower s  of  r i g h t - s p i r a l l e d  p l a n t s  we re  b e t t e r  in  
q u a l i t y .  T h i s  c o n c l u s i o n  w a s  d e r i v e d  a f t e r  a n a l y z i n g  t h e  

1 We thank Sri S. K. De, Artist of the Indion Statistical Insti tute,  
for making the drawing. 

2 T . A .  Davis, Nature 20, 515 (1964). 
3 T . A .  Davis and C. Selvaraj, J. Bombay nat. Hist. Soc. 61, 402 

(1964). 
4 Bir Bahadur and T. Venkateswarlu, J. Indian Bot. Soc. 55, 30 

(1976). 
5 T. A. Davis, Tropical Ecology with an Emphasis on organic 

production, p. 147. Athens (USA) 1972. 
6 A. Mitra, Ph .D .  Thesis of the Calcutta University, 1968. 
7 T .A .  Davis, Proc. Indian Nat. Sci. Acad. dOB, 424 (1974). 
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Table 2 
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Plants L. fruits Normal Deformed Sterile Total R. fruits Normal Deformed Sterile Total 
observed examined seeds seeds seeds examined seeds seeds seeds 

21 115 2104 181 773 3058 297 4979 410 2338 7727 
18.30 1.57 6.72 26.59 16.76 1.38 7.87 26.01 

FSL-plants 
Total 
Mean 

FSR-plants 
Total 
Mean 

30 426 7192 542 2792 10526 196 3766 278 1172 5216 
16.88 1.27 6.55 24.71 19.21 1.42 5.98 26.61 

FSR, foliar spiral right; FSL, foliar spiral left. 

d a t a  using a para l le l -sample  chi -square  test .  The com- 
par ison be tween  the  n u m b e r  of d i f ferent  t ypes  of f rui ts  
for le f t - twis t ing  and r igh t - twis t ing  flowers of lef t -spiral led 
p lan t s  yie lded a chi -square  value of 26.70 (d.f. = 2) which  

is s ignif icant  a t  the  5% level. Corresponding chi-square  
value for the  o the r  group is 35.24 (d.f. = 2), which  is also 
s ignif icant  a t  t he  5% level. These  tes t s  thus  suppor t  the  
conclusions drawn.  

Uter ine  f luid f r o m  p r o g e s t e r o n e  treated  rabbi t s  c o n t a i n s  s u b c e l l u l a r  m e m b r a n e s  

B. K. Davis  1 

Worcester Foundation for Experimental Biology, Shrewsbury (Massachusetts 01545, USA), 12 July 1977 

Summary. Uter ine  fluid f rom proges te rone  t r e a t ed  rabb i t s  was shown to be rich in subcel lular  m e m b r a n e  componen t s  
consis t ing of vesicles and  cilia-like f ragments .  In  cont ras t ,  u ter ine  fluid f rom u n t r e a t e d  does lacked subcellular  mem- 
branes.  Thus,  t h e y  arise when  uter ine  spe rm capac i t a t ion  abi l i ty  is suppressed.  

Admin i s t r a t i on  of p roges te rone  to female r abb i t s  inhibi ts  
in t ra -u te r ine  spe rm capaci ta t ion~,  which  is an essent ial  
p re -condi t ion  for fer t i l iza t ion in th is  species and  o ther  
m a m m a l s  3. Likewise,  r abb i t  spe rma tozoa  fail to achieve 
fert i l izing capac i ty  dur ing  incuba t ion  in the  proges te rone-  
d o m i n a t e d  u te rus  of a p s e u d o p r e g n a n t  doe 4, 5. The cause 
of this  an t i - fe r t i l i ty  act ion by  the  s teroid is unknown.  
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Fig. 1. Shows the OD profile at 280 nm of uterine fluid from pro- 
gesterone treated rabbits after ultracentrifugation on a sucrose 
density gradient. The uterine fluid (6.0 ml) flushed with saline from 
2 does was layered above zones of 17 ml 40 (w/v) % and 5 ml 60 (w/v) 
% sucrose, and centrifuged at 110,000 • g for 16 h. A sedimentable 
fraction, which appeared cloudy, was arrested by the 60% sucrose 
zone. Nonsedimentable material at the top of the gradient was 
clear indicating large rapidly sedimenting components had been 
removed. 

In  a series of expe r imen t s  unde r t aken  in this  labora tory ,  
it  has  been  shown t h a t  m e m b r a n e  vesicles occurr ing in 
seminal  p lasma revers ib ly  inh ib i t  the  ferti l izing po ten t i a l  
of u ter ine  capac i t a t ed  rabb i t  spermatozoa~-% This  com- 
munica t ion  now shows t h a t  subcel lular  m e m b r a n e s  occur 
in rabb! t  u te r ine  fluid following proges te rone  t r e a t m e n t .  
Mature  female rabbi ts ,  New Zealand strain,  w i th  proven  
fer t i l i ty  were ob ta ined  f rom a local breeder.  These animals  
weighed f rom 4.0 to  5.0 kg. To faci l i ta te  col lect ion of 
u ter ine  fluid, each u te r ine  horn  was l igated a t  i ts  cervical  
and oviducta l  ends.  Dur ing  l igat ion the  does were anes-  
the t i zed  b y  i.v. in jec t ing  30 mg of sod ium pen toba rb l t a l / kg  
b.wt .  P roges te rone  (Sigma), suspended  in sesame oil, was 
s.c. in jec ted  at  a dose of 25 m g / d a y  for 14 days.  Control  
animals  were in jec ted  wi th  sesame oil alone. 1 day  before 
au topsy ,  the  does received 75 IU  of h u m a n  chorionic  
g o n ad o t ro p h i n  (Squibb) by  i.v. inject ion.  Each  uter ine  
horn  was f lushed wi th  3 ml  of isotonic saline f rom a 10 ml  
glass syringe wi th  a b lun t  No. 16 needle,  which  was in- 
ser ted into the  u terus  t h ro u g h  the  cervix. The fluid 
ob ta ined  was cen t r i fuged  a t  1000 x g for 30 rain to  remove 
any  cells. The resul t ing  s u p e r n a t a n t  was placed on a 
sucrose dens i ty  g rad ien t  and cen t r i fuged  at  110,000 • g 
for 16 h in an SW27 ro to r  (Beckman) a t  4 ~ Fol lowing 
cen t r i fuga t ion  the  cellulose n i t r a t e  tube  conta in ing  the  
sucrose g rad ien t  p r epa ra t i on  was p u n c t u r e d  wi th  a needle 
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