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Results and discussion. I n  t he  con t ro l s  (46 foetuses),  no  
l imb  a b n o r m a l i t y  was found.  115 t r e a t e d  foetuses  were  
s tud ied  a n d  classified in to  3 groups  accord ing  to  t h e i r  
macroscopica l  charac te r i s t i cs .  21 foetuses showed v e r y  
severe  l imb  haemor hages ,  especial ly  in t he  f ron t  l imb.  
The  lesions a p p e a r e d  as h a e m o r r h a g i c  b lebs  of the  f inger  
t ip s  (figure 1) ; t h e y  r e sembled  t he  lesions of t he  b r  r a b b i t  
b u t  genera l ly  were more  ex tens ive .  28 foetuses  h a d  no  
vis ible  h a e m o r r h a g e  b u t  p r e sen t ed  a conges t ion  of t he  
l i m b  vessels w h i c h  a p p e a r e d  to  be  en la rged  (figure 2). 
66 foetuses  seemed to  be  en t i r e ly  n o r m a l  w h e n  e x a m i n e d  
macroscopica l ly .  
A p p e a r a n c e  of t he  b lood  cells on d a y  14. All  of t he  b lood  
smear s  obse rved  showed n u m e r o u s  nuclei  covered  b y  a 
t h i n  layer  of c y t o p l a s m  (figure 3), t he  d i a m e t e r  of these  
cells be ing  m u c h  more  r educed  t h a n  those  of m a t u r e  red  
b lood  cells. Moreover ,  m a n y  nuc lea t ed  red  cells seemed 
to  be  on  t he  verge  of expel l ing  t he i r  nucleus .  Our  pre-  
l i m i n a r y  o b s e r v a t i o n s  on  r a t  foetus  h a d  shown  a v e r y  
i m p o r t a n t  macrocy tos i s  a c c o m p a n i e d  b y  expu ls ion  of 
n u m e r o u s  nuclei.  These  a l t e red  young  e r y t h r o b l a s t s  could 
induce  some c i r cu la to ry  d i s t u r b a n c e s  in t he  l imb  vessels,  
l ead ing  to  t h r o m b o s i s  p r o d u c e d  e i the r  b y  nuclei  a c c u m u -  
l a t ion  or b y  cy top l a smic  f r a g m e n t s  s u d d e n l y  re leased in 
t he  smal l  ar ter ies .  The  a b n o r m a l i t i e s  of t he  e r y t h r o b l a s t s  
could  be  induced  b y  mi to t i c  p e r t u r b a t i o n s  p rovoked  b y  
Tha l idomide .  S imi la r  effects of t he  d rug  h a v e  been  
obse rved  on  p ro tozoa  n a n d  on  b lood ce l l s  of ch ick  

e m b r y o  13. I n  add i t ion ,  i t  h a s  been  s h o w n  t h a t  t he  l imb  
lesions occur red  d u r i n g  ' c r i t i ca l  s tages '  of foeta l  deve lop-  
m e n t :  days  28-42 in m a n  18, days  11-12 in mouse  a n d  
days  16-18 in r a b b i t  7. These  per iods  coincide p a r t i a l l y  
w i t h  t he  in t ens ive  h e m a t o p o i e t i c  a c t i v i t y  of the  yo lk  sac 
in t he  3 species:  days  23-35 in man1% days  8-12 in 
mouse  1~, days  16-18 in  r a b b i t  16. 
T h u s  Tha l idomide ,  s imi la r  to  o the r  t e r a togen ic  d rugs  
t a k i n g  effect  on  t he  same  foe ta l  stage,  could h i n d e r  t he  
phys io logica l  evo lu t ion  of v i te l l ine  ery thropoies is ,  wh ich  
in t u r n  induces  a c c u m u l a t i o n  of a b n o r m a l  cells in  t he  
vessels,  a n d  f ina l ly  necrosis  of t he  ex t remi t ies .  The  b lood  
a b n o r m a l i t i e s  fol lowing Tha l i domide  a d m i n i s t r a t i o n  h a v e  
ye t  to  be  s tud ied .  These  abnorma l i t i e s ,  those  obse rved  
a f t e r  severa l  t r e a t m e n t s ,  for  examp le  p y r i m e t h a m i n e ,  
a n d  those  seen in t h e  b r  r a b b i t  foetuses,  s u p p o r t  t h e  
h y p o t h e s i s  of a possible  b lood  or igin of ce r t a in  foeta l  l imb  
ma l fo rma t ions .  
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Summary. E x p e r i m e n t s  pe r fo rmed  b y  m e a n s  of t ime  lapse c i n e m a t o g r a p h y  or t he  f i l ter  t e c h n i q u e  show t h a t  h u m a n  
se rum a l b u m i n  ha s  m a r k e d  chem ok i ne t i c  effects on  n e u t r o p h i l  cu l tu red  in Gey ' s  solut ion.  The  ave rage  speed of t he  
cells, as well  as t h e  p r o p o r t i o n  of neu t r oph i l s  showing  locomot ion ,  is increased.  E n h a n c e d  locomot ion  corre la tes  w i t h  
decreased  a t t a c h m e n t  to  t he  s u b s t r a t u m  as d e t e r m i n e d  b y  morpho log ica l  a n d  func t iona l  cr i ter ia .  

S e r u m  a l b u m i n  is a m a j o r  c o n s t i t u e n t  of p l a s m a  w i t h  a 
v a r i e t y  of essen t ia l  func t ions .  I t  regula tes  the  p l a s m a  
v o l u m e  b y  colloid osmot ic  pressure ,  b inds  f a t t y  acids a n d  
o t h e r  subs t ances  a n d  r ep re sen t s  a s torage  fo rm of p ro t e in s  
and  amino  acids. F u r t h e r m o r e ,  we h a v e  repor ted  t h a t  
s e r u m  a l b u m i n  p r o m o t e s  d i rec t iona l  locomot ion  of leuco- 
cy tes  b u t  lacks c h e m o t a c t i c  a c t i v i t y  3. These  f indings  h a v e  
since been  conf i rmed  and  e x t e n d e d  3-6. In  add i t ion ,  r ecen t  
e x p e r i m e n t s  h a v e  shown  t h a t  h u m a n  se rum a l b u m i n  
(HSA) a t  phys io logica l  c o n c e n t r a t i o n s  s t i m u l a t e d  n o t  
on ly  d i rec t iona l  l ocomot ion  b u t  also r a n d o m  locomot ion  
of n e u t r o p h i l s  su spended  in Gey ' s  solut ion.  These  resu l t s  
sugges ted  t h a t  s e r u m  a l b u m i n  ha s  m a r k e d  c h e m o k i n e t i c  
p rope r t i e s  5, ~. Chem ok i ne t i c  effects  can  be  induced  t h r o u g h  
a v a r i e t y  of m e c h a n i s m s  ~ inc lud ing  changes  in cell- 
s u b s t r a t e  adhes iv i tyS,  ~. T he  f i l ter  t echn ique ,  wh ich  'had 
been  used in t h e  p a s t  to  ana lyze  t he  p h e n o m e n o n ,  

p rov ides  on ly  for i nd i r ec t  ev idence  on  t he  locomoto r  
b e h a v i o u r  of cells. W e  the re fo re  s tud ied  the  locomotor  
response  of neu t roph i l s  to  H S A  also b y  means  of t i m e  
lapse  c i n e m a t o g r a p h y ,  w h i c h  allows for a d i rec t  eva lua-  
t i on  of t he  response!0.  F u r t h e r m o r e  we i n v e s t i g a t e d  
w h e t h e r  t he  chemok ine t i c  effect  of h u m a n  se rum a l b u m i n  
(HSA) is r e l a t ed  to n e u t r o p h i l  adhes ion  and  spreading .  
Solu t ions  of h u m a n  se rum a l b u m i n  (Behr ingwerke  Mar-  
burg ,  W. Ge rmany)  and  Gey ' s  so lu t ion  were p r epa red  as 
p rev ious ly  descr ibed  n:  N e u t r o p h i l  locomot ion  was as- 
sessed w i t h  t he  f i l ter  t e c h n i q u e  us ing modif ied  c h a m b e r s  
a n d  a two-f i l te r  sys t em (8 ~m and  0.45 ~xm pore  size 
respect ive ly)  11. The  c u l t u r e  med ia  in  t h e  upper  and  lower  
c o m p a r t m e n t  of t he  c h a m b e r  were ident ica l .  The  p ropor -  
t i on  of t he  neu t roph i l s  t h a t  h a d  m o v e d  t h r o u g h  t he  en t i r e  
t h i c k n e s s  of t he  f i l ter  h a s  been  ca lcu la ted  n.  Phase -  
c o n t r a s t  p ic tu res  of cells k e p t  in  Sykes-Moore c h a m b e r s  

Table 1. The influence of human serum albumin (HSA) on neutrophil viability and locomotion 

Culture medium Viability Locomotion 
(% nigrosin- Filter technique Time-lapse cinematography 
positive cells) ~ % cells migrated) Average Neutrophils showing 

speed ([xm/min) locomotion (%) 

Gey's solution 1 < 0.01 3.8 47.4 
2% HSA in Gey's solution 1 4.6 4- 1 13.2 100 
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a t  37~ were t a k e n  a t  30 f r a m e s / m i n  using a Le ic ina  
supe r  8 c a m e r a  a n d  a D i a v e r t  microscope  (Leitz, Wetz la r ,  
W.  G e r m a n y ) .  Cell shapes  a n d  c o n t a c t  b e t w e e n  neu t roph i l s  
a n d  s u b s t r a t u m  was anMyzed  b y  m e a n s  of p h a s e  c o n t r a s t  
p i c tu re s  a n d  ref lexion c o n t r a s t  mic roscopy  12. Neu t roph i l -  
s u b s t r a t u m  adhes ion  was t e s t ed  as follows: 106 neu t ro -  
phi l s  su spended  in 1 m l  of t he  respec t ive  m e d i u m  were 
i n c u b a t e d  in t i s sue  cu l tu re  chamber / s l i de s  (Lab- tek ,  
Naperv i l le ,  Ill., USA)  for 30 min  a t  37~ The  m e d i u m  
was p o u r e d  o f f .  T h e r e a f t e r  t he  sl ides were washed  twice  
b y  a d d i t i o n  of 1 ml  of t he  r e spec t ive  m e d i u m  a n d  vig- 
orous  s h a k i n g  on  a V o r t e x - t y p e  m i x e r  on  pos i t ion  30 for 
10 sec (Eckl i -Elec t ronics ,  Ziirich).  N e u t r o p h i l s  per  u n i t  
a rea  were  c o u n t e d  on  e thano l - f ixed ,  G iemsa - s t a ined  
smears .  The  coun t s  are expressed  as p e r c e n t a g e  of t he  
n e u t r o p h i l s  appl ied .  V iab i l i t y  h a d  been  t e s t ed  b y  dye  
(nigrosin) exclus ion 13. 
The  re su l t s  s h o w n  in t a b l e  1 d e m o n s t r a t e  t h a t  2% H S A  
(w/v) s t i m u l a t e d  locomot ion  of n e u t r o p h i l s  su spended  in 
Gey ' s  so lut ion.  The  speed as well  as t h e  p e r c e n t a g e  of 
cells showing  ac t ive  locomot ion  was  s ign i f i can t ly  h igher  
if s e r u m  a l b u m i n  was p r e s e n t  in  t h e  m e d i u m ,  whereas  
v i a b i l i t y  as measu red  b y  dye  exc lus ion  was  n o t  changed .  
No pre fe rence  for a p a r t i c u l a r  d i r ec t ion  of locomot ion  h a d  
been  observed .  W e  conc lude  t h a t  H S A  h a s  c h e m o k i n e t i c  
p rope r t i e s  as d e t e r m i n e d  b y  d i rec t  o b s e r v a t i o n  of m o v i n g  
cells a n d  t h a t  n e u t r o p h i l s  r e s pond  in t he  fo rm of o r tho -  
kinesis  (for def in i t ions ,  see Kel ler  e t  al. 7). T he  q u a n t i t a t i v e  
di f ferences  b e t w e e n  t he  f i l te r  t e c h n i q u e  a n d  d i rec t  obser-  
v a t i o n  are  p r e s u m a b l y  of a t e c h n i c a l  na t u r e .  I f  t h e  ceils 
m o v e  slowly, d i s p l a c e m e n t  is m e a s u r a b l e  b y  d i rec t  obser-  
v a t i o n  b u t  n o t  necessa r i ly  b y  t h e  f i l te r  t e c h n i q u e  used. 
F u r t h e r m o r e  t he  s u b s t r a t u m  is s o m e w h a t  d i f fe ren t  (glass 
vs  m i x e d  esters  of cellulose). 
P h a s e  c o n t r a s t  p i c tu re s  showed  t h a t  n e u t r o p h i l s  in Gey ' s  
so lu t ion  a lone  h a v e  a more  m a r k e d  t e n d e n c y  to  sp read  

Table 2. The influence of human serum albumin (HSA) on neutro- 
phils adhesion 

Culture medium Neutrophils attached (%) 

Gey's solution 51.9 
2% HSA in Gey's solution 6.5 

t h a n  in Gey ' s  so lu t ion  c o n t a i n i n g  2% HSA.  E x a m i n a t i o n  
b y  m e a n s  of r e f l ex ion -con t r a s t  mic roscopy  revea led  t h a t  
neu t roph i l s  in Gey ' s  so lu t ion  a lone  h a v e  la rger  a n d  more  
in tense  d a r k  areas,  wh ich  are cha rac t e r i s t i c  for close 
c o n t a c t  b e t w e e n  cell a n d  s u b s t r a t u m .  F u n c t i o n a l  s tudies  
on n e u t r o p h i l  adhes ion  s u b s t a n t i a t e d  these  f indings.  The  
p r o p o r t i o n  of n e u t r o p h i l s  r e m a i n i n g  a t t a c h e d  to t he  
s u b s t r a t u m  was lower  in presence  of H S A  ( table  2). T a k e n  
toge ther ,  t he  f ind ings  are i n t e r p r e t e d  to m e a n  t h a t  H S A  
decreases  a t t a c h m e n t  of n e u t r o p h i l s  to  t he  s u b s t r a t u m .  
I t  appea r s  to  be  r easonab le  t h a t  increased  a t t a c h m e n t  
cor re la tes  w i t h  decreased  locomot ion .  T h e  more  f i rmly  a 
cell is a t t a c h e d ,  t he  more  force is p r e s u m a b l y  requ i red  for 
d e t a c h m e n t  wh ich  m u s t  also occur  in t he  course  of loco- 
mot ion .  
Chemokines i s  seems to be  a m a j o r  r e g u l a t o r y  process  
in f luenc ing  n e u t r o p h i l  a c c u m u l a t i o n  in i n f l amed  t issues  6. 
The  express ion  of t he  in t r ins i c  l ocomoto r  capac i t y  of 
neu t roph i l s  in t h e  fo rm of r a n d o m  or d i r ec t iona l  loco- 
m o t i o n  in v i t ro  depends  on  t he  presence  of chemok ine t i c  
fac tors  such  as H S A .  I t  is l ikely t h a t  s e rum a lbumin ,  as a 
m a j o r  c o n s t i t u e n t  of p lasma,  p lays  also a m a j o r  role in  
p r o m o t i n g  n e u t r o p h i l  l ocomot ion  in vivo.  
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Clinical  and  i m m u n o l o g i c a l  s t u d i e s  on  p e r s o n s  e x p o s e d  to  P a r t h e n i u m  hys t e rophorus  L. 1 

P. V. S u b b a  Rao  2, A. Manga la ,  B. S. S u b b a  Rao  6 a n d  K. M. P r a k a s h  4 

Department o/ Biochemistry, Indian Institute o/Science, Bangalore-560012 (India), 13 December 1976 

Summary. Studies  on  300 persons  sub jec t ed  b y  occupa t iona l  h a z a r d  to t he  a l lergenic  weed, P a r t h e n i u m  h y s t e r o p h o r u s  
L. for  per iods  r a n g i n g  f rom 3 to  12 m o n t h s  revea led  t h a t  4 %  of t h e m  deve loped  c o n t a c t  d e r m a t i t i s  of t h e  exposed  p a r t s  
of t h e  body ,  whi le  56% of t h e m  got  sens i t ized  to  t h e  weed w i t h o u t  a p p a r e n t l y  e x h i b i t i n g  a n y  de rma t i t i s .  None  of t h e m  
suffered f rom allergic m a n i f e s t a t i o n s  l ike rh in i t i s  or  b r o n c h i a l  a s t h m a  d u r i n g  t he  per iod  of s t u d y  wh ich  e x t e n d e d  for 
2 years .  

A l t h o u g h  i t  is well e s t ab l i shed  that P a r t h e n i u m  hys t e ro -  
p h o r u s  L. (Composi tae) ,  a n  a l ien  weed growing  wild in  
m a n y  p a r t s  of Ind ia ,  is a v e r y  p o t e n t  c o n t a c t  a l le rgen  
w h i c h  is respons ib le  for  h u n d r e d s  of cases of c o n t a c t  der-  
m a t i t i s  B, i t  is n o t  k n o w n  w h a t  p e r c e n t a g e  of t he  popu la -  
t i on  exposed  to  t h i s  weed become  affected.  Since t h e  ag- 
gress ive sp read  of P a r t h e n i u m  is pos ing  b o t h  ag r i cu l tu r a l  
a n d  h e a l t h  hazards ,  e f for ts  a re  be ing  m a d e  to  e rad ica t e  
t h e  weed  b y  va r ious  me thods ,  i nc lud ing  m a n u a l  up roo t -  
ing. I n  B a n g a l o r e  (India) ,  t h e  c i ty  co r po r a t i on  h a s  em-  
p loyed  300 m a n u a l  l aboure r s  for  r e m o v i n g  t h e  weed f rom 
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