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Effect of i.v. injection of snake venom (300 [~g/kg) on the blood pres- 
sure of cats anaesthetized with ether-chloralose (80 mg/kg ). 
A Cat, 2.4 kg. Normal record of blood pressure after i.v. injection of 
snake venom. Note the initial brief fall (bf) the partial recovery and 
the sustained fall (sf). 
B Cat, 3.2 kg. Absence of biphasic vasodepressor response in spi- 
nalized cats (-2). 
C Cat, 2.4 kg. Effect of snake venom on blood pressure response to 
right carotid occlusion (Co) and central stimulation of right vagus 
nerve (Vs), parameters of stimulation: frequency 10 Hz, pulse width 
1 msec, voltage 10 V. 
a Normal blood pressure response to carotid occlusion and central 
vagal stimulation. Duration of stimulation in both were 30 sec. 
b Depression of both responses (7-10 min) after i.v. administration 
of snake venom. 
c Partial recovery of the response (56-59 min) after administration of 
snake venom. �9 
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b locked (figure B) in all the  cats  bu t  the  effect  of the  
v e n o m  on the  ini t ial  brief  fall was no t  consis tent ,  and  in 
3 p repa ra t ions  t he  ini t ial  'brief fall in blood pressure  
(56.7 • 5.8 m m  Hg) was noted .  Similar  init ial  brief  
hypo tens ive  response  was  no ted  in bi lateral  cervical  vago- 
t omized  (N=2)  and  spinal ized cats  (N = 4). 
P r e t r e a t m e n t  i.v. w i th  a t rop ine  (2 mg/kg) and  me- 
p y r a m i n e  (5 mg/kg) did no t  s igni f icant ly  a l ter  the  venom-  
induced  hypo tens ion .  In  cats  (N = 4) p r e t r e a t e d  wi th  
i.v. pen to l in ium (5 mg/kg),  admin i s t r a t ion  of whole  
v e n o m  resul ted  in an immed ia t e  s teep  fall in blood 
pressure  and  a fa ta l  response  in all cats.  The snake  v e n o m  
has  no effect  on con t rac t ion  of n ic t i t a t ing  m e m b r a n e  or on 
vasopressor  response  to i.v. admin i s t r a t ion  of D M P P .  
The influence of t he  venom on the  per iphera l  va scu | a tu r e  
was s tudied  b y  i ts  inf luence on vasodepressor  response  of 
i.v. admin i s t e red  sod ium ni t r i te  (5 mg/kg),  the  v e n o m  
had  no effect  on th is  response.  The resul ts  of expe r imen t s  
(N = 2) on the  effect  of whole v e n o m  (300 vg/kg) on 
cen t ra l  v a s o m o t o r  responses  (figure C) ind ica ted  t h a t  
these  responses  to  Central vagal  s t imula t ion  and  carot id  
occlusion respec t ive ly  were depressed wi th  par t i a l  recov-  
e ry  wi th in  59 rain. 

The p re sen t  inves t iga t ion  reveals  t h a t  i.v. admin i s t r a t ion  
of Naja mossambica pallida v e n o m  causes a biphasic  
vasodepressor  response,  the  init ial  brief fall in blood 
pressure  which  does no t  seem to be due to  per iphera l  
vasodi la ta t ion ,  as p r e t r e a t m e n t  w i th  a t ropine  mepyra -  
mine does no t  abol ish  i t  and  also as t he  v e n o m  does no t  
influence the  sod ium n i t r i t e - induced  hypotens ion .  Spinal 
cord t ransec t ion  wi th  or w i t h o u t  b i la tera l  cervical  vagot -  
o m y  does no t  cons i s ten t ly  al ter  th is  response.  In  an o t he r  
s t u d y  to  be repor ted ,  the  p resen t  au thors  e have  shown 
the  d i rec t  depressan t  effect  of the  Na ja  v e n o m  on myo-  
cardium,  and  it is qu i te  l ikely t h a t  th is  m a y  be responsible  
for the  initial  brief  fall. The pro longed hypo tens ive  
response  is p ro b ab l y  due to depress ion of vasomoto r  
cent re  since it is ab s en t  in spinal ized cats  and conf i rmed 
by  abol i t ion of cen t ra l  va somoto r  response  b y  venom.  
The fa ta l i ty  no ted  in pen to l in ium-pre t r ea t ed  cats  m a y  
be due to combina t ion  of effects  of loss of per iphera l  
s y m p a t h e t i c  tone  b y  ganglion b lockade  and di rect  myo-  
cardial  depressan t  effect  of the  venom.  

6 R.K. Raina, J. N. Ng'ang'a and B. V. Telang, Agressologie, ac- 
cepted for publication (1977). 
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�9 Summary. H u m a n  feta l  hemoglobin  was more  suscept ible  to  me themog lob in  fo rma t ion  in the  presence  of aminophenols  
t h a n  was adu l t  hemoglobin .  This was due to  the  intr insic  proper t ies  of the  p ro te ins  r a t h e r  t h a n  the  presence  of me t h emo-  
globin reductases .  

New born  suscept ib i l i ty  to  d rug- induced  me themoglob i -  
nemia,  c a n n o t  be fully accounted  for on the  basis  of a 
decrease  in me them og lob in  reduc tase  ac t iv i ty  in the i r  red 
cells. Since fe ta l  hemoglob in  is b o t h  spon taneous ly  and 
chemica l ly  t r a n s f o r m e d  to  me themog lob in  more  readi ly  
t h a n  adul t  hemoglob in  2, ,, pe rhaps  the  changes  observed  
are due  to  in t r ins ic  p roper t ies  of the  prote ins .  

In  th is  communica t ion ,  we repor t  our  compara t ive  studies 
on h u m a n  fetal  and  adul t  hemoglobin .  These s tudies  
reveal  t h a t  fetal  hemoglob in  exhib i t s  an e n h a n c e m e n t  in 
me themog lob in  fo rma t ion  in t he  presence  of amino-  
phenols ,  when  compared  to  adu l t  hemoglobin .  Aniline, 
which  can be metabo l i zed  to  p -aminopheno l  4 produces  
s ignif icant  me themog lob inemia  in the  newborn  5. 
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Materials and methods, m-, o-, and  p -Aminopheno l  were 
ob t a ined  f rom Eas t e rn  Organic Chemicals  and  were re- 
crystal l ized twice to r emove  any  impuri t ies .  H u m a n  feta l  
hemoglobin  was p repa red  f rom cord blood, collected in 
sod ium c i t ra te  buffer  a t  the  t ime  of del ivery a t  New York  
Un ive r s i t y  Hospi ta l ,  by  a modi f ica t ion  ~ of the  Zade- 
Oppen  m e t h o d  7 to  allow p repa ra t ion  of larger quant i t i es  
of methemoglob in- f ree  hemoglobin .  These p repara t ions  
con ta ined  a t  least  98% fetal  hemoglobin ,  as measured  b y  
alkali  dena tu ra t i on  s H u m a n  adul t  hemoglobin  was ob- 
t a ined  f rom blood samples  of hea l t hy  adul ts  which were 
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Fig. 1. Methemoglobin formation: p-aminophenol concentration 
study. This study was conducted in 0.01 M Bis-Tris buffer 0.9% 
NaC1 at pH 6.6 and 25~ in the presence of 0.5, 1 and 2 moles of 
p-aminophenol per mole of hemoglobin tetramer (5 • 10 .4 M). The 
molar difference of methemoglobin formed over control values after 
a 60-min-incubation is shown for fetal (A) and adult hemoglobin (�9 
Hb + on ordinate axis refers to methemoglobin concentration. Control 
Hb + was never more than 6 x 10 .8 M. 
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Fig. 2. Methemoglobin formation: A comparative study. Samples 
were incubated in 0.01 M Bis-Tris buffer 0:9% NaC1 at pH 6.6 and 
25~ for 20 min in the presence of 0.5, 1 and 2 moles of m-, p- and 
o-aminophenol per mole of hemoglobin tetramer (5 x 10 .4 M). The 
The molar differenee of methemoglobin formed over control values 
for fetal and adult hemoglobin in the presence of m-aminophenol 
( . . . . .  ), fetal (--) and adult ( - - . - - )  hemoglobin in the presence of 
p-aminophenol and fetal ( . . . .  ) and adult ( - - - - )  hemoglobin in the 
presence of o-aminophenol is shown. Hb + on ordinate refers to 
methemoglobin concentration. Control Hb + was never more than 
6• 10 -e  M. 

collected in sodium ci t ra te  buffer.  The lysates  of the  adu l t  
samples  were p repa red  by  the  same procedure  as for fe ta l  
hemoglobin .  The concen t r a t ion  of hemoglobin  F, hemo-  
globin A and the  percen tages  of oxy,  deoxy  and  m e t h e m o -  
globin were measured  in a Cary 14 spec t ropho tomete r% 
Results. Incuba t ion  of b o t h  h u m a n  fetal  and  adu l t  hemo-  
globins in the  presence  of 2, 1 or 0.5 moles of p -amino-  
phenol  per  mole of hemoglob in  t e t r a m e r  (5 • 10 .4 M) 
caused a s ignif icant  (p < 0.01) increase in the  f rac t ion 
of me themog lob in  formed as compared  to the  contro l  
values.  Fe ta l  hemoglobin  was m u c h  more  suscept ible  to 
me themog lob in  fo rmat ion  by  p - aminopheno l  t h a n  was 
adul t  hemoglobin  a t  each drug  level s tud ied  (figure 1). 
The effect  of m-, p- and  o -aminophenols  on m e t h e m o -  
globin fo rmat ion  was compared .  For  each drug, fe ta l  
hemoglobin  was more  suscept ib le  t h a n  adu l t  hemoglobin  
(figure 2). m-A.minophenol  caused  no me themog lob in  for- 
ma t ion  wi th  e i ther  fetal  or adu l t  hemoglobin .  
Studies  a t  d i f fe rent  p H  values  were run in the  presence 
of 2 moles of the  aminopheno l  per  mole of hemoglobin  
(5 • 10 -a M). At  each p H  s tud ied  (6.35, 6.65 and  7.20) 
fetal  hemoglobin  was s igni f icant ly  (p < 0.01) conver ted  
to me themog lob in  more  readi ly t h a n  was adu l t  hemo-  
globin b y  b o t h  o- and p -aminophenol .  The ex t en t  of 
me themog lob in  fo rmat ion  was grea te r  for o -aminopheno l  
t h a n  for p -aminopheno l  a t  each p H .  m-Aminopheno l  did 
no t  cause me themog lob in  fo rma t ion  in e i ther  fetal  or 
adu l t  samples  a t  any  p H  s tudied.  
Discussion. The resul ts  of expe r imen t s  on hemoglob in  
suscept ib i l i ty  to me themog lob in  fo rma t ion  d e m o n s t r a t e d  
t h a t  b o t h  h u m a n  fetal  and  adu l t  hemoglob in  were mos t  
suscept ible  to  the  act ion of o -aminophenol ,  less suscep- 
t ible to  p -aminopheno l  and res i s t an t  to  the  act ion of 
m-aminophenol .  Fe ta l  hemoglob in  was m u c h  more sus- 
cept ible  to  me themog lob in  fo rma t ion  unde r  any  given 
condi t ion,  t h a n  was adul t  hemoglobin .  This  suscept ib i l i ty  
was an intr insic  p r o p e r t y  of the  hemoglobin  protein ,  
r a t h e r  t h a n  a resul t  of the  presence  or absence  of me the -  
moglobin  reductases .  This  was d e m o n s t r a t e d  in th is  
s t u d y  by  t r ea t ing  the  hemolysa t e  wi th  DEAE-ce l lu lose ,  
which  removes  bo th  the  me themog lob in  reductases  and  
the i r  cofactors10. No difference in me themog lob in  forma-  
t ion  was observed  in DEAE-ce l lu lose - t r ea t ed  and normal  
p repa ra t ions  of e i ther  adul t  or fetal  hemoglobin .  
The fo rma t ion  of me t h emo g l o b i n  in t he  fetal  c i rculat ion 
can compromise  fetal  oxygena t ion  because of its inabi l i ty  
to  car ry  oxygen.  Since fe ta l  hemoglobin  is more  sensi t ive 
to  me themog lob in  fo rmat ion  t h a n  adul t  hemoglobin ,  any  
drug  which  po ten t i a l ly  causes me t h emo g l o b i n emi a  should 
be used wi th  grea t  cau t ion  in p regnancy .  
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