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inset  of the  Figure demons t r a t e s  t h a t  for 3 animals  the  
decay is exponent ia l  dur ing the  whole t ime  of observa t ion  
and  t h a t  the  ra te  cons t an t  is similar to t h a t  for disap-  
pearance  of fHb.  For  the  o ther  3 animals,  which  gained 
weight  a t  a lesser rate,  the  decay  of (Ca + Mg)-ATPase  
slowed down at  the  end of the  exper iment .  The difference 
be tween  curve A and  B is s ta t is t ica l ly  s ignif icant  (p < 
0.0]). Disregarding this  final devia t ion  in un th r i f t y  
animals,  the  half-life is 16.8 days  for (Ca + Mg)-ATPase,  
which is s imilar  to  t h a t  of 18.8 days  for fHb.  

Ca influx into metabol ica l ly  poisoned cells of 2 calves 
(2 and 3 weeks old) and 2 cows was measured  in six 1 h 
periods to ob ta in  an es t imate  of passive pe rmeab i l i ty  of 
the  m e m b r a n e  for Ca 2+. As ex t remely  li t t le Ca enters  t he  
cells in 1 h, the  expe r imen ta l  error is large and the  dif- 
ference be tween  calves (2.33 • 0.96 [zmole/1 h ~ SEM) 
and cows (0.47 • 1.0 ~mole/1 h) no t  s ta t is t ica l ly  signifi- 
cant .  The average of cows and calves t aken  toge the r  of 
1.4 ~ 0.73 [zmole/1 h ~_ SEM) is only abou t  1/10 of the  
value found under  similar condi t ions  in h u m a n  red cells 1~ 

EKHOLM 6 first  showed t h a t  no t  only red cell (Na + K)- 
ATPase  bu t  also red cell (Ca q- Mg)-ATPase  declines in 
ma tu r ing  calves af ter  the  3rd week. At  21 days  we found 
a value of 2.0 amoles /mg prote in /h ,  whereas  the  value for 
adul t  cows is 0.015 I• p ro te in /hL  The p resen t  
observat ion  demons t r a t e s  t h a t  f rom the  3rd week on- 
wards  the  ac t iv i ty  d isappears  in an exponen t i a l  fashion. 
The a l tera t ion bears  on Vm,~ and no t  on Kca and is thus  
due to a reduct ion  of tu rnover  ra te  or, more  likely, of the  
number  of sites per mg pro te in  or per uni t  surface area. 
The very  s imilar  t ime course of decay of (Ca + Mg)- 
ATPase  and rep lacement  of fHb  s t rongly  suggests  t h a t  
when  synthes is  of adul t  H b  sets in, the  cells are simul- 
t aneous ly  equipped wi th  the  adul t  type  m e m b r a n e  of low 
(Ca + Mg)-ATPase.  The fact  t h a t  the  d i sappearance  of 
(Ca + Mg)-ATPase slowed down signif icant ly  af ter  the  
60th day in un th r i f t y  animals  migh t  be expla ined by a 
general  impa i rmen t  of pro te in  synthes is  in these.  

The influx m e a s u r e m e n t s  indicate  t h a t  ca t t le  red cells 
are less pe rmeable  for Ca "+ t h a n  h u m a n  red cells, t ak ing  
into account  tha t ,  in spi te  of a large difference in cell 
vo lume in the  two species, t he  sur face /volume rat io is 
comparab le  n.  If  ac t iv i ty  of the  (Ca + Mg)-ATPase  is 
indicat ive  of the  ra te  of act ive ou tward  Ca t r a n s p o r t  also 
in cat t le ,  it  m a y  be p red ic ted  t h a t  in fetal  ca t t le  red ceils 
the  intracel lular  Ca 2+ concen t ra t ion  m u s t  be exceedingly  
low and t h a t  even adul t  ca t t le  red cells m a y  be able to 
keep Ca 2+ effect ively  out  of the  cytosol  in view of the  low 
passive permeabi l i ty .  The la t t e r  po in t  is shown by  di rect  
measu remen t s  of overal l  Ca con ten t  of red cells in th is  
species 6, 7. 

Summary. Act iv i ty  of m e m b r a n e  bound  (Ca 2+ + Mg2+)- 
s t imula ted  ATPase ,  associated wi th  Ca 2+ o u t wa rd  
t r anspor t ,  in calf red cells is high at  b i r th  and declines 
w i th  a ra te  co n s t an t  of 0.041 d -1 af ter  the  3rd week. The 
decline parallels the  d i sappearance  of fetal  hemoglobin .  
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Effect  of P i p e r a z i n e  on  the  Leve l  of P h o s p h o l i p i d s  and  on  the  A c t i v i t i e s  of 
C e r t a i n  E n z y m e s  of P h o s p h o l i p i d  M e t a b o l i s m  in  H u m a n  Ascaris  lumbr ico ides  

Piperazine  is one of the  widely used an the lmin t i c  
drugs in the  t r e a t m e n t  of ascariasis infection,  caused by  
the  parasi t ic  nematode ,  h u m a n  Ascaris lumbricoides. 
This drug is shown to para lyze  the  above nema t o d e  1. 
I t  is also shown t h a t  it  causes inhibi t ion of cer ta in  key 
enzymes  in the  glycolyt ic  p a t h w a y  in Ascaris species 
isolated f rom the  pig 2 as well as f rom h u m a n s  3. So far no 
in format ion  is available regarding the  effect  of th is  drug 
on the  lipid cons t i tuen ts  or the  enzymes  involved in its 
metabol i sm.  The results  p resen ted  in th is  communica t ion  
indicate  a s ignif icant  decrease in the  level of phospho-  
lipids, following incubat ion of the  paras i te  in a med ium 
conta in ing  sub- le tha l  concen t ra t ions  of piperazine,  i t  is 
fur ther  indica ted  t h a t  the  decrease may  be due to enhanced  
degrada t ion  and decreased synthes is  of the  phosphol ip ids  
in presence of piperazine.  

Materials and methods. Live round worms  collected 
f rom the  local hospi ta ls  were used for the  s tudy.  The 
worms b rough t  to the  l abora to ry  were incuba ted  at  37 ~ 
for a per iod of 24 h in modif ied  Tyrode  solut ion so as to 
conta in  abou t  50 ml per  worm. Act ive worms  were then  
separa ted  into male and female ones and separa te ly  
pooled into groups of 3 worms,  each, so as to weigh 
abou t  5 g. These again suspended  and incuba ted  a t  37 ~ 
for a fu r ther  per iod of 6 h in modif ied Tyrode  solut ion 

conta in ing  a neut ra l ized  solut ion of piperazine hexa-  
h y d r a t e  to give a concen t ra t ion  of 0.2% free base. An 
ident ical  set  of expe r imen t s  were conduc ted  w i t h o u t  
p iperazine  for use as control .  All the  worms  sub jec ted  to  
the  piperazine t r e a t m e n t  were found para lyzed  a t  t he  
end of the  expe r imen ta l  period, while the  contro l  worms  
were as act ive as before. These worms t h e n  removed,  
wiped dry,  frozen to  dea th ,  homogenized  and sub jec ted  
to  lipid ex t rac t ion  using e thanol  e ther  3 : 1 and  ch loroform 
meehanol  1:1 one af ter  the  other.  The pooled lipid ex- 
t r ac t s  were t h e n  made  up to a known volume and used 
for the  es t ima t ion  as well as for the  f rac t iona t ion  of 
phosphol ipids .  Whole  worm homogena t e  was used for 
the  enzyme studies.  
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Table I. Effect of piperazine on the phospholipids of Ascaris lumbricoides 

EXPERIENTIA 31/11 

Estimation Normal level Level after incubation /'-value 
(rag P]100 g -E SE) in a medium conta- 

ining 2 mg/ml piperazine 
(nlg P/100 g • SE) 

Effect 
(%) 

Total phosph01ipid ~ 38.55 • 3.24 29.68 4- 2.09 0.01 23 
53.36 -t: 1.58 41.78 i 0.71 0.01 22 

Lecithin ~ 14.16 ~- 2.39 10.85 • 0.05 0.02 24 
21.63 -4- 1.61 17.20 ~ 4.27 0.02 21 

Cephalin d ~ 10.88 4- 0.38 7.16 • 1.41 0.01 34 
14.16 • 2.81 9.43 • 0.89 0.01 33 

P-value < 0.02 and < 0.01 are very significant. 

Table II. Effect of piperazine on the activities of phospholipase C and choline kinase in Ascaris lumbricoides 

Enzynm Normal activity * i SE Activity in presence P-value Effect 
of piperazine ( % ) 
(1 mg/ml =c SE) 

Phospholipase C 6.22 + 0.09 • 10 6 8.22 • 0.09 x 10 -s < 0.01 28 (activation) 

Choline kinase 5.56 • 0.05 • 10 s 5.05 =c 0.05 • 10 -~ < 0.01 10 (inhibition) 

P-value < 0.01 is highly significant. ~mM/min/mg protein. 

Phospho l ip id  was  e s t i m a t e d  b y  t he  m e t h o d  of ZIL- 
VERSMIT an d  DAVIS 4. Lec i th in  and  cepha l in  were sepa ra t -  
ed b y  T L C  an d  e s t i m a t e d  b y  t he  above  m e t h o d .  Phos -  
pho t ipase  C (EC. 3.1.4.3) was  e s t i m a t e d  by  t he  m e t h o d  of 
KLEIMAN an d  LANDS 5 and  chol ine k inase  (EC. 2.7.1.32) by  
t he  m e t h o d s  of WITTENBERG and  KORNBERG 6 and  t h a t  of 
APPLETON et  alY. E n z y m e  pro te in  was  d e t e r m i n e d  b y  t he  
m e t h o d  of LOWRY et  al. s. 

Results. To ta l  phospho l ip id  level t o g e t h e r  w i th  t he  
va lues  of lec i th in  and  cepha l in  and  also t h e  pe r ce n t a ge  
effect  on  i n c u b a t i o n  in t h e  m e d i u m  c o n t a i n i n g  p iperaz ine  
a t  a c o n c e n t r a t i o n  of 0 .2% on these ,  are g iven  in Tab le  I. 
T he  e n z y m e  ac t iv i t ies  a n d  t he  pe rcen t age  effect  on these  
due  to  p iperaz ine  a t  a c o n c e n t r a t i o n  of 1 m g / m l  reac t ion  
m e d i u m  are g iven  in Tab le  II .  

Discussion. T h e  resu l t s  c lear ly  ind ica te  a decrease  in t he  
phospho l ip id  c o n t e n t  Of t he  w o r m s  exposed  to  p iperazine .  
T h o u g h  t h e  c o n t e n t  is d i f ferent ,  t h e  pe r cen t age  inh ib i t ion  
of phospho l ip ids  in b o t h  t he  male  and  female  w o r m s  
app ea r s  to  be t h e  same.  Lec i th in  and  cepha l in  c o n s t i t u t e  
a b o u t  80% of t h e  phospho l ip id s  of th i s  paras i te .  The  
resu l t s  p r e sen t ed  c lear ly  ind ica te  t h a t  t h e  obse rved  
decrease  in phospho l ip id  levels is m a i n l y  due  to  the  
decrease  in lec i th in  and  cepha l in  f rac t ions .  A concen t ra -  
t ion  of 0 .2% (2 mg /ml )  in  t h e  e x t e r n a l  m e d i u m  was  
used  to  p roduce  a s imi la r  effect  as obse rved  in w o r m s  
expel led  a f te r  p iperaz ine  t h e r a p y .  U n d e r  t he  e x p e r i m e n t a l  
condi t ions ,  it  b r ings  a b o u t  30% s t i m u l a t i o n  of p h o s p h o -  
l ipase C ac t i v i t y  and  a b o u t  10% inh ib i t ion  of choline 
k inase  ac t iv i ty .  Th i s  shows  t h a t  t he  obse rved  decrease  in 
phosp h o l i p id  level m a y  be due  to increased  d e g r a d a t i o n  
a n d  decreased  syn thes i s .  Th i s  effect  of p iperaz ine  on 
t he  p h o sp h o l i p id  level of t he  w o r m s  looks in te res t ing  
f rom  th e  po in t  of v iew of t he  m o d e  of ac t ion  of th i s  drug.  
Th i s  a sp ec t  is c u r r e n t l y  u n d e r  deta i led  inves t iga t ion .  

Summary. The  phospho l ip id  level in the  h u m a n  pa ra -  
sit ic n e m a t o d e  Ascaris lumbricoides is decreased  b y  
piperazine,  by  pa r t i a l ly  s t i m u l a t i n g  ca tabol ic  e n z y m e s  
s u c h  as  phospho l ipase  C a n d  pa r t i a l l y  i nh ib i t i ng  anabol ic  
e n z y m e s  such  as choline k inase .  
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