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The nucl ide- labeled microspheres  suppl ied by  the  Nu-  
clear P roduc t s  Divis ion of Minneso ta  Mining and  Manu-  
fac tur ing  Company  had  an average d iamete r  of 50-4-5 ~zm. 
75 to 90 tzC, or app rox ima te ly  40,000 -50,000 spheres,  were 
in jec ted  into the  left  vent r ic le  of each animal  used in th is  
s tudy.  The animals  were sacrif iced wi th  in t ro-ar te r ia l  
ba rb i t u r a t e  i m m e d i a t e l y  af ter  these  procedures.  The skin 
was dissected f rom the  carcass, weighed,  and inc inera ted  
a t  500~ for 4 h. The ashes were examined  for r ad ioac t iv i ty  
w i th  a Nuclear-Chicago au toma t i c  g a m m a  well-counter .  
The g a m m a  counter  was ca l ibra ted  wi th  cesium s t anda rd  
and  wi th  small  a l iquots  of labeled-microspheres .  I so topes  
of s t r on t i um (85-Sr) and  iodine (131-I) were used in th is  
s tudy.  S t anda rd  a r i thmet ica l  me thods  were used to ob ta in  
to ta l  ac t iv i ty  and specific ac t iv i ty  for the  skin. 

Results and comments. The resul ts  ob ta ined  are pre-  
sen ted  in the  Table.  The to ta l  b o d y  weights  of the  monkeys  
ranged  f rom 5.5 to 6.9 kg. The d issec ted  skin weight  was 
be tween  568 and  760 g. The cardiac  ou tpu t  var ied f rom 
822 to 1150 ml per  min.  The blood flow in the  to ta l  skin 
showed considerable  var ia t ion  be tween  indiv idual  animals  

and ranged  f rom 30 ml to  135 ml per  rain, which  represents  
3.6 and  12.6% of the  to ta l  cardiac  ou tpu t .  Despi te  t he  
differences be tween  animals,  there  was a good ag reemen t  
be tween  es t imat ions  of blood flow per  g 0f skin. The skin 
is only  10 % of the  body  weight ,  bu t  the  blood flow is abou t  
7.0% of the  to ta l  cardiac ou tpu t .  

Zusammen/assung. Die D u r c h b l u t u n g  der  H a u t  yon  
Rhesus-Affen  (Macaca mulatta) wurde  mi t te l s  Ver te i lung 
rad ioak t iver  Kfigelchen gemessen und be t r~g t  e twa 7% 
des HerzMinu tenvo lumens .  
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Complete Development of Ancylostoma ceylanicum (Looss, 1911) in Golden Hamsters,  Mesocricetus 
auratus 

The impor tance  of the  small  l abora to ry  animal  adap t ed  
s t ra in  of hookw orm has  long been  realized, especial ly so 
f rom the  exper imen ta l  chemothe rapeu t i c  po in t  of view. 
The work  of SEN and  SETH 1 wi th  h u m a n  hookworm 
Necator americanus in golden hams t e r s  d e m o n s t r a t e  t h a t  
such a hos t -paras i te  sys t em is possible.  I t  is the  f i rs t  t ime  
t h a t  t he  comple te  d e v e l o p m e n t  of a species of the  genus 
A ncylostoma is r epor ted  in golden hamste rs .  The exis tence  
of Ancylostoma ceylanieum in dogs and  cats has been  
repor ted  by  several  workers  ~-5. LANE ~ repor ted  for the  
f i rs t  t ime  m a n  as a hos t  of th is  paras i te  in India .  Eve r  
since t h e n  i t  has  been  repor ted  in m a n  f rom several  p a r t s  
of the  worldS, 7 9. The con t roversy  wi th  regard to the  
i den t i t y  of the  2 d i f ferent  species, A ncylostoma ceylanicum 
and  Ancylostoma braziliense has been welt t h r a shed  out  
by  BlOCCA 1~ and la ter  conf i rmed by  o ther  workers  ~-14. 
I t  is now ev iden t  t h a t  t he  repor t s  avai lable up to da te  
abou t  A. braziliense being  found in man,  in fact  relates  to  
A. ceylanicum 15-16. The objec t  of our inves t iga t ions  was 
to de te rmine  whe the r  hams t e r s  could be a sui table hos t  
for dog hookworms.  

The infect ive  larvae were ob ta ined  f rom 10-12-day-old 
faecal cul ture  p repa red  f rom pooled faeces of dogs na tu -  
ral ly infected wi th  A. canium and  A. ceylanicum main-  
ra ined in the  an imal  house by  me thods  descr ibed by  SEN 
et al.~L 

Two expe r imen t s  were  conduc ted  wi th  3-month-o ld  
female hamsters .  In fec t ion  was given per  os wi th  a 
special ly designed feeding needle. In  E x p e r i m e n t  No. 1 a 
single dose of 1000 mixed  infect ive  larvae  was given to a 
ba t ch  of 34 hams te r s  and  in E x p e r i m e n t  No. 2, the  same 
dose of infect ive larvae  was  given to  a b a t c h  of 10 hams t e r s  
r epea ted ly  a t  weekly  in terva ls  til l  the  ova were seen in 
pooled faeces. 

In  E x p e r i m e n t  No. 1 where single dose infect ion was 
given 4 animals  were necropsied on day  12. The paras i tes  
found  were all male adul t s  of A. ceylanicum like 1, 0, 1 and  
3 wi th  one animal  w i t h o u t  worms.  On days  16, 17 and  18 
faecal examina t ion  of pooled faeces was found nega t ive  

for ova. On day  18, 10 animals  were necropsied bu t  no 
worms could be recovered.  On day  20 the  remain ing  20 
animals  af ter  negat ive  faecal examina t ion  were necropsied 
and only f rom two of t h e m  1 adul t  male and  1 female of 
A. ceylanicum respec t ive ly  could be recovered.  

In  E x p e r i m e n t  No. 2, we were in te res ted  to see only the  
comple te  deve lopmen t  of any  one of the  species of worms 
by  the  presence of ova in faeces ; none of the  animals  were 
necropsied at  any  stage of the  exper iment ,  unt i l  any  were 
found to have  died na tura l ly .  

E x a m i n a t i o n  of pooled faeces for the  presence  of ova 
s t a r t ed  regular ly  f rom day  16 af ter  the  f i rs t  infect ive dose. 
3 an imals  died on day  22. On necropsy  no worms  could be 
recovered f rom them.  Infer t i le  eggs were f irs t  seen on day  
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A ncylostoma ceylanicum adu l t s  recovered  f rom the  smaU in tes t ine  of h a m s t e r s  a t  d i f fe ren t  i n t e rva l s ,  wi th  v a r y i n g  infect ive  doses in gene ra t ions  
1 a n d  2 

Gene ra t i on  Dose Age of No. of Sex Ser ia l  D u r a t i o n  Died  or  ~Fecal  W o r m s  recovered  
h a m s t e r s  an imals  No.  of infec t ion  kil led e x a m i n a t i o n  c~ ~ T o t a l  
(months l  (days) 

4000 2 1 ~ 1 28 died + 7 2 9 

5000 4 1 2 2 23 died + 7 7 14 

1000 4 4 2 3 39 died + 1 3 4 
4 ~ 4 49 died + 7 5 12 
4 2 5 60 died 0 1 1 
4 g 6 77 + 

6 110 kil led 0 0 0 

2000 4 10 g 7 20 died + 2 3 5 
4 • 8 20 died + 2 1 3 
3 g 9 22 died + 1 4 5 
4 9 10 23 died + 18 35 53 
4 ~ 11 33 died + 1 2 3 
4 ~ 12 36 killed + '16 18 34 
3 ~2 13 77 kil led 0 1 1 
3 ~ 14 111 killed 0 2 2 
3 ~ 15 111 killed 0 1 1 
4 ~ 16 113 + 

16 181 kil led 5 0 5 
3 4 ~ 17 21 died - -  6 0 6 
3 d' 18 23 died + 1 2 3 
3 ~ 19 24 died + 2 7 9 
3 ~ 20 24 died + 3 2 5 

4000 4 3 9 21 34 died + 9 5 14 
4 g 22 76 killed 0 4 4 
4 2 23 76 kil led - -  0 1 1 

5000 3 2 ~ 24 16 died - -  I 4 5 
3 ~ 25 21 died + 12 14 26 
4 2 ~ 26 39 died - -  0 1 1 
4 9, 27 137 + 

27 151 died - -  0 0 0 

Feca l  e x a m i n a t i o n  of all an ima l s  were  posi t ive  for  o v a  on 17th  day .  

P h o t o m i c r o g r a p h s  of m o u t h  p a r t s  a n d  c o p u l a t o r y  b u r s a  of m a t u r e  Ancylostoma ceylanicum f rom h a m s t e r .  

Fig.  1. H e a d  end.  Fig.  2. B u r s a  of a ma le  worm.  Fig.  3. Tai l  end  of a female  worm.  

2 4  i n t h e  p o o l e d  f a e c e s  o f  t h e  r e m a i n i n g  7 h a m s t e r s .  
F e r t i l e  e g g s  w e r e  s e e n  o n  d a y  2 5  i n  t h e  p o o l e d  f a e c e s  
w h i c h  w a s  p u t  t o  c u l t u r e .  I t  w o u l d  s e e m  p r o b a b l e  t h a t  
s e c o n d  d o s e  o f  i n f e c t i v e  l a r v a e  f r o m  t h e  p o o l e d  f a e c e s  o f  
d o g s  c o n t a i n e d  a m a j o r  r a t i o  o f  A.  ceylanicum l a v a e  a n d  
h e n c e  t h e  n a t u r a l  t a k e  i n  h a m s t e r s .  C u l t u r e  w a s  m a d e  

e v e r y  d a y ,  u p  t o  d a y  28  w h e n  3 o u t  o f  t h e  r e m a i n i n g  7 
h a m s t e r s  d i e d .  T h e  w o r m s  r e c o v e r e d  w e r e  1 c~, 2 ~ ; 2 6 ,  2 ~ ; 
2 $ ,  1 9 ;  r e s p e c t i v e l y  a n d  t h e y  w e r e  i d e n t i f i e d  a s  Ancylo-  
stoma ceylanicum ( F i g u r e s  1 - 3 ) .  T h e  r e m a i n i n g  4 h a m s t e r s  
w e r e  a l l  n e g a t i v e  f o r  a n y  o v a  o r  w o r m s  u p  t o  d a y  3 8  b y  
w h i c h  t i m e  t h e y  a l l  d i e d .  
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Larvae  ob ta ined  f rom the  faecal cul tures  f rom infected 
hams t e r s  were infec t ive  for all age groups  of hams t e r s  in 
the  subsequen t  genera t ions  w i th  single dose infection.  The 
adu l t  male  of t he  species measured  6-7.5 m m  in l eng th  
and  0.27-0.30 m m  in width .  The adul t  female  of the  
species measured  6-9.2 m m  in leng th  and  0.30-0.43 m m  
in wid th .  To show fur ther  t h a t  h a m s t e r  and A. ceylanicum 
could develop to a sa t i s fac tory  hos t -pa ras i t e  sys tem,  
resul ts  of h a m s t e r  s t ra in  of A. ceylanicum in genera t ion  I 
and  II  (with single dose infection) are also summar ized  
and incorpora ted  in the  Table.  Inc identa l ly ,  i t  m a y  be 
m e n t i o n e d  here t h a t  a h a m s t e r  s t ra in  A. ceylanicum is 
be ing m a i n t a i n e d  in th is  labora tory .  

This  comm un ica t i on  gives only the  results  of a series of 
e x p e r i m e n t s  and p resen t s  evidence t h a t  h a m s t e r  is a 
sui table  hos t  for A. ceylanicum. A series of expe r imen t s  
are now being carr ied out  to induce infect ion in golden 
hams t e r s  w i th  a pure  s t ra in  of A. ceylanicum infect ion f rom 
dogs. The resul ts  would be publ i shed  in due  course is. 

Zusammen/assung. Es gelang, den H a k e n w u r m  Ancy- 
lostoma ceylanicum an den Go ldhams te r  zu adapt ie ren ,  
was zur Vere in fachung  chemothe rapeu t i s che r  Versuche 
bei der  B e k g m p f u n g  dieses t ie r i schen und  menschl ichen  
Pa ras i t en  im Labora to r ium bei trug.  
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Effects  of S o m e  T r o p i c a l  D i s e a s e s  on the Urea  I n d e x  

The urea  index,  def ined as g urea/g crea t in ine  deter-  
mined  in r a n d o m  urine samples,  was in t roduced  several  
years  ago as a m e t h o d  of screening the  p ro te in  in take  of a 
h u m a n  popu la t ion  1. I t  has  been  widely  used in m a n y  
nu t r i t i on  surveys  3-L The theore t ica l  basis  of the  index  is 
t h a t  d i e t a ry  p ro te ins  in excess of the  dai ly  r equ i r emen t  
are d e a m i n a t e d  by  the  l iver and  the  resul t ing ammon i a  is 
conver t ed  to  urea, which  is excre ted  in the  urine. Creat-  
inine is t he  exclusive u r inary  metabo l i t e  of muscle  creat ine  
and  is excre ted  in a m o u n t s  p ropor t iona l  to  the  dai ly  
muscu la r  ac t iv i ty .  Die ta ry  p ro te in  has  no effect  on ur inary  
creat inine.  Par t i cu la r ly  in rural  communi t ies ,  dai ly  creat-  
inine excre t ion  is re la t ive ly  cons t an t  in an individual .  
Whi le  t he  absolute  concen t ra t ions  of urea  and  crea t in ine  
in a r a n d o m  urine sample  va ry  wi th  the  recen t  wa te r  
intake,  t he  ra t io  of the i r  concen t ra t ions  is r easonab ly  
c o n s t a n t  t h r o u g h o u t  the  day  and  is a ref lect ion of recen t  
p ro te in  in take  1. 

The index  fails in s ta rva t ion ,  when  b o d y  pro te in  is 
mobi l ized  to  p rov ide  energy and  excessive urea  is excreted.  
W i t h  th i s  one except ion,  t he  index  is bel ieved to be a 
useful tool  for surveys  of t he  nu t r i t iona l  s ta tus  of h u m a n  
popula t ions .  

Previous  inves t iga tors  have  t aken  l i t t le  or no account  
of endemic  infect ious diseases in t he  people  t h e y  have  
s tud ied .  We  felt  t h a t  several  widespread  t ropical  diseases, 
known  to  inf luence in tes t ina l  absorpt ion ,  l iver me tabo-  
lism, and k idney  funct ion,  m i g h t  well al ter  the  fo rma t ion  
or excre t ion  of urea, c rea t in ine  or both .  We  have  therefore  
s tudied  individuals  l iving in rural  villages Of no r the rn  
Zambia  where  bilharziasis,  malaria ,  and  hookworm dis- 
ease are endemic  and  largely un t rea ted .  

Ind iv idua ls  were given a general  medical  examina t ion  
and  samples  of blood, urine and  faeces were collected and  
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Table I. Urea index for children under 13 years of age 

Diagnosis Sex No. Urea index 
(g urea/g creatinine) 
mean • S.D. 

P value 

Healthy ~ 38 17.8 4- 6.6 - 
Healthy ~ 36 18.6 ~z 7.7 
Bilharziasis ~ 24 13.1 i 7.3 ~0.02 
Bilharziasis ~ 8 12.4 z[z 6.5 ~0.01 
Malaria c~ 37 17.3 • 8.9 N.S. 
Malaria ~ 35 19.0 ~ 6.5 N.S. 
Hookworm disease ~ 23 20.9 i 10.6 N.S. 
Hookworm disease ~ 25 19.6 -4- 9.7 N.S. 


