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Selekt ive  insekt iz ide  Wirkung  des  Butazo l id ins  Mult iple  H e m o g l o b i n s  in Birds  ~ 

E i n  L a b o r a n t ,  der  sei t  m e h r  als 10 J a h r e n  e inen  L a b o -  
r a t o r i u m s s t a m m  y o n  Ped icu lus  h u m a n u s  v. corporis 
unterh~il t ,  s te l l te  eines Tages  lest ,  dass  s~imtliche L/ iuse 
(e twa 600) a l le r  S t ad i en ,  die er  s ich  v o r m i t t a g s  z u m  
F f i t t e r n  a n g e s e t z t  h a t t e ,  a b e n d s  t o t  waren .  Dieses  Ph~t- 
n o m e n  w iede rho l t e  s ich  a m  n~ichsten T a g  m i t  50 f r i s chen  
L~tusen, die er s ich a n s e t z t e .  E s  e r g a b  sich, dass  diese 
Pe r son  in f i rz t l i cher  B e h a n d l u n g  s t a n d .  Sie h a t t e  a n  
diesen zwei T a g e n  sowie a n  den  zwei d e n s e l b e n  u n m i t t e l -  
b a r  v o r a n g e g a n g e n e n  T a g e n  je e ine  i n t r amusku l~ t r e  E i n -  
s p r i t z u n g  y o n  600 m g  B u t a z o l i d i n  (B.) e r h a l t e n .  

Das  fo lgende  E x p e r i m e n t  m i t  r e i n e m  B. e rgab ,  dass  
die i n sek t i z i de  W i r k u n g  n i e h t  au f  d e m  Loka lan~ i s the t i -  
k u m  b e r u h t e ,  we lches  das  zu t h e r a p e u t i s c h e n  Z w e c k e n  
b e n t i t z t e  P r ~ p a r a t  en th / i l t .  

E i n  K a n i n c h e n  yon  3 kg  G e w i c h t  e rh ie l t  i n t r a v e n O s  
2 cm ~ e ine r  l p r o z e n t i g e n  L 6 s u n g  des N a t r i u m s a l z e s  des 
B. 1 sowie 0,2 c m  3 L i q u e m i n  ( H o f f m a n n - L a  Roche) .  
5 m i n  sp / i te r  w u r d e  d e m  Tier  B l u t  e n t n o m m e n  u n d  d a m i t  
50 L S u s e n  m i t  e ine r  M i k r o p i p e t t e  ein K l y s t i e r  v e r a b -  
re ich t .  Die d u r c h s c h n i t t l i c h e  M e n g e  B lu t ,  die je  L a u s  
v e r a b r e i c h t  wurde ,  b e t r u g  1,32 mg.  N a c h  3 h w a r e n  49 
de r  50 LSmse to t .  B lu t ,  d a s  d ie sem K a n i n c h e n  24 h sp~-  
t e r  e n t n o m m e n  wurde ,  h a t t e  k e i n e n  E in f lu s s  au f  die 

5 0  L~.use, we lche  d a m i t  r e k t a l  i n o k u l i e r t  w u r d e n .  Z u r  
V e r h i n d e r u n g  de r  G c r i n n u n g  des B l u t e s  w a r e n  w i e d e r  
0,2 cm ~ L i q u e m i n  v e r a b r e i c h t  w or den .  

t 3 e o b a c h t u n g e n  a n  g r6sse ren  Ser ien  y o n  L~usen ,  die 
r e k t a l  m i t  s t e i g e n d e n  V e r d i i n n u n g e n  y o n  B. in  m e n s c h -  
l i c h e m  Z i t r a t b l u t  i n o k u l i e r t  w u r d e n ,  e rgab ,  dass  die DLs0 
zwischen  0,02 u n d  0,04 Y je L a u s  lag. 

f 0 b e r r a s c h e n d e r  als die T o x i z i t ~ t  des  B. fi ir  Ped icu lus  
w a r  die B e o b a c h t u n g  se iner  s e l e k t i v e n  W i r k u n g .  A uf  ei- 
n e m  K a n i n c h e n ,  das  u n m i t t e l b a r  v o r h e r  i n t r a v e n 6 s  7 0 m g  
t3 . /kg e r h a l t e n  h a t t e ,  w u r d e n  I m a g i n e s  u n d  N y m p h e n  
des  e r s t e n  u n d  z w e i t e n  S t a d i u m s  v o n  Ornithodorus mou-  
bata gef f i t t e r t .  Die  I m a g i n e s  y o n  O. moubata  w a r e n  n a c h  
3 W o c h e n  n o c h  m u n t e r ,  e in ige  W e i b c h e n  l eg t en  Eier .  
H i n g e g e n  fiel auf,  dass  die N y m p h e n ,  we lche  s ich  w~th- 
r e n d  de r  e r s t e n  T a g e  n a c h  de r  B l u t m a h l z e i t  n o r m a l  ver -  
h i e l t en ,  s ich  in  de r  Fo lge  n i c h t  h~iu te ten  u n d  i n n e r h a l b  
y o n  dre i  W o c h e n  e ing ingen .  Be i  e in igen  E x e m p l a r e n  w a r  
es z w a r  zu r  B i l d u n g  e ine r  E x u v i e  g e k o m m e n ,  d o c h  s t a r -  
b e n  a u c h  diese E x e m p l a r e ,  o h n e  die E x u v i e  a b g e w o r f e n  
zu h a b e n .  

H.  ~V[ooNE R 

H y g i e n e - I n s t i t u t  der Universi t i i t  Z~r ich ,  den 28. J u n i  
1956. 

S u m m a r y  

B u t a z o l i d i n  p r o v e d  to  be  insec t i c ida l  b y  i n g e s t i o n  for 
Ped icu lus  h u m a n u s  a n d  for  t h e  f i r s t  a n d  second  in-  
s t a r s  of Orni thodorus  moubata.  A d u l t  s p e c i m e n s  of O. 
moubata were  n o t  a f fec ted .  

1 Wir verdanken diese LSsung dem Entgegenkommen der Firma 
J. R. Geigy AG., Basel. 

Mu l t i p l e  h e m o g l o b i n s  h a v e  b e e n  d e m o n s t r a t e d  in  cer- 
t a i n  c a t t l e  2, in  m a n  u n d e r  n o r m a l  3 a n d  pa tho log i ca l  
cond i t ions% a n d  in  t h e  d o m e s t i c  fowl s. S u b s e q u e n t  to 
t h e  i n i t i a t i o n  of ou r  i n v e s t i g a t i o n  RODNAN a n d  EBAUGH 6 
h a v e  r e p o r t e d  t h e  o c c u r r e n c e  of m u l t i p l e  h e m o g l o b i n s  
in  a v a r i e t y  of v e r t e b r a t e  species.  Mos t  of t h e  m a m m a l s  
s t u d i e d  h a d  o n l y  a s ingle  h e m o g l o b i n  c o m p o n e n t ,  
a l t h o u g h  t h e  ho r se  was  a n  excep t ion .  A m o n g  t h e  b i rds  
s t ud i ed ,  i t  was  r e p o r t e d  t h a t  ch icken ,  duck ,  a n d  rob in  
h a d  m u l t i p l e  c o m p o n e n t s  as c o n t r a s t e d  to  t h e  single- 
c o m p o n e n t  h e m o g l o b i n  of t h e  p igeon  a n d  p e n g u i n  
(species n o t  g iven) .  T h e  re su l t s  of t h i s  i nves t i ga t i on ,  
t o g e t h e r  w i t h  t h o s e  r e p o r t e d  here in ,  i n d i c a t e  t h a t  the  
o c c u r r e n c e  of m o r e  t h a n  one  h e m o g l o b i n  c o m p o n e n t  is 
a c o m m o n ,  a l t h o u g h  n o t  genera l ,  p h e n o m e n o n  a m o n g  
a d u l t  b i rds .  

I n  t h e  course  of our  i n v e s t i g a t i o n s ,  a n a l y s e s  were 
m a d e  of t h e  b l o o d  of 21 species  of b i rds .  The  wi ld  b i rds  
were  co l lec ted  in W h i t m a n  C o u n t y ,  W a s h i n g t o n ,  d u r i n g  
t h e  pe r iod  Apr i l  1955 to  Apr i l  1956. S a m p l e s  of b lood 
were  d r a w n  d i r e c t l y  f r o m  t h e  h e a r t  i n t o  a sy r i nge  w e t t e d  
w i t h  a 1 :10  000 so lu t i on  of h e p a r i n .  Cells were  s e p a r a t e d  
f rom t h e  p l a s m a  b y  c e n t r i f u g a t i o n  a t  3000 r p m  for 
15 m i n  a n d  t h e n  w a s h e d  t h r i c e  w i t h  0 .85% NaC1 solu- 
t ion .  T h e  h e m o g l o b i n  was  re leased  b y  t h e  a d d i t i o n  of an  
e q u a l  v o l u m e  of d i s t i l l ed  w a t e r  to  t h e  p a c k e d  cells. Cel- 
l u l a r  debr i s  was  t h e n  r e m o v e d  b y  c e n t r i f u g a t i o n  a t  15 000 
r p m  for  30 min .  T h e  h e m o g l o b i n  so lu t i ons  were  frozen 
a n d  s t o r e d  a t  - - 1 0  ° C u n t i l  ana lyzed .  

F - l ec t rophore t i c  p a t t e r n s  were  o b t a i n e d  b y  a p p l y i n g  
10 mic ro l i t e r s  of t h e  h e m o g l o b i n  so lu t i on  to  f i l te r  paper  
s t r i p s  ( W h a t m a n  3 MM). T h e  s t r i p s  were  m o i s t e n e d  
w i t h  v e r o n a l  b u f f e r  (pH 8.7, ionic  s t r e n g t h  0.075). A 
c o n s t a n t  c u r r e n t  of 0.092 m A / m m  w i d t h  was appl ied  
for  6 h. A f t e r  d ry ing ,  a n d  w i t h o u t  s t a in ing ,  t h e  s t r ips  
were  s c a n n e d  a n d  i n t e g r a t e d  u s i n g  a Sp inco  Ana ly t ro l .  
P e r c e n t a g e s  of t h e  h e m o g l o b i n  c o m p o n e n t s  were  esti- 
m a t e d  b y  p l a n i m e t r y .  I n  a c c o r d a n c e  w i t h  t h e  t e rmino-  
logy  of JOHNSON a n d  DUNLAP 5 t h e  an ion i c  m i g r a n t  is 
d e s i g n a t e d  as ~ a n d  t h e  ca t i on i c  m i g r a n t  as ft. 

A m o n g  those  species  e x a m i n e d ,  all  e x c e p t  t h e  domes-  
t ic  p igeon  were  f o u n d  to  h a v e  2 h e m o g l o b i n  c o m p o n e n t s .  
A l t h o u g h  t h e  p i g e o n  p a t t e r n  was  s k e w e d  t h e r e  was  no 
de f in i t e  s e p a r a t i o n .  Th i s  c o n f o r m s  w i t h  t h e  ana lys i s  of 
RODNAN a n d  EBAUGH 6. T h e r e  were  r a t h e r  m a r k e d  differ- 
ences  in  t h e  d i s t i n c t n e s s  of s e p a r a t i o n  a m o n g  the  
h e m o g l o b i n s  of t h e  v a r i o u s  species  (see F i g u r e  and  
Table ) .  I n  t h e  ga l l i fo rm b i rd s  a n d  ducks  t h e  s e p a r a t i o n  
was  r e l a t i v e l y  s l igh t  ( + ) ,  whe rea s  t h e  two  woodpeckers  
e x h i b i t e d  fa i r  to  good  s e p a r a t i o n  ( + +  to  + + + ) .  
A m o n g  t h e  p a s s e r i f o r m  b i r d s  t h e  s e p a r a t i o n  was good 
to  exce l l en t  ( +  + q- to  + + + + ) ,  w i t h  t h e  e x c e p t i o n  of 
t h e  A m e r i c a n  Magp ie  (P ica  pica  americana) in  w h i c h  the 
s e p a r a t i o n  was  o n l y  fa i r  ( +  + ) .  The  r e l a t i v e  pe rcen tages  
of  ~- a n d  f i -hemoglob in  in t h e  species  s t u d i e d  are  pre- 
s e n t e d  in t h e  Table .  T h e  r e l a t i v e  p e r c e n t a g e s  of t he  two 

1 Approved by the Washington Agricultural Experiment Stations 
for publication. The investigation reported herein was supported, in 
part, from funds provided for biological and medical research by the 
State of Washington Initiative Measure No. 171. 

2 R. CA~ANN~S et al., C. r. Soe. Biol. 149, 7 (1955). 
3 H. G. KUNKEL and G. WALLEtCIUS, Science 122, 288 (1955). 
4 A. I. CtIERNOFF et al., Science 120, 605 (1954).- T. H. J. Hms- 

MAN etM., Nature 175, 902 (1955).- H. A. ITANO, Science 117, 89 
(1953); Arch. int. Med. 96, 987 (1955). 

5 V. L. JohNsoN and J. S. DUNLAr, Science 122, 1186 (1955). 
6 G. P. RODNAN and F. G. EBAUOH, Fed. Proc. 15, 155 (1956). 
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Passeriformes 
ZonotricMa leucophrys gambelii 
Melospiza lincolnii 
Melospiza melodia 
Spizella passerina arizonae 
spizeUa arboracea ochracea 
spinus tristis 
Junco oreganus. 
Hesperiphona vespertina 
Sternus neglectus 
Passer dornesticus 
Parus gambeli 
Pica pica hudsonia 
Turdus migratorius 
Empidonax hammondii 
Piciformes 
Colaptes auratus borealis . 
Colaptes ca/er collaris 
Anseriformes 
Arias platyrhynchos** 
Galliformes 
Domestic Fowl (VVhite Olympian-New 

Hampshire hybrid) 
MeleagHs gallopavo*** 
Phasianus colchicus 
Columbiformes 
Columba livia 

Number 
of 

Specimens 

26 
6 

17 
3 
1 

3 
14 

1 
1 
3 
3 
2 
1 

1 

~-hemoglobin 

maxi- mini- mean nluln mum 

39.9 23.5 30.4 
33.7 17-8 26.5 
41.5 25.0 32.1 
32.5 26-9 28.8 
- - 26.3 
35.8 26.6 31.0 
37.3 24.9 31.1 
- - 2 3 . 0  

- - 27.2 
25.6 17.8 22-5 
33.2 27.6 30-3 
35.4 27-2 31-3 
- - 25.4 
- - 29.2 

- - 29.1 
- - 20.8 

28.0 23-8 25.9 

34-7 19.6 25-8 
52-2 44.8 49.3 
- - 19.6 

? ? 

fl-hemoglobin l 

maxi- mini- mean 
InUln n%lnn 

76.5 60.2 69.6 
82.2 66-3 73.5 
75.0 58-5 67.9 
73.1 67-5 71.2 
- - 73"7 
73.4 64.2 69.0 
75.1 62,7 68"9 
- - 6 7 ' 0  

- - 72.8 
82.3 74.4 77.5 
72.4 66.8 69"7 
72'8 64'6 68'7 
- -  - 7 4  ' 6  

- - 70.8 

- - 70,9 
- - 79.2 

76.2 72.0 74.1 

80.4 65.3 74.2 
55.3 47.8 50.7 
- - 80.4 

? ? ? 

Degree of 
Separation* 

+ + + +  
+ + + +  
+ + + +  
+ + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + +  
+ + + +  
+ + + +  
+ +  
+ + + +  
+ + + +  

+ + +  
+ +  

+ 
+ 
+ 

* See the Figure. ** One domestic and one wild. *** Domestic. 

c o m p o n e n t s  in t h e  W h i t e - c r o w n e d  S p a r r o w  (Zonotrichia 
leucophrys gambelii) were  ana lyzed  s t a t i s t i ca l ly  w i t h  re- 
spec t  to  d i f fe rences  b e t w e e n  the  sexes;  no sex differ-  
ences were  d e m o n s t r a b l e .  S imi la r ly  no d i f ferences  
could be d e m o n s t r a t e d  b e t w e e n  f i r s t -yea r  (4-8 m o n t h s  

Electrophoretic Patterns of ttemoglobin 

/ J< 
Columba Domest ic  Colaptes ca[er Zonotrichia 

livia Fowl collaris teucophrys gambelii 

old) a n d  a d u l t  (more  t h a n  1 yea r  old) b i rds .  I t  should  
be n o t e d  t h a t  RODNAN a n d  EBAUGH ~ found 3 compo-  
n e n t s  in  t he  h e m o g l o b i n  of  t he  d o m e s t i c  fowl. I t  is pos-  
sible t h a t  t h i s  s epa ra t ion ,  in c o n t r a s t  to  t he  2 compo-  
nen t s  f o u n d  in our  analyses ,  m a y  be exp l a ined  b y  t h e  
lower  h y d r o g e n - i o n  c o n c e n t r a t i o n  (pH 9.2) used  in the i r  
inves t iga t ions .  However ,  t h e  two  i nves t i ga t i ons  appa -  
r en t ly  p r o d u c e d  s imi la r  resu l t s  for  t h e  A m e r i c a n  R o b i n  
( Turdus migratorius). 

F r o m  a sy s t ema t i c  aspec t ,  i t  is of  i n t e r e s t  to  no te  t h a t  
m a r k e d  differences exis t  a m o n g  the  o rde r s  e x a m i n e d  and  
t h a t  the  di f ferences  a m o n g  famil ies  w i t h i n  a n  order ,  
and  genera  wi th in  a family ,  are  success ive ly  less s t r ik ing .  
I t  is of in t e res t  also to  no te  t h e  s i n g l e - c o m p o n e n t  h e m o -  
globin of the  pigeon,  a m e m b e r  of t he  Co l u mb i f o me s ,  an 
order  of several  a n a t o m i c  a n d  phys io log ic  pecul ia r i t ies .  
These observa t ions ,  t o g e t h e r  w i t h  t h e  r e p o r t  of a s ingle 
hemoglob in  in a p e n g u i n  species  ~, i n d i c a t e  t h a t  an  ex-  
tens ive  s t u d y  of t he  h e m o g l o b i n  c o m p o n e n t s  a m o n g  the  
orders  of b i rds  m i g h t  p r o d u c e  i n f o r m a t i o n  of cons ider -  
able usefulness  in u n d e r s t a n d i n g  s y s t e m a t i c  re la t ion-  
ships  a m o n g  the  o rde r s  of b i rds .  

JACK S. DUNLAP, VERNER L. JOHNSON, 
a n d  DONALD S. FARNER 

Department o/ Veterinary Pathology, Department o/ 
Veterinary Physiology and Pharmacology, Laboratories 
o/Zoophysiology, State College o/ Washington, Pullman, 
Washington, June  d, 1956. 

ZusammenJassung 

P a p i e r e t e k t r o p h o r e s e  des  H~Lmoglobins y o n  zwanz ig  
Voge l a r t en  aus  v ie r  v e r s c h i e d e n e n  O r d n u n g e n  e r g a b  
zweitei l ige D i a g r a m m e .  N u r  bei  de r  T a u b e  is t  das  H ~ m o -  
g lobin  e inhei t l ieh ,  wi ih rend  sons t  z ieml ich  a l l geme in  in 
der  Klasse  der  Ayes  zwei K o m p o n e n t e n  n a c h w e i s b a r  
s ind .  
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