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Since the  skin of guinea-pig differs f rom t h a t  of m a n  in 
hav ing  mosaic  p a t t e r n  of hai r  growth,  i t  should be under-  
s tood t h a t  these  abnormal i t i es  are no t  in t e rp re t ed  as an 
ind ica t ion  t h a t  the  pathological  p ic ture  would be similar  
in m a n  also. However ,  in format ion  ga thered  th rough  
these  expe r imen t s  has  t h rown  l ight  on our fu r ther  under-  
s t and ing  of the  possible  types  of t issue damage  due to 

insecticides,  and has emphas ized  due caut ion  in the i r  
hand l ing  n.  

Zusammen[assung. Nach  tXglicher Appl ika t ion  of 
P a r a t h i o n  werden  his tologisch Ver/~nderungen der  Meer- 
s chwe inchenhau t  festgestel l t .  

11 Authors are grateful to Dr. S. H. ZAIDI for his keen interest and 
constant encouragement. They also express their grateful thanks 
to M/s ICI (India) Pvt. Ltd., New Dehli, for sending us the gift 
sample of Parathion. Thanks are also due to Mr. J. PRASAI) for 
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micrograph y. 
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C o m p l e x  F o r m a t i o n  B e t w e e n  B e e  V e n o m  M e l i t t i n  a n d  E x t r a c t  of M o u s e  S k i n  D e t e c t e d  b y  S e p h a d e x  
Ge l  F i l t r a t i o n  

We have  been in te res ted  in the  pharmacolog ica l  pro-  2.0 
per t ies  of the  v e n o m  of the  honey  bee (Apis meUi/era), and 
of its isolated cons t i tuents .  Meli t t in,  the  major  c o m p o n e n t  1.0 
of the  venom,  has  been s tudied  by  several  invest igators ,  
since its isolat ion f rom whole v e n o m  by  gel f i l t ra t ion ~, ~" i ~ ? 
The amino  acid sequence of th is  po lypep t ide  has been 1.2 --~ 
de t e rmined  ~, some of its b iochemica l  react ions  have  been  \ . ,  
s tud ied  in v i t ro  ~, and  its an t ibac te r ia l  p roper t ies  have  0.8 
been  recorded~. This  unique,  surface-act ive,  cationic,  his- 
tone-l ike moie ty  has  been found to  be s l ight ly  radio-pro-  0~ 
tec t ive  in mice s, and m a y  be synergis t ic  w i th  t he  main  
rad io-pro tec t ive  f ract ion of bee v e n o m  phosphol ipase  , , , 
A~'S' 60 80 

The cat ionic p r o p e r t y  of mel i t t in  pa r t l y  accounts  for its 
cy to tox ic i ty  wi th  respect  to  mouse  bone mar row s t em 
cells, an effect  observed in our  earlier s tudy  ~. In  t h a t  work  
i t  was Concluded t h a t  the  s to ichiometr ic  re la t ionship  be- 
tween  the  cel lsurface area and  the  weight  of added  mel i t t in ,  
vis-a-vis  cy to tox ic i ty  of mel i t t in ,  could be expla ined  by  
the  known  charge on the  po lypept ide .  This in te rac t ion  
be tween  mel i t t in  and  the  cell surface raised ques t ions  ~ t  0.1~ 
abou t  the  abi l i ty  of mel i t t in  to  d i rec t ly  en te r  the  b o d y  via  [ 
the  subcu taneous  in ject ion route.  I t  was also found dur ing  ~ 0.1Z 

I 

this  same  s t u d y  ~ t h a t  the  add i t ion  of purif ied h u m a n  se- ~ 
r u m  a lbumin  (fraction V) p ro t ec t ed  bone mar row cells ~ �9 ~ ~o ~Z.OOOMW 
from mel i t t in  cy to toxic i ty .  The lack of such pro tec t ion  by  ~, ~ 0.08 ~ 31.O00MW 
other  se rum fract ions  suggested the  poss ibi l i ty  t h a t  a ~ A! 
complex  formed be tween  mel i t t in  and f rac t ion V. 

The presen t  work  was u n d e r t a k e n  to answer  the  ques- , , 
t ion  raised by  these  two observat ions ,  namely ,  whe the r :  
1. mel i t t in  on s.c. in ject ion enters  the  body  as such or 2. 
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Fig. 1. Separation of the components of human serum albumin 
(fraction V) on a Sephadex G75-40 column. 
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Fig. 2. Separation of the components of a mixture of 27.7 mg human 
serum albumin (fraction V) and 16.6 mg melittin on a sephadex 
G75-40 column. 
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Fig. 3. Separation of the components of mouse skin extract on 
sephadex G75-40 column. 
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Fig. 4. Separation of the components of a mixture of 2.4 mg 
melittin and 2 ml of a 10% mouse skin extract on a sephadex 
G75-40 column. 

w h e t h e r  i t s  ca t ion ic  p r o p e r t y  f i rs t  causes  i t  to  r eac t  w i t h  
cell  surfaces,  t h e r e b y  lys ing  cells a n d  t h e n  en t e r ing  t he  
b o d y  as a complex  w i t h  t he  cel lular  componen t s .  

The  e x p e r i m e n t a l  a p p r o a c h  cons is ted  of p r e p a r i n g  a 
mouse  skin  homogena t e ,  s e p a r a t i n g  t h e  c o m p o n e n t s  of t he  
h o m o g e n a t e  accord ing  to  t h e i r  mo lecu la r  we igh ts  on  a 
S e p h a d e x  G75-40  ge l - f i l t ra t ion  c o l u m n  s, a n d  t h e n  re- 
pea t i ng  th i s  s epa ra t i on  w i t h  a m i x t u r e  of m e l i t t i n  a n d  
mouse  skin  h o m o g e n a t e  to  de tec t  t h e  presence  of a com- 
plex. Th i s  same  m e t h o d o l o g y  was appl ied  to  t he  s e rum 
a l b u m i n  f rac t ion  of k n o w n  c o n c e n t r a t i o n  and  a m i x t u r e  of 
m e l i t t i n  and  t he  a l b u m i n  f ract ion.  

Materials and methods. T he  m e l i t t i n  used in th i s  s t u d y  
was s epa ra t ed  f rom whole  bee v e n o m  b y  gel f i l t r a t i on  on  a 
S e p h a d e x  G75-40 Co lumn  s. Af te r  isolat ion,  i t  was  lyophi -  
l ized and  s tored  u n d e r  ref r igera t ion .  The  h u m a n  a l b u m i n  
f r ac t ion  V was p u r c h a s e d  f rom S y l v a n a  Co., Mi lburn ,  New 
Je rsey  (Cat. No. 99-213,  L o t  No. R-25) a n d  s to red  u n d e r  
ref r igera t ion.  

The  mouse  sk in  h o m o g e n a t e  was p r e p a r e d  b y  homo-  
geniz ing 1 g of f resh mouse  sk in  in a 10 Broeeh  glass homo-  
genizer  w i t h  10 ml  of 0 .1M NH4CHO ~ a t  p H  4.5. The  par -  
t i cu la t e  f r ac t ion  was r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  t he  
s u p e r n a t a n t  l iquid  was f u r t h e r  clar if ied b y  f i l t r a t i on  
t h r o u g h  a 0 . 4 5 # m  Mill ipore f i l ter .  The  resu l t ing  clear  solu- 
t i on  was  s to red  u n d e r  re f r igera t ion .  

To de tec t  t he  presence  of a complex,  b o t h  t he  t e s t  ma-  
te r ia l s  a lone a n d  a m i x t u r e  of t he  t e s t  m a t e r i a l  a n d  m e l i t t i n  
were s u b m i t t e d  to  gel f i l t r a t i o n  on  a S e p h a d e x  G75-40 
co lumn.  This  c o l u m n  was 1 x 300 cm a n d  was ope ra t ed  a t  
a f low of 0.031 ml,  m i n  -1, cm -~, w i t h  0 .1M NH4CHO 2 a t  
p H  4.5 as a buffer .  The  e f f luen t  f rom t h e  co lumn  was col- 
lec ted  b y  a f r ac t ion  col lec tor  equ ipped  w i t h  a photo-e lec :  
t r i c  d rop  coun t e r  a d j u s t e d  to  col lect  a n  a l i quo t  of 62 drops  
( equ iva len t  to  3 ml  buffer)  in  each  t u b e  of t he  f r ac t ion  col- 
lector.  The  abso rbance ,  a t  280 nm,  of t he  a l iquo t  in  each  
t u b e  was d e t e r m i n e d  a f t e r  c o m p l e t i o n  of t h e  run.  

Results. To cha rac t e r i ze  t h e  c o m p o n e n t s  of h u m a n  al- 
b u m i n  ( f ract ion V), 19.2 m g  was dissolved in 1 m l  buf fe r  
a n d  sub jec t ed  to gel f i l t r a t i o n  on  t h e  S e p h a d e x  G75-40 
co lumn.  The  resu l t s  c an  be  seen in F igure  1. 

The  p rocedure  was t h e n  r epea t ed  w i t h  a m i x t u r e  of 
27.7 m g  f rac t ion  V a n d  16.6 m g  m e l i t t i n  dissolved in 1 ml  
buffer .  The  clear  so lu t ion  was p laced  on  t he  S e p h a d e x  
G75-40 co lumn  a n d  t h e  resu l t  can  be  seen in F igu re  2. No 
ev idence  for  t he  f o r m a t i o n  of a complex  u n d e r  these  con- 
d i t ions  was a p p a r e n t .  T he  2 peaks  of t h e  a l b u m i n  are in  t he  
same  pos i t ion  as in  t h e  or ig ina l  c o m p o u n d  a n d  t he  pre-  
sence of 1 large m e l i t t i n  p e a k  a t  168 ml  is cons i s t en t  w i t h  
t he  molecu la r  w e i g h t  of me l i t t i n .  Therefore ,  i t  m u s t  be  
conc luded  t h a t  a t  p H  4.5 t h e r e  is no  com pl ex  f o r m a t i o n  
b e t w e e n  m e l i t t i n  and  t he  h u m a n  se rum a lbumin .  T he  ex- 
p e r i m e n t  was  r epea t ed  a t  p H  7.2 w i t h  t he  same  result ,  as 
shown  in F igure  2. 

A n  h y p o t h e s i s  o the r  t h a n  complex  f o r m a t i o n  m u s t  the re -  
fore be  offered to  exp la in  t h e  o b s e r v a t i o n  t h a t  t h i s  subs t -  

ance  p ro t ec t s  bone  m a r r o w  s t e m  cells f rom d a m a g e  b y  
me l i t t i n .  W e  sugges t  t h a t  a l b u m i n  m a y  compe te  w i t h  
m e l i t t i n  for t he  same cell surface r ecep to r  sites. 

F igure  3 shows t he  f r ac t ions  s epa ra t ed  f rom 2 ml  of a 
10% mouse  sk in  ex t rac t .  I n  t h i s  sample  t he  a b s o r b a n c e  of 
t he  a l iquo t  in  each  t u b e  f rom t h e  f r ac t ion  col lector  was  
m e a s u r e d  a t  b o t h  280 a n d  250 rim. T h i s  dua l  m e a s u r e m e n t  
fac i l i t a tes  t he  r ecogn i t ion  of p ro t e inaceous  ma te r i a l .  Only  
t he  s u b s t a n c e  w i t h  a molecu la r  we igh t  of 31,000 suggests  a 
p r o t e i n  s t ruc tu re .  

W h e n  2.4 m g  of m e l i t t i n  was  added  to  2 ml  of t he  10% 
mouse  skin  e x t r a c t  and  t he  r e s u l t a n t  c lear  so lu t ion  passed  
t h r o u g h  t he  S e p h a d e x  co lumn,  clear  ev idence  for complex  
f o r m a t i o n  was found.  F igure  4 shows t h e  c o m p l e x i t y  of t he  
reac t ion .  I n  t h i s  e x p e r i m e n t  t he  s u r f a c t a n c y  2 was  moni-  
t o r ed  as well  as t he  a b s o r b a n c e  a t  280 nm.  In  o rder  to  de- 
t e r m i n e  t he  a m o u n t  of u n r e a c t e d  m e l i t t i n  presen t ,  t he  t o t a l  
a b s o r b a n c e  of t h e  m e l i t t i n  was  found  b y  i n t e g r a t i n g  i t s  
p e a k  and  c o m p a r i n g  t h i s  n u m b e r  w i t h  s t a n d a r d  cal ibra-  
t i on  curves.  F r o m  th i s  d a t a  i t  was found  t h a t  0.48 m g  was 
presen t .  I t  is c lear  t h a t  on ly  t he  u n r e a c t e d  m e l i t t i n  shows 
a n y  surface ac t iv i ty .  Th i s  e x p e r i m e n t  was  r epea t ed  us ing  
3.9 m g  of m e l i t t i n  a n d  2 ml  mouse  sk in  ex t rac t .  T h e  resul t s  
were t he  same,  w i t h  2.2 m g  of m e l i t t i n  no t  reac t ing .  F r o m  
these  2 e x p e r i m e n t s  i t  is possible  to  ca lcu la te  t h a t  1.8 + 
0.1 m g  of m e l i t t i n  r eac ted  w i t h  t he  2 m l  of t he  10% mouse  
sk in  ex t rac t .  This  s t o i c h i o m e t r y  is f u r t h e r  ev idence  of 
c o m p l e x  fo rma t ion .  

I t  is a p p a r e n t  f rom these  da ta ,  t h a t  the  p r o b a b i l i t y  of 
m e l i t t i n  en t e r i ng  t he  b o d y  b y  t he  s u b c u t a n e o u s  rou te  
w i t h o u t  p r io r  mod i f i ca t ion  of t he  molecule  - such  as com- 
p lex  f o r m a t i o n  - is v e r y  low. W h a t  changes ,  if any,  occur  
in  t he  b iochemica l  and  pha rmaco log ica l  p roper t i e s  of me- 
littin as a result of the formation of these complexes is still 
not known. Further studies will be necessary to determine 
the in vivo pharmacological effects of the melittin com- 
plexes. 

Zusammen[assung. Das aus  B ieneng i f t  y o n  Apis meUi- 
]era gewonnene ,  oberf lAchenakt ive ,  ka t ion i sche  Polypep-  
t i d  Mel i t t in  b i lde t  m i t  H a u t z e l l e n e x t r a k t ,  n i c h t  abe r  m i t  
S e r u m a l b u m i n ,  e inen  s t 6 e h i o m e t r i s c h e n  Komplex ,  der  
v e r m u t l i e h  die T r a n s p o r t f o r m  des Giftes  im K 6 r p e r  da r -  
s te l l t .  
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