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significantly from tha t  of group I (t = 2.6227 ; 2P < 0.025). 
Significant differences were also demonstrable on day 5.5 
( t = 3 . 0 8 1 8 ;  2_P<0.02) and on day 6 ( t = 3 . 0 0 6 6 ;  
2P  < 0.02) (Figure 1). No adjuvant  act ivi ty  was demon- 
strable when the simultaneous injection of SRBC and 
ET  was given mice pretreated by 20 ~tg S. mamescens 
endotoxin daily for 9 days (group III) .  In the spleens 
of mice treated alone by an intravenous injection of 
100 ~tg ET  from S. mamescens (group IV) only a short- 
term multiplication of the relative numbers of direct 
PFC was detectable (Figure 1). The adjuvant  effective- 
ness of ET  from S. marcescens was observed again in the 
second series of experiments (Figure 2). But  the develop- 
ment  of both direct and indirect PFC was found to be 
significantly suppressed when 4 × I0 s SRBC and 100 izg 
ET from S. marcescens were simultaneously injected into 
mice pretreated with relatively large amounts of ET  
from either S. marcescens (group III)  or S. typhi (group IV) 
(Figure 2). Serological investigations resulted in similar 
findings. 

The data  presented here give evidence that  pretreat- 
ment  of mice with a constant dose of 20 ~g ET per day 
during a period of 9 days inhibits the adjuvant  act ivi ty  
of ET, whereas the normal hemolysin response was not 
found to be altered. A sigiaificantly diminished primary 
immune response was found, however, when pretreatment  
was performed with larger amounts of ET (Figure 2). In 
general i t  is accepted tha t  the uptake of particulate 
antigens by macrophages is a necessary prerequisite for 
the initiation of the pr imary immune response 1,. Lipo- 
polysaccharides persist for a long period in the body 
and may cause toxic damage of cells in blood and tis- 
suesL Thus it could be suggested tha t  the repeated 
administration of relatively large amounts of E T  effects 
an exhaustion of the reticulo-endothelial system (RES) 
meaning tha t  the immunosuppressive effect induced by 
ET would be mainly due to an injury of the afferent 
limb of the immune apparatus. This concept is supported 
by the observation that  R E S  'blockade' induced by 

injection of carbon effects a significant suppression of 
the development of hemolysin-producing spleen cells x2. 
At  first sight i t  appears to be less probable tha t  the 
immunosuppressive effect of ET  is mainly due to a loss 
of progenitor immunocytes. But  it  may be recalled tha t  
there are some signs for the pluripotential  character of 
progenitor immunocytes,  thus possibly being able to 
differentiate along some path  other than the immuno- 
logical one 13, x4 Taking such considerations into account, 
i t  is conceivable tha t  the repeated injection of increasing 
amounts  of bacterial lipopolysaccharides can lead to 
reduction in progenitor immunocytes, since the injection 
of ET  is regularly followed by an enormous increase in 
white blood cells 1,s. 

Zusammenfassung. Der Adjuvanseffekt yon bakteriel- 
lem Endotoxin gegeniiber Schaferythrocyten war nicht 
nachweisbar, wenn Miiuse nor der prim~ren antigenen 
Stimulierung 9 Tage lang eine t~tgliche Injektion yon 
20 ~g Endotoxin erhielten. Andererseits wurde unter 
diesen Bedingungen eine PrimArreaktion gefunden, wie 
sie nach alleiniger Injektion des Erythrocytenantigens 
zur Ausbildung gelangt. Die Zahlen an 19S- und 7S- 
Antik6rper bildenden Zellen sowie die Serumantik6rper- 
t i ter  waren jedoch signifikant vermindert,  wenn nor 
Applikation der immunisierenden Injektion h6here Dosen 
yon homologem oder heterologem Endotoxin gegeben 
worden waren. 
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B i n d i n g  o f  A f l a t o x i n s  B 1 a n d  G 1 t o  H u m a n  S e r u m  

Recently RAn et al. ~, using fluorescence technics, 
reported tha t  aflatoxin B but not G was bound with 
plasma albumin when crude aflatoxins were incubated 
with human plasma. We have used x4C-labelled pure 
aflatoxins to re-examine this problem, and have found 
that  aflatoxin ]31 is bound mainly with 7-globulin, 
whereas aflatoxin Gx is bound mainly with albumin. 

Materials and methods. Pure aflatoxins B 1 and Gx 
labelled with ~4C, specific ac t iv i ty  5.8 and 2.7 ~tC/~tmole 
respectively, were prepared according to ADYE and 
MATELES 2. Both 'normal clinical chemistry control 
serum' (Hyland, Division Travenol  Laboratories, Los 
Angeles, Calif.) and serum collected from heal thy indivi- 
duals were used. 

Individual  0.5 ml portions of serum were incubated 
with the x4C-toxins (23.6 tzg of B 1 and 15.8 ~g of G 1) 
for 2 h at  37°C, and 5 ~1 aliquots then subjected to 
paper electrophoresis as previously described L Another 
5 ~tl aliquot was mixed with BRAY'S solution 3 and 
counted in a liquid scintillation counter. The remaining 
material  in the tube was dialyzed through cellophane 
against 0.01M phosphate buffer (pH 7) at 4°C for 24 h. 
The undialyzed material  was subjected to paper electro- 
phoresis and liquid scintillation counting as above. 

P r o t e i n s  

For toxin detections the electrophoretic strips were 
placed in contact with Sakura X-ray film in cassette, 
and the film developed after 60 days exposure. Unstained 
electrophoretograms were viewed under UV and the 
bands compared with those seen on stained strips. The 
electrophoretograms were dissected into ¢ portions as 
shown in Figure 2]3. The paper sections were counted 
in a liquid scintillation counter according to GEIGER and 
WRIGHT 4 

Results and discussion. Experiments  were first carried 
out with plasma samples exactly by the procedure of 
RAn et al. 1 except tha t  pure aflatoxin B 1 or G 1 was 
used. Since the results were different from those of RAn 
et al. the procedures used by these investigators were 
modified by using serum samples instead of plasma, pure 

1 V. N. V. RAn, K. VALMImNATnA~ and N. VERGHESE, Biochim. 
biophys. Aeta 165, 288 (1968). 
J. ADYE and R. I. MATELES, Biochim. biophys. Acta 86, 418 (1964). 

3 G. A. BRAY, Analyt. Biochem. I, 279 (1960). 
4 j . W .  GEIGER and L. D. WRIGHT, Biochem. Biophys. Res. Commun. 

2, 282 (1960). 
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Fig. 1. Electrophoretic patterns of aflatoxins and aflatoxins incubated 
with normal human serum, a) Serum pattern stained with brom- 
phenol blue; others are autoradiograms: b) aflatoxin Bz; c) aflatoxin 
Bz -F serum; d) aflatoxin G]; e) aflatoxia G 1 + serum. 

aflatoxins to facilitate the interpretation of results, z4C 
labelling to increase the sensitivity of aflatoxin detection, 
and neutral  phosphate buffer during dialysis instead of 
alkaline barbitone buffer to avoid deterioration of afla- 
toxins in aqueous solution 5. 

Representative experiments demonstrating the electro- 
phoretic patterns of aflatoxins and serum-bound afla- 
toxins are shown in Figure 1. Both aflatoxin B 1 and G 1 
were retained at the origin with a very slight migration 
toward the cathode. Both were bound with albumin. 
After complete dialysis (Figures 2 A and B), aflatoxin ]31 
was shown to be bound mainly with v-globulin fraction 
while aflatoxin G I bound mainly with albumin. 

With aflatoxin B 1, a strong band (X) appeared about  
1.8 cm away from the albumin toward the anode (Figure 1, 
strip c). The X-band could easily be seen under UV as 
a blue fluorescent band on the electrophoretic strip. 
With  aflatoxin G z, 2 very faint bands (Yz and Y,) 
appeared beyond a lbumin (Figure 1, strip e). These weak 
bands usually could not be detected by UV. 

After the aflatoxin-serum mixtures were dialyzed for 
24 h, both X-band and Y1 and Y~ bands disappeared 
(Figure 2 A). The results indicated that  aflatoxins bound 
in these bands were dialyzable. The radioactivities of the 

~ R. D. WEz and S. S. L ~ ,  J.  Chinese chem. Soe., Ser. I I  16, 174 
(1969). 
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Fig. 2. Electrophoretic patterns of afiatoxins incubated with normal 
human serum before and after the mixtures were dialyzed for 24 h 
in 0.01M phosphate buffer (pH 7) at 4°C. A) Autoradiograms. 
B) Radioactivity, in dpm, of the corresponding areas of electro- 
phoretograms. Each value represents the average from 3 samples. 
a) Serum pattern stained with bromphenol blue; b) aflatoxin 
B l + serum, without dialysis; c) aflatoxin B 1 + serum, with dialysis; 
d) aflatoxin G 1 q-serum, without dialysis; e) aflatoxin G 1 + serum, 
with dialysis. 
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co r respond ing  areas  on the  e lec t rophore t ic  s t r ips  are  
shown in F igure  2 B. 

The X - b a n d  was  dia lyzable  and  uns ta inab le  by  b rom-  
pheno l  blue;  therefore  it is unl ikely to  be a p ro te in  
complex .  Fu r the rmore ,  a collection of a b o u t  40 X - b a n d s  
was  pooled and  ex t r ac t ed  wi th  no rma l  saline. The  ex t r a c t  
was  t h e n  t e s t ed  by  th in - l aye r  c h r o m a t o g r a p h y  ~. The 
resul t  showed t h a t  the  u n k n o w n  subs t ance  re t a ined  i ts  
a f la tox in  B 1 charac ter .  

W h e t h e r  or no t  t he  subs tances  con ta ined  in these  
bands  are involved in t he  in v ivo  t r a n s p o r t  m e c h a n i s m  
for these  myco tox ins  r ema ins  to  be s tud ied  s. 

Zusammenfassung. In  v i t ro  E x p e r i m e n t e  mi t  x4C-mar- 
kier tem,  gere in ig tem Af la tox in  zur U n t e r s u c h u n g  der  

B i n d u n g  von  Af la tox in  B 1 und  G1 an versch iedene  Serum-  
p ro te ine  ergaben,  dass  Af la tox in  Bx haupts / ich l ich  mi t  
7-Globulin,  Gx dagegen  vorwiegend  mi t  A lbumin  b inde t .  

R. D. WEI and  S. S. LEE 

Department o/Biochemistry, National Defense 
Medical Center and Medical Research Laboratory, 
Veterans General Hospital, Taipei, Taiwan (China), 
21 October 1970. 

s This work was supported in part by a grant from the China 
Medical Board of New York, Inc., aild was performed during 
one of us (S.S.L.) received a class C research award from the 
National Science Council, Republic of China. 

Effect  of  V a g a l  D e n e r v a t i o n  o n  I n s u l i n  R e l e a s e  a f t er  

Vagal  s t imula t ion  has  been  r epo r t ed  by  severa l  au tho r s  
to  elicit  an  increased release of i m m u n o r e a c t i v e  insul in 
(IRI)  ~-s, a l t hough  nega t ive  f indings  have  also been  
descr ibed  ~. In  view of t he  r ich au tonomic  inne rva t ion  of 
the  panc rea t i c  islets 5-1°, i t  appea r s  possible  t h a t  t he  
insulin release, resu l t ing  f rom vagal  s t imula t ion ,  is 
caused b y  a d i rec t  effect  on the  fl-cells. On the  o the r  
hand ,  i t  is well  e s tab l i shed  t h a t  d e n e r v a t i o n  of t he  
pancreas  does no t  incapac i t a t e  t he  fl-cells, wh ich  are 
still  capable  of p roduc ing  and  releasing insulin and  of 
ma in t a in ing  a no rma l  b lood sugar  level n,x~. A l thoug h  
so far  t he  effects  of vagal  d e n e r v a t i o n  on the  m e c h a n i s m  
of insul in  release have  no t  been  ex tens ive ly  s tudied,  
some obse rva t ions  h a v e  been  documen ted .  FROHMANN 
et  a l )  r epor ted  t h a t  in t h e  dog only  a po r t i on  of t h e  
re leasable  insulin was  unde r  vagal  cont ro l  and  t h a t  
g lucose-media ted  insulin release was  una f fec ted  by  vago-  
t o m y .  I t  was concluded t h a t  the  vagus  has  l i t t le  if any  
effect  on insul in secret ion in response  to  glucose loading. 
However ,  NELSON et  al. 4 found  a decreased e l imina t ion  
ra te  of glucose a f te r  v a g o t o m y  in 11 out  of 13 dogs. 
MILLER 12, o n  t he  o the r  hand ,  r ecen t ly  obse rved  t h a t  
in t ragas t r i c  infusion of glucose to  fas ted,  vaga l ly  de- 
n e r v a t e d  m o n k e y s  resul ted  in h igher  and  earl ier  peaks  
in t he  b lood  sugar  and  I R I  curves.  No dif ference was  
observed  b e t w e e n  v a g o t o m i z e d  and  cont ro l  monke y s  
a f te r  i n t r a d u o d e n a l  glucose infusion.  

In  the  p re sen t  s tudy ,  t he  m e c h a n i s m  of insulin release 
was s tud ied  by  assay  of I R I  in p l a sma  af te r  giving oral  
or i n t r avenous  glucose to  con t ro l  and  vagal ly  d e n e r v a t e d  
ra t s  (male W i s t a r  ra ts ,  we igh ing  100-150 g). In  t he  

O r a l  a n d  I n t r a v e n o u s  G l u c o s e  

e x p e r i m e n t a l  group (18 rats)  b o t h  vagal  t r u n k s  were  
cu t  jus t  be low the  d i aph ragm.  At  t he  same t i m e  a pyloro-  
p l a s ty  was  pe r fo rmed  in order  to  p r e v e n t  gastr ic  di la t ion.  
P y l o r o p l a s t y  alone was  pe r fo rmed  in t he  con t ro l  group 
(18 rats) .  The  an imals  were  lef t  to  r ecupera te  f rom the  
ope ra t ion  for a m i n i m u m  of 2 weeks.  Before  receiv ing 
oral  or i n t r avenous  glucose, t he  ra t s  were  housed  in wire 
m e s h  cages and  depr ived  of food b u t  no t  w a t e r  for 24 h. 
Glucose was  g iven t h r o u g h  an oro-gast r ic  t u b e  (1.5 g /kg  
b o d y  weight  in a 10% solution) or in jec ted  as a s ingle 
in jec t ion  in to  a tai l  ve in  (1.5 g/kg b o d y  weight ,  g iven in 
a vo lume  of 0.5 ml/100 g b o d y  weight) .  Serial b lood 
samples  (250 ~l) were t a k e n  by  the  o rb i ta l  b leed ing  
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Table I. Oral glucose load 

Time Glucose mg/100ml Immunoreactive insulin IzU/ml 
(min) 

Pyloroplasty Vagotomy + Pyloroplasty Vagotomy _I_ 
pyloroplasty pyloroplasty 

0 52 4-2 (18) 43 4- 4 (18) 13 4- 5 (18) 1 7 ±  5 (18) 
8 142 4-7 (9) 115q- 5 (10) a 6 2 + 1 4  (9) 6 5 i 1 4  (10) 

15 1264-5 (18) 1564- 6 (18) b 704-11 (18) 654-13 (18) 
30 1124-6 (18) 1574-11 (17) b 3 4 - t - 5  (17) 414- 8 (17) 
60 91 -4-6 (18) 78 4- 5 (18) 25 4- 4 (18) 28 4- 2 (18) 

120 70 4-2 (9) 60 4- 5 (8) 27 4- 3 (9) 21 4- 10 (8) 

Mean 4- S.E.M. (n). • 0.01 > P > 0.001. b p < 0.001. 


