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T h e  d i s c o v e r y  of b i o l o g i c a l l y  ac t ive  s u b s t a n c e s  such  as  h e p a r i n  [3, 13, 161, h i s t a m i n e  [9, 10, 1 8, 
201, and s e r o t o n i n  [4] in the  c y t o p l a s m i c  g r a n u l e s  of the  m a s t  c e l l s  and b a s o p h i l i c  g r a n u l o c y t e s ,  and t h e i r  
l i b e r a t i o n  d u r i n g  d e g r a n u l a t i o n  of t h e s e  c e l l s  [2, 11, 14, 15, 20] p r o v i d e d  a b a s i s  fo r  the  s tudy of the  r o l e  
of t h e s e  c e l l s  in t he  d e v e l o p m e n t  of a l l e r g i c  r e a c t i o n s .  The  m o r e  r e c e n t  e v i d e n c e  of the  p a r t i c i p a t i o n  of 
b a s o p h i l s  in t h e s e  r e a c t i o n s  [211 s u g g e s t s  tha t  b a s o p h i l i c  d e g r a n u l a t i o n  m a y  t ake  p l a c e  not  only  in t r u l y  
a l l e r g i c  r e a c t i o n s ,  but  a l so  in o t h e r  p a t h o l o g i c a l  p r o c e s s e s ,  inc lud ing  in fec t ious  shock ,  and tha t  i t  m a y  
p l a y  an  i m p o r t a n t  r o l e .  

In the  p r e s e n t  i n v e s t i g a t i o n  the  ac t ion  of a b a c t e r i a l  endotoxin  on the  c i r c u l a t i n g  b a s o p h i l s  in the  
b lood  s t r e a m  was  s t u d i e d  in r a b b i t s .  

EXPERIMENTAL METHOD 

Adult rabbits weighing 2.5-3 kg were used in the experiment. The endotoxin* (a protein-lipopoly- 

saceharide complex obtained from Salmonella typhi strain Ty 2) was injected intravenously in doses of be- 

tween ] #g and 5 mg/kg body weight. 

Blood samples were taken from the veins of the ears. Heparin solution was used as anticoagulant. 
Blood was taken before and 30 rain, and i, 2, 4, and 24 h after injection of the endotoxin. 

The blood leukocytes were counted by the usual method in a Goryaev's chamber, and the basophils 

by the method described in the literature [12] with certain modifications : equal volumes (0.25 ml) of 

freshly taken heparinized blood and 0.25% solution of toluidine blue, made up in a 2.5% solution of acetic 
acid, were put into a polyethylene tube and, after exposure for 10-20 rain, the normal and degranulated 

basophils were counted in a Goryaev's chamber. The number of degranulated cells was expressed as a 

p e r c e n t a g e  of the  t o t a l  n u m b e r  of b a s o p h i l s  p r e s e n t  in 1 m m  3 of b lood .  

The  b a s o p h i l s  had  to  be coun ted  not  l a t e r  than  1 h a f t e r  t ak ing  the  b lood b e c a u s e  of t he  p o s s i b i l i t y  
of spon taneous  d e g r a n u l a t i o n .  

To ob ta in  p r e p a r a t i o n s  s u i t a b l e  fo r  s t o r a g e ,  0.5 m l  of h e p a r i n i z e d  b lood  was  p o u r e d  into a p o l y -  
e thy lene  tube  5 m m  in d i a m e t e r ,  s e a l e d  at one end in a f l a m e ,  and c e n t r i f u g e d  fo r  5 rain at 4000-5000 r p m .  
F i l m s  w e r e  m a d e  on a g l a s s  s l i d e  f r o m  the  c l e a r  l a y e r  above  the  e r y t h r o c y t e s ,  and s t a i ne d  fo r  10 ra in  
wi th  0.5% to lu id ine  b lue  so lu t ion  m a d e  up in 50% ethyl  a l coho l  so lu t ion .  

The  c i r c u l a t i n g  b a s o p h i l s  in the  b loods  w e r e  counted  in 70 r a b b i t s  fo r  a p e r i o d  of 24 h a f t e r  r e p e a t e d  
b lood s a m p l e s  had  been  t aken  at  v a r i o u s  t i m e  i n t e r v a l s  and a f t e r  a d m i n i s t r a t i o n  of p h y s i o l o g i c a l  s a l i n e .  
T o g e t h e r  wi th  v i s u a l  o b s e r v a t i o n s  on d e g r a n u l a t i o n  of the  b a s o p h i l s ,  p h o t o m i c r o g r a p h s  w e r e  t aken  of i n -  
d iv idua l  b a s o p h i l s .  

The  ef fec t  of the  endotox in  on the  b a s o p h i l s  was  s t ud i e d  in 40 r a b b i t s  in which  the  i n i t i a l  b a s o p h i l  
count had  been  m a d e  b e f o r e  i n j ec t i on  of the  endotoxin .  The  subse que n t  c ha nge s  in the  n u m b e r  of c e l l s  w e r e  
e s t i m a t e d  f r o m  t h e i r  v a r i a t i o n  f r o m  the  i n i t i a l  n u m b e r ,  t aken  as  100%. The  n u m b e r  of d e g r a n u l a t e d  c e l l s  
a s  a p e r c e n t a g e  of the  t o t a l  n u m b e r  of b a s o p h i l s  and the  n u m b e r  of b a s o p h i l s  as  a p e r c e n t a g e  of the  t o t a l  

* Ob ta ined  f r o m  the  l a b o r a t o r y  d i r e c t e d  by P r o f e s s o r  N. I. Kova l eva ,  at  the  N. F .  G a m a l e y a  I n s t i t u t e  of 
E p i d e m i o l o g y  and M i c r o b i o l o g y .  

D i v i s i o n  of I n f ec t i ous  P a t h o l o g y  and E x p e r i m e n t a l  T h e r a p y  of In fec t ions ,  N. F .  G a m a l e y a  I n s t i t u t e  
of E p i d e m i o l o g y  and M i c r o b i o l o g y ,  Moscow ( P r e s e n t e d  by A c t i v e  M e m b e r  of the  A c a d e m y  of M e d i c a l  S c i -  
e n c e s  of the  USSR V. D. T i m a k o v ) .  T r a n s l a t e d  f r o m  Byu l l e t en '  E k s p e r i m e n t a l ' n o i  B io log i i  i 1Vleditsiny, 
Vol .  63, No. 2, pp.  4 ] - 4 4 ,  F e b r u a r y ,  1967. O r i g i n a l  a r t i c l e  s u b m i t t e d  A p r i l  21, 1965. 
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N u m b e r  of L e u k o c y t e s  (L) and B a s o p h i l s  (B) in the  Blood  of R a b b i t s  
at D i f f e r e n t  T i m e s  a f t e r  I n t r a v e n o u s  In j ec t i on  of V a r i o u s  D o s e s  
of Endotox in  (in % of I n i t i a l  N u m b e r ,  Taken  as  100) 
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Fig .  1. N o r m a l  b a s o p h i l s  in r a b b i t ' s  b lood .  
T o l u i d i n e b l u e .  O b j e c t i v e  43x ,  o c u l a r  15x.  
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F i g .  2. D e g r a n u l a t e d  b a s o p h i l s  in a r a b b i t ' s  b lood .  
T o l u i d i n e  b lue .  O b j e c t i v e  43 •  o c u l a r  15 •  
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Fig. 3. Basophils in a rabbi t ' s  blood after injection 
of bacter ia l  endotoxin into the animal. Toluidine blue. 
Objective 43x, ocular  15x. 

number of leukocytes were calculated. The numerical results were analyzed by statistical methods. The 

differences were regarded as significant if P did not exceed 0.5% (0.005). 

E X P E R I M E N T A L  R E S U L T S  

Visual observat ions on the basophils showed that side by side with normal  basophils, charac te r ized  
by a dark violet color  of the whole cell, with a reddish tinge, due to cytoplasmic granules filling the surface 
of the basophils,  other basophils were seen with different degrees of degranulation. The signs of degranu-  
lation were changes in the shape of the cell, a less intensive staining, partial expulsion of the granules 

from the cell without injury to the membrane, and accumulation of granules at the periphery of the cell 

in the form of a rim; sometimes expulsion of the granules was accompanied by injury to the cell. 

The basophils found in the blood of normal animals and regarded as normal in the counting are shown 

in Fig. I. Basophils regarded as degranulated are illustrated in' Fig. 2. 

The number of normal basophils amounted on the average to 56 • 13% of the total number circulat- 

ing in the peripheral blood, and the number of degranulated basophils was 44%. This evidently indicates 

the constant secretory activity of the basophils in physiological conditions. 

In the course of the day the total number of basophils showed considerable fluctuations, correspond- 

ing to the fluctuations in the total number of leukocytes. In the morning the number of basophils in the 
blood was 236 ~-22 per mm 3 and in the evening 342 �9 146 per mm 3, while the corresponding leukocyte counts 

were 11,600 :L 600 and 18,500 • 4275 cells. This difference between morning and evening number of cells 

was not statistically significant. According to some authors [7], the leukocyte count varied from I0,000 

to 12,000 per m 3 blood depending on the time of day, and the basophil count is 400 • 234; according to other 

data the mean number of basophils is 187• and of leukocytes 7900 per mm 3 [19]. 

The result of the study of variations in the numbers of basophils and leukocytes during repeatedblood 
sampling at different time intervals with or without injection of physiological saline (I-3 ml intravenously) 
showed that the changes observed in the number of cells compared with the morning sample were not signi- 
ficant (P > 0.5%). The number of normal and degranulated basophils after injection of physiological saline 
likewise showed no significant change. The observed changes in the number and quality of the cells were 

within the limits of physiological variation or were random in character. 

The spontaneous increase in the number of basophils after midday [7] and their increase 2 h after 

injection of an isotonic solution [17] has been reported. 
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The next series of experiments was carried out on rabbits, which received injections of various 
doses of endotoxin (from I #g/kg to 5 mg/kg intravenously). Each dose was injected into 8-I0 rabbits. 
The basophils were counted after 30 rain and 1, 2, 4, and 24 h. 

It was found that  af ter  in jec t ion  of nontoxic doses  of endotoxin (1-10 gg /kg)  d i s soc ia t ion  of the ce l l  
r eac t ion  to the in jec ted  p r e p a r a t i o n  took p lace .  Whereas  a f t e r  in t ravenous inject ion of endotoxin in a 
dose  of 100 ~ g / k g  or more ,  a s ignif icant  d e c r e a s e  took p lace  in the number  of leukocytes  and basophi l s  
a f te r  10-30 min, p r o g r e s s i n g  unti l  the a n i m a l ' s  death, a f te r  inject ion of 1 #g /kg ,  only the basophi l  count 
showed a s ignif icant  d e c r e a s e  by 30-50% (P = 0.4%) 4 h af ter  inject ion of the p r e pa r a t i on ,  with a r e tu rn  to 
the in i t ia l  leve l  af ter  24 h without a d e c r e a s e  in the to ta l  leukocyte  count. 

When endotoxin was in jec ted  in a dose of 10-15 # g / k g ,  the leukocyte count fel l  a f te r  a t ime  vary ing  
f rom 30 rain to 2 h, with a r e t u r n  to the in i t ia l  va lues  a f te r  4 h , w h e r e a s  at this  t ime a basopen ia  developed 
(P =O.2%) (see the table) .  

Af te r  in ject ion of le thal  doses ,  in p a r t i c u l a r  be fo re  death of the an imals ,  agains t  the background of 
a m a r k e d  basopen ia  a r e l a t i v e  i n c r e a s e  took place  in the number  of n o r m a l  basophi l s ,  p r e s u m a b l y  on ac -  
count of des t ruc t ion  of the ce l l s .  The degranu la ted  ce l l s  we re  more  s e v e r e l y  in jured (Fig. 3). This  demon-  
s t r a t e s  the in jur ious  act ion of the endotoxin. Evident ly  the  basopen ia  in th is  ease  developed as  a r e s u l t  of 
des t ruc t ion  of the ce i l s  r a t h e r  than t rue  degranula t ion  because  of exhaust ion of the granules .  At the s ame  
t ime ,  it may be pos tu la ted  that  the se lec t ive  basopenia  following admin i s t r a t i on  of s m a l l  doses  of endo-  
toxin,  without a to ta l  leukopenia  denoted degranula t ion r a t h e r  than in jury .  These  obse rva t ions  do not p r o -  
vide the answer  to the question whether  this  degranula t ion  was p r i m a r y  in c h a r a c t e r  or whether  it was s e e -  
ondary  as a r e s u l t  of the r eac t i on  to the endotoxin, because  under  the influence of the endotoxin the l i b e r a -  
t ion of e o r t i c o s t e r o i d s  may take  p lace  f rom the adrena l  cor tex ,  producing basopenia  both in man [6] and 
in r abb i t s  [5-7]. 

In the p r e sen t  expe r imen t s ,  conducted on 8 r abb i t s ,  a s ignif icant  d e c r e a s e  in the basophi l  count by 
30-50% without a total  leukopenia  was also o b s e r v e d  4 h af te r  the i n t r a m u s c u l a r  inject ion of co r t i sone  
(10 m g / k g  body weight) .  These  f indings may  indicate  the secondary  c h a r a c t e r  of the degranuta t ion of the 
basophi l s ,  but they cannot ru te  out the pos s ib i l i t y  of a d i r e c t  act ion of the endotoxin on the basophi l s .  

The r e s u l t s  of these  expe r imen t s  thus demons t r a t e  quant i ta t ive and qual i ta t ive  changes in the b a s o -  
phi ls  in r e sponse  to the action of b a c t e r i a l  endotoxin and the p o s s i b i l i t y  that in these c i r c u m s t a n c e s  act ive 
subs tances  such as h i s t amine  and hepar in  (and other  act ive subs tmlces  also,  possibly)  may  be l i b e r a t e d  
during the pe r iod  of b a c t e r i a l  poisoning.  It is  known that h i s t amine  t akes  part  in the development  of bac -  
t e r i a l  poisoning,  although the question of i ts ro l e  in the development  of i r r e v e r s i b l e  shock has not yet 
been se t t led .  The l ibe ra t ion  of hepar in  concur ren t ly  with degranula t ion  of the basophi l s  may  p lay  a ro le  
in p reven t ing  the in i t ia l  i n t r a v a s c u l a r  eoagnlat ion,  because  some of the symptoms  of infect ious shock may 
be due to i n t r a v a s c u l a r  coagulat ion with embol i  and th rombi ,  leading to blocking of the c i r cu la t ion .  

The l ibe ra t ion  of these  subs tances  f rom the g ranu le s  of the basophi l s  as a r e s u l t  of the action of 
endotoxin show that  they may  be concerned in the gene ra l  chain of r eac t ions  developing in b a c t e r i a l  poisoning.  

The question of whether  the l ibe ra t ion  of these  subs tances  is c om pe ns a t o r y  or pa thologica l  in e h a r -  
ae t e r  wil l  be the subject  of a fu r the r  study. 
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All  a b b : e v i a t l o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  a re  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i ons  tff the  a b b r e v i a t i o n s  as  g i v e n  in the  o r i g i n a l  R u s s i a n  j ou rna l .  Some or all o f  thi~ peri- 
odical literature may  well  be available in Engl ish translation. A c o m p l e t e  l i s t  of  the  cove r - to -  
c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at  the  back  of  the  f i r s t  i s s u e  of  th i s  year .  
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