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In s e v e r e  at tacks of diphtheria  the content of 5 -hydroxyt ryp tamine  (serotonin) r i s e s  in some  organs  
and t i ssues ,  and espec ia l ly  in the adrenals  [2]. In m a m m a l s ,  however,  apar t  f r o m  the m a s t  cel ls  in r a t s  
and mice  [11], and poss ib ly  a lso  ne rve  t i ssue  [10], the only s t ruc tu r e s  capable  of ca r ry ing  out the complete  
b iosynthes is  of se ro tonin  a r e  the en te roehromaf f in  cel ls  of the gas t ro in tes t ina l  t rac t ,  one of the main  
sou rces  of serotonin  in the body [5, 6, 9, etc.] .  The s tudy of the h i s toehemica l  changes in these cel ls  may  
shed light on the c h a r a c t e r  of the d is turbances  of serotonin  me tabo l i sm  occur r ing  in diphtheria .  

The object  of the p r e s en t  invest igat ion was to study the content of se ro tonin  in the en te rochromaff in  
cel ls  of the duodenum in rabbi t s  with diphtheria poisoning. 

EXPERIMENTAL METHOD 

Diphtheria poisoning was produced in rabbits by means of a single injection of diphtheria toxin into 
the blood stream in a dose of 0.0044 ml/kg (i M. L. D. for the guinea pig is 0.0034 ml). 

The enterochromaffin cells were detected by the Masson-Hamperl argentaffin reaction in a trans- 
verse section of the duodenum, 1 cm long and 6 # thick, made from an area of the duodenum 1 em from 
the pylorus. The adjacent portion of the duodenum was used for determination of the serotonin content on 

a strip of the fundus of the rat's stomach by Vane's method [15]. 

The preparations were examined under the high power of the microscope. The enterochromaffin cells 
were counted and classified in accordance with the number of visible granules: i) cells with solitary, 
scattered granules; 2) cells in which 1/3 of the volume was occupied by granules; 3) cells in which 2/3 of 

the volume was occupied by granules; 4) cells completely packed with granules. 

By addition of the products of the total number of cells in each state of granulation and the numbers 
i, 2, 3, and 4 (corresponding to the previously established differences in the content of granules), the in- 
dex of the overall loading of the cells of the section with argenta~fin material (the gravimetrie granulation 
index) was calculated. The saturation index [4] was determined as the ratio between the gravimetric 
granulation index and the number of enterochromaffin cells (the mean loading of these cells with granules 

of secretion). 

Experiments were carried out on 8 healthy rabbits and 21 rabbits in various stages of poisoning 

(the characteristics of the phases were given in an earlier paper [2]). 

EXPERIMENTAL RESULTS 

In the healthy rabbi t s  the en te rochromaff in  cel ls  of the duodenum w e r e  a r r anged  mainly  s ingly in 
the region of the c rypts  of Lieberkuhn,  in the epi thel ium cover ing the vi l l i ,  l e ss  commonly  in the B r u n n e r ' s  
glands,  and s o m e t i m e s  in the in te r s t i t i a l  t i ssue  of the mucous m e m b r a n e .  A sect ion  1 cm in length con-  
tained 49• cel ls ,  m os t l y  with only a few argentaff in  granules  (69% of the total  number  of cel ls  detected; 
Fig.  1, a). The g r a v i m e t r i c  granulat ion index was 72 +15.6, the index of sa tura t ion  1.43• and the 
serotonin content of the duodenal t i ssue  was 3.912• ~g/g.  

Depar tment  of Infectious Diseases ,  Be lo russ ian  Pos tg radua te  Medical Inst i tute and Be lo russ ian  
R e s e a r c h  Insti tute of Public Health (Presented  by Active Member  of the Academy of Medical Sciences of 
the USSR,S. R. Mardashev) .  Trans la t ion  f r o m  Byulletefl '  ~kspe r imen ta l ' no i  Biologii i Meditsiny, Vol. 63, 
No. 5, pp. 41-44, May, 1967. Original  a r t i c le  submit ted  September  29, 1965. 

488 



Fig. 1. Mucous m e m b r a n e  of the r abb i t s '  
duodenum: a) control  animal;  b) rabbi t s  
s ac r i f i ced  in phase  1 of diphtheria  po ison-  
ing. The a r rows  point t o e n t e r o c h r o m -  
affin ce l l s .  M a s s o n - H a m p e r l  method.  
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Fig.  2. Changes in the number  of 
en te rochromaf f in  cel ls  detected 
(1), in the g r a v i m e t r i c  granula t ion 
index (2), the index of sa tu ra t ion  
(3), and the se ro ton in  concen t ra -  
tion (4) in the duodenal t i s sue  of 
rabbi t s  poisoned with diphtheria  
toxin (in ~c of control) .  Where the 
di f ference f r o m  the control  value 
is s ta t i s t i ca l ly  signif icant ,  the 
co r respond ing  point is indicated 
by a c i r c l e .  

In phase  1 of poisoning the total  number  of e n t e r o ,  
chromaff in  cel ls  detected was i n c r e a s e d  by 51% on account 
of cel ls  s a tu ra t ed  with argentaff in  granules  to the level  of 
groups  2-4 (68% of the total number  of cel ls ,  c o m p a r e d  with 
31% in the control) ,  and including those in which the granules  
we re  e x t r e m e l y  densely  packed,  so  that the i m p r e s s i o n  of a 
d i s c r e t e  m a s s  was los t  (Fig. 1, b). This resu l ted  in an in-  
c r e a s e  in the index of sa tu ra t ion  (by 61~c) and, in pa r t i cu l a r ,  
in the g r a v i m e t r i c  granulat ion index (by 130~c). 

In phases  2 and 3 the number  of en te rochromaf f in  cel ls  
fel l  s l ightly,  as a r e su l t  of which the d i f ference  f r o m  the con-  
t rol  values  were  not s t a t i s t i ca l ly  s ignif icant .  The g r a v i m e t r i c  
granulat ion index and the index of sa tu ra t ion  were  much 
higher  than no rma l .  The sero tonin  concentra t ion in the 
duodenal t i ssue  (determined by Vane ' s  method) co r responded  
to the changes in the index of sa tu ra t ion  and in the g r a v i m e t r i c  
granulat ion index. 

However ,  on compar ing  the index of sa tura t ion  i n p h a s e s  
2 and 3 of diphtheria poisoning a s t a t i s t i ca l ly  s ignif icant  de -  
c r e a s e  was found in the mean  loading of the cel ls  with a r g e n t -  
affin m a t e r i a l  in phase  3 (Fig. 2). 

In pa ra l l e l  invest igat ions conducted on the s a m e  l a b o r a -  
to ry  an imals  the content of se ro tonin  in the other  t i s sues  was 
found to i n c r e a s e  much l a t e r ,  in phase  2 or  3 of poisoning 
[2]. The se lec t ive  accumula t ion  of sero tonin  in the e n t e r o -  
ehromaff in  cel ls  only, in phase  1, cannot the re fo re  be  ex-  
plained by the blocking of monoamine  oxidase  or  by the ac t i -  
vat ion of decarboxylat ion of 5-hydroxyt rp tophan (5-HTP),  
because  under  the influence of monoamine  oxidase  inhibi tors  
se ro ton in  accumula tes  in va r ious  organs  and t i s sues  [11, 16, 
etc.] ,  while 5 - H T P - d e c a r b o x y l a s e  is foundin mos t  m a m m a l i a n  
t i s sues  [9, 12, 13], where  decarboxyla t ion  of 5 -HTP also 
takes p lace  with the par t ic ipa t ion  of the enzyme [6, 8]. 

The ea r ly  accumula t ion  of se ro ton in  in the e n t e r o e h r o m -  
affin cel ls  was evident ly  caused  by the spec i f ic  functional 
p r o p e r t i e s  of these cel ls ,  which c a r r y  out the complete  b io-  
synthes is  of serotonin.  In o ther  words ,  i t  was dependent on 
act ivat ion of the oxidation of 1- t ryptophan into 5 -HTP by the 
specif ic  enzyme 1 - t ryp tophan-5 -ox idase  [7, 14], which has 
an e x t r e m e l y  l imi ted  dis tr ibut ion,  as a r e su l t  of which the oxi-  
dation Of 1- t ryptophan and not the decarboxyla t ion  of 5 -HTP 
is the control l ing s tage in the b iosynthes is  of se ro tonin  [10]. 

Consequently, under  the influence of diphther ia  toxin, 
the accumulat ion of 5 -HTP took place  in the body. 

Unlike 1 - t ryp tophan-5-ox idase ,  5 - H T P - d e c a r b o x y l a s e  is not a speci f ic  enzyme and it  can act  on 
o ther  s u b s t r a t e s  bes ides  5 - H T P  [I0]. One such s u b s t r a t e  in the adrena l s  is 3, 4-dihydroxyphenyla lanine  
(DOPA), one of the p r e c u r s o r s  of adrenal in .  Meanwhile, 5 -HTP compet i t ive ly  inhibits the decarboxyla t ion  
of DOPA. Converse ly ,  DOPA (like dopamine,  noradrenal in ,  and adrenalin) inhibits the decarboxyla t ion  of 
5 -HTP (and its convers ion  into 5 -hydroxy t ryp tamine  or  serotonin) .  In o ther  words ,  DOPA and 5 -HTP  c o m -  
pete in the adrena ls  for  the s ame  enzyme.  Af ter  the inject ion of 5 -HTP into the blood s t r e a m  of an imals ,  
a cons iderable  amount of se ro ton in  is f o r m e d  in the adrena ls ,  and in the s a m e  granules ,  m o r e o v e r ,  as 
those in which adrenal in  accumula tes  [10]. 

48"9 



F r o m  the observa t ions  desc r ibed  above, the following hypothesis  may  be put f o r w a r d  concerning 
the m e c h a n i s m s  of the d i s turbance  of the b iosynthes is  of serotonin and the ca techolamines  in diphtheria  
poisoning.  

Excitat ion of the s y m p a t h e t i c - a d r e n a l  s y s t e m  at  the beginning of the action of the toxin t r i g g e r s  off 
the homeos ta t i c  m e c h a n i s m s  of the body and i ts  accompanied  by an i n c r e a s e  in the syn thes i s  and s e c r e -  
t-ion of adrenal in  by the adrena l s  [1, 3]. The accumula t ion  of  DOPA in these  conditions inhibits the deca rb -  
oxylation of 5-HTP,  as a r e s u l t  of which the content of sero tonin  in the adrenals  does not i nc r ea se  inphase  
1 of poisoning, despi te  the excess  of 5 -HTP f o r m e d  in the en te rochromaff in  ce l l s  in i nc rea sed  amount.  

Converse ly ,  at the end of poisoning,  compet i t ion between DOPA and 5 -HTP for  DOPA-decarboxy lase  
is  r e so lved  in the adrenals  in favor  of 5 - t ITP (for example ,  as the r e su l t  of accumulat ion of 5 -HTP in the 
adrenals  or ,  of course ,  a d e c r e a s e  in the synthes is  of DOPA), and the se ro ton in  content consequently r i s e s  
sha rp ly  [2] in these glands while the synthes is  of adrena l in  d iminishes  [1, 4]. 
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