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SEROTONIN OF HEMATOPOIETIC AND IMMUNOCOMPETENT 

TISSUES OF MAMMALS OF VARIOUS SPECIES 
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High concentra t ions  of serotonin ,  not a t t r ibutable  to the p re sence  of blood in the t i s sues ,  
were  found by the ninhydrin f luorescence  method in the bone m a r r o w ,  lymph glands,  and 
thymus of var ious  spec ies  of m a m m a l s  (dogs, ca ts ,  r abb i t s ,  guinea pigs,  r a t s ,  and mice).  
Adminis t ra t ion  of exogenous serotonin  inc reased  its concentra t ion in the t i s sues  of these 
o rgans  and also in the spleen.  Reserp ine  sharp ly  lowered  the serotonin  concentra t ion in 
these  t i s sues .  It is postulated that endogenous sero tonin  of the hematopoiet ic  and im-  
munoeompetent  t i s sues  par t i c ipa tes  in the local  regulat ion of hematopoies i s ,  immuno-  
genes i s ,  and na tura l  r ad io r e s i s t ance .  The cor responding  effects  of exogenous serotonin  
a re  p robab ly  connected with its d i rec t  penet ra t ion  into the hematopoie t ic  and immunocom-  
potent t i s sues  and to its act ion on t i s sue  r e c e p t o r s .  
ICE Y WORDS: serotonin;  hematopoies i s ;  lymphoid  t i s sues .  

Serotonin has recently been found in the lymph glands and thymus of rats [5, I0]. The lymphoid tis- 
sues of other species of animals have not been investigated, nor has any attempt been made to study the 
bone marrow. 

The object  of this invest igat ion was to de te rmine  the sero tonin  level in the above-ment ioned  m a m m a -  
l ian t i s sues .  

EXPERIMENTAL METHOD 

Six spec ies  of m a m m a l s  were  studied (Table 1). The sero tontn  concentra t ion was de te rmined  by the 
ninhydrin f luorescence  method in the w r i t e r s  T modificat ion [3, 4]. P ro te ins  were  prec ip i ta ted  with p e r -  
cblor ic  acid containing 7 m g / m l  ascorb tna te .  Exclusion of a sco rb ic  acid cons iderably  reduced the concen-  
t ra t ion  of sero tonin  de te rmined ,  e spec ia l ly  a f t e r  high dilution of the s amples  with pe rch lo r i c  acid. This 
could be because  of the dec r ea s e  in the concentra t ion of endogenous stabi l izing subs tances  under these  con-  
ditions. The no rma l  se ro tonin  concentra t ion in the blood of mice ,  according to the avai lable  data, va r i e s  
f r o m  0.2 p g / m l  [8] to 3-5 p g / m l  [11], evidently depending on the degree  of s tabi l izat ion of the sero tontn  
at the s tage of p ro te in  prec ip i ta t ion .  The identity of the substance  de te rmined  with serotonin  was proved,  
not only by the high spec i f ic i ty  of the method, but also by tes t s  involving admin is t ra t ion  of r e se rp ine .  It 
will a lso be noted that  the oxidation of endogenous sero tonin  with iodine ( recommended  by B. N. Manukhin) 
was just  as complete  as that  of the c rys ta l l ine  amine (in the s tandard  or  on the addition of sero tonin  to 
t i s sue  ex t rac t s ) .  Exogenous serotonin ,  in the f o r m  of the c rea t in ine - su l fa te  (Reanal, Hungary),  was injected 
subcutaneously  15 rain before  sac r i f i ce  in a dose of 10 mg/kg  calcula ted as the f ree  base ;  r e s e r p i n e  was 
injected in t raper i tonea l ly  in a dose of 5 mg /kg  18-24 h p rev ious ly  in a dose of 5 mg/kg  (both subs tances  in 
a v o h m e  of 10 ml /kg) .  
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E X P E R I M E N T A L  R E S U L T S  

The re su l t s  of the study of the serotonin concentra t ion in 
the t i s sues  a r e  given in Table 1. Its concentrat ion in the blood 
and spleen of the rabbi t s ,  guinea pigs,  and r a t s  was s ignif icant ly  
higher than that  given in the l i t e r a tu r e  [11, 12] and than the level  
de te rmined  p rev ious ly  by the w r i t e r s  in the Ukraine [3, 4]. These  
di f ferences  we re  not found in the serotonin concentrat ion in the 
t i s sues  of dogs [8, 12] and noninbred albino mice [11]. Under the 
exper imenta l  conditions used, the serotonin concentrat ion in hu-  
man blood was also that usual ly found: 0.17 pg/ml. 

The chief r e su l t  of the invest igat ions was the d i scovery  of 
high concentrat ions of serotonin  in the hematopoiet ie  and immuno-  
competent  t i s sues  of the an imals  of all  s ix  spec ies  at different  
ages.  Since the an imals  studied belong to five different  famil ies  
of two o rde r s  (rodents and ca rn ivores ) ,  the r e su l t s  must  evidently 
be r ega rded  as cha r ac t e r i s t i c  for  the c lass  of m a m m a l s  as a 
whole. The highest  serotonin  concentrat ions were  found in inbred 
mice and r a t s .  

The sero tonin  concentra t ion in the t i s sues  was not a t t r ibu-  
t a b l e t o t h e  p r e sence  of blood in them,  for  the concentrat ion of the 
amine in the organs  of dogs, guinea pigs,  r a t s ,  and mice was higher  
than in the blood (by 3-18 t imes  in dogs, by 4-5.7 t imes  in ra t s ) .  
The values found were  higher than in the bra in  and were  approxi -  
ma te ly  equal to, o r  even higher than (in ra ts)  the concentrat ion in 
the spleen and intest ine,  organs  pa r t i cu l a r ly  r i ch  in serotonin.  

Serotonin b iosynthes is  ac tual ly  in the hematopoiet ic  and i m -  
munocompetent  t i s sues  s e e m s  unlikely, fo r  t ryptophan hydroxylase  
is found in only a few m a m m a l i a n  t i s sues  (brain, intest ine,  l iver)  
[7, 11]. There  is d i rec t  evidence of the absence of a second en-  
zyme of sero tonin  b iosynthes is ,  a decarboxylase ,  in the bone m a r -  
row [12]. It can accordingly  be postulated that  the bone ma r ro w ,  
lymph glands,  and thymus a s s imi l a t e  and accumulate  serotonin 
f r o m  the blood s t r e a m .  To tes t  this hypothesis exper imen t s  were  
c a r r i e d  out in which exogenous sero tonin  was injected. The r e -  
sul ts  a r e  shown in Fig.  1: all  the t i s sues  inves t igated c l ea r ly  
a s s imi l a t ed  serotonin.  F o r  the spleen this is in ag reemen t  with 
data in the l i t e ra tu re  [9]. The re la t ive  increase  in the concen t ra -  
tion of the amine in the lymph glands and, in pa r t i cu l a r ,  in the 
bone m a r r o w  and spleen was higher  than in the blood. This is 
evidence of its t rue  accumulat ion.  

It is well  known that the seroton[n of many organs  is ex-  
hausted by r e s e r p i n e  as a r e su l t  of the blocking of act ive serotonin  
t r a n s p o r t  at the place where  it is s to red  - the specia l  ves ic l e s .  
This c h a r a c t e r i s t i c  effect  of r e s e r p i n e  was obse rved  now in all 
t i s sues .  The dec rea se  in the serotonin  concentrat ion a f te r  in jec-  
tion of r e s e r p i n e  was g rea t e s t  [11 the spleen and blood, in a g r e e -  
mea t  with data in the l i t e r a tu re  [3, 4, 11, 12]. Reserp ine  had an 
a lmos t  equally ma rked  action on the serotonin concentra t ion in 
the bone m a r r o w ,  lymph glands,  and thymus.  The serotonin  con-  
centra t ion of these organs  fell  to the s a m e  (bone marrow)  o r  even 
a g r e a t e r  degree  (lymph glands and thymus) than in the smal l  in- 
tes t ine ,  lungs,  and hear t .  The abil i ty of the t i s sues  both to ac -  
cumulate l a rge  quantit ies of serotonin f r o m  the blood s t r e a m  and 
to lose  t hem under the influence of r e s e r p i n e  shows that  the s t o r -  
age of serotonin in the bone m a r r o w ,  lymph glands,  and thymus 
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Fig. 1. Changes in serotonin con- 
centra t ion (in % of initial) in t i ssues  
of CBA mice under the influence of 
serotonin (1) and re se rp ine  (2). All 
d i f ferences  f r o m  normM sta t i s t ica l ly  

takes place by a mechanism s imi la r  to or  identical with that 
of s torage in the spleen and platelets .  

The p resence  of high concentrat ions of serotonin in the 
hematopoiet ic  and immtmocompetent  t issues  and the i r  abili ty 
to ass imi la te  and s to re  the c i r c t a t i n g  amine are  evidence of 
the important  biological role  of serotonin  in these t i ssues .  
Exogenous serotonin  is known to s t imulate  hematopoiesis  [6, 
13], to inhibit immunogenesis [2], and to give protect ion against 
radiat ion damage [1]. There  are  evidently grounds for  suggest-  
ing that,  f i r s t ,  endogenous serotonin may possess  the same ac-  
t ivi ty and, second, that these effects  of exogenous serotonin are  
not only mediated by other  sys tems  [1], but a re  connected with 
its penetra t ion d i rec t ly  into and its action on the hematopoiet ic  
and immunocompetent  t i ssues .  This las t  hypothesis is con- 
f i rmed  by the fact that serotonin accumulated in these t i ssues  
in doses giving a marked ery thropoie t ic  [13] and rad iopro tec -  

significant CP < 0.05). 
t i r e  [1] action and inhibiting antibody-formation [2]. The pene-  
t ra t ion  of serotonin into the t i ssues  f r o m  the blood s t r e a m  must 

lead not only to its s torage ,  but also to its interact ion with r ecep to r s .  The las t  p rocess  a r i ses  also a f t e r  
mobilization of the s tored  serotonin of the bone marrow,  spleen, lymph glands, and thymus under the in- 
f luence of various fac tors .  This hypothesis r equ i res  fu r the r  exper imental  verif icat ion.  

The authors  are  grateful  to the student T. N. Burmina for  helping with the exper iments  with r e se rp ine .  
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