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Exper imen t s  on r a t s  showed that the level  of serotonin act ivi ty influences the format ion  of the 
"shock lung" syndrome.  In hypoact ivi ty tachyhypopnea is observed  and the lung shows a path- 
omorphological  p ic ture  cha r ac t e r i z ed  by numerous  a te lec tases ;  in hyperac t iv i ty  the re  is a c o r -  
responding tachyhyperpnea  and a v e r y  smal l  number  of a t e l ec tases .  
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The pathomorphology of '~shock lung" has now been adequately studied and congestion, a t e l ec tases ,  ob- 
s t ruc t ive  and functional emphysema ,  h e m o r r h a g e s  into the lung substance,  edema,  and so on have been ob- 
s e rved  m a c r o -  and m i c r o s c o p i c a l l y  [6, 10]. These  changes,  ranging f rom changes in the quali tat ive c h a r a c t e r -  
i s t ics  of the sur fac tan t  to the "hepat izat ion ~ of lung t issue,  have been studied in par t i cu la r  detail  by Haider  et 
al.  [13]. 

In previous  invest igat ions [1, 7] the p resen t  wr i t e r s  showed that serotonin (5-HT) plays a definite ro le  in 
the fo rmat ion  of r e s p i r a t o r y  r e s p o n s e s  to h e m o r r h a g e  and shock. In connection with these facts  and s ta te -  
ments  [12, 14] to the effect  that  5-HT has  an unfavorable action on the lung in shock, an invest igat ion was under -  
taken to study the effect  of this biogenic amine on the format ion  of the "shock lung" syndrome.  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on 300 albino r a t s  of both sexes  weighing 200-300 g. T rauma t i c  shock was 
produced by Cannon's  method. Indices of the sero toninerg ic  reac t ion  of the blood (5-HT activity) and mono- 
amine  oxidase  (MAO) act ivi ty  we re  de te rmined  as follows: 5-HT by a modified biological  method [11] and MAO 
by So lo imskaya ' s  method [9]. Blood and the lungs were  taken f rom the an imals  af ter  decapitation. In view of 
data in the l i t e r a tu re  [6, 10] showing that  both rapid  and deep r e sp i r a t i on  as well as rap id  and superf ic ia l  r e s -  
p i ra t ion  can be observed  during shock, the main c r i t e r ion  for a s s e s s i n g  di f ferences  in the pathomorphological  
p ic ture  of the lungs was the number  of foci of a te lec tas i s  in the lung t i ssue .  Histological  sect ions were  stained 
with h e m a t o x y l i n - e o s i n  and by Van Gieson ' s  method and impregnated  by F e e t ' s  method. They were  a s s e s s e d  
visual ly .  Ten fields of  vis ion were  examined in each p repa ra t ion  and the number  of foci of a te lecta t ic  t i s sue  
counted in these  zones and the mean number  de termined.  To c la r i fy  the exact  ro le  of 5-HT in the format ion  of 
the pathomorphology of the "shock lung" an excess  of 5-HT was produced ar t i f ic ia l ly  in some animals  by in- 

j e c t i n g  exogenous 5-HT in a dose of 100 p g / k g  body weight daily for 7 days [2], and a deficiency in others  by 
feeding the an imals  with r e s e r p i n e  in a dose of 2 mg /kg  [8] and by par t ia l  depancrea t iza t ion  [3, 7]. The blood 
p r e s s u r e  in the caro t id  a r t e r y  was m eas u red  with an e lec t ro tonomete r .  The ampli tude and frequency of the 
r e s p i r a t o r y  movements  were  r e c o r d e d  by a t h e r m o r e s i s t o g r a p h i c  method on a 4EEG-1 e lec t roencephalograph 
and the act ivi ty  of the d iaphragm,  the main insp i ra to ry  muscle ,  calculated as the product  of the frequency of 
impulses  per  second and the square  of the ampli tude and exp re s sed  as a percen tage  of the initial level ,  was r e -  
corded by means  of s tee l  needle e l ec t rodes .  The ECG and EEG also were  recorded .  The la t te r  s e rved  to r e -  
f lect  the seve r i ty  of the a n i m a l ' s  condition. The numer i ca l  data were  subjected to s ta t i s t ica l  ana lys is .  Sig- 
nif icance o f  the d i f fe rences  was de te rmined  by Student 's  c r i t e r ion .  

Kazan '  R e s e a r c h  Insti tute of Traumato logy  and Orthopedics .  (Presen ted  by Academic ian  of the Academy 
of Medical  Sciences of the USSR P.  N. Veselkin.) T rans l a t ed  f rom Byulleten '  t~ksper imental 'noi  Biologii i 
Meditsiny,  Vol. 82, No. 10, pp. 1181-1183, October ,  1976. Original  a r t i c le  submit ted J anua ry  12, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation 227 West 1 7th Street, New York, IV. Y. 10011. No part 
of this publication may be reproduced, stored in a retrieval system or transmitted in any form" or by any means, electronic, mechanical, photocopying, 

[microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ Z 50. 

1474 



Fig. 1. Pathomorphology of the shocked lung. A) Control: normal  lung t issue (im- 
pregnated by Foot ' s  method, 63 • B) t raumat ic  shock: a reas  of a telectasis  ( impreg-  
nated by Foot ' s  method, 63 • C) t raumat ic  shock: hemorrhage  into s t roma,  a reas  of 
a te lectas is  absent (hematoxyl in-eos in ,  56 x). Remainder  of explanation in text. 

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

Indices of the blood serotoninergic  react ion in the control  group of intact animals were:  5-HT 0.99 
0.012 pg /ml ,  MAO 2.6 :~ 0.068 # g / m l  ' h  -1, and no changes were found in the morphological  picture of the lung 
(Fig. 1A). In the animals with t raumat ic  shock the blood serotoninergic  react ion showed two tendencies in its 
development: in one group of animals (group 1) the activity of the blood serotoninergic  react ion was increased 
(5-HT 1.98 • 0.074 ~g /ml ,  MAO 6.4 =~ 0.236 ~g /ml  .h- i) ,  whereas  in the other group (2), converse ly ,  it was 
reduced (5-HT 0.02 :~ 0.004 pg /ml ,  MAO 1.2 i 0.098 p g / m l  .h-i) .  The morphological  picture of the lung was 
charac te r i zed  by hemorrhages  into the s t roma  and lumen of the bronchi, edema of the peribronchial  and al-  
veolar  t issue,  desquamation of the bronchial  epithelium, and so on. However, a detailed study revelaed differ-  
ences in the pathomorphology of the lung in the animals of groups 1 and 2. In the animals of group 1 (with in- 
c reased  activity of the blood serotoninergic  reaction) a reas  of functional emphysema were  found in the lungs 
and the number of a te lectases  was ext remely  small;  namely 1.4 �9 0.086 in ten fields of vision. In the animals 
of group 2 (with weakening of the blood serotoninergic  reaction) the number of a te lectases  in tea fields of vi- 
sion was 5.6 �9 0.138. Areas  of emphysematous  t issue were found extremely r a re ly .  

It was suggested that this corre la t ion  between the pathomorphology of the lungs and the serotoninergic  
react ion of the blood may be linked with the functional state of the serotoninergic  sys tem.  To tes t  this hypo- 
thesis  experiments  were ca r r i ed  out on animals with an art i f icial ly induced excess and deficiency of 5-HT in 
the body. In animals with an experimental  5-HT deficiency the indices of the serotoninergic  reac t ion  of the 
blood in the initial state were:  5-HT 0.21 �9 0.006 ~g/ml ,  MAO 1.2 �9 0.138 pg/ml ~ -l ,  and in a state of t r au -  
matic shock: 5-HT 0.008 :~ 0.0004 ~g /ml ,  M_AO 0.4 =~ 0.012 g g / m l  "h -l .  Investigation of the pathomorphology 
of the lung revealed,  in addition to other changes, a large number of a reas  of atelectatic t issue (7.2 i 0.538 in 
ten fields of vision; Fig. 1B). Normalizat ion of the blood serotoninergic  react ion in the animals of this group 
occur red  14-16 days after t rauma,  and normalizat ion of the pathomorphological picture of the lung by the 15th- 
16th day. 

In the animals with an art i f icial ly induced excess of 5-HT the indices of the serotoninergic  react ion were 
initially: 5-HT 1.86 • 0.084 pg/ml, MAO 4.1 § 0.134 #g/ml "h -z, and in a state of traumatic shock: 5-HT 
2.19 i 0.096 ~g/ml, MAO 5.8 ! 0.636 #g/ml .h  -I. Besides other changes, investigation of the morphological 
picture of the lung revealed areas of ateleetatic tissue (0.9 �9 0.036 in ten fields of vision; Fig. 1C). Normali- 
zation of the blood serotoninergic reaction in the surviving animals of this group took place by the eighth to 
ninth day after trauma and normalization of the pathomorphological picture of the lung by the ninth to tenth day 
after trauma. 

Investigations by Sergievskii et al. [8] and by one of us [7] showed that the level of 5-HT biological activi- 

ty affects the activity of the respiratory system. 
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This  conclusion was tes ted  in the p resen t  expe r imen t s .  In an imals  with an a r t i f ic ia l ly  induced excess  of 
5-HT tachyhyperpnea  with an i nc rea se  in the e lec t r i ca l  act ivi ty of the r e s p i r a t o r y  musc le  (diaphragm) to 176 
8.3% was obse rved  during t r aumat ic  shock, whereas  in an imals  with an exper imen ta l  5-HT deficiency tachhy'- 
popnea was obse rved  and the e l ec t r i ca l  act ivi ty  of the d iaphragm was reduced  by 45 =e 4.2%~ 

In t r aumat ic  shock changes in 5-HT act ivi ty  thus evidently de te rmine  whether  the act ivi ty of the r e s p i r a -  
to ry  s y s t e m  shal l  be of the tachyhyperpneic  or tachyhypopneic type. These  d is turbances  mus t  u l t imate ly  affect  
the pathomorphologica l  p ic ture  of the lung: In some c a s e s  the number  of foci of a te lec tas i s  is ve ry  smal l ;  in 
o thers  these  a r e a s  predominate .  
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