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As a r e su l t  of t he rma l  in jury,  toxic substances  inhibiting migra t ion  of leukocytes  in blood cul tures  ap-  
pear  in the se rum o f b u r n e d a n i m a l s .  Burn t rauma causes  cons iderable  pathological changes in kidney and 
l iver  function, leading to the development  of hepatorenal  insuff iciency.  The exper imcnta l  r e su l t s  suggest  
that  autointoxicat ion is an impor tan t  fac tor  in the development  of hepatorcnal  instffficiency af ter  thermal  
bu rns .  

In the mode rn  view, t he rma l  burns  a re  accompanied by s t ruc tura l  and functional d is turbances  of the 
l iver  and kidneys [1, 3, 8-11]. In the opinion of mos t  w o r k e r s ,  definite changes a r i s e  in these organs even 
in the case of burns cover ing  smal l  a r e a s .  Many worke r s  [2, 12-13] a t t r ibute  the changes in the internal  
organs  to burn autointoxication.  

Our e a r l i e r  invest igat ions [5, 7] yielded r e su l t s  support ing the toxemia theory .  A para l le l  was demon- 
s t r a t ed  between the toxic act ion of se rum of burned animals  and changes in kidney function and n fir ogen 
metabo l i sm.  

The object  of the p resen t  investigation was to compare  the toxic p rope r t i e s  of the se rum and the 
pathology of the l ive r  and kidneys af te r  t he rma l  injury.  

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

Exper iments  were  c a r r i e d  out on 12 dogs. After  the initial data had been obtained, the animals  were  
burned with a sp i r i t  f lame over  an a r ea  of 15-20~ of the body sur face ,  the exposure  last ing 1-2 rain. In- 

v e s t i g a t i o n  of the toxic p rope r t i e s  of the s e r u m  and changes in kidn%, and l iver  function began 4 h ,'ffter the 
burn.  

The toxic p rope r t i e s  of the s e rum were  investigated by using migra t ion  of leukocytes  in a cul ture  o f  
heal thy human leukocyte fi lm as  c r i t e r i on  [4]. The s e r a  for  tes t ing were  added to the nutr ient  medium of 
the exper imenta l  cu l tu res ,  and Ringec 's  solution was added to the cont ro l s .  Migration of the exper imenta l  

TABLE 1. Changes in Kidney Function and Toxic P ro p e r t i e s  of Serum 
of Animals a f t e r  Burn Trauma  (in pe rcen t  of normal ,  apar t  f rom toxicity).  
Mean Data 

Time after 
burning 

4h 
I day 
2 days 
3 days 
5 days 
7 days 
9 days 

I Glome- 
[ tula fi l-  
l trauon 

42.3 
40,8 
59,4 
73.8 
62,2 
78,6 
92,6 

R ena! [ Fihra-  
IOOU I l ion 

f ! o ~ q  

48,5 90,6 
38,1 104,5 
52,5 128.5 
66,6 130,0 
-10.7 180,7 
58,3 179,3 
933 10'2,7 

Reab- iMaxi-  
sorp- [mal se- 
tion t cretion 

10-I.3 
10"2.4 
101.8 
! 00,7 
101,6 
102.6 
IO1.2 

34,2 
37,4 
52,3 
71,0 
55,9 
64,5 
80,5 

Diuresis 

31,6 
41,2 
53.1 
8_0,0 
61,7 
72,5 
00,8 

To:~icity 

--16 
--11 
--12 
--10 
--18 

- -9  
- - 3  

Pathophysiologica!  Labora to ry ,  Centra l  Institute of Hematology and Blood Transfusion,  Moscow (Pre-  
sented by Active Member  of the Academy of Medical Sciences of the USSR N. A. Fedorov) .  Trans la ted  f rom 
Byul le ten '  I~ksperimentat 'noi  Biologii i Meditsiny,  Vol. 65, No. 5, pp. 38-41, May, 1968. Original a r t ic le  
submit ted September  22, 1966. 

506 



I8 - ~0. 

17 - 

I0" 36' 

tO 
I{, - 

13 1 

/ !  
I0 

Fig .  1. Changes in toxic p r o p e r t i e s  of blood serum. 
and in e x c r e t o r y  function of the l iver  of burned  
an ima l s .  Ordinate:  m i g r a t i o n  of lcukocytcs  in 
blood cu l tu res  (on the r ight)  and pe rcen t age  r e t e n -  
tion of b romsu lph tha le in  in the blood (on the left); 
a b s c i s s a :  days  of o b s e r v a t i o n .  N u m b e r s  above 
a b s c i s s a  denote i n c r e a s e  in mig ra t i on  of leukocytes ,  

t h o s e  below denote inhibition of mig ra t ion  under  the 
influence of tes t  s e r u m  c o m p a r e d  with cont ro l .  1) 
Retent ion of b romsu lph tha l em;  2) toxici ty .  

cu l tu re s  was calcukt tcd as :t ra t io  of the contro l ,  
t aken  a s  100, and e x p r e s s e d  a:~ the d i f ference  f rom 
a hundred with a plus or  minus sign. inhibition of 
leukocyte reign:alien indicated the toxic action of tt~5 
se~1.1 m .  

The e x c r e t o r y  function of the l iver  was 
studied by the su lphobromophtha te in  method [6]. In 
pa r a l l e l  t e s t s  the Mdney function was studied: 
spontaneous  d iu re s t s ,  g tomeru la  f i l t ra t ion by the 
inulin method (a s impl i f ied  vers [on  of I t a r r i s o a ' s  
method) ,  the m a x i m a l  s ec re t ion ,  and tl~e renal  blood 
f low (by the d iodras t  method of White and Rolfe as  
modif ied  by Beck,  Brovm, and Raaschou) ,  tubular  
r e a b s o r p t i o n  of wa te r ,  and p l a sma  f i l t ra t ion f rac t ion .  

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

Four  hours  a f te r  burning, the s e r u m  of the 
burned an ima l s  had a dis t inct  toxic action on the 
blood culVares, whe rea s  before  burning the s e r u m  
of the same dogs s t imula ted  migration of Icukocytes. 
La te r  obse rva t ions  r evea led  that changes  in the 
toxic  act ion of the s e r u m  of the blood cu l tures  oc-  
c u r r e d  in two phases .  The second wave of i nc rease  
of i ts  toxic act ion was obse rved  on tim 5th day a f t e r  

burning.  The s e r u m  re t a ined  its toxic p r o p e r t i e s  until the 25th-30th day a f t e r  burning.  

The whole pe r iod  of de lay  in exc re t ion  of su tphobromophtha le in  f rom the blood thus took place agains t  the 
background of m a r k e d  tox ic i ty  of the s e r u m  of tim e x p e r i m e n t a l  an ima l s .  Recove ry  of the e x c r e t o r y  function 
of  the l ive r  coincided with d i s appea rance  of the toxic ac t ion  of the s e r u m  on leukocyte migra t ion .  

Under the ingluencc of burn  t r a u m a ,  all  indices  of k idney function l ikewise were  d is turbed  (Table 1). 
As  Table  1 shows,  o l igur ta  was  obs e rved  in all  the a n i m a l s ,  P a r a l l e l  with the d e c r e a s e  in excre t ion of ur ine ,  
g lomeru l a  f i l t ra t ion  was d imin i shed .  In some  c a s e s  the tevcl  of g l o m e r u l a  f i l t ra t ion  fclI to a raini /vum of 
15.7 m l / m i n  4 h a f t e r  burning,  indicating e x t r e m e  inhibition of g lomeru la  f i l t ra t ion function. After  the 7th 
day  the f i l t ra t ion  function of the kidneys g radua l ly  began to r e c o v e r .  

Es sen t i a l  changes  were  found by s tudying  the r ena l  hemodynamics  (a m a r k e d  d e c r e a s e  in the effect ive 
r ena l  blood flow). The r ena l  c i rcu la t ion  began to r e c o v e r  on the 9th day a f t e r  burning.  The mos t  sens i t ive  
indicator  of chahges  taking place in the kidneys a f t e r  burn t r a u m a  is d is turbance  of the s e c r e t o r y  ac t iv i ty  
of  the tubular  ep i the l ium.  In all the e x p e r i m e n t s ,  m a x i m a l  s e c r e t i o n  was reduced  on the day of infliction of 
the burn .  A d e c r e a s e  i~ s e c r e t o r y  ac t iv i ty  of the kidneys was found throughout the per iod of toxemia .  
Changes in the m a x i m a l  s ec re t i on  of the r ena l  tubules coincided f a i r ly  c lose ly  with the d ~ m m i c s  of the toxic 
ac t ion  of s e r u m  f r o m  the e x p e r i m e n t a l  an ima l s  on blood cu l tu res :  the sha rp  fall  in max ima l  sec re t ion  in the 
f i r s t  hours  a f t e r  burn ing  coincided with the m a r k e d  toxic e f fcc t  of the s e r u m  on leukocyte migra t ion .  The 
c:hanges both in m a x i m a l  s e c r e t i o n  and in toxici ty of the s e r u m  were  obse rved  to occur  in two phases .  The 
m o s t  m a r k e d  d i s t u rbances  were  found on the 1st  and 5th days  a f t e r  burning. On the 9th day, with a d e c r e a s e  
i n  toxici ty  of the s e r u m ,  all  indices of kid2.e:,, function began to r e c o v e r .  

These  e x p e r i m e n t s  thus showed that the a p p e a r a n c e  of toxic p r o p e r t i e s  in the s t r u m  as r evea led  by  
the blood cul ture  method was cons tan t ly  accompanied  by  s e v e r e  changes in rena l  and hepatic function. This  
pa ra l l e l  a p p e ~ ' e d  f r o m  the f i r s t  hours  a f te r  burning and p c r s i s t e d  throughout the acute per iod of the d i s ea se .  
Two phases  w e r e  o b s e r v e d  in the va r ia t ion  in toxic i ty  of the blood and pathological  changes  in the hepatorcnal  
s y s t e m  of the e x p e r i m e n t a l  an ima l s .  The second wave of de te r io ra t ion  coincides with the onsct of suppt~ra- 
t i r e  l iquefact ion of nec ro t i c  t i s s ue s  at the s i te  of the burn.. The r e su l t s  of these e x p e r i m e n t s  show that  toxic 
products  fo rmed  in the body as  a r e s u l t  of t h e r m a l  in jury  play an impor tant  role  in the pa thogencs is  of 
hepa to rena l  insuff ic iency,  The l iver  and kidneys  respond  p a r t i c u l a r l y  acutely  to the toxic fac tor ,  because  
they  a r e  ma in ly  r e spons ib l e  fo r  the detoxicat ion and e l imina t ion  of foreign subs tances  f rom the bbdy.  It m a y  
be concluded f r o m  these  r e s u l t s  -that the toxemia  plays an impor tan t  role  in the development  of  hepa torena l  
insuf f ic iency  a f t e r  t h e r m a l  in jury .  
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