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Disturbances of carbohydrate metabolism play an important role in the pathogenesis of traumatic shock. Authors, 
in describing the shock syndrome, invariably have indicated hyperglycemia as one of the characteristic symptoms of 
this condition [1, 2, 4, 5, 12, 13]. There is no doubt of the significance of changes in the liver function in the de- 
velopment of disturbances of the carbohydrate metabolism [2, 5, 6, 10, 17]; however, many aspects of these phenom- 
ena remain unclear. The discIosure of a connection between the disruptions of carbohydrate metabolism during shock 
and the development of hypoxia is of extreme interest. 

Since hypoxia during traumatic shock is mainly a result of circulatory disorders and to a lesser degree of dis- 
ruptions of the external respiration, it was essential to analyze the characteristics of carbohydrate metabolism in 
connection with the oxygen balance, not only during traumatic shock but in hypotension, the degree and duration 
of which corresponded to that observed during shock. 

PROCEDURE 

The experiments were carried out on 25 cats of both sexes, from 3 to 4.5 kg in weight. The animals were 

operated upon 5-10 days before the experiment by implanting a catheter into the portal vein and in a number of 

cases into the vena cava [9], after which clinical and hematological tests were carried out. 

Shock was induced by traumatizing the soft tissues of the femur by the application of 180-200 blows of a 

hammer 700 g in weight, with a rubber tip. Stable hypotension was produced according to the principle of C.Witgers 

[17], for which the lumen of the main vessel (caudal division of the aorta) was connected through a polyethylene 

catheter to a hemostat in which constant pressure of 60 mm Hg was maintained. When normovolemia was achieved 

(when all the blood that had passed out into the hemostat had returned to the blood vessel), the hemostat was discon- 

nected. The instrument of [3], which we modified, was used as the hemostat. 

During the experiment we observed the condition of the animals, kymographically registered the arterial pres- 

sure, pulse, and respiration. The pressure in the portal vein and posterior vena cave was measured constantly with 

a two-capillary salt manometer. 

The acid system of the liver was judged according to the oxygenation of the blood flowing into it and out of it. 

The degree of saturation by oxygen was determined with the OKO-01 cuvette oxymeter produced by Biofizpribor. 

The sugar and lactic acid content in blood samples obtained through the catheter, aorta, portal vein, and vena cava, 

close to the ostia of the hepatic veins, was determined to evaluate the carbohydrate metabolism. Sugar was deter- 

mined by the ferricyanide method, lactic acid according to the reaction with para-hydroxydiphenyi [II]. The 

hematocrit index was determined in the same blood samples. 

The reliability of the difference (P) was determined according to the method of the sign criterion or the Van 

der Varden method [16]. 
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Fig.  1. Changes in the ar ter ia l  and 
phases of t raumat ic  shock (ratios in 
average data).  1) Arter ia l  pressure; 
vena cava;  4=) pulse; 5) respiration. 

venous pressure, pulse, and respiration at various 
duration of phases are c i ted  on the basis of 
2) pressure in the portal  vein; 3)pressure in the 

EXPERIMENTAL RESULTS 

Traumatizing the soft tissues of the femur led to the development of severe shock, and then to death of the 

animals (only 3 out of 18 cats survived). Shock, which lasted for an average for 160 rain, was characterized by the 

repeatedly  described dynamics [7, 8]; in the most typica l  torpid phase, three periods were distinguished: in i t ia l ,  

period of s tabi l izat ion,  and final (Fig. 1). 

The oxygen system of the l iver was character ized by the following principles in the shock exper iments :  low 
var iabi l i ty  of the oxygenation of the ar ter ia l  blood before the onset of the terminal  phase of shock, a substantial and 

re l iable  decrease in the oxygenation of the blood of the portal  vein (P < 0.05), and far less than the vena cava .  
These changes, appearing in the very beginning of the torpid phase, were mainta ined until  the death of the an imal  
(Table 1). Al l  this indica ted  that with the development  of hypoxia,  the l iver  changes over to a predominant  ar ter ia l  
blood suppty. 

The glucose content in the blood flowing into and out of the l iver differed l i t t le  from the in i t ia l  content at  
the beginning of the torpid phase of shock, but increased sharply as the development  of shock progressed (see Table 1). 
Beginning with the period of s tabi l izat ion of the torpid phase, a substantial accumula t ion  of l ac t i c  ac id  was observed 
in the blood, which is evidence of the predominance of the anaerobic  pathway of carbohydrate metabol i sm.  The 
somewhat greater t ac t ic  ac id  concentrarion in the blood from the portal  vein in comparison with the blood from the 
vena cava (P < 0.05) may be evidence of conservation of the abi l i ty  of the l iver for carbohydrate resynthesis during 
the torpid phase of shock. 

A distinct relationship was observed between the lac t ic  acid  content and oxygen saturation of the blood:  the 
lower the degree of oxygen saturation, the more pronounced the l a c t a c ide mia .  This relationship is especia l ly  patent  
in a comparison of the composit ion of blood samples obtained from the vena cava and portaI vein.  

In the terminal  phase of shock, the l ac t i c  ac id  content varied ex t remely ,  reaching 600 mg % in individual  
cases. In the three animals  that survived after suffering shock, a substantial reduction of the l ac t i c  ac id  content in 
the blood was noted. On the day following the exper iment ,  they exhibi ted a further decrease in the l ac t i c  acid  
content in the arter ial  and venous blood. 

Experiments on prolonged stable hypotension were undertaken to determine the s ignif icance of c irculatory 

379 



+ 

0 

0 

u 

0 

0 

0 

0 

t,O 

o 

0 
u 

'8 
< 

,-1 

Iq 

I11 
I l--I 

nnl  

0 

�9 

N 

~ - ~  ~ .~ 

I ~ + 1 A  

~+IA 

" ~ B  "='8 
~'+IA +IA 

0 
C~ 

cC~ c', l  u ~  0 0  1",~ I_C. 

O 

~ + I A - + I V  ,~ 
0 

,..6 ,,6 s ~6 o,; ~ _ 
1.13 C , . 10  r  ,...., O ( 

~ + I A " + I V  
i'-.- O~ IF~ ',,.ID 1"~ IF~ 

eO C~I 0 r ~ 0 

~ + I A - + t V  

,..6,4R~:4 ~ .~.~.  

I .~ ,,,-, ,~. ~ ,.,1_10 
~+tV " V  '~'+1~ 
~ r Is ',,.~ ~0  u'~ t,... I,.0 

~ + l V  " ' V  ~ ~  

- + I A  ~'V +IV 

<::;0g o~5 ~ q  - 
�9 ~'.", o ~ - -  o , ~ + l  A 
- - H A  +IV 
CO r  U'~ 0 - -  CO c O l - O  

,--i 
C~ 

O o 
..O 

g- 
I L  

c l  

- + I A  " V  +IA ~o 

~+1 -+1 > 

~'~ ~ + 1  ~ + t  "+1 =o 

- -  +l  

�9 0 

�9 

" ~ '  0 " � 9  

M 0 

0 

,.,,-i 

0o 

,--t 

0 

g 

�9 

0 

0 

�9 

0 

2~ 

r'4 
~3 

0 

0 

0 

0 

+ 

o 
O 

O 

09 

b 0  

r-, 

u 

o 

> 
O 

. o  

t~ 

O 

> 

O 
O 

=. 

r !  
o 

r 
o9 

�9 
o o  

�9 

O u 

"8 

O 

0 

r~ 

d 

m 
< 

,g: 
& 

g. 

> 

1 

g 
o 

& 

tO 

o 

�9 

> 

U 

- - 0  ~ - 0  

+ ! A ~ + I A  

" - 0  * o 0  ~ 0  

~+ IA~+ IV  

~ + I A - " V  +I 

o '~ 
0 ~ 0 0 
0 ~1 ;> 

- o 0 - * 0  

+ I V - + I V  

- - 0  * o0  

+l V ~ + I V - + I V  

m + IV -  +l V ~+1~ 

re+IV + I V  ~ + l ~  

r r Cq ,..~ ",D 

+1 4-1 

0 

0 

0 
E 

~9 

�9 o �9 , 

�9 �9 o . 

�9 �9 . o 

�9 �9 �9 t 

�9 o 0 

�9 ~ ~ o 

2 
F~ 

�9 

0 

0 
z 

380 



a , e  

oo ~160 

, , - , - t  

'001"- 

280 .2----,, 
i____ 1 -  , , . .  

p 

r 7 -  ------_..... 
- . . . . . . . . . . . .  "----.-_. 

1 _ . i _ ~  I I I I 

= Period Period of Period of Begin- Termina l  
o 
"~ of re -  s tabi l izat ion re-ent ry  of ning period 
~ moval  blood 
~ of blood Hemostat  phase Post-hemostat  phase 

Fig. 2. Changes in the ar ter ia l  pressure, pressure in the portal  vein and vena cava ,  

pulse, and respiration in stable hypotension. The conditions of compi la t ion  of the 
graphs and notations are the same as in Fig.  1. 

hypoxia in the disturbance of carbohydrate metabol ism (Table  2). Two phases were distinguished in the development  
of this state, arising in the use of a hemostat :  the hemostat  phase, charac ter ized  by a stable maintenance  of the 
ar ter ia l  pressure at a set level ,  and the post-hemostat  phase, which sets in immed ia t e ly  after disconnection of the 
hemostat and is character ized by a progressive drop in the ar ter ia l  pressure. During the hemostat  phase, which is of 
the greatest interest to us, three periods were de tec ted:  removal  of b l o o d - d e v e l o p m e n t  of hypovolemia;  s tab i l iza-  
t ion-conse rva t ion  of reduced blood volume at  a cer tain pressure; re-ent ry  of b lood - r e tu rn  to normovolemia .  

During stable hypotension, a reduction of the pulse and respiration frequencies and a decrease in the pressure 
in the portal  vein and vena cava were noted, with l i t t le  change in thepor tocaval  gradient ,  i . e . ,  phenomena to some 
degree s imilar  to shock developed (Fig. 2). The oxygenation of the ar ter ia l  blood during hypotension var ied l i t t te  
until the terminal  period set in. Thus, in contrast to t raumat ic  shock, during stable hypotension the oxygen supply 
of the liver was disrupted, not only through the portal  vein, but also through the hepat ic  ar tery.  

With the development  of stable hypotension, the appearance  of hyperglycemia  was noted ear l ier  (during the 
period of removal  of the blood) (these data were not included in the table  on account of their smal l  number).  During 
th~ period of s tabi l izat ion,  the blood sugar Ievel remained high, in the absence of any difference in its content among 
th~ vessels. The period of re-ent ry  of the blood was character ized by a decrease in the sugar concentrat ion to f ig-  
ures approaching the in i t ia l  leve l .  At this t ime ,  signs of incipient  decompensation of the blood circulat ion were 
observed, in par t icular ,  a reduction of the vascular tonus [15]. 

The changes in the lac t ic  ac id  content in the blood during hypotension were essential ly analogous to those 
during t raumat ic  shock and were  also independent of the degree of oxygen saturation of the blood.  But since hypotonic 
hypoxia was more profound, the l ac t ac idemia  also was more pronounced. 

In conclusion, i t  may be stated that t raumat ic  shock and stable hypotension are character ized by s imiiar  changes 
in the carbohydrate metabol ism of the l iver ,  evident ly  largely determined by the disturbance of its oxygen balance 
[14, 18]. 

L I T E R A T U R E  C I T E D  

1. S . I .  Banaitis and I. R. Petrov, Traumat ic  Shock, Its Pathogenesis, Prevention, and Trea tment  [in Russian], 
Leningrad, (1950). 

2. M . G .  Danilov, In the book: Problems of Reactivity and Shock [in Russian], Moscow, (1952), p. .348. 

381 



3. G. I .  Mchedlishvili, Byull. Eksper. Biol., No. 5, (1960), p. 10. 
4. I .R. Petrov, (Ed.) Traumatic Shock [in Russian], Leningrad, (1962). 
5; V.I .  Popov, In the book: Shock [in Russian], Kiev, (1938), p. 81. 
6. S .A.  Seleznev, In the book: Materials of the Scientific Conference on the Problems "Functional Interrelation- 

ships Among Various Systems of the Organism in the Normal and Pathological States" [in Russian], Iva,aovo, 
(1962), p. 86. 

7. S .A.  Seleznev, Pat. Fiziol., No. 3, (1963), p. 21. 
8. S .A.  Seleznev, Byull. ~ksper. Biol., No. 8 (1963), p. 46 
9. S .A.  Seleznev,and O. P. Khrabrova, Ibid., No. 1, p. 122. 

10. F .A.  Chekanovich, In the book: Collection of Scientific Works of Minsk Medical Institute [in Russian], 20, 
(1957), p. 157. 

11. S.B. Barker and W. H. Summerson, J. biol. Chem., 138, (1941), p. 535. 
12. W.B. Cannon, Traumatic Shock. New York, (1923). 
13. F.L. Engel, Ann. N. Y. Acad. Sci., 55, (1952), p. 381. 
14. H.A.  Frank, New Engl. J. Med., 249, (1953), p. 445. 
15. J .G.  Strawitz, H. Hift, A. Ehrhardtl et al., Am. J. Physioh, 200, (1961), p. 261. 
16. 13. L. Van der Varden, Mathematical Statistics [Russian translation], Moscow., (1960). 
17. C.Y.  Wiggers, Physiology of Shock, New York, (1950). 
18. A.E.  Wilhelmi, Ann. Rev. Physiol., 10, (1948), p. 259. 

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical l i terature may well be avai lable in English translation. A complete l is t  of the cover- to-  
cover Engl ish translat ions appears at the back of this issue. 
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