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BIOCHEMICAL SHIFTS IN SHOCK PRODUCED BY THE COMBINED I
EFFECT OF BURN TRAUMA AND TOTAL~-BODY IRRADIATION !

By D. A. Golubentsev and K. A. Shevyreva (Moscow)

[Following is the translatlon of an erticle
by D. A, Golubentsev and H. A. Shevyreva 1in
 Patolog. Fiziol. 1 Eksper. meraplys (Path-
ologicael Physlology and Experimentsl
Therapy), Vol. IV, No 1, 1960, pages 14-19.]

The state of metszboliem in combined radlation 1ln-
juries has not been studied very much. Only scattered
works have been devoted Lo the investigation of the varlous
aspects of this important problem {10, 12, 17).

The principal task of the present work consisted of
an experimental study of the carbohydrate metgpolism in
shock caused by the combined effect of burn trauma and
total-body irrgdiation. Tadices of the state of carbohy-
drate metabolism were the congentrassion of sugar, lactle
acid and inorganic phosphate 1n the blood of dogs and the
quantity of glycogen in rat tissues various intervals after
the infliction of combined redistion injuries. In various
garies of experiments changes were investigated in the same
biochemical indices of blood and tissues following the 1in-
fliction of burn trauma alone or following total-body
irradlation alone. ‘ s ,

The objects of the iavestigation were nongrel dogs
weighing from 11 toe 18 kilograms and male white rats welgh=
ing from 160 to 250 grams. ‘ :

Second- to third-degree burns were inflicted On
dogs, uslng overheazted steam on a shaved area of skin on the
abdomen, chest and left thight over an area whieh con- ,
 gtituted 15-17 percent of the total body surface and’ with an
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fexposure time of 10-15 minutes. Thre method of inflicting |
the burn in the dogs was described in detail in the work
of V. N. Zhizhin and P. Ya. Misyukevieh (6).

The combined radiation ln 4ogs was sesocliated with

s total-body gemma-irradistion from a cobalt source (Cob0
with doses of 100, 200 and 400 r aund geaond- to third-degree
burns on the same area (15-17 percent). No more than 30
minutes elapsed between the conclusion of the irradistion
-and the infliction of the burn. The followlng were the z
‘conditions of irradiation: The dose rate in air was 502 r
per hour; the distance, 110 centimeters.

Gortrol data on the inveebtigated bioechemical blood
indices in acute radintion injuries were obtained in dogs
exposed to a total-body ypradistion with 400-800 r. These
animals dled from acute radtation sickness seven~2l days

after the irradlatlion.

During the first few hours after the irradlatlion
signs of o primsry early resctlon were noted in the dogs:
depregsion, loss of nmotor activity, aometimes & single or
repeated vomlting. The blood pressure did not change
essentlally. ' :

During the Ffirst few hours after the burn tresuma or
the combined effect in the dogs a shock stale developed,
as = rule, which was characterized by a reductlon in the
grterlisgl pressure by 30 percent or lower, & rapid pulse
with poor filling and 1ow tenslon, shoriness of breath,
weakening or dlisappearance of the unconditioned reflexes
{pupilleary, ecorneal, palnj, a reduction in body temperature
snd hemoconcentration. The rats were subjected to a total-
body X-irradlistlon with 700 r under the followlng condi=-
tions: & "Stebllivol't" spparstus wes used with a voltage
of 160 kv, current 5 ma, filter 2.5 mm Al, hrelf-value layer
0.28 nm of Cu, dose rate in alr 28 r per minute, dlstance
fpom the snode to the body gurfece of the animal, 70 centl-
meters., After the irradiation sbout 80 percent of the rate
died from scute radiation elckness in elght to 30 days.

Third-degree burns were inflicted on the rats in the
arsa of the back and 1ateral surfaces of the trunk using
bolling water and an exposure time of five seconds. The
ares of the burn comprised 1419 percent of the total body
gurface. When the rats were immersed in boiling water a
marked motor resctlion was observed. As early as the first
few minutes after extractlion from the water a shock state
1§eve10ped which was characterized by an almost complete



absence of voluntary motor acuivity a weaksning of the
defense reflexes, s lowering of body temperature to 33-35°9,
hemoconcentration (hemoglobin content in the blood rose to
16«20 grama percent with a normal of 12« 14 graams percent;
the bloeﬂ was visecous and dark in color)., Part of the rats
died fron shock durlng the firet few hours after the burn
traurs or the cdmbined effect. AL later periods of tinme
none of the rats died (%0-day obeservation). The majorlity
of the rats exposed to the combined effect died in flve
‘daye; only in individual cases did the gnimals 1live up to
10 dayw.

The sugsr content in the blood of the dogs was de-
termined by WagaaarnmJengen method; the 1a0ttc acid,
according to the Priedemsnn, Cotonle and Schasffer method;
the inorsanic phosphate, by the Fiske-Subbarow method. The
glycogen content in the rat tlssues wae determined by the
method of Good, Cramer asnd Somogyl.

The numericel data were treaued statistically. The
following were computed: the arithmetic mean (4}, the
averase error of ithe srithmetic mean ‘m), the sguare roct
of the total of squares of the aversze errors (mgyer). The
chanzes were considered rellable 1f the difference between
the aritbmetlc means belng compared exceeded the maiff by
two or ithree times., During the firat few hours and days
following the total-body irradlation of dogs with 400-800 r
the content of suzar, lactlic acld and inorganic phosphate
in the blood did mot undergo any regular considerable
cranzes (Table 1).
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Suzar, Lactlc Acld and Inorczanic Phosphate lin

Content of

ood of D&gs During the Flrst Few Hours After =&
7
o

the Bl
o - 1, -
Total-=2cdy Irradlstion with 400, 500 and 300 r

| bos Content in Blood (mgZ)
I '
f v} o
H ep~i £ ¢ TP
b A5 o Pime After Irradistion
[} . 1 i N4
| Slcod Index | - | O 3 in Hours
Studled LR B R
: pm PO j
| * G Y i
Gt O O @ i
. o e A8} ;..j | 1 .
I e B 2 “ 6
444
o) {
[ & 1
o om ol ool ow o ) 83 82
cus el ( } (TR—102) 4B~ 104y | (76—100) | (76—92) (78—88)
0 VR 80 w2 a0 992 83
; | (EO—102) (82--102) | (78—101) | (85103 (76-—89)
BN ’ 6 | Yr LW 85 - 93 80
‘ ; (76~ IH5)§(82—~1IU) (83—103) | (79-105) | (79—84)
i i } :
- o Caw p7 | 144 —- 16,8 14,0 12,3
Lactle acid ‘ ; '(nw»mé {15—19) (11—18) (11—15)
TR lx&u L S17.& 17,0 16,8
g ; L2y v (1620 {14—21) a2~2n
o , |
- R T
e SV T S N — 3.0 - 3,1
Inorgzanlce { (3,24 4} (&u~43) (2,8-3,3)
phosgphate U N T 1, - 3.6
| : 43,740y (3,7~v“1,8) (3,1—4,3)

Nete: The figures within paréentheses indicate the limite
of variation in the content of the correvpondin”
blood conponent,

in agre ement with the results obtained
(\./: j'i‘s 35 20)'

by othe




" .
[ The eombined effect of burn trauma and total-body ‘
irradiation with 100~400 r led to consliderable changes lIn
the content of SH?@T, laetic acid and incrganiec phosphate in
the blond of ths dogs (Table 2). .

Table 2

. The Ghanﬁe in the Content of Sugar, Lactic Acld and Inor-~
- ganic Phosphate in the Blood of Dogs in the First -
Few Hours After the Combined Effect of Burn Trauma

sad Total=Body Irrediation (100-400 r).

Content in Blood (mz?)
0
&
Degree of Blood alooe Time After the Effect
Severity Index | ol S
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| ol oa
= «'3 1) 15 1% 3 6
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. . |

Note: The figures within the parenthesges indicate the
1imits of variations in the content of the corres-
ponding blood component.
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r In four dogs during the first few minutes after the 1
combined effect o severe shock developed with a fatal out-
come after three-three and a half hours, and in six dogs, a
less severe non-fatal shock. Flfteen minutes after the
effzot & proncunced slthough brlefl hyperglycenlc reaction
wos observed in the dogs with the eevere shock. Ag exrly as
one and 2 half hours later the blood sugar content fell to
hypoglycemiec valuee and remalned markedly reduced during the
next few hours befors the advent of death. ¥With a nonnfata%
~gshock the initlal hyperglycemlc resction and the subsequent ”
hypoglycemic reaction were much less pronounced.

The content of lsctic acid in the bleood of dogs in-
cremsed considerably as early as 15 minutes after the com=
bined effect of burn trauma and total-body irradistion and
remained high during the next few hours (determinstions af-
ter one and one-~half, three and six hours}. The strength
and duration of the hyperlactacidemic reaction depended on
the rapidity of the developuent and degree of geverity of
the shock state. The content of inorganic phosphate 1n the
development of non-fatal shock did not change essentially
15 minutes, one and one-half end three hours afterwards and
inoressed six hours after the treuma. Fatal shock was char-
acterized by the earlier and more considerable rise in the
inorganic phosphate in the blood. :

Experiments on rats showed that i{otal-bedy irradla~
tion with s dose causing the death of 80 percent of the
animals during the second and third week after the irradla-
tion did not lead to any considerable reductlon in the glyco=
gen level in the liver, myocardium, diaphragmetic and skele-~
fel muscles during the first day (Table 3). .
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| Table 3 z
Change in the Glycogen Content 1n the Rat Tlssues Fol-
Jowing Total=-Body Irradlatlon, Burn Trauna or
the Combined Effect of Burn Trauma and Total-5ody
Irradiation
(Average Data)
{
Glycogen Content
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T 10 2.3:-0,2 0 492124 420430 490429
I 9 1,803 ! #3132 351418 ; 150418
o~ it < oo — s : : ‘ :
Burn L2 1 eaons! an2mie D516 L 362422
! & 0,12£0,01 | 19315 | 182417 | 32132
;0 4 0,150,00 331419 | 812424 35018
P Co&lrsder o 326423 9684-25 ©  282:-15
Lo 40 1,230,023 | 510431 1 400424
e e e - e ey 1 : :
Combined effect 2 1 10000 . 241522 191415 | 370423
' o 1 U000 - 21119 L 17219 | 402408
24 15 1.8:0.1 o+ 370426 319420 | 33019
{ Wb 30,0 295420 263223 208+£22
T2 20 1 094005 . 33222 - 322419 - 321419

The burn trauma without irradiation or in combina-
tion with total-body irradiation produced almost a complete
decomposition of the glycogen 1in the liver, a marked re-
duction in 1its level in the skeletal muscles and dlaphragm
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I~(0n the average, by 2.1=3.7T t mes) and a moderate reductio;1
of 1t in the myocardium as early as two to four hours after
the trauma. During the course of the next three days the
content of glycogen inepsased somewhat in the liver, skele~
tal muscles and diaphragm of the burned animsls and the rats
which had been subjected to combined injuries, and remalned
considerably below normal. In the myocardium a further re-
duction occurred in the glycogen content, which was &X-
~ pressed more markedly in the case of combined injury. L

The deta presented showed that the following were
the cheracteristic biochemical changes ln shoek developing
in dogs and rets following the combined effect of burn
trauma and total-body irradiation: & repid breskdown of
the glycogen reserves of the orgsnism, the accunulsation of
1actic acid and inorganic phesphate in the blood, & brief’
hyperglycemic reaction, subsequently replaced by a perslsa-
tent decrease in the sugar content in the blood to hypogly~
cemic levsls. ’

The rapidlity of developnent, strength and duration
of the hyperlactacidemic, hypoglycemlc and hyperphcsphatemlc
reactions were directly related to the rapldity of develop-
ment and the degree of severity of the shock state.

A comparison of the changes in carbohydrate metabol-
-~ iem produced by & total~body irradiation and burn trauma

leads to the coneclusion that the chief role in the occurrence
of these changes wlth the combined effect of a burn and :
irradiation during the first few hours is played by the burn

trauma. However, the combination of burn trauma with radia-

tion trauma leasde to certain qualitative changes in the

nature of the metabollc disturbences.

The metsbolic changes in burn shock are analyzed in
‘detail in the review of I. R. Petrov (14) and the monograph
of B, N. Postnikov (16). The suthors point out that a per=~
slsient hyperglycemls is characteristic of burn shock in
people and laborstory enimals., During the flrst few hours
and days after the burn Lrauma many research workers found
s hyperglycemia (1, 2, 7, 8, 9, 11, 13}. Thus, according to
the dsta of G. F. Milyushkevich (11), obtalned on 3380
patients, durling the first few days after the burn treuma 8
hyperglycemia 18 noted which develops, &8s a rule, in patlentse
with extensive burns; hypoglycenia occurred only in the
second week of the burn sickness. Similar results were ob-
tained by other research workers. We observed a reduction.
in the sugar content 1in the blood as early as the first
‘few hours in dogs exposed to the combined effect of burn |
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[trauma and total-body 1rradistion. This reduction ls evi~ |
dence, probesbly, of the early inadeguacy of the carbchydreate
function of the liver following & murn-radiation trauxa.
Tn hypoglycenis the carbohydrate supply of the tlssues 18
rednced end, particularly, that of the central nervoug &Va-
tem, which may exerit an Lrifavereble influence on the courae
of the pathological process. Therefore, the hypoglycenla
ghould be prevented or lessened. The dats presented in our
work constitute the experimental basls for the study of the
~ipole of glucose therspy 1in combatting shock cansed by the -
‘combined effect of burn snd radiatlon trauma, Naturally, '
glucose therady should be only & component part of the total
gomprenensive therady 6f ihe shock atale and ghould be ueed
only in the event the glucose saminlstered 1g assimllated.
This problem wlll be discussed by us in the next report.

Glucose therapy 1s being widely used 1n the treatment
og)burn.sickness, chiefly during the period of toxemia (8,
1 . ‘ -

On the baecls of existing datas in the .literature the
results of the present work may be interpreted 1in the follow~.
ing way. Burn snd burn-radlation trsuma, produce, evidently,
a reduction of energy production needed for sctivity durlng
the course of oxldative reactions during the first Tew hours.
A reduchtion in the oxidatlve processes 1n burn and burn-
radistion trauma may be determined by many factors. Among

them sn lmportant role 1s played, evidently, by changes in
the circulation and respliration (14) and, possibly, by &
change in the quallty of the oxidative processes {5}. Dur-
ing the first few hours after the trauma the tlssue Oxygen
requirement ls higher then normal, and the possiblliity of
obbaining it is less than normal (16). 4s & result of the
reduction in the oxidatlve processes & tiggue anoxlia develops
which produces a compensatory activation of anaerobic glycoly
gis snd a consequently ipevitsble rapid consumption of :
glycogen reserves on the body. The anoxla also leads L0 an
sceumuiation of insufflelently oxidized products in the
blood. _

The hyperglycemia which develops 18, in our opinion,
a compensatory reaction of the body, directed toward the
meintenance of a definlte jevel of carbohydrate supply for
the vitel organs; the hypoglycemlia, apparently, attests to
the occurrence of an insufflclency of the carbohydrate
function of the liver and requires effective measures for
its preventlon.
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Gonclusions | -

. 1. The shock stete which develops in dogs and rats
during the first few hours after the combined effect of burn
trouma snd tobal~body external irrediatlon 18 characterlzed
by the rapld depletion of the glycogen reserves of the
body, the accumulation of isctic acid and inorganic phosphale
in the blood, a hrisf hyperglycemic reactlion whieh is then
replaced by & persistent reduction in the blood suger to

~“hypoglycenlc levels. o . E
4 5, Total-body external lrradlisation even with & dose
pear the minimum sbsolutely lethal dose does not cause any
guch changes in carbohydrate metsbolism during the first
few hours or days. : N .

3. Changes in the carbohydrate metaboliasm which are
observed during the first few hours following the combined
effect sre determined chiefly by the burn trauma.

4, Total-body irradiatlion which 1s superimposed on
the burn traums leads 10 a more severe COUres of the path-
olegleal process, the oarlier desth of the animals and &
disturbance of the compensatory metspolic reactlions,
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