
UNCLASSIFIED

AD 286 570

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED

BEST AVAILABLE COPY



NOTICE: When government or other drawings, speel-ficat tons or other data are used for any purposeother than in conner-tion With a definitely relatedgovernment Procurement operation, the U. S.GOvernmeut thereby incurs no responsibility, nor anyobligation whatsoever; and the fact that the Govern-ment may have formulated. furnished, or in any waysupplied the said drawings, specifieations, or otherdata Is not to be regarded by implication or other-wlsc an in any manner licensing the holder or anyother person or corporation, or conveying any rightsor permission to manufacture, use or sell anypatented Invention that may in any way be related
thereto.

BEST AVAILABLE COPY



FTI)-fT 62-1201/1 +2+4

UNEDITED ROUGH DRAFT TRANSLATION

NEVIS OF TEOh ACAJ)LM 01F SCIENCES Or, THE' TIT177 -N, SSII
TITOTOGIAT, SCTOMCE SERES (SELECTED ARTTM12s)

lsintl ish Pama o 4.1

SOl00CEt I.vomstiya Akademil. tauk riirkmenokoy SIMl,
Seriya 1dolofirhenicikh Nauk, 1No. 3, 1')gjpp. 52, 52-55, 56-(O, 60-6,2, 67'-6,9, 6(,-7?0,

70-7.3.

11,11 TRANSLATION IS A RENDITION OF THE ONIGI.
NAL FOREION TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT STATEMYNTS OR TIHEORIFE PREPARED' Ali
ADVOCATED OR IMPLIED ARE TIISE OF TNf SnURCF
AlIt DO POT E(rFcARIII.Y REF LE"T THE POSITION TRAHNS ATInN 5ERVICES 6I1ANCII
OR OPINION OF THE FOREIGW TECHNOLOOY DI. FORFION TECHNOLOOY DIVISION

VISION. . .-. , o .

. ''' Date ' o'r', 190

BEST AVAILABLE COPY



TAB~LE OF VOIl'PENTS

1. 'Pic I'Xfect of the Hit,,h Temperaturo of the -11tivircliviont oil Variotiv
Phyni.nornioal Find 11ionhorm1nnI Rornotions of an Organinrn, by A. Mi.
llabayova1

2. Variation in the Sodlium and Potassium Cation Concentration inl
Rabbit Bflood Plasina onl (Werheatinr,, by A. Ill. iBahryeva3

3. Variation of the 'Blood Serum Protein C!omposition uipon eVer-
heating~, by IT. 11. Stofanoval:nyn 1

'1. 1tho Effect of Thyroidootony onl t~io i'oioirnnoo and !ýojýroo of
'rinnite Dehydration in An'iito Ovorheatin,,:, by I. A. 11oposov Rind
Yo. P1. :)ornbryal~ov

r). Thn NEffent of flvorlieathvr. oil rlmooI iie )ehydro?:onnsn Ant ivity
in tho 11oart *.ivviln of .Th ito RIivt. by .ý' I.. I'arol1 innii

141111o0y'.1 Vc~orwn~la U1111~ ~yti Ant.ivit ly of' rFl ndt 1.oeu!loy tv
i n iLyporhorwini, I)ý, A. Y. !Ioiriyyovn

7. 'Min :CX'oct orf POvrhna~tin Ii- H~ie H.1 IitO!1ILV ill I to .

~ES6TAVAILA1LE COPY



THE EFFECT OF THE HIGH TEMPERATURE OF THE ENVIRONMENT ON VARIOUS PHYSI-

OLOGICAL AND BIOCHEMICAL REACTIONS OF

AN ORGANISM

A. Kh. Babaycva

Overheating of the human and animal organism evokes a number (if

complex pathological changes in vital processes. Interesting studies

have been carried out in the past decades wht.ch showd that. on over-

heating there occur disorders in the functions or the central nervoun

system, endocrine glands, thormorec-ulation processes, water and h11t

balance, bavi,. metabolLsm, protein motaboltLm, and the .ntonn.ity of'

oxidation-reduction processes In tissues or an organIsm.

In splte of the relatively large number of investigations, no

actual preventive measures agatlnt overheai.tnig hav, been sugosted no

rar. This is explained by thc ffict that. tvhe problemr, 1,f the, preventl,,on

and the rapy i, ow,vr hoat tin, can be so,) I ved only.' bhy know Ing t1,€ pr,,r, Cnd

and flrnc mrrhantsm- .4' adaptatior and thr pal.trrnn In the. pa-hy•unen1

of ove rhent Ing. IBut; these wechai'lmns and pat.t.rn h,. ,vt ?i' t.'.-1. l .n

r•('Yqonl e d.

ThIrs ,!,urnnl publishes s, 1 I:n , fC art.i Ir, wh n I?,i(- . Iw.4-1

byv a c 'rnvnomprrhol siv' . pI ,|- 'bi . Tni art lI-1 1 m;imnir ze- r--u;mmnr17: cf
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investigations which were obtained by six aiuthors who made a compre-

hensive study of pathological deviations ensuing upon overheating in

the same animals.
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VARIATION IN THE SODIUM AND POTASSIUM CATION CONCENTRATION IN RABBIT

BLOOD PLASMA ON OVERHEATING*

A. Kh. Babayeva

An investigation of disorders in the water volumes nnd elect;ro-

lytic composition of the aqueous environments of animals is of partLe-

ular interest during overheating. The requirements of thermoregu.intl~on

cause a shift of water and salt in an animal organism, In partt(ular,

a redistrlbution of the cations and anions between the l.ntra- and

,xt|ra.ellular aqueous environments. A change In the ectro.yt Ic com-

positilon of the Lntranelllular environment oV tn organ:i.sm Is rPleclted

in biochemIcal metabolism [2, '1, 8]. Variatlons I~n the .odlum and

potassium concentrations play an important role in protein, carbohy-

drate and energy metabollsmo. The nodlum lon p]ays a pnrt;Ieiilrt' P,. I:

the regulation of water transiocation In th, anima.I orfanlnm.

The purpotln of •ur Invst Igatlton was to trace tlhe, harne.v¶ In tih,

nodium and potansslum iwentrat .,-, u Jm ,,v,.uLIri,

The work on th' flame phoomr•tetr was carrled oiul In tbhr'r' hem-
lal tab,,'atory ofr the Cf,1ntral Themat, le C';mprhcnn Lw" Expeld.1t,it. We'
wish t- thank N. I. llreum~v f•':r hI c help.
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1
Procedure and results of the investigations. The experiments were

carried out on 36 rabbits of about the same age weighing 1.5-2 kg. The

diet in the experimental animals was mixed and during all experiments

was not changed. Overheating of the animals was carried out under

artificial (a special heat chamber) and under natural conditions. The

heat chamber was a rectangular box 100 x 90 x 70 cm with double walls

with felt between them. Inside the chamber were thirty 60-watt bulbs.

We placed in the chamber a metal cage whose walls had numerous small

openings for ventilation, Two peep-holes were on the front wall of

the chamber. The temper;,.ture was observed by a thermometer in the

chamber; we regulated it by means of a laboratory autotransformer,

increasing or decreasing the heat of the electric bulb.

Four series of experiments were set up: a) a single overheating

in the heat chamber for one hour at 450; b) chronic exposure to heat

(360) in the chamber for 14 days of one hour daily; c) acute oyver-

heating of the rabbits that were preliminarily subjected to chron1e

heat exposure; d) overheating under natural conditions (in a solarium)

for one hour at 413-415 0.

Determinations of all indexes in the urine collented during the

day were performed in addition to determinations of' the .oflm and

potassium in blood plasma of animals that underwent the effect of heat

under natural conditions. The body weight (before and after overheat-

Ing) was determined, the rectal temperatur,- wan measured (by an ,l:e-

trothermometer) , and the brhavior of the animals was -,booeved. The

rabbits were ktled by decapitation.

Wt- determIned the sodium and potassium In the blood plasmia and

In the da. Iy amount of urinie before and after overheat inrt. Toi detrmIrv',

the sodium and potassium we used flame photomctry, wh'ch in rernt yu-arn:

iu foutid t'v,' Srt•it'vr uplpiication in experimental medieo-bijiori a i

FTD-TT-02- 1201 '1 #-2ST
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laboratories and in the clinic. Analyses are carried out with greater

accuracy and incomparably more rapidly by means of flame photometry

than by weight or volume methods.

The standards for determining the sodium and potassium concentra-

tions in blood plasma and urine were made by the method suggested by

M. 0. Zaks and 0. S. Chudnovskiy [5, 6]. The materials for the invest-

igation were prepared in the following manner. Heparinized plasma in

an amount of 2 ml was introduced into a measuring flask (100 ml) and

distilled water added to the mark. After mixing, the solution was ready

for the investigation. The urine was diluted on the basis of the cal-

culation of 1 ml per 100 nil of water. The photometric data of the

standard solution are shown in Fig. 1.

The data in Table 1 show that under the effects of chronic over-

heating there is an increase in the sodium level of the blood plasma.

In rabbits that were subjected to daily overheating in the hot chamber

for 14 days, the blood plasma sodium level increase by 5%. An even

greater increase (by 15%) was observed in the experiment sot up in

June 1961, in which the rabbits were for a long time In a vlvarium

where the daily air temperature was 36.8-3'(* and a period of natural

adaptation took place.

A decrease of blood plasma sodium was observed in all animals upon

acute overheating (450) in the heat chamber or under natural conditionn.

The sodium concentration aropped by 7.3%-on-ncute overheating Tn the

contro] rabbits and the drop was expressed to a lesser degree, by.%

in the rabbits that were heat-trained In the (Nhimbcer. In rabbtLu

adapted to heat undr natural conditions the decrease w~ts more. apprrri-

able. It, 1'r. It. Is necessary to note that under the effrect or acute

overheating, the blood plasma n,.,um level dropperd to Mvh, norm IJn rab-

FTD-TT-U1'- 1201 '112 4
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we found in kaliemia were weakly expressed and unreliable.

44
/b "

Fig. 1. Photometric gra~phs of standard solu-
tions.

TABLE I

Variation In the sodium and potassium concentrations
in the blood plasma of rabbits subjected to overheat-

ing in a hot chamber (ME%)

Aute over- Acute o<-
group hetthc.bod Aprap ted hoatong orf

.10 120) 20.0 &?A) 21.0 M -

.240 joj wo18.5 290' 19, .0 0 a 115 L*IM Mr-1
:W', 21,5 %Ir', IR, O'K 1.4; ."'M 138
;ALS 22.0 A91i I P..", .101 21,0 110 17.0

1:30 l 2.( 0 IO IH.M 3$Il 18,8 340 211,0

.4•2,; "IN . 1~,, 1!l.11 XW•.(1 19,7 X.'P0, I X,19

Thu variation of the sodlum concentration I.n th, bJtod plaoma of

rabbits subjected to ovrheantinr. under nat'ural crndtli.,,iin Is pi',orstud

in the following form:



Acute over-
Adapted heating in

solarium

30 285
3.10 290
3M 300
3W0 330
340 325

335 325

.20.
3615 340
375 3Ms33(O •MO

110 345

average (M)379,0 318.0

Therefore, the results of our investigations showed that the sodium

level in blood plasma increases under the effect of chronic overheating.

These shifts took place in rabbits adapted to heat both under natural

conditions and in a hot chamber. The increase of sodium in the blood

plasma of the experimental animals is apparently an expression of adapta-

tion. The blood plasma sodium level of animals decrease under the

effect of acute overheating. This decrease is more expressed on acute

overheating under natural conditions.

The variation of the sodium concentration in the blood plasma

can be explained: a) by the inerease of the blood plasma volume,

i.e. its liquification due to the uptake of water; b) by the rapid

elimination of sodium through the kidneys; c) by the passage of sodium

from the blood plasma into the intracellumar space (.-rythroeyt'n nnd

tissues), which can be caused by the development of hyperventlmation

alkalosis In which the need to retain electroneutrality leads to a

dcecrnase-f the cation concentration.

We found that on overheating, the elimination of sodium and pota:i-

sium In the urlnr as well as the maj,.nitude of diuresis decrease. A

considerable reduction .l.n the elimination of these eat, lons was noted

in rabbits that. underwent aeute ovarheating under natural ,uirl ttonr;.

Consequently, we vannot s-peak ab,,ut a rapid elimination , eiatl.rns

FTD-TT-L,2- 1201.j,7 11 :



I
through the kidneys. We think that in our investigations the change

in the cation content was associated with a redistribution of fluid in

the rabbits. This is in accord with the data in the literature [3, 41].

It is also known that a state of hyperventilation alkalosis ensues under

the effect of overheating [1]. Therefore, it is possible that the

change in sodium is also partially the consequence of gaseous alkalosis

arising in experimental animals under the effect of acute overheating.

Conclusion

1. The sodium concentration in blood plasma increases upon the

chronic effect of overheating.

2. A decrease of the sodium level in blood plasma occurs under

the effect of acute overheating of control and adapted animals. This

decrease is more expressed on overheating under natural conditions.
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VARIATION OF THE BLOOD SERUM PROTEIN COMPOSITION UPON OVERHEATING

N. N. Stefanovskaya

The amount of total protein and the ratio of the protein fractions

of blood serum are relatively constant. A study of blood proteins upon

overheating is of considerable interest under hot climatic conditions.

In a number of investigations definite regularities were noted between

the degree of overheating and shifts in the protein composition of

blood serum. Therefore, a change in serum proteins is proposed as a

test when studying the effect of high temperatures on an organism [3].

Data are available which indicate that at an elevated temperature

of the environment the breakdown of tissue proteins is accelerated,

the excretory function of the kidneys is impaired, nitrogen metabolism

is enhanced, and the protein requirement of an organism increases [!, 11].

The amount of residual nitrogen and urea in the hlood of the

hepatic vein and tissues of the liver increases in rabbito under acute

hyperthermia [8].

A change in the fractional composition of blood serum protein de-

pends on the dose of solar radiation. Sunbaths of ',-7'!, calories do not

affect the ratio of blood serum protein fractions In man. An increnap

in the dose to 4!)-60 calories is acrompanied b;," hypexglubulmn,.rmla [".

FPD-Tr-!,2-1201/1 i2..'



At a daily 3-hour effect of a temperature of 40*, wave-like (with

a period of one month) oscillations of the total protein in blood serum

were noted in rabbits. By the end of the fifth month of overheating

the globulin level increases in them [71.

Overheating of dogs leads to a decrease in the albumin concentra-

tion and an increase of globulins [4]. Other authors, when overheating

dogs and guinea pigs for 1-2 hours at 40-420 , observed an increase in

the total blood serum protein, albumin, an increase in the albumin/

globulin quotient, and a decrease of globulins and fibrogen [14].

The data of Z. N. Lebedeva [121 concerning the increase in the

level of free amino acids in rabbit blood upon overheating indicate

a disorder of the processes of protein synthesis and resynthesis. Ex-

periments with labeled glycine also confirm the hypothesis of a diu-

order in protein synthesis upon overheating [151.

In the present report we will cite data on the content of total

protein and ratio of the protein fractions in blood serum and in an

extract of soluble liver proteins upon overheating experimental animals

in a heat chamber and in a solarium. The experiments were carried out

on 12 white rats and 32 rabbits.

Methods of investigation. The amount of total protein in the

blood serum. and extract of soluble liver proteins was determined by the

gravimetric method [2]. To separate the blood serum proteins we used

the method of paper electrophoresis. The method Cor obtaining the aol-

"uble liver proteins Is cited in the works of S. Ya. Knplinskiy et il.

[9, 10]. For this purpose the rat liver was washed ,'lear of blood and

trlturated with a physiological solution (1: 1) . The homogenate wan

frozen and left in the evaporator of a cooler for 24 hours. The homo-

genate was thawed, small portions of rther was added and centrIfuFg.d.

Wo transferred the liquid above the pereipitat., to a tent tube, pla .

FTPD-TT-u2- 120I'iii s2
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for ten minutes in a water bath at 370, centrifuged, and a yellowish

transparent extract of soluble liver proteins was obtained. Electro-

phoresis of the extract was carried out in a borate buffer with p1l 8.6

for six hours at a voltage of 300 v. At the same time we set up for

eleetrophoresis the blood serum of a given animal in order to compare

the fractions obtained.

We must point out that the amount of liver protein fractions ob-

tained by different authors is dissimilar. The number of fractions of

soluble liver proteins varies from two to nine (10,13]. In our experi-

ments we obtained four fractions of soluble liver proteins which cor-

respond to serum proteins with respect to the velocity of moving on the

electrophoregram. These fractions were designated by the letters

A, B, C, D. The data obtained were treated by the method of statistical

variations. We calculated the arithemetical mean (M), the menn error

(m), and the criterion of the reliability of the difference in rerults

(P). Data with P < 0.05, i.e. when the probability of the difference

was 95%, were considered reliable.

Results of the Investigations. The first series of expertments

was carried out on white rats (males) wighlnp, 185-234 I,, overheat•d

In a hot chamber for 30 minutes at 40'. The group nf rats not subjertod

to overheating wan the control. In the rats we determinodthe total

protein of the blood serum and its fractiuin, the total protein o• the

extract of soluble liver proteins, and we fraction-d the soluble liver

proteins (Table 1). Upon a single overheating of the rats th(- amount

of protein in the abstract of the soluble liver protrino d(,erraed In

fractions B, C, D, by 1.3 p, (209). The amount or total blr,,Id nBerilm

protein decreased b.y 0.8 1, f, (10.8t) , abumiln by 0. ; g , (1 ).9r9); th,

albumi.?,globullin ,uotlent decreased t.o. O.J1',.

FTD-TT-02-1201 1 +24 i
/,t.



The second series of experiments was carried out on rabbits who

were subjected for one hour a day for 20 days to a temperature of 360

Sin a heat chamber. We determinedthe content of total blood serum pro-

tein and the ratio of its fractions in the rabbits. The results were

compared with the data obtained in the control group of animals (Table 2).

Changes in the concentration of blood serum proteins werenot observed

in the rabbits adapted to a temperature of 360; the albumin/globulin

coefficient did not vary (P < 0.5).

The third series of experiments included rabbits adapted to a temp-

erature of 360 for 14 days and on the 15th day they were overheated for

one hour at 45° in a heat chamber. In the rabbits we noted a decrease

in the amount of total serum protein at the expense of globulin (by

0.2%); the albumin/ globulin quotient increased to 1.36.

The next experiments were carried out on four rabbits subjected

to one hour overheating at 45* in a heat chamber. Because of the small

number of experimental animals the data obtained in these experiments

were not processed by the statistical variation method. The content

of total protein in the blood serum in this group of rabbits was 6.2 g%,

albumin 3.5 g % (56.5%), a-globulin 0.6 g % (1o.1%), P-globulln 0.9 g

(i4.1%), y-globulin 1.2 g ' (19.3%) . A decrease in the amount of serum

protein by 10.1% was observed in comparison with the control. The con-

tent of the globulin fractions noticeably dropped, the protein croell'ie-

lent increased to 1.3. The shifts in the protein cgmpsititon of tho

blood of rabbits not adapted to high temperature were expressed more

distinctly.

Further expcriments were carried out in June fll6. Wre Invest-Agatr.-d

the variation of serum proteins under the effect of solar Irradiati')n.

The blood samples were taken from rabbits before and after an h.ou1r ",)f

overhentinlg In a solarium at J;,;-W4'*; two rabbits drl.plupn rvf.rh,,nt; ¶ IW.

13
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I
The data in Table 3 show that after overheating the change in the pro-

tein fractions of blood serum in rabbits in expressed by a decrease in

the albumin concentration by 0.9 g % (22.5%), y-globulin by 0.3 g

(15.8); the total protein dropped by 1.3 g % ( 18.3%). The protein

coefficient did not vary (p < 0.2).

These experiments show that acute overheating of experimental

animals for 30-60 minutes at 40-45' causes hypoproteinemia and a jhange

in the concentration of the blood serum protein fractions. This

phenomenon has noted by a number of authors [1, 6], who associated

hypoproteinemia,hypoLlbuminemia, the decrease of the dry residue of the

plasma, amount of hemoglobin, erythrocytes, and the decrease of blood

viscosity which ensue during the first hour of overheating with the

dilution of blood by the fluids entering from the tissues.

Conclusions

1. Overheating of white rats in a heat chamber for 30 minutes at

400 induces hypoproteinemia, hypoalbuminemia, the protein content in

the extract of soluble liver proteins drops.

2. Overheating of rabbits in a heat chamber Cor 6o minutes at. )10

leads to a decrease in the total protein of blood serum and to hypo-

globulinemia. iTLypoproteinemia is more evident upon overheating in-a

solarium.

3•. In unadapted rabbits the shift.s In the' protein compon.itlon of

the blood serum upon overheating were more evident than in those adapt.rd.

FTD-TT-0E2-1201 A L2B #4
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I
TABLE 3

Total protein and protein fractions of rabbit blood
prjim before and after gVerheatinp in solarium at1 5°

Nort Overheating

ofi alr 0- g%

Albumin 4.,0 L 0,14 53,5, 1,80 3.1 0 ,.25 P 0.01 52, -.- 3,46
ý : j 16 S, .S8 t 0 ,8 2 0 .5 0 0 ; O . 1)P <

n 08 10,0 4 1 ,5 +0,43 0,6 .4,:0.3 I' ., 1.0.-) ,51)
4-j1ybu :lý 1.0" '- 0.1 21.5± 1.73 1.6 - O.S P . 001.- 27,9 3,
q a pro ei ,71 ±0,16 - 5.8 ). 1).r, - 0.00.1 -

A/G - 13 ± 0%07 1,15 -F (,.15 r 0p1.
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THE EFFECT OF THYROIDECTOMY ON THE TOLERANCE AND DEGREE OF TISSUE

DEHYDRATION IN ACUTE OVERHEATING

A. A. Nepesov and Ye. P. Serebryakov

A study of the physiology of the thyroid gland is of considerable

theoretical and practical interest, especially under conditions of the

hot climate of Turkmenia where during a long and dry summer the thyroid

function is subjected to the constant effects of the environment.

One of the main climatic factors in a hot climate is the efront

of heat. Therefore, in our investigations we studied the effect of

heat on the animal organism with the thyroid gland removed.

It is known from the data in the literature [3] that thyroldecto-

mized animals are less tolerant to heat. It was also learned that re-

tention of excess water in an organism occurs In thyroidectomized ani-

mals [11. S. Ya. Kaplanskl.y [P], having studied the wnt.er .,,ont,-nt. -n

animal tissues and organs, found that upon thyroldectomy the water con-

tent in the skin increases whereas in other orgauru It; lI.v,.l r,-.rtIl]s

unchanged.

A disorder of water-salt metnbolinm upon thorIdc,'.ts, ,f nourse

cannot help but be refl ee ted in phy'lcal thermoregulat l,,in whl elh, nn

la knuw/n, Iii accoi-plichcu" b., ep,. •... ... , ..; p-c!-!np rtv.l r,n_ l.. . . . ..it, y:,yl nnr! I,'2..
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polypnea in most higher animal orgaiisms.

What has been stated induced us to carry out experiments to reveal

the role of the thyroid glands during acute hyperthermia.

The survival and degree of dehydration of guinea pig tissues and

organs were the indexes of the changes ensuing in the organism during

acute hyperthermia. We used 80 guinea pigs divided into two equal

groups. We removed the thyroid in the animals of the first group and

the animals of the second group served as the control. The postoperative

period lasted two weeks, the diet was mixed. Four series of experiments

were carried out: ten thyroidectormized and ten control anima]s were in

each series. The animals were subjected to high temperatures in a cham-

ber where they were placed for 5-8 hours. The utarting temperature wao

350, it was raised 10 every ten minutes and, having reached 410, was

held there during the experiment.

At the end of the indicated period we counted the number of ani-

mals that survived and those that died in both groups. After the death

of an animal we determined the degree of tissue and organ dehydration

in the guinea pigs of both groups by the dry residue method (Table 1).

TABLE 1

DaLybdraion of tissues and organs of Guinos pigs with aMd
witbout thyroid removed in hyperthermia (% of water to

._____ e4t of orrnn tia.suu8)

ri ai 0•

SI-

&zn.rinmunta1 .la '

al'i-'Is 4) I- 61

UFS AVAIIAL:CP

VQnt~rols notI
.. uj,vur v tuu 4 , 70 77.. 77.1 14,4 7$,1-17 ,1 xid 1

o4LA 'rorhata,

Overhuste1II'7("
64yrold- 7 V1* 77 1 , 7 , '-77 .,1 -( I
00 toui4 ed II7l~
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Results of experiments. Our investigations showed that the degree

of Burvival is not the same in guinea pigs that were thyroidectomized.

Of the 40 guinea pigs that were operated on, 34 (85%) died and of the

controls, 15 (37.5%). Consequently, the degree of survival of control

animals is twice that of the animals with the thyroid removed. These

data on the different degrees of survival of the animals are confirmed

by experiments which we carried out earlier on white rats by the above-

described method. Out of 15 control animals 12 (80o) survived and out

of 15 thyroidectomized animals, only 4 (26') survived.

The degree of organ and tissue dehydration is also dissimilar

in both groups. In animals with the thyroid removed we noted a small

increase in the water content of Lhe Akin and tissues of the stomach.

Upon overheating we noted an Increase in the water content of the lungs

and liver in both groups. In this set-up of the experiments, dehydra-

tion of the animals upon overheating probably occurs by way of the skin,

since in animals of both groups the amount of water In the skin decreases

relatively more than in other tissues. But this loss In thyroldectomized

animals Is greater and reaches 8'9 of the tissue weight, whereas In the

control animals it is no more than about 1.7%. Dehydration also takes

place In muscles but it is negligiblo.

The figures reflectIng the degree of dehydration of tissues and

organs upon overheating of animals permit us to concludr that the

mechanism of skin dehydration is disturbed in thyrotdectomizerd anImals.

Conu•.l.oIns

I. Upon aeutr, overhr.ating the degroe of survival of thyr01d-et.,j-

mized giuInea plgn and rats Io lower thhan In nrma.I animals.

2. The water contcnt In skin and I Inrnen of th,.".tmnrh Inrrr-rmnrz;

In thyroI(lee toml.z-ed anima Is.
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3. Upon overheating the degree of skin dehydration in thyroid-

ectomized animals is higher than those overheated in the control group.

In thyroldectomized animals it was about 8% and in the control animals,

1.7%.

4. In overheated animals of both groups we observe an increase in

the water content in the liver (in thyroidectomized animals by 2.80 and

in the controls by 5.6%).

5. The experimental data can be of definite interest when studying

the effect of the hypofunction of the thyroid on the condition of the

human and animal organism under conditions of a hot climate.
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THE EFFECT OF OVE1RREATING ON SUCCINIC DEHYDROGENASE ACTIVITY IN THE

HEART MUSCLE OF WHITE RATS

E..L. Perellman

Many investigators are atudyIng overheating. Theve are a number

of works elucidating the shifts of metabolic processes during over-

heating [I, 2, 3, 4, 7, 8, 9, 10]. But the problem of the change in

oxidation-r4duction processes which yield the necessary energy to main-

tain the vital activity of an organism has been elucicated very little.

Succinic dehydrogenase plays an important role in cell respiration.

It participates in the transformations of the so-called Kreb's cycle

in which the pathways of the intermediate metabolism of varbohydrates

and fats are interlinlcd and simultaneously enters into the suiic.In]

oxidative system. The latter performs catalyzing dehydrogenation of

succinic acid by the combined action of ouceinlc dehydrogenanr,, eytu,-

chrome oxidas,, and eytochromn C [6, 13].

In our investigation we studied the acitvity of sucr.lnci .!,'hydro-

renase in the heart musclo of white rats exposed to ,vfrheDtlnr.

Methods and results of the investigation. W,: der',rmlne th, nr.tLiv-

Ity of auocinite deh1ydroipnno, by the method of ttrazo,,lum rnltn pro-

posed in recent years [11, 141. These eupopoundu havw the abil11; t1.u

TD-"r-tP- 120 /1424 ;4
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accept electrons from dehydrogenases and to be stained where succinic

dehydrogenase is localized. Tetrazolium salts are water-soluble color-

less compounds; on reduction they yield a stained product (formazan)

which is not soluble in water.

In our investigations we used triphenyltetrazolium chloride. We

introduced certain changes in the method of determining succinic dehydro-

genase proposed by E. Kun and L. Abood [12], C. Jardepzky and D. Glick

[ill.

In the experiments we used 31 white rats (male) weighing 200-250 g.

All the investigated animals were on a nutritious mixed diet. Acute

overheating was carried out in a hot chamber for 1-1.5 hr. at 112-41°); 14 .

animals were subjected to overheating and 17 were the control. The

animals were decapitated. In order to remove the blood, the heart was

perfused through the aorta with 0.01 M phosphate buffer, pH 7.7. Thus

we were able to free the blood in the capillaries of the muscle tissue.

The remaining blood was washed out of the heart cavity with a buffer

solution after incision or the heart muscle; the connective tissue wan

removed and the muscle dried with filter paper.

Certain authors consider that the presence of -blood does not change

the activity of Succinic dehydrogenase [11]. But the investigations

we preliminarily carried out showed that the introduction of blood into

the homegenate considerably enhances -reduction of tetrazolium. We tried]

to wash the tissue with water, physiological solution, and phoophate

buffer. More distinct shifts werpt revealed on washing with a buffer

solution. Apparently upnn rontnel, with the phosphate buffer there

occur, a normalization of the colloidal str-ucture which is neceassary

for the functioning of the succinic dehydrogonane. After washing, the

tissue was triturated In n mortar with nin,, Volumes of 0.1 M phosphate

buffer. PH 7.7. The homogenate was fIltered Uhr,,urh one I'ypr if ga,'u-,

FTD-TT-o2- 1201 ,1+24• 4 R .1



We added to the test tubes 0.-'5 ml of 0.25 M sodium succinate prepared

on the basis of 0.1 M phosphate buffer, ph 7.7, 0.25 ml of a 0.4%

solution of tetrazolium and 0.5 ml of homogenate. The test tubes were

stoppered and incubated in a thermostat for one hour at 380. The

tetrazolium concentration in the experimental test tube was I mg/ml

(2.89 micromoles) and the concentration of succinate was 0.01 M. The

formation of formazan without succinate did not occur in our investiga-

tion. A red stain which became intense after one hour, appeared after

only 10-15 minutes in the presence of succinate. After incubation the

test tubes were centrifuged and the liquid over the residue was removed.

We added to the residue I ml of glacial acetic acid and placed it in

warm water. The residue was ground with a glass rod, afterward we added

5 ml of toluene and briefly sh6ok it. The test tubes were cooled and

centrifugedto clear the toluene. Extraction of the formazan in the

toluene yielded a stable stain. The optical density of the extracts

was measured on a FEK with a green filter (light transmission 490-530

millimicrons). We obtained the calibration curve of formazan (Fig. 1)

by reduction of a certain amount of tetrazolium dissolved in the phos-

phate buffer, ph 7.7, by an excess of hydrosulfite with subsequent

extraction by toluene in the presence of glacial acetic acid.
1W -'

90

Fig. 1. ralibration citrvr, ,fi re-
_ duced trtra:;ollum.

-ISO

or @,T vtt0 inlrr14 .
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As we see from Fig. 1 the calibration curve of the reduced tetra-

zolium shows a linear dependence between the concentration of formazan

which was formed and the absorption of light.

In the control animals we determInedthe activity of succinic

dehydrogenase in homogenates of heart muscle, kidneys, liver, and the

brain. Our investigation shows that the highest activity was in the

heart muscle, than in the liver and the lowest activity was in the

brain.

The results of determining the succinic dehydrogenase activity in

the heart muscle of 14 overheated and 17 control animals are as follows:

Gcnc en •rsation
number of reduced

Value of effect of atrazolium(Werooe/
SnliRla i D o tissue

_.. .... - L _m

Ir o 1 7 .3,12 A:0,12
Overheated 11 2.48:! o,,R

As Is apparent from these data, the succinic dehydrogenase activity

of the control animals was on the average 3.12 micromole of reduced

tetrazolium; a drop to 2.48 micromoles was noted in the overheated

animals. Therefore, under the effect of overheating, the suceinic

dehydrogenase activity decreases in heart muccle.

Previous investigations of the flavoprotein level showed that

under the effect of acute overheating the content of t'lavin-adenine

dinucleotides decreases in certain tissues. A comparl son of thesv

data with the result of the present investigations Show a decrenae In

the activity of succinie dehydrogenase--an cnzyme which also belongs

to flavin-adenine dl nuoleotldes--permits us to conclude that in the,

presence of hyperthermia the activity of single :Ir,1m of' thv Vlavlxi-

adenine dinueleot~des enz,,.Mr group dr!creauen.
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Of course the results of determining the enzymes of energy metab-

olism in homogenates of tissues (stroma, vessels, parenchyma) cannot

yield a complete concept of the level of oxidation processes in the

given tissue. A study of respiratory enzymes in isolated mitochondria,

where the succinic oxidase enzyme system is localized, is the task of

our subsequent investigations.

Conclusions

We showed by means of triphenyltetrazollum chloride that under

the effects of acute overheating the activity of succinic dehydrogenase

decreases in the heart muscle of white rats.
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LEUKOCYTIC FORMULA AND PHAGOCYTIC ACTIVITY OF BLOOD

LEUKOCYTES IN HYPERTHERMIA

A. T. Berdyyeva

A study of the condition of leukocytes enables us to judge the

changes in the reactivity of an organism, the character of the course

and outcome of an illness, and the effectiveness of therapeutic measures.

Variations in the phagocytic activity of leukocytes are possible

in a healthy organism, for example, in relation to the season of the

year. In Transbaikalia the greatest activity of leukocyten is noted

in the autumn. A decrease in phagocytic properties of the blood hac

been observed during the winter and spring seasons of the year [3].

From the aspect of the individual leukocytes, it was possible to note

in the autumn a definite increase in the absolute number of neutrophil

cello M{J. The number of vosinophils and tA;,' J]r:ukucytes In

monkeys Increas6o during the summer-fall perlod and t&.- menocyte.s rlurlnir.

the winter-sprinj, period. Not only si-asonal, but also daily ehanp.on

In the number of leukocytes occur In these nnimalo 11J.

The nntimierobial function of the reticuloendothelal uynoem tie-

creases In hyperthr-mri. of animals. In g1.u1non plfgs nuht,,(t,.d to, thr.

effect o ce ;cd, the ý.dmtnis.ratlon of n microblai aunpnnicn Indu,,r•"
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the formation of abcesses, peritonitis, pericarditis, etc. [1, 2].

The leukocytes, consequently, are very sensitive to various types

of effects. Therefore, the need to study their changes under very

diverse forms of pathological disturbances in an organism is quite

evident.

Our task was to study the morphological composition and phagocytic

activity of blood leukocytes in animals subjected to the effect of a

high temperature of the surrounding medium. The experiments were set

up with 34 rabbits which were overheated in a heat chamber and in

natural conditions (in a solarium). The blood was collected from the

marginal vein of the ear before the experiment and 30 and 60 minutes

afterwards.

Several series of experiments were set up during the study. As

a control we used the data obtained from rabbits of the contro] group

and from other animals before starting the experiment. Thus, 46 anal-

yses of the blood were processed.

In order to study the phagocytic activity of leukocytes, two vol-

umes of blood were mixed with one volume of a 2% solution of sodium

citrate. To this mixture we added one volume of a 1.6 billionth

microbial suspension of a daily culture of Staphylococcus aurcus. After

30-minute incubation in a thermostat at 37' we made a smear which wan

- then fixed with ethyl alcohol. Staining was done by O.nmoa-Romanowanky's

method. The blood smeairs intended for- studying the leukocytic formurl

(leukogram) wore processed in the same manner. The data of the relativ'.

variation in the total number of leukocyten in the blood were (,btalned

In the same animal. Th,, F- [,w' ,iat.:s w.rr, ',i nI.•eI in Ihr- . 'ntr, I

"The" toti,L iniml'er of' lenmumll.t of was 12,11V, of whlch 0.110; pertained to

mycloblaste, 1.21t to mynloi'tes, 9.05'9 to younr, 1?t to :;- :,,I',

and 40.3,5 to segment,..d leukncytes, In the tutal complexity y"i11
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fell to the lot of neutrophil cells, which was 62.7% of the total num-

ber of leukocytes. This index is important since neutrophils participate

mainly in the phagocytic reactions of an organism. The portion of

eoslinophils was 2.07%, basophils 1.16%, monocytes 3.65%, and lympho-

cytes 3 0 .115 % (Table 1).

In the control we determinedthe average figures of the phagocyte

number (the number of leukocytes participating in phagocytosis) and the

phagocyte index (the number of microbial bodies absorbed on the average

by each phagocyte). These figures were respectively equal to 55.52%

and 1.81.

In our experiments the rabbits were subjected to overheating in a

hot chamber at 45*. In the first series of experiments the animals

underwent preliminary daily adaptation for one hour over a period of

14 days. The second group of animals was used in the experiment with-

out such adaptation. In both cases there was an appreciabl, drop in

the total number of leukocytes, which was especially evident in the

second group of rabbits (to 5025 per 1 mms). Upon overheating without

adaptation we observedafter 30 minutes a significant increase in the

phagocyte number (72%) and the phagocyte index (to 2.11). By the end

of the experiment, that is after 60 minutes, the phagocyte number drops

(65.53%) and the phagocyte index nontinues to grow (to 2.22). This

fact is interesting because at this period of time a decrease In the -

number of leukocytes by almost half was observed in all animals. TherN-

fore, we can assume that the organism, an it were, endeavorn to inerease.

the phagocyte indexes In order to compensate for the lack of leukocytes

in the blood. In adapted animals thesp indexps, which wefrt determined

at. the beginninL: and the end of the experiment, dlfrer vwr. MlitlA( from

one another (60-60.'Cý,; 2.12-2. 1") . However In thr, mild lIe of thr ,.x-

periment we agaln notlvi an vincrease In t.he phagocytr! numb,,r (W'.().
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The total number of leukocytes (to 9600) in these animals

did not drop severely. We get the impression that adaptation to high

temperatures, so to speakfosters adaptation of an organism to new,

unusual environments. The Organism as usual strives to retain a re-la-

tively constant quantitative and qualitative blood composition.

In regard to the morphological composition of the blood, we must

note that overheating without adaptation is accompanied by a decrease

in the per cent of neutrophil cells, which is especially noted after

30 minutes (73.7; 67.23; 70.08%) . The number of mature, segmented

leukocytes decreases most of all (45; 42.72; 34.61%). The content of

myelocytes increased to 2.88%.

In the adapted rabbits the number of neutrophils did not vary so

noticeably (67.16; 66.10; 70.93%). The number of segmented oells nt

first increases and then returns to the norm, and the number of seg-

mented and juvenile leukocytes is normalized by the end of the experi-

ment. The number of monocytes increases considerably (2.53; 3.(6; 4i.64%).

It is. interesting to note that on the sixth day of adaptation with

the animals in the heat chamber, very young cells, mycloblasts (O.I1%)

and lvmnhoh1nn1;.n (n.Pl0, -jnnpp,, in fb#r h - 4- p-i... .. Tc .p.

number of cosinophils (0.87; 2.5%) and monocytes (2.25; 6.53%) increane:j

appreciably.

Tt is necessary to state that an increase In the numbpr o)f mylo-

rytes was noted in all cases of overhenting the anlmals; moroevf-r, w,,

frequently noted phagocytosls in tho e osltnphils. Overheai. l.n of' th) ,

animals in the solariuim was earr.led out against a background of pre-

Induced hemorrhae, . The cimbinatl on ,I thesr, two 'nt,_,torn, Induorld n

drop tn the tA al number (if ' luk,- cytrs ( to V,'7'0, pr I mm"), t h. m,,-pho-

lo,• I ,',fmpsIt. 1t ',n changd neg il.bl 4 . Th,. phai,,,. ¶.', num,,r ,!,.e.r,.;,,,u

ssharply (1').d2; 4C.81P) . Thi' nhago,,cytt(e 1ndrlx al so o,.,mewhjj1{j 'rr' -ri

.BL/
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(1.81; 1.08). In all probability this fact can be explained by the

effect! not so much of overheatingj as by the loss of blood.

According to the data of V. S. Tarasova [6], blood transfusion is

.a powerful factor for stimulating the phagocytic capacity of leukocytes.

Transfusion of blood induces even greater shifts of the opsono-phago-

cytic index than nonspecific immunization. In our experiments accompan-

ied by considerable hemorrhage (up to 20%), we noted a drop in the phago-

cytic function of leukocytes which increases under the effect of a

single overheating. It is possible that hemorrhage causes some kind

of disorders in the regulation of the leukocytic reactions of an organ-

ism to the effect of high temperature. This problem should be refined

by special investigations with overheating under natural conditions

without the influence of additional factors.

Conclusions

1. Up)on overheating of animals, an Increase I.n the phagocytil

indexes of the blood is observed simultaneously wlth a decrense In the

total number of leukocytes.

2. The change in the phagocytic number and phagocytie. Index of

leukocytea is especially evident In animals not adapterl ti) high t.emp-

crature.

-- -3. Diring, adaptatlon, the appearance of' myolohlasts, lymphhiblnntn,

an well as monocytosls and oosinophilia Is ob•erved In thr. blood.

4i. Overheating of adapt.ed anima is to accompan irod by nr utr,.philla

and overheatin1 : of unadapterd anImals by neutropenla.

r,. A combinato,,n of' overheating In a iolrlum with hmirrhl-,, 11ý-

duces a dr)p In th,. phaor.yti tndox,'c of th,' 11 t..

.3 ,,
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THE EFFECT OF OVERHEATING ON THE RIBOFLAVIN IN WHITE RAT TISSUES

E. L. Perelman

Numerous investigations have established that substantial changes

in the vitamin level occur in animals under high-temperature conditions.

The studies of a number of authors showed that almost all known vita-

mins are present in the sweat composition [3, )l, 6, 7, 9]. The experi-

ments of other investigators on animals, for which thermoregulation

by means of sweating was not important (rats, chicks), showed an .In-

creased vitamin requirement upon overheating [9, 10]. These data show

that the increase vitamin requirement under high-temperaturn vondltil,

Is probably associated with the change In the rate or metabolic pro-

cesses (1, ill. But there are very few investigations in this direction.

It in of interest to study the role of riboflavin In metnb,,Ionm

under the vffects of hMgh temperatures. Rtb'iflavin fulfllsn vnrlou:r

functions In n-. organism which are directly ass•elantor with proern

O' gProwth tand nutrition 2•,II]. It has now hfen entablished that. rlb,,-

flavtn (ORF) and Its compounds flavin n,.,...',u]e1,ntidr, (IPMN) and rfIavin-

adenine dlnulottde (FAD) enter Into the ,,nzymatip system or rlav,,pr,)-

tveins and partil-Ipate In biololrical oxidatiron. DurIny; '.1 lular re-npi rn-

tI.'i:. the hýr,'rstn o•' the oxid idzed substratr lu Lak:hi up by dhy;rgeus-,.s
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and then is transfered to flavoproteins. The flavoproteins transfer

the hydrogen to a system of cytochromes or to oxygen with the formation

of the end product of oxidation [5].

In the presenl, work we investigated the effect of overheating on

the content of total riboflavin, flavin mononucleotide and flavin-

adenine dinucleotide in white rat tissues. The experiments were set

up with 42 white rats (males) weighing 200-250 g, which were divided

into four groups. The rats of the first group underwent acute over-

heating in a special chamber for 1-1.5 hours at 42-45*. In this case

the rectal temperature of the rats increased to 42-42.5 0 . In order to

adapt the animals to heat, those of the second group were heated in a

chamber at 35-360 for one hour daily for a month; the third group of

animals consisted of adapted rats, which underwent acute overheating.

The fourth group was the control. The diet for all animals consisted

of groats, vegetables, casein, and grasses. The animals were killed

by decapitation. A fluorometric measurement of' ORF, FMN, and FAD was

carried out by Bessey's method [8] in the extracted organs. We did not

determine the amount of free riboflavin since its content wau small and

determination is complex, having conditionally considered that ORF.

minus FAD is FMN. Extraction of ORF was done in the cold by triturating

a weighed samples of tissues with glass sand in a cool vessel with

10-20 volumes of water. Then th, protein was pcrelpitated by adding

an equal volume off 29r, trichloroacetic acid. After ton mlnutfeo the

samples upon cooltng were oentrifugecd. To, the trnnsparet~. cntrlfngrit,

we added a 1/4 volume uf 14 M K2HPO4 . The remaininng p,'rt,-;In ,,X the

centrlfugate was left ror hydrolyois overnight In a thermostat at "A0.

The test tubes with the samples were stopperod with paral'I'In ,forks.

After hydrol,;s1s the sampleo were also neutral tzr,ri with 4 M KPHP0 4 . Ts,

avold losses of FAD (owing to e'n':;.,atcI" etion) the tissiue' wfpr,. Tr,,pr,',d

FTD-TT-02-1201 1 2i,'•
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I
in red light. The degree of fluorescence was determined on the EF-3

fluorometer. Three readings were taken during fluorometry; the initial

4 ~(F,), after the addition of a determined amount of riboflavin standard

(F2), and after the extinction of fluorescence by the addition of a

I/1oo volume of 10% NaPS204 prepared on the basis of 5% NaHCO3 (F 3 ).

The readings of F2 and F3 were corrected fore the dilution of the added

standard and reducing agent. The content of ORF was calculated by the

formula F

The obtained data of the content of ORF, FAD, and FMN in the tis-

sues of the control white rats corresponds in the main to Lowry's data

[6]. The distribution of ORF with respect to FAD and FJN in the indi-

vidual organs was different, but for each organ thisrelationship was

more or less constant.

The results of our investigations are shown in Table 1.

TABLE 1
Ribbflavin Content in White Hat Tisaue (micrograms

por 1 g of fresh tisnuo weight)

Character of action N1

Central S.' J43 1 i 2,o 27,.N4 .) 2!,Y.1 V,'94 j .'.2
1 1,1 4 7 .1 .1X JI.iJi O.t i

(M ) (1 .6',, J( , , 1 : .~ (93,.") (75,9) (91,5) •,,

Acute ovurhonting 1 I 17, _ .,X5 21.,7rI 3.261 2,66l 2,12
(V 'l14 )P ():,(l '11.•1.

| , o s t - O d ~ n p t o o 1 4 7 4 ' . •7) ( 0 ,1' ,: :J 
G'1. . 0.. . .

" i'A 
S' ' ( 1 (•f•

O.I ' n..,• ,',7 I 1. 31 J , . 3h.07 2,"1.

(-.%•') j(!)j,-1, (71,1 n) (wl .,} r ?.) (71 17i .l'(.%1i

Acut oyerhf,,t.Lnp .r " .*', ,'., Ii',4 .'L.& :i:" .11 :,,IS".". . ,' I.I, 1.11I 11.14 I, . h• f,,
hoat-adapte7d I;L•(73. ' 11 1 1?• (F"1,:) -(M.A) (10. 1) J(R'i,.

?NUIs Lo:ata of thu YAI) Cutetaut in ý6 or Urf are a•nn it.
J arenthosea.

The data of Table 1 ,huw that under thr effect )I' ]1)],i'go]0r] ('pofl-

ure to moderate lnhat a certain increa.r, in the eontrenl. ,f t,;itl rlb-

flavtn wnu observed In all .nvestigat;,-c! ttnnues. Thin Inervanr, rer,-h,.d

FTD-TT-0,-120I/1+2 I'



the highest values in tissues of the brain, liver, and skeletal muscle

where it was 18-25% of the ORF content of the control. We also observed

a change in the relative content of FAD and FMN: the FAD content in-

creased in the kidneys and noticeably decreased in the lungs and skel-

etal muscles. Correspondingly) the FMN content decreased in the kidneys,

in lung tissue)and in the skeletal muscle. Upon acute overheating of

the control and adapted animals, the FAD content decreased in the kid-

neys and spleen and the FMN content correspondingly increased.

Therefore, our investigations showed that the content of flavopro-

teins changes under the effect of overheating. The activity of the

flavin mononucleotide dehydrogenase in a number of tissues increased

on overheating, and flavin-adenine dinucleotides decreased. These

shifts can indicate a change in the status of energy exchange in white

rat tissues upon overheating.

Conclusions

1. The content of riboflavin in tissues increaseasomewhat upon

prolonged exposure to moderate heat. The content of fl.avin-adenine

dinuclectides increased in the kidneys, lungs, and skeletal muscle,

and the content of flavin mononuclcotides respectively decreased.

2. Upon acute overheating the activity of flavin mononucleotiden

increased in the kidneys and spleen and the activity of fiavin-adeninrn

dinueleotides decreased.
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