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THE EFFECT OF THE HIGH TEMPERATURE OF THE ENVIRONMENT ON VARIOUS PHYSI-
OLOGICAL AND BIOCHEMICAL REACTIONS OF
AN ORGANISM

A. Kh. DBabaycva

Overheating of the human and animal organlsm evokes a number of
complex pathnlogical changes In vital processes. Interesting studles
have been carried out in the past decades whileh ghowed that un uvnr-*
heatling there occur dlsorders In the funetlong of the central nervous
system, endoerine pslands, thermorepgulation processes, water and anlt
balance, baegnl metabollsm, proteln melabollsm, and the intennlty of
oxldatton-reduction procesges In tlsoues of an orpanlom.

In splte of the relatively large number of investipgatlons, no
actual preventlve measures apgainal overheatlng have been suppested po
far. This 1a explained by the fact that the problems of the prevention
and therapy of u&orhnntlnu can be golved only by knu;ﬁng Lhn praofonnd
and finc mfnhanlsms of adaptation and the paticrns In the pathapenents
of nvnvhnnflnﬁ. ﬁut these mechantsms and patterns have not el hvgn
revealed,

This tournal publlshes @ seleetton of artleles whiﬂh are ity

by a common comprehenslive probiem,  The article summarized resultn of
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investigations which were obtalned by six authors who made & compre-
hensive study of pathological devlations ensulng upon overheating in

the same animals.
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VARIATION IN THE SODIUM AND POTASSIUM CATION CONCENTRATION IN RABBIT
BLOOD PLASMA ON OVERHEATING* k

A, Kh. Babayeva

An investigation of disorders in the water volumes and elcctro-
lytlc composition of the aqueous cnvironments of animals ls of barttc—
ular interest durinpg overheating. The requirements of thermorepulatton
cause a shift of water and salt in an animal ormanlsm; In particular,

a rédistribution of the cations and anlons between the intra- and

~extraccellular agueous vnvlronmcnts. A change lﬁ tho cleetroiytle com-
posltlion of the Intracellular cnvironment of an orpanism 1a8 refllected
in blochemleal metabollsm {2, 7, B]. Vnriatlnné’ln the godlum and

- potassium concentrations play an Important rolc in proteln, carbohy-
drate end cnerpy metabollsms., The sodlum lon plays a pgrticulnrxhdv 1:{

the rvﬂulatibn of wgﬁér tranglocation in the animal crganiom.

The purpoae of our investlipation was to trace the chanpeg in the

nadium and potassium concentrations on overheating,

*  The work on the flame photometer was earrled out in the chem- |
leal laboratory of the Central Thematle Comprehenstive Expedition,  We
wish to thank N, I, Breunov far hia help.
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Procedure and results of the investigatlons. The experiments were

carried out on 36 rabbits of atout the same age weighing 1.5-2 kg. The
dlet in the experimental animals was mixed and during all experiments
was not changed. Oyerheating of the animals was carried out under
artificial (a special heat chamber) and under natural conditions. The
heat chamber was & 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 ventllation. 'Iwo peep-holes were on the front wall of
the chamber. The temper:ture was observed by a thermometer in the
chamber; we regulated 1t by means of a laboratory autotransformer,
increasing or decreasing the heat of the electric bulb,

Four series of experiments were set up: a) & single overheating
in the heat chamber for one hour at 45°; b) chronic exposure to heat
(36°) in the chamber for 14 days of one hour daily; ¢) acute over-
heating of the rabbits that were prellminarily subjeected to ehronie
heat exposurc; d) overheating under natural conditlons (in a solarium)
for one hour at h3-45°,

Determinations of all indexes in the urlne collected during the
day were performed in addition to determinations of the sodlum and
potassium in blood plasma of animals that underwent the effeet of heat
under natural conditions. The body welpht (before and afier overheat-
ing) was determined, the rectal temperature was meauurcd=kby an alee-
trothermometer), and the behavior of the animals was oboerved. The
rabblta were killed by decapltation,

We determined the sodium and potassium in the blood plasma and
in the datly amount of urine before and after overhcating., To determine
the sodlum and potasalum we uged flame photometry, which in rerent years

it found ever grester application in experimental medico-blojopieal
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laboratories and in the clinic. Analyses are carrled outlwith greater
accuracy and incomparably more rapldly by means of flame photometry
’than by welght or volume mefhods. |

The standards for determining the sodium and potassium concentra-
tions 1in bloodvplasmn and urine were made by the method sﬁggested‘by
M. G. Zaks and @, S. Chudnovskiy [5, 6]. The materials for the invest-
igation were preb;red in the following manner. Heparinized plasma in
an amount of 2 ml was inbtroduccd into a mcasu‘ring flask (100 ml) and
distilled water added to the mark. After mixing,the solutlon was rcady
for the investigation. The urine was diluted on the basis of the cal-
culation of 1 ml per 100 ml of water., The photometrié data of the
standard solution are shown in Flg. 1.

The data in Table 1 show that under the effects of chronle over-
heating there i1s an increase in the sodium level of the blood plasma.
In rabbits that‘wcre subjected to dally overheating in the hot chamber
for 14 days, the blood plasma sodium level increase by 5%. An cven
greater 1lncrease (by 15%) was observed in thé experiment set up in
June 1961, in which the rabblts were for a long time In A vivarium
where the daily alr temperaturc was 36.8-37° and a perlod of natﬁr&l
adaptation took place. k

A decrease of blood plasma sodiuq was observed in all animals upon
acute overheating (45°) Ln the heat chamber or under naturul conditionas.
The sodlum concentration UPOppCd by 7.3%-on-acute overheatling 1n thn
control rabbite and the drop wags expressed to & lesser dnmfce, by N.B%
in the rabblts that were heat-trained In the chumber. In rubbilo
adapted to heat under natural conditlons the decrease was more appreei-
able, 16.1%, It 1s necessary to note that under the effect of acute
overheating the hlood plasma sodtum level dropped Lo Lhe norm In pab-

h had hypernatremia nge a reoult of pdantetlon,  The cshangen

AT

FTD-TT-02-1201 11244
Ky

BEST AVAILABLE COPY




we found in kaliemla were weakly expressed and unreliable.
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Fig. 1. Photometric graphs of standard solu-
tions.

TABLE 1

Variation In the sodium and potassium concentrations
in the blood plasma of rabbits subjected to overheat-
ing in a hot chamber (mg¥)

Central Acute over- . Acute over-
group heating Adapted heat.dng of
) adapted
Na K Na K Na K | Na K
Mo - 200 20 | aw 20 | Mo -
a5 17,0 3 ol az = 250 200
M0 185 219 190 | an ws | o 188
40 15 a5 18K EXT X & .
. 08 20 #0 w5 | aw 20 | 170
30 190 A0 18N an 8 | Mo a0
A [& M’ . -
avera %?1(,6 0,2 wae Hin NS 107 a0 189

The varlation of the gsodlum concentration ILn the blood plasma of
rabbits subjected to overheating under natural conditlons 18 presented

in the following form:




dcute over- -
Adapted heating in

solarium
360 285
KLy 200
355 300 .
360 330
340 425
330 3%
33h —
. .
365 340
37 5
330 340
- KIK
averape (M)amy 380

Therefore, the results of our ilnvestigations showed that the'sodium
level in blood plasma Increases under the effect of chronic overheating.
Thése shifts took pldce in rabbits adapted to¢ heat both under natural
condlitions and in a hot chamber. The increase of sodium in the blood
plasma of the experimehtal animals is apparently an expression of adapta-
tion. The’blood plasma sodlium level of animals decreasc under thé
effect of acute overheating. This decrease 15 more expressed on acute
overheating under natural conditlons.

The variatlon of the sodlum concentratlon in the blood plasma
can be explained: &) by the incrcase of the blood plasma volume,
it.c. 1ts liquificatlon due to the uptake of water; b) by the rapid
elimination of socdlum through the kldncys; ¢) by the pessape of sodium
from the blood plasma into the intracellular space (erythroeyten and
tissues), which can be caused by the dcvelopment of hyperventilatlon
ﬁlkalosis in which the nced to retain electroncutrallty leado to a
decreaseof the catlon concentratlon. .

We found that on overheating'the climination of sodlum and potan-
sfum In the urine as wcl] a3 the mapnitude of diuresis decrenge. A
considerable reduction In the elimination of thcbc catlons was noted
In rabbits that underwent acute nvurhuatlng under natural condittions,

Consequently, we cannot speak about a8 rapld elimination of rationa
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through the kidneys. We think that in our investigations the change

in the cation content was assoclated with a redistribution of fluid in
the rabbits., This is in accord with the data in the literature [3, 4].
It 1s also known that a state of hyperventilatlon alkalosis ensues under
the effect of overheating [1]. Therefore, it is possible that the
change 1n sodium is also partlally the consequence of gaseous alkalosis

arising in experimentéi animals under the effect of acute overheating.

Coneluston

1. 'The sodium concentration in bloud plasma increases upon the
chronic effect of overheating.
2. A decrease of the sodium level in blood plasma occurs under

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

decrease 18 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 proteln fractions
of blood serum are relatively constant, A study of blood proteins upon
overheating 1s of conslderable interest under hot climatlic conditions.
In a number of investipgations deflnite regularities were noted between
the degree of overheating and shifts in the protein composition of
blocod serum. Therefore, a change in serum proteins is proposcd as a
test when studylng the effect of high temperatures on an orranism [3].

Data are available which indicate that at an elevated temperature
of the cnvironment the breakdown of tissue proteina'in accelerated,
the excretory function of the kldneys is lmpaired, nitrogen metaboiiom
is enhanced, and the protein requirement of an organism increascso [%, 11].

The amount of residual nitropgen and ureca in the blood of the
hepatic vein and tissues of the liver increases i; rabblts under acute
hyperthermia [8].

A chanpe In the fractional composition of blood gserum protein de-
pends on the dese of solar radiation. Sunbaths of -7, calorirs do not
affect the ratlo of blood serum protein fractions in man. An increane
in the dose to 4%5-00 calorles 15 accompanied by hyperplobulinemia [7.

FTD-TT-02-1201/14+244
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At a dally 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 rabblts. By the end of the firﬁh month of overheating
the globulin level increases in them [7].

Overheating of dogs leads to a decrease 1in the albumin concentra-
tion and an increase of globulins [4]. Other authors, when overheating
dogs and guinea plgs for 1-2 hours at 40-42°, chserved 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 [12] concerning the increase in the
level of free amino aclds in rabbit blood upon overheating indicate
a disorder of the processes of proteln synthesis and resynthesis. Ex-
periments with labeled glycine also confirm the hypothesls of a dls-
order in protein synthesis upon overheating [15].

In the present report we will cite data on the content of total
prdtein and ratlio of the protein fractibna in blood serum and In an
extract of soluble liver proteins upon overheating experimental nnimalﬁ
in a heat chamber and ih a solarium. The cxperiments 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 proteilns was determined by the
gravimetric method [2]. To separate the blood serum protelins wb‘uucd -
the method of paper electrophoresls. The method for obtaining the ool-
uble liver proteins 1s clted In the works of S, Ya. Kaplinskiy ct al.
[9, 10]. For this purposc the rat liver was washcd clear of blood and
triturated with a physiologlcal solution (1:1). The homogenate wap
Trozen and left in the evaporator of‘a'cooler for 24 hours. The homo-
renate was thawed, small portions of cther was added and centrifuyed,

We tranasferred the liquld above the percipitate Lo a test tube, pla-d it

FTD-TT-02-1201 "1+4244
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for ten minutes in a water bath at 37°, centrifuged, and a yellowish
transparent extract of soluble liver proteins was obtalned. Electro-
phoresis of the extract was carried out in a borate buffer with pll 8.6
for six hours at a voltage of 300 v. At the same time we set up for
eleccrophoresis the blood serum of a glven 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 dissimllar. The number of fractions or
soluble liver proteins varies from two to nine [10,13]. In our experi-
ments we obtained four fractions of soluble liver proteilns which cor-
respond to serum proteins with respect to the veloclity of moving on the
electrophoregram. These fractlons were designated by the letters
A, B, C, D. The data obtained were treated by the method of statistlical
variations. We calculated the arithemetical mean (M), the mean error
(m), and the criterion of the reliabllity of the differecnce in rerults
(P). Date with P < 0.05, i.e. when the probability of the differcnce

was 95%, were considered reliable.

Results of the investipations. The first serics of experiments
was carrled out on white rats {males) weiphing 185-234 g, overheated
In a hot chamber for 30 minutes at 40°. The group of rats not pubjecterd
to overheating was the control. In the rate we determincithe total
protein of the blood serum and its fractions, the total protcin_nf the
extract of soluble liver proteins, and we fractioned the soluble liver
proteins (Table 1). Upon a single overheating of the rats the amount
of protein in the abstract of the soluble llver proteino dvérnnncd In
fractions B, C, D, by 1.% ¢ % (208). The amount of total blood serum
protein decreased by 0.8 7 & (iO.Rﬂ), albumin by 0.4 ¢ % (19.98); Lhe

albumin ‘plobulln quotient decreased to 0,44,
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The second series of experiments was carried out on rabblts who
were subjected for one hour a day for 20 days to a temperature of 36°
in a heat dhamber. We determinedfhe content of totgl blood serum pro-
teln and the ratlo of 1ts fractions in the rabbits. The resulté were
compared with the data obtalned in the contrdl group of animals (Table 2).
Changes in the concentration of blood sérum proteins werenot observed
in the rabbits adapted to a temperature of 36°; the albumin/globulin
coefficient did not vary (P < 0.5). ‘

The third serles of experiments included rabbits adapted}to a temp-
erature of 36° for 14 days and on the 15th day they were overheated for
one hour at 45° in a heat chamber., In the radblts we noted a decrease
in the amount of total serum protein at the expensc 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 thc small ”
number of experimental animals the data obtained in these experiments
were not processed-by the statistical variation method. The content
of total proteln in thé blood scrum in this group of rabbits was 6.2 p ¥,
albumin 3.5 g % (56.5F), a-globulin 0.6 g % (10.1%), p-globulin 0.9 g %
(14.1%), V-globﬁlin 1.2 % (19.3%) . A decrease in the amount of serum
protein by 10.1% was observed in comparison with the eontrol. The con-
tent of the flobulin fractions noticeably dropped, thu protein coefflc-
lent increcased £o 1.3. The shifts in the prbtnin qpmpdaitlun aof the
blood of rabblts not adapted to hiph temperature were hxprnancd more
dlstinctly. 7

Further experiments were carrled out in June 1061, We Inventipated
the variation of gerum proteins under thc effect of golar irradlation.
The blood samplea were taken from rabbits before and after an hour of

[

averheating in a solarium at #5-47°% two rabbits dialupon overheating,
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The data 1n Table 3 show that after overheating the change in the pro-
tein fractions of blood serum in rabblts 1n 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 ¢ % ( 18.3%). The protein
coefficient did not vary (P < 0.2).

These experiments show that acute'overheating of ekperimental
animals for 30-60 minutes at 40-45° causes hypoproteinemta and & ghange
in the concentration of tﬁe blood serum protein fractions. This
phenomenon has noted by a number of authors {1, 6], who assoclated
hypoprotelnemia, hypoalbuminemia, the décrease of the dry residue of the -
plasma, amount of hemoglobin,‘erythrocytes, and the decrease of blood
viscosity which ensue durlng the first hour of overheating with the -

dilution of blood by the fluids entering from the tissues. .
Conclusions

1. Overheatingvof white rats in a heat chamber for 30 minutep at
40° Induces hypoprotelnemia, hypoalbuminemla, the prbtein content in
the extract of soluble liver proteins drops.

2. Overheatinpg of rabblts in a heat chamber for GO minutes atl M4,®
leads to avdecrease in the total protein of blood serum and to hypo-
globulinemia,  Hypoproteinemia is more evident upon overheating ina
solarium. -

3. In unadapted rabblts the shifts In the protein ecomposition nf'

the blood serum upon overhcatling were more cvident than in those adapted.
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TABLE 3
Total protein and protein fractlions of rabbit bloog

Serum before and aftey ove in
_ Norm Qverheating
otal pro- .
e{n,, pro- g4 " g »
v .
Albumin 1 302004 [ 8354186 (30 £025 P00l [ 5204 340
-globulin | 06006 | 85% 08205 » 006 P02 %1 010
E-E}oguﬂn 084004 1154043106 1003 p. 0o 11.0 £ 059
YCEADUHE, LS |1l aa R e
1 30,16 = A 3 0.5 0 -
Ao Pro elpiiisor | T |istois  ploee -
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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 consliderable
theoretical and practlcal interest, especially under conditions of the
hot climate of Turkmenla where during a long and dry summer the thyrold
functlon ig subjected to the constant effects of the environment.

Onc of the main climatic factors in a hot climate is the effrnt:
of heat. Therefore, 1n our investigations we studled the eflect of
heat on the animal organism with the thyrold gland removed.

It is known from the data in the literature [3] lhat thyroidecto-
mized animals are less tolerant to heat, It was also lecarncd that re-
tentlon of excess water 19 an organism occurg in thyroidnctomiznd ani-
mals [1). &, Ya. Knplahnély [2], having studled the water content in
animal tlssues and organs, found that upon thyroldectomy the wnter con-
tent in the skin increases whereas In other organs Ils level pemadns
unchanged.

A disorder of water-salt metabollsm upon thyroldecetomy of anurse
cannot help but be reflected in physiceal thermorejpulationn which, an

ia known, 16 aceomplished by covaporation of neranirsetion in man and by
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polypnea in most higher animal organisms,

What has been stated lnduced us to éarry out experiments to reveal
the role of the thyrocild glands durlng acute hyperthermia. ,

The survival and degree of dehydration of gulnea plg tissues and
organs were the indexes of the changes énsuing In the organism durlng
“acute hyperthermia. We used 80 guinea pigs divided into two equal
groups. We removed the thyrold in the animalé of the first group and

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

perlod lasted two weeks, the diet was mixed. Four serles of experiments
were carried cut: ten thyroldectomlzed and ten control animals were>1n

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

ber where they were placed for 5-8 hours. The starting temperature wes

35°, 1t was raised 1° every ten minutes and, having reached 41°, was
held therc durlng 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 aﬁimal we determlined the degree of tlssue and organ dehydration

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

TARLE 1

Debydretion of tissuce and organs of Guinoa pigs with and
without thyroid removed in hyperthermia (% of water to
Weirkt of orgnn tissuus)
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Resulis of experiments. Our investigations showed that the degree

of survival is not the same in guinea pigs that were thyroldectomized. .
Of the 40 guinea plgs 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 animsls are confirmed
by experiments which we carrled out earller on white rats by the above-
described method. Out of 15 control animals, 12 (80¥) survived and out
of 15 thyroidectomized animals, only 4 (26%) survived.

The degree of organ and tissue dehydration is nlso ' dissimilar
in both groups. In animals with the thyroid removed we noted a small
Increase in the water content ol Lhe skin 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 decrcascs
relatively more than in other tissues. But this loss in thyroidectomized
. animals is greater and reaches 8% of the tissuc welipht, whereas in the
control animals 1t 18 no more than about 1.7%. Dehydration also takes
place in muscles but 1t 1s negligiblec.
The [lgures reflecting the degree of dchydration of tissues and
organs upon overheating of animals permit “us to conclude that the

.heghnnlsm of skin dehydratlon ls disturbed in thyroidectomized animalao.
Concluslions

"1, Upon acute overheating the deprre of asurvival of thyroldecto-
mized guinea pipn and rats 1s lower than in normal animals,
2. The water content in gkin and tingues of the ztomnrh inepeaaes

tn thyrofdectomdzed animals.

FTD-TT-02-1201/1474%




3. ﬁpon ovérheating the degree of skin dehydratlon in thyrold-
ectomized animals is higher than those overheated in the control group.
In thyroldectomlzed animals it was about 8% and in the control animals,
1.7%.

4. 1In overheated animals of both groups we observe an increase in

the water content in the liver (in thyroidectomized animals by 2.8% 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 thyrold on the conditlon of the

human and animal organism under conditions of a hot climate.
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THE EFFECT OF OVERMEATING ON SUCCINIC DEHYDROGENASE ACTIVITY IN THE
HEART MUSCLE OF WHITE RATS

E.,L, Perel'man

Many investigators are studylng overheallng. There are a number
of works elucldating the shifts of metabollc processes during over-
heating [1, 2, 3, 4, 7, 8, 9, 10]. But the problem of thec change in
oxldation-réduction proccsses which yleld the necessary encrpy to main-
tain the vital activity of an organlsm has been cluclcated very littlen.

Succinic dehydrogenase plays an important role in cell respiration.
It participatcs in the transformations of the so-called Kreb's cycle
in which the pathways of the intermedlate metabollism of carbohydrates
and fats are interliiiked and simultancously enters into the sucelnle
oxidative oystem. The latter performs catalyzing, dehydrogenetion of

succinle aeld by the combined action of sucelnle dehydropenane, cyto-

chrome oxidanc, and cytochrome C [6, 13],
In our investipation we studied the acltvity of sueceinlc dehydro-
genagse In the heart muscle of whlte rats expogsed to overheating,.

Mcthods and results of the investigation. We determine the acttyv-

1ty of guceinie dehivdrogenase by the method of tetrazolium saltn pro-

posed in reeent years [5, 18], These compounds have the ability Lo
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accept electrons from dehydrogenases and to be stained where succinic
dehydrogenase 1s locallzed. Tetrazollum salts are water-soluble color-
less compounds; on reduction they yleld a stained product (formazan)
which 18 not soluble in water. ’

In our investigatlons we used triphenyltetrazolium chloride. We
introducedcertain changes in the method of determining sucecinic dehydro-
genase proposed by E. XKun and L. Abooed [12], C. Jardepzky and D. Olick
[11]. | |

In the experiments we used 31 white rats (maie)vweighing 200-250 g.
A1l the Investigated animals were on a nutrltious mixed diet. Acute
overheating was carried out in & hot chamber for 1-1.5 hr. at 42-44°; 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 C.01 M phosphate buffer, pH 7.7. Thus
we were able to free the blood in the capillaries of the muscle tissue.
The remalning blood was washed out of the heart cavity with a bufrer
solution after inclsion of the heart muscle; the connective tissue was
removed and the muscle dried with filter paper.

Certain authors conslder that the presence of blood does not'chnnge
the actlivity of Buccinic dchydrogenase [11]. Put the inventigations
we preliminarily carried out showed that the introduction of blood into
the homegenate considerably enhances reduction of tetrazolium; We tricd
to wash the‘tissuc with water, physiological solution, and phogophate

buffer. More distinct shifts were revealed on washing with a bhuffer

-solutlon. Apparently upon contact with the phosphate buffer there

1

accuras a normalization of the colloidal structure which 1a necrpsary
for the functioning of the succinle dbhydrognﬁann. After washing, the
tissue was trlturated In a mortar with nine volumes of 0.1 M phosphate

buffer. p¥ V.7. The homopenate was flltered Lhroupgh one layer of pausc,
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We added to the test tubes 0.25 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 38°, The
tetrazolium concentration in the experimental test tube was 1 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, appearcd after
only 10-15 minutes in the presence of succinate. After incubation the
test tubes were centrifuged and the 1liquid over the residue was removed.
We added to the residue 1 ml of glaclal acetlc acld and pleced it in
warm water. The residue was ground with a glass rod, afterwnard we added
5 ml of toluecnc and briefly shook it. The test tubes were cooled and
centrifugaed to clear the toluene. Extraction of the formazan in the
toluene ylelded a stable stain. The optical density of the extracts
was measurcd on & FEK with a green filter (1lipht transmission 490-530
millimicrons). We obtained the calibration curve of formazan (Fig. 1)
by reductlion of a certain amount of tetrazolium dispolved in the phoo-
phate buffer, ph 7.7, by &n excess of hydrosulfite wilth pubsequent

extractlon by toluene in the presence of glaclal acetic acid.

100 -
Q
a
v Fir. 1. Calibration curve af pre-
- duced tetrazollium.
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As we see from Flg. 1 the caiibration curve of the reduced tetra-
zolilum shows a linear dependence between the concentration of formazan
which was formed and the absorption of light.

In the control animals we determinedthe gctivity of succinilc
dehydrogenaselin homogenates of heart muscle, kidneys, 11§er, 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: -

Ccncentration

. number | of reduced
Velue of offect of ;g:goﬁg
animala | '] GFQ? tiséuo
e it m
gontrol 17 3124012
Ovarhoated " 248 1 0,38
D005

Ag 1o apparent from these data, the succinic dehydrogenase activity'

af the control animals was on the average 3.12 mlcromoles of reducced

'tetrazolium; a drop to 2.48 micromoles was noted in the overhented

animals. Therefore, under the effect of overheating the succinic
dehydrogenase activity decreasen in heart muccle. v
Previous lnvestigations of the flavoproteih level showed that

under the éffect of acutc overheating the content of flavin-adenine

<.dinuc1eot1des decrecascs in certaln tissues. A comparigon of these

data with the result of the prescnt lnvestigationgihhow'a déurcnnc In
the activity of succinle dehydrogenase--an cnzyme which alsn beiunms
to flavin-adenine dlnucleotldes--permits us to conclude that in the
presence of hyperthermia the actiVity of sinple :Irks  of the rlavjn-
adenine dtnuoloﬁtidcc enzyme group decreasen.
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Of course the results of determining the enzymes of energy metab-
olism in homogeﬁates of tissues (stroma, vessels, parenchyma) cannot
yleld a complete concept of the level of oxidation proaessesiin the
glven tissue. A study of respiratory enzymes in lsolated mltochondria,
where the succinic oxidase enzyme system ls locallzed, is the task of

our subsequent investigatlons.
Conclusions

We showed by means of triphenyltetrazolium chloride that under
the effects of acute overheating the activity of succinic dehydrogenasc

decreases 1n 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 1llness, and the effectiveness of therapeutic measurcs,

Variations in the phepocytic actlvity of leukocytes are possible
in a healthy organism, for example, in relation to the season of the
year. In Transbalkallia the greatest activity of leukocyten is noted
in the autumn. A decrease Lln phagocytic properties of the blood hat
been observed during the winter and spring seasons of the year [3].

From the aspect of the individual leukocytes, 1t was poussible to note

in the autumn a definlte increase in the absolute number of neutrophil
cells [4]. 'The number of eoslnophlls and  staffr lrukoeytes in
monkeys increasco during the summer-fall period and the monocytes durlng
the winter-apring, perlod. Not only arasonal, butl aloo dally chanpen

in the number of leukocytcé occur in these animals [f].

The antimicroblal function of the reticulocndothelial gyslem re-
creases In hyperthormia of animals. In putnea pipgn nublected Lo the
effect of ¢ d, the zdminlatration of a microblal suspenslon inducen
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the formation of asbcesses, peritonitis, pericarditis, ete. {1, 2].

The 1eukoéytes, consequently, are very sensitlve to4various types
of effects. Therefore, the need to study thelr changes under very
diverse forms of pathélogical disturbances in an organism 1s quité
evident. ) | ‘

Our task'was to study the morphological composition and phagobytic
activity of blood leukoecytes in animals subjected to theverfect of a
high temperature of thé surrounding medium. The experiments were set
up with 34 rebbits whiéh were overheated in a heat chamber and in
natural conditions (in s solarium). The blood was collected from the
marginal vein of the ear before the experiment and 30 and 60 minutesi
afterwards:

Several series of experiments were set up durlng the study. As
a control we used the data obtalned from rabbits of the control group
and {rom other animals before starting the experiment. Thus, 6 anal-
yaes of the blood were proccessed,

In order to study the'phagocytic activity of leukoeytes, two vol-
umes of blood were mixed withbone volume of a 2% solution of sodium )

cltrate. To this mixture we added one volume of a 1.6 blllionth

microbial suspension of a dally culture of Staphylococéus aurcug, After

30-minute incubation in a thermostai at 37° we made a smear which wan
then fixed with ethyl alcchol. Staining was done by Giemsa-Romanowslky!s

method, The blood smears intended for studying the leukoeytie formula

(lcukogram) were processed in the same manncr, The data of the relative

kvariution in the total number of leukoeytes in the blood were obtaincd
in the same animal. The fallowlne fdats Wnrn abtatned In the intrwl;
The total mumber of leukoeytes was 12,458, of which 0.1%% pertatned to
myeloblasta, 1.21% to myeloeyteg, 9.0%% tn younp, 12% Lo nta0r,

and 10,3% to segmented leukaeytes, In the total complexity 7H11
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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
meinly in the phagoeytic reactions of an organism. The portion of
eosinophils was 2.07%, basophils 1.16%, monocytes 3.65%, and lympho-
eytes 30.45% (Table 1).

In the control we determlned the average figurcs of the phagocyte
number (the number of leukocytes participating in phagocytosis) and the
phagoeyte index (the number of mierobial bodies absorbed on tﬁe 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°. 1In the first series of experiments the animals
underwent preliminary dally adaptatlion for one hour over a perilod of
14 days. The second group of animals was used in the experiment with-
out such adaptation. In both cases there was an appreciable drop in
the total number of leukocytes, which was cepeclally evident in the
second group of rabbits (to 5025 per 1 mm3®) . Upon overheating without
adaptation we observeiafter 30 minutes a sipgnificant incrense in the
phagocyte number (72%) and the phapoeyte index (to 2.11). By the end
of the cxperiment, that is after 60 minutes, the phapocyte mumber dropo
(65.53%) nnd the phapoeyte index eontinues to grow (to 2.22), This
fact 15 intcrestinp because at thls period of time a decrease in the
number of leukocytes by glmost half was observed in all animals. There-
forec, we can assume that the orpanism, an it were, endeavorn to inercape
the phagocyte indexes In order to compensate for the lack of leukocytns
in the blood. 1n adapted animals these Indexen, which were determined
al. the beplinning and the end of the experiment, dirfer very 1itide from
one another (LO-0O.VRE; 2,12-2.17). However, in the middle of the rx-

periment we spaln noticedan lnerease in the phagoeyte number (G7,0F),
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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 speak fosters adaptation of an organism to new,

unusual environments. The organlsm as usual strives to retain a rela-
tively constant quantitative and qualitstive blood composition.

In regard to the morphological composition of the blood, we must
note that overheating without adaptatlon 1s accompahied by a decrease
in the per cent of neutrophll cells, which 13 especially noted after
30 minutes (73.7; 67.23; 70.08%). The number of mature, segmentéd i
leukocytes decreascs most of all (45; %2.72; 34.61%). The content of
myelocytes increased to 2.88%.

In the adapted rabblts the number of heutrophils did not vary so
noticeably‘(67;16; 66.10} 70.93%) . The number of segmentéd eells nt
first increases and then returns to the norm,rand the humber of scp,-
mented and Juvenile 1eukocytes is normalizedrby the oend of the experi-
ment. The number of monoeyles lncreases considerably (2.53; 3.0G; 4.6iE).

It isAinteresting'to note that on the sixth day of adaptalinn with
the animals in the heat chamber, very young cells, mycloblasta (0.12%2
and lvmphoblasts (0.PU%) annear 4n the hland eftnr the oxperiment. The
number of cosinophills (0.87; 2.5%) and monocytes {2.2%; 6.53%) increcases
apprecliably.

Tt is nncedaary to state that an lncreage in the number of myelo-
crytes was noted in all cases of overheatinpg the anlmalaj moreaver, yﬂ

frequently noted phagceytosls in the coslnophlls,  Overheating of the

animals in the solarium was carried out against a background of pre-

induced hemorrhape. The combinatlon of these two Pactors tndured n

drop tn the t-tal number of loukoeytes (Lo 5700 per 1 mm?), 1hﬁ'mnrphn—
loptcal compogltlon chanped neplisbly.  The phapocstio number decrenging

sharply (55,825 40818 . The phagoceytie index algo comewhsl deepraser

I/

BEST AVAILABLE COPY




(1.81; 1.08). 1In all probabiiity this fact can be explained by the
effect,not 80 much of overheating,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-
eytic index than nonspecific immunization. In our cxperiments 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 18 possible that hemorrhage causes some kind
of dlsorders in the regulation of the leukocytic recactions of an organ-
ism to the effect of high temperature. This problem should be refincd
by special investigations with overheating under natural cond)tions

wlthout the inf'luence of additional factors.
Conclusions

1. Upon overheating of animals an increase in the phagoeytic
indexes of the blood 1s observed simultancously wlth a deerense in the
total number of leukocytes.

2. The chanpe in the phagocytic number and phapocytic index of
leukocytes 18 cspeeially evident in animals not adapted to high temp-

crature.

-

~ "~ 3. During adaptation, the appcarance of myeloblaots, iymphoblantn,
as well as monoeytosls and cosinophilia s observed In the blood. i
4, Overheating of adapted animals 13 nccompanicd by neutrophiila
and overheating of unadapted antmalc by neutropenia.
% A combinatlon of overheatlng In a solartum with hemorrhape 1.

duces a drop In the phapoerytie Indexes of Lthe bl oo,
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THE EFFECT OF OVERHEATING ON THE RIBOFIAVIN IN WHITE RAT TISSUES

E, L, Percl'man

Numerous investigatlons have established that substantinl changes
in the vitamln level occur in animals under high-temperature condltiona.
The studies of a number of authors showed that almest all known vita-
mins are present in the sweat composition [3, 4, 6, 7, 9]. The cxperl-
ments of other investigators on animals, for which thermorepulation
by means of sweatinp was not important (rats, chicks), showed an in-
creased vitamin requirement upon overheating [9, 10]. These data show
that the increcase vitamin requirement under hlgh-temperature condition
18 probably associated with the chanpe in tﬁe rate of metabollc pro-
cesses [1, 4], But there are very few inveatigations in thls direction.

It 18 of 1interest to study the role of riboflavin In metaboliom
under the effects of high temperatures.  Rlboflavin fulfllis varlous
functlions in ». orpanism which are direetly asaoclated with procensen
of prowth and nutrition {2,1]. It has now heen entablished that ribe-
flavin (ORF) and lis compounds flavin meonucleatide (FMN) and flavin-
adentine dinuclootide (FAD) enter Into the enzymatie system of flavopro-
teins and participate In bloloplcal oxidation, Durlng eediular renplrs-

Lien the hydrapgen of the oxid!zed substrate 1o Laken up by dehydrogenasen
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and then is transfered to flavoprofelns. The flavoproteins iransfer
the nydrogen to a system of ¢ytochromes or to oxygen with the formation
of the end product of oxidation [5].

In the present work we Investligated the effect bf overheating on
the content of total riboflavin, flavin mononucleotide and flavin-
adenine dinucleotide in white rat tlssues. The experiménts were set
up with 42 white rats (males) weighing 200-250 g, which were_dlvided
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°, 1In this case
the rectal temperature of the rats increased to §2-42,5°, In order to
adapt the animals to heat, those of the second group were heated in a
chamber at 35-36° for one hour dally for a month; the third group of
animals consisted of adapted rats, whlch underwent acute overheating.
The fourth group was the control. The dlet for all animals consisted
of groats, vegetables, caseln, and grasses. The animals were killed
by decapitation. A fluorometric measurement of ORF, FMN, and FAD wano
carried out bvaeSSey'S method [8] in the cxtracted organs. We did not _
determine the amount of frce riboflavin since 1te content was small and
determination 18 complex, having conditionally considered that. ORF .
minus FAD 18 FMN. Extractlon of ORF was done in the cold by triturating
a welghed samples of tissues with glass sand in a cool vesoel with
10-20 volumes of water., Then th2 protein was percipitated by adding ~
an equal volume of 20% trlchloroacotié acld. Aftor'tun minuteo the
gamples upon coolling were centrifuged. To the transparent centrifugntic
wé added a /4 volume of 4 M KEHPO..‘ The remalning, portion of the
contrifugéto was left for hydrolysis nvorniuht in a thermuntat at ﬂﬂ”.
The test tubes with thc samples were stoppered with parafTin corka,
After hydrolsals Lhe aamples wWere also neutralized with & M KaHPOg. T

avold loases of FAD (owing to ensymalle actton) {he tilasues were prepnmed
FTD-TT-02-1201 14244 _
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in red light. The degree of fluorescence was determined on the EF-3
fluorometer. Three readings were taken during fluorometry; the initlal
(F;), after the addition of a determined amount of riboflavin standard
(F2), and after the extinction of fluorescence by the addition of a

1/ 100 volume of 10% NaoSp0, prepared on the basis of 5% NaHCOs (Fa).

The readings of F, and Fs were corrected for the dilution of the added
standard and reducing agent. The content of ORF was calculated by the
formila FE=2.

The obtalned data of the content of ORF, FAD, and FMN in the tis-
sues of the control white rats corresponds in the maln to Lowry's data
[6]. The distribution of ORF with respect to FAD and FMN in the indi-
vidual organs was different, but for each organ thisrelationship was
more or lees constant.

The results of our investigations are shown in Table 1.

TABLE 1

Riboflavin Content in White Rat Tissue (mierograms
por 1 g of frcsh tiassuoc weight)

N E

% [ ] £ S " H a F':
I Lol -3 = = |3=
Character of nction | § § 3 gg '-' y gs o 533

EEI PHEE AR

H -

29 5180a8 51813 5
1} oraal isorf 2730 pogn] 2m ZWI A2
Cantral o] oa] Too?| o] oyl 614y oln
(77.0) [(O6) Jenty Jesaamy 750 (L5 L(nm
Acute I AL IR W TR A () BRI Y B
ute gvurhoating o 07 f 6] k] o] o e
H7IT) (LT S0 e (658) el 1 hy
- ; O AT A I S | I B el U7 A BN BT (e
Hont=adnptod wie| aer| Towr W ] eai] ooy
GJ;,cnp.(Aln(&tm (TH4) 17540 (808
vy o RARYERREY LI (11 I BN I W QP | E R T
Adutf. cverhonting of VIO Y7 B |_.,,' o] ol oo,
heot-adapted (PRI UNUTE TOXIN (3 MR (AR N (LD R EY Y

Nuliss Lota of thu KAl Conteut in % of UHF are sncwn in
jarentheses,

The data of Table 1 show that under the effeat of pralonged expon-
ure {0 modernte heat a certain increcane In the content of Lotal pibo-
flavin wns obscerved In all investipated tlasues. This inercanse renched
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‘the highest values in tissues of the brain, liver, and skeletal muscle
where 1t was 18-25% of the ORF content of the control. We aiso observed
& change 1n the relative content of FAD and FMN: . the FAD content in-
creased in the kidneys and noticeably decreased in the lungs aﬁd skel-
etal muscles. Correspondinglg the FMN content decreased in the kidneys,
in lung tissuq,and in the skeletal muscle. Upon acute overheatiﬁg of
the control and adapted animals the FAD content decreased in the kid;
neys and spleen and the FMN content correspondingly increased.
Therefore, our investigatlons showed that the content of flavopro-
teins changes undér the'errect of overheating. The activity of the
flavin mononucleotlde dehydrogenase in & number of tissues increased
on overheaﬁing, and fla&in—adenine dinucleotides decreased. These
shifts can indiéate a change 1n the status of energy exchange in white

rat tlssues upon overheating.

Conclusions

1. The content of riboflavin 1n'tisaues‘1ncreaabisomcwhut upon
prolonged cxposure to moderate heat. The content of flavin-adenlné
dinuclectides increased in the kidneys, lungs, and skeletal muscle,
and the content of flavin mononuclcolides respectively decereased.

2. Upon acutc overheating the activity of flavin mononucleotidesn
Increased In the kidneys and spleen and the activity of flavin-adenine
dinucleotlides decreased.
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