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THE DYNAMICS OF BLOOD CIRUJLATION PARAMETERS

OF TILE CEREBRAL VASCULAR SYSTEM

DURING LONGITUDTNAL GRAVITATIONAL LOADS

Yu. Ye. Moskalenko, 0. 0. GazEfrikn, A. A. Shurubura,

I. I. Kns'yan, 0. V. Graunov

The study of reactions of an organism to gravitational loads Is

one of the basic problems of space biology. Therefore, many articles

and reports have been published in recent years devoted to results of

Investigations of the effects of changing gravitational poles on the

various systems of man and animals. Orn the basis of available In-

direct data it is possible to conclude that one of the most sensitive

systems In this aspect of space flight is the cerebral blood circula-

tion system because of the peculiarities of Its structure and the

high Intensity of cerebral blood floK. There are no reports in avail-

able literature which relate to the study of this part of the cardio-

vascular system under conditions of a changing gravitational field.

This Is undoubtedly caused by method ical difficulties in studying

cerebral blood circulation even under normal conditions not to men-

tion the complications caused by the characteristics of an experiment

i. . . . . , J i ll-I I I I I I I I II-1.-



In ChUngi1ng g&tVU I..v10t IICJUL*,

In recent years we have developed methods for studying cerebral

blood circulation during the effect of overloading (Mookalenko, et al.,

1962; Mookalenko, 1962), as a result of which corresponding methods

were developed. The first stages In investigating changes In the

filling uf cerebral cavity with bluod during maximum loads of + I g

(Moskalenku, et al., 1963) convIneed uu that the cerebral vascular

system posseses a very high sensitivity the Medlatr'Ibut.on of

blood in the organism which is caused by longitudinal gravitational

loads.

In connection with this we extended the investigations in the

dilrection of studying the peculiarities of the dynamics of blood cir-

culation parameters In the cerebral cavity under longitudinali gravi-

tational loads, paying particular attention to elucidating compensa-

tory possibilities in this part of the cardiovascular system, to.

differentiating phehiaomena of a passive mechanical nature from active

reactions of cerebral vessels and to elucidating several factors which

balically underiy the rejaetJun of cerebral vessels to gravitational

e fflect s.

Methods

Sufficient Informatiun on the condition of the cerebral vascular

system during certain effects, particularly during gravitational

loads, can be obtained by mean~s of simultaneous recording of sev-

eral circulation parameters. Taking Into account current methodi-

cul possibilities and the peouliarItles of the experime•nt during the

study of gravitatiuuial effects, we chose fur e.cui'dii, 1.wo ý circu-

l.tlun ,pavamutere : the change of vulune of blood within the cerebral

YiB-'T-o,-554/1 +?+4 -2-



cavity; the change In prepsurp at various points within the cerebral

cavity.

As we have shown earlier (Moskalenko, 1063), thene two parameters

during experimental conditione, which exclude terminal conditions,

give sufficient information to mnke it possible to judge the condi-

tion of the cerebral vessels.

To reeOrd changes In the filling nf the cerebral cavity with

blood, we used the elentroplethysmograph method. In distinctionn from

the electroplethysmograph which we had used earlier (Moskalenko, et al.,

1962, 1963) the present investigatlons were conducted with an Arr'nge-

ment in the outlet block of which was applIed a circular phase-

sensitive detector circuit (Fig. i,a)(the electrical circuits of the

generator and &nmplifier, n'M shfwn in Fig. I, differed little from the

circuits which we described earlier). Application of the phase-

sensitive detector made it possible to eliminate the basic short-

coming of highly sensitive electroplethysmographl with a bridge c1rcuit

of the ino.it attachment - the non-linear depend-nce between chnnen

In electrical conductivity of the Investigated object and the current

at the output of the instrument near the balance point of the bridge

(Fig. lb). This led to considerable simplification in tuning the

instrument and eliminated errors arising in the direction of shift

of the electroplethysmograph during a change in the phase voltage

sign on the bridge diagonals (segments A-A in Fig. lb).

We recorlded cerebral pressure by means of tensoelectric manome-

ters. Tensometer wires with a base of 15 or 10 mm were. glued to a

celluloid membrane ,f 20 mm diameter which was the reason for the

cone-shaped marnomptor housing which, at the apex, transformed into

an insert of 5 mm ,ilani-to-r which was screwed Into the skull of the

FrD-TT-64-53V/1+244 -3-



atalmiwil OU01 a rurra ur 1Lha ilis*V uew41LY o.r t1i" pW flopt~op fta40 It,

pussIble to extinguish tht pivastuiu w•ave reflected fr.mn the muniLtizne;

thIs reauced distortion whiiile rol'djiig pu .e fluctuations.

The ifufier cavity of the miriuometer, filled with a pyalol•,g' V,

sulutloi, was contiected through a slit in the dura mater with 'ith

aubarachnold space of the brain. Manometers were switched in to a

standard tenisoelectric device, type UTS-I-VTP-12.

To get some Idea of the reasuna causing reactions u!o the e'ttrebral

veasels In response to gravitational loads, together with slm,|in'tne-

ous I- rm•Otdifig of the two circulation parameters merntioned abuve,

lit several experiments we looked fur changeti tin the geieral arterial

presuureo lin the Vurce of respapratuy muvemmetits of the animal ar]d

oxygen tension in the brain tissue and alsu chznges in the prensure.

dyiamics wlthln the spital, curd cavity. !,oi.ii, of arterial

riessuru, prussure in the spinal cord cavitles and rcspiratury ru.,ve-

titIn•ta was accomplished by means uf' tusunit:ters. Oxygen stress was

recorded by the pularugraphic inethud vii a device suggeated by Ye. A.

Ktwvvleiku (1962).

The processes which we studied were L*,.vid(Id on a K 12 21

osclllugraph (recurded un phutugraphic paper 10 cm wide). All uf

the separate blocks were eeouiited into a single device, the scheme

of which Is shuwii lii Rig. 2. Pressure sensing devices and electrudes

lik an organic glass mouunrtig were screwed into apertures of 5 nun

diameter which were trepannied in the skull and spine. The senislng

device for respiratory movements (R14 was mounted on a stand to which

the animal was fastened, and the sensing device for arterial pressure

(AtP) was coui,.ected with a canlaula which was inserted in the remuoal

artery. 'The schemn• of the dittribution of sensing devices and

-4-



el-r-rodea Is shown In Fig. 3.

Experiments conducted on dogs, cAtR, rabbits, and rate under a

ge.nr-ri uretharek g ior1 1g of we lxht) Intraperltnneal narconIs. In

all, 6k experiments were conducted, iii each of which the anirlm wan

81111'; ,"",1I to 15-20 separate tests on a rotating starnd which mr'n: ;t

pobsible to create longitudinal gravitit1nnal loads up to + i g, and

several experiments were conducted on a centrifuge which created ac-

celeration up to 1,0 g.

__ .',2...__,_ _:.• I
-to =17 R~ iD's 1 k

II

'-*: __._a- the bloF2kig,:,.Gnerl I''h. rn'

of thle eleebroplebhy:;m,-,r'aai

cti~rro rl a'• eler, troplet~hy-,m,- •

$ *1.

g7raph ,,~lpUl (1-0 11] convell-,,, .(.., •
1.lnnal ,t,'te(.tor, 12-ý11.1i phat--e-" \,'...)

~ Iz

- 1,o, t,, .or) a ,d thIe

realstanoec of tnv lnlv,..stlgatn#ýd"
ob.ieCt ii..ar Ltie ,• ,e OltA t,

Fig. o. ; rnt..o of' !.he dfttertlru-
tion or ppre.,;ure Indllratorp anyd
electriidr'.r u-iber ponditions or

-5-tIi"vlIrrldgl.
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I*zt'ure us, first of all, utood thie task uif elucidatirng thte gen-

eral p ttteri orf efluicget Ii the it]Lrcranilal circulation ky.iplm under

grIitvIt tluna] loads and to eatablsh acueleratlin mik, nltudeu, dutrIng

WhI:hic t t lljowed to tvtudy In detail the dynamlul3 of the circulation

j)a1IamuIItLUe Qf the ce ebv-al vacuClar' system.

With this aim, we culdpcted a jtrlea of experiments on dougs, In

which we IveorcOUd the intracranial. electroplethyamugraph (EPO)

during circulation In a centrifuge during a gradual (in the course

of 2 minutes) Increase In the number of revlutions from zero to

quantitlea which created an overload of nearly 10 g. At the begin-

rkiig of circulation, the level of the Intracranial EPO differed

Jittle from the origiinal but later deviated sJgniflcantly and then

remaltvnd fixed during further Increase in tle overload. Ihi other

wurds, at the beginning of circulatIon wt obsr:rved reactions from

the side of the intracranial veuoeia which prevent excess fill1ng or

dezitructi,)n, of the cerebral cavity, but during an lyicreaae In the

numbexbr of revolutioub the vulumetric 'eserves of the cerebi-al cavIty

are exhausted which is evidected by the ttabillzatlon of the EPO

level during fur-ther iic,'eaSe in thie gravltational load. The load

quantitites under whicic these phenometia are observed are shown in

Table 1.

Fhoum Table I we can cunclude that detailed study of the dynamics

of clrculatlon parameter.s of the cerebral vascular system Ib most

expedient to conduct during longitudinal gravitational loads froti

0.2 to 2.U V. Actualiy, at the beginning of theab limits there lies

a thl-ed1luld of cerebral! vascular sensitivity to longitudinal gravita-

tiolil loads; at the avvrage loada, active reactlons are ubbcrved

mm m m m mm -b -



from the brain vessels and during accel•rptinns lying elose to the

upper limit, phenomena arise which show that the vnlumetric reserves

of the intracranial cavity system are- alre.ady exhausted.

Proceeding from these data, In further series of experiments we

applied gravitational loads lying within the indicated limits. To

assure accuracy in apportioning the reaction and to simplify analysis

of the results obtnined, in all of the above cited experiments jump-

like changing gravitational loads were applied. The time of their

accumulation consisted of approximately 0.2-0.5 sec and then the

load remained fixed for 1O-30 see.

TABI 1

Chaw,,e in level of Intracrantal EP( under gradually increasing rr'avl-
taLloual loads

Direction of Beginningri of Stabilization
acceleration fluctuations of level In

ini level of intracranial
intracranial EPO, 6 units
EPQ, g units

Feet - head o.4-o.6 1.2-2.5

Head - feet 0.3-o.4 1.0-1.5

A. Changes in Level of the Lecor, lln _ s_ antitles

The experiments which we conducted showed that the levels of

Intracranial pressure, of pressures in the ischemic and cervkial reglons

of the spinal column and the intereavRlI the ElN changed substantially

-T-



in intracranial pressure ard preasure In the cervical and lumbar

rVgion1. of the spinal column, proportional to the amount of load

(Table 2), occur Immediately after the beglnji!ii, of the reaction and

further, during the rest vf the time they remain constant in the

maJ•z'rity of experiments. In some cases, especially during loads

causing outflow of blood from the brain, during the reaction some

normalization of the intracranial pressure level and a pressure In-

crease in the lumbar region of the spinal column are observed. Upon

restoration of the original position of the body, pressures In the

cerebral cavity and spinal column rapidly return to ncrmal. Under

loads causing an influx of blood to the head, the rea'Loratlon of the

Intracranial pressure level frequently occurs through a phase of a

shurt-lived pressure increase lastlg 5-15 sec.

Changes in the intracranial EPO level were similar In the majority

of cases to the changes which we obtained earlier in experiments with

rate (Moskalenko, et al., 1963).

However, in cats and doga the izntracranial EPO contains a number

of peculiarities which are more nuticeable in these animals.

TABLE 2
Chang•e• ii preasurur o1' va'JOlAs re•1,c(,s uf the cerebral ptpinal cavity

duritig lvngiudilal gravlLatulonal loads

MagrnlLucu Magnitude or preasure change
or load, (cm water column)

Inid e Tn the cervical In the lumbar
the region of the region of the

crailum spinal cord upinal cord

u.2 -0.8-2.0U.6 2.-50o1052.0-4.0
1.U 3. U-".0 Uu. -1.0 4. o--7.0u



1. Under loads on the order of I g cmusing outflow of blood

from the head, in many cases we observed a reaction opposite to that

which occurred In experiments with rats, and In particularly, the

amount of blood filling the brain Increased. Such a reaetion in

observed only when definite load magnitudes are reached. In these

same animals at loads on the order of 0.2-0.3 g the direction of

change in the intracranial EPO level coincides with the curves which

we observed earlier, and indicates a decrease in blood filling of the

intracranial cavity. Beginning with a load of 0.4 g, there appears

a clearly expressed physiological component of the reaction which

normalizes the intracranial EPO level within 5-8 seconds after the

beginning of the reaction. Upon further increase of th- load this

active reaction increases, and already at loads on the order of I g

a reverse reaction Is observed which Is caused not by the mechanical

displacement of the blood column but by the physiologlcal componernt

(Fig. 5).

2. At times we observed changes In the intracrantal EPG level

which were the opposite of those typical during similar reactions in

that the EPG level in these cases changed Jump-like, in the beginning

and at the end of the reaction (Fig. 6). It is difficult to relate

such rapid changes in EPO level to indices of active physiological

reactions, although several authors (Nchedlishvili, 1963) believed

that the speed of reactions In the vhscular system of the brain can

be very large. This would more likely be caused by small displacements

of brain mass resulting from gravitational forces which show up in

Jump-type changes in electrical conductivity between electrodes.

Such an assumption is not unrealistic In as much as the possibil-

ity of displacements in brain mass resulting from gravitational forces

"-9-



Is shown In the work of' Ad/y, et al. (l9i)1 A. 1. Nawmanko, ot al.,

(1962) propose that small diliplacements of brain mass aOe observed

constantly, facilitating the transfer of the pulse wave withIn the

cranium.

3. In many experiments, the beginning moment during actlons

causing the Influx of blood to the head, and upon cessation of ac-

tiufas In the case of outflow of blood from the head, the fliling of

bluod in the cerebral cavity decreases sharply for several seconds

(Pig. 7). A similar decrease in blood filling reminds one, by

appearance, of a momentary spasm of the brain vessels caused during

a change In longitudinal gravitational load. It is possible that

the phenomenon Is basically caused by the emtergence of ischemic

anoxia In the brain during longitudinal overloads, the symptoms of

which were observed during such reactions by the subjects of

Rossanigo and teinerl (1i961, and Duvolsin, et al., (1962) and others.

4. In studying the dynamics of blood filling the cerebral cavity

during longitudinal gravitational loads, It was noticed that after

the first reaction In a given experiment the sign of the intracranial

EPO level does not return to the original upon cessation of the reac-

tiozi but occupies some sort of Intermediate value between its position

during the reaction and the original (Fig. 8). However, after all of

the subsequent reactions of the same sign, the Intracranial EPO level

rapidly returns to normal. This fact can be explained if it is

assumed that under normal conditions, the volume of blood in the

cerebral cavity of animals Is not some surt of constant quantity but

can fluctuate withiln certain limits; but during the change In th.:

level of blood filling In the cerebral cavity either above or below

these Iiuwits, active or passive compensitory mechanisms tend to bring

-10-



-the volume of blood In the cerebral cavity back to the original limits,

In favor of such an assumption are the results of Oelgel's hydro-

dynamic calculations (1905) which show that during small changes in

blood volume in the cerebral cavity, the total resistance to blood

flow in the brain vessels remains unchanged.

5. In comparing changes In the intracranial EPO level during

longitudinal gravitational loads from 0.2 to 1.5 g on various types

of experimental animals (rate, rabbits, cats, and dogs) it is possible

to notice that cats, and especially dogs, have active regulatory

processes which are observed under lighter loads than for rats. How-

ever, the phenomena Indicating destruction of normal activity in the

central nervous system observed In these animals under somewhat

greater loads In comparison with rats (Table 3). Rabbits react in h

special way to lorigitudinRi gravitational loads. These animals have

both a sensitivity threshold and a threshold of destruction of activ-

Ity in the central nervous system which are very small.

Because mobility in the vertical plane for rats, cats, and dogs,

and consequently their conditioning to lorlgItudival gravitational loads

the vertical plane which arise when the body position is changed in

are approximately the same, then it can be assumed tnat differences

in thresholds of sensitivity to overloads for these types of animals

are caused by unequal development of their central nervous systems.

Peculiarities of rabbits' reactions'to longitudinal gravitational

loads and also several experiments wid.rh wp ronducted on rntes, which for

a month are found under conditionh or limited mobility,

rnike it possible to conjecture that the magnitude of the sensitivity

threshold In the intracranial circulatory system to longitudinal

velocities are determined also by ecological pecularities. This

-1.1-



suppos on is ooinfirsed by a series of experiments in which we

recorded the dynamics or intracranial EFO level under loads placed

simultaneously upon two rata, one of which was acclimatized to hy-

poxia and the other was the control aubJeut (Pig. 9). It is evident

from this figure that under identical loads (0.8 g) a change in In-

tracranial RPG In Lhe control aniaul indicates an active physiologi-

cal reaction, but In the acclimatized animal the stimulus still does

not attain threshold value.

However, we are still not assuming that there Is sufficient fac-

tual material to warrant convincing confirmation of our assumptions;

still necessary are detailed comparative physiological investiga-

tions of the peculiarities of intracranial EPO and other indicea In

various types of animals which differ by level of development of

their central nervous systems and their ecologies.

.... ........... Fig. it Chr~ IIn IzLrauratilal
pressure (2), pressures In the
cervical (3) and lumbar (4) regions

• :. o uf the apinal cord and intracranial
EPG (5) of cat3 under positive (A)
and negative (B) ]on&lLudinal gravi-
tai..lonal loada of 0.6 Lo I uO&L uf
WaUiu. 11WCAOf LiMe 13 1 ! !.
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low 1

Fig. 5. Changes in level of eIg. 6. Jump-Ilk, cnange In
Intracranial EIp or a cat un- level of intracranial level
der several increasing gravi- of EPO (I) and intracranial
tational loads. pressure (2).

Time index is I sec. Time index is I sec.

------------- ---------

A

B

Fig. 7. 1hort duration de- Fig. 8. Dynamics of the level
crease In blood filling of of Intracranial EPG during .he
the cerebral eavity during firet action in the given ex-
influx of blood to the head periment. Index of t ime is i
(EPG is the curves). I- in- sec. I- index of time; 2- In-
dex of time Is I sec; 2- in- dex of action.
dex of action. A- negative
acceleration; B- positive
acceleration.
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Fig. 9. DynamIcs of the level of
intracranial EPO In a controlled
rat (3) and rats conditioned to
hypoxia (2) in response to Identi-
cal (0.8 g) action. I- respiratory
movemento of the controlled animal
Index of time - I Bec

TABLE

Change in threeholds of sensitivity and disturbances of regulation
in intracranial blood circulation in different types of animals as
a function of the development of thse central nervous system (CNS)

and ecolcy

Type of animal ThreshoLd of Threshold of disturb-
sensitivity ances in the regula-
of the brain tion of intracranial
vessels. in blood circulatioti,

Sunitp In g units

Rabbits 0.3-0.5 0.5-0.8
Rats
Control 0.5-0.8 0.8-0.12
Held under con-
diLtions of hypoxia U.8-1.U > 1.0

Held under con-
diLiu11U of limited
mobility 0. -O. 0.6-0.8
CutL 0. 04-u.6 0 - > 1.0

U.ý u.-0.5.-



B. Periodic Fluctuations

The dynamics of the level of intracranial pressure and blood

filling of the cerebral cavity under longitudinal gravitational

loads are accompanied by changes in the parameters of periodic com-

ponents of these parameters - pulse and respiratory waves whereby,

just as In relatwio to the dynamics of the pressure level, in the

intracranial ENG are observed more significant changes than on the

curve of intracranial pressure. Thus for example, in Fig. iOa, It

is obvious that within 5-10 see after the beginning of the action

on the intracranial EPO respiratory waves increase significantly -

by 6-10 times - during the same time that respiratory waves of

intracranial pressure increase by only 2-3 times.

It should be noted that the dynamics of the amplitudp of re-

spiratory waves, both of the intracranial EPO and of intracranial

pressure do not always correlate with the range of respiratory

movements of the experimental animal. This follows, in particular,

from the experiments shown in Fig. 10a where the amplitude of respira-

tory movements remained unchanged all of the time. In other experi-

ments we observed that sometimes increased frequency of respiratory

movements during the reaction was accompanied by a decrease in the

amplitude of respiratory waves in the intracranial EP0 (Fig. lOb).

Possibly this incongruity In amplitude of the respiratory waves with

t1pe respiratory movements Was caused by the fact that except for

clianges in conditions of venous blood from the skull during respira-

Ion, there also occur active changes in the tone of the intracranial

Vessels, as was shown in the work of K. Sh Nadareyshvill (1962).

fn other respects, the general picture of change in the amplitude of

-15-



rPOPRIV•t"PI llSVPA ii ll Rtl .P•; or expe~rlo"n ot~lO 4oal* dit ;ut

differ £rom the phenuomna which were deacribed by us earlier In

atudying the peculiarities of intracratuial EPO in rats (Moakaleiako,

et al., 196).

b

Fig. 10. at b- Dynamicu uf the level
and redpiratory waves of intracranial
EPO Ci) respiratory movements of an ati-
mal 1( atid iILracranlal pjvuua.sre (.5)
kinde- lonirit tAd1nal grUVILU.LIU11hl Ioadjs.ludex o01 Llme - I 3eQ
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Substantial changes under gravitatlonal loads are observed in

the amplitude of pulse waves. Thus, In FI. 9a It In apparent that

within 10-15 eec after the beginning cr tho reaction, the amplitude

of pulse waves of the intracranial EPO increases by 5-8 times.

Pulse fluctuations in Intracranial pressure also increase.

However, a complete interrelationohip between changes ti ampi-

tude of pulse waves of the Intracranial EPO and in Intracranial pres-

sure is not observed.

It should be noted that we were not able to register any kind

of dynamics in pulse pressure waves In the lumbar and cervical

regions of the spinal cord in either cats or dogs, In ao, muich as the

pulse waves on the curves we obtained were very poorly shown.

Changes in amplitude of pulse waves of the intracranial EPO

and of intracranial pressure during longitudinal gravitational loads

are accompanied by substantial changes in their form (Fig. 11).

This showed up especially clearly dtring reactions accomparnying the

outflow of blood from the head.

Passing from the most general concepts about the effects of

changing gravitational fields on living organisms, one can conclude

that changes in circulatory parameters of the cerebral cavity cin

be caused by several reasons. Passive changes In blood filling of

the cerebral cavity and in intracranial pressure are possibly t.ie

result of disproportionat-i4n of blobd in the organism. Beside3,

under the influence of longitudinal gravitational loads it Is possile

to observe the disproportionatin between the liquid phases which fill

the cerebral and spinal cord cavities with blood and spinal fluid.

Active changes can occur in the tone of the cerebral vascular

system which are reactions of the intracranial vessels to changes

-1-7-



III bbU1d VUlluik Which d&'e caused by the effect Uf a lUItu41"al

gruvltatloiial load.

For the characteridticb of Pdb-

sive changes in the circulation

parameters of the cerebral cavity,

- -we, as In earlier experiments, elu-

cidated by calculations the qualita-

A -tive functions In the change of

4L their level. In as much as ouur

VV' earlier calculations furnished an

Sanalyais of the passive change inB%

~iblood fill1-1ng of the c;erebral

cavity, in the present work we

tried to elucidate the nature of

C paisive change in the level of

('pp ~Intracranial pressure and thie dy-

£i.4MicS of it periodic Qompouents

Fig. ii. ?ulse aild k.ýplra- uider lonrgiudilnal graviLatiOtUal
tory waves of intracranial EPN

4 1 and intracranlal pretaure loads.
)it norm (A), unde'r IcatIve

B ard poolllve (C) lungitudln- In calculating, we proceeded
ol gravitational load of I d.
1- 11(kdx of time, i :iec; 2- re- from the model which ruflects the
:IpI.laLury IImuVcmeaL•

following peculiarities of the

iuitracranlal circulatory Byatem

a. Changes iii blood volumn In the

cerebral cavity result from dis-

placement of cerebral apinal liquid

in wit: tpilkal cord cavity. b. Displacemetms of' cerebral spinal

liquid li the spinal cord cavity occur through an opeiiing of l1.mited



size as characterizedbby parameter A. c. The arterial and venous

,systems of the brain posses definite coefficients of elasticity

a a and ab where upon ab >> aa. d. The spinal cavity in which occurs

a displacement of cerebral spinal liquid during an increase in the

volume of blood in the cerebral cavltypose some elasticity ap.

e. We think that there is no direct connection between the volumes

fifled by arterial and venous blood.

The first four conditions accepted by us correspond to a real

picture of the structure of the vascular system of the brain,

because the elasticity of the cerebral cavity, the counter forward

motions of the cerebral spinal liquid between the brain and spinal

column cavities, and the elastic properties of the spinal sac were

shown in the classical investigations on Intracranial blood circula-

tion (Becher, 1962; Ewig, Lulles, 1924; Hurthle, 1927; Sepp, 1928;

Bowsher, 1958 and others).

The last condition (e) leads to the result that we are not

viewing capillaries as the agent of Interaction between arterial

and vpnoic volumes. Such a simplification of the model is justi-

fied by the fact that the rapidly flowing processes which we are

examining In the cerebral cavity result from the direct interaction

of the arterial and veniu8: systems of the brain, bypassing the

capillary canal (Naumenko, et al.,, 1962, and others). It should

be noted that the model which we accepted is a simplified scheme

of the extremely complex architecture of the vascular system of the

brain which makes it possible to analyze qualitatively only the

separate sides of the rapid,passive mechanical changes in circula-

tion parameters of the Intracranial cavity.

On the basis of the conditions listed above, a system of
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differuntial equatlons wan composeds the solution of which, with

respect to the amount of change in intracranial pressure Apine

takes the form;

A414 -04.1, C1'.. (''" aT

(m- A At Ai)
-4a ab08

where f(t) Is a function depending upon changes during pressures

in the artqrial Apa(t) and venous Apb(t) systems.

S(1) = ., .,(1) -i. b,. p, (t).

Considering that a change In blood pressure durirg longitudinal

gravltational loads occurs Jump-like or

AP t ( p , 10 < 4 (2)
•P"- I t~okb tý,O

we obtain

•l.. 41. f . _ -,• (13 )

Equation (3) shows that during sharp changes in a longitudinal

gravitational load, intracranial pressure must change quickly, but

after this the level of intracranial pressure is gradually partially

re-established. A similar picture of the change in intracranial

pressure was observed In an experiment; in all of the trials, the

-20-



itracranial pressure, in dlstinction from intracrantal EPG, changed

!ry sharply but then somewhat returned to normal. Consequently,

ie can conclude that during longitudinal gravitational loads, the

',Aaics or the level or cerebral apinal liquid proeunure reflects

passively mechanical side of intracrantal hemo-dynamics. Com-

Lring equations (3) with the result8 of computations which we did

Lrlier shows that there Is no parallel between changes In blood

.1ling of the cerebral cavity and changes in intracranial pressure

iring rapidly evolving processes. These two processes are con-

'cted with the complicated dependence which, during Jump-like

•anges in blood pressure changes into a ratio of the two exponents.

is interesting to note that the assumption of the presence of a

Lmilar connection based on experimental data was advanced by

-brazzlni,(l94 O) and Ryder, et al., (1950).

Having assumed in equation (1) that a change In Apa occurs by

periodic law, it is possible to trace the relationship between

ie form of arterial pressure pulse wave and the form of Intra-

-anial pressure wave which It causes.

Assuming that

iere Cn, C% and 9n are respectively the amplitude, frequency and

ase of the M-th harmonic of the pdlse wave.

Equation (I) in this instance assumes the form:

(

From this it is apparent that the transformation of pulse

Luctuations in arterial pressure to pulse fluctuations in cerebral

-Vi



spinal liquid presauire I accompanied by the apPeranOe of an ad-

ditional phase shirt #n for each primary harmonic. This leads to

distortion of the iniLtial form of pulse fluctuations.

The fact that the form of the pulse wave of intracranial pres-

sure is significantly more complex than the arterial pulse has long

been known. The complexity of the intracranial pulsation form can

also been seen in the curves of Fig. Ii. So this consequence of

Eq. (4) has factual foundation. However, It should be noted that

some authors (Becher, 1922; Hurthle, 1924; Bering, 1955 and others)

have explained such a complication in the form of pulse fluctuations

of intracranial pressure by interference of the cranial pulse wave

with a wave reflected from the caudal part of the spinal cord. We

shall not bring into the discussion the relative acceptability of

such a point of view; we shall only note that these assumptions were

expressed ,in our view, without sufficient factual basis or any kind

of computations which would confirm them. The data which we have

obtained showing ai insignificant quantity of pulse waves In the

lumbar region of th6 spinal cord also faX. to support this assump-

tion.

in as much as IEq. (1) is linear with respect to Apa and Apb'

then It is possible to view the reactli 4 of intracranial pressure

to a complex reaction (occurring simultaneously are periodic changes

in blood pressure - pulse waves - and a jump-like change in pressure

- a reaction to a longitudinal gravitational load) APinc as the sum

of the separate components of the reaction. It follows from this

that wuder various conditions of blood pressure, changes in the ampli-

tude and form of the pulut wave of Iiarucraziial pressure will not be

obuerved. Ard actually, as Is apparent In Fig. i, the form of pulse
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ave of intracranial pressure under loads causing an influx of blood

o the head does not change.

However, from this same figure it Is apparent that under a load

auning outflow of blood from the head, the form of pulse waves of

ntracranial pressure changes substantially. On the baros of data

n the dynamics of intracranial EPO level which show that the tone

f brain vessels decreases in this case, one can conclude that a

hange in the elastic properties of the brain vessels leads to

hanges in the form of pulse waves nf Intracranial pressure.

This finds confirmation in formula (4). Additional phase shift

n depends upon the characteristics of vessel elasticity so that

uring an increase in arterial elasticity (aa increasing), the phase

hift decreases. Thut, a distortion of the pulse wave according to

he form in pulse fluctuations of intracranial pressure decreases.

onsequently, the form of pulse waves of intracranial pressure

hanges but pulsation amplitude Increases. In Fig. ii it is apparent

hat pulse waves of Intracranial pressure undergo Just such changes

'ring gravitational loads causing the outflow of blood from the

ead.

By similar considerations, assuming that under gravitational

oads conditions of the outflow of cerebral spinal liquid into the

pinal cavity are changing, it is possible to show that during a

ositive load the respiratory waves'of intracranial pressure must

ncrease, and during a negative load they must decrease, This as-

umption also corresponds with experimental data.

Based upon computations which show passive changes in Intracrani-

1 pressure during longitudinal gravitational loads, it is possible

o make the following conclusions:

-23-



1, The geuratl rorm or ,hangne in level or IantraurnJlal pzrws-

sure and amplitude of respiratory waves (arising at once after the

beginning of the reaction and remaining thus until Its end) reflects

the pecularites of the cerebral cavity structue and Is not connoected

with any kind of phenomena of active physiological reactions of the

brain vessels.

2. Changes in form and amplitude of pulse fluctuations of

inLracranial pressure testify to the change in tone of the -4ntracrani-

al vessels. A change In the amplitude of respiratory waves during

Lhe course of the action several -econds after Its inception also

aidicates active physiological reactions.

3. Compiling the results of the above computations with com-

putaLlons which we did earlier (Moskaleniko, et al., 1963) and with

experimental results, It is possible to conclude that the passive

mechanical factor plays a substantial role in the dynamics of cir-

culation parameeris of the vascular system of the brain, but a num-

ber of peculiarities In these dynamics testifies to the active re-

actions of the vascular system of the brain.

The dynamics of the level of intracranial pressure and especially

Intracranial EFG} during longitudinal gravitational loads observed in

the experiment IndlcaLe the existence of active physiological reactions

of the brain vessels which, as was shown by us earlier (Moskalenco,

et al., 19b6) are specific "or the system of intracranial blood cir-

culation. Proceeding from current. concepts of the mechanisms of braii

blood circulation regulation (Blinova, Marshak, 1963; Klosovskiy,

1963; Mchedlishvili, 1963; Lasuen, 1953; Sokoloff and Kety, 1960;

Sheuzlin, 1961, and others), one can conclude that during dispropor-

tionalon of blood In the organism under the influence of gravitational



iforces, active reactions In the system of intracranial circulation

can be caused by several reasons. From them it is possible to ex-

tract the direct influence of changes in arterial pressure upon the

tone of intracranial vessels (so-called mechanloal regulation, or

autoregulation), the influence of change In the gas medium of the

brain - oxygen deficit and accumulation of carbon dioxide (chemical

regulation) and nervous reflex reactions of the brain vessels

resulting from stimulation of the different receptor zones during

action on the organism of longitudinal gravitational loads (nervous

regulation). Unfortunately, we still do not have at our lisposal

sufficient facts for analyzing the role of each of these regulatory

mechanisms of intracranial blood circulation and to trace the rela-

tionship between them. Therefore, we shall present below separate

concepts with respect to the possible role of the first two of these

mechanisms.

The dependence of brain vessel

tone upon changes in arterial pres-

sure is determined by the fact that

... i.ii ,! the smooth muscles of the vessel

walls react to an increase In Intra-
/'"cranial pressure by constricting

Alit.*'."' (Folkow, 1953; Levy, 1958; Zurav,

Katmer, 1959, and others). This
-------------------------------

phenomena also assures autoregula-
Fig. 12. Changes in intra-
cranial EPG (1), intracranial tion of intracranial blood circula-
(2) and arterial (3) pressures tion during changes In general
under a longitudinal gravita-
tional load of 0.8 9. arterial pressure. To elucidate

the possible role of autoregulation
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we regulated In several experimentu chaniges i, general arteria prea-

sure (Fig. 12) vimultaneously with intracranial EPG. in the majority

of cases we found that the general arterial pressmure changes not more

than by 5-84. The quantities which we obtained agree with the data

of Liidberg, et al, (1960) with respect to changes in aortic pres-

sure lvigitudinal lad3.

However, it is possible to consider that the amounts of change

In arterial pressure can be more significant in some cases as a

result of changes in heart activity which occur during longitudinal

loads. Thus, for example, in separate trials at loads of nearly I g

causing the outflow of blood from the head, we observed the eimergence

of an alternating rhythm of heart contractions. Changes in heart

activity during longitudinal loads of nearly I g as a result of a

change in the tone of the sympatheLic region were noticed in the

inveSLigations of Lamb and Roman (1901).

One can assume from this that 4ome uormalization in the level

of Intracranial EPQ observed in many experiments for several seconds

after the beginnlng of thw action, occurs due to autoregulation of

the tone of brain vessels resulting from changes in general arterial

pressure.

However, the fluctuations in arerial pressure observed in tLhe

majority of experimeLts were all small. Therefore, to confirm this

auSmptlion it is necessary to obtain additional infVormation on the

threshold of brain vessel sensitivity to changes In arterial pressure.

in all probability, one of the phenomena of autoregulation of

bralin vu.'el• is also the sthort duration spaama of b.u!" veaueld

during the inflow of blood to the head. However, the fact is



significant that in this ease the curve for the change in Intracrani-

al XFO level by appearance reminds one nf the funetinn which is de-

rived from the curve for change in 1ntr.rs'ran|ts prenstere. In spite

of the tact that this indicates the pasolve mochnnaial nature of

such spasms, it is nevertheless possible to assume that they have

some physiological activity, since on the one hand, It Is dif-

ficult to imagine a mechanical model or such a phenomvenom, ard on

the other hand there is data (Blinova, Marshak, 1963) nhownirng that

there exists a dependence between changes in tone of the vascular

wall and the sharpness In growth of Intravascular pressure. i-nides,

we noticed in a number of experiments that these spasms are accnmpanled

by a significant Increase In pulse fluctuations of Intracranial pres-

sure which also indicates the active nature of this phenomenon.

Thus, changes In arterial pressure as a mechanism of autoregula-

tion of the tone of the Intracranial vessels is one of the reasons

for active physiological reactions In the vascular system of the

brain during longitudinal gravitational loads.

Aloqg with changes in general arterial pressure under longitudin-

al gravitational loads, significant changes are observed in the per-

fusion pressure of blood in the brain, since the disproportion.,tion

of the blood in the organism causes substantial changes in venous

pressure (Henry, et al, 1951, and others). Changes in blood filling

rf the venous part of the vascular -system of the brain could be the

reason for the destruction of Its blood supply and could cause a

defficiency in oxygen tension and an accumulation of COg which would

cause active changes in the tone of the intracranial vessels, because

the vasodilative action of C02 is well known.

To elucidate the role of this factor in the active changes which
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We. ubsurved in bluuld rniJ.1 t orh Lit uara'ti cuVtLy durifg lo0.1-

tudinal gravitational loads, we simultaneou••y with the intracranial

EM and Intracranial pressure,, rec':'ided in several experiments the

dynamics of oxygen tension In the fibers or the brain. As a rule,

in the beginning and sometimes at the end of the action, oxygen

tenason in the brain fibers decreaues somewhat, but after 4-8 sec

It returns to the original level (Fig. 13). In some experiments,

oxygen tension in the brain tissues remainu asumewhat decreased dur-

Ing the whole experiment.

Obviously, during short-term

lougitudinal gravitational loads

-.. ,. ----- we scarcely observed the active

reactions of the brain Vessels

which are caused by changes in ten-

aion of gases In the brain tissues,

because these reactions arise, as

a rule, after the level of oxygen

Lenalon in Ote brain tiasue retuvins

to normal. However, duri•g more
Pig. 1-i. Dynamlcs uf lintra-
cranial EPO (1), Intracranial prolonged actions at a magnitude or
pressure (2) and oxygen ten-
Sion (.>) under a loi Itudinal nearly I g, for 15-20 see after
gravitational load; I- respi-
ratory movements their begirunlng in some experimeits,

there suddenly begins a signifi'cant

(sometimes in the form of' 3everal

waves) increase In blood filling of

the cerebral cavity. As a rule,

thli Iticruaaa it bluod rilling of Whe cerebral cavity Is accompanied

by a sharp irttmsalrl'ction or pulse and respiratory waves It the



intracranial EPO.

These facts are difficult to expl'in by appearances of auto-

regulation of the brain vessels, all the more so because the polaro-

gram reKistered in several of such experiments shown changes In the

level of oxygen tension within the brain tissues which are In the

opposite phase to blood filling fluctuattons. Most likely, with an

increase in the duration of the action there occurs an accumulation

of CO2 in the brain tissue which causes the switching in of a new

regulating mechanism.

Thus, the data which we obtained leads us to believe that

active physiological reactions in the intracranial vessels during

longitudinal gravitational loads are caused, first of all, by the

reaction of the vascular system of the brain to changes In intra-

vascular pressure which arise immediately after the beginning of

the action, and after a certain time, If the blood supply to the

brain is lower than the necessary level phenomena are observed which

indicate the switching In of a chemical mechanism which regulates

intracranral blood circulation.

Conclusions

i. During longitudinal gravitational loads there are observed

substantial changes in the circulation parameters of the Intracrani-

al cavity which are caused by phenomena of a passive mechanical

nature and by active changes in the tone of the Intracranial vessels.

2. The threshold of sensitivity of the vascular system of the

brain to longitudinal gravitational loads lies within the limits of

0.2 to 0.5 g, the magnitude of which depends upon the peculiarities

of the ecology and conditioning of the animals under experiment,
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otid alwa, lit all t *ttaWb.ltty, upou the development VI' the Cential

nervous system.

). The data obtained show that under lutgltudiual gravitaLion-

al loads, organs of the central nervous system fu tLion under con-

ditluns of inauftL'ciutn blood supply which cause. definite compensi-

tory reactions on the part of the vascular system or the brain,

reactions of' an automecharnical and chemical nature.
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EMOTIONAL STRESS OF COSMONAUTS DURING SPACE FLIGHTS

V. I. Yazdovskly, 0. V. Altukhov, V. Ye. Belay,

A. D. Yegorov and V. I. Kopanev

As a result of the flights of Gagarin, Titov, Nikolaev and

Popovich Soviet scientists received voluminous valuable scientific

data on the effect of a complex of space factors on the human organ-

ism. A careful analysis of the material obtained will enable fur-

ther development of the methods of selecting and preparing cosmonaul-n

for new flights.

This work analyzes the neuropsychological stress which arises In

cosmonauts before launch, in different flight periods, and also un-

der the effect of acceleration on earth.

As a test to determine the functional state of the organism we

measured the pulse rate. As is known, the frequency of heart con-

tractions is an integral index which characterizes the reaction of

the organism to the effect of various factors tncluding those en-

countered In space flight.

Thus, for example, when an organism is subjected to acceleration

of a different direction, substantial changes of pulse rate are
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uwaurvvd. The degree uZr tihese changeg depeaids directly on ,he magni-

tude and length of' acceleration (Babushkin et al., i9521 K, uvuaaya

et al., 1962).

An Increase in pulau rate caused by emotional stress can be

observed In parashuting and also before catapulting (Reznikov and

Grayfer, 1937; Povalyaev, 1939; Lukin, 1952; MozuloM, 1955; and

others).
I

Consequently, in our opinion, a comparison of the pulse rate

change in cosmonauts recorded during different periods of flight and

under earth conditions reflects the character of the organism's re-

action to the effect of space flight factors.

As is known, just before the spaceships were launched an increased

heart contraction rate was observed in the cosmonauts. Table I intro-

ducea data on the changes In pulse rate 8 days (P-O), 4 hr(P-1) and

5 miin (P-2) before launch. It is evident that the pulse raLM Incrcase

was expressed most by Pupovich and least by TItoM. In the period

Immediately before launch the former's pulse rate had increased

MCI.(% compared with what It was 8 days before launch, and the laL-

ter', 55%.

Such differences in prelaunch pulse rate increase may be connected

to the dissimilar charauter of flying assignments, a difference in

training of the cosmonauts and the pebularities of their characters

and other factors.

The significant increase In Qagarin's pulse rate in the prelaunch

period (by 68.7% compared with the P-O data) should be explained by

emotional stress connected to the singularity and responsibility of

his Lasko the first attempt by a man to penetrate cosmic space.



TABLE I

Changes in pulse rate (PR) 4 hr (P-i)
and immediately before launch (P-2)
compared with the results observed 8
days before the flight experiments (P-O)

(average data)

Mtt* M 7 Wi. vtte.q t to

Cagrt j~4 P- 1(12 tE-.? V4

Iikolie R 1 11Z.5 175,0
1P"V7 ch58 5 M.5y 2M| .7

In the prelaunch period Titov's pulse rate increase was less

than Gagarin's, which was evidently caused by a decrease in emotion-

al stress. The fact is that the first flight proved the possibility

of a man staying in space, the safety of the ship construction# that

space flight factors could be endured etc.

It would seem that In the group flight of Nikolaev and Popovich

there should have been a further decrease of emotional stress; how-

ever the data on pulse rate changes testify to the contrary. This

evidently can be explained by the greater complexity of the group

flight compared with the experiments conducted by Oagarin and Titov

(lengthening and complicating the flight program etc.). Also, in

the prelaunch period Popovich's greater increase of pulse rate (com-

pared with the other cosmonauts) had Intdtvidual characteristics:

easy excitability, an expressed lability from the side of the auto-

nomic functions, etc.

We should consider the relatively low level of Popovich's pulse

rate in the initial state. As is known, during the prelaunch period
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a&Iv acoe0euatioon the pulse rate inoreaae is sivre Mialtirficantly ex-

pressed In persons with a tendency towards bradycardia than ini those

with tachycardia (Perlina, 1957; Rozenblat, ib2; and others). Evi-

dently, this also partially explains the more significant increase

In Popovich's pulse rate.

A comparison of the level of emotional stress observed before

the real space flight and before the corresponding tests on earth,

rotation on the centrifuge, shows than In the latter case the stress

was considerably lower. The differences In the pulse rate measure-

ments affirms this. Thus, Just before the effect or acceleration

on the centrifuge the pulse rate of most of the cosmonauts did not

exceed 90 beats a minute. The increase in the heart contraction

rate occurred in the final seconds before rotation. Differences in

the level of' emotional stress are explained by significant difrer-

cuaes In the character and responsibility of' the experiments on

earth and In flight.

The greatest increase In the heart contraction rate compared

with that of the prelaunch period was observed in the period when

the ship was put into orbit (Table 2).

TABLE 2

Pulse rate (PR) of the cosmonauts during launching Into orbit
(period A) compared with the P-O and P-2 periods (average data)

ft R poP imr~ IPSUfo nRimae in!

is I&• is peried A with)perlod A wLth period A due to
St pri-rspect to P-O0ruespet to P-2 emotional factor

COSOMMOa F-0 P-2 od A _________ rleratio _______

p.,1- peri a be- In &o- in atao- i L&ja-iod"" ed lute % lue M % lute "•
Snitl - Initudeoe nitude "

G4rA84 Ito 120 5018 so 9 46 P
'I4,9 101 112 43 62 5 5 311 5.7

POPOvi•h I 117I I1 6 10 3 3'

Note: P-O Is the data obtalied 8 days bel'ore the i'light, P-2
was obtained directly berore the launch at the 5 min ready-
ness.



Comparing the pulse rate during the active portion and in the

prelaunch period (P-2) allows us to explain its increase mainly due

to the effect of acceleration, since the level of neuro-emotional

stresa in these periods was suffiolently high. Under the effect of

acceleration the pulse rate increase in all the cosmonauts averaged

3-10 beats a minute (3.0-9.0%) compared with the initial state (P-2), J .

the largest increase being expressed in Gagarin (9%) and the least

in Popovich (only 3%).

The heart contraction rate Increase during the active portion of

the flight was mainly determined by emotional stress as is evident

from comparing the pulse rate in this period and eight days before

launch. Thus, for instance, Qagarin's pulse rate during the active

portion on the average increased 88.0% compared with the P-0 period

and only 9% compared with the P-2 period. Evidently, the pulse rate

increase when the ship was being put into orbit was basically caused

by emotional stress. About the same data appear when other flight

experiments are analyzed. Just as in the prelaunch period, emotional

stress was most strongly expressed in Popovich and least strongly in

Titov. The causes were evidently the same as when the prelaunch

results were analyzed.

In spite of the significant pulse rate increase in the cosmonauts

during the active portion of the flight, it must be mentioned that

none of them had a pulse rate highe+ than 160 beats per minute. In

the literature there is evidence that the upper critical limit of

the pulse is 180 + 10-20 beats a minute. If we note the good physi-

cal preparation of the cosmonauts (and for athletes the pulse rate

limit must be raised), then the pulse rate shifts during the active

portion of the flight are very far from the critical value. This
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observations, maintained radio communiiations with earth stations

and their state of health was good. They noticed a certain diffi-

oulty in breathing, a mqueezing of the cheat cage during acceleara-

tion and a difficulty in performing motor act•.

During orbital flight, the length of which was different for

each flight experiment, the pulse rate gradually approached the ini-

tial level, the pulse rate recorded eight days before launch. The

rate of normalization was different; for Popovich the initial pulse

rate was attained in the 14th orbit, for Nikolaev in the 13th orbit.

Throughout the flight Titov's pulse did not normalize, evidently due

to the appearance of cosmic motion sickness (Komendantov, Kopanev,

1962), and also because the level of emotional stress began to in-

crease significanutly during the second half of the day becauue the

wore responsible portion of the flight, the period of returning to

earth, was approaching. For a fully understandable reason, the

shortness of the flight, Gagarin's pulse was higher than the initial

data for the whole flight.

The data about pulse rate normalization In the cosmonauts agreea

with the results observed in animals when they were launched into

space. Under weightless conditions the pulse rate in animals, hav-

Ing been Increased by the effect of acceleration, returned to the

initial level about three times slower than it did on earth (Chernov

and Yakovlev, 1958; and others). This is evidently caused by a

change in the regulation oif the cardiovascular system under weight-

lessness.

During the ship's descent a number of unfavorable r'actora acted

oil the Cosmonauts: noise, vibration, acceleration etc., the
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determining effect on the organism was evidently that of accelera-

tion, the magnitude or which was about identical during all the

j flight experiments,

Material conoerning pulse rate change during descent Is given

In Table 3. These data differ somewhat from the results obtained

when the ships were put Into orbit. Thus, the emotional stress was

considerably less during descent; the difference in the pulse rate

change affirm this. During launching Into orbit, due to emotional

stress the pulse rate lncreased by 57-104%, during descent It in-

creased by only 21-62%.

TABLE 3

Pulse rate (PR) in cosmonauts during descent (period B) to
earth (from the moment of firing the breaking rockets to
catapulting) compared with the pulse rate In the penultimate
orbit (period C) and in the last minutes of weightlessness
(period N-K) (average data)

RI• P it M PR Incresa m PIR inreoe Sa WI " r sem Is
in is IaPeriod of IM*peiod 9 Ith viM39 Of to

pwiL- pertf pert- respect to respt to o n ftm'ast"
C~g~itW . C Id ed I43

%% %," % k

Tio 75 IM170 23 212] 1~21
Theylo 66 75 22 26 39 t7 23j

PGple 1I $a 143 82 13 O 712 2 a

During descent acceleration exeztted a more significant effect

directly on the cardiovascular system than during launching into

orbit. During descent the pulse rate increased on the average by

2-72% with respect to the N-K period, while during launching the

Increase was only by 2-9%. In our opinion the similar directivity

or pulse rate emranges during descent is explained by the large
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magnitudeo or acoeleration and ohiil.y ioooause betore the effeot ot

this factor, the cosmonauts were weightless for an extended perlod,

which substantially decreased their resistance to weightlessness.

During an analysis of the results obtained from the flights of

Titov, Popovich and Nikolaev, we noted a certain dependence of pulse

rate change under the effect of acceleration on the length of the

stay under weightleesness (Table 3). The shorter the time of orbit-

al flight, the less the heart contraction rate increased and con-

veresely. Titov's pulse rate increase during descent averaged 2%

compared with the N-K period. Nikolaev and Popovich, who were under

weightlessness 4 and ) times longer, had increases of 2) and 72%

respectively.

The more expressed heart contraction rate of Popovich compared

with Nilkolaev's evidently can again be explained by individual prop-

erties of regulation of the autonomic functions, a tendency towards

bradycardia, and consequently a more significant pulse rate increase

during the effect of flight factors as indicated below.

During descent the cosmonauts took observations and maintained

radio communications. According to the words of the cosmonauts,

they withstood the acceleration satisfactorily, although the diffi-

culty in breathing was expressed to a greater degree than during

launching.

In the training on earth, together with a moderate pulse rate

increase the cosmonauts's state of health, as a rule, was good and

their emotional stress was expressed to a lesser degree than in the

flight experiments. During space flight the level of emotional

stress depends very much on the tasks of the flight experiments,

on personality characteristics and to a significant degree it
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*determines the direction of the physiological reaction. Therefore,

Swhen the cosmonauts are in orbit we must devote particular atten-

tion to determining emotional stability and the typological proper-

:tlOe of higher nervous activity, nlnoo, all things oonai4ored, the

force of the excitation and Inhibition processes and their inter-

relationship are the basis of the different physiologica) changes

in the prelaunch period.

An analysis of the physiological shifts during launching and

descent allows us to conclude that In the first case, the pulse rate

increase was caused mainly by emotional stress, while during descent,

by the effect of acceleration. An extended stay under weightlessness

by the cosmonauts before descent Is important here; due to this their

resistance to acceleration is somewhat decreased. While we did not

record a noticeable decrease in work capacity, the pulse rate did in-

crease. Possibly, a longer stay under weightlessness might cause

more serious changes, Therefore, we must devote particular attention

to investigations of the effect of extended weightlessness on the

adaptation properties of the human organism.

CONCLUSIONS

1. The level of emotional stress observed in cosmonauts during

space flight depends on the complexity of the flight experiments

and the training and personality characteristics of the cosmonauts.

2. When the cosmonauts were under weightlessness for an ex-

tended period (3-4 days), we observed a certain decrease in their

resistance to acceleration which was expressed in more significant

shifts of the pulse rate. A certain dependence of these shifts on

the time under weightlessness was noted.
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A SYMPOSIUM ON APPLIED MICROBIOLOGY (IN STOCKHOLM, SWEDEN)

Ye. N. Mishustin and N. D. Ierusalimskiy

This symposium on applied microbiology was established by a

decision of the VIII International Congress of Microbiologists at

Montreal from July 29 to August 3, 1962. Taking part in the sym-

posium were the International Association of Microbiologists,

UNESCO, the Swedish Academy of Sciences and other organizations.

The aim of the symposium was to discuss the most effective

directions of investigation in applied microbiology connected with

satisfying the material needs of mankind and, in particular, those

of the population of economically underdeveloped countries. Both

official documents and the papers submitted to the first plenary

assemblies concerned this. Nevertheless, there was a definite

break between setting up the organipations of the symposium and

maintaining the work of a number of its members. At times the sci-

entific reports were random in character and did not agree with the

basic task of the symposium. While there were enough general re-

ports, there were few concrete ones on the problemB of help to

economically lagging countries.

There were representatives from 33 countries among the
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partiolpantas 74 from Sweden, 43 from the USAs 22 from ZRngland,

20 from the POR, 19 from Norway, 16 from Holland, 14 from Italy,

1i from France, and from 1-7 delegates from the other countries.

In all there were 306 delegates.

The symposium opened at 3 o'clock on 29 July in the chamber of

the Swedish parliament. In his opening speech the president of the

symposium, the famous Swedish scientist Tiseliust concentrated on

the aims of the meeting. He emphasized that this meeting, in which

not only scientists but also directors of government institutions

and industrial enterprises were participating, would allow planning

a program of effective research directed towards increasing agri-

cultural and industrial resources and also towards improving sani-

tary measures. This is particularly important for raising the

prosperity of underdeveloped countries. Both the international

character of the symposium and the close connection of applied

microbiology to many sides of human activity must help to fulfill

the plotted task.

He also emphasized that the brilliant accomplishments of con-

temporary physics can overshadow the meaning of biological research

for most people. However, the role of the latter in increasing the

prosperity of nations cannot be valued too highly.

Brouhult (Sweden) delved into dtatistical data describing popu-

lation increase and on the tasks before biologists In supplying the

material wants of nations. He devoted particular attention to

training scientI2ic cadres devoted to solving thWs problem.

The minister of culture of Israel, K. A. Eban, stated that the

aims of science must be humane and directed towards Improving the

lives of people. The brilliant achievements of science in the



-20th century include deep contradictions. These achievements have

led to conquests over diseases and to a population increase but

they have also placed humanity on the verge of annihilation by

atomic energy. The wide practical consequences of scientific

discoveries have made the internal connection between science and

politics inherent. Therefore, science deprived of social ideas is

just as Inconceivable as politics disregarding the achievements of

science. There must be an organic connection between them to en-

sure that science develops in the interest of people.

He concentrated on the problems connected to the discovery of

political Independence by many underdeveloped countries. He stated

that their being free and politically equal does not mean that they

are economically equal. Achieving the latter is tied to the devel-

opment of science and, primarily, to training scientific cadres.

Science cannot be isolated in the laboratory. It must be connected

to life and its needs.

The exchange of opinions on the basic tasks of the symposium

continuedon July 30. The representative of the Rockefeller

Foundation, Harrar (USA), touched on the possibility of microbiologi-

cal assistance to the development of young countries in medicine,

agriculture and industry. He noted the role of science in the strug-

gle against disease, in supplying and processing foodstuffs for man

and animals, in obtaining biologically valuable compounds and also

in regulating soil processes. He emphasized the ever increasing

role of microbiology for mankind.

Borgstrom, the director of the nutrition laboratory at Michigan

University (USA), reported on the problem of satisfying the needs

of the earth's growing population. He emphasized that today's
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needs muast not be the only basls of using naturse It to erroneoum

to examine the Aatisfying of current requirementa withoug calcula-

ting the possible consequences of exploiting natural resources.

In particular he emphasized the possibility of the wide uses of the

ocean's riches to solve nutrition problems.

A professor from the University of Ohio (USA), Birkeland, spoke

about the development of science and the progress of humanity. He

noted that our natural resources can be rationally used only on a

scientific basis.

After hearing the general reports and the exchange or opinions

on them there were several plenary and a considerable number of

sectional meetings. At moat of them the discussion concerned the

results of concrete scientific investigations having more or less

practical value. At times very specific questions were discussed,

the sterilization of milk or the hypogeal culturing of morel fungi.

Nevertheless the basic group of reports was of undoubted interest.

The themes of the plenary sessions were: I) microbiology and

the mobilization of food resources; 2) investigations In the area

of applied immunology; 3) perspectives and horizons of applied

microbiology; 4) achievements in technical and engineering micro-

biology; and 5) mechanisms of biochemical reactions.

The work at the sectional meetings concerned these questions:

1) documentation and information in the area of applied microbiology;

2) production and use of amino acids; 3) protecting plants from

microorganisms and insects; 4) soil microbiology; 5) fermentation

and preservation of organic matter; 6) water microbiology; 7) trans-

formation of hydrocarbons; and 8) engineering work In microbiology.

It Is clearly evident that in this ehort article we canr.ot give
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a full report on the work of the symposium in its entirety. The

difficulties are tied not only to the great volume of work but also

to the fact that the material of the symposium was not printed and

this discussion can only be based on aural reports. Many confer-

ences ran simultaneously and the small number of Soviet representa-

tives precluded our having people In every section. Therefore we

will survey only those reports which were most interesting to us.

Among the plenary reports Braun's (USA) "Microbe Genetics and

Applied Microbiology" is worth noting. He noted that explaining

the laws of microbe variability has value for practical aims.

Establishing the role of nucleic acids in forming the properties of

genotypes and phenotypes uncovers the possibility of cultures having

new properties. There have been achievements in producing cultures

for a number of purposes (antibiotics, vitamins, amino acids, etc.).

The transition to a biological concept concerning hereditary sub-

stances and the explanation of the role of DNA are opening great

possibilities of producing microbe cultures with these valuable

properties. Lately substantial results have been obtained in con-

trolling the synthesis of enzymes in a microbe cell by means of the

complex effect of inhibitive and inductive substances of the cell.

Wide genetical possibilities are being opened by the phenomena of

transformation, transduction and conjugation in microbes. The

speaker spent some time on the workA of the French school (Monod,

Jacob and Wollman), which has created a concept about the structure

of bacterial chromosomes. Genetic achievements have great value

for classification work. They have undoubted value for medical

purposes also since existing methods can change the antigen prop-

ertie4 of microbes.
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A numabo of repoort waer devoted to the produotion of proteins

from hydrocarbons. Champagnat (France) reported on this question.

The basic task of the works conducted under his direction in the

British Petroleum Co. laboratory is the deparaffination of diesel

fuel (gas oil) with the help of aerobic yeast. The cultured blo-

mass can be used as a nutrient protein. The table gives data on

the composition of 10 important amino acids in the two specimens

of protein preparations obtained in the firm's tests.

The sulfur-containing amino acids are insufficient in the

microbe preparations but they have a surplus of lysine, leucine

and threonine. Therefore when they are added to food these prepa-

rations can be sources of the named amino acids.

TABLE

The composition of amino acids in protein preparations produced
from diesel fuel and their optimum ratios as calculated by the nu-
trition and agriculture organization of UNESCO (FAO)

Data

British Petro- The nutrition
Amino acids leum Co. and agriculture

1 2 organization of
UNESCO

Lysine 12 7 •4.3
Phenyl-alanine 5.4 2.8
Tyrosine
Tyrosine
Leucine 8.8 7.7 4.8
Isoleucine 5.0 4.2
Methyonine + cyatine 2.4 4.2
Tryptophan 1 1.3 1.4
Va line 7. .~ 2 '4.2
Threuniuie 7 .4 j - 2.7

Sense •Prance) gave an historical aurvey from which it is particu-

larly evident that research into hydrocarbon microbiology in France

was firot begun in the laboratories of the British Petroleum Co. but



then this connection was interrupted. This report introduced data

on the distribution in soil and sea of microbes which oxidize these

or other liquid hydrocarbons. Microbes which oxidize pentanes and

cyclohexanes are rarely encountered while the oxidation of n-hexane

and the higher molecular hydrocarbons of a limited number are ob-

served more often. Dehydrogena. es (DPN) participate in the oxida-

tion of cyclic groups of aliphatic and aromatic hydrocarbons. From

the latter aromatic acids which can have practical value are formed.

In particular Miles Lab6ratories (Indiana, USA) are studying micro-

biological oxidation of naphthalene. Poster Laboratories (Texas,

USA) are studying the oxidation of gaseous hydrocarbons. The task

of producing protein preparations from gaseous hydrocarbons evidently

has not yet been accomplished anywhere.

Casas-Campillo (National Polytechnical Institute, Mexico) re-

ported on experiments in culturing asporogenic yeast of the genera

Candida, Torulopsis, Rhodotorula, Cryptococcus, Pityrosporus and

others on hydrocarbons. About 30 strains which grow well on kero-

sene were selected. Very many of the active strains were of the

genus Rhodotorula. Unfortunately, while the composition of kerosene

can vary tremendously, no data were given on the chemical composi-

tion of the test kerosene. It was shown that this requires a greater

number of petroleum products consisting of hydrocarbons of a lower

molecular weight. The optimum source of hydrogen is ammonium phos-

phate. In the deep culturing of one strain of Rhodotorula maximum

growth is attained in the 5-6th day. The optimum quantity of kero-

sene is 3%. In 4 days the biomass reaches 5-6 g/liter which is

i4-23% of the given kerosene. The biomass consisted of 47 - 5 2% of

protein and many lipida, 15-26%.



cussion at the meetings of two sections. Besides the delegates,

the prominent microbiologist Poster (USA), a representative of ESSO,

Jevanoff, the director of yeast factories in England, Dowson and

others took part in the discussion. The speakers noted the huge

practical value of these investigations and also the great tec.hnical

and economical difficulties standing in the way of their realization.

They indicated the excessive optimism of Champagnat and that he had

somewhat underevaluated all these difficulties. The petroleum firms,

British Petroleum Co. and ESSO, are first of all busy deparaffina-

ting diesel fuel to increase its quality. The work has been carried

farthest in that direction. But the problem can also be solved in a

different aspect; for example, the production of nutrient protein

from different fractions of petroleum, from the waste water of

petroleum refineries or from gaseous hydrocarbons, thus using the

oxidizing activity of microbes to obtain these or other chemical

substances. All these questions are still far from practical solu-

tion.

The problem of producing physiologically active substances was

cotisidered at the plenary and one of the sectional conferences.

The representative of the Anglo-Swiss firm ClBA, Wettatein, devoted

hiu report to the biosynthesis of phai'macologically active substances

by microorganisms, with particular attention to the production of

vitamins B2 and B12, lysergic and 6-aminopenicilloic acids, the

transformation of every kind of steroid, and also the synthesis of

tetracycline, rifamycine, cephalosporin, various viral antibioiLlc

etc. The speaker also reported on the biosynthesis of ferrioxamined,

cyclic polypeptides cuntaining iron among which are both biostlmulator3



and antibioticso

The report of Chain (Italy) touched on questions connected with

using antibiotics. Having briefly described the history of the work

in antibiotics, he noted that they have revolutionized medicine. At

present up to 700 antibiotic substances have been reported but only

a comparatively small number or them are being used in clinical

practice. Nevertheless, a large number of different diseases are

cured by antibiotics. The successes in using antibiotics in medi-

cine prompt the question of their wide use in economically lagging

countries. Chain listed the antibiotics which should be recommend-

ed for wide use in medical practice. He also emphasized the huge

role of applied antibiotics in feeding farm animals. Industry must

supply antibiotics not only to medicine but also to animal husbandry.

The Japanese submitted many reports on biologically active sub-

stances. Most of all we noted the report of Arima from the Insti-

tute of Applied Microbiology (Tokyo). He treated the production of

enzymes by microorganisms. Together with the common enzymes,

amylase, Invertase, pectinase, and protease, the author counted

another 20 microbic enzymes which can be used in practice: varidase,

streptokinase, penicillinase, glucosidase, hyalonidase, lipase,

catalase, keratinase, ribonuclease, deaminase, adenylic acid, naring-

inase, hesperinase, glucoisomeraue, lactase and others. Several of

these are produced oniy on an experimental scale but others are al-

ready in production or are being put into production.

In Japan, 460 strains (14 different genera) of bacteria, 98

strains of Actinomyces and 224 strains (19 genera) of fungi are used

to produce enzymes. It Is Interesting that they are using mucleotides

(as a scent producer) to improve the taste of food products. In
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methods the author showed that the threonine added to tho culture In
a umber of :-'eps wa3 !converted Into _oieucqne. The gver bacter"a

can dehydrogenize (with the formation of a-ketobutyric acid) not only

natural threonine but also Its optic isomer. The obtained resulta

are new and interesting in a scientific sense. It is, however, dif-

fi.cult to say to what degree such a means of producing one amino

acid from another is economically Justified.

in his report Tsuanoda (Japan) examined the effect of aeration

un the formation of glutamic, a-ketoglutaric, succinic and lactic

acids by a culture of bacteria (of the genus Brevibacterium). The

oxygen absorption rate was determined both by the sulfilte method and

by a direct gas analysis of the input and output air. It was ob-

served that the data of these two methods can noticeably diverge.

It was established that during intensive aeration chiefly glutamic

and ketoglutaric acids are formed, during insufficient aeration suc-

cinic acid and during the lack of aeration, lactic acid. Under opti-

mum conditlons more than 40 g/llter of glutamic acid accumulates in

the culture fluid. Thus, the work Is' not only theoretically but

also practically interesting.

Karlstrom (Sweden) reported on a method of producing bacterial

mutants which can produce amino acids. The method is based on

changing the capacity to synthesize one or another amino acid and

simultaneously chargi•g the relationenip of the mutants to cert .n

analogs of that amino acid which have a depressing or stimulating
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steroid transformation resembled survey reports; they contained

abundant factual but not new material.

Problems of soil microbiology were touched at both plenary and

sectional meetlns. in his report, "The Role of Mlcroblology in

Agricultural Practice," having described soi8 as a living system,

Katznelson (Canada) mainly discussed the Rhizoaphere. This Is the

theme of his investigations and in the report he offered material

characterizing the microorganisms of the rhizoaphere, the effect of

soil type on the microflora in the root and near-root zones, the

yearly conditions etc.

Increasing the light intensity increases the microbe population,

particularly that of the Pseudomonas, but it does not affect the

number of fungi. In the root zone of plants which were more strongly

illuminated the nematodes were more richly established.

For wheat the maximum number of bacteria was observed at 150,

and for soybean at 300. Asporogenic dark-colored fungi dominated

on the roots of wheat at the high temperature and at the low tem-

perature, asporogenic fungi with hyaline mycellum.

..- soybean PFiycomycetes, RhizoctLriw and aliocladium were richly

established at the high temperature' and Fusarium and Cylindrocarpon

at the low. Nematodes also decreased in number when the temperature

was lowered but not to the same degree as for the wheat.

For wheat the maximum number of bacteria were observed at low

humidity. The fungous population decreased only during the highest

humidity, higher than in the test. Under these conditions Fusarium,
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W-shustrn ro..d ,hat the present period of agricultural development

Is connected Lo wide chemicalizatlon. However, this does not take

away from the large role of the biological factor In farmrig. The

high cost of mineral fertilizers, and In some cases their Insuffici-

ency makes it adviseable to maximally use the forces of nature and

first of all the microbiological soil processes which mobilize sub-

stances nutritional to plants.

The value of the biological factor is particularly demonstrated

by the example of nitrogen. Even In countries which widely use

mineral nitrogen, less than 25% of agricultural requirements for

thli element are supplied by mineral fertilizers. The activity of

nitrogen-fixing bacteria cover the rest. Symbiotic nitrogen fixers

are especially important for farming but this do(.s not exclude the

wide use of nitrogen-absorbing bacteria living freely.

He noted the possible role of microbiological methods in deter-

mining soil requirements for fertilizers, the role of the micro-

biological processes in increasIng fertilizer effectivity (mineral

and organic) and rendering the soil harmless of herbicides and

fungicides, etc.

The role of microorganisms in the treatment of agrotechnical

problems Is large since treating the soil sharply changes the char-

acter of soil processes and, In the final result, this affects the

size of the harvest.

A number of reporto were devoted to the Inactivation of herbi-

cides In the soil is etermined by many factors (climate, soil type,
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which are actIve against hIlher pl&nt. but affect soil mlcrofln'a

relatively weakiy; nimilar herblclde_ ,*an be dscor•rposwd h, Pxlrem'-

ly different organisms; b) cnmpnunds similar to niitr-oz. deriviLive

of phenol which alter metabolism and possess considerabie general

toxicity; they car. be decomposed by a rplativelV" small group of

microorganisms; c) simple aliphatic compounds which are distln-

guished by their stability in the soil; the following order is

given as an example of their progressive stability: allyl alcohol

-+ monochlorascetate-+ dichlorpropionate-+ trichlorascetate; d) comr-

pounds which are extremely active in nature but weak against Boil

microorganisms, simazin is an example; this phenomenon can probably

be explained by their weak solubility; e) inorganic compounis: e.g.,

chlorates and sulfonates, which can be transformed by microbes if

they have organic substances which can donate electrons; without

this they are stable.

There is a definite dependence between the stability of com-

pounds and their structure. Para position of chlorine or the NO2

group favors rapid decomposition. Meta position gives the reverse

effect. increasing the Cl 'Lit. i a h -zeserncc of 1_ •_4 creases

the stability of compounds. Replacing oxygen by sulfur in urea and

its derivitives increa.ez Lhe stability of these compounds.

Wieringa (Holland) devoted his report to decomposition of aro-

matic compounds by microorganisms. From the upper turf he isolated

a great number of microorganisms capable of decomposing aromatic

compounds. It is particularly easy to decompose toluene. In all
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calc are f'ormed which can polymerlze into stable humlc acids.

In "Microbiological Decumposition of Pesticides," Alexander

iU.SAI) itported on a nImilar theme, He noted that the stability of

pesticides depends on their chemical nature. He studied the des-

tructiorn process of a significant series of chemical compounds

(phenoxyalkyl-carboxyl acids, chlorophenols, halogenic compounds

of the aromatic acids, derivitives of triazine, thlocarbamates and

derivitives of benzoic acid). Manometr•c. sp3ýctrophotometric,

tracer and chromatographic (p.,per and gas) techniques were used. He

reported methoos of transforming several of these compounds under

the effect of soil microorganisms.

A number of reports given at the session concerned separate

Rides of the life of the soil micro-population. Thus, Furusaca

(Japan) analyzeia the bacterial activity in a heterogenic system.

This was done to study the sulfate reduction process occurring in

very wet soils during summer.

By determining the hydrogenase activitj of the soil by Warberg's

method, the soil's capacity to reduce sulfates can be established

Indirectly. The author considers that thc. hydrogenase activity of

the soil is mainly caused by the bacteria Desulfovibrio. It was

established that sulfate reduction can be depressed and that it

depends on the pH and the concentration of oxygen acceptors. The

-ctivity of these factors depends on the presence of soil particles.

For a more detailed analysis he conducted tests with substrata

conLainlng sliitu-;- and resin par es'-4 IL .
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the chemical activiLy of mlcrobes can enangsý due to the eella beltr

partially covered by so.*,d hodles, the coircentratl•pn of hydrogen

ions on the surface of the solids touching the micrcbe cells, due

to changes In the physloic,•d•al rl)nrtion r the . .el -.ndcr t!-ý-

influence of the particles surrounding them, etc.

Thus, the activity of microbes progresses diff7rently in soil

than in a liquid medium.

Rangaswami (India) reported on tests studylng the soil of rice

paddies. The tests covered several years and were statistically

processed.

It was established that when the rice is growing and the soil

flooded, the number of microorganisms decreases. After the rice has

been harvested and the water let out of the paddy, the microorganisms

begin to multiply rapidly. The optimum moisture content for fungi

and Actinomycetes to reproduce is close to 20% of full water capacity.

Bacteria multiply more actively at 4o% of saturation.

During the first phase of rice growth bacteria dominate the

rhizosphere; when it ripens fungi and Actinomycetes begin to notice-

ably increase. After the harvest Actinomycetes multiply vigorously.

Mineral fertilizers affect the soil microbe population very

little but manure increases the quantity of fungi and bacteria.

The rhizosphere effect of rice is In general well known. In the

deeper layers of the soil the rhizosphere is poorer in microorgan-

isms. Also the number of fungi and bacteria relatively increases

in it.

In his report Sasson (Morocco) touched a number of practical

questions connected to the possible role of microbiology in raising
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these lanlds, which can be done only , .' ''"-er-

national nature. The microulologica! pr(' ert - "' 'o4011s which can

be assimilated are poorly derined and tt11 •31tuat lon mu.it be olari-

fied. These soils must be studied not only by mlcrublulogulsta but

also by other specialists.

This speaker spent some time on methodical questions. He feels

that in soil studies we must find out not only the size of the

microbe population but also the state of the remaining types and

groups of microorganisms which determine the productivity of the

soil. Keeping In mind the climatical conditions of the territory,

we should devote particular attention to those microorganisms,

especiaiiy Lhe ni•,rogen-fixers, which have adapted to drought.

One sectional meeting concerned questions of the biological fixa-

tion of atomospheric nitrogen. Chairman Bond (England) reported in

detail mainly on symbiotic fixation of atmospheric nitrogen. Pre-

sently there are up to 190 nonlegtunmirus plants which are capable

of fixing i&wvpnar.Lc nitrogen in a symbiosis with microorganisms.

U'p till now no one has studied these plants, but, in the opinion

of the author, they can have a determining value in agriculture.

While moat of these plants, belonging to genera Elaegnus, Casua.ina,

Alnus, Ceanthus etc., are trees and bushes, they still can be used

In mixed planting or their leaves gathered for feed or compost.
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of moiecular nitrogen.

After Bond's report "here was a Iveiý: exrnan;p of ,'ptnio.f

The reports took notop of the value of Bý-,nd's work. Dit it wa.

stated that the legumninou8 graeoe•, many of which are very actIve

n4trogeti fLxers, are no doubt more important for practical agri-

culture. The need of future study of the possibilities of uning

free nitrogen fixers in practical agriculture was atŽ>, emphasized.

Evidently, this can be promising for rice fields where blue-green

algae, many of which can assimilate atmospheric nitrogen, grow

vigorously. It was also noted that the principle of the activity

of "azotobacterin," which is rather widely used in agriculture in

the USSR, is not sufficiently clear.

There was an interesting session devoted to the protection of

harvests from pests. These reports were heard:

1) Dekker (Holland), "Internal Therapy of Plants with a Special

Calculation of the Effect of 6-azauracil"; 2) Zaitlin (USA), "Future

Possibilities of Controlling Plant Virus Diseases"; 3) Baigent (New

Zealand), "Pseudomonas Siringa Phage Harmful to Siringa"; 4) Ran-

eaciami (Inaia), "The Role of Uitibiotics in Suppressing Phytopatho-

genie Microorganisms in the Soil"; 5) &iraly (Hungary), Phenol

Metabolism In Diseased Plants."

The film, "Biological Warfare with Insects," was shown at this

session. Franz (FOR) explained the film.

The section on conservation of organic substances, directed by

Nilsson (Sweden), had a number of reports devoted to the problem of
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of alfalfa, clover, fish waste products and even blood. &cau ue

maltase has at tained a great value in ensuring the process of fer-

mentalon, one of the Swedlsh firms has begun to produce a special

preparation, "Ensl-Malt," designed for ensilage.

The report of Erlkson (Sweden) -hone light on the nutrient value

of different silages.

Certain data on changes in microflora composition during silaging

were given by Langston, an employee of the Defense Department (USA).

This report did not contain any new developments.

Cullough (USA), considering methods of ensuring the process of

silaging, gave data on the use of sodium metabisulfate. Under the

influence of this preservative, the sugar in the silage mass (flfal-

fa) Is gradually used up. Since the acidity does not increase, thls

Is possibly explained by the process of respiration. After 2 months

the pH of alfalfa was 5.2. Thus, there is chemical preservation

here. Its addition to alfalfa and wheat masses, which are rich In

carbohyd-ates, easily ensures the ensilageability of the feed.

Malin (USA) reported orn the good preservative properties of the

antiblotic tylosin, an actlnomycete derivitive. This antibiwoic

dues nut depress Lhth growth of lactic bacteria but It does suppress

)-TT-6 4- 5A4/i+2+4 -60-
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concept of directed work in the field of applied mirooio~ y I:

many countries and it enabled personat contacts which ar', aiway'i

useful.

The symposium rP5o0.A'd to fukitpir t: i utroduction of appilec

microbiological research into practice.

After the congress the members of the Soviet gruup visited th

Institute of Microbiology of the Agricuitural College at Uppsala,

of which Nilsson is the head. He and his co-workers (Rydin et al

are studying the process of sIlaging. The basic results of this

work have already been given.

Considerable work is also being conducted there in the field

of biologtcal nitrogen. Fahraeus is conducting Lai interesting st

on the mechanism of root hair tuoer infection by bacteria.

The institute is preparing for the practical application of

nitrogen (alfalfa, clover and other cultures) and It is also cal-

culatirn the effectivity of these preparations. rests over many

years have shown that in most cases 'nitrogen notic•,ably lncrea:ea

the productivity of leguminous crops. They also have tested the

preparation "azotobacterin." On the soil of Sweden it proved to

ineffective.
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:37TRI BUTION LIST

DEPARTKXDT OF DUEiSE Nr. Copi.e MAJOR AIR OMOANIDS Nr. CA

DD. 20
AFSC

SCFDD
TDBDP

TBL
TDGS

HEADQUARTERS USAY A•wL ('.LF)
AMD ( AMVI)
A2'GG (PGF)

ARL (ARB) i ASD (ASFA)
AFC" 1N- ESD (LSY)

SoD (ssFI)

OTUR AGENCIES

AEC 2
ARMY (FSTC) 3
ATD 2
CIA a
DIA 4
NAFFEC

NASA (ATSS-T) 1
NAVY 3
NSA 6
OAR I
OTS 2

Pws 1
PGE (Steonsen) 1

F.AND!
AF•CR (CRXLR)1
FAA (Med Lib) 1
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