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THE DYNAMICS OF BLOOD CIRTULATION PARAMETERS
OF THE CEREBRAL VASCULAR SYSTEM
DURING LONGITUDINAL GRAVITATIONAL LOADS

Yu. Ye. Mnskalenko, 0. G. Gazenkn, A, A. Shurubura,

1. 1. Kas'yar, O, 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 aystems of man and animals. On the basis of available in-
direct data it 18 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 flow. 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 fleld.
This is undoubtedly caused by method ical difficulties in studying
cerebral blcod circulation even under normal conditions not to men-

tion the complications caused by the characteristics of an experiment
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in changing gravitatlivial lilelds,

In recent years we have developed methods for studying cerebral
blood circulation during the effect of overloading (Moskalenko, et al.,
1962; Moskalenko, 1962), as a result of which corresponding methods
were developed, The first stagea in inveatigating changes in the
£111ing of cerebral cavity with bluod during mauximum loads of + 1 g
{Muakalenku, et al,, 1963) convinced us that the cerebral vascular
system posseses a very nign(aenaitivity the redistrilbutlion of
blood in the organism which is caused by longitudinal gravitational
luads,

In connection with this we extended the investigations in the
direction of atudying the peculiarities of the dynamiga of blood cir-
culation parameters in the cerebral cavity under longitudinal gravi-
tational loads, paying particular attention to elucidating compensa-
tuory possibilities in this part of the cardiovascular syatem, to.
differentiating phenomena of a passive mechanical nature from active
rreactions of cerebral vessels and to eluclidating several factors which
basically under.iy the reactlions of cerebral vessels to gravitational

efr'tects.

Me thods

Sufricient informsatiun on the condition of the cerebral vascular
system dvrirg certain effecta, particularly during gravitational
loads, can be obtained by means of simultaneous recording .. of sev-
eral circulation parameters. Takling into account current method i-
cul pussibilities and the peoculiarities of the experiment during the
study of gravitatiovnal effects, we chose for recordin two  c¢ircu-

lation parameters : the change of volume of blood within the cerebral
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cavity; the change in preassure at various pnints within the cerebrai
cavity.

A8 we have shown earlier (Moskalenkn, 10A3), thene two parameters
during experimental conditions, which exclude terminal conditions,
give sufficient information to make it pnsaible to Judge the condl-
tion of the cerebral vessels,

Te record changes in the £i11ing of the cerebral cavity witn
blood, we used the electroplethysmograph method. In distinction from
the electroplethysmOgraph'which we had used earlier (Moskalenko, et al.,
1962, 1963) the present investigations were conducted with an arrange-
ment in the outlet block nf which was applied a circular phase-
sensitive detector circuit (Fig. 1,a)(the electrical circuits of the
generator and amplifier, not shown in Pig, 1, differed little from the
circuits which we described earlier). Application of the phase-
gensitive detector made it pnssible to eliminate the basic short-
coming of highly sensitive electroplethysmographs with a bridge circult
of the 1nomt attachment — the non-linear dependznce between changes
in electrical conductivity of the investigated object and the current
at the output of the instrument near the balance point of the bridge
(Fig. 1,b). 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. 1,b),

We recorded cerebral pressure by means of tensoelectric manome-
ters, Tensometer wires with a base of 15 or 10 mm were glued to a
celluloid membrane of 20 mm diameter which was the reason for the
cone-shaped manometer housing which, at the apex, transformed into

an insert of 5 mm ritanater which was screwed into the skull of the
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ahluml, Hdush a8 ropm of Lhe Lunest waviLy of the manometet made Lt
pusaible to extinguish the piuvssure wave reflected from the menmbrane;
this reduced distortion while irecording pulse fluctuations,

The inner cavity of the munoumeter, filled with a physlologtea’
sulutlon, wuas connected through a slit in the dura mater with ‘he
suburachnold space of the brain, Munumeters were switched 1n to a
standard tensoelectric device, type UTS-1-vr-1g,

To get some idea of tﬁé reasouns causing reactions g the cerebral
vessels in response to gravitatiovnal loads, together with simn'tane-
ous reoording of the two circulation parameters mentlioned above,
In several experiments we looked for changes In the general arterial
pressure, 1n the torce of respiratory movements of the animal! and
oxygen tension in the brain tissue and alsov changes in the pressure
dynamica within the spina! curd cavity, Recording of arteriul
pressure, pressure in the spinal cord cavitlies and resplratory move=-
ments was accomplished by means ol tensumeters, Oxygen atress was
recorded by the vularugraphic methud o a devlce suggeated by Ye, A,
Kuvilenko (1962),

The processes which we studled were yhu;rdcd un a K 12 21
oscillugraph {recorded un photographic paper 10 cm wide), Al) of
the separate blucks were mounted into a aingle device, the scheme
of which 18 shuwn in Fig, 2. Pressure sensling devices aund electrudes
in an vrganic gluss muunting were screwed into apertures of 5 mm
dlameter which were trepanned in the skull and spine. The sensing
device for resplratury movements (RM) was mounted on a stand tu which
the animal was fastened, and the sensing device for arterial pressure
(A¥) was cunnected with a cunnhula which was inscrted in the femoral

artery. 'The scheme ol' the distribution of sensing devices and

o




ele~nrodes is shown in Fig. 3.

Experiments conducted on dngs, cats, rabbits, and rats under a

gensral uretharefl g nerl kg of welght) intraperitoneal narcosis. In

all, 64 experiments were conducted, in each of which the animal wan

pub | 1ecd ]

to 15-20 separate tests on a rotating stand which mo-dz it

possible to create longitudinal gravitational loads up to + 1 g, and

several experiments were conducted on a centrifuge which created ac-

celeration up to 10 g.
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Hepults Obtained

beture us, first of all, stood the task of elucidating tLhe gen-
eral pultern of changes in the intrucranial c¢lirculation system under
gravitatlional loads and Lo establish acceleration mugnitudes, during
which 1t followed to vtudy tn detall the dynamics of the circulation
parameters of the cerebral vascular system,

with this aim, we conducted a series of experiments on dogs, in
whnich we recorded the intracranial electroplethysmugraph (EPQ)
during circulation in a centrifuge during a gradual (in the course
of 2 minutes) increase in the number of revolutions from zero to
quantities which creéted an overload of nearly 10 g, At the begin-
ning of clrculation, the level of the intracranial EPG differed
little from the original but later deviated significantly and then
remalined fixed during further increase in the overload. In other
words, at the begluning of circulation we observed reactions trom
the glde of the 1ntracranlal vessels which prevent excess tiiling or
destructlon of the cerebral cavity, but during an increase in the
number ol revolutions the volumetric reserves ol the cerebral cavity
are exhausted which 1s evidenced by the stabilization of the EFG
level during further increase in the gravitational load., The load
quantities under whici these pheuumeng are observed are shown 1in
Table 1,

From Table 1 we can cunclude that detalled atudy of the dynumics
or circulation parameters of the cerebral vascular system 1s most
expedient to conduct during longlitudinal gravitational loads from
0.2 to 2,0 g. Actually, at the beginning of thesv limits there lies
a Lhreshuld of cercbral vascular sensitivity to longltudinal gravita-

tiona)  louads; dt the average loads, actlive reactions are obscrved




from the brain vessels and during acceleratinng lying close to the
upper limit, phenomena arise which show that the volumetric reserves
of the intracranial cavity system are already exhausted.

Proceeding from these data, in further series of experiments we
applied gravitational loads lying within the indicated l1imits., To
assure accuracy in apportioning the reaction and to simplify analysis
of the results obtained, 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 10-30 sec.

TABLE 1

Change 1n level of intracranial EPG under gradually increasing rravi-
tatlonal loads

Direction of Beginning of Stabillzation

acceleration fluctuations of level 1n
in level of intracranial
intracranial EPG, g units
EPG, g units

Head - feet 0.3-0.4 1.0-1.5

A. Changes in Level of the_BQCOrdeg ggantitles

The experiments which we conducted showed that the levels of
intracranial pressure, of pressures in the iachemic and cervi:l regions

of the spinal column and the intercavial the EPG changed substantially

-7~
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auirlig posibive aid hedonbive dravitnbiotal 1oads (Pig, ¥), Chauges
in intracranial pressure and pressure in the cervical and lumbar
reglon. of the spinal column, proportional to the amount of load
(Table 2), occur immedlalely after the beginn!iy, of the reaction and
further, durling the rea* of the time they remain constant in the

ma Jority of experiments, In suome cases, eapeclally during loads
cauning outflow of bluud from the brain, durling the reaction some
normallzation of the 1ntraéran1al pressure level and a pressure in- -
crease in the lumbar region of the spinal c¢olumn 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 resioration of the
intracranial pressure level frequently occurs through a phase of a
short-lived pressure increase lasting 5-15 sec.

Changes 1n the intracranial EPO level were similar in the majority
of cases to the changes which we obtained earlier in experiments with
rats (Moskalenku, et al., 1963),

However, in cats and dogs the intracranial EPQ countains a number

of peculilarities which are more nuticeable 1in these animals,

TABLE 2

Change 1n pressures of various regions of the cercbral spinal cavity
during lungitudinal gravicatlonal loads

Magnitude Magnitude of pressure change
of' load, ' (cm water column)
g ounlts
Inalde In the cervical In the lumbar
Lthe region of the reglon of the
cranium 3pinal cord spinal cord
u,2 0.5%-1.,5 - 0.8-2.0
0,0 2.0-5.0 0,1-0.5 2.0-4.0
1.0 5.0-5L.0 U,5-1.0 h.0-7.0
-8-
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1. Under loads on the order of 1 g causing outflow of blood
from the head, in many cases we observed a reactlion oppnsite to that
which occurred in experiments with rats, and in particulariy, the
amount of blood filling the brain increased. S8Such a reaction is
observed only when definite load magnitudes are reached, In these
sﬁme animals at loads on the order of 0.2-0.3 g the direction of
change in the intracranial EPG level coincides with the curves which
we observed earlier, and indicates a decrease in blood filling of the
intracranial cavity. Beéinning with a 1load of 0.4 g, there appears
a clearly expressed physiological component of the reaccion which
normalizes the intracranial EPG level within 5-8 seconds after the
beginning of the reaction. Upon further increase of the ‘1oad this
active reaction increases, and already at loads on the order of 1 g
a reverse reaction is observed which 1s caused not by the mechanical
displacement of the blood column but by the physinlogical component
(Fig. 5).

2. At times we observed changes in the intracranial 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 EPG level to indices of active physiological
reactions, although several authors (Mchedlishvili, 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 displacementsa
of brain mass resulting from gravitational forces which show up in
Jump-type changes 1in electrical conductivity between electrodes.

Such an assumption 18 not unrealistic in as much as the possibil-

ity of displacements in brain mass resulting from gravitational forces
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18 shown in the work of Adey, et Al. (ivol1); A. 1. Nauumenko, et al.,
(1962) propose thét small displacements of brain mass are observed
constantly, facilitating the transfer of the pulse wave within the
cranium,

3. In many experiments, the beginning moment during actions
causing the influx of blood to the head, and upon cessation of ac-
tiuna in the case of outflow of bloud from the head, the fiiling of
bluod in the cerebral caviky decreapges sharply for several seconds
(Fig. 7). A similar decrease in blood filling reminds one, by
appearance, of a momentary spasm of the brain vessels caused during
a change 1in longitudinal gravitational load. It is possible that
the phenomenon 18 baslically caused by the emergence of ischemic
anoxia in the brain during longitudinal overloads, the symptoms of
which were observed during such reactlions by the subjects of
Rossanigo and Melneri (1961), 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 r'irat reaction in a given experiment the sign of the intracranial
EPG level doves not return to the original upon cessation of the reac-
tion but occuplies 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 s8ign, the intracranial EPG level
rapidly returns to normal, This fact can be explained 1if 1t is
assumed that under normal conditions, the volume of blood in the
cerebrul cavity of animals is not some surt of constant quantity but
can f'luctuate within certain limits; but during the change in ti.
level of bluod f£11ling in the cerebral cavity elther above or below

these Llmits, active or pussive compensitory mechanisms tend to bring
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- the volume of blood in the cerebral cavity back to the original limite,
; In favor of such an assumption are the results of Geigel's hydro-
E dynamic calculations (1905) which show that during small changes in
i 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 EPG level during
longitudinal gravitational loads from 0.2 to 1.5 g on various types
of experimental animals (rats, rabbits, cats, and dogs) it is possible
to notice that cats, and'eapecially 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). Rabbita react in &
special way to longitudinal 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 longitudival gravitational loads
the vertical plane which arise when the body position 1is changed 1in
are approximately the same, then it can be assumed that differences
in thresholds of sensitivity to overloads for these types of animals
are caused by unequal development of thelr central nervous systems,
Peculiarities of rabbits' reactions’to longitudinal gravitational
loads and also several experiments which we conducted on rates, vhich for

3 month are found under conditions of limited mobility,
make ., 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

-11-
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supposition is confirmed by a larinn of experiments in which we
recorded - the dynamics of intracranial EFG level under loads placed
almultaneously upon two rats, one of which was acclimatized to hy-
poxia and the othé; was the control subject (Pig. 9). It 18 evident
from this figure that under i1dentical loads (0.8 g) a change 1in in-
tracranial EPG in the control animal indicates an active physiologl-
chl reaction, but in the acclimatized animal the stimulus still does
not attain threshold valué.

However, we are still not assuming that there 18 sufficient fac-
tual material to warrant convincing confirmation of our assumptions;
8t1l1]l neceasary are detalled comparative physiological investiga-
tions of the peculiarities of intracranial EPQ@ and qther indicesa in
various types of animals which differ by level of development of

thelr central nervous systemsa and their ecologles,

pressure (2), pressures in the
cervical (3) and lumbar (%) regilons
of the apinal cord and intracranlial
EPG (5) of cats under positive (A)
and negative (B) 1oruélt;udinal gravi-
tational loads of 0,0 to 1 uniL of
action, lodexof tlme 1s 1 seo,

Pilg, &, §h§ugc= in intracraanial
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Flg. 5. Changes in level of
intracranial EPG of a cat un-
der several lincreasing gravi-
tational loads,

Time index is 1 sec,

Fig. 7. Short duration de-
crease In blood f1illlng of
the cercbral cavity during
Influx of blood to the head
(EPG 18 the curves). 1- in-
dex of time 18 1 sec; 2- in-
dex of actlion, A- negative
acceleration; B- positive
acceleration,

flg. 0. Jump-1ike change in
level of intracranial level
of EPQ (lz and intracranial
pressure (2).

Time index 1s 1 sec.

Fig. 8. Dynamics of the level
of intracranlal EPG durlng Lhe
firgst action in the given ex-

periment. Index of tlime 1s 1

sec, 1- index of time; 2- in-
dex of action,
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Fig. Y. Dynamics of the level of
intracranial EPG in a controlled
rat (3) and rats conditioned to
hypoxia (2) in response to identi-
cal (0.8 g) action. 1- respiratory
movementa of the controlled animal
Index of time — 1 sec

TABLE )

Change in thresholds of sensitivity and disturbances of regulation

in intracranial blood circulation in different types of animals as

& function of the development of thz central nervous system (CNS)
and ecolczy

Type of animal Thresho.d of Threshold of disturb-
sensitivicy ances 1n the regula-
of the 4ralin tion of intracranial
vessels, in blood circulation,

g units 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-

ditions of hypoxia 0,8-1.0 > 1.0

Held under con-
dicvions of limited

mobllity o.a-o.h 0.6-0.8
cuty 0.%-0.0 o.8 -> 1,0
Dogs V,5-0.5 1.0-1.5%
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B. Periodic Fluctuations

The dynamics of the level of intracranial pressure and blood
£111ing of the cerevral 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 relation to the dynamics of the pressure level, in the
intracranial EPG are observed more significant changes than on the
curve of intracranial pressure. Thus for example, in Pig. 10a, 1t
is obvious that within 5-10 sec after the beginning of the action
on the intracranial EPG 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 amplitude of re-
spiratory waves, both of the intracranial EPG 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 remailned 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 EPG (Fig. 10b).
Possibly thie incongruity in amplitade of the respiratory waves with
tpe respiratory movements was caused by the fact that except for
cﬁangea in conditions of venous blood from the skull during respira-
gion, there also occur active changes in the tone of the intracranial
vessels, as was shown in the work of K. Sh Nadareyshvili (1962).
fn other respects, the general plcture of change in the amplitude of

-15-




PERULPALUPY WaYPA 4N AL typus nf‘vapcrimmnbui musimale domg not
differ from the phenomena which were described by ua earlier in
studying the peculiarities of intracruulal EPG in rats (Moskaleuko,
et al,, 1903),

Flg. 10, a, b -~ Dynamics of the level
and respiratory waves of intracranial
EPG (1) respiratory movements of an ani-
mal EQ; and intracrania! proessare (3)
under longttudinal gravitatlonal loads.
Index of Lime — 1 se¢

-10-




Substantial changes under gravitational loads are nbaerved {in
: the amplitude of pulse waves., Thus, in Fig. 9a 1t is apparenl that
within 10-15 sec after the beginning cf the reaction, the amplitude
of pulse waves of the intracranial EPG Increases by 5-8 times,
Pulae fluctuations in 'ntracranial pressure also increase.

However, a2 complete interrelationship between changes ln ampil-
tude of pulse waves of the intracranial EPG and in intracranial pres-
sure is not observed.

It should be noted that we were not able to reginster any kind
of dynamics in pulse pressure waves in the lumbar and cervical
regions of the splnal cord in elther cats or dogs, 1n as much as the
pulae waves on the curves we obtained were very poorly shown.

Changes in amplitude of pulse waves of the intracranial EPG
and of intracranial pressure during longitudinal gravitational loads
are accompanied by substantial changes in their form (Fig. 11).

This showed up especially clearly during reactions accompanying 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 clrculatory parameters of the cerebral cavity cin
be caused by several reasons., Passive changes in blood filling of
the cerebral cavity and in intracranlial pressure are possibly t.e
result of dlsproportionatdon of blood in the organism. Besides,
under the influence of longitudinal gravitational loads 1t 1s possiu’e
to observe the dilsproportlionantion between the liquid phases which fill
the cerebral and spinal cord cavitlies with blood and spinal fluid.

Active changes can occur in the tone of the cerebral vascular

system which are reactlions of the intracranial vessels to changes

-17-
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In blooud 111ling which are caused Ly Lhe effect of a luongltuwdinal
gravitational load,
For the characteristics of pas-
sive changes in the circulation

parametersg of the cerebral cavity,

. —— - we, a8 1n earlier experlments, elu-
N A g g ¥
: cldated by calculsations the qualita-
A , ’ tive flunctions in the change of
B R e U o o VL P
'Aﬁ,,/ . thelr level. In as much as our
’“/‘QﬁymﬁbﬁubMAﬁﬂ earlier calculations furnished an

analydsls of the passive change in

B . )
\NPxJ”&J’\JﬂNHw\/ blood fililing of the cerebral
vafﬂ%07vwﬁWVw45N®V cavity, in the present work we
' tried to eluclidate the nature of

passive change in the ievel of

C

ApA ¥ ’

}(:}Mf;wm\j}ﬁkw‘ intracranial pressure and the dy-
SV V

pammlics of 1us perlodic components

Fig. 11, Pulsge and resplra- under longitudinal gravitational
tory waves of intracranial EPQ

4) and tntracranial pressure loads,

) in norm (A), under negatlve

B) and positive (C) lounglitudin- In calculating, we proceeded

21 gravitairional load of 1 4.
1- index of time, 1 sec; 2- re- 'rom the model which reflects the
splratury movementy
following pecullarities of the
Intracranlial c¢irculatory system
a, Changes in blood volume in the
cercbral cavity result tfrom dis-
placement of cerebral spinal liquid
in the spinal cord cavity, b, Displacements ol' cerebral spinal

liquid 1n the spinal cord cavity occur through an opening of l'mited
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- 8ize as characterizedby parameter A. c¢. The arterial and venous
: syatems of the brain posses definite coefficients of elasticity

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

@& displacement of cerebral spinal 1liquid during an increase in the

volume of blood in the cerebral cavityposses some elasticity % P

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

*

filled 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 elasticlity of the cerebral cavity, the counter forward
motions of the cerebral spinal liquid between the braln and spinal
column cavities, and the elastic properties of the spinal sac were
shown in the classical investigations on intracranial blood circula-
tion (Becher, 1G62; Ewig, Lulies, 1924; Hurthle, 1927; Sepp, 1928;
Bowsher, 1958 and others).

The last condition (e) leads to the result that we are not
viewing capilliaries as the agent of interaction between arterlial
and venong volumes, Such a simplification of the model is Justil-
fied by the fact that the rapidly flowing processes which we are
examining in the cerebral cavity result from the direct interaction
of the arterlal and venou:: systema of the brain, bypassing the
caplllary canal (Naumenko, et al., 1962, and others). It should
be noted that the model which we acecepted is8 a simplified scheme
of the extremely complex architecture of the vascular system of the
brain which makes 1t possible to analyze qualitatively only the
gseparate 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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differcatial equaLions was eompoeéd, the sglution of which, with
respect to the amount of change in intracranial pressurs Aplnc’

takes the form;

'
v -t \ () P Ny
SApe - a, ! a, [“” be _§“ }

(1)

A A
(Bn ’a“ :;b' H (!‘--B-t- a.c).

4

vwhere f£(t) 1a a function depending upon changes during pressures

in the artarial Apa(t) and venous Apb(t) systems,

Fity = a,Bp, (1) -i- andpu ().

Considering that a change in blood pressure during longitudinal

gravitational loads occurs Jjump-like or

i<ty j0r<o (2
AP- I“ ’b“ F.—l\b‘;"o' )
we obtlaln
du tab 8
A — .. L LI S . N
ne a4 a, L 3 W= ):'. (3)

Equation (3) shows that during sharp changes in a longitudinal
gravitational load, intracranlial pressure must change quickly, but
after this the level of intracranial pressure 1s gradually partially
re-established. A similar picture of the change in intracranlal

pressure was observed 1n an experiment; in all of the trials, the
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itracranial pressure, in distinction from intracranial EPG, changed
ry sharply but then somewhat returned to normal. Consequently,
ie can conclude that during longitudinal gravitational loads, the
‘namics of the level of cerebral saspinal liquid pressure reflects
passlvely mechanical side of intracranial hemo-dynamics. Com-
wring equations (3) with the results of computations which we did
iwriler showa that there 1s no parallel between changes in blood
.11ing of the cerebral cavity and changes in intracranlal pressure
iring rapidly evolving brocesses. These two processes are con-
icted with the complicated dependence which, during Jjump-1ike
1anges 1in blood pressure changes into a ratio of the two exponents,
> 18 interesting to note that the assumption of the presence of a
imilar connection based on experimental data was advanced by
:brazzini, (1940) and Ryder, et al,, (1950).

Having assumed in equation (1) that a change in Apa occurs by
periodic law, it 18 possible to trace the relationship between
1¢ form of arterial pressure pulse wave and the form of intra-
*anlial pressure wave whizh it causes,

Assuming that

Ap, - DCacosnal L),

1ere Cn. . and o, are respectively the amplitude, frequency and
1ase of the M-th harmonic of the pdlse wave.

Equation (1) in this instance assumes the form:

8Py~ 33 An€os (il 400 ¢ Wik (%)

Prom this 1t is apparent that the transformation of pulse

luctuations in arterial pressure to pulse fluctuations in cerebral
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apinal liquid pressw'e 1s acoompanied by the appearance of an ad-
ditional phase ahirt ¥, for each primary harmonic. This leads to
distortion of the initial form of pulae fluctuations,

The fact that the form of the pulse wave of intracranial pres-
sure 1s signiflcantly 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 Filg, 11, So this consequence of
Eq. (%) haa factual founda%ion. However, it should be noted that
some authors (Becher, 1922; Hurthle, 1924; Bering, 1955 and others)
have explained such a complicatlion 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 sp;nal cord., We
shall not bring intc the diacuassion 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
obtalned showing an insigniticant quantity of pulse waves in the
lumbar reglon of the spinal cord also rall to support this assump-
tion,

In as much as Eq. (1) 1s linear with respect to Ap, and Ap,,
then it 18 possible to view the reactioii 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) 6Py, @8 the sum
of' the separate components of the reaction. It follows from this
that under various conditions of blood preasure, changes in the ampli-
tude and l'orm of the pulse wave of latracranial pressure will not be

vbderved, And actually, as 1a apparent in Flg, 11, the form of pulse

Do,




ave of intracranlal 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
ausing outflow of blood frcm the head, the form of pulse waves of
ntracranial pressure changes substantially. On the baris of data
n the dynamics of intracranial EPG level which show that the tone
f braln 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 of intracranial pressuve.

This finds confirmation in formula (%). Additional phase shift
n depends upon the characteristics of vessel elasticity so that
uring an increase in arterial elasticity (aa inereasing), the phase
hift decreases. Thus, a distortion of the pulse wave according to
he form in pulse fluctuaticns of intracranial pressure decreases.
onsequently, the form of pulse waves of intracranial pressure
hanges but pulsation amplitude increases. 1In Fig. 11 it is apparent
hat pulse waves of intracranial pressure undergo just such changes
uring gravitational loads causing the outflow of blood from the
ead,

By similar conslderations, assuming that under gravitational
oads conditlions of the outflow of cerebral spinal 1iquid into the
pinal cavity are changing, it 1s possible to show that during a
osltive 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:
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1, The general l'orm of ohnngnu in level of latragsranial pres.
sure and amplitude of reapiratory waves (arising at once after the
beginning of the reaction and remaining thus until its end) reflects
the pecularitles of the cerebral cavity atructure and 1is not connected
with any kind of phenomena of active physiological reactions of the
braln vessels.

2., Changes in form and amplitude of pulse fluctuations of
lntracranlal preassure teaélfy to the change in tone of the intracrani-
al vessels. A change in the amplitude of respiratory wavea durilng
the course of the actiun several seconds after its inceptlion also
1ndicates active physiological reactions.

5. Compiling the results of the above computations with com-
putations which we did earlier (Moskalenko, et al., 1963) and with
experimental results, it is posslble Lo conclude that the passive
mechanical factor plays & substantial role in the dynamics of cir-
culation parameters of the vascular system of the brain, but a num-
ber of peculliarities 1n these dynamics testifies to the active re-
actions of the vascular system of the brain.

The dynamics of Lhe level of intracranial presaure and especially
intracranial EPG during longltudinal gravitational loads observed in
the experiment lndicaie the exlstence of active physlological reactions
of the brain vessels which, as was shown by us earlier (Moskalenko,
et al., 1903) are specific tor the system of intracranial blood cir-
culation, Proceedinyg t'rom current concepts of the mechanlisms of brain
blood circulation regulation (Blinova, Marshak, 1963; Klosovskiy,
196%; Mchedlishvill, 1963; Lassen, 1953; Sokoloff and Kety, 1960;
Shenkin, 1961, and others), one can conclude that during dispropor-

tionation of blood in the organism under the influence of gravitational
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forces, active reactions in the system of intracranial circulation
can be caused by several reasons., PFrom them it 1s posslble to ex-
tract the direct influence of changes in arterial pressure upon the
" tone of intracranial vessels (so-called mechaniocal regulation, or
autoregulation), the influence of change irn 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 iisposal
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 reapect to the possible role of the first two of these
mechanisms,

The dependence of brain vessel

tone upon changes in arterial pres-

. - sure 1s determined by the fact that
\ ’ ' the smooth muscles of the vessel
St G °
ﬁ

ﬁum v ihong
I walls react to an increase in intra-

cranial pressure by constricting

\ﬁ&hhm\

\*‘ W AT
g T T (Folkow, 1953; Levy, 1958; Zurav,
—_— Karmer, 1959, and others). Thils

phenomena also assures autoregula-

gigﬁiiﬁ.EPgh?nﬁesiagrigﬁgﬁial tion of intracranial blood circula-
(2) and arterial (3) pressures
under a longitudinal gravita- tion during changes in general

0. .
tional load of 0.8 g arterial pressure, To elucidate

the posslble role of autoregulation
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wit Intkpavpani el viroulation during loingivudina! gravitational loada,

we regulated in several experiments changes iu general arteriu' pres-
sure (Fig. 12) ovimulianeously with iniracranial EPG, 1n the majurity
of cases we found that the general arterial pressure changes not more
than by 5-8%. The quantities which we obtained agree with the data
of Lindberg, et al, (1960) with respect to changes in aortic pres-
sure longltudinal loads.

However, it 1is poaslﬁie to conalder that the amounts of change
in arterlial pressure can be more significant in some cases as a
regult of changes 1n heart actlivity which occur during longitudinal
loads, Thus, for example, in separate trials at loads of nearly 1 g
causing the outflow of blood from the head, we obaegved the emergence
of an alternating rhythm or heart contractions, Changes 1ln heart
aciivity during longitudinal loads of nearly 1 g as a result of a
change in the tone of the sympathetic reglon were noticed in the
investigations of Lamb and Roman (1901).

One can agsume from this that some normalization in the level
of intracranial EPG observed in many experiments for several seconds
atrter the beginnliy of tiie action, occurs due to autoregulation of
the tone of brain vessels resulting from changes in general arterial
pressure,

However, the fluctuations in arterial pressure observed in the
majority of experiments were all small, Therefore, to confirm thls
agsumplion it 1s nucedsary to obtaln additional inf'ormation on the
threshold of braln vessel sensitivity to changes in arterlial pressure,

In &)l probability, one of the phenomena of autoregulation of
braln vessels 13 alsue the short duration spasmg ol brala vessels

during the inflow of blood to the head, However, the fact 1s
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significant that in this case the curve for the change in intracrani-
al EPG level by appéarance reminds one nf the funcrtion which is de-
rived from the curve for change in intracranial presasure, In spite
of the fact that this indicates the pasalve mochaniral nature of
such spasms, it is nevertheless posaible to aasume that they have
some physiological activity, B8ince on the one hand, 1t 1s 4dif-
ficult to imagine a mechanical model of such a phenomrnom, and on

the other hand there is data (Blinova, Marshak, 1963) showning that
there exists a dependence between changes in tone of the vascular
wall and the sharpness in growth of intravascular pressure. Beaides,
we noticed in a number of experiments that these spasms are arcompanied
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 autoreguia-
tion of the tone of the intracranial vessels 1s one of the reasons
for active physiological reactions in the vascular system of the
brain during longitudinal gravitational loads,

Along with changes in general arterial pressure under longitudin-
al gravitational loads, significant changes are cobserved in the per-
fusicn pressure of blood in the brain, since .the disproportionation
of the blood in the organism causes substantial changes in venous
pressure (Henry, et al, 1951, and others). Changes in blood f1lling
- 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 COpz which would
cause active changes in the tone of the intracranial veasels, because
the vasodilative action of COz 18 well known,

To elucidate the role of this factor in the active changes which

-27-



wWu uvbserved in Lilvud 11130 of Lhe cerebitunl cuvity during longle

tudinal gravitational loads, we simultaneously with the intracranial

EPG and intracranial pressure, recorded 1in several experiments the

dynamica of oxygen tension in the fibers of the brain. As a rule,

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

tension in the brain fibers decreases somewhat, but after 4-8 sec

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

oxygen tension in the brain tissues remains somewhat decreased dur-

ing the whole experiment,

Fig. 1>5. Dynamics of intra-
cranial EPG (1), intracranial
pressure (2) and oxygen ten-
slon (») under a longitudinal
gravitational load; 4- respi-
ratory movementa

Obviously, during short-term
longitudinal gravitational loads
we uscarcely observgd the active
reactions of the brain vessels
which are caused by changes in ten-
slon of gases in the brain tissues,
because these reactions arise, as
a rule, after the level of oxygen
tenslion in ihe Lrain tilssue returns
to normal, However, during more
prolonged actliona at & magnitude of
nearly 1 g, for 15-20 sec after
their beginning in some experiments,
there suddenly bhegins a aigniricant
(sometimes in the form of several
waves) increase in blood f11ling or

the cerebral cavity. As a rule,

this increase in bluod £1lling of the cercbral cavity 1a accompanied

by a sharp intensitication of pulse and respiratory waves in the
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intracranial EPGQ.

These facts are difficult to explain by appearances of auto-
regulation of the brain vessels, all the more so because the polaro-
gram registered 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 fluctuations. Most 1ikely, with an
increase in the duration of the action there occuras an accumulation
of CO2 in the brain tissue which causea 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
indfcate the switching in of a chemical mechanism which regulates

intracranial 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 phena;ena of a passive mechanical
nature and by active changes in the tone of the intracranlal 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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and alga, in all persbability, upon the develupment of the central

nervoual system,

3. ‘The data obtained show that under longitudinal gravitatlion-

al loads, organs ol the central nervous system fu :tion under con-

ditions of insuftlclicent blood supply which cause. definite compensi-

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

reactions ot an sutomechanical and chemical nature.
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EMOTIONAL STRESS OF COSMONAUTS DURING SPACE FLIGHTS

V. I. Yazdovskiy, G. 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 sclentists received voluminous valuable sclentific
data on the effect of a complex of space factors on the human organ-
ism. A careful analyais of the material obtained will enable fur-

ther development of the methods of selecting and preparing cosmonaul.

5]

for new f}ighta.

This work analyzes the neuropsychological stress which arises in
cosmonauts before launch, in different flight periods, and alaso un-
der the effect of acceleration on earth.

As a test to determine the functional state of the organiam we
measured the pulse rate, As 1s known, the frequency of heart con-
tractions is an integral index which characterizes the reaction of
the organism to the effect of various factors ‘ncluding 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




vbasurved, The degree ul' these changes depends directly on .he magni-
tude and length of acceleration (Babushkin et al., 1952; K¢ ovuskaya
et al., 1962),

An increase in pulse rate caused by emotional stress can be
observed in parashuting and also before catapulting (Reznikov and
Grayfer, 1937; Povalyaev, 1939; Lukin, 1952; dozulov, 1955; and
others).

Consequently, in our éﬁlnion, 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 18 known, Just before the spaceships were lngnched an increased
heart contraction rateé was observed in the cosmonauts, Table 1 intro-
Qucea data on the changes in pulse rate 8 days (P-0), % hr(P-1) and
5 min (P-2) before launch, It 18 evident that the pulse rale lncrease
was expressed most by Popovich and least by Titov, In the perilod
immediately before launch the former's bulse rate had increased
101./% compared with what 1t was 8 days before launch, and the lat-
ter's, 554,

Such differences in prelaunch pulse rate increase may be connected
to the dissimilar character of flying assignments, a difference in
training of the cousmonauts and the pecularities of thelr characters
and cther 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 responsaibility of

his task, Lhe r'irst attempt by a man to penetrate cousmic space.



5 TABLE 1

Changes in pulse rate (PR) 4 hr (P-1)

and immediately before launch (P-2)

compared with the results observed 8

days before the flight eoxperiments (P-0)
(average data)

”m m M (PR, & with respret to

¢ ‘e at at at P=0 in the pericd
Ps) P2 = .

r“° Pl | P2
Cagarin 64 ! (X3 108 ! 01,5 | 168,7
e (S|
Wikolasvy ;R i 112 ! 2.5 R
Popevich l 58 | 56 1" | ™5 | 20,7

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 1s 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 Qagarin and Titov
(1engthening and complizating the flight program etc.). Also, in
the prelaunch period Popovich's gre;ter increase of pulse rate (com-
pared with the other cosmonauts) had individual characteristics:

~ easy excitability, an expressed l1abllity from the side of the auto-
i 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

35~

-



At acceleration the pulss rate 153#3;&0 18 mury signirficantly oxe
pressed in persons with a tendency towards bradycardia than in those
with tachycardia (Perlina, 1957; Rozenblat, 1962; and others), Evi-
dently, this alao 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 centrlfugé; showa than in the latter case the stress
was considerably lower, The differences in the pulse rate measure-
ments affirms this, Thus, Jjust before the effect of acceleration
on the centrifuge the pulse rate of moat of the cosmonauts did not
exceed 90 beats a minute. The increase in the heart contraction
rate occurred in the final seconds betore rotation.. Differences 1in
the level of emotionul stress are explained by significant differ-
ences 1in 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
(reriod A) compared with the P-0 and P-2 periodsn?average data)

m MR PR PR imereasse I inorease in | PR insrease in

i = n pariod & withipericod &4 with| period A dus te

the the | peri-|respect te PsOjrespect to F=2 | emotional factor
Cosmenants P=0 P=2 jod A {sgeeleration)

perie perid in abso~ in abeo- in absu=

od od lute mmg] % [lute mag| % |lute mag -,

nitudes initudes nitudes

Cagnrin 84 110 120 50 as 10 ] a6 7
Titov 49 W 112 A3 (1] 5 S5 I8 HY
Nikolusy (1Y) 112 4 119 00 T 7 (T} AN 5o
Popovich | s | 07 )| ez | w7 3 l 3 @ o

Note: P-0 is the data obtailuned 8 days before the riight, P-2
was obtalned directly betore the launch at the % min ready-

ness,
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i Comparing the pulse rate duiring 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
 atress in these periods was suffiociently high. Under the effect of
acceleration the pulse rate increase in all the coamonauts averaged
3-10 beats a minute (3.0-9.0%) compared with the initial state (P-2), & .
 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 malnly determined by emotional stress as is evident
from comparing the pulse rate in this period and eilght days before
launch, Thus, for instance, Qagarin'’s pulse rate during the active
portion on the average increased 88.0% compared with the P-O 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., Juat 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 cocsmonauts
during the active portion of the flight, it must be mentioned that
none of them had a pulse rate highetr than 160 beats per minute. In
the literature there 18 evidence that the upper critical 1imit 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
1imit 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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agilovs wilh Lhe dala esvaluating Lhols seliviiwy, The vusmouau: : Louk
obaervations, maintained radio communications with earth statiouns
and thelr state of health was good. They noticed a certain diffi-
culty in breathing, a squeezing of the chest cage during accelera-
tion and a difficulty in performing motor actu.

During orbital flight, the length of which was different for
each flight experiment, the pulse rate gradually approached the ini-
tial level, the pulse raté recorded eight days before launch. The
rate of normalization was different; for Popovich the initial pulse
rate was attalned 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 significantly during the second half of the day because the
wore responsible portion of the t'light, the period of returning to
earth, waa approaching. For a fully underatandable reason, the
shortness of the flight, Gagarin's pulse was higher than the initial
data for the whole llight.

The data apbout pulse rate normalization 1n the cosmonauts agrees
wich 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
initlal level about three times slower than it did on earth (Chernov
and Yakovlev, 1958; and others). This 1s evidently caused by a
change in the regulation of the cardiovascular system under welight-
lessness.

During the ship's descent a number of unfavorable factors acted

on the cosmonauts: noise, vibration, acceleration etc,, the
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determining effect on the organism was evidently that of accelera-
tion, the magnitude of which was about identical during all the
flight experiments.

Material oconcerning 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

é considerably less during descent; the difference in the pulse rate

: change affirm this., During launching into orbit, due to emotional

; stress the pulse rate increased by 57-104%, during descent 1t 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)

PR | PR PR PR increase in|PR increase in increass in
in in in persod By with|peried & with riod B due to
peri=iperi«| peris respect te respest te 1enal facters
Cosmonairts edC jlod |edB|pariadC _ _ineptod N=K°* [__ __ ___
abeo= in abee» in abse~
Euu % xwuu-4' % |lute %.
87 105 | 107 20 ‘ pi) 2 2 18 l 2t
bt o | 5| 02| 2 | ®| 47 l 23 o | 18,
Popevieh ot 83 | 143 a2 ' 134 % ' 12 i i a2

* (assasleratim)

During descent acceleration exerted a more significant effect

~directly on the cardiovascular system than durling 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

of pulse rate cnanges during descent 1s explained by the large
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magnitudes ol acoeleration and ohierly DeocAuse before the effect of
this factor, the cosmonauts were welghtleas for an extended period,
which substantially decreased their resistance Lo welghtleasness,

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 welghtlessness (Table 3), The shorter the time of orbit-
al flight, the less the héart 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 % and » times longer, had increases of 2% and T2%
respectively.

The more expressed heart contraction rate of Popovich compared
with Nikolaev'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 indlcated below,

During descent the cosmonauts took observations and maintalned
radio communications. According to the words of the coamonauts,
they withatood the acceleration satisfactorlly, 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 lesaer 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,

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

gtion to determining emotional stablility and the typolog!cal proper-

- tles of higher nervous activity, sinoce, all things considered, the
force of the excitation and inhibition processes and their inter-

_relationahlp are the basis of the different physiological) 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 rste
increase was caused mainly by emotional stress, wnile during descent,
by the effect of acceleration. An extended stay under weightliessness
by the cosmonauts before descent is important here; due tc 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., Posslibly, a longer stay under weightlessness might cause
more serious changes, Therefore, we muat devote particular attention
to investigations of the effect of extended weightlessnesa on the

'adaptation properties of the human organism.

CONCIUSIONS

1. The level of emotional stress observed in cosmonauts during
space flight depends on the comple;}ty of the fiight 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
shiftas of the pulse rate. A certain dependence of these shifts on

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

Ye, N. Mishustin and N. D. Ierusalimskly

This symposium on applied microbioclogy 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 Assoclation 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 microblology connccted with
satisfyiné the material needs of mankind and, in particular, those
of the population of economically underdeveloped countries. Beoth
officlal documents and the papers submitted to the first plenary
assemblies concerned this. Nevertheless, there was a definite
btreak between setting up the organizations of the symposium and
maintaining the work of a number of its members, At times the sci-
entiflc 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 probleme of help to
economically lagging countries.

There were representatives from 33 countries among the
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participanta: ‘'/#% from Sweden, #B'rrom the USA, 22 from England,
20 from the POR, 19 from Norway, 16 from Holland, 1i# from Italy,
11 from France, and from 1-7 delegates from the other countries,
In all there were 306 delegates,

The symposlum opened at 3 o'clock on 29 July in the chamber of
the Swedlish parliament. In his opening speech the president of the
symposium, the famous Swedish scientist Tiselius, concentrated on
the aims of the meeting. ‘He emphasized that this meeting, in which
not only acientists but also directors of government institutions
and industrial enterprises were participating, would allow planning
& program of effective research directed towards increasing agri-
cultural and industrial resources and also towards ;mprovlng sani-
tary measures. This 18 particularly important for raising the
proaperity of underdeveloped countrles, Both the international
character of the symposium and the close connection of applled
microblology to many sides of human actlivity must help to fulfill
the plotted task.

He also emphasized that the brilliant accomplishments of con-
temporary physics can overshadow the meaning of bilological research
for moat people, Howevesr, the role of the latter in increasing the
prosperity of nations cannot be valued too highly.

Brouhult (Sweden) delved into stztistical data describing popu-
lation increase and on the tasks before biologista 1in supplying the
material wants of nations, He devoted particular attentlion to
training sclencviiic cadres devoted to solving th.s problem,

The minister of culture of Israel, M. A. Eban, stated that the
aims of science must be humane and directed towards improving the

lives of people. The brilliant achlevements of science in the
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% 20th century include deep contradictions, These achlevements have

., led to conquests over diseases and to & population increase but

E 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 ldeas is
Just as inconceivable as politics disregarding the achlevements of
science. There must be an organic connection between them to en-
sure that science develdps in the interest of pecple.

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. Achlieving the latter is tied to the devel-
opment of science and, primarily, to training scientific cadres.
Science cannot be 1isolated in the laboratory. It must be connected
to 1life and 1ts needs.

The exchange of opinions on the basic tasks of the symposium
continued. on July 30, The representative of the Rockefeller

| Foundation, Harrar (USA), touched on the possibility of microbiologil-
cal assistance to the development of young countries in medicine,
agriculture and industry. He noted the role of science 1in the strug-
gle against disease, in supplying and processing foodstuffs for man
and animals, in obtaining biologically valuable compounds and also
in regulating soll processes., He emphasized the ever increasing
role of microblology for mankind.

Borgstrom, the director of the nutrition laboratory at Michigan
University (USA), reported on the problem of satisfying the needs

of the eartn's growing population., He emphasized that today's
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needs must not be the enly basis ér ueing nature, It is erronsous

to examine the aatisfying of current requirements withoug calcula-

ting the possible conaequences of exploiting natural resources,

In particular he emphasized the possibility of the wide usea of the
ocean's riches to solve nutrition problems.

A professor from the University of Ohlc (USA), Birkeland, spoke
about the development of sclence and the progress of humanity. He
noted that our natural reéourcea can be rationally used only on a
sclentific basis,

After hearing the general reports and the exchange c¢f opinions
on them there were several plenary and a considerable number of
sectional meetings, At most of them the discussion concerned the
results of concrete scientific investigations haviné more or less
practical value, At times very specific questlions were discussed,
the sterilization of milk or the hypogeal culturing of morel fungl,
Nevertheleas the basic group of reports was of undoubted interest,

The themes of the plenary sessions were: 1) 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 sectlonal 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) soll microbiology; 5) fermentation
and preservation of organic matter; 6) water microblology; 7) trana-
rormation of hydrocarbons; and 8) engineering work in microbiology.

It 18 clearly evident that in this ehort srticle we canrot glve
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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 ¢nly 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 nuclelc 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 obtalned in con-
troiling 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
transformatlon, transduction and conjugation in mlicrobes. The
speaker spent some time on the workls of the French school (Monod,
Jacob and Wollman), which has created a concept about the structure
of bacterial chromosomes, QGenetic achlievements have great value
for classification work. They have undoubted value for medical
 purposes also since existing methods can change the antigen prop-

erties of microbes,
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A number of reporta were aavaﬁou to the production of proteins
from hydrocarbons, Cheampagnat (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 dlesel
fuel (gas o01l) with the help of aerobic yeast, The cultured blo-
mass can be used as a nutrient protein, The table givea data on
the composition of 10 important amino acids in the two specimens
of protein preparations ogtained in the firm's tests.

The sulfur-containing amino acids are insufficient in the
microbe preparations but they have a surplus of lyaine, leuclne
and threonine, Therefore when they are added to food these prepa-

rations can be sources of the named aminc acids,

TABLE

The composition of amino acids in protein preparations produced
from diesel fuel and thelr optimum ratics 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 h.3
Phenyl-alanine | 7 5.4 2.8
Tyrosine
Tyrosine
Leucine 8.8 7.7 4.8
Isoleucine 3.2 5.0 4,2
Methyonine + cystine 2. 2.4 4 2
Tryptophan 1.2 1.3 1.4
Valine 7. 2.2 4,2
Threonine r.h I .9 2.7

Senee /France) gave an historical survey from whioch it is particu-

larly evident that research into hydrocarbon microbiology in France

was first begun in the laboratories of the British Petroleum Co, but
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é 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., Dehydrogenases (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 Laboratories (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, Mexlico) 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 tremendcusly, 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 welght. The optimum sourée 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 % days the blomass reaches 5-6 g/liter which is
14-23% of the given kerosene. The biomass consisted of 47-52% of
protein and many lipids, 15-26%.




‘The qQueatish of sultuPing hydfoearbons bhought on & lively dis=

cusalon at the meetings of two sections, Besides the delegates,
the prominent microbiologist Poster (USA), a representative of ESS0,
Jevanoff, the director of yeast factories in England, Dowson and
othera took part in the discussion, The aspeakers noted the huge
practical value of these investigations and also the great techinical
and economlical difficulties standing in the way of their realization,
They indlcated the excessfve optimism of Champagnat and that he had
scmewhat underevaluated all these difficulties, The petroleum firms,
British Petroleum Co, and ES30, are first of all busy deparaffina-
ting diesel fuel to increase 1ts quality. The work has been carried
fartheast in that direction, But the problem can algo 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
oxldizing activity of microbes to obtain these or other chemical
substances, All these questions are still far from practical solu-
tion.,

The problem of producing physiclogically active substances was
cousldered at the plenary and one of the sectional conferences,
The representative of the Anglo-Swiss firm C1BA, Wettsteln, devoted
his report to the blosynthesis of pharmacologically active substances
by microorganisms, with particular attention to the productlon of
vitamins Ba and B, 2, lyserglc and O-aminopenicilloic acids, the
transformation of every kind of steroid, and also the synthesis of
tetracycline, rifamycine, cephalosporin, various viral antibiotics
etc, The speaker alsc reported on the blosynthesis of ferrlioxamines,

cyclic polypeptides containing iron among which are both blostimulators

\



and antiblotics,

The report of Chain (Italy) touched on questions connected with
using antibiotics., Having briefly described the history of the work
in antibiotica, he noted that they have revolutionized medicine, At
present up to 700 antibiotic substances have been reported but oniy
a comparatively small number of them are being used in clinical
practice. Nevertheless, a large number of different diseases are
cured by antibiotics. The successes in using antiblotics in medi-
cine prompt the question of their wide use in economically lagging
countriea., 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 medicire but also to animal husbandry.

The Japanese submitted many reports on blologically active sub-
_stances. Most of all we noted the report of Arima from the Insti-
tute of Applied Microbilology (Tokyo). He treated the production or
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, penlcillinase, glucosidase, hyalonidase, lipase,
catalase, keratinase, ribonuclease, deaminase, adenylic acid, naring-
inase, hesperinase, glucoisomerase, 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 Actinomycea and 22% strains (19 genera) of fungl are used
to produce enzymes, It 1a interesting that they are using mucleotides

(as a scent producer) to improve the taste of food products. In
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Crifvata ‘Japan) devsted nls report to the production of isoleucine
Irom otarsonine witn tne help of Zerratia marcescens, By various
methods the author showed that the threonine added to the culture in
a number 5f steps waa converted !nto !soleucine. The glven bacterla
can dehydrogenlze (with the formation of a-ketobutyric acid) not only
natura.l threonine but alsé its optic isomer. The cbtained resulis
are new and interesting in a 3clientific sense, It 1a, however, dif-
ficult to say to what degree such 2 means of producing one amino
acld from another 1s economically Justified.

In his report Tsuanoda (Japan) examined the effect of aeration
on the formation of glutamic, a-ketoglutaric, succinic and lactic
acids by a culture of bacteria (of the genus Brevibacterium), The
oxygen absorpticon rate was determined both by the sulfite 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 establizhed 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 conditions more than 40 g/liter of glutamic acid accumulates in
the culture fluid., Thus, the work 13 not cnly theoretically hut

al30 practically interestling.

Karlstrom (Sweden) rceported on a method of producing bacterial
mutants which can produce amino acids, The method 1s based on
changing the capacity to ayntheslze one or another amino acid and
simultaneously changing the relaticnship of the mutants to cert..n

analogs of that amino acid which have a depressing or stimulating
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The reports of Manes (T2 z

arsd Fobaireoa (HGA) on
steroid transformation resembled survey reports; they contained
abundant factual but not new material.

Probviems of soil microbiclogy were touchea at beth pienary and
sectional meetings. In his report, "The Role of Microbiology in
Agricultural Practice,” havirg described soll as a living systen,
Katznelson (Canada) mainly discussed the Rhizosphere. This is the
theme of his investigations and in the report he offered material
characterizing the microorganisms of the rhizosphere, the effect of
soll 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 fungl. 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 15°,
and for soybean at 30°, Asporogenic dark-colored fungi dominated
on the roots of wheat at the high temperature and at the low tem-
perature, asporogenic fungi with hyaline mycelium,

Z:.r soybean Punycomycetes, Rhizocturia and Gliocladium were richly
established at the high temperature; and PFusarium and Cylindrocarpon
at the Jow. 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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in nis report, "Microorganisms and Fertile 30ils," Ye., N,
Mishuatln noted Lhat the pregent perlod of agriculilural developmen®
{s connected Lo wide chemicalization., However, this dces not take
away from the large rcle of the biglozical facteor in farming. The
high cost of mineral fertiliizers, and in some cases thelir insufflici-
ency makes {t adviseable éo maximally use the forces of nature and
first of all the microbiclogical s#0ll processes which mobilize sub-
stances nutritional to planta,

The value of the biological factor 1s particularly demonstrated
by the example of nitrogen. Even in countries which widely use
mineral nitrogen, less than 25% of égricultural requirements for
this element are suppllied by mineral fertilizers., The activity of
nitrogen-fixing bacteria cover the reast., Symblotic nitrogen fixers
are especlally important for farming but this does not exclude the
wide use of nitrogen-absorbing bacteria living freely,.

He noted the poasible role of microbiological methods in deter-
mining soll requirements for fertilizers, the role of the micro-
biological processes in increasing fertilizer effectivity (mineral
and organic) and rendering the s0il harmless of herbicides and
fungicides, etc,

The role of microorganisms in the treatment of agrotechnical
problems 18 large since treating the so0ll sharply changes the char-
acter of s0il processes and, in the final result, this affects the
size of the harvest.

A number of reports were devoted to the inactivation of herbi-

cides in the soll 1s .etermined by many factors (climate, soll type,

-54~

- . e a  e————— -




Tamrmaymrt Pl e Ve e e aet o E SRV S o Fae R

wioupal &) Toaf whieh 3 BN ta an o cvamble
which are active against higher plante but affect ecli microllnra
reiatively weakiy; simllar herblcldes ~an be decomposed by extreme-
ly different organisms; b) compounds simiiar to nitrc derivitive

of phenol which aliter metabolism and possess consliderablie general
toxicity; they car. be decomposed by a relativel, small group of
microorganisms; c¢) simple aliphatic compounds which are distin-
guished by their stability in the soil; the foliowing order is
given as an example of thelr progressive atability: allyl alcohai
— monochlorascetate » dichlorpropionate » trichlorascetate; d) com-
pounds which are extremely active in nature but weak against soll
microorganisms, simazin is an example; thias phenomenon can probably
be explalned by their weak solubility; e) inorganic compounds, e.g.,
chlorates and aulfonates, which can be transformed by microbes ir
they have organic substances which can donate electrons; without
this they are stable,

There 18 a definite dependence between the stabllity of com-
pounds and thelr structure. Para position of chlorine or the NO,
group favors rapid decomposition. Meta position glves the reverse
effect, Increasing the {1 ¢'7ind L1 vhd zresencc of carhan Increases
the stability of compounds. Replacing oxygen by sulfur in urea and
its derivitives increa:ss ihe stabllity of these compounds,

Wieringa (Holland) devoted his report to decomposition of aro-
matic compounds by microorganiams. From the upper turf he lsolated
a great number of microorganisms capable of decomposing aromatic

compounda. It is particularly easy to decompose toluene, In alil
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he (eoldbed Abevs LBV dulburee whieh decompoae pienol, eresol and
Siiwr arvmalls compowds, 3everal of tnese crganisms form urowno
&iwl Diack bodles of a humlc nature. It 1s assumed Lhal Lree radi-
cals are rormed which can polymerize into stable humic aclds,

In “Microblological Decomposition of Pesticides," Alexander
(184) reported on & similar theme, He noted that the stabllity of
pesticldes depends on thelr chemical nature, He studled the des-
tructicin proceass of a sigz{ificanv serlies of chemical compounds
(phenoxyalkyl-carboxyl acids, chlorophenols, halogenic compounds
of the aromatlc acids, derivitives of triazine, thilocarbamates and
derivitives of benzoic acid), Manometric, spectrophotometric,
tracer and chromatographic (p.per and gas) techniques were used, He
reported methods of transfeorming several of these compounds under
the effect of a0ll microorganisms,

A number of reports given at the session concerned separate
pidea of the 1i1ife of the 301l micro-population., ‘fhus, Furusaca
(Japan) analyzed the bacterial activity in a heterogenic system,
This was done to study the sulfate reductlon process occurring in
very wet solils during summer,

By determining the hydrogenase activity of the s0l11 by Warberg's
method, the s801l's capacity to reduce sulfates can be established
indirectly. The author considers that the hydrogenase actlvity of
the so0il is mainly caused by the bacteria Desulfovibrio, It was
established that sulfate recuction can be depressed and that it
depends on the pH and the concentratliocn of oxygen acceptors, The
actlivity of these factors depends on the presence of 80il particles,
For a more detalled analysis he conducted tests with substrata

containing silico~5.:i and resin particles,
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vhe chemical activity of microbes can change due o the velis being
partlaily covered by Bc.ld hodles, the concentration of hydrogen
ions on the surface of the solids touching the micrcbe ceiils, due
to changes in the physioliagiral function nf the cells under th-
influence of the particles surrounding them, etc,

Thus, the activity of microbes progresses diff-rently in soil
than in a liquid medium.

Rangaswami (India) reported on tests studying the soil of rice
paddies. The tests covered several years and were statistically
procagsed.

It was established that when the rice 1s growing and the soil
flooded, the number of microorganisms decreases, After the rice has
been harvested and the water let cut of the paddy, the microorganiams
begin to multiply rapidly. The optimum moisture content for fungil
and Actinomycetes to reproduce is close to 20% of full water capacity.
Bacteria multiply more actively at #0€ 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 fertlllizers affect the soll microbe population very
little but manure increases the quantity of fungl and bacteria.

The rhizosphere effect of rice 48 in general well known. In the
deeper layers of the soill the rhizosphere is poorer in microorgan-
isms. Also the number of fungl and bacteria relatively increases
in it.

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

questions connected to the possible role of microbiology in raising
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It Yhe African countries, Moo oo Lroopast !l outar, a ctentUtoarn
portion of the terpitlory does nol have «iiei m b ol ure,  Dhe wel-
fare of the populatlon {8 ovrganically o onne. e o ansimt.atlng
these lands, whlch can be done only throueh meancares of an foter-

national nature, The micfobiological propert fes Sf solls which can
be assimilated are poorly detrined and thils situatloun must be clari-
fled. These so0ils must be studled not only by micrublologlsts but
also by other specialists,

This speaker spent some time on methodical questions, He feels
that in soll studieé we muat find out not only the Slze of the
microbe population but also the state of the remalning types and
groups of microorganisms which determ;ine the productivity of the
80il1, Keeping in mind the climatical conditions of the territory,
we should devote particular attention to those microorganisms,
especialily the nitrogen-fixers, which have adapted to drought,

One sectional meeting concerned questions of the bilologlcal fixa-
ticn of atomospheric nitrogen, Chairman Bond (England) reported in
detall mainly on symbiotic fixation of atmospheric nitrogen. Pre-
sently there are up to 190 nonleguminous plants which are capable
of fixing avamuvspneric nitrogen in a symblosis with microorganisms,
Ip t1ll now no one has studlied these plants, but, in the opinton
of the author, they can have a determining value in agriculture,
While most of these planta, belonging to genera Elaegnus, Casuarina,
Alnus, Ceanthus etc,, are trees and bushes, they stilll can be used

in mixed planting or their leaves gathered for feed or compost,
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sltatie altragen {ixeras are not pudidghed and. Lheeelors, e bl moy
apend Lime on tne pnysiaiogt-al queaticns connetted o anaimiiation
of meiecuiar nitrogen,

After Bond's report there was & ilveiy ex~hange of opinfona,
The reporta took note of the value of Bend's work, But {t was
stated that the leguminous grasses, many of which are very active
nitrogen fixers, are no doubt more important for practical agri-
culture. The need of future study of the possibilities of using
free nitrogen fixers in practical agriculture was s.c- emphasized,
Evidently, this can be promising for rice fields where blue-green
algae, many of which can assimiiate 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 sufficlently clear.

There was an interesting seasion devoted to the protection of
harvesgts from pests. These reports were heard:

1) Dekker (Holland), "Internal Therapy of Plants with a Speclal
Calculation of the Effect of 6-azauracil”; 2) zaitlin (USA), "Puture
Possibilities of Controlling Plant Virus Diseases”; 3) Baigent (New
Zealand), "Pseudomonas Siringa Phage Harmful tc Siringa"; %) Ran-
gsaswami (Inaia), "The Role of Antiblotics in Suppressing Phytopatho-
genlc Microorganisms in the Soll"; %) airaly (Hungary), Phenol
Metabolism in Diseased Plants."

The film, "Biological Warfare with Insects,” was shown at this
session. Franz (FGR) explained the film.

The section on conservation of organic substances, directed by

Nilsson (Sueden), had a number of reports devoted to the problem of
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meal and dlualily a mailase preparatlion, He zave the delerminlng
<
relationahipa of Lthe components which would allaw the Tepmant ing

of alfalrfa, clover, fish waste products and even blood. Becauuse
maltase has attalned a great value in ensuring the proceas of fer-
menta.lon, one of the Swedish t'irms has begun to produce a speclal

preparation, "Ensi-Malt,"

designed for ensilage,

The report of Erikson (Sweden) shone light on the nutrien® value
of different silages,

Certaln date on changes in microflora composition durling 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
ailaging, gave data on the use of sodium metablsulfate, Under the
influence ol this preservative, the sugar in the silage mass {1lfal-
fa) 1s gradually used up. Since the acldity does not increase, “his
18 possibly explained by the process of respiration, After 2 months
the pH of alfalfa was 5.2, Thua, there 13 chemical preservatlon
here, Its addition to alfalfa and wheat masse3, which are rich In
carbonyd—ates, caslly ensures the ensllageability of the feed,

Malin (USA) reported on the good preservative properties of the
antiblotic tylosin, an actinomycete derivitive, This antliblotic

dues not depress the growth ol lactic bacteria but 1t doey usuppreuss
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wWarka nf the asymposium were itnogbitan
concept of directed work In the fleld of applied microblology (n
many countries and 1t enabied personal contacts which ar» aiways
useful,

The symposium regolved to furtiar the iatroduction of appitec
microblological research into practice,

After the congress the members of the Soviet group visited th
Institute of Microblology of the Agricultural College at Uppsala,
of which Nilisson 18 the head, He and hils co-workers (Rydin et al
are studying the process of silaging. The basic results of this
work have already been glven,

Conslderable work is also belng conducted there in the fleld
of blological nitrogen., Fahraeus 18 conducting «:i interesting st
on the mechanism of root halr tuper infection by bacteria,

The Institute 18 preparing for the practical appilcation of
nitrogen (alfalfa, clover and other cultures) and 1t is also cai-
culating the effectivity of these preparations. Tests over many
years have shown tnat in most cases nhltrogen nctic2ably increases
the productivity of leguminous crops, They also have tested the

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

ineffective,

FTD=TT-64-5%4 /1+2+4 -61~



DEPARTMENT 07 DEFENSE

HEADQUARTERS USAF

ARL (ARB)
AFCiN-M

OTHER AGENCIES

AEC
ARMY (FSTC)
ATD

CIA

DIA

NAFEC

NASA (ATSS-T)
NAVY

NSA

OAR

0TS

PWS

PGE ( Stesnsen)
FoL

RAND

AFCRL (CRXL.R}
FAA (Med Lib)
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