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This monooraph presents a arge collection of facts derived
from investigations of tho activity of phyciological systems
(central nervous system, digestive apparatus, cardio-vascu-
lar, and basal metabolism) at night, especially in sleep.
The autncdrs found that many changes have @ more exXpressed
pathologicel trend at ni:ht. This finding enablad them to
devise many practical suggestions em how to exploit the
circadizy flbctuzticns of physinlcgical functicns for the
ciacnosis of ailments, how to adninister drugs the most
efficiently/and how to provide food to night-workers.
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The book is meant for specialists in internal medicinz,

Reviaws to be sent to the Address:
Leningrad, D-104, Nekrasova Street N2 10,
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INTRODUCTIOCON

Russian physiology and medicine, inspired by mztecrielistic
ideas of I. M. 3ZICHEICVY, S. P. BOTKIH, I. P. PAVI.OV, Il. YE.
VVEDENSKY, are p;r_xculdrly chnaracterized by thelr acdmission
of a close interrelation of the organisa with the external
environment. "Without an external environment thzt supports
its existence, an orcganism is unlikely..."---indicated thc
great Russian physiologist, T. M, SECHINOV.

By matching the rhythnic changes of lature's phenomenz,
in the organism of mzn and animals physiological fusnctiors
assumzd & definitely rythmic shaepe Zxternzal eavironiental:
changes inevitably are reflected on physiological :zactions
of the organism, by conditioning a state of its eqguilinriun
with the environment, which agrees with the doctrine of I. P.
PAVLOV on the close interrelation, on the unity of the organ-
ism and its external environment. The routine circacdian
changes of the environment which have becn returning for
thousands of years as alternation of day and night crezite in
the orgenism a permanent system of sequential chang=ss in
the functional state of physiological system. Diurna2l fluc
tuations are detected in the activity of the higher depari-
ments of the central nervouc syS'em, in hemodynamics, in
muscle strength and working capacity, in the activity of the
digestive apparatus, and in other manifestations of vital
activity.

An essential property of the diurnzl rcutine is th
subsequent change in physiological reactiecns chzracteristi
for it is still maintained for a long time even whea the
factors which ceuse the formation of routine are removad,
This brings up the thought that the basis of the physiological
mechanisms in the diurnal routine is the formation of re-
actions conditioned to time,

The circadian fluctuation of physiological functions is
the most clearly shown at their study at nignt, especially
in sleep, in conparison with the period of davytime werefulness.
But meanwhile the guestion of the activity of the orgsnism
at night, especially in slecp, has almost slipped out from
the field of vision of reseerch workers.

In 1954, a chrestcomathic collection wias published under
the title "The Slecp Problem" which included the mo*t impor-
tant Kussian experimental and clinical Investigztious conducted
during tne past fifty ycars. A3 the editors Lcmni.,c, at that
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time there was "only one vork, devoted to the description of
changes in the ghysiologliczal functions of the sleeping man,
wnich reflects the insufficient attention paid to the indicated
prcblem. However, the iImportance of physiological examinations
of the functions of difforent organs and systems exactly in

the sleeping numin organism hardly ne=ds any kind of demon-
stration."”

The sleep prooleﬂ is c135ely connected with the problem
of inhibition. According to mocern ideas, for the development
of many internal ailments (n/pertension, peptic ulcer, and so
on) the basis is, first of sll, & weakening of the innibitory
influence of the cerebral cortex upon subcortical centers.

For this reasnn, a study of the innibitory function of the
cerepral corktex in tne clinic of internal diseases has both

a theoreticzl &nd a great pricticzl importance, in particular
for the elaboration of pathogenetic therapeutic methods.

For the extent of & vast historical period, activa human
occuration took place inverianly in daviime hours, while the
perlod oI rest was ordinarily tied to nighttime. However,
with tre incustrisl developuent, with the organization of
rumerous jobs at the ruCCory and with the need for perloriring
them at different timas of the 24-hour dayv, the problewr of
stucdyin: the characteristics of organismic function &t saicht
cezsed to be merely & thooretical question, and it required
State importarnce.

Observations show that living processes run
pﬂlaJOlO?*C“l level in caviimn than at nicnt. In
the functios of the circulatory system gets weaker
met3bolic processes glow down, the reflex achisitid

roanicin diminish, From thnis point of view, in ri

an activity is "pnysiologzically nct surported with
strengiin” (. I. VINOGRADCV, 1958),

According to the investigztions of ¢ numbsz
in nighttlisme, the productivits of lawor diminis !
accuracy of carrying out indivicdual productive cpe
decreases, the reject increases,

Mo I. VINCGRADOV (1958) peints out that, according to the
rindings of the LvuAngr~f Institute for Labor Frotectionn, at
night work, the reject increazes by 205-500,, while accoriing
€2 tne data of tner Swedlish sgiv ists Bfnh\fR, HO1i and
SVzlis<l who exaewined the work of 175,000 workers in gas cnter-
prises, the nunbzor of failing and erronzous actions of workers
increczes sharply st nighi, ocfnc1cll COﬂ icdera™ly around
3 o'clock =t nigat, which coincides wish the time of the most
diminisnced physinlosics L resccions.

i P




In connection with what was outlined, of course, the ne=ad
arises for the elaboration of measures which~-by way of rais-
ing the physiological functions of the orcanism, especially
the activities of the higher sectors of the ceniral nervous
systen, would permit to make nightwork less harmful for health
and at the same time more productive,

While solving this problem in.a wide plan, finally we
should at once reject as non-physiological the suggestion
about the possible use of various medicinal stimulants for
this purpose, and we should turn to such elements as work
conditions, physical culture and, ultimstely, nutrition.

In our investigjations, our attention was concentrated
on the role of nutrition as a natural physiological factor,
having & powerful effect upon different functions of the
organism and being capeble to change the functional state of
a few physiological systoems of the organism in a desired
direction.

We were especially interested in the nutrition problaen
in the plan of working up questions on the physiological
composition of supper. Sleep is a natural physiological
status of man in nighttime. The importance of sleep is huge
for the organism., A man spends approximately one third of
his life in sleep. EXperience in life shows that the
character of food used during suppertime leaves a certain
impression on the sleep movenent. But meanwhile, the solution
of a number of practical problems about the best possible
composition of supper remains completely empirical at the
present time.

Medical practice is full of examples when the course of
a number of ailments exacerbates at nighttime:-- vascular
disorders develop frequently (hypertensive crises and infarc-
tions of the myocardiun); in peptic ulcer patients the pain
becomes stronger; in bronchial asthma patients, asthma at-
tacks become more freguent, and so on.

And meanwhile, our concepts abcut the pathophysiological
mechanisms which are the basis of the mentioned disturbances
are entirely imperfecl, which ultimately will adversely
affect the elaboration of pathogenetic therapeutical methods.

Study of all these problems is unthinkable without con-
sideration of the circadisn periodicity of physioloégical
functions in the humzn organism,

In this monagraph, the authors deal with the results of
their almost fiftecn-yecer' clinicel investigations.




Hum:n observations ar< the final stage in the chain of a
bioloziczl cxperiment. "Nothing has the right to become a
clinical rule on the becis of phvsiological alone; everything
siiould be verifi=d by c¢linic2l observation...".} With the
modern methods of functionzl examination, the difficulties
are, of coursc, very large in this respect.

The authors believe that the hook will be useful for
internist, dietologists, professional pathologists, and some
other specialists who work on the problem of sleep, nutrition,
and work organization.

The authors arec taankful for all remarks of the readers,
and they hope ti.at these critical remarks and benevolz2nt
advices will help further on to eliminate the shortcomings
in the work and to find more correct roads in solving the
discussed problemn.

——

l. I. P. PAVIOV: Poln, sobr. tr., 1946, vol. II, p. 307.
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CONCLUSTONS

(Results and Prospects of Future Investigations)

Extensive data in the literature and the material of our
numerous observations show that in the course of a 24-hour
day, almost all physiological functions of the organism
experience a definite rythmic variation. In the human organ-
ism and in animals, perversions of the circadian rhythm of
physiological processes are attained with some difficulty,
although partial disturbances of the raythm are also not a
rarity.

Indeed, for the perversion of the circadian periodicity
of physiological functions, investigators turn to such meth-
ods as the almost complete isoletion of the organism from
outside stimuli, marked change in the condit .ons of exis-
tence, for instance, kecping the animals in darkness from the
time of their birth, or, on the contrary, under constant
illumination (O. P. SHCHERBAKOVE, 1949; G. M. CHERKCVICH, 1950,
1853,; WOLF, 1930, and others). Perversion of the circadian
rhythm in man is sometimes observed at time of transitien to
a steady nightwork (E. I. BRANDT & O. I. MARGCLINA, 1949, 1934;
POLINMANTI, 1914, and others). If such disturbances of life
routine are episndic, then, even under industrial conditions,
during work performance, the course of physiologica functions
in the organism at nighttime remains as before, i. e., char-
acteristic for the sleep state.

The cyclic changes in the organism are most distinctly
shown in tihe activity of the central nervous systei. The
extreme functional manifestations of this periodicity are
wakefulness and sleep.

Sleep is a peculiar adaptative mechanism which protects
the central nervous system cells from exhaustion,

During sleep, the regulating role cof the higher sectors
of the central nervous system is not turned off, buit it
acquires s different, original character where an importent
role belongs to the inhibitory proc=zss. "Cf course'—---
pointed out I. P. PAVLOV---"if the animal is sleeping, the
complicated life of the apparatus mass continues, and not
only does it continue, but it is not even disturbed, in
spite of some signs of cdormancy. In that case, wvell then,
the nervous system both stimulates and inhibits during sleep.
sleepeees"

Sleep innibition is the end result of the decrease in
cerebral cortical excitability which is seen in the evening
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hours and which we especially noticed when examining healthy
people by the mothod of adequate opticel chronazia. It
should bz enmphasized that the degree of decrease in cerebral
excitability in the evening hours is an integrated manifes-
tation of the effect of various factors (favorable and unfav-
orables) of the surroundings upon the organism, and thus it
is the result of the central n2rvous system's daytime work.
Therefore, & study of thz degrez of decrease in cerebral
excitability in the avening hoursy with consicderation of the
nature of completed work, rest and nutrition during daytime,
opens a promising wide field in hyjgienic investigations for
the best and most useful shaping of peoples’ llve

In this respect, tne findings are of special interest
which we g:-JeLec cn the functional state of the circulatory
systen at nightwork; for, it ic unguestionable that blood
circulation---which is to provide en optimum level of mets-—
bolism in every organ éand tissue--gznerzlly refleckts too well
the cha:ﬁctcrlsti-s cf the {unctionazl state of the organism.
Combined hemodynanic examinations masde with the mschanocardio-
graphic method of N. N. SAVITSHIY showed that, in reactions
of the circulatory system to loading, thnere are substantial
differences in daytime and at night.

“hile daytime work pﬁfforﬂurc is accompanied by a slight
rise in the systolic (lsterzl @n<d terminel) pressure in
absnnce of substantial Cdeges in the disstolic and meen

hemodynznic presuure, a2t ﬁ.gn*‘lre, the se#me work occurs
with a drop in 211 indices of the blood pressure,

In daytime worx
seen, while at nigh

Pl

y dcceleration of the pulse rate is usually
twocrk, it slowing is

Thus, nightwork is carried out at such pressure lovels
and pulse rates wihich corresgond to the ordinary circadian

rhytnm of tncse indices, i.e., to a "non-working," sleegy
state of the organism.

In agrecment with the usual circadian rhythm, at nightwork,
the tonus of arteries and arterioles is loweraod; therefore,
the velocity of pulse-wave propagation and the specific
peripheral resistance is diminished. However, in case of
bradycsrcia, reduction of the blood pressure, lowering of the
vascular tonus and an increased passability throuch the
rise ip the systolic and minute voluma of the blood, manifested
much more distinctly and to 2 greater degree than at the
perfo.mance of the same work in daytime.
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Thus, nigntwork occurs with an entirely special state of
hemodynamics:~-increased minutz volume of klood, i.e., an
overall increase in carciac work, with a drop in vascular
tonus and reduccd blood pressure,

Ordinarily, such a relationship of the mentioned hemody-
namic indices is characteristic for states of hypotonis
(N. S. MOLCHANCVY, 1982).

The available findings permit to conclude that nightwork
itself is accompanied by a certain perversion in the circu-
latory regulation, evidontly csused by the influence of the
dynanmic routine of circadien periodicity of *he physiological
functicns, conmnbined with ean increased demand for blood supply
to working muscles, to the central nervcus systen, and okher
organs and cystcms. In case of systematic and prolonged
nightwork, ‘here will be either a perversion of thne usual
rircadian rythm of blood circualtion (E. I. BRANLT and O. I.
MARCOT Itfy, 1949, 1934; YZ. L. SKLYARCHIK, 19£0; POLINMANTI,
1914, and olhers), or a "breakdown" of the apparatus which
regulates the blood circulation, and for this reason a state
of sickness will devesop. This is convincingly shown by the
above guotec findings of A. P, COLIKCV (1953) on *the high
incidence of high-blood pressure cases among peoples who
systematically perform service obligations in nighttime,

This circumstarce urges to poy more attention to the problems
of preventing cardio-vascular cystonias among night-workers,
It is desira®le that contingents of persons who, du= to
necessity, are obligec to engzge in rightwerk be taken urder
special medical control so that disturbances in the neuro-
humoral regualtion of blood circulation could be detected as
early as possible and corresponding preventive steps could
be made.

The functional state of the system of external respira-
tion is also subjected to circadlien variations. It was indi-
cated above that, according to the data in the literature,
during night sleep, the respiratory rate drops, the minute
volume of breathing diminishes, the carbon dioxide content in
the alveolar air increases. _These findings were also cor-
rohorated in the investigations made by YI'. I. KARETIN (1959)
under our guidance. The incdicated chanrnges in the function of
external respiratory system are also evidently caused by the
sleep inhibition of the cerebral cortex, since a certain
relationship can pe noticed betwcen the state of excitability
of the respiratory center anc the depth of sleegp---in decep
sleep, the excitability of the respiratory center is consid-
erably reduced, which goes with an increase in the carbon
dioxide tension in the alveolar air.
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A certain regularity is noticeable under the effect of
sleep in the characicr of changeg in the function of the or-
ans of the digzstive apparatus.  The most distinctive changes
are found in the functlion of salivary glands which are char-
acterired by a markzd drop in the reaclion to neuro-humoral
stimuli (pilocarpine), anc by the absecnce of reaction o
natural stimuli. The very mar=<ed inhibition of the activity
of salivary glands 1s conpletely logicel biologicelly:—--
during sleep they <o not take part in the dl"’““lve function.
But in time of awikzning, tne sacretory xbchlon of salivary
glands to the sciion of naturel stimuli happens to be even
somevwhat higher than in caytime hours.

For nore than ralf a century, & discuszsion hées been run-
ning on the pagzs of the Fress cDOUt the mechanism of the
nicgat secretion ¢f the human steomach. Above, we owec that
at the study of th*s sacreltion many investigators ¢
substantial methodalogiczl errors whnich &are neces
flected in the rCSchCh results, and led to diffc
in regard to tro causes and nature of secretion peculiar Lo
healthy and sick pcoples,

First of uld be strictly discrinm-
inated:--the the stomach &t nicht to
the effcct of an ecmpty

the secretion of
SE

stomach, the estive perioc,

Our investicgations showed that in healthy persons, the
gastric juice sccerction gracdually sudsides from hour t¢ hour;
while, despite the presence of gestric sound, it stops :zlniost
cum,lebnly du"lng sleep. Upon awaXkening, tThe secrction of
the tne juice appears again, and it increascs In the morning

J S ’
hours. Reduction of thec secretior in the late evening hours
> 1
the &luost complete stoppige of secretl ‘flﬂj 51@cp and

the increase in julce secr=ztion, let us sa
causes in the morning hours--211 proves, ti

(..‘
3
LS S e N S 0]

digestive period, the secretory dactivity of gas tr c gl nds,
and thet of theg selivary glancs, is closely relsted to the
function of the higher sectors of the centrzl nervous svstom,.

te
It is a reflex, by its nature in particular, a conditioned
reflex activity. With these theses, we can easily explain

the more &dbundant secretion oL gastric glands in the evening
hours, their subsequent slowing down at the moment of satur-
ation (decline in the eXLlLdOllluy ¢f the cerebral cortex),

and its marked increasz in the wmorning hours, when conditioned-
refles influences of the external environment increase and
concitioned reflexes g2t the overhand. The possibilaty that
conditioned reflexes can be formad to time was demonstfeoted

By a number of coworiers of I. P. PAVLOV and K. M. 3YKOV

(Yr. P. PEOCKRITCVA, 19125 M. . 3TUKCYA, 191435 7. 5. DZRYABIN,
1916 and A\, D. 3JLONIM, 1935, and others).
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Thus, there are no ressons to maintain that a continous
secretion of the gastric glands, unc2r any conditions, is
peculiar to maen:---the secreotion of gastric jujce is only
in response to stimuli. This conclusion is in good agreemint
with nuimerous experimental rfindings of 1. P. PAVLOV's scicol.

The discussion of the resvlis of t - sti-
gations on this topic could Lo stopned, since the changes in

.

secretion are so nmuch stereocyni cn‘ and are rep2ated 592 nuch
in every detail from one exﬁnwndth 7 Lo the other, that they
do not c&all for anv doubt, 3ut Lnexe LS one metnhocolonica

detail wnich meri<s discnsa_on. The last intake of food 1in

our examinees wes 3t 14:00 o'clock, which is unusual for the

food reqgims of & hzaltny man. Tnls is also wnhy the cuestion
5

comes up, how do the gastric <lands secrete at night LF the
last fooc¢ intaksz occurs, not =zt lunch time but at suppzr time
as is tne usuzl in life. 3pecizlly made cxzminations assure
that, in hezl:hy people, th= charzctcr of nocturnal gasiric
secretion cepencs to & icoratle extent upon qualiistive
chéracters of thz food coasumed &t supper. If thc food is

Ao
“
rich in ex:ractive sudstunces (bouillon), or it containsg much
salct, then in healthy persons, gastric juirc is centinuously
secrec=d at nign= But after the coasumption of delry pro-
ducts at supprear tin notning similsr is observed. In this
case, at tne hours the usuzl reduction of sccretion (from
2 to 4 o'clock =zt o

), tue stomach 1s almost alweys cuphv.

r

.

Without teing concernad now with the mochaznism of nction
of the indicatzd food articles upon the secr=tory funciion
of the stomach, ws mention only the fact, that in nealthy
persons, the formation of gastric juice s not Luﬂlﬂltn: hy
sleep, In resrons< to the action of stim C %vzc
glands react with secretory reosgonss

tory reaction of gastric dland: maintained
during sleep? The s30lution o” this probl
theorstical importance, but makes possibl
dations, in the composition of a very use

Having teken advantace of the method .
J. T. KURT3IN, with the use of a series of cha:
lants, we waye zble to {ind, fthat in nezlthy p ’
sleep, outside the digrutive poeriod, the gzsitric o
in a state 0of relative rest, while--in dififerance from *he
salivary glands—-romnaining elwzvs sensitive to various se-
cretory stimuli:--hoitn neural (mechanical stimali) and
humor2l (alcohol, cabbages julce, meat bouillon) stimull
cause an ahundant jastric juice secretion. These findings
point out that slecp inhibition ich covelops in the Migher
sectors of the central nervous em, dots not spread to
the secretory cenzoers of gastrid 3 . But it doos not
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follow from tnis that Lhe neural secretory centers of gastric
glands do not erperience eny =ffects on the gpart of devel-
oping slen~p inhihition,

: “ivity of gastric glands, both
during e thiat in heclthy pz2rsons,
the 1 = of gastric sccretion is
somewl:. e dayti vhile the second
Neuro-humdrd - stinct d toward rising.
It s=aa:z p rule follows
from t\f “he mosit ucse-

T

L
B uvooadneEenr

e
ful is uppe
sh. £ o wnich
the 123t In thi
first D5, v &35Ures
cient Lc julce d, second,

PENATN¢
1X e
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encer ) i scctors
t, sucn
tioa in
g Tion
< o
\ hifs
{thzre the sionach interfere L
pment slesp, vs;cc;
persor COJ?'S‘tLOJ of
be tile I7 the question
logical founfo__on of plitative pr
is to be solved only froi. the stancdpoint
activity of the “LOMdC“’ then jreferoncs
food supTor time whlcn would be procsas
chief at the expenso of & DoUro-nuio
AR : That an incr
Llon car
medicinal

in the orgsniez:
2r o not nll ‘ou 3
Cc sccretion =h

3.

icles, rich in
ould be reco-

curinag sl=z

inO“t*”t to
je
Neuro-rnunira

fnel )2 S M2 a
if at supper time a food is
taken w sulstances a5l s2lt then
unizvor Lo crested Ior tho sctiviiy of
the ctons= szerotes durlng the whnolea
nigat. IY, nowevers, dalry procucits are tihen &t supper, then
thie quLtiOf‘ﬁj strtus of ke stomzch, including also the
SUDSCEAenT 8 cizion, is shorter in fime, and the geastric
glancs cntcr into a state of relative re earlicr than after
-11-
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bouillon con umption. The literature has indications that,
in the case of digestion of milk and dairy products, the
largest amount of gastric julce 15 excreted in the first two
hours of the dood's stay in the stomach (I. P. PAVLOV, I. YU
ROMANOVA et al.).

Thus, by studying the character of the secretory activity
of the stomach, at supper time it is more advantageous to
take deiry products, and no food articles rich in extractives
and salt. It is quite natural that very complicated qu«stions
cannot be solved only with the consideration of the actiwvity
of gastric glands. On this problem we shall still say some-
thing kelow.

Organs of the hepzto-pancreatico-duodenal system have
little change at night, including also the period of sleep,
in the functional activity which is peculiar for them in
daytime. In man, the periodic secretory-motor activity at
night, is of tne same character in principle as in the day-
time. During sleep, whan the concditioned-reflex ties of the
organism are disrupted by the surrounding environment{inciuding
the pathological medium, and then the condition is reduced,
the function of the organs of the hepato-pancreatico-duodenal
system beacomes, perhaps, less marked, but more distinctive
and regular,

The above cutlined facts serve as a basis for the supno-
sition that, in healthy poople in sleep, food digestion in

the gastro-intestinsl tract is going on rather intensively.

During a 24-~hour day, conciderable changes are also seen
in metabolism:~-thus, the majority of investigators points
out the declinz in {he blood sugar level during night sleep.
Data are available on the reductinn of inorganic phosghorus
level at th2 same time(H'1D.WNIZ, 1224). At night, the majenese
silicium, cogrer, aluminium content of the human blood increzs
(YB. V- S/\B:\[’r‘xsﬁ, 1959).

’
S5

. S

Investi
guidance, pe
prothromkine

2 . OVCHAROY, who worked undesr our
rmitted to detect a tendency to an increasing
e bloocd in the evening hours,

Nobody doubts the theoretical and practical importance of
a study of the circaedian rythm of pnysiological (vegetstiveae)
functions under pathological concditions in various ailmeants,

It is well known for the clinicians that deterioration
of the condition of patients, or :‘complications in 2 num>er of
ailments, cevolop at a certain time of the Za~hour day. In
the =vening z2nd night nours znginal attacks, paroxicms of
brorncnial or cardisc asthaa, and s0 on, are more frecuent than
during dayuimac,
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and what is wore, the development of exacerbation of a
pathological process at night helps to a certain extent in
differential diagnostics, ar, for instance, thrombosis of
cerebral vessaols usually cevelops at night in difference
from ceredral hexonrregoes, wnile tha painful syndroaz st this
time of thz Z4-hour day in peptic ulcer is characteristic
for a locelizotion of the ulczrating process in the duodenum.
Expericnce in encrgency and first ald madicael work proves
that the number of cz11s increzzds consziderably in the even-—
ing and at nicht., To hecomz convincaed that there is some sort
of regularity in the ceve =nt of pzthological conditions
which reguire emzrgency cal aid, depencing upon the
time of “he day, the works or emergspcy service posts of two
policlinics of tie Moscow Rayon in Leninarid were tharougnly

”~
<

1
enelyred. The data which cheracterive the number of calls
sccording to energency saorvice in the time from 1 September
to 15 December 1962, are given by tae materizl of one of the
Leningrad policlinics i 38

TABLE 38

CGROFLTRSENLY STATION

St oalline X

WORK PER-G!

9-18 o'cl. 18~¢Z o'cl. 0-9 o'cl.

Number of calls—~- 41z 632 340

As it can be seen rrom Ta
period, the totzl nwvber oF ¢
patients (45.6%) were attended

18 to 24 o'clock; 412 patients (23.75) were treated in the
daytime, and 340 patients (24.53) were treated in the hours:
of night. Thus, the largest number of calls for emergency
service occurs in the evening hours (18 to 24 o'clocit), de-~
spite the fact that this time interval includes only 6 hours.

Table 39 gives the findings on the work of the emergency
station of @nother policlinic.

TABLE 39

YIORK FExRrORPANCE CF CHMERGINCY STATION
(Number of calls)
Total calls Time
YFEARS in
24 hours 9-16 n. 18«24 h, 0-9 nr.

1959 ) 5, 758 €y e 2,eda 1,365
1930 5,803 <4130 Z,e1% 1,40
1so] 5,025 2,307 <y 27 1,417
13672 S, Tan 2,17 P

A
L0 s e eea




As it can be seen from the Table, the number of calls
is approximately the same in the daytime and in the evening.
However, if we consider that the daytime period (9 to 18
o'clock) is longer than the evening period (18 to 24 oclock),
then the largest number of calls was received in the evening.
This becomes especially noticeable if we consider the circum-
stances that the evening time (18 to 24 o'clock) is much
less than the daylight and the night periods of the 24-hour
day. Thus, as an average, the number of calls per hour of
daylight time was 988.8, in the evening it was 1500.1], and
in the period after midnight it was 621.5 per hour,

The opinion exists that patients die more often at night,
or in the eecrly morning hours. For instance, TREU (1930) found
that in postoperative patients, death more frequently occurs
at night than in the daytime. In this regard, findings of the
University of Magdeburg (1935) are of a certain “nterest whose
collaborators analyzed 3507 fatal cases, and arrived at the
conclusion tnhat the largest number of death occurs in the
early morning hours; patients died most infreguently =2t noon,
P. P. LASAREV (1947) camz to the conclusion on the basis of
adequatometric data that the sensitivity of the brain is
lowest between 3 and 4 o'clock at night, and highest at 14:00
o'clock in the afternoon. 1In correspondence with this, the
author stated that the fatality increase in the night hours
is conditioned by the marked lowering of th~ brain's sensiti-
vity. However, WIGAND (1935), who studied mortality in intarnal
diseases (672 fatal cases), found that in the period from 18:00
o'clock until 6:00 o'clock in the morning, the mortality rate
was only 10% higher than in the daytime.

We analyzed the case histories of 2323 deceased patients
in one of the large clinical hospitals of Leningrad for the
1952 to 1960 period. This group did not include cases of
death from poisoning, or cases in which deatn occured on the
first day of the patient's stay in the hospital. The obtained
data are given in Table 40,

As it can be seen from the Table (on following page), the
number of fatalitics was the same in daylight (10-17 o'clock)
and nocturnal (0-7 o'clock) hours., Patients rarely died in
the period from 17 to 24 o'clock. Consequently, we did not
see any redularity in the occurrence of fatal ocutcome among
the patients with internal diseases which would be related
to the time of the day.

It should be nmentioned that in the group of patients who

died between midnight and 7 o'clock, the largeslt number of
death occurs in cdifferent ailments. Thus, in disceses of the
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nm, patients die more often at night, in

~
malignint tUlO: and dbiood discasces, they die in the evening.
In otner ;e categoriez, doath occured more frequently

in the

TABEL 40
NUM3ER OF PATIENTS WHO DIZL AT DIFIERENT

HOURS OX Tt DAY

7-10 10-17 17-24 7-0

o'ci. __o'cl, _ _o'cl. o'cl.

l. Diseases of tie

cardiovacscular

SYS5LiNleennassnnsas 70 237 223 262
2. Disezuses ofF the

“ternzl respira-

tory systemMiseees 32 1e¢ g4 l1¢
3. Diseacas of the di-

gestive systom... 10 40 5 33
4, Ronel disensosee. 5 C19 13 15
5. Diseaics of the

P10UCeeeesocsnoas & 13 12 12
6., Mallonant tunmors, 26 ¢33 <56 232
7 2 39 34 37
TOTALvecscacceccneons 243 703 665 708

Our observsilons permitted to sazy thet, 1In hypertensive
patients, the cxcite»ility oi :the hijher visual nervous cen-
ters is much more recuc<d thaon In nezltihy pers TOorCoOver,
in tae late 37 0l the allmznt, the lowering excita-
Dilizy Incrao: In nypovtensive putients, htne laraest
indices of adoguats ophtical ch «iz (=A0Cn) were obseorved
in tae aorning hours, in d3 o nealthy persons in
whom thc la“”' indices of C”A were noted ketwean 2 and 3

o*clock at ni

Perversion of the circadian rhvithn of the indices of
adequat optical cnronaxia was lso obhservaed in peptic nlcer
patients (aestric and dussienzl ulcer, Tn difference from
healtihy personz, the niaht drop In the ocxcitanility of their
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higher sectors of the central nervous system is much less
marked. we studied the hemodynamics at r ght in hypertensive
and peptic ulcer patients with the mechanocardiograpnic
method. We could notice a substantial perversion of the cir-
cadian rhythm of nemodynamics in this category of patients.
Thus, in hypertensive patients in the initial stages (I and II
A by the classification of A. L. MYASNIKOV) the diminution of
peripheral resistance, bradycardia and drop in the blood
pressure at night is associated with a substantial increase

in the systolic and numute volume cof blood, and with some
increase in the tonus of the muscular arteriec. This incresse
in cardiac work, inadeguate to the needs of the organism, is
evidently caused in these patients by the absence of the drop
in the excitability of the central nervous system which is
seen at night in healthy persons., In this connection, the
hemodynamic investigation is in agreement with the akove
quoted data obtained with the method of optical adeguate
chronaxia,

In patients with high blood pressure, in stages II B and
IIT, the perversion of the circadian rhythm of hemodynamics
is still more markedly expressed. At night, such patients
experience not a drop (as in the healthy persons) but a rise
of all indices of the blood pressure, increase in peripheral
resistance, recuction of the systolic and minute vd&lume of
the blood. The mentioned hemodynamic shifts evidently plav a
substantial role in deterioration of the conditlion of hypar-
tensive patients at night, in the increzsed frequency of
anginal attacks in such patients, in cerebral disturbancesz,
and fatal outcemes. This is proved also by our fincdings on
the diminution of oxygen saturation of the arterial blooZ in
hypertensive patients, especially at night,

Examination of the night hemodynamics in peptic ulcer ps-
tients (gastric and duodenal) permitted to find perversion of
the circadian rhythm of their hemodynamics, resembling much
the hemodynamics of healthy people, but in a numnber of cases,
the blood pressure even Increased, the blood circulétion de-
teriorated in tnz precapillary system, the systolic and minutz
volune of tine blood increasad.

The similar chiracter of hemodynamic changes in hyperten-
sive and peptic ulcer patients is in agreement with the find-
ings obteinec with the ACTh method, and which prove the
excited condition cf the central nervous system, and, in
particular, of the vasomotor center at night in these ailments.
The similarity Of hemodynamic changes in case of hypertensive
and peptic ulcer petizots is still another proof for definite
relationship of tie cortico-visceral genesis of bhotn ailmencs
in wnicn disturhances of Lhe neuro-hunmoral regulation of hlood
Circulation e12 playing an important role.
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Botn the dsta in the literature (A. A. STUFNIT3KIY, 1956),
and the investigations which were made under our guidance
(V. A, SHAYDXNNO, I. A, GLADYEHEY, YU, I. KARETIN and V. A.
PRIKHNO) point to & distmibence in the functional status of
the external respiretocry system during sleep in cases of
different aiim2nts, end particularly in hygpertension with
attacks of angina pectoris and infarction of the myocardium.
Changes in the rate, rhythm, and depth of respiration are
combined in such patients with lowering of the oxygen content
in the arterial biood. In incdividual petients with acute
infarctien of the myocardium, during nicht sleep & Cheyne-
Stokes type of trensitory respiretion was recorded. 1In
hypertenseve patients, in differcnce from healthy peoples,
the depth of respiration was reduces at night, the reduction
of its rate and the diminution of the minute volume of respi-
ration vas less marked,

Investigations of V. I. OVCHAROV and V. S. PRIKHNO, which
were macde at our suggestion, permitted to notice a rather
freguent drop in the prothrombine level of the blood at night
in hypertensive pationts with chronic coronary insufficiencv.

Chronic gastritis patient=, and especizlly peptic ulcer
patients with localization of the morphoslogical changes in the
duodenum, showed &t night, outside the digestive psriod, 2
copious continous gistric secrcticn. Under the effact of
sleep, the juice secretion is sometimes & little decreased in
volume, but it does not fully stop, wnhile in patients with
duncenal ulcers, an increase in the volume of secretion can be
even observed during nocturnal pains,

Consequently, the two main factors---namely, pressnce of
chepical irritants and conditionzd-reflex influence of the
surrounding enviornment which, even in healthy peoples, are
capabel of provoking a prolonged gastric juice secreticn at
night-—--cannot be referred to for an explanation of the con-
tinuous secretion of gastric glands which is peculiar to some
patients wno nave chrvonic gastritis, gastric ulcer, and espe-
cially duodenal ulcer.

These facts harmonize will with the concept about the pre-
sence of persistent foci of stimulation in the subcortical
secretory centers of these patisnts. The developing sleep
inhibition Is not in a state to fullv suppress the functional
activity of the mentioned foci, which is also manifested by
the special state of hemodynamics and gaseous metabolsm and
the continuous gastric secretion. However, in some cases,
the developing slecp inhibition Induces these foci of excitation
even favorably, whicn in manife:*ed by @ still greater inten-
sification of the moationed chanjzs in the veretative functions,

a =
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The data of modern morphology and neurophys:ology make
tangible our concepts on the localization of the foci of
pathological excitation in peptic ulcer patients.

When they studied the role of the hypothalamopituitary-
adrenal mechanism in the regulation of the secretory activity
of the stomach, FRENCH and MAGOUN (1952) and cthers established
that the anterior hypothalamic region acts through the vagus
nerve, while the posterior region-acts through the pituitary
and the suprorenal cortex, and it causes the so-called delayed
secretion of hydrochloric acid. By a prolonged irritation of
the hypothalamic region with implanted electrodes, in experi-
mental animals, FRENTH, PORTER and others (1954) provoked
not only a continuous secretion of the gestric glands, but
also the development of ulcers in the stomach and duodenum.

These facts served as a basis for some investigators, es-
pecially American researchers, to advance a new, endocrine
theory of the pathogenesis of peptic ulcer (FRENCH, LONGMIRE
et al., 1953; FRENCH, PORTEL. et al., 1954; SHAY et al., 1958).

The findings of the quoted authors permit a high estimation
of the role of hormonal factors in peptic ulcer genesis, How-
ever, starting from the concepts of our native scholars, about
the function of the organism, these findings should be consid-
ered in the light of a primary disturbance in the function of
higher neural regulatory mechamisms.

Table 41 includes data on the degree of diminution in volume
of nocturnal gastric secretion in healthy persons during sleep
compared with the period of wakefulness. From the data of
the Table it can be distinctly seen that under the influence
of sleep inhibition, in patients with peptic ulcer, especially
in patients with duodenal ulcer, the volume of gastric secre-
tion decreases to a smaller extent than in healthy persons.

In agreement with the Pavlcvian cencept on sleep, all these
facts prove that in peptic ulcer patients, the inhibitory
influences of the cerebral cortex become weaker on the subcor-
tical secretory centers, Conseguently, a study of the funciional
state of the stomach in sleep can be used as an objective
method for the evaluation of cortico-subcortical interrelaticns.

By playing a substantial role in the wvital activities of
the organism, none the less, ci:cadian changes of the physio-
logical processes are still insufficiently taken into account
in the soluticn of many prectical questions.
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TABLE 41
DEGREE OF DINMINULTICN OF TH& VCLUIME OF NOCTURNAIL GASTRIC

SECRETICHN DUKRING SLEEP CCHMPARED WITH THE
PERICD O WAKEFULNZSS

(in %
GROUFE ' Degree of dinimution
of secretion

Healthy persons 74
Chronic gascritis pzatients 58
Peptic ulcer patients

Gastric ulcer 60

[uodenal ulcer 45

Tocday it has 1rc dy bacome obvious that a correct organ-
ization of the regimna of work, rest, and nutrition cannot be
imagined without consideraticn of the cheracteristics of the
routine in organismic funciion, in particular without the
consideration of the circadisn varlatlions of vagetative func-
tions anc especizally of the functional state of higher sec-
tors of the central nervous system; for, the rhythmic course
of physiological functicns in the organism is determined io
a great extent by the alternetion, sometimes of stimulatory,
sometimes of inhibitory processes which prevail in them
(K. M. BYKOV anc¢ A. D. SLONIi, 1960). Both the regime of
work, rest and nutrition, and the therapeutical actior upon
the organism oI the sick rman should be construcied with &
consideraticn of the circadian rhythm of physiological func-
tions.

It shculd not be thought that these peculiszr features
in tre Cﬂcrgtox‘ activity of the stomach which are found in
pebtic ulcer patiente at night, are something entirely ex-
clusive, characteristic only for this ailment, Often, they
ar~ manifested in chronic gastritis pstiants, and sometimes,
h

D

even in hcclthy perzons. 1In the latter case, they can be
caused by peculiarities in the food ration. For instance,
with the supper-iime concumpiion of a laxge amount of salt,

or of products rilcih in extractives, in healthy persons

during tns whole night, abundant gastric secretion is ob-
served, morcover durint slcepr, the julce cxcretion and acidity

(‘Y"')errr"
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can even be considerably increased, resembling the gastric
secretion in peptic ulcer patients. At a still more dis-
tinct degree, the nocturnal gastric secretion increases in
chronic gastritis patients if they consume salty food at
supper time., Consequently, a badly chosen nutrition csan
elicit or maintain an already developed cortico-subcortical
disturbance, it can contribute to the exacerbation of desease
and to its further evolution, However, there is still much
to do for studying the effect of the supper's qualitative
properties upon the course of the pathological process in
peptic ulcer and in hypertensive patients. It seecms to us
that the work in this research area is very promising.

Our material makes possible to determine the basic prin-
ciples of a physiological, reasonable composition of supper
for healthy persons.

During a work day, the organism spends a large amount of
energy. The power resources, in particular, the glycogen
reserves, become exhausted. Consequently, for the replenish-
ing of these rescrves, the organism needs carbohydrate influx.
Furthermore, there is a ground for the supposition that at
night, regenerative processes occure also elsewhere than the
carbohydrate metabolic sphere. As our investigations on the
determinaticn of some nitrogenous components (total nitrogen,
amino acid, nitrogen, urea) proved, plastic processes and
such types of metabolism go on actively at night in which
protein components take part. A. S. KONIKOVA and her co-
workers at Prof., A. A. Visnevskiy's clinic established with
the method of labelled atoms that during mediceted sleep,
the protein metabolism is increased because the protein syn-
thesis is more intensive in the tissues and organs of the
animal organism.

Cne ought to suppose that only a thorough study of the
characteristics of metabolism occurring in sleep can answer
the question what tine composition of supper should be in
regard to chemical ingredients. Uncoubtedly, this is a very
important and extensive biochemical problem. In our inves-
tigation, we dealt with it only in a general way. Never-
theless, even today, starting from the above outline, the
first rule for the qualitative composition of supper can be
formulated in the following manner:--food articles which
are included in the composition of supper should assure the
normal course of restorative and plastic processes activated
in the human organism at night, especially in sleep.

A certain degree of fatigue of the higher neural centers

and the subsequent drop in théir excitability is a necessary
condition for the development of sleep. In the evening, ther
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excitability of the higher sectors of the central nervous
system is lowered, and thereby, conditions are created for
the development of inhibitory reactions and of sleep. As
indicated above, the act of eating and the subsequent di-
gestion have a substantial effect upon the functional state
of the central nervous system. After the intake of some
substances (sugar, chocolate, coffee, strong tea, and so on),
cerebral excitability is considerably increased, while after
the intake or other substances (milk and dairy products, meat
and fatty food), cerebral excitability is lowecred for a cer-
tain period of time, and thereby, conditions are created for
the development of inhibitory irradiations. Hence, here is
the second rule for the physiological composition of supper:--
supper should consist of such food articles whose intsake is
followed by a drop in cerebral excitebility, and not by an
increase.

What requirements should supper satisfy, starting from
a consideration of the characteristics of the nigh
tion of the digestive apparatus?

In the night hours, the salivary glands respond with a
distinct secretory reaction to natural stimuli. However, in
sleep, the salivary gland function is inhibited, and these
glancs do not participate at this time in the digestive pro-
cess. Therefore, the above raised question should be enswered
with regard to the functional characteristics of the lower
sectors of the digestive apparatus, aand first of all of the
stomach,

In a large series of examinations, we showed thet at
night, the first complex-reflex phase of gastric secretion
is inhibited. This is the phase which is provided by the
participation of predominantly neural mechanisms. On the
contrary, a tendency is found to increase the second, pre-
dominantly humoral phase of secretion. From this, the fol-
lowing third rule is derived for the physiological composi-
tion of supper:--at supper time food articles should be
taken for whose digestion the secretion of gastric juice is
conditioned by means of a predominant excitation of the hu-
moral chemical mechanims (and not of the neural mechanisms)
of gastric gland func*tion.

In this case, firstly, the food which enters the stomach
will be well worked up with juice, and, secondly, a stream of
interoceptic impulses of the nervous stimulation of gastric
secretion will be here limited in the higher sectors of the
central nervous system, which will helov the development of
sleep inhibition. But by this consideration, the old rule
also remains in force that supper should not be overabundant
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in volume, it should not overfill the gastrointsastinal tract,
the procaossing of the fond articles should not be acconpanied
by superilucus g«s focrmatlion, &nd so on, for all thnis will
reinforce the stream of 1ntc~OCﬁptive signaling, and will
disturb the devclopment of cloe

'r)

Under the e!fect of sleep the motor and evicuatory func-
tions of thz stonmich are not changed substantielly. At night,
the hepato—papcrwatico~ﬁuodenal systenm mraintains a high~daecroe
of functional acitvitry., All this voints to tiue fact that
fooc arriving frem the stomuch will ba thoroughly, and ra
intensively, workasd up in the lowoer sacmants of the digestive
appsr\,yhu.

The proceusing of foad articles in the gostro-intas a1
tract, and the more so the processes of tissue metabpolism,
take a lonc time, indeed dif orent time for the consumvtion
of different proaucts. Thus, lecukocvtic reaction saoms fo
depend uron the ”uallcy of consun«d procducts aftar uar and
even f*v; hours, wi : the signs .0of the spec c by
effect of foond, ma: ~sted vy the desjree of o<
the oruanism nitsr digsestion and assimilati tan-
ces, = clearly dotecteble 4-5 nours after It
shoulad Lz xapt in mind that after tzking th cez-
tive lnu“oc~t0515 an¢d specific dvnanic eifec oCcCHr
more citen later at night tha2n In the vlicnt ours.  Tnis
findi ‘g indicates that the process of final utilizaticon of
food subitances i3 crarcad out 3t night., when, for insftInco,
meat proqqgr° are consunad ot supper, ¢n intensive mebabolic
process is found even at the late hours of night when nony
physiological systems usually lower their funclionzl zcitivity.
Parallel witn nigh energy losses, uilusually for this period
of tiem, the pulse ra“_, respiratory r 2 o4 Tres-—
sure level are changed., 2f coursc, =17 t
hinder the normal course of restorativ :

Hence, w2 havea tne follevwing rule for
struction of suppe suppor should ¢
articles whose v ing in the dige
proc=ss of ter: cimilation of t
ducts woulZd 30 tihe smallest o
Ism and would ted in & compa

time,

Now tien, wnit xind of articles shnuld bo conswrad at sup-
per timetr In tre final :nalysis, this cuestion ough*t to b=
solved with tit: consicdoration of many factors, for Lnstaﬁc;,
age, characterictics o7 worl activity, climzti Ltions,
and 50 0n. QOur matcriael pormits more or less ~lv Lo
spezlk onlv ahouh the Guestion of the pvo ain ts of
r2els, In this regzvd, onl: : ihlet—--
prefercnce shoulce oo glven to mqat




products. The supposition on the physiological characteristics
and appropriatencis of concuming dairy products at supper time
is entizely in agre.moent with the peculiarities of organ and
system functlions of the organism at night.

Indead, after taxing milk and dairy products in the even-
ing hours, tre ewcitrillity of the nigher sectors of the cen-
tral ncrvous systom 2rpesrs Lo be lowered. In fact, lowering
of the excitabnhility of the cerebrzl cortex is also observed
after taking mezcs and fatty mesls, ut i1t would be hardly
correct to solva tha quesiion about the suitehility of con-
suming sucn or similar oither producis 2t supper only with
consideraiion of the primuiry rezction of the centiral nervous
system, llevertneless, we enphasize thit efter the consumption
o7 mil¥ and d-iry zroducis, thnz excitablility of the ceredbrea
cortex is low.ered, and as a result, conditions are creatzd
for the devzloprment of slcep inhibition., 3y the way! Let
us mention that A. A. O3TROUNOV (12083), eminent Russian clin-
ician, pointed out in his "Cliniczl Lectures": 'liilk has a
good effect, by suzpressing an irritated state cf tnz nervous
system,."

The thysiologicsl foundaticon of deirvy productz consunptlion
at suppe: time is especailly clearly vevealsd at the invesii-~
gation of the guestion from the viewpoint of the functicn of
the gzstro-intwscinzsl tract. As it has been stated ebuve,
food articles used in supper shoulcd be processed firstly, by
cigestive juices confitionced chizlly by excitation of ths
humorzl mechanisme of gastric gland function, secondly, with
the smallest stress of the glanduler apparatus, and thirdly,
the process of working up food substances should be completed
in a comparatively snort time.

I. B. PAVLCV inciczt=d that '"milk is in 2n exceptionzal
positicn among the kinds of human mezl.” I. P. PAVLCV moti-
vates tn's exceptional position of milk by three features,

teken in emounts eguivalent as to nitrogzne. Furthermore:

Tirsctly, the vesakest gastric juice 1s poured out on milk,

and e&lzso the smallest amount of pancreatic juice in comgerison

with other food articles, for instance, with meat and bread,
ou

“1ilk has another important propertyv:i--—introcduced directly

into the stomzca, imperceptibly fo the enimal, it always

causes a certein degree of sacretory activity of the stomach

ancé psncreas, i.e,, it is itself a chemical stimuluvs for the

P. PAVLOV repeat=dly emphasized that

"in truth th=z secre milk is that no substantial difference

digestive cunal." I.
£
is noticzd in tne discharging work of the digestive canal,
whebtner the milk is put into the stomach without the animal's
knoviladje, or it is fed directly to the animal. For meat,
althougn it is the best chiemical stimulus, the mode of its
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entry into the stomach....is of

According to the Llngvn~‘
RASUMOY and ¥, M. LEVI! DN
juice-producing effect of milk
sone substance in tne milk ser
inery treatnent, and which sti
of gastric function. This is
effect is characteristic, both

dairy products such as kefir,
(I. M. GCRDY:SYV, 19063 I. V. KA
view of the large fat content
the period of julce zccretion
for a long time (1. GORLEY*

-
<

M.

We should
acteristic of the
milk products arc consumcd.
secretion. when fecsding milk
for nitrogen, the secretion of
more econonical after milk
longed than after m=at intake,
are ingested, the gastric juice
the transition of food suvstsn
lovier segments of digestive tr
eating, since the is richn
period of juice scc ion exte

still say somethi

function of

In this regsrd, our investi
in which ws ct”dﬂgo the charsc
tion in relation to the gualita

As it was shown above, aftaer ti
21 o'clock, Cespite the sbsernce

gastrlc glnndc continued their
o'clock at night, when, pzrall-
activity of may phvsiolojical

tory function of the

observation after the
has the most marked juico-
In this case, the p*occ~~

completed at -4 o'clock,

state of relative resc

L e

P
.2

Milk products, in 4iff
only 'ﬂlatlvaly rapidly diz
tract, but, as our investige
leukocytic rezactior. and spe
8lso comparstively prompu_y

1. I. P. PAVLO7. Poln,sborn.tr

-

v,

to:

1
f great importance,"

of 5. N, CKROVSKIY (19£4), . P.
Ao V. SOLOV'YZV (1959), the
is caused by the presencce of
o whil.ch is resistant to cul-
nmula teu the neural mechanism

why a high-grade juice-producing
for whole milk, and also for
sour miik and cottage cheess
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tive characteristics of SUpPLEr,
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juice secretion even at 3-4
1 with lowering the functional
svztome, ususlly also the socre-
1ach cesses,., Another was our
"ir at supper time wihich
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Meat food is worked up by the organism with greater strcecss
than the delry product, and the biochemical processes for its
ultimate eszimilation stretch out over a longer pcriod of
time, 3s this is shown by gas e¢nalytical data. As our inves-
tigations showed, if mect meel is taken at 21 o'clock, i.e.,
at the usually accept=d hours of supper, then almost for the
whole nignt, an increased energy spending of the organism is
observed, while in the period from 2 o'clock to 4 o'clock,
when many physiological systems reduce their activity, are
still more distinct increase if often obhserved in the energy
losses. 1Insteacd of a lowering, which is usual in these
hours, the pulse rate, and respiratory rate, and blood pres-
sure” level rarain zt nignh figures, and there 1s even a trend
to their increzse. But after the intake of eguivalent amounts
of dairy pro<ucts, no similar observations can be macde. In
the hours of tne usual lowering of physiological functions,
parallel with the decrease in energy loss (approximately to
the level 2f kassl metebolism), the pulse and respiratory
rates became less frequent, and the blood pressure dropred.

MHetabolism, and conscguently also the biochemical pro-
cesses of tne finel utilization of fcod products, are reduced
in their intensity during niIgni slecep. This can be especially
distinctly cemonstrated on the example of sugar curves which,
at night, acquire lines similar to diabetes, Therefore, it
becowmas clecr why the gastric glands secrete gastric juice
at night so long after the evening-hour inteke of meat mezl
rich in extractive sudstances. It ought to b= supposed that
these substances circulate in the blood for a long time, &nd
by & humoral way, they stimulate the gastric glands to ac-
tivity. 1In milk and milk products, such substances are evi-
dently not contained, ancd even if contained, they are present
only in a small amounkt,

Thus, with dairy products, it 1s possibkle to introduce
into th=2 orgenism a sufiiclent amount of protein, and, evi-
dentlv, the proces: of their working up in the organism will
not hinder the developmant of sleep, Moreover, there is
every reason to telieve that sleep development and processing
of dairy products in tne organism are processes mutually
strengthening each otner. This close intzraction betwzen
sleep and milk digeostion is establisned in the organism of
the cnilcd already “rom the first day after birth. You know,
milk--the product poeparced by nature itself, in early chiid-
hood, iz first the only 7002 product, end therezfter it re-
maing onc of the basic products in nutrition still for a long
time. It 15 vwell known to all that after food intake (milk), a8
health,; <¢hild usually falls aslecep., Under these conditions,
betvizen the sleep process and the process of milk assimilation,
therc ere cuch yhvycoliologiczl and biochaemical interactions
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(and they &are inherited from generation to generation) which,
in the rest form, on the one hand, éssure normal slecp and,
on the other hand, guareniee a perfect run of the process of
working over and ascimilating food suhstances by the organicem.
This close interaction betwezn milk nut'ition and sleep is

so advantageous for the growing organism thet the c¢hild
doubles his weight in halr a year.

In the ultimete analysis, we are far from the thought to
believe that the reguirements of an adult person for food
articles can be completely satisfied with milk and milk pro-
ducts, al*"rov:q‘r milk and milk products are exceptionally
vzlueble food substances. As to Com:lQCETESD of composition,
there is not a single netural foocd wnich could be comparcd
with milk in this respcct Milk contsins a1l the needed ani
acids; it is rich in vitemins (5, R,, PP anc C) and mineral
selts. [ilk and milk products are widely used in therapeuticzl
practice. In milk procduction, our country coccupies the Zirs
place ir the world. However, the facts point to &n insuf-
ficient consumption of milk and milk products in the lergs
cities of our country, chiefly by the adult population
(R. B. DAVYDOV, 1958). This is explained first of all so
the population is not prop““1v informed about the hich nu-
tritive value and other usaful propertics of milk,

Not to mention children, acdult peoples si
and milk products daily. The above rmo‘e m

n,
AR
)

a basis for drawin; a conclusion akout the phys yical
motivation and suitebility of consuming millk products, poerti-
cularly at supper time. In the final znalycis, supper :=nould
not be composed exclusively of dairy products. Starting Iron
the need for restoring *hz energy reserves of the anlsm,
especially of physical worksrs, deiry producis at suppe: tinme
should be cortined with products rich in carbohvdratess (grozts
porridge, potato, farinaceous products).

Let us now consider some problems re=latec to the nutri-
tion of persons who perform nightwork,

The proklen of nigzhttime ru*rition wzs nct raised just
today. In the U.,S.3.R., 1% zcauirec importznce in connzction
with the industrizl developmgn;, with putting larcge factories
and worxs into opurastion, which work almost with identiceal
stress all around the dav. By judging from Ln: literature,
the problem cf nutrition is 3till onlv in iits organlizatizrsl
plan. Inr their time, M. 5. IIAR3SUAK, V. L. STTQ\J\*r. anc
Ya. T. FCLYACHET (19tu) corsideread “ra" "for & long time pub-
lic cetering coped with this task, and worker a2t night shifts
had hot cinner ("obcd") in their ﬂuﬂqnull which did not diifer
at all from the food given to cdaytime shifts.” Such a solu-
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tion of this very cowplicated problem seems to be hardly
corrcct, or scientifically grounded.

Our examination outlin= a few fundamental theses on the
contruction of nutrition ror nightworkers.

First of all, let us discuss the guzntative side of nu-
trition. The findings which the present investigaticin obtain-
ed inclicate that in doing the sam= work, the organism re-
guires less energy at night than during the daytime. Even
though this difference is small and equals only 6% as an
average, it was statistically significant. Thus, the impres-
sion is created that in the work process, the organism spends
energy at nignt more economlically than in the daytime. This
peculiar characteristic of nightwork should be taken in con-
sideration at the solution or the quantitative problems of
nutrition,

Despite the fact that ths energy losses of the organism
on physical load are lower at night than during the deaytime,
we ere fer from tne thought to consider nigat nours better
for work tnan daytime hours.

The lower expense of energy per work unit performed at
night should be expizined first of all with the lowered
activity of many functions of the organism at this time:--

the pulse &nd respiratory rate slow down, the muzcular power
decreases, ths body tcmpe:ature drops, hr basal metabolism
diminishes, and firs £ all the excitability of the higher

sectors of thre CPF-Lcl nervous system is reduced., This dim-
inution of the physiological functions of the organism at
night is a scgquela of the living routine, As to time, it
usually coincides with the sleep period, but it is so sub-
stantislly conplicated and regular that it is observed even
when a person is not just awake at night but is sven occupied
in work. Since the higher sectors of the central nervous
system remain inhibited at night to a certain degree, they
are less reactive, less sensitive to stimuli of ever kind.
Consecuently, in this case, & reaction to a stimulus effect
will be less generalinzd, not only within the range of the
central nervous systein, but also in the organism as a whole,
In the required meesure anc coordination, not all organs and
systemc ol the organism will compensatorily change their func-
tional activity for a full assurance of one or another acti-
vity of the organism that developed in tine work process, You
know, it i3 perfectly clear that in an inteqral organism, at
the presentation of increased recuirements to any single or-
gan, the othar organs and systems of the organism do not re-
main indifferent. ¥For instanc2, the work of lifting a load
to 2z definite height {35 assured, not only with the participa-
tion of tie neuro-muscular epparatus.  Chis process can be
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carried out for a long time only under the condition of a
simultaneous corresponding compensatory functional reinforce-
ment of the cardiovascular system (delivery of power material),
of the external respiratory system (increased 0) supply and
excretion of COZ), of the activity of the liver and other
organs., The highest regulator of this orderly activity of
the organism is the central nervous system. Therefore, the
main condition of a perfect support of the working process

is first of all, a rather nigh fuhctional activity of the
higher sectors of the central nervous system. It can be cx-
pected that in such cases when the hicher sectors of the cen-
tral nervous system are inhibited for one reason or another,
when the exrit-wility of the higher regulatory centers is
raised, when these centers are hardly sensitive to signals
about the need of compensetory reinforcement or relaxation of
the activity of one organ or another or one system or another
in the organism,---each time the organism will not be able

to productively participste in the work process . to any length
of time,

This night failure of the organism at prolonged loadings
was especially distinctly manifested in our investigatiorns
in the determination of muscu2lr working capscity with the
aid of a spring hand dynamograph. During this investigation,
a limited group of muscles was subjected to loading, which
mace possible during a comparatively short period of time to
track down not only the tiring process, but also the process
of restoration of the working capacity. It was shown that
muscular working capacity is considerably lowered at nignt,
fatigue will quickly develop.

That the basis of lowered working capacity at night is
the suppression of physiological functions conditionecd
first of all by tne reduction of excitability of the central
nervous system, and not a direct effect of the work itself,
is shown by the observation when in nightworkers, the working
capacity begins suddenly to rise in the morning without a pre-
liminary rest period. The rise in muscular working capacity
in the morning nours was repeatedly observed on himself by
one of the authors of the present investigation (F. I. KOIAROV).

Is it possiblz, with the aid of food substances with
specially constructed diets, to make nightwork less harmful
and at the same time, mora procductive?

Food is a powerful factor of action upon the organisn,
upon its metitoliism and functional phenomena. Under effect
of food, even the functionsl status of the higher sectors of
the central nervous zyster will change. Study of the liter-
ature anc gersonil observitions prove that in the question
apout tne ¢ t ¢ rals and nutrition on the functional
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status of the higher sectors of the central nervous system,
some concepts must be cistinguiched., First of all, in the
function of the highar secctors o©F the ceontral nervous system,
we should difrsrenfiate chancaes which arise during and imme-
diately after EOL_n\, from c%:rfe: mu-ch develop under the
effect of a long, continucd consunption of these of other food

substances. In the lrut cas e cnhanges develop quicrly,
and they last for & compzar +i'“l short time (1-3 hours;,
while in the second case, the chen_es develonz slowly, but are
more permanent. It should be kept in view that one and the
same foodl substance, or one and the canme fooc regime, may
cause different, som2times evan dia

For instance, aiter its prolecngad consunption, carbohydrate
food will leuad to lowerinsg the «xci »ility of brain and to
a G;ﬂlﬂtthL of conditioneld «nc unconditicned reflexes. At

—

ainetrically oprosite changes.

1

the seme time, the carbouwydrate tood regine, whicn is pre-

SCILb“d after a m*x@d nutrition, orovokesz & rise of the

excitability process (5. YU. GRINGIRG, 13233 V. S. MUZYHANTOV,

1933)., Usually, wnun eats a mixed food. It 1s ro: amauzing

thet, after the intake of easily solunle carkohydrazss(svgar,

COJlQL-lOQfli 5 ezcn timz we noticed a considerable increase
S . -

For (.2 solution of the cuestlion aboul the cualitative
characceristics of nutrition Zor nightworkors, the most
important is, in the final analvsis, Lo consider the shifts
whicn develop in {he func:iion of the central nervous system
under the influence of eatin s=1f Above, w2 showed that,
after tne intake of the majcrity of “o0d subst: ces (mlili,
kefir, couuaje cheese, bread, bhecon, smzll ssusage), the
higher sectcrs of the centiral nervous svstwf énzwer with a

o s of optical

a
signal-type reaction, judging from the findi
adequzte chronaixia:—-after 2 i

the length of 10-15 min., 3
acterized by lowered excitab
considered as mznifestaticns
proper, in som2 degree, to the iving world. The
biologzical meaning of this phenomznon is fully uncerstand-
able:-~z reduction of t\e excitability of the higher sectors
of the centrel nerwvous system results in an ncrcc 2 in the
irritasbility of the SUbCOLtw<, by wnich {favorab 1~ LODdl;lOJo
are created for the cousze oF the di;est‘ve process. It is
cnaracteristic that the creater Lhe stress by whicihn the food
is digestecd in the gastro-int=stinal Lract, the greater the
degxﬂe by wnich after the food intakxe, the brain excitahility
is lowered., We do not find any cther cxplanation for the
results of investigetions where, under identical conditions,
the intsxe of bacon causes more distinct lowering of the
cerebral excitability than small sausaqgss, while amono dairy
products, cream and cottase chease cause more dis inct lower~
ing then wnole milk%, A large miss of charning ovuer»u:lons

br 2
er 5 veriod follows, char-
lityv. These changes oucht to be
of G

<

noral 31010~1Cgl law,
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could be brought up when, after an abundant meal, somnolence,
and even sleep develops in animals. N. VOLFSON (1961) mentions
one of then,

During work on the film, "Striped Voyage," a picture hacd
to be taken in which a lion enters a passenger cabin, climbs
on the sofa, and falls asleep., KONSTANTINOVSKIY, the tamer,
abandoned the service of veterinary physicianrs who suggested
to put the lion asleep with the aid of hypnotic drugs, and he
found another, more netural way. Before picture taking, he
gave the lion 20 kg meat instead of 7 kg. The greedy lion
ate up all the meat, and soon he fell asleep. When the camera
started working, the lion opened q@nly one eye, for listening.
But the natural need of sleep after a substantial dinner did
its best, and he fell asleep, even started to snore.

Thus, after food taking, especially after eating substan-
tially, after the consumption of hardly digestible products,
the excitability of the brain is lowered., As our investi-
gations showed, the cerebral excitability drops particularly
markedly after the taking of food in the evening and night
hours. In th2 evening hours, the excitability of the brain
drops, not only after a copious meal, but also after a very
moderate, even light supper. This proves once again that
in the evening , in the central nervous system, there is an
increased readiness for the development of inhibitory pro-
cesses. By the way! Let us remark that this physiological
method can be utilized for the normalization of slecp in
insomnia connected with disorders in the period of falling
asleep.

From the gquoted facts, a very important rule follows for
the construction of nutrition for nigntworkers. Since, in t
the evening and night hours under natural physiological con-
ditions, a drop is observed in the cerebral excitability,
then this condition should not be redoubled by the food in-
take. The diet should be composed from such products after
whose intake, the cerebrel excitability not only would not
be lowered but, on the contrary, it would have a tendency to
rise. Unfortunately, we have at our disposal, only a very
small number of food substances whose intake is accompanied
by a distinct rise in brain's excitability. These are,
chiefly, the easisly soluble carbohydrates (sugar, chocolate,
cocoa, coffee and tea). From among other food substances,
the taking of milk and milk products goes with a lesser drop
in cerebral excitability. Z=vidently, from these products,
the ration shouid be made up for nightworkers,

Starting from the ideas of I. M. SECHZINOV on the mutual

relationsnip beiween the higher neural centers and the peri-
pnery in the process of working operation, a high producti-
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vity of worx, in particular musculzr working capacity, can

be reacned only with a hiqgh working capacity of the cells of
the higner sectors of the central nervous system. Ve have
also found this at the study of the methods of raising muscular
working capacity at night. 1t was shown that muscular working
capacity incressed at night, and rises distinctly, and com-
paratively promptly, after the intake of certain foods which
raise cerebral excitebility. According to the data of our
research, such foods proved to be vitamin-enriched chocolate.
It seemed to us that these investigations are important from

a fundamental point cf view, but not from the point of view

of practical recommendation. It 1s important that, with the
aid of food substances, human working capacity can be raised
at night. As to the utilization of chocolate for these pur-
poses, this is not without a practical interest, in particular
chocolate can be recommended to pilots during night flights,
and to other specialists whose activity is connected during
night operations with a high psycho-neural stress.

The effort at increasing the functional activity of the-
higher sectors of the central nervous system in nightworkers
was made, not only by & desire for the imporvement of work
productivity, but also by the need to prevent the development
of pathological conditions,

As it is well known, one of the most harmful effects on
the central nervous system is considered, by I. P, PAVLOV,
the simultaneous of chronologically close employment of sti-
rmuli which provoke excitation and inhibition---this is the
so-called collision, After some time, such an effect disturbs
the normal course of neural processes, and provoxes the dev-
elopment of pathological states in higher neural functions.

At night, in the function of the central nervous system,
a tendency is noticed toward inhibitory processes, toward
the lowering of cerebral excitability, and if there are no
hindering factors, then sleep will develop. However, the
working activity is usually connected with the activation of
a stimulating process, with the creation of stimulation foci
in the higher sectors of the central nervous system. Thus,
in the process of night work=in the activity of the higher
sectors of the central nervous systzm, two opposite tendencies
appear simultaneously: one directed at lowering, and the
other at increasing the excitability of the brain. A sit-
uation is created which can lead to the development of patho-
logical conditions. There is nothing surprising in the fact
that many investigators observed the development of a neurosis
in experimental animals when the circadian tide was disturbed
and the diurnal routine was altered (G. M. CHZIRKOVICH, 1961).
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Our findings indicate that, with certain therapeutic
measures, though no nermalization can be obtaincd in hyper-
tensive patients, in every case a smoothening of the perver-
sion of the circadian tide of vegetative functions can be
obtained.

Thus, we used a daily oxygen ‘herapy session to establish
that the circadian variation c¢: plood pressure is reduced in
hypertensive patients, and under the same conditions their
gaseous metabolism is improved.

The character of the action of medicinal substances is
also distinctly dependent on the circadian periodicity of
physiological functions. With a comparative employment of
nitrites in hypertensive patients in daytime and at night,
our investigations showed that, under the influence of nitro-
glycerin, more marked nemodynamic changes develop in hyper-
tensive patients at night than in the daytime.

The influence of a single intake of the usual therapeutic
dose of nitroglycerin causes s more marked reduction of the
systolic and minute volume of the blood, 2 lowering of the
tonus of muscular arteries and arteriocles, a& lowering of all
blood pressure indices, and a more marked acceleration of the
heart beat in hypertensive patients at night than during the
daytime. These features of nitroglycerin activity at night
are much less marked in patients who are in later stages of
the ailment than in patients who are in the initial stages.
Studying the large incidence of anginal attacks at night in
hypertensive patients, we should keep in view the mentioned
characteristice of hemodynamic changes when prescribing ni-
trites for such patients.

We are far from the idea to consider our investigations
into the study of the circadian ticde of vegetative functions
in healtkh and disease completed. Further investigations along
the same line are unquestionably very promising.
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