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The study of metabolism during nervous stress is of exceptional importance to therapeutic and prophylactic
medicine, and it has constantly attracted the attention of research workers [1, 8, 6].

The work of a pilot is characterized by low energy expenditure and considerable mental and emotional stress,
Considerable emotional and menzal stress is observed in pilots during frisls of new aviation techniques and test
flights, We have studied the basal metabolism (by the method of Douglas and Haldane) and the dynamics of the
changes in the blood sugar and blood cholesterol concentrations and the elimination of neutral 17-ketosteroids in the
urine. Together with the study of the principal physiological functions (pulse, respiration, ECG), these indices are
of interest for their own account and also as providing coafirmation of the presence of a state of physiological stwess,
A detailed study was made of the metabolisin of vitamins C, B, B, PP, and B;.

EXPERIMENTAL METHOD

Investigations were conducted on seven subjects; observations were made for a period of 56 days, on 35 of which
test flights or wrials of new techniques were made, and the other days were uséd as conwols. The subjects received
standard diets, the same on every day of the investigation. The blood sugar and cholesterol levels were determined
by the usual methods [4], The level of the neuwal 17-ketosteroids in the wine was determined after precipitation
and ether extraction colorimetrically by their color reaction with metadinizobenzene in an alkaline medium, A
calibration curve was plotted in respect to androsterone solution. An index of vitamin metabolism was the 24~hour
excretion of vitamins C, B, By, Ny-methylnicotinamide and 4-pyridoxic acid in the wrine, Vitamin B; was deter-
mined by the thioclrome method, vitamin By by the lumiflavine method, and Hy-methyinicotinamide and 4-pyri~
doxic acid by the method of MNaff and Perlzweig. When these methods were used the degree of flucrescence was
estimated by means of the "Moskip® fluorometer,. Vitamin C was estimated by tigration with 2,6=dichiorophenol=
indophenol.

In one series of investigations the excretion of vitamins and their derlvatives was calculated, not in a 24-how
specimen of urine, but per gram of creatinine determined in the particular wine sample, Cur previous investigations
showed that this method has definite advantages when studying the effect of occupational stresses on vitamin metab~
olism [2, 5].

EXPERIMENTAL RESULTS

The basal metabolism on flying days (68.5 + 2.2 Cal/h) was slightly higher than on nonflying days (83 ¢ 1.7
Cal/h).

The figures given in Table 1 demonseiie that the blood sugsr was significanty elevated on flying days, This
may be atributed primarily 1w nerveus and emotional stress in the pilot, for the greatest increase in the sugar level
was observed in the period preceding the flight,

After the flighty the blood cholesterol level was su .JW‘MHJ’ rais
clinicians obsarve a diturbarce of cholestesol mera 7 ’
frequent nezvous and emo

By y H N - v o L - P - Ja Fev e
hat o 34 the excretion of 1T iy in the urine was inor

It may be seen frem T «
mmzvion in the

and this, in turn, indigared the pressade
lrerature reporting an increase inthe bl

1228



TABLE 1, Changes in Blood Sugar and Cholesterol Levels
in Relation to Flying Duties

Conditions of | Time of taking| Sugar [ Cholesterol
re .! 1 -

investigation | samples in mgh

Flying days | Before fiights | 151210 | 152:2.5
{morning) ’
After flights 116x5.1 190+1.9
(afternoon)

Nonflying Morning 105177 153:10.9

days Afternoon 85:6.0 | 148:8.2

TABLE 2. Excretion of Neuzal 17-
Ketosteroids in the 24~Hour Urine on
Days Differing in the Character of
Their Activity

These results demonstrate the preseiice of some
degree of physiological stress, so that the study of the
changes in vitamin metabolism in persons on a standard
diet may be used to demonstrate the effect of nervous
stress on vitamin metabolism.

The 24-hour excretion of vitamins By and B, in the
arine, and also of 4~-pyridoxic acid and N,-methylnico~
tinamide, were appreciably lower on flying days than
on days with no flying (Table 3),

To obtain direct factual evidence of the influence
of nervous and emotional siress on vitaminmetabolism,

TABLE 3. Excretion of Vitamins in the 24-Hour Urine
on Days Differing in the Character of their Activity

Conditions

of investigation

Flying days .. .......

Noaflying days

T2 e s e

oos s .| Np-meth~} 4-pyri-
Meutral 17 Conditions | Vitamin | Vitamin ylnico- |doxic
L, of By B e . acid
kevosteroids investigati a (n p tinamide (i pe)
(in mg) investigation | (in kg) gl (in mg) g
19.5:1.1 Flying days, 4 9:0.54 ] 23:2.4 4.9+ 0,4 {1100£50
15.3:1.2 Nonflying
days ..... 13210 |52:+94 | 6.76:0.7 {1300+120

we modified the experimental method and determined the excretion of vitamins on days when the subjects were ex~
posed to considerable mervous and emoticnal stress, and on days without such siress (controls), Collection of urine
on days of exposure to stress ceased immediately before the werk and were resumed after the work was completed,
To make the resulis comparable, the values of exeretion of vitamins and their derivatives were calculated per gram
of creatinine, estimated at the same time in the particular urine specimen by Folin's method,

The fact that the work was sccompanied by considerable nervous and emotional swress is demonstrated by the

increase in the pulse rate from 72~84/min 1 h before the work 10 108-180/min immediately before it began. Changes
The respiration rate rose from 16-20/min

of a similar character were observed when the respiration was recorded,

1 | before the work to 30-42/min immediately before starting.

TABLE 4. Changes in Vitamin Mezabolism under the Influence of Nervous Swess
Excretich in wine per gram creatinine
. Ny-methyl- .
i i {rami it . ., 14~pyridoxic
Subject Time of observation v;ta;nm ¢ »v. ramin By vt amin By nicotinamide }?y l_
{in mg) (inpg) {in pg) (i acid (in pg}
in mg)

Sen [ COnmOl ...eiiaearioon.] 31 58 148 13.1 243
Before work .........0., 0,32 31 42 11.4 818
Afterwork ... iieaa el 0.167 29 34 2.79 127

Sev Control, o v v s v v v e nanenan 3,38 87 80 13.4 506

' Before WOtk w4 vuewavns.a.| 2.05 39 39 2.9 342
After 9otk Lo i 1.23 - 43 .23 2.9 288

Eer vae s emase e 2.78 378 172 18.4

O © % e o8 ae s £ 8 2‘53 31 33 5.5
e ces e e nn 2.4 28 42 1.22
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The ECG taken shortly before starting the work tevealed sinus tachycardia with no change in the character and
amplitude of the waves,

The results given in Table 4 demonstrate a fall in the valués of the indices of vitamin metabolism immediate-
ly before the work, giving direct evidence of the influence of nervous stress on vitamin metabolism. It is interesting
to note that after the work was over the indices of metabolism of vitamins C, By, and PP continned to fall, whereas
the excretion of vitamins B, and B, was unchanged.

The changes in vitamin metabolism in the period before the work could not be associated with changes in the
creatinine metabolism, for its excretion in the urine on days when different activities were performed was practically
the same., For instance, on conmol days, the mean creatinine excretion was 1.39+ 0,08 g, compared with1.42:0.07g
on days on which the subject had to perform the work,

The fact that changes in certain aspects of metabolism and in certain physiological functions arise, not only as
a result of the action of the occupational factors of flying duties, but also during the period preceding these duties,
suggests that some of the metabolic changes which we have found are directly associated with the nervous and mental
state of the subjects,

SUMMARY

Metabolic changes (a rise of the BMR, of the blood sugar level and of the 17-ketosteroid urinary excretion)
pointing to the presence of nervous strain were noted during flights and air plane equipment tests.

In these conditions there was also a rise of the blood cholesterol level and a reduction of the metabolic indices
of vitamins C, By, By, PP, and B;. This, in turn, indicates their increased expenditure during nervous strain.
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All abbreviatioas of pericdicals in the above bimmgraphy are lettes-hy-lstier transliter-
ations of the abbreviations as given in the original Russian joumal Some or all of this peri-
odical literature may well be available in BEnglizh translation, A complste list of the cové:s-m-
cover English translations appears at the back of this issus.
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