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The study of metabolism during nervous stress is of exceptional importanceto  therapeutic and prophylactic 
medicine, and it has constantly attracted the attention of research workers [1, 3, 6]. 

The wo~k of a pilot is characterized by tow energy expenditure and considerabIe mental and emotional stress, 
Considerable emotional and mental stress is observed in piio~ during ~rials of new aviation techniques and test 
flights. We have studied the basal metabo!ism (by uhe method of Douglas and HaIdane) and the dynamics of the 
changes in the btood sugar and blood cho!esteral concen~affon~ and the elimination o f  neutral 17-ketostetoids in the 
urine. Together with the study of the principal pb/~iolc~gical functions (paise, respkation, ECG), these indices are 
of interest for their own account and also as providing confirmation of the pre~enee of a state of physiolog~e~I stress. 
A detailed study was made of the metabolism of vitamins C, I~., ~ ,  PP, and ~ .  

E X P E R I M E N T A L  M E T H O D  

Investigations were conducted on seven subjecu; observations were made for a period of 56 days, on 35 of which 
test flighu or trials of new techniques were made, and the other days weme used as consols.  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 Ievel of the neutral 17-k~tos~eroids in the wine was determined after precipitation 
and ether extraction colorimetrically by their co!or reaction with metadini~obenzene in an alkaline medium. A 
calibration curve was plotted in respect to androsterone solution. An index of vitamin metaboIism was the 24-hour 
excretion of vi tamim C, ~ ,  B~, Nl-merhylnieo~namide and 4-pyridoxjm acid in the urine. Vitamin B~ wa~ deter- 
m/ned by the thioehrome method, vkamin ~ by tile lumiflavine method, and NFmethylnieotinamide and 4-p)~i- 
doxic acid by the method of Naff and Perlzweig. When these methods we.~e used the de~ee  of fluorescence was 
estimated by means of the "Me,kip" fluorome~er,, Vitamin C was estimated b] tigation with 2,6,-dichtorophenol- 
indophenol. 

In one series of investiga~ons the excre.t~on of vitamins and their derivatives was calcuiated, not in a 24-hoar 
specimen of urine, but per g~am of cxeatinine deterred-led in ~he particu!~r urine sampte; O ~  previous .investigations 
showed that this method has definite advantages w ~ n  stu@ing the effect of occupational ~tresses on vitamin metab- 
olism [2, '5]. 

E X P E R I M E N T A L  RESULTS 

The basal metabolism on flying days (69.5 • 2.2 Col/t0 was slightty Mgher than On rmnfIying days (63 ~ !.7 
Cal/h). 

The figures given in Table 1 demons~z~ tha~. the bleed s u ~  w~s s~gn!fieanfly elevated on flying days. This 
may be attributed pri-marily to nervo~.~ and emotional ~tses~ in the p~lot, for the greatest/no,  ease in the sugai" tevel 
was observed in the period p~eeeding d,~.e flight. 

After.the .flights the b!c'c-d eholesr.erol level wa~ sub~?t~atty raise:< Thia fact is of co~ider~Ne int,:zesL for 
clinieiam observe a d.~tt:~b~n-:r of ehoieste~o2 me.m goblin me,:e .,":eque~~?iy ':_n ~er~or.~ who:e eceupa~%~, e:.:t:d!~ 
frequent nervou~ and emot~c~?~l :u~e~s. 

It may be see~), from "r'., <.,. ~ ~h;at on fi2iag day~ the exe~etloa of l'%ker:s~ero{d; -~n :he u~ia.~ wa~ in::::.: ~ed~ 
and this, in t~n ,  . . . . . . . . .  ~::e .. P-s ..... ~o5..~.~.~ ~e;~,;, �9 ec.~e:,:;~tzons ~f2:::.~r ~.ith imp:matron in the 
literattee reporting an iucve~:e in the blc-cd ccrdec::eroid la:-'el d.v.dng ?:~g'~ vei<chy fligh<~ [73 
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"Conditions of  
investigation 

TABLE I .  Changes in Blood Sugar and Cholesterol Levels 
in Relation to Flying Duties 

Sug~  [ Cholesterol 

in m~o 

Hying days 

Time of  takin 
samples 

Before flights 
(morning) 
After flights 
(afternoon) 

Morning 
Afternoon. 

Nonflying 
days 

1 5 t ! 1 0  152~:2.5 

11615.1 190i 1.9 

10.5~?/1 153+ 10.9 
85~-6.0 148!8 .2  

These results demonstrate the presence of some 

degree of physiological stress, so that the study of the 
changes in vi tamin metabolism in persons on a standard 
diet may be used to demonstrate the effect of nervous 
stress on vi tamin metabolism. 

The 24-hour excretion of  vitamins B 1 and t~ in the 
urine, and also of  4-pyridoxie acid and N~-methylnico- 
t inamide, 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 stress on v i taminmetabol ism,  

TABLE 2. Excretion of  New~al lq -  
Ketosteroids in the 24--Ho~r Urine on 
Days Differing in the Charactex of 
Their Activity 

Conditiom 
of inves~gation 

Flying days . . . . . . . .  
Nonflying days . . . . .  

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

Conditiom 
Neatzal 17- 

of 
~e~o~teroids 
( in  rag) investigation 

19.5i  1,1 Flying d a y s . .  
15 .3 i  1.2 Nonflying 

days . . . .  

Vitamin 
lh 
(in vD 

91 0.54 

13i 1.0 

Vitamin 
a~ 
(in ~g) 

23e 2.4 

52 i 9,4 

NI- meth-  
ylnico- 
tinamide 
(in rag) 

4.9•  

6 .76i0.7  

4-p)~i- 
doxic 
acid 
(in ~g) 

1!00e50 

1300i 120 

we modified the experimental mednod and determined the excretion of vitamins on days when the subjects were ex-  
posed to considerable nervous and emotional  stress, and on days witho~lt such stress (controls), Collection of urine 
on days of  exposure to s=ess ceased h~mediateIy before the wcr and were resumed after the work was completed. 
To make the results comparable,  d?~e values of excretion of  vitamins and their derivatives were calculated per gram 
of creat imne,  estimated at the same dine  in the particular urine specimen by Folin's method. 

The fact  that @e work was accompanied by conddetable nervous and emotional  st~e~ i~ demonstrated by the 
increase in the pulse rate from 72-84/ ra in  1 h before the work to 108-!60/ ra in  immediate ly  before it began. Changes 
of a similar character were observed when the respiration was recorded. The respiration rate rose from 16~20/min 
1 h before the ~wo~k to 90-42 /min  s before starting, 

TABLE 4. �9 in Vitamin Mer.abDlism under the Inft.uence of Nervo~ S~ess 

Subject 

S-n 

S-v 

Time of  observation 

Corlffol ........... . .... 

Before wor.k . . . . .  . . . . . . . .  
Aftez wod< 

C01~ffo! ................. 

Before w ~  . . . . . . . . . . . . .  

Ce ~ COl 

i~cfi:=:'~ w'<ik , . . . . . . . .  , . . . .  
........ wofi~ . , , ~ , . . . . . . . .  

l Excretion in ~zine per gram 

i tamin C vitamin B 1 vi tamin F~ 

l (in rag) (in/~g) (in pg) 

3.1 58 14g 
0.32 31 42 
0,167 29 34 

3.3~ 87 

2.05 39 
1.33 45 

2.79 378 
2,51 31 

214 ~ 2:~ 

creatinine 

Nl-methyl-  [ " 
nicodnamidel  4" P.Yr)d~ 

(in rag) i acid (in ~g) 

t 
13,1 943 
1 t .4  819 
2.79 '727 

90 13.4 5O6 
39 t 2.9 342 

J 

2.? 2~8 
r 

l z i 1. i ~'J~ 
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The ECG taken shortly before starting the work revealed sinus ta.chycardia with no change in the character and 
amplitude of the waves. 

The results given in Table 4 demonstrate a fall in the Values 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, B~, and PP continued to fall, whereas 
the excretion of vitamins B 1 and B 2 was unchanged. 

The changes in vitamin metabolism in the period before the work could not be associated with changes in the 
ereatinine metabolism, for its e~cretion in the urine on days when different activities were performed was practically 
the same, For instance, on control days, the mean creatinine excretion was 1.39--. 0.06 g, compared withl.42~ 0.07 g 
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. 

S U M M A R Y  

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 tesr.s. 

In these conditiom there was also a rise of the blood cholesterol level and a reduction of the metabolic indices 
of vitamins C, BI, t~, PP, and B~. This, in turn, indicates their increased expenditure during nervous strain. 
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