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The effect  of s t r i c t  bed r e s t  for  30 days on the state of the wa te r  me tabo l i sm,  the kinet ics  of 
wa te r  excre t ion ,  and the mean daily wa te r  loss  was studied in man.  Hypokinesia  was found to 
reduce the ra te  of wa t e r  renewal  and to dec rease  the total  wa te r  loss  of the body. The r e l a -  
tive wa te r  content as a percentage  of body weight on the 25th day of hypokinesia  was identical  
with the contro l .  

KEY WORDS: hypokinesia ,  w a t e r  me tabo l i sm.  

Limita t ion of movements  of the o rgan i sm is a p rob lem at p r e sen t  engaging the increas ing  attention 
of pathophysiologis ts  and c l in ic ians .  Res t r ic t ion  of moto r  act ivi ty  (hypokinesia) both in man and in an imals  
d is turbs  the act ivi ty  of the ca rd iovascu l a r  and neuroendocr ine  s y s t e m s  and induces changes in protein,  
lipid, and mine ra l  me tabo l i sm [1, 3, 9, 12]. Changes in wa t e r  me tabo l i sm during hypokines ia  have been 
shown to be phasic in c h a r a c t e r  [2, 6]. 

However,  no invest igat ions have been c a r r i e d  out to study the effect  of prolonged hypokinesia  on the 
c h a r a c t e r  of e l iminat ion of wa te r  f r o m  the o rgan i sm or  on the mean daily wa te r  loss ;  the p re sen t  inves t iga-  
tion was accordingly c a r r i e d  out for  this purpose .  

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

Tes ts  were  c a r r i e d  out on nine heal thy men divided into two groups:  1) control  (3 subjects)  whose 
movements  were  un res t r i c t ed ;  2) exper imenta l  (6 subjects) ,  confined s t r i c t ly  to bed for  30 days .  The sub-  
jec ts  were  not pe rmi t t ed  to s i t  up even to use the bedpan.  The foot of the bed was sl ightly r a i s ed  so that 
the plane of the bed made an angle of 2 ~ with the f loor .  However,  since the subjects  were  provided with a 
pillow, the i r  head r ema ined  hor izonta l .  

The total  body wa te r  was de te rmined  with the aid of t r i t i um oxide, injected in t r amuscu la r ly  in a 
volume of about 1 ml  (specific act ivi ty 100/~Ci /ml) .  In view of data in the l i t e ra tu re  [7, 13] to show that 
the equi l ibr ium distr ibution of t r i t i a ted  wa te r  in the heal thy human subject  is at tained 1-2 h af ter  its in- 
jection,  the concentrat ion of t r i t i um oxide was de te rmined  pr inc ipa l ly  60, 90, and 120 min a f te r  injection 
of the isotope (in some invest igat ions,  90 and 120 rain t h e r e a f t e r  only). The m a t e r i a l  studied cons is ted  of 
vapor  of the expired  a i r ,  which requ i red  no fur ther  t r e a t m e n t  and was col lected e i ther  in a g lass  t r ap ,  i m -  
m e r s e d  in a mixture  of ice and common  salt ,  or  in cold wa te r .  To plot the isotope excre t ion  curve  f rom 
the body, the vapor  (in the morning) and the 24-h urine were  col lected daily; the urine was l a te r  lyophilized.  

The tota l  body wate r  was de te rmined  in the in t roductory per iod,  on the 25th day of bed res t ,  and on 
the 8th day of the r e c o v e r y  per iod .  

The act ivi ty  of the samples  was m e a s u r e d  on a Mark  1 Nuclear  Chicago (USA) liquid scinti l lat ion 
counter .  The eff ic iency of the counter  for  t r i t i um is 40~ More than 3000 pulses  were  r eco rded  during 
counting for  10 min.  The volume of wa te r  in the body was calcula ted f rom the dilution fo rmula  in two 
ways:  a) f rom the data of equi l ibr ium distr ibution of t r i t ium oxide 2 h a f te r  its injection, b) by ex t r apo la t -  
ing the isotope el iminat ion curve to the ze ro  point.  The e r r o r  of the method was 4~c. The total  wa te r  loss 
of the body was de te rmined  by the equation: 

(p re sen ted  by Academic ian  of the Academy of Medical Sciences  of the USSR A. M: Chernukh.) T r a n s -  
lated f rom Byulleten'  l~ksper imental 'noi  Biologii i Meditsiny,  Vol. 79, No. 2, pp. 23-25, Feb rua ry ,  1975. 
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Fig .  1. Curves  showing exc re t ion  of 
t r i t i um oxide f r o m  the body: I) group 
2, s t r i c t  bed r e s t ;  II) group 2, r e c o v -  
e r y  per iod;  IID group 1 (control) .  

0~ BWV 
Wloss --  T 

where  Wloss is the total  wa te r  loss (in m l / 2 4  h), BWV the 
quantity of wa te r  in the body (ml), and T the ha l f -e l imina t ion  
per iod  of the isotope (in days) .  

The expe r imen ta l  r e su l t s  were  subjected to s t a t i s t i ca l  
ana lys is  by Student ' s  method.  The method of de te rmin ing  the 
s ignif icance of the di f ference in the resu l t s  obtained over  a 
per iod  of t ime in the same  group was used [11]. 

E X P E R I M E N T A L  R E S U L T S  

The wa te r  content  in the body of the control  subjects  was 
49.9 4- 0.3 l i te rs  (60.7 4- 1.5~ of the body weight).  Repeated de-  
t e rmina t ion  of the wa te r  content  on the 25th day of the s tay in 
hosp i ta l  r evea led  a dec rea se  by 1-3 l i t e r s  in all  subjec ts .  
Meanwhile the body weight of all  the control  subjec ts  i nc rea sed  
on the ave rage  by 1 kg. This led to a more  m a r k e d  dec rease  in 
the percen tage  content  of water ,  which for  the group as a whole 
fel l  by 3.1% (P < 0.05). 

The or iginal  wa t e r  content  in the subjec ts  of group 2 was 44.4 4- 2.0 l i t e r s  (60.0 4- 1.6~ of the body 
weight) .  Divergen t  changes in the volume of fluid in the body were  obse rved  on the 25th day of hypokinesia:  
in two subjec ts  it was i n c r e a s e d  but in four it was lower  than init ially.  F o r  the group as a whole there  was 
a tendency for  the total  body w a t e r  content  to be reduced by 2.0 4- 1.6 l i t e r s .  Since a d e c r e a s e  in the body 
weight of the subjec ts  by 2 kg was obs e rved  in the course  of hypokinesia ,  the body wa te r  content  e x p r e s s e d  
as a pe rcen tage  of body weight  r e m a i n e d  v i r tua l ly  unchanged in these sub jec t s .  

Tes t s  c a r r i e d  out in the r e c o v e r y  per iod  showed that  on the average  for  the group the body liquid 
volume of the subjec ts  co r r e sponded  to its init ial  value of 45.1 4- 2.0 l i t e r s  (61.0 4- 1.5% of the body weight) .  
Only in one subjec t  was  the resumpt ion  of moto r  act ivi ty followed by an inc rease  in the body wa te r  content  
by 5.2 l i t e r s  c o m p a r e d  with the p r e l i m i n a r y  per iod (the percen tage  of w a t e r  i nc reased  by 7.0~c) and by 5.9 
l i t e r s  c o m p a r e d  with the 25th day of hypokines ia  (although in this case  the percentage  of w a t e r  in the body 
inc reased  by only 6.0~).  

Consequent ly ,  for  the group of heal thy subjects  as a whole, on the 25th day of r e s t r i c t i o n  of the i r  
motor  act ivi ty  the re la t ive  content  of body wa te r  was indist inguishable f r o m  its initial  va lues .  The r e su l t s  
of these  invest igat ions  do not agree  with those published by Zhdanova [4, 5], who studied changes in human 
specif ic  g rav i ty  by hydros ta t i c  weighing and concluded that  the ra t io  between the lipid and nonlipid c o m -  
ponents of the body changes  s ignif icant ly  during hypokines ia  in the d i rec t ion of an inc rease  in fat  and that  
these changes  lead to a d e c r e a s e  in the musc le  and wa te r  m a s s e s  in the body.  Admit tedly,  Zhdanova ' s  ex -  
p e r i m e n t s  las ted  only 10 days .  However ,  she cons ide rs  that  the changes obse rved  in lipid me tabo l i sm  mus t  
p r o g r e s s  with an i nc rea se  in the duration of the e x p e r i m e n t s .  Unfortunately,  he r  pape r s  give no i n f o r m a -  
tion on the nature  of the diet  r ece ived  by the subjec ts  during the e x p e r i m e n t s .  Since the basa l  m e t a b o l i s m  
falls in man during r e s t r i c t e d  mo to r  act ivi ty  [8, 10], the absence of a ba lanced diet could eas i ly  lead to ex -  
c e s s ive  deposi t ion of fat in the body. 

The changes in the w a t e r  content  in the control  subjec ts  obtained during the p r e sen t  s e r i e s  of e x p e r i -  
ments  conf i rm the need for  a balanced diet  when such e x p e r i m e n t s  a re  conducted.  Despi te  a r e l a t ive ly  
mobile mode of life, a 3500 kcal  diet led to a dec rease  in the wa te r  content and an inc rease  in the body 
weight  of these heal thy men on the 25th day of the i r  s tay in the hospi ta l .  

The e x p e r i m e n t a l  r e su l t s  showed that  the ra te  of w a t e r  renewal  in the body, de te rmined  f rom the 
ha l f -e l imina t ion  per iod  of t r i t iumoxide ,  was 7.3 4- 0.5 days in the subjec ts  of the control  group (Fig. 1). 
Res t r i c t ion  of m o t o r  ac t iv i ty  lengthened the ha l f -e l imina t ion  per iod  of the isotope to 9.6 4- 0.2 days (p < 
0.01), i .e . ,  the ra te  of r enewal  of wa te r  during s t r i c t  bed r e s t  was s ignif icant ly  slowed in all the subjec ts .  
In the r e c o v e r y  per iod  the ra te  of renewal  of wa te r  i nc rea sed  and the ha l f -e l imina t ion  per iod  co r re sponded  
to that  in the contro l  group (7.6 4- 0.4 days) .  
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In the control  group of subjects  the total  wa te r  loss  was considerable  (4409 • 196 m l / d a y ) .  This 
was evidently explained by the t imetable  of the m e m b e r s  of this group, the duties of whom included weigh-  
ing the subjects  of group 2. This  procedure  was c a r r i e d  out daily and involved ca r ry ing  the subjects  with 
r e s t r i c t e d  mobi l i ty  on s t r e t c h e r s .  During s t r i c t  bed r e s t  the quantity of wa te r  lost  by the body fell  by 30~ 
compared  with the con t ro l ,  to reach  3092 =~ 146 m l / d a y  (P < 0.05). Resumption of motor  act ivi ty  led to an 
increase  in the wa te r  loss  of the body to 4027 • 249 m l / d a y .  

However,  during prolonged exper imen t s  in which marked  fluctuations take place in the s tate  of hydra -  
tion of the body, as de te rmined  by calculat ion in the usual  way, the total  wa te r  losses ,  in the w r i t e r s '  
opinion, do not always co r r e spond  s t r i c t ly  to the mean daily va lues .  They re f l ec t  r a t h e r  the state of the 
wa te r  me tabo l i sm on the day of de terminat ion of the body wa te r .  

Knowing the daily excre t ion  of urine of subjects  of the control  and expe r imen ta l  g roups*  {1309 • 65 
and 1514 • 64 m l / d a y ,  respec t ive ly) ,  the total quantity of wa te r  los t  by the body as impercep t ib le  l o s ses  
could also be ca lcula ted .  During s t r i c t  bed r e s t  the impercept ib le  l o s ses  were  found to amount to about 
half  of the total  wa te r  los t  by  the body.  In the subjects  of the control  group the re la t ive  defici t  of mo to r  
act ivi ty was made good by a p r o g r a m  of physica l  e x e r c i s e s ,  which led to an inc rease  in the i r  impercep t ib le  
wa te r  loss  to 707c of the total  wa te r  lost  by the body. 

The wa te r  me tabo l i sm in a heal thy person  is thus c lose ly  connected with his moto r  act ivi ty .  These 
invest igat ions show that on the 25th day of hypokinesia  the re la t ive  wa te r  content  of the body is indist inguish-  
able f rom that  before  the hypokines ia  began.  During prolonged and s t r i c t  bed r e s t  the ra te  of renewal  of 
wa te r  in the body and the total  wa te r  lost  are  reduced.  
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