
C H A N G E S  IN T H E  S K E L E T O N  O F  P a p i o  h a m a d r y a s  

P R O L O N G E D  A N D  E X C E S S I V E  I N T A K E  O F  S O D I U M  

V.  G. S i m a v o n y a n  a n d  Z.  K. E f r e m o v a  

D U R I N G  

C H L O R I D E  

UDC 615.31:546.33 ' 131 ].015: 612.751.1 

X - r a y  invest igat ion of the skele ton of nine baboons (Papio hamadryas ) ,  five of which had un- 
dergone uni la tera l  nephrec tomy and which were  rece iv ing  NaC1 in excess  with the object  of 
producing sal t  hyper tens ion ,  r evea led  genera l ized  hypotrophy of the skeleton,  os t eoporos i s ,  
deformat ion  of the v e r t e b r a l  bodies ,  espec ia l ly  in the lumbar  region,  and deformat ion  of the 
l imb bones.  These  changes were  mos t  m a r k e d  in the an imals  which began to r ece ive  NaC1 
in excess  in childhood or  e a r l y  adolescents ,  and in pa r t i cu l a r  in an imals  with uni la tera l  
nephrec tomy.  No pathological  changes were  found in the skeleton of adult monkeys,  

When monkeys  were  kept for  1.5-3 yea r s  on a diet containing an excess  of NaC1 in o rde r  to produce 
sal t  hyper tens ion  in the an imals ,  cons iderable  r e t a rda t ion  in growth and development  was observed.  This 
r e t a rda t i on  in the growth of the expe r imen ta l  monkeys  demos t r a t ed  the poss ib le  ro le  of the ske le ta l  s y s t e m  
in the functional d i so rde r s  due to excess ive  NaC1 intake. 

This  pape r  desc r ibes  an x - r a y  invest igat ion of the skeleton of 
monkeys  rece iv ing  an excess  of NaC1 for  long per iods .  

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

Nine baboons !Papio hamadryas ;  seven  ma les  and two females),  
aged f r o m  two to nine years,  were  studied. Three  of the ma les  and one 
of the f ema le s  had intact kidneys,  while on the o ther  four  ma les  and one 
female  uni la tera l  nephrec tomy was p e r f o r m e d  before  NaC1 loading, as 
is usual ly done when "sa l t"  hyper tens ion  is produced in o ther  an imals  
[4,5].  

Salt was given with the food (porr idge,  b read ,  fruit) and with the 
drinking water .  The daily intake of NaCl was 2-3% of the quantity of 
food by weight, i .e . ,  12-16 g for  adolescent  and 22-27 g for adult mon-  
keys.  

The skele ta l  bones were  invest igated by x rays .  

Fig. 1. Re ta rda t ion  in growth 
and development  of expe r imen ta l  
ma le  baboon No. 8093 (below) 
compared  with control  male  No. 
8084 (above) of the s a m e  age. 

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

Retarda t ion  in growth and development  of the exper imenta l  mon-  
keys compa red  with the controls  will be c l ea r  f r o m  Fig. 1. 

Invest igat ion of the skeleton revea led  dystrophic  changes inthe bones 
of seven  of the nine monkeys studied with different  degrees  of deformation.  
X - r a y  invest igat ion of the ske le ta l  s y s t e m  showed that dist inct  age d i f fer -  
ences  were  present :  the older  the an imal  was whenthe sal t  loading began, 
the less  ma rked  were  the changes in the ske le ta l  sys tem.  
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Fig. 2. X ray ofthoraco-lumbar region of the spine of baboon 
No. 8084 (normal for comparison; A) and x ray of lumbo-sa- 
cral and part of thoracic region of the spine with diagramatic 
representation of baboon No. 8103 (B): osteoporosis, marked 
de crease in height of vertebral bodies, Sehmorl' s nodule s, com- 
pressing upper and, inparticular, lower surfaces of vertebral 
bodies; kyphosis of thoracic region of the spine. 

Fig. 3. X ray of region of knee joint and leg of baboon No. 
8084 (normal for comparison; A) and x ray of region of knee 
joint and leg of baboon No. 8093 (B): against the background 
of osteoporosis the bone structure is reorganized, large and ir- 
gularly shaped cystic areas of rarefaction are present, the bone 
trabeculae in some places run transversely; residual phenomena 
of Looser's transformation zone are visible at the border between 
the proximal and middle thirds of the tibia (arrow), saber deformi- 
ty of the leg bones; soft tissues are less well developed than in the 
control monkey. 
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For  example,  in males Nos. 5987 and 6710, which were adults when the experiment began, no patho- 
logical changes were found in the bones despite the fact that they received an excess of NaC1 for 2.5 years  
and that one kidney had f i rs t  been removed f rom one of these monkeys. In male No. 8109, which was in 
late adolescence when the experiment  began, and underwent p re l iminary  left nephrectomy,  1.5 years  af ter  
the beginning of the experiment ,  changes were found in the skeletal sys tem consist ing of moderate ly  severe  
os teoporos is ,  general ized hypotrophy of the skeleton, and slight deformation of the proximal  ends of the 
humer i  and in the region of the knee joints. 

The severes t  changes in the skeletal bones were found in the group of monkeys aged under one year  
(2-11 months) when the experiment  began. Within this group differences were found between monkeys with 
intact kidneys and those subjected to unilateral  nephrectomy. For  instance, in female No. 8103 and males 
Nos. 8093 and 8061, f rom which the left kidney had been removed and which received an excess of NaC1 for 
3 years  apart  f rom a small  in te rmiss ion ,  the changes in the bones were very  severe .  They consisted of 
wel l -marked  general ized hypotrophy of the skeleton, deformation (crushing) of the ver tebra l  bodies, espe-  
cially in the lumbar region, the appearance of Schmor l ' s  nodules - penetrat ion of the nucleus pulposus of 
the in terver tebra l  disk into the cancellous bone of the ver tebra l  body (Fig. 2), reorganizat ion of the bony 
s t ruc ture  of the l imbs,  a wel l -marked  saber  deformity of the limb bones, and the appearance of L o o s e r ' s  
t ransformat ions  in the femora  (Fig. 3). 

In three other monkeys (female No. 10343 and males No.s 10391 and 9344), who were less than one 
year  old when the experiment  began but whose kidneys were intact, and who received an excess of NaC1 for 
2.5 years  (No. 9344) and 1.5 years  (the other  two)respect ively,  the changes in the bones were much less 
severe .  Their  os teoporosis  was only moderate  in degree,  no compress ion  of the ver tebra l  bodies was ap- 
parent ,  and the deformation of the limb bones, although present ,  was slight. 

It is c lear  f rom this descript ion that the grea tes t  changes following NaC1 loading were observed in 
the bones of growing monkeys,  and of these,  in par t icular ,  those who had undergone unilateral  nephrectomy. 
However, the zone of growth of the bones was not affected andde layof  growth could not be attributed to 
changes in i t .  

If the resul ts  are  compared with the general  state,  the development, and the external  appearance of 
the animals, it will be concluded that these changes in the bones and the delay of growth are due to d is tur -  
bances of minera l  metabol ism and t issue nutrition. 

The dystrophic changes i n the  bones, especial ly their curvature ,  occur red  mainly in those par ts  of the 
skeleton (spine and limbs) which are  exposed to the g rea t e s t  physical  load during movements.  These chan- 
ges are perhaps due to an increase  in the deposition of sodium in the bones, for the resul ts  of estimulation 
of the sodium concentrat ion in the p lasma and cer ta in  t i ssues ,  and also the presence  of periodic edema of 
the limbs in the monkeys, were evidence of sodium retention in the body, and the bone t issue is evidently no 
exception. 

However, the incorporat ion of sodium into bone t issue can occur  only in the growing animal. Investi-  
gations with radioact ive sodium have shown that much of it is fixed by bone in the growing organism [3 ]. 
The adult o rganism evidently differs by having cer ta in  mechanisms for preventing the incorporat ion of so-  
dium into bone t issue.  

Definite relat ions between the different salts  are  known to exist in the living body. Introduction of 
cer ta in  substances (lead, bismuth,  phosphorus,  s trontium, fluorine, etc.) into the human body gives r i se  to 
pathological changes in the skeletal sys tem [1, 2]. Accumulation of an excess of sodium in the bones can 
probably lead to unfavorable changes in other minera l  components also. Evidently for these reasons  no 
changes were found in the skeletal  sys tem of the two adult monkeys,  while in the young adolescents the 
changes were severe ,  especial ly if one kidney had f i rs t  been removed and, consequently, excret ion of so-  
dium f rom the body was still more  impaired.  

A detailed analysis of the mechanism of the bone changes discovered during prolonged administrat ion 
of an excess of NaC1 calls for  fur ther  study with the inclusion of an investigation of the state of the hormonal  
and other types of metabol ism during this form of overloading. 

In present ing this paper, the authors wish to draw attention to the fact that pathological changes may 
appear in the skeletal sys tem of growing animals receiving a high intake of NaCI. 
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