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Summary: Studies on the alterations of water and electrolytes in young and growing guineapigs
have shown that in the s;:in there was reduction of water, sodium and potassium contents with age
while the chloride content was increased. In the skeletal muscle the same tendency was observed in
reduction of water, sodium and potassium content but the chloride content was reduced with age.
The decrease in sodium content of skin and that of potassium in the skeleta I muscle were observed
particularly in the oldest group of the present study. Plasma electrolytes were not altered.r of Pyruvate kinase in the rat prostat
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lion constants. J. Amer. Ch em. SOC•• Moulton (7) obsrved that the water content of tissues in mammals decrease
with age while salt and protein content increase and at certain age the concentration
of these substances 'become more or less constant. On the basis of Moultori's concept
of "Chemica I Maturity" Spray and Widdowson (10) have emphasised that although
therewas a relationship between maturity and chemical composition. the term could only
be applied to the body When all its constituents have reached adult proportions. Munro
et al. (8) reported an increase of bone sodium content with growth while in the skeletal
muscleof the rat there was decline of sodium and chloride and increase of potassium (11).

In the present study an attempt has been made to examine the pattern of water
and electrolyte change in skin and skeletal muscle of guinea pigs during growth.

MATERIAL AND METHODS

Female guinea-pigs weighing from 250 to 800 g were used. They were kept
at room temperature of approximately 20°C and put on S.G.I. Christopher Hifl's Dorset
dietfor one week before the experiment. Water was not restricted. Since the guinea-
pigswere received from outside laboratories. the exact age and birth weights of the
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animals were not available. Therefore. as a measure of age. the weight of thea
was used. Spray and Widdowson (10) using equal numbers of male and femalegUI

pigs found an average birth weight of 80 g and we have observed a growth rate5g
day in the weight range of our animal group. As the weights lay between 250·
this represented ages of 5 to 20 weeks. They were divided into three groups; G
A-250 to 350 g (5 to 7.77 weeks). average 310 g (6.5 weeks). Group B-350 to 5
(7.7 to 12 weeks) average 417g (9.6 weeks) and Group C-550 to 800 g (12 to 20 w
average 629 g (15.7 weeks). Each group consisted of 12 animals.

Allowino maximal exsanguination after sacrificing the animal. blood was coil
in centrifuge tubes containing 10% solution of diammonium salts of EDTA. 1 m
plasma was diluted upto 1000 and 100 for estimation of Na+ and K+ respectively.

The hairs from the outer aspect 0t the right thigh were removed (clipped) ta
care not to damage the skin. About one square centimeter of skin was remo
with the underlying connective tissue and placed on an ashless filter paper (Green
of low sodium content). The muscle under the skin was exposed and a portion of
fleshy belly was excised. The visible fat was removed from both the tissues, Thetiss
were weighed quickly in specimen tubes to get the wet weight which were approxims
0.15 g for skin and 0.25 g for skeletal muscle. For dry weight. tubes were kept in 0

at 118°C to 120°C for 23 hrs or till they gave a constant weight. The difference betw
the two weights was calculated in terms of percentage to get the water content of
tissues. These tissues were then digested by fuming nitric acid (1 m! of 50% v/v) a
a clear solution was obtained by placing in boiling water bath which was subsequea
diluted upto 51 or 76 m/in the case of skin and 126 or 151 m! in the case of muscle.Sodi
and Potassium were estimated with EEL Flame photometer using standard sodium chlori
solution of 0.1 mEq/1 and standard potassium chloride solution of 0.2 mEq/1. Theti
samples were analysed in duplicate and average rsults were taken into account.

Chloride from tissues were extracted by adding 2 m! of 0.05 N/KOH and the protei
were precipitated with acid tungstate mixture. Plasma chloride estimation was do
without precipitation of protein. Estimation of chloride was carried out by Sanderson'
technique (9) using silver electrode with sodium sulphate electrode as reference eles(rod
A few estimations of plasma and tissue chloride were checked on Chloride meter.

RESULTS

Mean values of Na+. K+ and water in the skin of gUinea pigs are shown in t
- Table I. The values for K+ and water in Group A were higher when compared with Gro

B and Group C. The reduction of the mean values not only of K+ and water but al
of Na+ between Group A and Group C was quite obvious and statistically significa



July-September
Ind. J. Physrol. Pha

age, the weight of the ani
ers of male and female guin
observed a growth rate 5 9
eights lay between 250-8
ided into three groups; Gro
veeks), Group B-350 to 5
550 to 800 g (12 to 20 week
animals.

me 24 Effect of Age on Water and Electrolytes 223
ber 3

hereasNa+ content showed no significant change between Group A ana Group B. The
+ values in Group B were derived from group readings which were highly scattered.
erefore, it seems there is tendency of reduction of water, sodium and potassim in the
in of guineapigs with increase in age and weight.

TABLEI: Showing the mean values of water, sodium and potassium content of the skin from guineapigs
of different age groups. (Values are means ± S.E.M. of 12 animals per group).

~e animal, blood was collect
iium salts of EDTA. 1 m/
Na+ and K+ respectively.

P Value
Group A Group 8 Group C

A-8 8-C A-C

310±11.10 417±14.09 629±25.00

68.7±0.38 67.63±0.29 64. 96±0. 24 t=2.26 t= 7.10 t=8.33
p<0.05 p<O.Ol p<O.Ol

Nere removed (clipped) taki
neter of skin was remov
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ion of 0.2 mEq/1. The tissue
ken into account.

23.03±0.43 23.08±0.41 20. 60±0. 34

9.93±0.47 8.33±0.25 5.37±0.20

t=5.79 t=4.43
p<O.Ol p<O.Ol

t=3.00 t=9.25 t=8.94
p<O.Ol p<O.Ol p<O.Ol

f 0.05 N/KOH and the proteins
rlorids estimation was done
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TABLE11 Showing the mean values for water. sodium and potassium content of the skeletal muscles from
guineapigs of different age groups. (Values are means ± S.E.M. of 12 animals per group)

P Value
Group A Group 8 Group C

A-8 8-C A-C

310±11.10 417±14.09 629±25.00

77. 76±0. 20 77.29±0.16 76.97±0.15 t=1.83 t=l .49 t=3.16
p<O.l p<0.2 p<O.Ol

Na+ in mEq//l00 9
dl'{ tissue 11.09±0.21 10.61±061 9.46±024 t=l .88 t=3.83 t=5.09

p<O.l p<O.Ol p<O.Ol

K+ in mEq!100 g
dry tissue 40.93±0.46 40.97±0.36 39.58±0.24 t=3.21 t=2.60

p<O.Ol p<0.02

lea pigs are shown in the
when compared with Group

y of K+ and water but also
and statistically significant



TABLE Ill: Showing the effect of age on tissue chloride content.
(Values are means ± S.E.M. of 12 animals per group).
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Table 11shows that in the skeletal muscle the Na+ and K+ levels were hig
Group A than in Group C. But between Group A and Group B. there was no sign!
alteration in respect of water. sodium and potassium content. The tendency for red
in water. sodium and potassium particularly in higher age groups as noticed in the skin
also observed in the skeletal muscle of guinea pig.

~--.--------------------~----
Parameters Group A Group C Significance

Average body wt. in 9 310±11.10 629±25.00

Skin chloride:
Fresh tissue as mEq/kg 78.48±0.7566.46±0.70 t-11.73

-------------
Muscle chloride:
Fresh tissue as mEq/kg 13.80±O.24 t=5.0115.70±0.30

Plasma chloride mEq/ I 99.04±1.80 96.90±1.74 t=0.84

In Table Ill. the chloride content is expressed in milli-equivalent per kg,
tissue. The plasma results are expressed in rnilli-equivalent per litre. The skin chi
content was significantly higher in Group C than in Group A. When these figures
expressed in terms of dry weight they gave a mean value of 21.41±O.22 mEq/1
dry tissue for Group A and 22.42±O.28 mEq/l00 g dry tissue for Group C. The differ
between these two groups was statistically significant (p<O.01). In contrast the ske
muscle chloride was significantly higher in Group A than in Group C. There was
significant alteration in the plasma chloride level.

The plasma sodium levels were 150.80±1.12 mEq/l. 151.80±O.63. 150.20±1
mEq/l. in Groups A,B.C. respectively. The plasma potassium was 5..0±0.10 m
5.1O±O.12 mEq/l. 5.12±O.15 mEq/1 in Group A,B.C, respectively. As such there
no significant alteration of sodium and potassium in the plasma.

DISCUSSION

In order to relate the sodium and potassium content to the tissue protein,
results were expressed in terms of dry weight. If the skin sodium was expressed in t
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shtissue the .difference between the groups WAS no longer significant. This dis-
ncymay be explained by noting that the tissues of older animals will contain pro-
onatelyrr><¥eoroteins and less water but this method of calculation fails to take
accountthe altered ratio of fluid volume.

ride conten t,
s per group).

The present investigation has shown that the water, sodum and potassium content
lowered in the skin while the chloride content tended to rise with increasing weight
ut any alteration in the plasma levels. In contrast, although the skeletal muscle
ed the same tendency to reduction of water, sodium and potassium contents, the

ride content was reduced with growth. Although the skeletal muscle has been
nsivelv studied yet there are few systematic studies on the chemical composition

theskin during growth. However. when the figures of Hamilton and Schwartz (5) on
piesand Eichelberger et al. (3) in the dog are compared it was found that there was
uction of the skin potassium content in the dog. Widdowson and Dickerson (13)•.

unda loss of water, sodium and potassium in the skin of pig without increase of chlo-
while in man he observed the increase of chloride upto six months of age. This

'n agreement with our present findings. The fall in potassium was suggested to be
to decrease in cell density of corium and increase in the thickness of skin of growing

mals by these workers. The increase in chloride content of skin may be due to increase
connective tissue protein namely collagen in older animals (4) which binds a portion
chlorideto it and may be termed as "Non extra cellular" (12).

Significance

t-11.73

t=5.01

t=0.84

-----
illi-equivalent per kg. fresh
per litre. The skin chloride
. When these figures are

f 21.41±O.22 mEq/l00 g
or Group C. The difference
1). In contrast the skeletat
Group C. There was no

In the skeletal muscle Yannet and Darrow (14) noted a fall in water and. sodium
ntentwith increase in potassium in cat similar to findings in pig and human tissue (13).

arnadakisand Woodbury (11) observed a similar loss of water and extracellular ions
ith increase in potassium in rats from birth to 45 days after birth and they suggested
at "Chemical maturity" in rats is nearly reached by this period. On the other hand
owryet al. (6) with histochemical studies in rats observed a fall in water, potassium
ndchloride content. The present findings of reduction of eletrolvtes and water in the
keletalmuscle supports the view of Lowry et a/. (6).

51.80±O.63. 150.20± 1.86
m was 5..0±O.10 mEq/1
ely. As such there was
a.

Since guinea-pig tissue has not been widely examined the discrepancies attributed
ospeciesditference could not be ruled out and the present age groups may not be com-
parableto the age groups of other workers.

It can be suggested from these findings that different tissues grow in their.
ownparticular way (1). On the other hand it is difficult to ascertain from the present
findingsat what age the tissues have reached adult proportions in guinea-pigs in respect
ofwater and electrolytes as no constancy in levels of these constituents was observed in
anygroup of animals from 5 to 20 weeks of age. Therefore. another group of animals

to the tissue protein, the
was expressed in terms
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beyond this age and in senescence is worth investigating to
"chemical maturity".

!-\CKNOWLEDGEMENTS

I wish to record my gratitude to Dr. R. St. J., Buxton under whose sup~
this work was undertaken in the Department of Physiology, University of Bristol. Eng

REFERENCES

1. Barcroft, J. Researches on prenatal life. Blackwell, Oxford, 1946.
2. Dickerson. J.W.T. and E.M. Widdowson. Chemical changes in skeletal muscle during development.

J~ 74 : 247-257, 1960.
3. Eichelberger. L.• C.W. Eisele and D. Wertzler. Distribution of water. nitrogen and electrolytes in skin

Chem., 151 : 177-189.1943.
4. Gross. J. A study of certain connective tissue constituents with electron microscope. Ann. NY.

52 : 964-970. 1950.
,5. Hamilton. B. and R. Schwartz. The composition of tissues in dehydration. J. Bioi. Chem.. 109: 745·7
6. t.owrv. O.H .. A.B. Hastings .•TL Hu 11. and A.N. Brown. Histochemica I changes associated with ageing.

and cardiac muscle in rat. J. Bioi. Chem .. 143 : 271-280. 1942.
7. Moulton, C.R. Age and chemical development in mammals. J. Bioi. Chem., 57 : 79-97,1923.
8. Munro. D.S., R.S. Satoskar and G.H. Wilson. The effect of acute sodium depletion in bone sodiumm

J. Physiot., 137 : 55-56. 1957.
9. Sanderson, P.H Potentiometric determination of chloride in biologica I fluids. Biochem. J., 52 : 502·505.

10. Spray, C.M. and E.M. Widdowson. The effect of growth and development on the composition of
Brit. J. Nutr . 4 : 332-353, 1950.

'l l , Vernadakis. A. and D.M. Woodbury. Electrolyte and nitrogen in skeletal muscle of developing rats.
J. Physiol., 206 : 1365-1368. 1964.

, 2. Walser. M. and L.J. Bodenlos. Composition of skin compared with muscle. Amer. J. Pbvsiol., 178 :
'954.

, 3. Widdowson. E.M. and J.W.T. Dickerson. The effect of growth and function on the chemical composition
tissues. Biochem. J.. 77 : 30-43. 1960.

14. Yannet, H. and D.C. Darrow. The Effect at growth on the distribution of water and electrolytes in bra
and muscle. J. Bioi. Chem .. 123 : 295-305. 1938.


