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CHAPTER 6

SEASONAL QUANTITATIVE CHANGES IN SODIUM,
POTASSIUM AND CALCIUM IONS AND WATER CONTENT OF NORMAL

AND PINEALECTOMIZED PIGEON, COLUMBA LIVIA.

In all physiological fluids and body cells,
electrolytes such as” sodium, potassium and calcium are the
physiolopically valuable cations. These cations play an‘
important role in membrane polarization and permeability
due to changes in their concemtration inside and cutside
the cells, In the extracellula; fluid, sodium is the major
component of the monovalent cations, whereas potassium is
the major ome of the intracellular Fluids Sodium, potassium
and calcium ions of the membrane influemce the excitability
of nerves and muscle cells, A large number of enzymic
reactions are partly dependent upon these electrolytes
(Colombo ?nd Marcus, 19633 Ebashi st al.,1965; Diehl and
Jones, 1966). Calcium is essential as a coupling factaor
between excitation and contraction in all muscle cells and

between stimulus and secretion im certain endecrine secrstions
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as in ADH release by nerve impulses (Hasselback and
Makinose, 1963; Hasselback, 1964; Weber, 1966; Weber gt

é:t_:‘, 1966)0

In birds with seasonal reproductive cycle,
requirement of different me%abolites vary-during different
phases of genadal activity. The changes in the concentra-
tion of sodium and potassium, ions influence water balance
in different cells and tissues., In the present investigation,
at attempt has been made to study water coentent, concentra-
tion of monovalent cations -saodium and potassium - and the
bivalenqcation - calcium ~ in liver, muscle and adipose
tissue and serum of the normal and pimealectomized fearal

blue rock pigeons, Columba livia, during the three reprodu-

ctive phases,

MATERIALS AND METHODS

Normal, sham-operated and pimeaiectomized wild
pigeons of various expsrimental groups as outlined earlier
(chapter 1) were brought from the aviary and sacrificed.

The tissues Qefe taken, blotted free of blood and tissue
fluids and homogenized in celd distilled water, Small pieces
of liver, pectoral muscle and adipose tissue were taken

For determining water content. Tissues were blotted properly
to remove traces of tissue Fluid; transferred to weipghinmp

bottles and dried. The difference in the weight after



complete drying was taken as the weight of water. The
values are expressed as mg/100 ml fresh tissue. Dry lipid
free pieces of liver, breast muscle and adiposs tissue and
blood serum waere taken for estimation of inorganic cations
(Na+, K+, and Ca++) using 'EEL' flame photometer (methods
describsd in Manual). Ionic concentrations im bloed and
tissues wers expressed in terms of mg/108 ml of serum and

mg/100 g dry lipid free tissue respectively,
RESULTS

; in :
Alterations) water content, sodium, potassium and
calcium ien content im different tissues are presemted in

table 1 to 4 and figures 1 to 4.
SEASONAL CHANGES IN NORMAL BIRDS:

Water content in the.liver and muscle was nearly same
and very high than that of adipose tissue throughout the
reproductive cycleg. Burimg the regression peried water per-
cegtage in the liver and muscle was comparatively more. Both
these tissues madntained reduced but the constant water
contemt during recrudescence and brseding. Water content in
adipose tissue was low in the regressien peried, from which
it increased gra&ually through recrudescence and attained
the maximal contemnt during the breeding period.

Sodium content was highest im serum followed by adipose
tissue, liver and muscle, im that ordser, Average Na+ content
for the three phases showsd miﬁimal concentrationm during

breeding in serum,liver and muscle and maximal during
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EXPLANATIONS FOR FIGURES

Figs. 1 to 4 : Histograms showing water content,
sodium, potassium and calcium ion conteat in three
different phases of reproductive activity, at three

different intervals post-pinealectomy.

Fig. 1a = Water content im liver

Fige. 1B Water content in muscle

Fige 1c = Water content in adipose tissue
Fige 22 = Sodium ion content in serum

Fig. 2b = Sodium ion content in liver

Fige 2c = Sodium ion content in muscle

Fige 2d = Sodium ion coentent in adipose tissue
Fige 32 = Potassium content in ssrum

Fig. 3b =~ Potassium content in liver

Fige 3c = Potassium content in muscle

Fige 3d = Potassium content in adipose tissue
Fige, 4a = Calcium content in serum

Fige 4b =~ Calcium content inm liver

Figes 4c = Calcium content in muscle

Abbreviations 3

S = Sham opsrated,
N = pNormal unoperated.
P

- Pinealectomized,
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the regression phase., Adipose tissue Nay”'contemt was
however maximal during breeding and lowsst durimg recru-
descence with a slightly higher content during regression.

K+ ion content of serum and liver was higher during recru-
descence and breeding with the maximal levels being during
recrudescence in serum, amd in liver during breeding. Minimal
levels in both Qere recorded during regression. In the case
of muscle, K+ ign centent was minimal during breeding and
maximal during recrudescence. However, K+ ion content of
adipose tissue was maximal during breeding and minimal during
recrudescence, Though the 'average K+ ien content of muscle
was minimal during breedirmg period, taken as a whole, the
highest K" content.uas ‘houwsver recorded during the early
breedimg period. Average Ca++ content during each reprodu-
ctive phase as a whole showed least amount of Ca++ in serum

and muscle during the breeding period, and in liver, during

b
. . + . o

regression. Whereas the maximal Ca content in seBum was

recorded during the regression phase, it was so in liver and

muscle during the recrudescent phase,

CHANGES DUE TO PINEALECTOMY:

’

Water conteqt showyed some change only during the
recrudescent phase in all the three tissues, Amn increase was
recorded in all the cases. Breedimg and regression did not
produce any change in water content in liver and muscle,.

However, adipose tissue was affected by PX in all the three
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phases. Recrudescence and regression showed increased
water content, while in the breeding phase it vas signi-

ficantly decreased.,

PX induced definite alterations in the Na® content
of serum, liver, muscle and adipose tissue. Serum content
of Na® was decreased during both recrudescence and breeding
phasesy, while in the regression phase it was in the control
range, Both liver and adipose tissue showed increased Na+
content in the PX condition during recrudescence and breed-
ing and, reduced content durimg regression., In the case of
muscle, breeding and regression phases depicted similer
changes. However, during recrudescence,the Na+ content was

agaln decreased mainly in the PX 30 and PX 45 animals.

Pinealectomy had no effect on the K+ content in
serum during the regression period. But during the recrude-
scence  and braedinggK+ content ef serum was increased. In
the liver, the content of K" was significantly elevated
during all the three phases with a maximal one during
recrudescence and a minimal one duriﬁg breeding, K+ content
of muscle was reduced during regression and recrudescence
in that order and increased during breeding. Adipose tissue
presented a different picture with increase durimg recrude-
scence, and reduction during regression and breeding in that

J

order,



Ca++ ion content in serum increased significantly

in all PX birds of recrudescent pﬁase. Buring the breeding
phase, PX state tended to show a decreased serum Ca' ¥
content., This reduction became more significant during
regression. The liver Ca++ content was lowered in all the
three phases of reproductive cycle. PX condition increased
the muscle Ca++ content highly during the recrudescent and
regression perieds im that order, Durinmg the breeding phase,

Ca++ content in muscle was lowered slightly.

DISCUSSION

In gensral, the changes in the Na+ and K+ content
in blood and tissues appear to be inversely reciprocal, In
order to maintain the osmotic balance, Na+ and water are
known te move in or out of tissues in conjunction with each
other, This is rather obvious feorm the parallel changes
recorded herein for both Na+ and water contents in the
tissues studied. Recrudescence and breeding are marked by
decreasing Na+ ion content and increasing K+ ion content in
blood, liver and muscle of wild pigeons. K" entry into
tissugs is knouwn to facilitate entry of glucosé‘and other
metabolites (Pilo and Patel,1978). In this context, the
presemﬁ%noted K" ion content of liver and muscle during
recrudescente and breedimg might by bringing about such
facilitative movement of metabolites set up the 'climate!

+ - .
for reproduction. Increased K content also denotes higher
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metabolic activity. Reduced metabolic activity during
regression is denoted by the reversed changes inﬂNa+ and
K" contents which im turn is marked by elesvated Na* / K"
ratio. Altered physiolegical state of the pigesns during
recrudescence and breeding is indicated by the lowered
Na+ / K+ ratio in serum as well as in liver and muscle.
Adipose tissue Has shown a different pattern from that of
liver and muscle. Na+ and K+ ions of adipose tissue were
nearly equal during regression with a slightly loweB K+
caontent, During recrudescence, there was a slight fall in
Na+ ion content and pronoumnced depletion of K+, thereby
increasing Na® / K" ratio. This coupled with the previous
observation of unaffected lipid content (chapter 5) might
indicate the protective influence exerted by the ionic
balance in preventing lipolysis during recrudescence.
Howsver, during breeding, both the ions were drastically
increased with a fall in Na+ / K+ ratio leading probably
towards a permissive action on lipolysis as observed in

chapter 5,

The control of Ca++‘ion in the blood is mainly
brought about by the influence of a number of factors such
as parathormone, calcitonin, blood pH, ssrum proteins,
vitamin D, estradiol, estrogen ggg. Changes in the activity
of one organ produces various influehces in other parts

of the body, despite this, the ca*™ content of blood remalns



remarkably constant (Simkiss, 1967). Very high content

of hepatic calcium in the recrudescent period noted in the
present study might represent imcreased mobilization and
storage to meet the ensuing reproductive reguirements, Fall
in hepatic Ca++ content during bresding alonguith continu-
ous decrease in blood Ca++ level throughout recrudescsnce
and breeding, indicates utilization of Da++ in events
associated with reproduction. The major function of Ca++

in muscle is to serve as an intracellular c&upling factor
for comtraction. During winter (recrudescent period),muscle
seems to function more actively to genesrats heat to with-
stand low tempepature. Perhaps, the high ca”* level observed
at this period might account for the same., The breeding
period of wild pigeons corresponds %o increasing environ-
mental tempsrature and probably as a result Ca++ concentra-
tion decreased. Significantly, during rggression, once again
Ca++ level in muscle increased probably in relation to
decreasing emvironmental temperature, It is guite likely
that the adaptive alterations in Na+ s K+ and Ca++ content
af blood and the tissues recorded herein during annual
reproductive cyclicity of wild pigeons are mediated by the

adrenal and parathyroid hormones,

Inability to imcrease cortisol secretion could
occur due to damaged adremal cortex or suppression of secre-

+ s
tion of ACTH. This results in rise of serum K and fall in
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serum Na@ (Kesle and Neib,1971). Similar effect on serum

Na+ and K+ concentrations was observed in PX birds. This
suggests that PX condition decreases either ACTH or

cortisol directly or imdirectly., It is known that corti-

sol deficiency leads to hypoglycemia, highef sensitivity

to insulim amd lowering of hepatic pglycogen (Holmes and
Phillips, 1976). Low liver plycogen (chapter 3) and lou
blood glucose (chapter 2) noted in PX birds during recrude-
scence and breeding are suéplimentary to the effect of
cortisol deficiency on Na+ and K+ content in serum, Pineal-
ectomy 1in rats has provided contradictory effects im serum
Na™ content, with a decrease being observed by Karppanen et
al. (1970) and an increase reported by Tamner and Hung%?ord
(1962) and Karppanen and Vapaatalo (1971). In contrast, PX
birds showsd elevated hepatic and adipose tissue Na+
content durinp recrudescence and breeding, and muscle Na+
content during breeding. Thus, increased tissue Na+ content
may have some inhibitory influence on the adaptive metabo-
lic alteratioms reported to sccur in conjuction with gonadal
recrudescence and breeding activities., Rather umexpectedly,
hepatic K+ content also showed an increase which may bear
correlation with the low hepatic glycogsen content (chapter 3).
The increased tissue Na+ content and preuiPusly reported
loss of phospholipids in PX conditions (chapter 5) may also
have some relatiom., Decreased muscle K+ content during all

+
the three phases togsether with decreased Na content during
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recrudescence and regression signifies probable sub-optimal
muscle activity and metabolism, The pgenerally reversed

trend of changes obsservable during regression is once again
an indication of the season specific interaotions of pinmeal
with other endocrines. Loss of Na+ coupled with hyperkelem—
ia in blood are effects compatible with aldosterons insuffi-
cisncy. Though it is generally accepted that loss of serum
Na" is paralleled by increased urinary excretion, it is

not clear uwhsther increased tissue retention of Na+ and K+
observed presently could also be attributed to hypo-aldost-
ereidism, Obviously, csrtain degree of adrenocortical
insufficiency in association with pinealectomy in wild
pigeon can be deduced. This is supported by the hyperkelemic
effect in blood and liver as gell as tha observed al}tevation
in weight of the adrenals (chapter 1). Houwever, the K
content of muscle is lowered in all phases, and this together
with the increased Ca++ content might be _speak of some muscle
dy8Ffunctioning which is correlatable with the morphologically
visible reduced muscular activity in PX pigeons. Ca++ influx
from extracellular fluids is knoun to be promoted by K+
(Cunnane et al., 1980), On this basis, an inverse relation-
ship between the two cations can be inferred, Such a rela-
tionship is the feature in the various tissues of PX pigeons.
It is rather enigmatic, how such ionic alterations could bs
brought about by pinealectomy. Number of umknown factors

could be purported to bring about tissue ionic changes, and
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pinealectomy might affect any of the factor/s. Moreover,
with the reported involvement of pimeal, and Na+ and K+
in thermoregulation (Ralph et al., 1979; Degfgnd Edens,
1981), a common axis of pineal - cations - body temperature

could be deduced from the present observations,



