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CHAPTER 4

SEAéUNAL ALTERATIONS IN ADENGBSINE TRIPHOSPHATASE,

SUCCINATE~DEHYODROGENASE AND GLUCOSE-6-PHOSPHATASE

ACTIVITY IN LIVER, MUSCLE, KIDNEY AND GONADS OF

NORMAL AND PINEALECTOMIZED FERAL BLUE RBCK PIGEGN,
COLUMBA LIVIA.

In accerdance with functional and non-~functional
states of gonads in seasonally breedimg birds and mammals,
well defimned histophysiological and biochemical changes in
response to hormenal factors in various tissues have been
reported by many workers, Recemtly, studies om histo-
physiology of many seasonally breeding birds have been
documented (Chalana and Guraya, 1974, 1977, 1978 ; Ambadkar
and Chauhan, 19763 Mori and Georgs, 1978). Garnier et al.
(1973) have reported hormonal changes in testicular cycles
of the pekin duck. Effects eof pineal removal and its influ-
gnce on prelactin and sex steroids were also studied in
rats (Takahashi et al., 1979). Recent works have demon-

strated the involvement of pineal in the control of
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reproduction of seome mammals (Wurtman g&_g&.,1968)
and also in the ssasonaly breedimg Indiam weaver bird

(Saxena et al.,1978).

Most of the studies carried out om avian and
mammalian pineal Qland vere directed exclusively to its
influence on repreductive orpgans., Recently, some workers
have made am attempt to study the rele of pinsal gland in
cafbohydrate metabolism in rat (Hirschmanm and Stahl, 1979).
No such studies are known to have been done in any aviam
species. Adenosine-tri-phosphatase (ATPase) is actively
involved in high energy phosphate metabolism. Variations
in activity of ATPase in different tissues have been obser-
ved with respect to the concentration of Mg++ and Ca++
ions, types of inhibitors, activators, pH optima, subst-
rate concentration etc. Mg++ dependent ATPase is considered
to be universally present in all animal tissues. Succinate
dehydrogenase (SDH) is a key enzyme of Krebs cycle which
wswally functions as an index of oxidative metabolism.
Glucose-6=-phosphatase (G6Pase) is an important enzyme in
the interme@diary metabolism. From the activities of these
anzymes some information om the relative occurence of
gluconeogenesis, oxidative metabolism and ATP wtilization
can be gained. To get a generalized idea regarding the
role of pineal pland on intermediary metabolism, prasgnt

study on quantitative analysis of ATPase, SDH and G6Pase
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was undertaken during various phases of the seasonal
reproductive cycls of the feral blue rock pigeon, Columba

livia,
MATERIALSAND METHODS

Normal healthy pigeons of both sexes were obtained
from the local animal dealer and were acclimated to thse
laboratory conditions for a fortnight. Pinealectomy uwas
performed according to the procedure described im chapter 1%
and were then housed im an aviary providing water and food
ad libitum. At the end of each experimental periods (i.g.
30, 45 and 60 days post-pinealectomy amd during each repro-
ductive phase) pigeons (C, PN, PX conditions) were brought
from the aviary. They were weighed and sacrificed by
decapitation, Slices of breast muscle, right liver lobe,

a lobe of the kidney and gonad were cut quickly and blotted
free of blood and tissue fluids, Tissue homogenmates prepared
in chilled distilled water were used for quantitative

analysis of adenosime'trﬁiphosphatase and succinate dehydro-

genase,

Liver and muscle adinosine-triﬁphosphatase activity
(ATPase - Mg++ activated) was measured guantitatively

adopting the method of Umbreit et al. (1957). Adenosine- 5-
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triZphosphate (disodium salt, Sigma Chemicals Co.,

UsS.A.) was used as the substrate. Inorganic phosphate
rrleased was estimated according to the method of Fiske
and Subbarae (1925). The readings were taken at 660 p"

on a Klett-~Summerson ph&toelectric colorimeter. The enzyme
activity was expressed as pg of phosphorus relsased / mg

protein / 10 minutes,

Succinate dehydrogenase activity was assayed im the
liver, muscle amnd kidney homogenates according to the
method of Kun and Abood (1949),., Triphenyl tetrazelium
chloride (TTC) was used as the hydrogen acceptor. The enzyme
activity was read at 420 pon a Klett~Summersom photoslect-
ric colorimeter, Protein was estimated employing the method
of Lowry et al. (1951). The enzyme activity was expressed

as pg formazan formed / mg protein / 30 mimutss,

Homogenates of liver and gonads for glucose=6-
phosphatase assay were prepared in cold citrate buffer at
pH 6.5 and the method of Harper (1963) was employed.
Glucose-6-phosphate (disodium salt) was used as the sub-
strate, Inerganic phosphate released was measured employing
the method of Fiske and Subbarac {1925), The readimgs were
taken at 660 . on a Klett-Summerson colerimeter. Rctivity
of the enzyme was expressed as jug phosphorus released /

mg protein / 15 minutes.
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RESULTS

ATPase, SDH and G6Pase activities im different tissues

are represented in tables 1,2,3 and figures 1,2 and 3 respe-

v

cfively.

SEASBNAL CHANGES 1IN NGRﬁAL BIRDS:

SBH and ATPase activities temded to be more or less aof
a reverse patterm in liver and muscle during the three repro-
ductive phases. Accordingly, hepatic ATPase activity incre~ _
ased durimg the recrudescent periocd and showsd a continuous
decrease from breedimg through regression. Correspondingly,
hepatic SDH activity decreased durimg recrudescence,
remained steady at am elevated level during the breeding
and started increasing during regressiom after a post-breeding
fall, In contrast, muscle ATPase activity decreased during
recrudescence, remained at an increassd level during bresd-
ing and them showed a decrease during regression.'musc;e SDH
activity on the other hand increased during recrudescence,
showed a more proneounced imcrease during breéding and then
remained steady at a low level during regressien. Kidney SDH
,;ctivity showed maximal activity at the late recrudescence
From uhich it decreased continuously during breeding to
reach the louwest level at~the‘early regression phase. Since
then, kidney SOH actibity increased cgntinuously through
late regression and recrudescent periods, G6Pase activity
of both liver and gonads showed anm imcreasing trend during
recrudescence, elevated levels during breeding and again
an increasimg trend durimg regression from the reduced

levels post-breseding.



EXPLANATIONS FOR FIGURES

Figs. 1 to 3 ¢ Histoprams showing alterations in
adenosine triphosphatase, succinate dehydrogenase and
glucose~-6~phosphatase in liver, muscle, kidney and

gonads in three different intervals post-pinealsctomy.

Fig. 1a = ATPase in liver
Fig. 1b = ATPase in muscle
Fige 2a = S5DH im liver

Fige 2b = SDH in muscle

Fig. 2c = SDH in kidney

Fig. 3a - G-B-~Pase in liver/

Fige 3b = G=~8-Pase in gonad

Abbreviations:

S - Sham operated
N - Normal unoperated

P - Pinealectomized

lop

P
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Though thé pattern of changes were sssentially similar
in both the cases, hepatic G6Pase activity showed the
lowest levels durimg repression, while the lowsst lsvels
of G6Pase activity in gonads were rsgistered during

recrudescence.,

CHANGES DUE TO PINEALECTGMY:

In gemeral, hepatic and muscle ATPase showed
significant increase im PX birds durimg both breeding and
regressien while it was decreased during recéudescance. SOH
showed a differential response in the three organs of BX
birds. Whereas liver SDH was increased during recrudsscence
and decreased during breedimg and regression, muscle SOH
was increased during breeding and decrsased during both
regression and recrudescence, In codgtrést, kidney SDH in
general tended to shou reductiag in activity durimg all
the three phases in PX birds. G6Pase activity depicted
post~pinealectomy increase in liver during breeding and
fall during recrudescence and regression., Houwever, genad
G6Pase tended to show increase in general durimng breeding
and regrdssion, and reduction only dupimghearly and mid
recrudescence. The various changes ouwtlined above are

represented in tables 1,2,3 and figures 1,2,3.
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DISCUSSION

ATPase and SDH are actively invelved imn cell
metabolism; the former generally drives catabolic and
energy uwtilizing reactions, while the latter by its active
involvement in TCA cycle oxidation keeps up replenishment
and supply of energy righ substrate ATP molecules for the
former. In the annual rep}aductiue cyclicity of wild pigamns,
recrudescent and breeding periods appear to be metabolically
and energetically more active as increased SDH and ATPase
activities are recorded during the present study in liver,
muscle and kidmey. Such increased emzyme activities could
denote a generalised increase in body metabolism and acti-
vity in conjunction with reproductive functions. Increase
in activity of enzymes is documenﬁed to occur inm other
avian species, especially in the migratory ones during
their pre-migratory phase, prior to migration.to their
breeding grounds (Patel et al.,1976). Hepatic SDH activity
is known to be imduced by thyroxine (Moher, 19643 Wolf and
Wolf, 19643 Hulbert et §_1;.)1976). The decrease in hepatic
§DH activity during recrudescence (figures 2; table 2)
could be due to a decreased thyroid output necessitated by
its known antigonadal influence im some avian species.
Increased SDH activity in the muscle during recrudescence
tends to denote higher imcidence of exidative metabolism

with concomitant synthesis and storage of ATP molecules,
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while the increased ATPase and SDH activities in muscle
during breeding mark the utilization of ATP molecules for
the probable increased muscular astivity associated with’
breeding. Recrudescence is known to be associated with
dramatic changes in lipid content of the gomads in birds

(Lofts, 1978).

Significant alterations in the activity levels of
SDH and ATPase in the various organs of PX birds during
all the three reproductive phases favour thepsconclusion
that the abssnce of pineal induces amn upset in adaptive
enzyme regulatiom. The differential pattern of changes in
enzyme activit; observable durimg the three phases cof
gonadal cycle further indicates that the pimeal partici-
pates in regulating enzyme activity by its differential
modé of interactions with other pfinciples and factors,
which varies with organ and season. Increased ATPase
activity during breeding post-pinealectomy in various
organs (table 15Ffigure 1), could lead to unuwarranted enerpy
utilization and a net negative energy balances while
decreased ATPase activity as during the recrudescent
period would in turn result in sub-optimal energy utiliza-
tion in PX comdition. Similarly, alteratiom in SDH activity

can also result in disruptive metabolic activitises.
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With respect to G6Pase activity, both liver and
gonads have shoun definite alterations in PX birds froem
the normal controls during all the three phases, The
average levels of G6Pase activity calculated foer both
liver and gonads fer the three reproductive phases shouw
above control levels durimg breeding, amd below control
lesvels during recrudescence in the PX. birds (table 3).
During the regression phase, signi?icémt change in the
enzyme activity was shown only by the gonad in the form of
an increase. Bbviously, pineal ablation dees lead to alter-
ations in the G6Pase rsgulating system. Quite a few factors,
such as alterations im sympathetic activity C&H,umi(Suda,
1966), glucose levels (Pesch and Topper, 1963),glycogen
gantent (Pesch and Topper, 1963) gtc. could all play pivotal
roles in modifying the regulatory system of G6Pase activity
in the pimnealsctomized comndition. The present study thus
sheds some light on the possible involvement of pineal
principles in adéptiue interactions in enzyme regulations

and thus in overall metabolic strategy of birds,



