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CHAPTER VII

EFFECT OF GLUCAGON ADMINISTRATION ON THE METABOLIC

ACTIVITIES OF KIDNEY OF BLUE ROCK PIGEON (COLUMBA LIVIA)

[ Gluconeogenesis from lactate im chicken hepatocytes is
%greatly influenced by glucagon, CAMPZggénehrine (Dickson and
%Longslou, 19783 Fister et al,, 1982), Glucagen plays a major
:role in the maintenance of glucosse level in birds. Production
and release of glucose into blood stream has to be regulated |
by a sensitive mechanism in view of the fact that birds in
general maintain a very high (2-3 times than mammals) plasma
glucose concentration (Bell, 1971). Reciprocatively, plasma
levels of glucagon in birds are about 19 times  higher than
'in mammals (Samols et al., 1969; Unger, 1971; Fajans et al.,
19743 Vanlan et al., 1974; Rabinovitch and Dupre, 1974;

Lauret and Mialhe, 1978; Sitbon and Mialhe, 1978; Raheja et al.,

1980).

Glucagon stimulates gluconeogenesis not only from
lactate and pyruvate but also from substrates like glutamate
(Vi et al., 1973) glutamine (Joseph et al., 1978), and propi-
onate (Blair et al., 1973) which join the pathway at the lavel
of oxaloacetate (OAA), or like fructose (Vemeziale, 19??),
glyceraldehyde and dihydroxyacetone (Veneziale, 1972) which
join at triose phosphate level. The above effects of glucagon

are mediated through the action of cAMP-dependent protein
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kinase and the phosphorylabion of regulatory enzymes. Phospho-
fructokinase, frutose 2,6-biphosphatase and pyruvate kinasse
are snzymes that are subjected to hormome regulation. The
regulation thus appears to be at the level of fructose-6-phos-
phate/fructese 1,6~-diphosphate and of ths pyruvate/PEP
interconversions. Glucagon through cAMP dependent protein
kinase, phosphorylate phosphofructokinase (PFK),'éruCﬁDse 2,6,
diphosphatase (F.2-6 DP) and pyruvate kinase (PK) and activates
gluconsogenesis and inhibits glycolysis (Hers and Hue, 1983).
It is reported that in isoclated chicken hepatocytes glucagon
imactivates, through -cAMP dependent protein kimase, fructose
2,6 diphosphatase which im turn louwers the level of fructose
2,6 diphosphate (Fister et al., 1982). Fructose . 2,6, diphos-
phate is an activator of phosphofructokinase (Pilkis et al.,
1982; Hers, 1983) and lowering the concentration of this
wmetabolites in turn inhibits PFK. In chicken hepatocytes
pyruvate kinase is inactivated by a cAMP independent protein
kinase (Eigenbrodt et al., 1977). Isclated chicken hepatocytes
treated with glucagon showed a decrsase in the activity of PFK
which was readily reversible in the presence of insulin
(Fister et al., 1983). The effect of glucagon is then an
inhibition of glycolysis. Fructose 1,6 diphosphatase, a key
glucomeogenic enzyme is activated when fructose 2,6, biphos-
phate leyel gets lowered. Although, plucagon may stimulate
PEPCK enzyme synthesis, major action of the hormone in gluco-
neogenesis is invariably by suppressing glycolysis in the

liver (Hers and Hue, 1983).



Even though the rols of glucagon ip the regulation
oi g%uconeogenesis and the role of avian kidney as the major
l;lzégneogenesis were subjects of intensive investigation,
studies on hormonal control of gluconeogenesis in general
and the effect of glucagon on the kidney metabolism in
particular, is scarce in birds. The present investigation

is an apparent attempt to bridge the gap in our knouwledge

regarding effect of glucagoen om avian kidney metabolism.

MATERIALS AND METHODS

Adult domesticated variety of blue rock pigeon (Columba
livia) weighing around 250-~300 gms were used in the experi-
ments. The birds were acclimated to laboratory conditions for
two weeks and fed ad-libitum on standard food containing
various grains., The birds were divided into 2 groups and one
group was injected 40 pg/animal glucagoen in 1 ml of redisti-~
lled water. Tuwo injectionggaere given each 24 hours apart.The
control group of animals received only an equal amount of the
vehicle at the same interval, The birds of both the groups
were kept under starved condition during the period of
glucagon administration (48 hrs). On third day beth control
and experimental birds were sacrificed by decapitation. Blood
samples for glucose estimation was collected from wing veins

just prior to decapitation., Kidney was guickly excised from

sacrificed birds and processed for enzyme estimations and
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protein and glycegen contents. The methods Follgued for
estimations of alkaline and acid phosphatases, GOT and GPT
(transaminases). G-6-Pase, phospharylase, Na+—K+~ATPase,

LBH and AChE are described in Chapter 1. The methods
employed for the determinations of protein and glycogen

are also given in Chapter 14

RESULTS

The data obtained are presented im Table I and Figs. 1
to G,

The most conspicuocus effect of glucagon treatment was
the tremendous increase im glycaemic level, an almost 5 fold
increase over control value, This is accompanied by a drastic
reduction in the glycogen content in the kidney. Alkaline and
acid phosphatases showed significant decrease in the kidney of
glucagon treated birds. Like wise both tramsaminases showed
reduction in the activity levels following glucagon adminmi-
stration. The hormone also brought about a decrease in the
activity of Na+-K+—ATPase, phosphorylase and LDH in the kidney.
G-6-Pase did not show much of variation. The only enzyme,
amongst those studied, that showed an increase in the activity
was acetylcholinesterase. Protein content of the kidney of
experimental birds was significantly louwer than that uas

estimated in the kidney of control birds.
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EXPLANATIONS TO GRAPHS -~ CHAPTER VII

Fig.'].

FiQ.Z.

Fig.3.

Fig.4.

Fig.5.

Fig.6.

Graphs shouwing the effect of glucagon
administration on blood sugar level and
glycogen content in the kidney of blue
rock pigsone.

Graphs showing the effect of glucagon
administration on GOT and GPT activities

in the kidney of blus rock pigeon.

Graphs shouwing the effect of glucagon
administration on acid Pase and G-6-Pase
activities in the kidney of blue rock

pigeon.

Graphs showing the effect of glucagan

+ 0+
administration on Alk Pase and Na -K -
ATPase activities in the kidney of blue

rock pigeon.

Graphs showing the effect of glucagon
administration on phosphorylase and LDH
activities in the kidney of blue rock

pigeon.

Graphs showing the effact of glucagon
administrotion on phosphorylase and
protein content in the kidney of blue

rock pigeson,

102



103

EFFECT CF GLUCAGCUN

—
=
fe
e
: H
=3 e
S} —
Sl
5o
O >
(& L1}
4 R

0003"

VI

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAA
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaa
AAAAAAAAAAAA

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

AAAAAAAAAAAA

xxxxxxxxxxxx

JNSSIL I13M WO 00L / WO

..l
Q)
—
L
t T ¥ T T 4 i
o o [} (@] (@} O (@ (] (& o
() O N @ <t o O N (o8] <
<+ ™ ™ o QY QY — —

dooTg TW 001 / JSOONTD HW

GLYCOGEN

GLUCOSE



104

), -




10
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DISCUSSION

Glucagon could regulate several key steps in the
gluconeogenic pathway. Of these steps, at (a) phosphoencl-
pyruvate/pyruvate level and (b) fructose-6-phosphate/fructose
1,6, diphosphate level, futile cycles also exist . Glucagon
not only &dctivatesthe gluconeogenic enzymes but alsop inhibits
the corresponding glycolytic enzymesto prevent futile cycles
(Kraus=-Friedman, 1983). Phosphoenol .pyruvate carboxykinase
(PEPCK) is probably activated through a Ferroactivator
(Macponald gt al., 1978), while pyruvate kinase was inactivated
through a cAMP dependent protein kinase (Ljungstrom et al.,
1974) . F=6-P and F11—6~P2 cycle is operated by phosphofructo-
kinase (PFK) and fructose 1,6 diphosphatase (F.1-6 DP). PFK
is activated by a metabolic azctivator fructose 2,6,diphosphate.
The concentration of this activator increases in isolated liver
cells when glucose was added to the medium and decreases when
glu;agon is added (Hers and Shaftingen, 1982). Thus, glucagon
mainly act by inhibiting glycolytic flux by inhibiting key
glycolytic enzymes especially those in the '"futile cycle3’ such
as pyruvate kinase and PFK mainly through cAMP dependent
proﬁein kinase mechanism. The hormone may also indirectly ) &&;?:

590 g
activate enzymes such as PEPCK and F.1-6 DP, > a

The inhibition of glycolytic pathway inm the avian
kidney by plucagon was evident from the fact that both
phosphatases were found to be low in the activities. Even

+ o+
the membrane bound Na -K -ATPase, involved in not only ionic
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movements but also glucose and amino acid transport, showed
reduction im activity. This indicates a peneral reducticn
in metabeliie movement intc kidney cells, Glucagen 1s known
te alter the amino acid transport ir liver and muscle cells
in vitro in the eel (Inul gt al., 1983). Since LDH activity
also showed a gsneral reduction, lactate production or uti-

lization could possibly be under inhibition by glucagon.

In the liver, glucagon has a glycogenolytic function
by activating plyccgen phosphorylase through cAMP. However,
long term effect of glucagon coupled to a fasting condition,
is an apparent inhibition of glycolysis and stimulation of
gluconeogenesis (Hers and Hue, 1983). In the present experi-
ment also, glucagon treatment and starvation produced an
inhibitory effect on glycegenolysis as evident from decreased
AU . S
phosphatase activity. In the initlal stages of starvation,
glycocgenolysis must have taken place im the kidney, which was
not replenished later even in the event of gluconeogenesis
stimulated by glucagon. This was evident freom the fact that
kidney glycogen content was drastically low in plucagon treated
pigeons. G=6-Pase is generally believed to be an emzyme uwhich
is not regulated by hormones directly. The control of this

enzyme is mainly through allosteric mechanism, This enzyme

did not show much variation upon glucagon treatment.

It is difficult to conclude whether glucagon stimulates



gluconeocgenesis from substrates such as pyruvate, alanine

and aspartate as beth GOT amd GPT were very low in the kidney
of treated birds. But reduction im the protein content points
to somé amount of amimo acid catabolism in the kidney of

glucagon treated birds.'

In conclusion it could be stated, that major effect of

glucagon in gluconeogenesis in the avian kidney was a gemeral
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