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CHAPTER VIII

EFFECT OF CATECHOLAMINES ON KIDNEY OF BLUE ROCK 

PIGEON (COLUMBA LI VIA )

It has become almost customory to classify catecholamines 

responses as either ©C or J3-responses. Such categorizations are 

convenient to place the data into neat slots of understanding.1 

But In reality, such clear cut and distinct cC & ^-responses 

seldom exist in tissues like liver.' Hepatic catecholamine 

receptors are believed to be non-specific (Fleming and Kenny, 

1964; Guthrie and Murphy,1975; Himms-Hagen, 1967; Hornbrook,

1 970). The current vieui point is that the metabolic actions of 

catecholamines are separate from their stimulatory effects on 

adenylate cyclase (Krans-Friedman, 1984). Some of the actions 

of epinephrine (E), norepinephrine (NE) and oC-agonists are 

mediated through an increase in cytosolic concentrations of
•J*

Ca . Hence, discussion on the effect of catecholamines on 

metabolic activities could dispense uith characterization of 

the responses into oC and J3 types, or such attempt may prove 

futile .

Characteristic metabolic actions of catecholamines are 

hyperglycaemia and depletion of glycogen stores and gluconeo- 

genesis. In birds these responses are age dependent (Freeman, 

1966; Heald, 1966). Of the two catecholamines, epinephrine is 

more potent as hyperglycaemic agent than norepinephrine (NE).
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Epinephrine is known to inhibit pyruvate kinase by a cAflP- 

independent mechanism which is reported to be the most 

prevalent method by which it activates gluconeogenesis 
(Feliu et al., 1976; Chan and Exton, 1978').' Kneer at al.(l 974) 

reported that catecholamines stimulates the rate of gluconeo­

genesis from substrates through pathways not involving mito­

chondria. Epinephrine has been shown to stimulate the rate of 

glucose synthesis from pyruvate and lactate in perfused livers 
(Exton and Park, 1968; flenahan et al., 1968; Rose et al., 1967; 
Williamson et_ al., 1 969), liver slices (Rinard at al.. 1 969) 

and suspension of liver cells (Dohnsop et al.. 1972; Garrison
-j-and Haynes, 1973). In kidney, NE stimulates Na -K -ATPase both 

in vivo and in vitro (Krut’Ko, 1982). In chicken liver NE
H- ~bstimulation Is mediated through a cC -adrenergic and Ca depe­

ndent mechanism in which redox changes of mitochondrial pyridine 
nucleotides are involved (Tsukasa et al., 1982). NE also 

stimulates SDH activity in kidney, heart, liver and brown 
adipose tissue (Sivaramakrishnan and Ramasarma, 1982). Even 

cytochrome C oxidase was activated by both E and ME in kidney, 
liver and brain tissues (Tapbergenov, 1982).

Catecholamines, thus, exert considerable influence on 
carbohydrate metabolism whether through an oC-adrenergic cAflP 

independent, or through ^-adrenergic cAMP dependent mechanisms. 
Both these mechanisms activate protein kinases that phosphory- 
la.te enzymes involved in carbohydrate metabolism. Thus both
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^G-and jB-agonists may exhibit identical pattern of activation 

or inactivation of enzymes.'

With a view to understand the effect of E and ME on the 
metabolic functions of avian kidney, these catecholamines were 
administered in pigeon and kidney enzymes were estimated.

MATERIAL AMD METHODS

Adult domesticated variety of Blue rock pigeons (Columba
livia) of both sexes weighing 250-300 gms were used in the

experiment. The birds were acclimated.' T to laboratory conditions

for two weeks and fed ad-libitum. The birds were divided into
Op)two groups. Experimental group was injected^with epinephrine 

(Harson Laboratories) 0.1 mg/day for two days, 24 hours apart 

and were kept in starved conditions. Norepinephrine (Unichem 

Laboratories) was also injected^in the dose of 0.1 mg/day for 

two days 24 hours apart and they were also kept in the starved 

conditions. Control birds received same amount of R.D.U. Twenty 
four hours after the last injection, both experimental and 
control pigeons were sacrificed by decapitation. Prior to 
decapitation, for glucose estimation, the blood was drawn from 
the wing vein. Kidney was quickly excised and used for glycogen 
and enzyme estimations. The enzymes estimated" were alkaline and

-f* "t*

acid phosphatases, G-6-P.ase, phosphorylase, Na -K -ATPase, 
Transaminases (GOT and GOT), and LDH and AChE. Glycogen and
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protein were also estimated. The methods followed for these 

estimations are given in Chapter 1.

RESULTS

The results are presented in Table I and Figs. 1 to 6.

The data show that both E and NE produced a significant 

hyperglycaemic response in the pigeon. At the same time kidney 

glycogen content showed an increase. Alkaline phosphatase showed 

differential response to E and NE. The activity increased when 

NE was administered while it decreased when E was administered. 

Acid phosphatase showed a decrease in response to E but failed 

to show any variation in response to NE administrations. Phos- 

phorylase activity showed a decrease in response to both the 

catecholamines.* G-6-Pase showed a decreased activity level in 

the kidney with E administration while NE failed to induce any
- 4" 4* __

change in the activity. Na -K -AlPase activity increased signi- 
du.e

ficantly^to NE administration but with E, the activity only 

decreased. LDH activity similarly showed a decrease in E 

administered pigeon kidney, while in NE administered pigeon 

kidney, it showed a significant increase. Of the two transami­

nases alanine aminotransferase (GOT) showed enhanced activity 

only in the E treated pigeon kidney, while GPT did not show - 

any change in the level of activity. In NE treated pigeon 

kidney both GOT and GPT failed to show any variation.
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EXPLANATIONS TO GRAPHS - CHAPTER VIII

Fig .1

Fig .2

Fig .3

Fig .4

Fig.5

F i g. 6

Graphs showing the affect of catechola­
mines administration on blood sugar level 
in the kidney of blue rock pigeon.

Graphs showing the effect of catechola­
mine administration on GOT and GPT acti­
vities in the kidney of blue rock pigeon.

Graphs showing the effect of catechola­
mine administration on acid Pase and 
G-6-Pase activities in the kidney of 
blue rock pigeon.

Graphs showing the effect of catechola­
mine administration on Aik Pase and

'j*Na -K -ATPase activities in the kidney 
of blue rock pigeon.

Graphs showing the effect of catecholamine 
administration on AChE and LDH activities 
in the kidney of blue rock pigeon.

Graphs showing the effect of catecholamine 
administration on phosphorylase activity 
and protein content in the kidney of blue 
rock pigeon.
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FIG. 1 EFFECT OF CATECHOLAMINES
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FIG. 3 : EFFECT OF CATACHOLAMINES
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FIG. 4 : EFFECT OF CATACHOLAMINES
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FIG. 5 EFFECT OF CATACHOLAMINES
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The protein content of kidney exhibited reduction in 
both E and NE treated pigeon. 'Similarly, both the catechola^ 
mines produced a reduction in general body weight and total 

kidney weight. Both E and NE increased the activity of AChE 

in the kidney.

DISCUSSION

Gluconeogenic activities in liver and kidney may have 

several similarities, but patterns of responses are not always 
similar. In mammalian kidney, gluconeogenic condition increases 
the activities of gluconeogenic enzymes but not the activities 
of enzymes concerned with amino acid catabolism (Szepesi et_ al., 
1970). In birds, the pattern of responses In liver and kidney 

differ further due to the presence of distinct cytosolic PEPCK 
^enzyme in the kidney, while liver contains a mitochondrial 

PEPCK (Ogata et_ al_., 1982; Watford at al., 1981 ). In chickens, 

the liver synthesizes glucose from lactate and the kidney 

produces it from substrates such as pyruvate and amino acids 
(Watford, 1985). The cytosolic form of PEPCK is subject to 

regulation by hormones such as glucagon,’c~AMP, E and gluco­
corticoids which increase the activity of this enzyme ■(Iyne- 

djian et_ al., 1978).' Effects of hormones on gluconeogenic 

activities in liver and kidney could also be expected to be 

different

Administration of E or NE produced hyperglycaemia
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without parallel reduction in kidney glycogen content 

indicating that glucose released into the blood comes from 

liver. This is also evident from the fact that both E and ME 
caused a decrease in the activity of phosphorylase in thB 
kidney. Increase In G-6-Pase was seen only in the kidney of 
£ administered pigeon. Probably some amount of glucose produ­
ction and release do take place in E treated pigeon kidney. 
Gluconeogenesis in response to E in kidney must be taking 
place from precursors such as alanine as GOT activity was 
significantly high.' Gluconeogenesis from aminoacids' is . not 

activated in NE treated pigeon kidney where both GOT and GPT 

showed no significant variations in the activities. In all 
probability, ME stimulated the lactate release or utilization 

in the kidney by increasing LBH activity. In mammalian liver, 
it was E that stimulated, gluconeogenesis from lactate and 
alanine (Luigi et al., 1983).1 The stimulation of gluconeoge­

nesis in liver or kidney by catecholamines, thus depends on 

the enzyme profile of tissues and species. In the avian kidney, 

E may be stimulating gluconeogenesis from aminoacids, while 
NE may be stimulating it form lactate. As mentioned by 
Chiscko et al. (1983) catecholamines play dual roles in the 

regulation of amount of enzymes by suppressing the synthesis 
of some enzymes while inducing the synthesis of others. In the 

avian kidney also, catecholamines may be involved in inducing 
the synthesis of some key gluconeogenic enzymes, while inhibi­

ting the synthesis of glycolytic enzymes.'
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The mechanism of catecholamine effect on mammalian

hepatic gluconeogenesis from substrates that enter the pathway

prior to phosphoenolpyruvate or from reduced substrate that
level

enter the pathway at triose phosphate^is reported to be through

their ability to mobilize Ca to the cytosol (Kneer and Lardy,

1983), NE also activates gluconeogenesis from oxidized substra-
level

tes that enter the pathway at triose phosphate ^and this effect 

is mediated through a mechanism that doas not involve either 

changes in c-AFIP or cytosolic Ca concentrations (Kneer and 

Lardy, 1983).

In vido actions of E and NE on the gluconeogenic activity 

in the av/ian kidney are somewhat different.1 E favours gluco­

neogenesis from precursors such as alanine and pyruvate while 

NE favours gluconeogenesis from lactate. However, administration 

of catecholamines may not bring about all characteristic actions 

in tissues in in vivo condition. Simultaneous increase in 

reciprocating antagonists such as insulin or vagal cholinergic 

activity, may suppress some of the catecholamine actions in the 

kidney. Catecholamine administration produced an increase in 

acetylcholine secretion in the kidney. This could be deduced, 

from the fact that AChE activity increased almost 3 fold in the 

kidney after £ and NE administration.


