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EFFECT OF THYROID HORMONES ON THE METABOLIC 

ACTIVITIES OF KIDNEY OF BLUE ROCK PIGEON 
(COLUMBIA" LI VIA).

Thyroid hormones are known to cause hyperglycaemia 
(Muller et al.t 1983). These hormones are also known to regulate 

metabolic rates-of the body in general, and oxidative reactions 

in particular. Thyroid hormones also have morphogenic actions 

in most vertebrates. Due to multiplicity of actions, the exact 

biochemical mechanisms initiated by thyroid hormones are yet to 
be accounted for. In certain cases the influence of thyroid 
hormone on a given tissue will be different when other hormones 
are also present. Hence, while functions of hormone of thyroid I 

gland are discussed, agonistic, synergistic, or antagonistic 
actions of these hormones to other hormones have to be taken / 

into consideration.

Conventionally, studies on biochemical actions of 

thyroid hormones are conducted either by extraneous admini

stration of hormones or by thyroid gland ablation. Many tissues 

are responsive to thyroid hormones. Oppenheimer and c'oworkers 
(1974) have reported the existence of binding sites of thyroid 

hormones in nuclei of rat liver and kidney. The nuclear binding 

sites are widely dispersed among tissues although the concent
ration of sites may'differ from tissues to tissues. The effect



of binding thyroid hormones such as T3 (triiodothyronine)
'is mediated by the formation of new RNA (Tata et_ al,, 1962). 

Several metabolic effects of thyroid hormones, which may also 
include thermogenesis, are mediated through their ability to 

influence membrane bound ATPase enzymes. Some studies have 

indicated that thyroid hormone regulates the synthesis of Na - 
K^-AtPase in the kidney and other target organs at nuclear 

level (Lb and Edelman, 1976 and Lo and to, 1981). It h,as also 

been observed that thyroidectomy produced proportionate 
decrease in renal NaT-K‘-ATPase activity and net Na* reabsorp

tion and that administration of T^ resulted in an increase in 
both these .'functions (Katz and Linheimer, 1973). In rat, 

surgical thyroidectomy decreased renal plasma flow and glome
rular filtration rate (Holmes and Discala, 1970; flichael et al., 
1972; Katz and Linheimer, 1973; Katz et_ al., 1975). In kidney, 

liver and skeletal muscles, ouabain sensitive or Na dependent 

respiration increased significantly upon T^ administration to 
hypothyroid or euthyroid rats (Ismail-Beigi and Edelman, 1970; 
1971; Asano et al., 1976).

Thyroid hormones are also known to influence metabolic 

reactions concerned with glucose uptake, glycogenolysis and 
gluconeogenesis. In hyperthyroid rat, renal phosphoenol 
pyruvate carboxykinase (PEPCK) became significantly reduced 

and L-throxine substitution in hypothyroid rat also produced 
the same effect (Sibrouski, 1982). T4 and T3 were found to
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decrease basal phosphorylase *a’ (active form) by increasing 
phosphorylase phosphatase activity (Malbon and Campbell, 1 982 ). 

Stimulation of glucose uptake was also seen in rat thymocytes 
in vitro by the physiological concentrations of Tg (Segal and 
Ingber, 1 980) .

Avian kidney is metabolically very active especially in 
gluconeogenic activity. The controls of these metabolic acti

vities in kidney should also rest with hormones as in any other 

metabolically active tissue. However, no comprehensive studies 

have been reported so far about the action of various hormones 

on metabolic activities of avian kidney. In the present study, 

the action of thyroid hormones on some of the metabolic activi

ties are elucidated.

MATERIALS AND METHODS

Adult domesticated blue rock pigeons (Columba livja) 

weighing around 250-300 gms, acclimated to laboratory condi

tions for two weeks and fed ad-libitum on' a standard diet 
consisting of grains were selected for "the experiments. One

group of experimental birds received 0.5 mg L-thyroxine
\

(Sigma Chemical Co. U.S.A.) in 0.5 ml 0.9 % saline (pH 8.4). 

Another group received 0.2 mg triiodothyronine (Sigma 
Chemical Co. U.S.A.) in 0.2 ml 0.9 % saline (pH 8.4). Control

birds received 0.5 ml 0.9 % saline only. Both experimental
Ci-P)

and control birds received a total of 5 injections administered
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every alternate day. The birds were sacrificed by decapitation 

under mild anaesthesia on 11th day.' Blood was drawn from wing 

veins prior to decapitation. The kidney was quickly excised 

and processed for various estimations. The activities of enzymes 

such as alkaline and acid phosphatases, transaminases (G0T,GPT),
4* 4- tLDH, Na -K -ATPase, G-6-Pase, phosphorylase and AChE were 

measured following methods described in Chapter 1. Protein and 

glycogen content of kidney as well as blood sugar level were 

also determined as pertlhe methods stated in Chapter 1 .

RESULTS

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

Both the non-specific phosphatases in the kidney, did 

not show any significant variation following T^ administration.

A slight but perceptible increase of alkaline phosphatase was 

noticed in the kidney following T^ administration. However, T^ 

failed to evoke any change in the acid phosphatase activity 

from what was noticed in the kidney of control pigeons. Of the 

two transaminases, GOT did not respond to T^ or T^ administra

tion. GPT on the other hand showed significant increase in
4" 4*

activity compared to that in control birds. Na -K -ATPase 

activity showed no significant change, from what was observed 

in control birds, folio wing T^ or T^ injections. G-6-Pase and 

AChE were the other enzymes that did not respond to thyroid 

hormones, phosphorylase showed significant increase in activity 

in the kidney of both T. and T„ administered pigeons. The
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EXPLANATIONS TO GRAPHS - CHAPTER IV

Fig.1 Graphs shouing the effect of T^ and T^ 
administration on blood sugar level and 
glycogen content in the kidney of blue 
rock pigeon.

Fig.2. Graphs shouing the effect of T^ and T^ 
on GOT and GPT activities in the-kidney 
of blue rock pigeon.

Fig.3. Graphs showing the effect of T^ and T^ 
administration on acid phosphatase 
activities in the kidney of blue rock 
pigeon.

Fig.4. Graphs shouing the effect of T_ and T
•J

administration on Aik Pase and Na -K - 
ATPase activities in the kidney of blue 
rock pigeon.

Fig.5, Graphs showing the effect of T^ and T^ 
administration on AChE and LDH activi
ties in the kidney of blue rock pigeon.

Fig.6.’ Graphs shouing the effect of T^ and T^
administration on phosphorylase activity 
and protein content in the kidney of 
blue rock pigeon.
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increase observed in the activity of LDM following T. and

treatment, was highly significant. Following administration 
of and T^, glycaemic level increased significantly, while
glycogen content in the kidney showed significant depletion.

DISCUSSION

Both and elicited a hyperglycaemic response in the 
pigeon. This was accompanied by significant depletion of glyco

gen from the kidney, indicating glycogenolysis and subsequent, 

release of glucose. Increased glycogen phosphorylase activity 

In the kidney lent-credence to the contention that both and 

T„ administration brought about glycogenolysis and glucose

release from the tissue.
,.wl -A

- fvJ.oV' orouoht about a decrease in phosphorylase 'a* activity (Flalbon
................................~

wA L\sl<to and differed from that of rat tissues. Similarly, 
thyroid hormones which were found to bring about both stimula

In rat hepatocytes, however, and 
in phosphorylase 1 a’ activity (flalbon 

‘ a^dj^Campbell, 1982). In this respect, response of avian kidney

tion and induction of Na -K -ATPase in the rat kidney (Katz and 
Linheimer, 1973; Lo and Edelman, 1976; Lo and Lo, 1981), 

elicited no response in the avian kidney.

Since the glycogen content LTV kidney is so meagre 
compared to that in liver, major amount of glucose released 

from kidney following T4 and I3 treatment , could be formed by 

gluconeogenesis. Increased gluconeogenic activity in the kidney 
under the influence of thyroid hormones is indicated by increased
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GPT and LDH activities. Lactate and aspartate, the substrates 

for LDH and GPT, are prominent precursors of gluconeogenic 
pathway. Since, phosphoenol pyruvate carboxykinase (PEPCK) was 

not estimated in the present experiments, it is difficult to 

envisage the action of thyroid hormone on this key enzyme of 
gluconeogenesis. In hyperthyroid rat kidney PEPCK activity was 
Pound' to .'decrease (Sibrouski, 1982). However, in avian kidney 

such inhibition cannot be expected as both aspartate and lactate 

have to be converted into oxaloacetate and then into PEP, if 
these have to serve as gluconeogenic precursors.1

In this context it is interesting to note that plasma 
concentration of gluconeogenic precursor molecules (lactate, 

pyruvate? . alanine and glycerol) were elevated in the hyper-

thyroid miniature pig but nearly unaffected in hypothyroidism 
(Muller et al., 1983). This increase was paralleled by a rise 

in the rate of extraction of gluconeogenic precursors by 
splanchnic tissues'", in hyperthyroidism (Uahren et al.. 1981). 
Turnover rates for lactate (Syedmyr, 1966) and glycerol 

(Tibbling et al., 1969) were reported to be enhanced in the 

hyperthyroid state. In other words, hyperthyroidic state 

induces release of gluconeogenic precursors mainly from extra- 

hepatic tissues. These precursors are extracted and converted 

into glucose by liver. Direct stimulation of gluconeogenesis 

from alanine in the isolated perfused rat liver of hypothyroid 
rats by T^ has been reported (Muller and Seitz, 1980; 1981). 

Probably, pigeon kidney also may be releasing gluconeogenic
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precursors into blood stream under the influence of thyroid 

hormones.

Another effect of thyroid hormone is on the release of 

other hormones. Hyperthyroidism induced elevated release of 
glucagon and insulin (Muller et_ al,1, 1983). However, hyper- 

thyroid condition also brings about insulin resistance (SestoFt 

and Heding, 1981). So, in effect, hyperthyroidic condition- 

mainly enhances the release and action of glucagon, eventhough 

insulin secretion may also get simultaneously elevated. Thyroid 
hormones are known to cause partial suppression of acetyl
choline receptor synthesis in cultured muscle cells, without 
affecting the activity of acetylcholinesterase (AChE)

(Shainberg et al., 1984). In the present investigation also 

AChE activity in the kidney was not found to be affected by 

thyroid hormones. Probably, thyroid hormone treatment may cause 

ineffectiveness of vagal activity in the kidney without showing 

any effect on AChE activity.


