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CHAPTER 5

EFFECT OF THYROXINE ON GLUCOSE TRANSPORT ACROSS
CELL MEMBRANE OF HEPATIC TISSUE BF DOMESTIC PIGEBN,

COoLUMBA LIVIA

Thyroid hormone is closely related with Dgidativa réac#ions
‘and regulation of metabolic rates in the body. Thyroid hormones
accelerate metabolic reactions and ths mechanism by which the meta-
bolism is accelerated is probably through its action on the membrane

.

bound ATPase enzyme. Thyroxine increases'ATP utilizatioérgg a result
ATP depletion takes place which is responsible for the increase in
oxygen uptéke. Many conflicting mechanisms have been proposed to
explain the multiple biological actions of thyroid hormones, such
as the regulation of basal metabolic rate and effects on protein,
lipid and ele%@olyte metadaism. Although there are no evidences to
show that the effect on basal mefabolic rate is more Fundamental
than are the other actions of the hormones, the majority of the
attempts arg 'to explain the calorigenic action of thyroid hormoneg
especially since the discovery that administration of large doses
of thyroxine or direct addition in vitro leads to uncoupling of
o;idative phosphorylation in liver mitochondria (Nartiuséﬁi} and
Hessy S 1951). Some studies have also indicated a sort of direct
actién of thyroid hormone on mitochondria or mitochondrial perme-
ability as seen by swelling or contraction (Tapley EE.E;;’ 1955)

and interaction with dehydrogenases or their prosthetic metal

groups (Wolff and Wolff, 1957). There are incrsasing evidences to
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indicate that thyroxine can influence processes not directly
dependent on mitochondrial function, such as protein and nitrogen
metabolism, glycolysis and lipid synthesis and breakdown (Phillip

and Langdon, 1956).

Thyroid thus has direct effect on a large number of
metabolic reactions. Recently it has been observed that thyroxine
also helps other hormones in sxsrting their effects on metgholic
reactions. Jolin gg.gg.; (1983) showed that thyrodectomized diabs~
tic rats showed only a slight increment in the glucose level in
blocod, and the treatment with insulin reduced the gly@émic level
but not when injected with thyroxine. Thyroxine in this condition
produced its gluconeogenic or glycogenolytic activity. These

authors concluded that insuiin was nesded g;?iif?: for thyroxine

to manifest its meﬁabolic effects, although fhey are epposité to
that of insulin. Thyroxine, in in vivo conditions thus acts as hyper-
glycemic agent in presence of insuline. The present sxperiment was
écnduoted to understand whether thyroxine has the same effect on
hepatocytes of birds in the presence of hypoglycsmic agents such

as insulin and acetyllcholine in in vitro conditions.

=

MATERIALS AND METHODS

Adult pigeons (Columba livia) weighing 180-250 grams

maintained in laboratory conditions on balanced diet™ were used

~

for the present experiments. Animals were sacrificed after 24

hours of starvation period. The liver was perfussed with Cold
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Krebs Ringer Medium and then quickly excised. The liver uwas

s . . ST mTy s T R I e e
placed on ice and cut into slices.”. &E/=="7 < = 7°7"% T 7 The
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slices were welghed and were placed in 10 ml flask with-5 ml
of Krebs Ringer Bicarbonate buffer with glucose and albumin.
The iiver slices ware incubated for 90 min.at 37°C in a water
bath shaker. The slices.were incubated in media of folloying

categoriess

'(1) 5 ml KRB Medium + D-Glucose (3 mg/ml) + Albumin (2 mg/ml)

+ Thyroxine (10 ug/ml}.

(2) 5 ml KRB Medium + D-Glucgse (3 mg/ml) + Albumin (2 mg/ml)

+ Thyroxine (10 ug/ml) + Insulin {1 unit/ml)

(3} 5 ml KRB Medium + B-Glucose (3 mg/ml) + Albumin (2 mg/ml)
’ + Thyroxine (10 pg/ml) + ACh (15 mg/ml).

The slices before and after incubation were quickly washed
with chilled KRB buffer and homogenised with distilled water and

5’\

homogenate was -.. bged for enzyme/'and protein estimations as per
methods given in Chapter 1. The incubation medium (before and
after incubation) was subjected for glucose estimation and diffe-

rences were calculated.

-RESULTS

The data on the effect of thyroxine on .. glucose uptake,
glycogen content in the liver, and enzymes are prssented in

Tables 5-1 and 5-2 and Figs. 5-1 to 5-4. [ (Glucose and glycogen
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Fig. 5-1; Na -K ATPase and AChE Fig. 5-2; Acid:i_= "and Alkalin

. ases .
Phosphat. fFig. 5-3; LDH and SDH Fig. 5-4).

Thyrggine when present alone in the medium, stimulated an
uptake of glucose (1.0989 mg/100 mgftissue/gﬂ minY. The Uptake of
glucose was even greater (1.2048 mg/100 mg tissue/90 min) when ‘
insulin or ACh ui§§ also present in the medium. However, thyroxine
together with ACh induced only comparatively a small amountl
(0.4381 mp/100 mg tissue/90 min) of glucase uptake by liver slices
than when thyroxine was present with insulin. N@f-K+-ATPase, an
enzyme immensely affected by thyroxine showed an increase in slices
incubated in the medium containing only thyroxine. But when incu-
batdon medium contained insulin or ACh together with thyroxine,
Na+-K+-ATPase showed a significant decrease. SDH shouwed a slightly-
significant increase in slices incubated with only T, while
together with insulin or ACh thyroxine did not produce any change
i: the activity. LDH on the other hand showed significant increase
in all three combinations (Thyroxine, Thyroxine + insulin and
Thyroxine + ACh). AChE shouwsd signi?icané reduction only inm the
_medium containing thyroxine with insulin or ACh. Acid phosphatase
éhouad a slight;y significant increase in all thres combinations
while élkaline phosphatase shousd a decrease only in thoss slices
" incubated in a medium containing thyroxine alone. Glycogen
content of the liver slices showed a drastic reduction in all

three sets of medig.D

7



Fige 5-1. Effect of thyroxine, alone or in combination
~ with insulin or acetylcholins (ACh)-on
glucose uptake by and glycogen content in

pigeon liver slices under in vitro conditions,
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Fig. 5-2. Effect of thyroxine, alone or in combimation
) with insulin or acetylcholine (ACh) on
+ *F )
Na =K =ATPase and acetylcholinesterase (AChE)

activities in pigeon liver slices under

in vitro conditions.
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Figs 5=-3. Effect of tﬁyroxine, alone or in combination
with insulin or acetylcholine (ACh) on acid
phosphatase (Ac Pase)‘amd Alka}ine phosphatase
(alk Pﬂaasa) activities in pigéon liver .slices

under in vitro conditions.
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Fige 5=44 Effsct of thyroxine, alone or in colbination

with insulin or acetylcholine (ACh) on
lactate dehydrogenase (LDH) and succinate
dehydrogenase (SDH) in pigeon liver slices

under in vitro conditions,
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Tabls 5-2

Effect of thyroxine, alone or in combination with insulin or

acetylcholine, on the enzyme activities in the pigeen liver sliges

under in vitro conditions,

Enzymes Control(+) . Thyroxins Thyroxing
(Tissue) .  |hyroxine +Insulin + ACh

Na*-K*-ATPase 264264 44,782 18498 6.o24 T
ug phosphorus % 0,568 + D767 - % 0,687 + 0,611
relsased/mg
protein/
10 minutes '

1 Fok ¥ ¥t
AChE 0.47702 0.522 NS 0.363 0.344
um ACh hydro- _ + 0,062 + 0058 + 01057 + 0.036
lysed/mg protein/ -
10 minutes . %
Acid Phosphatase 176429 214428 NS 215.129 2534151
um P-nitrophenol +12,'57 +17.13 + 8,85 + 17,04
releasad/100 mg ‘ '
protein/30 minutea .
Alkaline 84191 4,97 9.33NS" 10,13
Phosphatase + 0,225 + 0.'24 - + 0424 + 0,25
um P=nitrophenocl
relgasad/100 mg
protein/30 minutes N

FeHekd Fode K3t Rl

LOH 47,187 1314172 118465 105.18
um lactate oxidi- + 3.178 + 513 --- t 3M6- -+ 3,68
sed/mg protein/ '
15 minutes -
SDH 9.68 11.57 9,69 NS 9,28 NS
ug formozon formed/ + 0.47 ® 056" + 0340 + 0J49

mg protein/30
minutes

—

(%) Enzyme values of fresh liver slices not subjected to incubation.

# . R ‘
NS - Not significgnt, P< 0.05, P <0.02,

RARR

T pP£ 0,001,

Wk
"P &L 0,01,
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DISCUSSION

The observation that diabetic rats appeared less diabetic
when hypothyroidic, revsals tge 6pposing action of thyroid
hormone to that of insulin (Jolin et al., 1§83). However, ' .
the manifestation of some of the thyroxine actionstequire ™ the
presence of insulin (Jolin and Herrera, 1982; Jolin et al.,1983).

In rats

Y Enae

- thyroxine-. to a certain extent opposes the glyc%mic
response effected by insulin. However, in the in vitro exper;;'
ments thyroxine e;icited a glucosé uptake rssponse by the avian
liver slices and this action was additive in the presence of
insulin. The action of thyroxine in this respect was very much
subdued in the presence of ACh, in spite of the fact that ACh
also is capable of inducing pglucose uptake by liver slices.
Thyro%ina thus counteracted the action of ACh more than that of

betwaen . . . .
insulin. The difference ~ ithe action of thyroxine in in vivo

——

conditiomjand in in vitro condition  imay be due to the physioc-
logical state of the liver itself. The gluconeogenit | and gly-
cogenolytic actiongof thyroxine are more prominent in“rats when
they are subjected to starvation (LLobera and Herrera, 19803
Llobera gt al., 1978). The presence of glucagon and catechola-
mines under conditions of starvation could be expected. Thyroxine
under such conditions must be augmenting the action of glucagon
or catecholamines. In the absence of these hyperglycemic agents,
thyroxine could :2ffect a glucose uptake action by liver cells,
In the presencs of insulin such effect was amplified. This

complementary action of thyroxine in ;fﬁ-glucose uptake in in vitro
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conditioné does not, however, prove that both thyroxine and
insulin affect the liver in the same manner, In fact some of
~the enzymes studied such as Na+—K+-ATPase, SDH and alkaline
phbsphataae, showsd responses to thyroxine alone in the medium
and thyroxine in ij)prssence of insulin or ACh. In Fact enzyme
responses’uere more or less conforming to the gluconeogenic
a&tipns of thyroiiﬁé. The increased glucose uptake in?luence.of
thyroxihe in the pigeon liver was not in tune with'its action
observed on the metabolic machingry of the rat liver\csllé. The
only con?entionajone could extent at this juncture, is that
thyroxine must be affecting (_*7) permeability of the avian hepa-

—

tocyte membrane and therelby increasing 5; glucose uptake uitﬁout

involving either insulin stimulated or ACh stimulated glucose

uptake mechanism?,



