CHAPTER 4 18

INFLUENCE OF OUABAIN AND PHLORIZIN ON GLUCOSE
TRANSPORT IN THE LIVER OF DOMESTIC PIGECON UNDER

IN VITRO CONDITIONS

, BEach tissue takes up glucose through one or two specific
transport mechanism(s). In certain tissues like kidney and inte-
stine, the transport of supar is characterized by (1) high
specificity of sugar substrate i.e., critical dependence on
certain hydroxyl groups,(z) high sodium depsndence, and (3) active
transport against a concentration gradisnt. In others, sugar enters
through simple diffusion or through a carrier mediated transport.
Some exhibits a chemiosmotic 'pull' to take up glucose into the
cell interior, a mechanism which involves a stepped up glucose
~disposal (by converting it into glycogen or fat or by metabolising
it). Tissues such as intestine and kidney also have a flow coupled
glucose transport, a mechanism that is coupled essentially to the
active transpo;t of sodium out of the cell. In erythrocytes, this
may be the only way glucose is taken up into the cell interior.
Liver~ being a 'centre' of metabO%ic homeostasis, exhibits several
types of plucose transport. The predominance of one or?ghher type
of sugar transport in the liver, depemds on dietary adaptations,
glucagon/insulip ratio, receptor kinstics of the liver, speed énd'
degree by which pancreatic hormones respond to glucose induced
direct or neurally mediated stimuli and the degrse of innervation
of autonomic fibres in the liver, The pigeon liver is reported to

be a tissue where insulin independent flow coupled and acetyl=
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choline (vagal) induced sunar transport mechanismspredominataq3

(Pilo and Patel, 1978}).. Sodium dependent flow coupled plucose

transport

+ o+
is an activs procsess probably involving Na -K =-ATPase

(pump ATPase). In in vitro conditions even alterations in the

extracellular ionic gradients was found to induce glucose uptake

by liver cells (Chapter 2). While sodium or potassium hypertoni-

city attenuated insulin induced glucose uptake, these cations

accelerated the acetyllcholine induced uptake (Chapter 3). Calcium

ions together with acetyllcholine stimulated maximum sugar trans=~

port into the liver (Chapter 3) indicating a synergism betuwesn

calcium and acetyllcholine. Probably both are activating the~same

sugar transport mechanism.

To
transport
the liver

phlorizin

understand, whether or not acetyllcholines mediated
of sugar is based on the flow coupled transport principle,
slices were incubated in the presence of cuébain and

which are selective inhibitors of sfdium transport and

sugar transport respectively. The fact that phlorizin inhibits

glucoss transport across the kidney tubule’; and the intestinal

mucosa has been knoun long befors (Crane,1962). It has also been

shown that phlorizin inhibits the insulin stimulated glucosse

uptake by

muscle (Battaglia st al., 1960) and it blocks the ability

of insulin to snhance the psrmeation of galactose into muscle both

in vivo (Keller and Lotspeich, 1959) and In vitro. Ouabain

inhibits the active transport of sodium in a varisty of cells,

It also inhibits the Na+-K*~depandent membrane ATPase (pump ATPase)

which is thought to be involved in the active cation transport

°
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(Glynri, 1964). It is reasonable to assume that cell membrane is
the site of these inhibitory effects. Ouabain which has a very
low lipid-water distribution ratio and thus cannot readily pene-
trate the cell produces the same inhibitory action on the cation
transport and on the membrans ATPase (Csaky and Hara, 1965).
Active cation transport by the sodium pump involves a cyclic
Na-dependent phosphorylation of the enzyme by intra”cellular ¢ .
ATP, and hydrolytic dephosphorylation of the phospholenzyme,
stimulated by K+. In human red blood cells (Garrahaﬁ and Glynn,
j967) skeletal muscle (Caiduell et al., 1960) and squid axons, )
repl;cement of extracellular K+ by Na+ results in a ouabain sensi=-
tive efflux of Na coupled to an influx of extralcellular Na+. )
There is apparently no net Na* movement (Garraham and Glynn, 1967)
nor net h}drolysis‘oﬁ ATP (Garraham and Glynn, 1967). The rate of
Na+—K+ exchange is stimulated by increased levels of ADP (Glynn
and Hoffman, 1971) and exchange transport is not observed in cells
totally depleted of intracellular ATP. These charactepistics
suggest that the biochemical mechanism underlying the Na+ exchange
mode oF:iii?Na+ Pump involves phosphorylation of the enzyme by
ATP (which requires intracellular Na+) followed by its dephospho~-
rylation by ADP. Such a reaction has besen observed in a partially
purified Na*AK*-ATPasg from a variety of sources (Fahn st al.,
19663 Stahl, 1968; Benerjee and Wong, 1972) and its dependence

on Na' concentration has been described (Wildes et al., 19733,

The present chapter reports the effsct of ocuabain and

phlorizin with or without the presence of insulin or ACh on .

e i

the
glucose uptake byk;iVEr slices,



MATERIALS AND METHODS

The slices were preparad as described in Chapterﬁ?"aﬁﬂﬁ”"

were incubated in the KRB medium containing following additives,

(1)

(2)

(3)

(4)

(s)

(6)

ml KRB Medium

i

ml KRB Medium

‘ml KRB Medium

N\

ml KRB Medium

ml KRB Medium

ml KRB Medium

+

+

+

D-Glucose (3 mg/ml) + Albumin (2 mg/ml)
Ouabain (100 um)

D~-Glucose (3 mg/ml} + Albumin (2 mg/ml)

‘Duabain (100 pM) + Insulin (1 unit/ml)

D-Glucose (3 mg/ml) + Albumin (2 mg/ml)
Ouabain {100 M) + ACh (15 mg/ml)

D-Glucose (3 mg/ml) + Albumin (2 mg/ml)
Phlorizin (100 pM)
D-Glucose (3 mg/ml) + Albumin (2 mg/ml)

Phlorizin (100 um) + Insulin (1 unit/ml)

D~Glucose (3 mg/ml) + Albumin (2 mg/ml)
Phlorizin (100 pM) + ACh (15 mg/ml).

After the incubation, ths slices were guickly washed with

chilled KRB medium and were digested with KOH for glycogen esti-

mation., The glycogen was estimated in slices removed from liver

as well as in slices after incubation as per the method described

in chapter 1. The glucoss concentration was determined in thse

medium before and after incubation and the differsnces were

calculated., The glucose was estimated as per the method given in

Chapter 1.
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RESULTS

/
The data on the uptake or release of glucose by liver

slices in the presence of ouabain or phlarizin alone or in
combination with insulin or ACh are presented in Tahle 4-1 and
Figs. &~1 and Z-2.

1

\/[ It 4s clear from the data that both ouabain and phlorizin
Einhibited glucose uptake by liver slices. Instead, both induced
a rglease of glucose into the medium. The releass of glucose was
moraﬁggggum contained phlorizin tﬁan when it contained ouabain.
Even in the presence of insulin, both ouabain and phlorizin could
qFFectiuely inhibit glucoss uptake. So was the case when ouabain

or phlorizin was present in the medium along with ACh.

DISCUSSION

Many réuieus explain exhaustively the different models
which have been formulatsed to explain the Kinetic phenomenon
associated with transmembrane glucose transport in erythrocytes
(Kotyk, 1973; Lieb and Stein, 1972). It is important to note
that the kinetics of sugar transport in the liver are entirely
consistent with those observed for sugar transport in the red
cells except that there is an active Na+ dependent electrogenic
‘transport instead of facilitated Na+ dependent diffusion. The
mobile carrier mechanism for glucose transport in red cells can-
not be excluded on the baéis of current kinetics. However expgeri-

mental svidence against such mobile transporters come from studies



Fige 4=1. Effect of phlorq:hin and ouabain alone

or in combination with insulin or
acetylcholine (ACh) on glucose uptake by
pigeon liver slices under in vitro

conditions,
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Fig., 4~2, Effect of phlor{:zin and ouabain alone
or in combination with insulin or
acetylcholine (ACh) on glycogen content
in pigeon liver slices under in vitro

conditions.,
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of active transport of Na+ and K+ via an ATPase enzyme extracted
from renal medulla (Kyla;.1974). It appears that Na© and K
movements occur along channels formed by protein sublunits,
spanning the width of the membrane which do not diffuse through

or rotate across the membrane during a transport cycle'(Kyle,1975).
Transport protein spanning the bilayer underlgo partial conférma-

tional chahges so that they sxhibit carrier behaviour,

In the pregsent study the glucoss transport system of liver
stimulated by both insulin and ACh was found to belNa+-K+ depsndent
and inhibited by phlorizin and\ouabain‘ This phenomenon is also |
explained using brush border vesicle of intestine (Hopfer st al.,
1973). When liver tissue is preloaded with glucose, the stereo-
specifi& uptake of glucose was increased. Interpretation of this
kinetic model suggests that it is an esxample of counter flow. Both
competitivae exchange diffusion and counter flow are nathral conse-
quences of the saturation equation. In principle active supar
transport across the liver cell membrane could result from direct
coupling of tﬁe transporter to the metabolic energy of the csll.
Such primary acﬁive transport system for sugar carrier are gene-
rally found in more primitive organisqs {Kotyk, 1973). There are
evidences to support the idea that sugar transport in liver is
not very primary, but occurs by a cotransport process in which
its movement is linked to the transmembrane flux of another acti-
vely transported chemical. The activity of Na®© and K dependent
ATPase, which is iocalized exclusively in the membrane, also seen

in kidney and intestine (Fijitz et al., 1972), results in an
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active Na' extrusion from . cells. This creates low intra cellular
Na* concentration and in furn establishes a‘gradient of Na*
concentration across the membrane. The sugar transport in liver

is dependent on Na® as in the case of intestine (Riklis and

Quastel, 1958), Buabain when added to the medium, inhibited glucose
transport in_liver, a phenomenon also seen in serosal surface of
intestine (Csaky and Hara, 1965). When phlorizin was added in the
medium it also exerted its inhibitory action on ths transport of
glucose across the liver cell membran§ as observed by other workers
in intestin%ﬂ mucosal surface. Ouabain inhibits DrGlucose and
a-methyl D-glucopyranoside uptake in kidney cortex slices (Kleinze-
ller gt al., 1967). In the intestine it was demonstrated that uptaks
of sugar occurs only in the presence of external Na+ (Bihler gt al.,
1962). The so called Na+ dependent cﬁn?c;mation of carrier molecule
was found to be highly sensitive to inhibition by phlorizin,. while
the Na.k independent state exhibits low phlorizin sensitivity:
(Silverman, 1976). The transport of sugar is blocked by phlorizin
at a dose of 100 uM and this inhibition by phlorizin can be reve-
rsed by probenecid (Silverman et al., 1970). Phlorizin administra-
tion inhibits the interaction of glucose with the membrane. Insulin
increases the plucose transporters but when phlorizin,is also
present glucose intsraction to its transporters is distuzrbed;

hence no glucoss uptake té£g>placa sven though insulin is present.
when ACh was taken along with phlorizin the inhibitory action of
phlorizin dominated over the stimulatory actions of ACh, In the,
presence of insulin and ACh, the sensitivity of phlorizin exhibited

!

a difference. When compared the sensitivity of many other sugars



to phlorizin, Silverman and Black- (1975) found that D~Glucoss
transport was the most sensitive to inhibition by phlorizin.

Thus we know now that phlorizin is competitive inhibitor of
D~Glucose transport even in the presence of glucose-uptake-
inducers such as insulin and ACh. It is crucial to make note of
the fact that phlorizin has-a major inhibiting action on oxida-
tive metabolism. Any studies usinﬁ concentration of phlorizin in
excess of 1000 pﬁ can be expected to pive atleast 50 % inhibition
of active sugar transport not by virtue of any membrane effect of

the drug but because of metabolic inhibition,

@

7

Phlorizin seems to have > approximately 1000 times
greater affinity for /. ° glucose transporters than®. " glucose
itself under in vivo conditions, Phlorizin molecule has several
points of attachment to glucose transport receptor, (1) via the
glucoside moisety, and (2)_yia hydroxyl groups on the aromatic A
and B rings (Diedrich, 1966). Phlorizin binding to a transporter
is dependent upon the outside Na+ concentration. The binding of
different functicnal hydroxyl groups on the phlorizin molecule
to the glucose transporter (Burgen et al., 1975) might occur
sequentially rather than simultaneocusly. In studiss on the rat
diaphragm mUSolé; in vitrog, it has been reported that phlorizin

3

at a concentration of 1 x 10 ° M causes about a 50 % inhibition

of the insulin induced uptake of monosaccharide. This is defini-

he . : .
tely supported bx:present data., In the present investigation

also it is observed that insulin induced glucose uptaks is © _

T —
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inhibited by phlorizin. Battaglia et al., (1960) have rgported
that phlorizin at a concentration of 3 X 10—3 M produces a 60 %
inhibition of the glucose uptake inducsd by insulin in isolated
rat diaphragm muscle. So the data obtained hesre alsoc suggest
that the action of phlorizin is by the interference with the
'specific carrier mediated transport of glucose across the cell
membrane. None of the evidsnces contradict the conclusion drauwn
by other workers (Crane, 1962). If .we accept the premise that
both insulin and ACh act upon liver tissue to increase the number
of active carriers for the transport of plucose across the cell
membrane, then one may consider that phlorizin is compstitively
inhibiting the action of thess carrisers. The data also shouw that
both insulin and ACh activats a phlorizin sénsitive carrier
(nlucose gransportar) for the transport of glucose into liver
cells. Houever, the degree of activation of these specific carri-
ers may vary for insulin and ACh. Moreover, both 5% ;hem may also

activatse other types. of glucose traﬁspcrt in the livsr,

The recognition of the interrelationship betueen(ﬁf}
sugar and Na' pump’S and £hé fact that ouabain inhibits active Na
transport, pfomptéd this investigation into the possible effect
of ouabain on the activé transport of glucose into liver. It yas
found that ouabain in 100 uM concentration depresses the active
glucose transport in liver tissue. It was also obssrved by
Csaky st al., (1961} i;ffsolated intestine of grass frog. Thus,

+
a functioning Na pump is essential for the activation of the
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sugar pump.:’> &7 s “wr»" Hence, ouabdin has to act on the

‘

lmembrane where the Naﬁ pump is also situated to inhibit the sugar
transport. Secondly, an optimum concentration of sodium has to be
maintained for the functioning of pump ATPaés, which indicates

that this enzyme may be involved in the active transport of both
Na+ and sugar. Quabain competes with K+ in the Na+ K+ exchangs s
pumps and that the entry of K" through the membrane_ ' may regulate
the Na' permeability of the membrane. This is also seen in the
epithelium of the toad bladder (Essig et al., 1963). Ouabain inter-
feres with the Na+ pump located in the membrane, thereby inhibiting
the active glucose transport. varemenko et al.- (1981) also shouwed
that the action of ouabain on serous surface of the rabbit gall

_ - + o+
bladder epithelial cells was to decrease "= Na ~K —-ATPass and

e

~

HCOs—&TPase activities. Thus, it is possible to surmise that sugar
transport and Na+ pump could be so linked, that in tiséués like‘
liver and intestine, any stimulus or action that leads to ionic
movement could result in glucose uptake. In intestine esven the Na+
diffusion due to concentration gradient difference suffices to
induce glucose movement across the membrane. In liver, glucose
uptake against a concentration gradient could be induced by insulia
as well as ACh. Both must bs affecting the ionic permgability of
the hepatocyte membrane which in turn triggers Na+ pump and the
subsequent sugar transport., Added to this, on mammalian liver,
insulin could also stimulate the hexokinase which is sensitive to
insulin, Since the hexokinase of avian liver is nnt'véry sénsitive

to insulin, the rate of insulin induced uptake of glucose is much
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lou; Moreoverythe plucose induced insulin release is sluggish

in birds (Hazelwood, 1973). The pro?ﬁund cholinergic innervation

of liuer,thus,<could assume greater role in > plucose uptake.

ACh secreted by cholinergic parasympatheitic fibres, could induce
membrane permeability changes and through ionic movement could
bring about glucose uptake. The action of ACh is probably through
Ca++ as ACh and Ca++ together could induce maximum glucose uptake
(Chapter 3). €a’ | released from membrane. bound state or that enters
through Ca++ channels in response to ACh, in 22> turn induces
membrane permeability, ultimately leading to glucose uptake, fhis
was avident from the fact that both phlorizin and cuabain could
inhibit glucose uptake by liver cells evsen in the presence of ACh.
In the avian liver, insulin must be also mediating the glucose
uptake through a flow coupled transport as both ouabain and
phlorizin could inhibit the insulin action. Probably‘insulin
induces the Nat and K+ channels to open. Insulin in the presence

of Na* or K* co&ld induce much more glucose uptake thanm in presence
of Ca%+ (Chapter 3). Thus an interplay of ionic movements, Na+~k+-
ATPase and active transport of Na® out of the cell and K into the
cell could be the underlying mechanism that results ip the net

glucose uptake under the influence of insulin and ACh.



