
CHAPTER 3

IN VITR'O EFFECT OF IONS IN THE PRESENCE OF INSULIN 

AND ACETYL CHOLINE ON THE GLUCOSE UPTAKE OR RELEASE 

BY LIVER OF DOMESTIC PIGEONS

■t* *4“

Importance of Na and K in the metabolic regulation of 

ft glycogen synthesis and lysis uas recognised in;f -Ifep fourties

(Buc.tiangLv-1 ^nd 1949). Incubation of isolated liver prepa-

rations with supraphysiological concentrations of K resulted in 

an inhibition of glycogsnolysis followed by a stimulation of 

glycogen synthetase (Cahill ert al_., 1957; Hue et^al^., 1975). Uhen
*4"

isolated hepatocytes ware incubated in K predominant medium, an 

increase in intracellular K and a decrease in intracellular Na 

have been noted (Van de Uerve, 1981). However, it is the presence
+• *i*

of more intracellular K or the decrease of Na inside the cell, 

that brings about inactivation of phosphorylase and activation of 

glycogen synthetase. The changes in intracellular Na /K ratio in 

turn alter the concentration of Ca which is the basis of such

metabolic control (Nedergaard and Cannon, 1980; Hughes et al.,
4* 4*1980). In hepatocytes incubated with Ca in the presence of Na ,

phosphorylase enzyme became highly active, while in hepatocytes
4* *4*

incubated with Ca in the presence of K the enzyme did not show

any activation (AssimaBopoulos-Oeannet et_al., 1977), A,n interplay

of Ca' , Na ‘ and K ions in the cell could, thus, regulate

glycogsnolysis or glycogen synthesis by activating or inactivating
+■ +the key enzymes. The importance of interactions of K , Na and

4*4rCa' in the uptake or release of glucose from the pigeon liver



i')

slices uas clearly established in the experiments previously 
described (Chapter 2). In the medium containing hypertonic Na , 

liver slices shoued an uptake of glucose. Hypertonic K or Ca 
did not elicit this response (on the contrary a release uas 
observed). Ca++ with Na^ or K* stimulated glucose uptake. Even

■f *$*

when the medium contained both Na and K glucose uptake, by 
liver slices uas not observed. The effect of these ions on^the 

isolated hepatocytes uas reported to be dependent on the metabolic 
state of the liver. Isolated liver cells from fed or starved 
animals responded differently (Man jde Uerve, 1981). The post­

prandial and pre-prandial conditions- are characterised by the 
plasma concentrations of hormones such as insulin, glucagon, 
catecholamines and glucocorticoids. Recently, the autonomic nerve 

activity uas also reported to be different in fed or starved 
state (Shimazu, 1983). In other uords,,the affect of ions could 

be modified or modulated by hormonal or humoral factors. In this 
context, the present experiment uas planned to obtain information 
regarding the effect of ions in the presence of ^insulin or ACh 

on the glucose uptake or release by the pigeon liver slices.

MATERIALS AND METHODS

Adult pigeons (Columba livia) ueighing 180-250 gr.ams 

maintained in laboratory conditions on balanced diet uere used 
for the present experiment. The birds uere sacrificed after an 
overnight starvation period. The liver uas perfused uith .cold 
Krebs Ringer Bicarbonate medium and then uas quickly excised.
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The liver was placed on ice and cut into slices, weighing 

40-50 mg and the slices were incubated in 10 ml flask with 5 ml 

of KRB Buffer containing glucose and albumin.' The liver slices 

were incubated for 90 minutes at 37°C in a water bath shaker with 

120 o«scillations/min. The slices were incubated in madia of 

following categories.

(1) 5 ml KRB Medium + D-Glucose (3 mg/ml) 4* Albumin (2 mg/ml)

H* Insulin (1 unit/ml). The Boots Co,,(Ind

- Ltd.

(2) ■ 5 ml KRB Medium H- D-Glucose (3 mg/rol) + Albumin (2 mg/ml)

+ ACh (15 mg/ml)

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

4: Insulin (1 unit/ml) + NaCl (5 mg/ml)

(4) 5 ml KRB Medium Hr D-Glucose (3 mg/ml) Albumin (2 mg/ml)

H- Insulin (1 unit/ml) + KCl ( 5 mg/rol) /

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

"¥ Insulin (1 unit/ml) + CaC^ (5 mg/ml)

(6) 5 ml KRB Medium H* D-;Glucose (3 mg/ml) + Albumin (2 mg/ml)

+ACh (15 mg/ml) + NaCl (5 mg/ml)

(7) 5 ml KRB Medium + D-Glucose (3 mg/ml) Albumin (2 mg/ml)

- -
+ ACh (15 mg/ml) + KC1 (5 mg/ml)

-

(8) 5 ml KRB Pled ium + D-Glucose (3 mg/ml) + Albumin (2 mg/ml)

+ ACh (15 mg/ml) + CaC^ (5 mg/ml).



A^'tsr the incubation, the slices were quickly washed 
uith chilled KRB Medium and were digested in KOH for glycogen - 
estimation. The glycogen uas estimated in slices immediately 
after killing as well as in the slices that were subjected to 

incubation. Glycogen was estimated as per the method described 
in Chapter 1, The glucose concentration was determined (Chapter l) 

in the medium before and after incubation and the differences were 

calculated.

RESULTS

The data obtained are presented in Table 3-1 as well as 

in Figs. 3-1 and 3-2.

It is clear from the table that the presence of insulin 
stimulated glucose uptake (3V144 mg/lOOmg tissue) by liver slices. 

Uhen ACh was an additive in the incubation medium^0.5772 mg 
glucose per 100 mg tissue was taken up by the liver slices. Uhen 
insulin was present in combination uith NaCl or KC1 in the incuba­
tion medium, glucose uptake was same as when insulin was alone. 
Insulin in combination with CaC^ stimulated a glucose uptake of 
0.9728/100 mg tissue.

A*Ch also stimulated glucose uptake in combination with 

NaCl, KC1 and CaCl^. AlCh in combination with NaCl stimulated 
2.4480 mg/100 mg tissue glucose uptake. When ACh uas present with 
KC1, glucose uptakB (2.1866 mg/l0Q mg tissue) took place.’



Fig,1 3-1.' Effect of cations in combination with 
acetylcholine (&Ch), choline chloride 

or insulin on glucose uptake by pigeon 
liver slices under in vitro conditions.
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Fig.1 3-2. Effect of acetylcholine (ACh), choline

chloride and insulin on glycogen content 
in pigeon liver slices under in_ vitro 
conditions.
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Fig.’ 3-3.' Effect of cations in combination with 
acetylcholine (ACh), choline chloride 

or insulin on glycogen content in pigeon 
liver slices under in vitro conditions.



m
g e

sc
 -i

C
O

G
fu

/te
om

g *J
ST

 T
ts

sc
/f 

W
f/s

ur

Im
pT?} .♦'Ac/ *
k^2 /vftfi/v

A/OAMAt 

JCcl +
/Vft/t/AJ

VZA»°*»*t

'FTTX Cac/a,*
3 M*AH4l

M+ct + 
1 4<r*

3

5 **1 +
d Act,

\

G£ ycoGf/y

y/ae-ti Kctt CMei%+ u*c<t Acet-tAor caiJi+Aeft
CM ti/t /A/ IMfVitH luttrcin ACM

Fig.3-3



af
te

r in
cu

ba
tio

n.
 Mg 

gl
yc

og
en

/1
00

 mg 
liv

er
.

(1
) 

D
iff

er
en

ce
 bet

w
ee

n th
e g

lu
co

se
 co

nc
en

tra
tio

n in
 the

 me
di

um
 be

fo
re

 and
 aft

er
 

th
e in

cu
ba

tio
n.

 Mg 
gl

uc
os

e/
10

0 mg
 liv

er
.'

(2
) 

D
iff

er
en

ce
 bet

w
ee

n g
ly

co
ge

n v
al

ue
s of

 fre
sh

 liv
er

 sli
ce

s an
d li

ve
r sl

ic
es

G
ly

co
ge

n D
ep

le
tio

n (2
)

0
cnto
t>

0

-o-
VO
CO
a
a. +1

1 .
'2

78
9

+0
.1

27
4

1.
26

95 c-
ro
cn
0, 2.

28
73

+0
.4

33
9

2.
54

50 invn
c-
<3-

0 
-f-1

2.
48

94 a

a
+ 1

CD

CM

CM

in
0
VO
0

a+1

1.
84

94 0CO

a

0
+1

G3
CO
m

mrH
mcr 1 1 l i i 1 1 1

G
lu

co
se

U
pt

ak
e (1

)

VO
o-
■ef

or
CO

tn

CM

in

in 1
CM
O
r-

VO

0

IN

in
OJ

co
00
•<t
LQ

CO
0

in

CD
CM
C-
s>

in
in
to

a
CO
<fr
5f

CD
I>
r*
CM

CO
CO
CD
<r~

CM
C-
•o-
CM

CM
■tf
r-
CM

or

to
tn

CO
+ 1 0 ai +1

CO °l + 1
IN a, + 1

0 0. 
■Kl

CM 0,+1
CM a.+ !

CO 0
+1

A
dd

iti
ve

s

c•H
'—( 
D 
CO

chH

G3
C

•rl

Hi 
O 

JZ 
O 

<—{ 
>» 

-P 
CD 
O 

cC

c
r*~|
D
CO

cH-f
+
'—I
cj

CD
s:

c■HI
•—i
□
CO
cf—I

+-

*—I
a

c•HI
rH
D
CO
cl—l
4»

c
•H
CJ

toa

m

sz
CJ
=35
+-

■—i 
CJ 

CD
2:

JZ
CJ
=35

+'
rH
CJ
HI

sz
CJ
at

T
c

'—I
atD
CJTa

bl
e 3-

1
In

 vit
ro

 ef
fe

ct
 of 

io
ns

 tog
et

he
r w

ith
 ins

ul
in

 or 
ac

et
yl

ch
ol

in
e 

on
 the

 up
ta

ke
 or 

re
le

as
e o

f gl
uc

os
e by

 pig
eo

n li
ve

r sl
ic

es
 

{M
ea

n + 
S£

M
~)



45
DISCUSSION

\

The most interesting observation was that ACh in the
•j*, •I*-

presence of l\!a ', K or Ca induced glucose uptake by the liver 

slices much more than uhat uas observed uhen ACh uas alone in the 

medium. On the other hand,l\ia' or K uith insulin did not enhance 
the glucose-uptake any further than uhat uas obtained uith insulin 

alone. Insulin, houever in the presence of Ca shoued a reduced
*4* -4*glucose uptake. The results clearly indicate that Na ,K or

-fc* *4*Ca could act synergestically uith ACh but not uith insulin. Of
the three cations, only Na+ in i ^hypertonic concentration,r~_;r_?3

could induce glucose uptake (Chapter 2). Hence the, synergism of
„i„ ~i~ j

Na and ACh is understandable. Houever, that of K or Ca uith 

ACh is puzzling. There are so many variable physiological condi­
tions, such as metabolic state of the hepatocytes, presence or 
absence of right amount of hormones or a specific ratio of hormones 
in the blood, level of metabolites, neural activation or inactiva­

tion of membrane bound systems, receptor activation or down regu­

lation and multitudes of other parameters that could effect the 
response of liver to a given stimulus.' Permutation^combination 
of all these factors are-difficult to \experimentally [re~produce^ in 

in vitro conditions. Isolated hepatocytes from fed or starved 

animals respond differently to glucose or hormones. Even some 
sort of ‘priming* of the cells by lou concentration of'hormones, 
such as insulin uas' observed, although at'that concentration ! 

insulin does not produce any detectable physiological or bioche­
mical changes uithin the liver cells (Felig and LJahren, 1971;
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Broun at_ al., 1978; Best et_ ad., 1981; Proietto et_ al., 1983).

Tha rats of glucose uptake is reported to be a function of both 

glucose and insulin concentrations1. Best et_ alyr.( (1981) studied 

the effect of variable glycaemia on glucose uptake at different 

predetermined insulin concentrations. Their data show that the 

lou concentration of insulin have an essential role in normal 

glucose disposal (after a carbohydrate meal) by priming the 

tissues so as to allow the glucose to enter along its concentra­

tion gradient. The mechanism of this priming action of insulin at 

its lou concentration is not clear, but it uas suggested to be 

related to the acute lowering of FFA levels. Alternatively, the 

priming effect may reflect the uell knoun, ir^ vitro action of insulin 

in recruiting glucose carriers (Ludvingsen and Barrett, 1979;

Czech, 1980). At higher glucose concentration, glucose transport 

or metabolism is saturated at low glucose concentration, therefore

there is little increase in the peak rate of uptake uhen plasma
leve-I,

glucose rises. At higher insulin^glucose transport or metabolism 

begins to saturate only at higher glucose concentration. When 

insulin level is high, rate of glucose uptake is eventually linearly 

related to the plasma glucose concentration. In other uords, more 

insulin is effective only uhen more glucose is available and uhen 

both are high, more glucose transporters are recruited (activated) 

so that the rate of glucose uptake increases further.

If such differential responses by liver cells to lou or 

high concentrations of insulin in relation with glycaemic level
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ar.e observed, similar responses could also occur uith respect '
to acetyl^choline (vagal activity) and ions. The glucose uptake

+response of liver slices to high K medium (Chapter 2) uas an 
inhibitory one; that oP ACh uas'only 0,5772 mg/100 mg tissue/
90 min,; but both together could induce an uptake of 2.1866 rag// 

glucose/100 mg tissue/90 min. Since similar glucose uptake 

response uas obtained uith Na' and ACh or Ca and ACh, it could 

be reasoned that ACh in the presence of a hypertonic condition 
(irrespective of uhich cation caused Ijthe hypsrtonicity) could 

induce greater glucose uptake. This fact some uhat points to the 

mechanism of ACh action. Ach could induce permeability changes in 

the plasma membrane and in the presence of hypertonic conditions, 
the ionic efflux might be more. More the efflux,more the pump 
activity. The glucose enters the cells through the flou coupled 

mechanism.

In conclusion it could be stated that the action of 
insulin and ACh on yglucose uptake by liver cells could be very 
much influence by the ionic concentration in the ambient environ­

ment .

f


