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CHAPTER 12

EFFECT OF CHOLINE CHLORIDE ADMINISTRATION ON 
Nat. K+~ ATPase AND PHOSPHOLIPID CONTENT OF THE 

LIVER OF VAGOTOFIIZEB PIGEONS

Phospholipids uere considered until recently, as Oinert

structural substances, ’’whose major reason .for existence was to
provide recognizable boundaries for cells and 'organelies” or ”to
provide a convenient matrix to support more important biochemical
substances, such as membrane bound enzymes, transporters or ~
receptors” (Farese, 1983). Phospholipids are viewed now as neither

’’inert” nor simply “structural”. Many phospholipids have very high

rates of turnover, and can profoundly alter membrane function.'
Moreover, most hormones and neui.otransmitters have now been shown

to provoke rapid and dramatic changes in phospholipid metabolism.
These changes in phospholipid metabolism have been correlated to

changes in cellular functions. The phospholipid metabolic changes

are getting recognized as important mediators of many hormones
and neurotransmitters and function both before and after the

*$* *$"

generation of the ’’second messengers”, Ca ' and cyclic nucleotides 
(Farese, 1983). The most striking changes in the cellular phospho­
lipid metabolism are those concerned with phosphatidic acid (PA) 
synthesis and phosphatidyl Inositol (Pi) formation from PA. The 

PA formation is mediated by phospholipase C and results in the 
release of Ca , while PI formation binds Ca . The PI hydrolysis 
is stimulated by agonists such as oc - adrenergic agent, acetyl*-



I 115

choline, insulin and many others while PA de_ novo synthesis is 
stimulated by ACTH, LH, PTH etc. (Farese, 1983).' The _ phospholipase 

C is reported to be a membrane bound enzyme which could be acti­
vated by receptors bound to agonists. The PI-PA cycle is believed 
to be involved in several cellular responses. Classical example 
is the secretogogue function in B cells. Cholinergic, oc-adrenergic 
agonists and glucose can induce the phospholipid turnover in

4* Hhislet B cells and through Ca release, they ultimately induce the 
release of insulin (Best and Malaisse, 1983). insulin can also 

directly influence the synthesis of phospholipids in many tissues. 

Some of these phospholipids can activate phosphodiesterase and 

pyruvate dehydrogenase. Apart from such second or third messenger 

functions, the phospholipid changes may influence the activity of 
membrane bound enzymes, receptors or transmitters, either directly 

or indirectly by alteration In the membrane configuration, fluidity 
or ion binding (Farese, 1983). Phospholipid composition changes 

in'the membrane especially that'of mitochondria could alter the 
mitochondrial enzyme activity (Vidal et al«, 1983).' In the light 

of these observations, it was deemed worthwhile to undertake a 
preliminary study on phospholipid content of the liver, and the 
activity of membrane bound enzyme (Na~ K - ATPase) after glucose, 
choline chloride and glucose + choline chloride administration in 

vagotomized pigeons.

MATERIAL AND METHODS

Adult domestic pigeons (Columba livia) weighing around 

200 - 250 grams, maintained in laboratory condit ions £3'with
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standard diet uere used for the experiments. Birds were divided 

into 3 groups and each group was divided into 5 sub-groups having 

5 birds each. The sub-groups were:

(1) Normal overnight starved ■

(2) Sham operated 48 hr. starved

(3) yagotomized 48 hr. starved

(4) Sham operated 72 hr. starved

(5) Uagotomized 72 hr. starved.

Each main group uas injected with glucose (70 mg/100 gram body 

weight), choline chloride (j5 mg/animal) and glucose + choline 

chloride (70 mg/100 gram body ueight + 15 mg/animal)aniat regular 

interval of 30 minutes (i.e.- 0, 30,. 60, 90 and 120 minutes) - after
- - Hr

injection. 7 the animals were sacrificed and Na -K -ATPase and 

phospholipid contents ' quantitatively estimated as per the 

methods described in Chapter 1.

RESULTS

The data on phospholipid content and activity of Na-K~ 

AJPase in the liver of overnight starved, sham operated (48 hr. 

and 72 hr^ and vagotomized (48 hr. and 72 hr.) pigeons after admini­

stration of glucose, choline chloride and glucose + choline 

chloride are presented in tables 12-1 to 12-6 and Figs. 12-1 to

12-2
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Fhospholipid >

Glucose injection (Table 12-1} Fig.12-1)

Glucose injection produced a gradual decrease in the 

phospholipid content of the liver in normal overnight starved 
pigeons, while in the sham operated 48 hr. bt&72 hr, pigeons there 

was a slight decrease by 120 min. In vagotomized 48 hr, pigeon 

liver, glucose injection produced not much variation except at 
120 min,, whence a slight decrease was observed. In vagotomized 
72 hr. pigeon liver, glucose injection caused an initial (30 min.) 

drop in the content.'

Choline chloride injection (Table 12-2; Fig. 12-1)

Normal overnight starved or sham operated 48 hr. and 72 hr. 
pigeon liver showed no significant changes in phospholipid content 
after administration of choline chloride,' However, vagotomized 
(48 hr. and 72 hr} pigeon liver responded to choline chloride by 

showing significant increase by 90 min.

Glucose + Choline chloride injection (Table 12-3;Fig.12-1)

Uhen both glucose and choline chloride were injected 
together, there was no Variation in the phospholipid content of 
the liver in any group of pigeons, except a slight initial dip in 
the normal (overnight starved) pigeon liver.'
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«a* K* WPase

/ 1

Glucose injection (Table 12-4; Fig.’12-2)

The enzyme exhibited a gradual rise in the normal pigeon 

liver when glucose uas injected. In the sham loperated 48 hr. pigeon
I

liver also, the enzyme shoued a gradual increase. But in the sham
i

operated 72 hr. pigeon liver, the enzyme activity shoued a steep
live*

rise by 90 min. The vagotomized 48 hr^on the ;other hand shoued a
sharp peak at 60 min., while in vagotomized 7,2 hr. pigeon,',^Ihe

! 1
activity showed a steep rise by 120 min. I

t

Choline chloride injection (Table 12-5;Fig.12-2)

Choline chloride activated Na - K- ftTPase in normal and sham 

operated (both 48 hr. and 72 hr.) pigeon liver ,by 30 min. Houever, 

in vagotomized 48 hr.pigeon liver, choline chloride brought about
i-

an increase in the enzyme activity only by 120 roin.,-uhile in vago­

tomized 72 hr, pigeon liver it brought about a gradual rise up to 

90 min. and a steep one at 120 min. ( ^ :

Glucose + Choline chloride injection (ijTable ; 12-6;Fig• 12-2)

In the normal (overnight starved) pigeon liver, administ­

ration of both glucose and choline chloride together produced a
H* Hr

maximum increase of Na - K - ATPase during 60 and 90 min. intervals. 

Sham operated 48 hr. pigeon liver shoued a peak at 90 min.,uhile, 

in sham operated 72 hr. pigeon liver, the peak was at 60 min. In 

vagotomized 48 hr.and 72 hr. pigeon liver, the activity increased 

sharply at 90 min.
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ttlSCUSSIDN i

Both glucose and choline agonists which are secretogogues
3 2 !to B cells, are shown to induce enhanced p labelling of phos- 

phatidic acid (PA) and phosphatidyl inositol jin islet cells (Best 

and Malaisse, 1983a, 1983b). Several other tissues ‘ were also

shown to respond to cholinergic agonists with altered phospholipid
\

metabolism (Farese, 1983). The accelerated phospholipid metabolism 

was pertaining to PA and PI. In this study, the phospholipids were 

measured as a class and not individually. Hence, changes seen in 

phospholipid contents in the liver in response to glucose, choline 

chloride or bath these combined were not very striking. Moreover, 

the subtle variation ■ that are detectable were masked by indivi­

dual variations. Hence only a feu generalized statements arerO all 

that could be put forth. Glucose administration did not result in 

any significant variations in the phospholipid contents in the 

liver of control or experimental (vagotomized) pigeons. Choline
A

chloride administration showed significant increase in phospholipid 

content at 90 min. in all groups, the response of vagotomized
I

pigeons being slightly higher. When both glucose and choline chlo­

ride were given together, all groups showed a resistance to react.' 

The only conclusion that could be given at this juncture is that 

\a}glucose induced response of phospholipid is absent in the liver 

inspite of the presence of choline chloride whether vagu's. is
i

intact or transected.'

However, that glucose or choline chloride or both together 

induced some changes in the membrane integrity or In the membrane

■ k
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bound mechanism, is clear Prom the data on Na+- K- ATPase.

Na - K- ATPase is a membrane bound enzyme and it showed a signi­
ficantly increased activity when the pigeons were injected with 

glucose or glucose + choline chloride. Interestingly, 72 hr. 
starved sham operated pigeons showed high sensitivity to glucose, 
as was the case with vagotomized pigeons (48 hr. and 72 hr.). The 

sensitivity of this enzyme became much more sharp and well defined 

in vagotomized pigeon liver when both glucose and choline chloride 

were administered together. The response of the enzyme to choline 
chloride injection was more dramatic in normal (overnight starved) 

and sham operated pigeons. Vagotomy, in other words, suppressed
the response of Na*1^- K+- AJPase to choline chloride, while it acce-

\

lerated the response to glucose.1 Increased phospholipid content 
was observed in vagotomized pigeons administered with choline 
chloride. Probably an inverse correlation could be extended with 
respect to vagotomy and choline chloride administration as far as 
the hepatic response in the phospholipid content and Na - K - ATPase 

activity are concerned.

These preliminary observations, at best could point to a 

possible effect of glucose and choline chloride on the phospho- 

lipid and membrane bound Na - K- ATPase In the liver of pigeon and 
also the possible influence of vagal fibres on the modulation of 

these parameters in response to glucose or even other hormones.
It is probably premature to explain the permeability changes, Ca 
involvement and PA and PI metabolism in- the membrane of hepato- 
cytes In response to glucose or cholinergic agonists, unless more 
specific phospholipid measurements and radio PI labelling etc.

are made.'
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4* 4. wasrelease took place. Uhen Na or K ^taken in combination with 
Ca++> glucose uptake was stimulated, but Na+ and K+ together 

did not stimulate glucose uptake. Sodium ions can move into the
• * 4"cell if the extracellular concentration of Na is in hypertonic 

range or when membrane permeability is altered'. Uhen' extrusion 

of Na and reuptake of K are taking place;glucose could move 

into the cell. The carrier couples uith K and glucose and trans­

fers them towards the inner side of the membrane. The experiments 

proved that, the movement of Na into the cell, either induced by 

a gradient difference or by effecting the permeability of the 

membrane, brings about a corollary uptake of glucose by liver 

cells.

Chapter 3

In vitro studies suggest that glucose is transported 

across membrane of several cells by carrier mediated facilitated 

diffusion. Insulin increases . glucose transport- by increasing 

the number of available carriers. Insulin stimulates ^ _ glucose

uptake which is amplified by the synergistic participation of 
nervous elements and their neurotransmitters (London and Burton, 

1974). That ACh participates in the transport of glucose across 

hepatic cell membrane was suggested earlier - hy the observation 

that ~ the sinusoidal lining of hepatic cords of birds have 
high Activity, AChE. In this chapter the physiological action 

of insulin and ACh individually as well as in combination uith 

ions, on glucose uptake is reported. Insulin increases glucose
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transport, a me 11 established fact, uas also evidenced in the 
present work. When ACh was taken alone in the medium it also 
stimulated glucose uptake. When insulin or ACh uas taken in

Hrcombination with Na , K o-i Ca ^stimulated glucose uptake 
by liver cells. The results indicate that part of the insulin

and most of the ACh actions in the uptake of glucose by liver
thecells, could be influenced by^cation«cconcentration differences 

in the medium.
e

Chapter 4

j . Phlorizin is knoun to inhibit glucose transport across 
the kidney and the intestinal mucosa. It has been shoun that 
phlorizin inhibits insulin stimulated glucose uptake by
muscle and • , blocks the ability of insulin to enhance the 
permeation of galactose into muscle both in_ vivo and in vitro.

Since insulin markedly increases the rate of glucose utilization, 
it uas deemed uorthuhile to investigate the action of phlorizin ‘ 
upon this process. Ouabain inhibits the active transport of sodium

H” Ht*in a variety of cells. It also inhibits the Na -*K dependent 

membrane ATPase which is thought to be involved in , active 
cation transport. Cell membrane is the site uhere inhibitory 
action on ’ cation transport and c membrane ATPase takes

place, liihen ouabain and phlorizin were taken in the incubation 

medium as additives, alone as well as in combination with insulin 
and ACh, they actively inhibited glucose uptake by liver
cells, indicating that at least in the liver, both insulin and 
ACh enhance glucose uptake through a membrane bound mechanism,
part of which is coupled to ionic movements.'



12 4
/ ) ,

Chapter 5

Thyroid hormones are closely relatsd with oxidative 

reactions and regulation of metabolism in the body.1 Many confli­

cting mechanisms hav/e been proposed to explain the multiple 

biological actions of thyroid hormones, especially since the 

discovery that administr at ion of large dos'es of thyroxine or

direct addition in vitro leads to uncoupling of oxidative phos-
/

phorylation in liver mitochondria.’ Some studies show CfjfeeT) direct 

action of thyroid hormone^ on mitochondria or mitochondrial 

permeability as seen by^swelling and contraction. In the present 

experiment, whan thyroxine was added (10 ^g/ml) in the incubation 
Iraediur, under in vitro condition.^stimulated glucose uptake 

’whether alone or in combination with insulin or ACh. Thyroxine 

affects the permeability of the hepatocyte, ; membrane and thereby

increases
* ’kh*-

glucose uptake without involving either.insulin

stimulated or^ACh stimulated glucose uptake' mechanism' . Thyroxine

does not stimulate glucose uptake under in vivo conditions'- there
a.it acts as a hyperglycemic agent. The difference in the action of
k U<-

thyroxine under in_ vivo and ir^ vitro conditions, is that in in.
A*

vivo condit ion, hyperglyc.emic agents such as glucagon and catecho- 

lamines could also be present.’ In the absence of hyperglycaemic 

agents,thyroxine stimulates glucose uptake, especially under 
in vitro conditions. Some of the enzymes such as Na+-K-> ATPase, 

SDH^ alkaline- phosphatase showed response to thyroxine alone in 

the medium, and thyroxins in combination with insulin -eV^ACh.

The enzyme responses were more or less confirming to the glucone­

ogenic actions of thyroxine. However, thyroxine- due to,its action
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oh t_. , membrane perishability, probably through its influence
Hr *4*on Na -K~ ATPase could also induce glucose uptake.

Chapter 6

Glucagon is the major carbohydrate regulator in aves, 
while insulin plays only a supportive role. The insulin sensitives 
membrane components which are involved in glucose transport aye! very 
sparsely distributed in the avian -liver. The glucose stimulated 

insulin release is also very sluggish in birds. Due to all these 
reasons,the influence, of glucagon has assumed an over all import­

ance in*"7 )carbohydrate metabolism in birds. Glucagon has specific 

binding sites in many cells and the glucagon-receptor complex 

activates.the adenyl cyclase enzyme present in the plasma membrane.

The consequent rise in - j cAflP concentration, which in turn
<2 , ,, . intriggers off^series of react ions cv^taa&j^phosphorylase acti v^fctsw 

ultimately leads to the release of glucose from liver cells. This 

characteristic action of glucagon was readily seen in the in. vitro 
studies with liver slices. Glucagon alone in the medium effected 
^glucose release from the liver slices. This action of glucagon 
was countered by both insulin and ACh. The alkaline phosphatase 
activity was found to be high irrespective o-f the fact that insulin 
or ACh was present in the medium along with glucagon. This and 
the fact that acid phosphatase activity \\ did not show any varia­
tion, were mainly responsible for preventing insulin from inducing 

{ glucose uptake as- much as it usually did when b~'\ alone

in the medium. Thus, inspifce of the fact that glucagon could
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x induce metabolic reactions in the liver, as it always does, .
& glucose release was inhibited by both insulin and ACh.

Chapter 7

Apart From the influence of A,CTH on insulin secretion^ACTH 

also causes a rapid increase in phosphorylase activity in Hvery 

and this stimulation of hepatic phosphorylase resembles that by 

j glucagon. ACTH also increases glucose uptake by liver slices

i when present in the medium. Thus it can be said that ACTH has some 

direct effect on the liver functions. Actually ACTH receptors are 

present on the adrenals which are the target organs. In the 

present study liver is an experimental tissue which is not ,the 

target of ACTH action. But extra-target organ actions can be expe­
cted to occur when sufficient concentration of trophic hormone is

A

present which exerts same or similar effects on basic cellular 

processes there. The action of ACTH on ‘ glucose uptake could 

not be through any effect on membrane permeability because it 

failed to increase ' glucose uptake in the presence of ACh 

further than what was observed whan it was present alone in the 

medium. Since the action of hCTH on glucose uptake was additive

in the presence of insulin, it is possible to believe that the 

action of ACTH was very similar to what was induced by insulin.
+ -f*

Probably the action: of ACTH may be through its action on Ca 

movement into the cells or its release from the bound state. The 

decreased SDH activity and the increased LDH activity in the 

liver slices in presence of ACTH either alone or in combination
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with insulin or ,ACh indicate a general reduction in aerobic
metabolism while'anaerobic reactions ,^~are activated.

6

Chapter B

Glucocorticoid also plays a major role in maintaining 
blood glucose level and most of its actions are manifested due 

to presence of large number of receptors on ‘ J liver cells.K.
Qexamethasone disodium phosphate (DXFl), a synthetic glucocorti­

coid, decreases glucose uptake by tissues.’ The administration of 
glucocorticoid induced insulin resistance in man and rats. There 
was also a decreased insulin stimulated glucose oxidation and 
decreased insulin binding capacity. The ability of 0XP1 to inhibit 
glucose uptake is believed to be through its inhibition of hexo- 
kinase. The decrease in the rate of glucose transport could also 
be due to depression in carrier synthesis or C~.',r8,/erslblB conver­

sion of carrier to an inactive apo-carrier. When dexamethasone 
was ta-ken along with insulin and j|Ch, both insulin and A,Ch showed

an ability to reverse "■ the QXPl induced inhibition of glucose
!

uptake. Alkaline phosphatase which is mainly involved in glucose

release from the liver was activated by DiXM. The action of QXR on
the release of glucose could be thus through its stimulatory

effect on alkaline phosphatase. The post-receptor steps by 0XP1
avid

involve activation of alkaline phosphatase and ATPase,^inhibition 
of acid phosphatase SDH and LQBq in the liver slices. Probably
all the enzymes in the glycolytic pathway^} are suppressed by 
glucocorticoid and hence the failure of insulin or AEh to manifest
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a glucose uptake rate as high as in conditions when they are 

present alone,!

Chapter 9

AChE inhibitors such as monocrotophos (MCP), acothione 

and prostigmine have been chosen for the assessment of the bioche­

mical effects of these on - glucose transport by the pigeon liver 

slices, [S1CP and acothione are organophosphorus compounds, highly 

toxic and they affect the living system tremendously. Prostigmine 

is an inhibitory drug, which inhibits AChE thereby increasing A,Ch 

levels. The organophosphorus compounds are potent inhibitors of 

ChE and the mechanism of action on Ch£ enzyme is fairly well 

understood.' The organophosphorus pesticide ~'Qbrks like a substrate 

analogue for ChE and inhibits ChE as enzymic proprotein gets phos- 

phorylated thus becoming stable and hence does not remain capable 

of effecting usual hydrolysis. Previous in vivo studies have shown 

elevation of ChE activity in liver, following glucose administra­

tion in both pigeon and rats, suggesting pafcticipation of ACh in 

the transport of glucose across hepatic cell membrane, F1CP, 
CkJ/acothione and prostigmine when present in the medium, induced an 

'Vy/uptake of glucose- 'when they were taken alone as well as in combi­

nation with insulin and ACh. As a result of AChE inhibition, ACh 

accumulates in the liver cells which influences the uptake of 

glucose through its action on permeability of the membrane,

Prostigmine, although could inhibit ; AChE as effectively as 

organophosphorus compounds such as MCP and acothione, failed to
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increase the uptake of glucose^as much as them even in presence' 
of ACh. There was no increased metabolic activities in the cells

CU0&
as evident from the decreased ATPase, SDH-^LDH activities, which 
could account for increased uptake of glucose. Thus ' glucose 
entered the hepatic cel Is mainly due to ■ permeability changes 

of the hepatocyte membrane with the resulting flow coupled trans­
port.

Chapter 10

Parasympathetic stimulation could induce glucose uptake by 

liver cells,1 The parasympathetic action is mediated by ACh and 
the sympathetic action by not'-epinephrine, To a certain extent,

ACh mimics the action of insulin, especially in the induction of 
liver cells to take up more glucose, in birds, vagotomy lowered 
the glucose level in blood but when injected with glucose> hyper­
glycemia prevailed for a longer time, a situation similar to 
diabetes in mammals. Vagus is nou known to be involved in several 
glucoregulatory processes: (1) efferent fibres affecting
the liver directly (2) efferent fibres inducing . insulin secre­
tion from B-cells and inhibiting the A-cell secretion (glucagon} 

and (3} afferent fibres signal the glycaemic state of the liver 

to hypothalamus, Moreover, ACh is shown to act synergistically 
with insulin' in the uptake of glucose by liver cells. In the 

present study an attempt was made to see the action of ACh,
choline chloride, insulin, glucagon and QXM on the glycemic levels

K
in vagatomised pigeons. When injected in vagotomized 48 hr, starved



pigeons, choline chloride caused a highly significant increase 
in glucose levels at all the intervals. In vagotomized 72 hr. 
starved pigeons, the glucose level shoued an increase at 30, 60,
90 min. after injection of choline chloride, but by 120 min. the 

level decreased to the pre-injection level. When ACh uas injected 

in vagotomized 48 hr* starved pigeons, AiCh produced an increased 

glujcdse level compared to that at the pre-injection period, in 

Vagotomized 72 hr.pigeons, ftCh administration brought about a 
significant increase of blood sugar level right from the 30 min. 
interval onwards.'

CLInsulin exhibited hypoglycemic action in all the groups ofk
pigeons.’ In vagotomized 48 hr. pigeons, glucagon administration 
produced ((an increase in glucose level at 30 and 60 min.,but there- 
after the level fell drastically belou^pre-injection level. In 

vagotomized 72 hr. pigeons,glucagon injection produced significant 
increase in the glycemic level but the pre-injection level was 

attained only at 120 min.

The synthetic glucocorticoid in normal pigeons, produced 

an increase in the glucose level by 60 min. but caused a decrease 
the successive intervals. In vagotomized 48 hr. pigeon^QXfl 

increased the glycaemic level significantly at all the intervals. 
Although vagotomized 72 hr. pigeons too showed more or less 
similar response to DXM, the increase was significant at 60 min.1 

only.
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The data exhibit' some curious phenomena. ' ACh or 
choline chloride injections apparently cause an increase in 

glucose level in the blood probably by increasing sympathetic 
action. The 48 hr. 'Starved and 72 hr. starved pigeons responded 
to hormones differently.’ The metabolic state of the birds, 
particularly that of liver, modulates the influence of various 
hormones .*

Chapter 11

The nature of neural control of liver function and glucose 

homeostasis is'only getting slouly understood. The antagonistic 
actions of parasympathetic and sympathetic nerves are also seen 

in their effects on glucose homeostasis and liver functions. While 

parasympathetic fibres induce glucose uptake, the sympathetic 

action induces liver to release glucose. The parasympathetic 

action is mediated by ACh and the sympathetic action by norepi­
nephrine. Vagal stimulation increased glycogen deposition in the 
liver, through the activation of glycogen synthetase.’ Vagotomy 
reduced glycogen deposition in the liver and choline chloride
'injection restored the rate of deposition.’ Choline chloride^, when 

administered along with glucose could suppress the adverse affect 
of vagotomy on the glycaemic level. This mas probably through 
activating glucose uptake and glycogen deposition mechanisms in 
the liver. Both glycogen synthetase and acid phosphatase 1 were 
activated at a proper time by choline chloride during glucose 
loading, thereby hyparglycaemic effect was not observed even in

K
the vagotomized pigeons.'
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Chapter 12
<

Choline chloride, the metabolic product of acetyl-* 
choline degradation by acetylcholinesterase is known to effect 
the liver especially in the uptake vjf glucose and deposition of 

glycogen. The stimulatory effect of choline chloride on these 
metabolic activities $.£ believed to be mediated through changes 

in the membrane, resulting in permeability alterations, activa­

tion of membrane bound receptors and enzymes, and release of 
•second1 or *third* messengers. To understand the effect of 
choline chloride on the membrane systems, phospholipid content 

and Na-K— ftTPase were estimated in the liver after administration 
of glucose, choline chloride and both together in normal, sham 
operated (48 hr. and 72 hr. starved) and vagotomized (48 hr, and 72. 

hr starved) pigeons.' The results indicate that vagal transection 

caused a cognizable variation in the response of the liver to 
Jglucose, choline chloride or both together. Vagotomy suppressed 

\xthe Na-K-ATPase response to choline chloride while accelerated 

■the response to glucose,' Choline chloride produced an increased 
Jphospholipid content in the liver of vagotomized pigeons. The data 
also indicate an inverse relationship between liver responses to 
choline chloride and glucose.1
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of glucose from the liver, The latter is probably through 

inactivation of glycogen phosphorylase. The parasympathetic 

nerves act synergistically uith insulin. The parasympathetic 

response may be blocked by concomitant catacholamine or glucagon 

activation of glucose release (Lautt, 1980),

The role of afferent -(sensory) nerve fibres

Although not conclusively proved, the evidence (See Lautt, 

1980) seems to strongly indicate that there are likely to be 

hepatic receptors for atjlsast sodium, glucose, osmotic pressure 

and oncotic pressure, uith some degree of overlap betueen the 

various receptor systems.' The afferent fibres are known to be 

projected to hypothalamus and hence may have important role to 

play in the regulation of blood sugar level, food intake, uater 

intake and osmotic pressure.'

More’ recent literature on the role of hepatic nerves are 

reviewed by De Uulf and Carton (1981), Shimazu (1981), Shimazu 

(1983) and Lautt (1983).

Most of the studies on hepatic nerves are confined to 

mammals. There'are only feu investigations that are pertaining 

to birds, mainly carried out by Pilo and associates (Pilo and 

Patel, 1977, 1978a, 1978b,Xj Patel and Pilo, 1977, 1978; Pilo 

et al., 1982, 1984). Birds are hyperglycemic compared to mammals. 

Birds have more A cell predominant islets in the pancreas.,and
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Although a general action of acetyl^choline or choline 

chloride in C~ hepatiG glycogen deposition and glucose uptake 

mere shown (Pilo and Patel, 1977), the mechanism by which these 

cholinergic agonists induced them was not completely elucidated. 

The present investigation fjs an attempt to bridge this gap.

Since acetyl^choline or choline chloride has7 induce

glucose uptake, the logical site of action would be the hepato-

cyte membrane. Glucose transport across cell membrane could take

place through facilitated diffusion, chemiosmotic I,pulln

mechanism or carrier mediated transport. In intestine and kidney,

glucose is also transported through a flow coupled transport
’ of glucoSfc as

which is Na dependent. This flow coupled transport also seen
kr'

in liver, essentially utilizes the same carrier molecules^and
---------- , ‘■J* ___________________ _ ______ . --

energy involved in t_v - Na and K transport ___ Z -

The extracellular concentration of ions, thus invariably influ­

ences this type of glucose transport. Uhen liver slices were 

incubated in Krebs Bicarbonate medium containing hypar^osmotic 

Na concentration, glucose uptake resulted (Chapter 2).

•jr ‘‘ir’ir * -Neither K *lor Ca ' in hypertonic concentrations induced 

glucose uptake. However, when Ca■ was present along with Na 

or K , uptake was significantly increased. The result- indicates 

that Na movement into the liver cells, either induced by hyper-
•f* "f* f—1 —

tonic extracellular, concentration^ or produced by Ca in : -j< 

presence of hypertonic cation concentration, induces liver 

cells to take up more glucose. The movement of glucose into the 

cells thus is some^uhat closely related to ionic movements.
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Uhen liver slices were incubated with insulin, acetyl­

choline or choline chloride, invariably glucose uptake uas 

observed (Chapter 3).1 The action of both acetyl^choline and
+ Hb

insulin increased when the medium also contained Na or K or 

Ca . ACh + Ca induced the maximum glucose uptake*. A possible 

explanation is that both ACh and insulin must be affecting the 

permeability of the hepatdcyts membrane, more so uhen the medium 

contained hypertonic cations. Ca could act as ’second messanger 

of both ACh and insulin probably through the activation of 

phosphodiastrase that degrades cyclic AF1P (Rasmussen and Uaisman, 

1983). The data presented in Chapter 3 show that _ '} glucose 

uptake response of liv-er slices induced by ACh or insulin is
■I; H* • +

through a Ca dependent Na and/or K movement across the plasma 

membrane. In other words, the flow coupled transport of glucose 

is induced by both ACh and insulin to a certain extent. Flow
*h H*

coupled transport is an active transport and Na -K -ATPase is 

involved in the mechanism. Uhen insulin or ACh uas-/ present in 

the medium along with either ouabainj[ an active transport (Na-\ 

K* ATPase) inhibitor} or phlorizin^ a specific glucose trans­

port inhibitor}, no glucose uptake was observed (Chapter 4)5 

which clearly indicates that in pigeon liver atleast, the major 

glucose transport mechanism is coupled to sodium pump. Thus, 

the ill vitro effect of ACh and insulin is an increased glucose 

uptake by liver cells. The uptake is initiated by a change in 

}permeability of the membrane resulting in an increased
-bHr Hr

release or influx of Ca . These changes may open up Na channels 

in the membrans. The influx of Na"1" ions stimulates active
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*ir itransport of Na (sodium pump) probably involving Na - K - 

ATPase. During ,'_3~4la extrusion by the pump, K as well as 
glucose move into the call (flow coupled transport). Both ACh 

and insulin are capable of inducing this flow coupled glucose
*4*uptake, more so by ACh than insulin. A high extracellular Na

4* 4* *4*concentration,or hypertonic Ca' with high K or Na levels 

can also induce glucose uptake, indicating the interrela-r
4* 4*tionship of ionic concentration and glucose up-take. Ca could 

enhance the action of ACh or insulin in the uptake of glucose 

by liver cells.5

The in. vitro effects of ACh or insulin may not be seen 
in ill conditions, where several other chemical, physical
or physiological parameters will have modifying effects. To 

. understand such interrelationship or modifying influence of 
other hormones on ACh and insulin actions, pigeon liver slices 
ware incubated with thyroxine(Chapter 5), glucagon (Chapter 6), 

ACTH (Chapter 7), and glucacorticoid (Chapter ; ~

! e'cT.ini-?. alone or in combination with ACh or insulin. Thyroxine 

acts as hyperglycemic agent in in vivo conditions (3ohn et_ al., 
1983), but in the present in vitro condition, thyroxine (alone) 

induced a glucose uptake response in the liver slices. In the 

presence of ACh or insulin, thyroxine produced the same respo­
nse. Thyroxine must be affecting '<1 1 permeability of the mam-

4* 4*brane as indicated by the increase in Na - K- ATPase. However, 
thyroxine also induced a general increase in the activity of 
enzymes. In all probability, thyroxine may be facilitating the
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action of other hormones. Thus when the medium contained 
ACh or insulin along with thyroxirie,' glucose uptake response 

was enhanced. If the medium contained glucagon or catachlamines, 
thyroxine would have iadocsl'^ glucose release. This facilita­

tes action of thyroxine was reported by 3ohn et_ al.-p- (1983) 

who showed that thyroidectomized diabetic rats showed a very 
high glycaemia which could be reduced by insulin treatment but 
not by thyroxine alone.

Glucagon is the major pancreatic hormone in birds and 
hence liver must be having large number of receptors of glucagon. 
Glucagon produces its effects on V. liver through cAMP which in 

turn activates the enzymes such as phosphorylase and G-6-Pase.
■ftve ,Thus^hormone in in. vitro condition (Chapter 6) produced a signi­

ficant glucose release from the liver slices. However, both A,Ch 

and insulin could inhibit the glucose release action of gluca­
gon, ACh being more-effective. Hence, one of the major respon­
sibilities of vagal cholinergic fibers in the liver could be to 
counter act the action-of glucagon. That corticotrophin (ACTH)

has hypoglycaemic action was demonstrated by uestermeyer and
/

Roben (1954) and Egel and Egel (1955) even in adrenalectomized 
mice and rats. In the present in vitro experiments (Chapter 7) 

alsojACTH produced a glucose uptake influence on the liver 
slices. This action of ACTH was enhanced’ when the medium also 
contained insulin or ACh., ACTH + insulin induced more glucose,- 

uptake than ACTH + ACh. Since the enzyme reactions were similar 
to that produced by'insulin it could be reasoned that ACTH more
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or less mimics the insulin action.

Although ACTH may have hypoglycaemic action, glucocorti­
coids have the opposite action. When dexamethasone (DXM), a 

synthetic glucocorticoid was taken in the medium, glucose
uptake uas inhibited (Chapter 8). This hormone also inhibited 

glycolytic pathway and activated gluconeogenic pathway.However, 
inspite of such metabolic activities-, insulin and ACh could 

suppress the action of Q'XM.

Thus, the vagal cholinergic fibers in the liver, through 

ACh, could not only induce glucose uptake by liver cells, but 

also effectively counteract the actions of glucagon and gluco­
corticoids. Both thyroxine and ACTH could also synergistically 
induce glucose uptake together with ACh. In many respects, ACh 
could act tfke insulin on the liver. However, ACh may not be 
able to induce 'Hs/' action on liver cells for longer duration 

as insulin, since ACh is putative in action as well as it is 
quickly inactivated by cholinesterase. When acetylcholineste­
rase inhibitors,." (such as flCP, acothion^ or prostigmine) were 

present in the medium along with ACh, „r'T glucose uptake was
stimulated in the liver slices (Chapter 9). These inhibitors 

' alsonot only inhibited AChE but^must be affecting permeability 
of the membrane, as these chemicals alone in the medium induced 

glucose uptake.
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The data presented in '-.'Chapters 2-9y thus, clearly 

indicate^-the role of acetylcholine in'" ,' glucose uptake in 

the liveXi In other words, vagal stimulation could induce 

glucose uptake and glycogenasis. In mammals also vagal stimu­

lation has the same effect (see Lautt, 1983; Shimazu, 1983). 

Vagotomy in pigeons produced a prolonged hyperglycaemia, and 

increased gluconeogenssis and lipolysis (Verma, 1982). This 

effect of vagotomy was explained as due to the activation of 

sympathetic tone. To understand whether ACh, choline chloride 

or insulin could counteract the effect of vagotomy, these were 

injected in the vagotomized pigeons (Chapter 10). Curiously, 

only insulin could bring about a Hypoglycaemic action in vago­

tomized pigeons, while ACh or choline chloride increased the 

glycaemia'..; just as glucagon or glucocorticoid. It is believed 

that administration of ACh or choline chloride only increased 

the sympathetic activity in the vagotomized pigeons.

However, when choline chloride was administered along 

with glucose,the-glycaemic level was effectively brought down 

(Chapter 11). Either the.action of choline chloride was enhanced 

in r.-' presence ofa-glucose load or the glucose load effectively 

reduced th'e sympathetic action. A glucose load could also 

reduce the release of glucagon and catecholamines. Choline 

chloride administration along with glucose^- in vagotomized ' 

pigeons could effectively check the advent of a hyperglycaemic 

condition. Choline chloride also could induce membrane perme- 

ability changes in liver as evidenced by ^changes in

\
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phospholipid content and Na~ K- ATPase activity in the liver 

(Chapter 12). .

The present invest igat ion the Following roles

of acetylcholine, choline chloride, or vagal fibers_JLn the avian /y 

liver.

1. Prepare.the liver For glucose influx.

2. Stimulate glucose uptake through a l\la+ dependent, Ca+* 

stimulated membrane permeability changes.

3. Effectively interact and complement the actions of insulin.

4. Effectively counteract the action of sympathetic nerves, 

glucagon and glucocorticoids.

5. ' Activate enzymes involved in glycogenesis and inactivate

enzymes involved in glycogenolysis and glucose release.

The confirmation of these speculative suggestions comes 

from the studies on vagotomy. Vagotomy abolished most of the 

actioniof vagal nerves as uell as enhanced the actions of sympa­

thetic system. Choline chloride administration along with 

glucose could counteract the effect of vagotomy.

If parasympathetic cholinergic nerves could influence

the liver carbohydrate metabolism and there"by control blood

sugar level; and vagotomy could produce hyperglycemia on glucose
foe

loading?the cause of some diabetic conditions, especially^maturity 

onset diabetes, could be the parasympathetic neuropathy.
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Lautt (1980) also suggested such eventuality. If this

speculative line of reasoning is accepted, the post-prandial
hyperglycemia of the nan-obese, maturity onset diabetes could 

K
«a>be readily controlled by preprandial administration of a
A.

cholinergic agonist such as choline chloride, thereby 
ovetcon)ing the a'^sfuctional hepatic parasympathetic action.


