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CHAPTER 12

EFFECT OF CHBLINE CHLORIDE ADMINISTRATION BN
Na' K’ BTPase AND PHOSPHOLIPID CONTENT OF THE

LIVER OF VAGOTOMIZED PIGEDNS

Phospholipids were considered umtil recently, as:‘inert
structural substances, "uhose major reason .for existence was to
provide recognizable boundaries for cells and ‘srganelles? or Wto
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 neithsr
Winert" nor simply ®structural®. Many phospholipids have very high
rates of turnover, and can profoundly alter membrane function.
Moreover, most hormones and neu@ptransmittars have now been shown
to provoke rapid and dramatic changes in phospholipid metabolism.
These changes in phospholipid metabolism have been correlated to
chamges 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 messsngers?t, Cg++ 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 (P1) formation from PA. The
PA Formaticn 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 o - adrenergic agent, acetyl=
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choline, insulin and many others while PA de novo synthesis is
stimulated by ACTH, LH, PTH stc. (Farese, ?983).:The_phospholipéée
C is reported to be a membrane bound enzyme which could be acti=-
vated by receptors bound to égcnists. The PI-PA cycle is believed
to be involved in several cellular responses;-Classical example

is the secretegogus functien in B‘cells. Cholinergic, oc -adrenergic
agonists and glucose can induce the phospholipid turnover in

islet 8 cells and throuph 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 phosphcdiesteraée and
pyruvate dehydrogenase. Apart from such second or third messenger
fuﬁctions, the phospholipid changes#may influence the activity of
membrame bound enzymes, receptors or transmitters, either diréctly
or indirectly by alteration in the membrane configuration, fluwidity
or ion binding (Farese, 1983). Phospholipid composition changes

in the membrane especially that of mitochondria could alter the
mitoéhondrial enzyme qctivity‘(Vidal et al., 1983). In the light
of these observations, it was deemed worthuhile to undertake a
preliminary study on phospholipid content of the liver, and the
activity of membrane bound enzyme (Nai-Kt~ATPase) after glucoss,
cgoline chloride and glucose + choline chloride administration in

vapotomized pigeons.

MATERIAL AND METHODS

[

Adult domestic pigeons (Columba livia) weinghing around

2008 - 250 grams, maintained in laboratory conditions¢ with
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standard diet were used for the experiments., Birds were divided
into 3 groups and each group was divided into 5 sub-groups having

5 birds each. Th8 sub.groups were:

(1) Normal overnight starved

(2) Sham operated 48 hr. starved
(3) Vagotomized 48 hr. starved
(4)  Sham operated 72 hr. starved

(S) Vagotomized 72 hr. starved.

Each main group was injected with glucose (70 mg/100 gram body
weight), choline chloride (15 mg/animal) and glucose + choline
chloride (70 mg/100 gram body weight + 15 mg/animallandat regular
interval of 30 minutes (i.e. 0, 30, 60, 90 and 120 minutes) -after
injection the animals were sacrificed and Na =K -ATPase and
phospholipid contents " quantitatively estimated as per the

methods described in Chapter 1.

RESULTS

The data om phospholipid comtent and activity‘of Natkt
ATPase in the iiver of overnight starved, sham operated (48 hr
and 72 hr)and vagotomized (48 hr. and 72 hr,) pipeons 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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Phospholipid |

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

Glucose injection produced a graéual decrease in the
phospholipid content of the liver in normal overnight starved
pigeons, while in the sham operated 48 hr, ané 72 hr, pigeons there
‘was a slight decrease by 120 min. In vapotomized 48 hr, pigeon
liver, glucose injection produced not much variation except at
120 min, whence a slight decrease was observed. In vagotomized
72 hr, pigeen liver, plucose 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,
pilgeon 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 imcrease by 90 min.

Glucose + Choline chloride injection (Table 12-33;Fig.12-1)

When both glucose and cholime chloride were injected
together, there was no variation in the phospholipid content of
the liver in any group of pigsons, except a slight initial dip in

the normal (overmight starved) pigeon liver.'



NaE-Kt ATPase | ‘

Glucose imjection (Table 12-4; Fig.12-2)

The enzyme éxhibited a pradual rise in the nérmal pigeon
liver when glucose was injected. In the sham ioperated 48 hr. pigeon
liver also, the enzyme showed a gradual incr;ase. But im the sham
operated 72 hr. pigeon liver, the enzyme actiéity showed a steep
rise by 90 min. The vagotomized 48 hg:g% thegother hand showed a

, : P
sharp peak at 60 min., while in vagotomized 72 hr. pigeon?ekhe
!

activity showed a steep rise by 120 min.

1
'

Choline chloride injection (Table 12-53Fig.12~2)

Choline chloride activated Naﬁ~Kt'ATP§se in normal and sham
operated (both 48 hr, and 72 hr.) pigeén liver .by 30 min. Houwsver,
in vapotomized 48 hr.pigeon liver, choline chlorida brought about
an incrsasse in the enzyme activity only by 1é8 mine., while in vago~

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

90 min. and a stesp one at 120 m:‘u’e.«’fB

~
¢

Glucose + Choline chloride injection (,Table 12-6;Fige12-2)

*

In the nmormal (overmight starved) pigeom liver, adminmist-
ration of boeth glucose and chaline'chloride ﬁagether produced a
maximum increase of Nat-Kﬁ-ATPass during 60 énd 90 min. intervals.
Sham opsrated 48 hr.pigeon liver showed a peak at 98 min.,uhile,
in sham operated 72 hr.pigeon liver, the peak was at 60 min. In
vagotomized 48 hr.and 72 hr.pigeon liver, thé activity increased

sharply at 90 min.
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DISCUSSTON |

Beth glucose and choline agonists which are secretogogues

Szﬁ labelling of phos-

ta‘B cells, are shown to induce enhanced
phatidic acid (PA) and phosphatidyl imositmlgin islet cells (Best
and Malaisse, 1983a, 1983b). Several other tissues‘were also

shown to respond to cholinérgic aéoqists with alteréd 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. Heéce, changes seen in
phospholipid contents in the liver in resPDn%e to glucose, cholinpe
chloride or both these combined were not very striking. Noreovér,
the subtle variation ' that are detectable wa;é masked by indivi=-
dual variations. HMence only a Fey gemeralized statements aref.all
that could be put forth. Glucose admimistrat%on did not result in
any significant variations in the phospholipid'contants in the
liver of control or experimental (Vagotomizeé) pigsons. Cholipe
chloride administration ;hcued significant iécreasa in phospholipid
content at 90 min., in all groups, the responée of vagotomized )
pigeons being slightly higher, When both gluéose and choline chlo-
ride yere given togsther, all growups showed é resistance to react.
The only conclusion that could be given at this juncture is that
QéjglucoSe induced response eof phospholipid is absent in the liver
inspite of the presence of choline chloride whether vagus is

- I
intact or transected,

However, that glucose or choline chloride or both together

induced some changes in the membrans integrigy or im the membrane



bound mechanism, is clear from the data on Na.i--—Kt ATPase.
Nat-Kt~ATPase is a membrane boumd enzyme and it showued a sigmi-
ficantly increased activity when the pigeons were imjected with
glucose or glucese * cholime chloride. Interestingly, 72 hr,
starved sham operated pigeons showed high sensitivity to glucose,
as was the case with vagotomized pigeans (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 gnzyme to cholins
chloride injection was more dramatic in normal (overnight starved)
and sham operated pigeons, Vageotomy, in other words, suppressed
the response of Naf-Kf-ATPase to choline chlorids, vhile it acce-
lerated the response to glucose., Increased phospholipid conten%
was observed in vagotomized pigeons administsred with choline
chloride. Probably an inverse coerrelation ceuld be extended with
respect to vapgotemy and choline chloride administration as far as

+ _+
the hepatic response in the phospholipid content and Na - K - ATPase

activity are concernad.

These preliminary observations, at best could point to a
possible effect of glucose and choline chloride on ths phospho-
lipid and membrane bound Nat-Kt ATPase in the liver of pigeon and
also the possible influence of vagal fibres on the modul lation of
these parameters in response to glucose or even other hormones.

It is probably premature to explain the permeability changss, 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 etec.

are mades
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release took place. When Na or K ktaken in combination yith

Ca ¥, glucose uptake was stimulated, but Na' and K together

did not stimulate glucose uptake. Sodium ions can move into the
cell if the extracellular concentration of Na+ is in hypertonic
range or when membrane permegbility is altereé; Lhen extrusion

of Na+ and reuptaks of K+ are taking place)glucose could move
imto the cell. The carrier couples with K+ and glucose and trans-
fers them towards the inner side of the membrane. The experiments
proved that, the movement of Na+ into the csll, either induced by
a gradient difference or by effecting the permeability of the
membrans, brings about a corollary uptake of glucose by liver

cells.

Chagter 3

In vifro 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 . . plucose
uptake which is amplified by the synergistic participation of
nervous elements and their neurotransmitters (Mondon and Burtan,
1974 ). That ACh participates in the transport of glucose acress
hepatic cell membrane was suggested earlier - by the observation
that ~ the sinusoidal lining of hepatic cords of birds have
hegb-,actwaé_\,, of ACRE. 1In this chapter the physiclogical action
of insulin and ACh individually as wsell as in combination with

\ions, on glucose uptake is reported. Insulim increases glucose



{

transport, a well established fact, was also evidenced in the
present work. When ACh was taken alone in the mediym it also
stimulated glucose uptake. When insulin or ACh was taken in
combination with Na® , K oz Ca’® ,Fstimulated glucose uptake

by liver cells. The results indicate that part of the insulin

Eand most of the ACh actioms in the uptake of glucoss by liver

> the

‘cells, could be imfluenced bkaation&concentration differences

in the medium.

Chapter 4

$% . Phlorizin is known to inhibit glucose transport across
N

‘the kidney and the intestinal mucopsa. It has been shown that

phlorizin inhibits " . insulin stimulated glucose uptake by
muscle and : . blocks the ability of insulin to enhancs the
permeation of galactose into ~ muscle both in vivo and in vitro.

Since insulin markedly increases the rate of glucose utilization,
it was deemed worthuhile to investigate the acticn of phlorizin
v upon this process. Ouabain imhibits the gctive transport of sodium
B : +
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 where inhibitory
action on ~ cation tramsport and ¢ .. membrane ATPase takss
place. When ouabain and phlorizin were taken in the incubation
’medium as additives, alone as well as in combination with inpsulin
~ and ACh, they actively inhibited ~  glucose uptake b& 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.
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Chapter 5 , ‘

Thyroid hormones ars closely relatsd with oxidative
reactions and regulation of metabolism in the hody. Many comfli-
cting mechanisms have been proposed to explain the multipie
biological actions of thyroid hormonés, gspecially simce fthe
discovery that administration of large doses of thyroxine or
direct addition in vikro leads to uncoupling of oxidativé phos—
phorylation in livgr/mitochomdria: Some studies show {the ) direct
action of thyroid hormone(* onr mitnghondﬁﬁa or mitochondrial
permgability as ssen bngﬁ;lling and contraction. In the present
experiment, when thyroxime was added (10}mg/ml) in the incubation
medium- under in vitro condition,ikstimulated glucose upta‘ke
whether alone or in combination with insulin or ACh. Thyroxins
affects the permeability of the hepatocyte : membrane amd thereby

. the
increases : » glucose uptake without involving either,insulin

the A
stimulated orLACh stimulated glucose uptake mechanism . Thyroxine
does not stimulate glucose uptake under in vive conditions; there
it zcts as a hypergly%?mic agent. The difference in the actéa? of
thyroxine under in vivo and in vitro conditioens, is that inkéﬂ
gigg_cogdition,hypergly%%mic agents such as glucagom and catecho-
lamines could also bse present., In the absence of hyperglycaemic
agents, thyroxine stimulates glucose uptake, especially under
in vitro conditions., Some of the enzymes such as Na+-Kt ATPase,
SDHznglkaline-phoséhatase;;shoued response te thyroxins alone in
the medium, and thyroxine in combina£ion with insulin -@v ACh.

The enzyme raesponses were more or less confarming to the glucene-

ogenic actions of thyroxime. However, thyroxine- due to. its action
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oh ., membrane permgability, probably through its imfluence

+ o+
on Na -K~ ATPase could also imduce glucose uptake,

Chapter 6

Glucagon is the major carbohydrate regulator im aves,
;hile insulin plays only a supportive role. The insulin sensitives
membrane components which are involved in glucose transport @iﬁivery
sparsely distributed in the avian "lliver. The plucose stimulated
insulin release 1s also very sluggish im birds. Due to all these
reasons,thé influence. of glucagon has assumed an over all‘impart~
ance in .~ jcarbohydrate metabelism in birds., Glucagjon has specific
binding sites in many cells and the glucagon-receptor complex
activates the adenyl cyclase enzyme prgsent in the plasma membrane.
The consequent rise in. 7 cAMP concentration, which in turn
triggers ofﬁfserias of reactiansCuﬁﬁmﬁﬁ%g%osphcrylase act ivation
ultimately leads to the release of glucose from liver cells. This
characteristic actionm of glucagon was readily seen im the iﬂ.ﬁiﬁEﬁ
studies with liver slices. Glucapon alone im the medium effected
@\'glucose release from the liver slices., This action of glucagon
was countered by both inswlin and ACh. The alkaline phosphatasse
activity was found to be hlgh irrespective of the fact that imsulin
or ACh was present in the medium alemg with glucagon. This and
the fact that acid phosphatass activity*{ﬂid not shou any varis-
tion, vere mainly responsible for preventing insulin frem inducing
| glucose uptake as much as it usually did when ’ﬁ?QSéﬁﬁ’;) alone

in the medium. Thus, inspite of the fact that glucagon could



126

1 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 ACTH on insulin secretion,ACTH
also causes a rapid increase in phosphorylase activity in Hvey,= 7" -
and this stimulatiom of hepatic phosphorylase resembles that by

glucagon. ACTH also increasses . ~ glucose uptake by liver slices

. 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 uwhich is not the
target of ACTH action. But extra-target organ actions can be expe-
cted to occur when sufficient concentration of tro%?c hormone is
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 =~ glucese uptake in the presence of ACh
further than uwhat was observed when it was present alone in the
medium, Since the action SF ACTH 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,
Probably the action. of ACTH may be through its action on Ca
movement into the cells or its releagse from the bound stats. The

decreased S5DH activity and the increased LDH activity in the

liver slicés in presence of ACTH either alone or in combination
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with insulin or AChk indicate a general reduction in asrobic

metabolism while amaercbic reactions., are activated.

®

-Chapter 8

Glucocorticoid also plays a major role in maintaining

bléod glucese level and most of its actions are manifested due
the ’
P
Dexamethasone disodium phosphate (DXM), a synthetie glucocorti-

to,presence of large number of receptors on’- . liver cells,
coid, decrsases glucose uptake by tissues, The administration aé
glucoco;ticoid induced insulin resistence in man and rats. There
was also a decreased insulin stimulated glucose exidationm and
decreased insulin binding capacity. The ability of BXM to inhibit
glucose uptake is believed to be through its inhibition of hexo-
kinase. The decrease in the rate of glucoese transport could also

~

be due to depression in carrier synthesis or 7 'reversible conver-
sion of carrier to an inactive apo-carrier. When dexamethasone
was taken along with insulin and ACh, both imsulin and ACh showed
an ability to reverse {_ ™ the DXM induced imhibition of glucose
uptake. Afkaline phosphatase which is mainly involved in glucose
release from the liver was activated by BXM. The actiom of DXM on
the release of plucose could be thus through its stimulatory
effect ‘on alkaline phosphatase. The post-receptor steps by DXM
involve activation of alkaline ph?sphatasa and ATPase?Zinhibition
of acid phosphatase ; 77 SDH and LOH ) in the liver slices. Probably
all the enzymes im the glycolytic pathuayi) are suppressed by

glucocorticoid and hence the failure of insulin or ACh to manifest



a glucose uptake rate as high as in conditions uwhen they are

present alone,!

Ehagter 9

AChE inhibitors such as monocrotophos (MCP), acothione
and prostigmine have been chosen for the assessment of ths bioche-
mical effects of these on . glucose transport by the pigeon liver
slices, MCP and acothion® are organophosphorus compounds, highly
toxic and they affect the living system tremendously. Prostigmine
is an inhibitory drug, which inhibits AChE thereby increasing ACh
levels. The organophosphorus compounds are potent inhibitors of
ChE and the mechanism of action on ChE enzyme is fairly well
understood., The organophosphorus pesticide “gorks like a substrate
analogue for ChE and inhibits ChE as enzymic proprotein gets phos-
phorylated thus bscoming stable and hence does not remain capable
of effecting usual hydrolysis. Previous in vivo studies have shoun
slevation of ChE activity in liver, following glucose administra-
tion in both pigeon and rats, suggesting patticipation of ACh in
the transport of glucose across hepatic cell membrane. MCP,
flj/acothiuna and prostigmine when present in the medium, induced an
N/ uptake of glucose 'when they were taken alones 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 aof
glucose through its action on perméability of the membrane.
Prostigmine, although could iphibit ~~ ; AChE as effsctively as

organophosphorus compounds such as MOP and acothione, failed to



increase the uptake of glucose as much as them even in pressnce

of ACh. There was mo imcreased metabolic activities in the cells

4
as svident from the decreased ATPase, SDH %

A

could account for increased uptake of glucose., Thus " glucose

LOH activities, which

entersd the hepatic cells mainly due to ' permeability changpes
of the hepatocyte membrane with the resulting flow coupled trans-

port.

Chapter 10

Parasympathetic stimulation could induce glucose uptake by
liver cells, The parasympathetic action is mediated by ACh and
the sympathetic actlon by nov-epinephrime. 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 lowsred
the glucose level in blood but when injected with glucose, hyper-
glyé%mia prevailed for a longer time, a sitwation 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, lMoreover, ACh is shown to act synerglstically
with insulin- in the uptake of plucose by liver cells. In the
present study an attempt was made to see the action of ACh,
choline chloride, insulin, glucagon and DXM on the gly%%mic levels

in vagatomised pigeons. Yhen 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 pigeoms, the glucose level shoued an increase at 30, 60,
90 min. after injection of choline chloride, but by 120 mim. the
level decreased to the pre-injection level. When ACh was injected
in vagotomized 48 hr.starved pigeons, ACh produced an increased
glucose level compared to that at the pre-injection period. In
vagotomized 72 hr,pigeons, ACh administration brought about a
significant increase of blood sugar level right from the 30 min.

interval onwards,

Insulin sxhibited hypoglyé%mic action in all the groups of
pigeons, In vagotomized 48 hr. pigeons, glucagon administration
produced .an increase 1n glucose level at 30 and 60 min.,but there-
after the level fell drastically belowtgre-injection level, In
vagotomized 72 hr,pigeons,glucagon injection produced significant
increase in the gly%%mic lgvel but the pre-~injection level uas

attainsd only at 120 min.

The synthetic glucocorticoid im normal pigeons produced
an increase in the glucose level by 60 min. but caused a decrease
Ak the successive intervals. In vagotomized 48 hr. pigeons DXM
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.

only.
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The data exhibit- some curious phenomena. " ACh or
choline chloride injections agpparently cause. an incrsase 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

hormnnesf

Chapter 11

The nature of neural control of liver function and glucose
homeostasis is only pettinpg slowly 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 sympathstic
action induces liver to releasse glucose, The parasympathetic
action is mediated by ACh and the sympathetic actiom by n;repi~
nephrine. Vagal stimulation increased glycogen deposition in the

liver, through the activatioh of glycogen synthetase. Vagotomy

Q\/reduced-f"' glycogen deposition in the liver and choline chloride

injection restored the rate of depositions Choline chloride, uhen
administered along with glucose could suppress the adverse affect
of vagotomy on the glycaemic level, This was probably through
activating glucose uptake and glycogen deposition mechanisms in
the liver, Both glycogen synthetase and acid phosphatase > uwere
activated at a proper time by choline chloride during glucose
loading)thereby{f%yperglycaemic effect was not observed sven in

the vagotomized pigeonsy
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Chapter 12

Choline chloride, the metabolic product of ace£y1~
choline degradation by acetyl”cholimesterase is known to mffect
the liver especially in the uptaks uf glucose and deposition of
glycogen. The stimulatory effect of choline chloride on thess
metabolic activities (S belisved to be mediated through changes
in the membrane, resulting in permeability alterations, activa-
tion of membrans bound receptors and enzymes, and release of
Ysgcond? or 'third! messengers. To understand the effect of
choline chloride on the membrane systems, phospholipid content
and Naf—Kﬁ-&TPase ware 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) pipeons. The results inmdicate that vagal tranmsection
caused a cognizable variation in the response of the liver to
fglucose, choline chloride or both togsether. Vagotomy suppressed
Q{the Nat—Kﬁ~ATPase response to choline chloride while accelerated
:the response to glucose, Choline chloride produced an increased
phospholipid content in the liver of vagotomized pigeons, The data
salso indicate an inverse relationship between liver responses to

choline chloride and glucose.,
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of glucose from the liver. The latter is probably through
inactivation of glycogen phosphorylase. The parasympathetic
nerves act synergistically with insulin. The pargsympaﬁﬁétic‘
response may be blocked by concomitant catacholamine or plucagon

activation of glucose release (Lautt, 1980).

The role of afferent (sensory) nerve fibrss

Although not conclusively proved, the evidences (See Lautt,
1980) seems to strongly indicate that there are likely to be
hepatic rscseptors for athaast sodium, glucose, osmotic pressurse
and oncotic pressurs, with some degree of overlap betuesen 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, water

intake and osmotic pressure,’

More recant literature on the role of hepatic nerves are
reviewed by De Wulf and Carton (1981), Shimazu (1981), Shimazu

(1983) and Lautt (1983).

Most of the studies on hepatic nerves are confined to
mammals. There are only feuw investigations that are pertaining
to birds, mainly carrieﬁ out by Pilo and associates (Pilo and
Patel, 1977, 1978a, 1978b§; Patel and Pilo, 1977, 19783 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 (- hepatic glycogen deposition and glucose uptaks
wers shoun (Pilc and Patel, 1977), the mechanism by which these
cholinergic apgonists induced them was not completely slucidated.

The present investigation {7is an attsmpt to bridge this gap.

Since acetyl_choline or choline chloride ha§ ‘to induce
glucose uptake, the logical site of action would be the hepato-
cyte membrane. Glucose transport across cell membrane could take
place through %acilitateq diffusion, chemiosmotic “éull“
mechanism or carrier mediated transport. In intestine and kidney,

¥
glucose is also transported through a flow coupled transport
+ ’ of glucose. as
which is Na dependent. This flow coupled transport "alsoc seen
in liver, essentially utilizes the same carrier molecules,and

. .= * + _— -
energy involved ini{. : Na and K transport.) -

The extra cellular concentration of ions, thus invariably influ-
ences this type of glucosse ﬁfansport. When liver slices uere
incubated in Krebs Bicarbonate medium containing hypen:osmotic
Na® concentraticn, glucose uptake resulted (Chapter 2).

Neither K for Ca ' in hypertonic concentrations induced -~
glucoss uptake. However, when Caf+ was pressnt along with Na+

or K+, uptake was éigniﬁicantly increased. The result indicates
that Na' movement into the liver cells, either induced by hyper-
tonic extracellular concentration or produced by Ca++ in &
pressnce of hypertonic cation concentration, induces liver

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

cells thus is some what closely related to ionic movements.
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When liver slices were incubated with insulin, acetyl-
choline or choline chloride, invariably glucose uptake wuas
observed (Chapter 3). The action of both acetyl choline and
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 hepatocyte membrane, more so when the medium
contained hypertonic-cations, Ca++ could act as 'second messanger'
of both ACh and insulin probably through the activation of
phosphodisstrase that degrades cyclic AMP (Rasmussen and Waisman,
1983). The data presented in Chapter 3 shou that'::} glucose
uptake respﬁnsa of liver slices induced by ACh or insulin is
through a Ca*ﬁ depsndent Na+ and/or K+ movement across the plasma
membrane. In other words, the flow coupled transport of pglucoss
is induced by both ACh and insulin to a certain extent, Flou
coupled transport is an active transport and Na' -K -ATPase is
involved in the mechanism. When insulin or ACh uas- present in
the medium along with either ouabain{ an active traﬁsport (Nat:,
K- ATPase) inhibitor) or phlorizin{ a specific glucose trans-
port inhibitor}), no glucose uptake was cﬁserved (Chapter 4)3
which clearly indicates that in pigeon liver atleast, the major
gluéose transport mechanism is coupled to sadium pump. Thus,
the in vitro effect of ACh and insulin is an increased glucoss
uptake by liver cells. The uptake is initigted by a change in
JM\}permeability of the membrane resulting in an increased

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

in the membrane. The influx of Na ions stimulates active
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transport of Na+ (sodium pump) probably involving N&t Kt
ATPase. &uringttfggﬂa+ extrusion by the’pump, K" as well as
glucose move into the csll (flow coupled transport). Both ACh
and insglin are capable of inducing this flou coupledlglucose
uptake, more so by ACh than insulin. A high extracellular Na+
qéncentration,or hypertonic\Ca%* with high K+ or Na+ levels

can also induce’iﬁ%“glucose uptake, indicating the interral;f
tionship of ionic concentration and glucose up:taka. Ca++ could
enhance the action of ACh or insulin in the uptake of glucose

by liver cells.'

The in vitro sffects of ACh or ipsulin may not be ssen
in in vive 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

were incubated with thyroxine (Chapter 5), glucagon (Chapter 6),

b T T—

ACTH (Chapter 7), and glucacorticoid (Chapter 8) L.

/& vtRe¥ alone or in combination with ACh or insulih. Thyroxine
acts as hyperglyé?mic agentAin in vivo conditions (John 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, thyroxime produced the same respo-

P

nse. Thyroxine must be afﬁectingf:;;?penmeability of the mem-
+ o+

brane as indicated by the increase  in Na — K- ATPass. Houwsver,

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 thyroxine, glucose uptake response
was enhanced. If the medium contained glucagon or catachlamines,
thyroxine would have induced < glucose releass. This facilita-
tive action of thyroxine was reported by John et §£MQN(1983)’
who showed that thyroidectomizsed 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 iﬁseFFecté on'::) liver through cAMP which in
turn activates the snzymes such as phosphorylase and G-6-Pase.
Thustﬁorﬁone in iﬂtliggg_condition (Chapter 6) produced a signi-
ficant glucose release from the liver slices. Howevar, both ACh
and insulin could inhibit the glucoss release action of gluca-
gon, ACh beinp more effective., Hence, one of the major respon-
sibiliﬁ@éof vagal cholinergic fibers in the liver could be to
counter act the action. of glucagon. That corticotrophin (RéTH)
has hypoglycaemic action was demonstrated by uwestermeyer and
Roben (1954) and Egel and Egel (1955) even in adrenalectomized
mice and rats. In'the present in vitro experiments (Chapter 7)
alsa,ACTH produced a glucose uptake influsnce on the liver
slices. This action of ACTH was enhanced when the medium also
contaired insulin or ACﬁ%.ACTH + insulin induced more glucose,
uptake than ACTH + ACh. Since the enzyme reactions were similar

to that produced by insulin it could be reascned that ACTH more
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or less mimies the insulin action.

Although ACTH may have hypoglycaemic action, glucocorti-
coids have the opposite action. uWhen dexamethascone (DXM), a
synthetic glucocorticoid was taken in the medium, =~ ° glucose
uptake was inhibited (Chapter B8). This hormone also inhibited
glycolytic pathway and activated gluconecgenic pathway.Hswever,

inspite of such metabolic activities, insulin and ACh could

suppress the action of DXM.

Thus, the vagal cholinergic fibers in the liver, through
ACh, could not only indute 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 hke insulin on the liver. Howsver, ACh may not be
able to induce §¥§*action on liver cells for longer duration
as insulin, since ACh is putative in action as yell as it is
quickly inactivated by cholinesterass. When acetylcholinsste~
rase inhibitors: (such as MCP, acothiong or prostigmine) were
present in the medium along with ACh, ;:: glucose uptake uas

stimulated in the liver slices (Chapter 9). These inhibitors

Ry

als

not only inhibited AChE butfust be affecting < -7 permeability
of the membrane, as these chemicals alone in the medium induced

glucosse uptake.
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The data presented in éthapters 2-9,), thus, clearly
indiCateﬁrthe role4of acetylcholine in”i:; glucose uptake in
the iive;a In other words, vagal stimulation could induce
glucose uptake and glycogenesis. In mammals also vagal stimu-
lation has the same effect (see Lautt, 1983; Shimazu, 1983),
Vagotomy in pigsons produced a piolonged hyperplycaemia, and
increased gluconeogenesis and lipolysis (Verma, 1982). This
effect of vagotomy was explained as due to the activation of
sympathetic tone.‘To understand whether ACh, choline chlorids
or insulin could counter:act\the effect of vagotomy, these were
injected in the vagotomized pigeons (Chapter 10). Curiously,
only insulin could bring anut a Hypéglycaemic action in vago-
tomized pigeons, while ACh or choline chloride increased the
glycaemiay; just as pglucagon or glucocorticoid., It is believed
that administratioﬁ of ACh or choline chloride only increased

the sympathetic activity in the vagotomized pigeons.

However, when cﬁoline chloride was administered along
with glucose,the.glycaemic level yas effectively brought down
(Chapter 11). Either the.action of choline chloride was enhanced
in -~ presence ofaeglucose load or the glucose load effectivsely
reduced the sympathetic action. A glucose load could also
reduce the relsase of glucagon and catecholamines. Choline
chloride administration along with glucoss-- in vagotomized -
pigeons could effectively check the advent of a hyperglycaemic
condition. Choline chloride also could induce membrane perme-

= s . +he .
ability changes in E;;,llver as evidenced bykchanges in
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+ o+
phospholipid content and Na~ K= ATPase activity in the liver

(Chapter 12).

~ of acetylcholine, choline chloride, or vagal Fi?iié»i“ the avian g,

liver,

Te

2.

3.

Se

The present investigaticniﬁéﬁﬁﬁﬁﬁﬁﬁtha following roles

4

Prepare the liver for glucose influx. .

] + ++
Stimulate glucose uptake through a Na dependent, Ca
stimulated membrane permeability changes.

Effectively interact and complement the actions of insulin.

Effectively counteract the action of sympathetic nerves,

glucagon and glucocorticoids,

Activate enzymes involved in glycogenesis and inactivate

enzymes involved in glycogenolysis and glucose releass.

The confirmation of these speculative suggestions comes

from the studies on vagotomy. Vagotomy abolished most of the

actions of vagal nerves as well as esnhanced the actiony of sympa-

thetic.system. Choline chloride administraticn along with

glucose couyld 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 hyperglyé%mia on glucoss

loadinp,the causs of some diabetic conditions, espBCiallyT%aturity

onset diabetes, could be the parasympathetic nsuropathy.

3
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Lautt (1980) also suggested such eventuality. If this
speculative line of reasoning is accepted, the post-prandial
hyperglyc‘:emia of the non-obese, maturity onset diabetes could
be readily controlled by pre}arandial administration of a

cholinergic agonist such as choline chloride, thereby

oveYcoming the dysfuctional hepatic parasympathetic action.
)



