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CHAPTER 11

THE EFFECT OF CHOLINE CHLORIDE ADMINISTRATION ON
THE GLUCDSE HOMEDSTASIS (CONTROL OF GLYCAEMIA) 1IN
VAGOTOMIZED PIGEONS

‘‘‘‘‘

énd glycogen deposition by the liver in birds and mammals is
elucidated by the work of Ottolenghi et al., (1971), Akpan et al..
(1974), Pilo and P;tel (1978)z?éeyner and Geelen (1982). Vagal
stimulation also increased the rate of glycogen synthesis in the
liver (Shimazu and Fujimoto, 1971). Vagotomy on the other hand
decreased hepatic glycogen deposition (Mondon and Burton, 1971).
Action of vagal naive on .. = glucose uptake and glycogen deposi-
tion is mostly mediated by acetyl_choline, although neuropeptides
such as VIP may also be involved in effscting parasy@pathatic
influence és sugpgested by Shimazu (1983). Vagal nerve stimulation
not only increased .. - glycogen synthesis in the liver but also
reduced . 2 glucose output, probably by counteracting the sympa-
thetic action. Acetyl_choline has specific action on the liver cell
membrane uwherehy ionic permeability is inc?eased resulting in the
activation of sodium éump, extrusion of sodium, influx of K+,

ATP utilization, lowering of cAMP and ultimately the entry of
glucose into the cell (See Pilo and Patel, 1979). Since AChE is
localized on the liver sinusoidal linings, ACh secreted by choli-
nergic nerve endings is quickly degraded into acetate and choline

chloride., In view of this fact, Beyner and Geelen (1981): suggested
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that choline chlorids may be the factor that is effecting
glucoss thaké and glycogensesis., In their in vitro experiments
with isolated hepatocytes, choline induced maximum glycogen
deposition. Since choline chloride injection was found to be
more potent in altering glyf@mic lavels,in pigeon (Chapter 10),
it was thought worthwhile to study the effect of choline chloride
injection alone or with glucose on the gly@%mic level as well as

on the hepatic biochemical profile.

MATERIALS AND METHDDS

Adult pigeons were divided into 3 groups, Each group was

divided into 5 sub~groups as follows.

(a) Normal overnight starved

(b) iam operated - 48 hr. starved
(c) Vagotomized -~ 48 hr.starved ,
(d) Sham operated - 72 hr. starved

(e) Vagotomized ~ 72 hr. starved

Vagotomy was performed as described in Chapter 1. Sham

‘operation was carried out under identical conditions.

Each proup consisting of such 5 sub.groups wgs subjected

to following intravenous injections.

Group 1 - Glucose (70 mg/100 gm body weight)
Group 2 - Choline chloride (15 mg/animal)

Group 3 - Glucose + Choline chloride (70 mg/100 gm@
body weight + 15 mg/animal)
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The birds were sacrificed at regular intervals of
0, 30, 60, 90 and iZD min. after intravenous administration of
glucose, choline chloride or glucose +23%33§1de. Blood samples
were taken by cardiac puncture for blood sugar estimation. The
liver was gquickly removed and processed for estimations of

~glycogen, glycegen-synthaetase and acid phosphatase. The methods

followed for these estimations are described in Chapter 1.

RESULTS
GLUCOSE TOLERANCE TEST (Tables.11-1, 11-2 and 11-33;Fig.11-1)

Glucose alone (Table 11-1; Fig.11-1)

In the normal overnight starved pigeoné, glucose injection
produced a peak plasma glucose level at 30 minutes,and by 90
minutes normoglycaemia was reestablished. In sham operatéd (48 hr.)
pigeons a more or less similar glucose tolerance was observed.
Vagotomized (48 hr.) pigeons showed a hyperglycaemic response
tﬂat continued to increase upto 90 min. Sham operated 72 hr.
pigeons shouwsd a sharpkggzzeat 30 mihutes which then decreased
gradually. The vapotomized 72 hr. pigeons also shoued a steep

rise of glucose at 30 minutes and this high level remained so

even by 120 minutes.

Choline chloride alons -~ (Table.11-23;Fig.11-1)

In normal (overnight starved) pigeons, . [ choline chloride
injection produced a gradual increase of pglucoss lesvel upto 90

minutes. In sham operated (48 hr.) pigeons the increase lastead
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upto 60 minutes only. In vagotomized 48 hr. pilgeons the rise
of plucose level was very sharp at 30 minu@eg and thereafter
a gradual decrease was sean. In sham operated 72 hr. pigeocns$,
the plucose lsvel decreased gradually till 120 minutes. The

vagotomized 72 hr. pigeonk registered a peak by 30 min,

Glucose + Choline chloride - (Table 11-3;Fig.11-1)

Interestingly all groups showed a more or less similar

- . -

v

pattefn. Glucose level showed a peak at 30 minutes ! -2/ . [% - ("~ ~ 7L

and by 80 minutes all reached the pre~injection glycaemic level.

GLYCOGEN IN THE LIVER (Tables 11-4,11=5 and 11-63;Fig.11~2)

Glucose injection alone (Table 11-4; Fig.11-2)

When glucose alone was injected, normal overnight starved
pigeons showed a gradual incrgase in glycogen depositiony while
sham pperated (both 48 hr. and 72 hr.) pipeons shoued an increase
upto 60 minutes and@ then the glycogen content began to decreasee.
Vagotomized 48 hr. pigeons showed sharp increase at 60 min.,and

bigeons

then gradual increase. Vagotomized 72 hr.Ag%oued a sharp increase

till 60 min.,and then the level began to fall,

Choline chloride injection - (Table 11-5;Fig.11=2)

The response of all groups of pigeons to choline chloride
was more or less similar. After an initial slight decrease, the

glycogen content in all groups showed an increase upto 90 min.
i /

i
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and then decreased to Hepre~injection level,

Gluccse + Choline chloride injection (Table 11-63;Fig.11-2)

The normal (overnight starved), sham operated (both 48 hr.
and 72 hr.) and vagotomized (48 hr. and 72 hr.) pigeons shouwad
an increase in % : glycogen content in the liver by 90 minutes.
However, in vagotomized pigeons (48 hr. and 72 hr.},the level
dropped by 120 minutes yhers[as in thé rest, the glycogen level

cont inued to increase,

GLYCOGEN SYNTHETASE (Table 11-7,11-8 and 11-9;Fig.11-3)

Glucose Injection (Table 11-=7;Fig.11-3)

When glucose alone was injscted, glycogen synthetase in
the liver of normal (overnight starved) and sham operated (48 hr.
and 72 hr.) and vapotomized (48 hr. and 72 hr.) pigeons shouwed
an increase by 60 min. In vagotomized (48 hr.,) pigeonsthe increase
seen by 60 minutes remained so even at 90 minutes and then decre-
ased to predinjection level. Both sham operated (72 hr.) and

pigeons .
vagotomized (72 hr.)yzshowed a sharp increass by 60 minutes and

then an equally sharp decreasetheua.él’ev.

Choline Chloride Injection (Table 11=83;Fin.11-=3)

1

Both normal (overnight starved) and sham operated (48 hr,)
pigeon liver exhibited an increased glycogen synthetase activity

by 60 minutes following choline chloride injection. The response

A
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Choline chloride -(Table 11<M)

The normal (overnight starved) pigeon liver showed a
significant increase only by 125 minutes. The sham operated 48
“hour and ?2 hour pigeon liversshowed a similar but more pronounced
increase by 1207 minutes. Vagotomized 48 hour&gggggg a slight incr-
gase at 60 minutes but by 120 minutes the activity decreased bslou
pre-injection level. On the other hand, vagotomized 72 hour pigeon

liver showed an increase in iiﬁ acid phosphatase activity at 60

minutes as well as at 120 minutes,

Glucose + Choline ghloride (Table T-12)

The normal overnight starved pigeonsshowsd no significant
response in the hepatic acid pase. activity Follouing combined
glucose + choline chloride injection. Sham operated 48 hour pigeon
liver shouwed a parabolic response peaking at 60 minutes. Vagotomized
48 hour pigeon liver showed two peaks, one at 30 minutes and the
other at 90 minutes. 72 hour 'sham operated and vagotomized pigeons
showed a more or less identical response, a sharp peak at 30 m}nutes

and apgain a sharp increase at 120 minutes.

DISCUSSION

The response of overnight (48 hr. and 72 hr.) starved
pigeons to glucose, choline chloride or plucose + choline chloride
administration showed much variation. Vagotomy in certain casss

agéravated the response and in certain cases eliminated it. Since
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a very clear picture of response in all cases was not discernible
due to individual variations, only general and rather apparent

responses could be discussed here,

The ¥88p0088‘of vagatomiied pigeons to glucose injsction
was a sustaiaed hyperglyﬁ?mia. This has also been reported by
UerﬁagdﬁQSQ. The level of hypergly&?mia was less in 72 hr. vapo-
tomised pigeons. Choline chloride administration without glucoss
in vagotomised pigeons elevatéd Z > plucose level in ths blood.
The possible explanation that could be extended to this paradoxi-
cal response, is that choline chloride injection either activated
sympathetic activity and/or effected a relaase of glucagon. In
response to choline chloride injsction the sham operated pigeons
showed a gradual décrease in blood sugar level., The striking
response of gluceosse + choline chloride administration was that all
groups showed a very orderly and identical pattern of glucose
tolerance. This fact clearly establi%hes the stimulatory effect of
choline chloride sither directly on the liver to take up gluc&se,

=

or indirectly by inducing * _ > insulin release from the B cells,
when a glucoss load was provided simultansously. Thus, in the
absence of hyperglydemic condition, -._. choline chloride sither
does not poteptiate glucose uptake by liver cells or does activate
a sympathétic mediated glucose releasg; in vagotomised pigeons.In
other yords, the adverse effect of vagotomy (prolonged hypergly-

<1
é?mia following glucose loading)} could be effectively prevented

by a simultaneous choline chloride administration.

B
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The beneficial effect of choline chloride injection uwas
also seen in . ... glycogen deposition. In glucose + cholins
chloride injected pigeons, ".-° glycogen deposition more or less
coincided with decrsasing glydemic level in the blood. Similarly,
glucose, choline chloride or pglucose + choline chloride injection
braught about an increase in the glycogen synthetase. and acid
phosphatase activities, although temporal variations were encou-
ntered in different experimental groups. However, glucose +
choline chloride administration inducéd a shérp incfease in the
activities of these enzymss 3 which are involved in glucose uptake
and glycogen deposition much earlier thereby facilitating glucose

removal from the blood.

As mentioned earlier, it is diFF%oult to find explanation
to the responses of most of the enzymes studied ‘Aeve dus to high
variations. Although somaip? the changes were apparent, they uere
found statiftically non-significant. Unless the sample sizes are

increased, this problem will remain.



