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Abstract: In thisreview, a comparison was made between the effects of vagotomy and cisplatin
treatment on the liver and kidney of rat and pigeon. The studies of the vagal ablation and
cisplatin treatment have shown some similarities with respect to glucose homoeostasis.
Transaction of vagal fibrescan cause hyperglycaemia. A persistent hyperglycaemia wasnoticed
in both vagotomized and CDDP treated rats and pigeons after glucose administration.
Parasympathetic system isknown to bring about reduction in glucoselevel in blood, through
its action on glucose uptake by the liver aswell as on the release of insulin from pancreas.
Parasympathetic dysfunction through vagotomy as well as through cisplatin treatment
(chemical parasympathectomy) also produced an increase in sympathetic tone. Sympathetic
system hasopposing or counter regulatingactions. Liver, pancreasand kidney arealso innervated
by sympathetic nerves just as parasympathetic nerves. Chemical sympathectomy through 6-
hydroxydopamine (6-OHDA) produced an increased vagal tone. The review, presents the
highlightsof several sudiescarried out on theroleof autonomic nervoussystemin theregulation
of glucose homeostasis through modulating the metabolic responses of tissues such asliver

and kidney.
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A discovery in the middle of nineteenth century by
Claude Bernard [1] that the puncturein the floor of
fourth ventricleresultsin hyperglycaemia was amajor
breakthrough in neuroendocrinology. The finding
stimulated many endocrinologists to do further
experiments on glucose balance in blood after the
stimulation of various areas of diencephalon. A fair
appreciation of Bernard's observation was made by
Cannon et al. [2] who revealed that the sympathetic
nervous system and adrenal glands are involved in
glucose homoeostasis. Compeling evidences were
also derived from the paralld studies by Britton [3]
which implicated theinvolvement of parasympathetic
nervous system, in particular the vagus nerve, in the
control of insulin secretion. The autonomic nervous
systems are credited with the power of controlling

various physiological process including emergency
mechanism, repair and preservation of constant
internal milieu, and arethuslikdy to be important in
modulating the metabolism of liver and kidney.

Maintenance of homoeostasis is the main function
of hypothalamus. Hypothalamus monitors large
number of physiological parametersand onthebasis
of the information it receives the regulation of body
functions and metabolic reactions are carried out.
Theregulation of body functions by hypothalamusis
done through both autonomic nervous and endocrine
systems. The origin of autonomic nervous system,
consisting of both parasympathetic and sympathetic
divisions, is hypothalamus. Hypothalamus also
regulates the release of several hormones through
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the releasing hormones or through autonomic fibres
that innervate the endocrines glands such as pancreas
and adrenal.

Ban [4], on the basis of studies on evaluation of
measurements of blood pressure, gastric motility,
respiratory movement, milk gection and urinary
bladder function, described that hypothalamus has
three distinct zones: (i) a parasympathetic zone
involving the middle line periventricular stratum, (ii)
asympathetic zonelocated inthemedia hypothalamus
that included ventromedial nucleus and (iii) a
parasympathetic zone corresponding to the lateral
hypothalamic nucleus. Thesehypothalamic areasare
in communication with metabolically important
visceral organsthrough vagus (parasympathetic) and
splanchnic (sympathetic) nerves. Preganglionic
sympathetic fibres reach the codiac ganglion through
the bilateral greater and lesser splanchnic nerves.
Postganglionic sympathetic fibresarisein thecodiac
ganglion forming an extensive plexus, the codiac
plexus. Parasympathetic system also has pregang-
lionic and postganglionic fibres that run directly to
the visceral organs through right and left vagi which
incidentally carry 75% of all parasympathetic fibres.

Parasympathetic system originates from lateral
hypothalamic area (LHA) while sympathetic system
originates from ventromedial hypothalamus (VMH).
Thus LHA through parasympathetic nervefibresand
VMH through sympathetic fibres control thevisceral
functions including metabolic processes [5-8].
Gdlhornet al. [9] developed the concept of autonomic
nervous control of blood sugar level through
parasympatho-pancreo-insulin axis. Blood sugar
regulation by autonomic nervous system was later
recognized to be also through mechanizations of
sympatho-adreno-catecholamine axis, sympatho-
pancreo-glucagon axis.

Autonomic dysfunction is observed in many diseases
affecting human beings. In diabetes mdllitus, the
incidence of autonomic neuropathy isashigh as20%
to 40% of all patients. In most cases, the autonomic
neuropathy can be a consequence of diabetic
conditions. Shimazu [10] has investigated the
relationship between changes in blood glucose level
and the nuclel of the hypothalamus by selective
stimulation of each nucleus in rabbits, and has shown
that blood glucose increase after stimulation of the
VMH (sympathetic area) while it decreases after
stimulation of the LHA (parasympathetic area). In

general, the roles of VMH and LHA in metabolic
regulation as in other functions are reciprocal,
particularly in the regulation of carbohydrate
metabolismintheliver [11,12].

Theautonomic centresin the hypothalamus, not only
receive the signals of glycaemic levels in the blood
through gluco-sensitive neurons, but also receive a
constant afferent influx of glucose related signals
from liver and hepatic vein; on the basis of which
hypothalamic controlling mechanisms centrifugally
influence the hepatic carbohydrate metabolism. The
afferent fibres also provide feed-backs for the
maintenance of glucose homoeostasis. |n maintaining
glucose concentration, for instance, the liver plays a
dominant rolesinceit can vary theamount of glucose
that isbeing pumped into the general circulation, and
hormonal messengers areinvolvedin thismechanism.
The liver receives its innervation from the hepatic
plexus, which is one of the subsidiaries of the celiac
plexus. The hepatic plexus contains among other
fibres, the sympathetic and parasympathetic efferent
nerve fibres [13,14]. Lautt and Cote [15] showed
that hyperglycaemiafollowing surgical traumaoccurs
in the adrenalectomized rat in response to reflex
activation of hepatic sympathetic nerves.

Since the early discovery of “puncture hypergly-
caemia’ by Claude Bernard, it has been assumed
that the sympathetic nervous system participates in
the genesis of hyperglycaemia by promoting
mobilization of hepatic glycogen, and that its effects
depends almost exclusively on neuroendocrine
mechanisms through the mediation of epinephrineand
glucagon [16]. Activation of principal sympathetic
nerve innervating the liver resulted in a marked
increase in the activity of glycogenolytic enzymes,
G-6-Pase and phosphorylase within 30 seconds after
theonset of stimulation [17,18]. Sympathetic nervous
system can activate hepatic glycogenolysis and
rapidly supply thecirculating blood with glucose, first
directly through the hepatic adrenergic innervation,
second by the release of catecholamines from the
adrenal medullary cells and third by the release of
glucagon from the pancrestic islets. The role of
parasympathetic system could be studied by either
chemically sympathectomizing the animal or by
dectrically stimulating the branches of sympathetic
system. Administration of 6-hydroxydopamine (6-
OHDA) sdlectively promote acute degeneration of
noradrenergic nerveterminals[19] and causes almost
total depletion of adrenalin in sympathetically
innervated tissues.
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Direct stimulation of splanchnic nerves produced marked
increase in blood glucose which was greatly reduced
by cutting the hepatic nerves at the origin of the hepatic
artery in adrenalectomized dogs [20]. Lautt and Wong
[21] haveshown that Smultaneous action of sympathetic
and parasympathetic fibres in the mixed hepatic nerve
resulted in a complete domination by the sympathetic
nerves. On the other hand, vagus plays an important
role in the regulation of insulin secretion under
physiological conditions [22-24]. Since acetylcholine
(ACh) is rdeased as a neurotransmitter from the nerve
endingintheeffecter cdlsupon physiological simulation
of the parasympathetic nervous system, the effects of
vagus stimulation on insulin secretion would also be
mimicked by exogenous ACh or the closdy rdated
chdinomimeicagents[25,26]. Intherat liver, stimulation
of the parasympathetic nerves has direct effect on
glucosemetaboliam synergicwithinsulinbut antagonistic
to glucagons [27]. Pilo and Patd [28] suggested that in
birds, the parasympathetic nerves may be the
predominant inducer of glucose uptake by liver cdls.
Avianliver hasarichcholinergicinnervationandahigh
chalinergic activity [29]. Thus, parasympathetic system
can influence the carbohydrate metabolism through its
action on therdease of insulin from pancrestic idets as
well asthrough activation of hepatic enzymic machinery
concerned with glucose uptake and glycogen formation.
Parasympathetic system can aso inhibit the action of
glucagon and sympathetic neurotransmitters
(norepinephrine and epinephring) in the post-prandia
condition thereby decreasing glucose output into the
circulation.

Apart from liver, vagal parasympathetic fibres also
innervate kidney, pancreas, adrenal and thyroid. Kidney
is an organ which controls blood volume and plasma
components through its excretory and reabsorptive
capacity. Vagal chalinergic and adrenergic fibres are
knowntoinnervatekidney [30-32] and contra theactivity
of kidney by counter regulation [33]. Kidney is dso
known to play an important rolein general metabolism
particularly in glucose homoeostasis [34-36]. It is
reported that kidney takes a compensatory role of
producing more glucosewhenliver functionsarealtered
as in diabetes, because it is an important site for
gluconeogenesis. The reaction rate of gluconeogenesis
in kidney accderates during times of food deprivation.
Askidney isaprincipal siteof glucagon degradation as
indicated by therdatively high renal extractionrateand
low urinary clearance of the hormone any renal
pathologic condition could increase glucagon retention
in blood and thereby producing hyperglycaemia.

The idds of Langerhans are richly vascularized and
both the islet cells and blood vessds are intimatey
associated with the autonomic nerves. Lesions of the
ventromedial nuclei or stimulation of the lateral
hypothalamus within the diencephalon were found to
increase plasma insulin concentration; most probably
by influencing neural outflow from the vagal nucle to
thepancreaticidets[37]. Nervetothepancreas contains
preganglionic parasympathetic fibres from the dorsa
trunk of thevagus and postganglionic sympatheticfibres
from the greater and middle splanchnic nerves which
originate in the cdiac and superior mesenteric plexus
[38,39]. Thepresanceof both cholinergic and adrenergic
fibres within the islets has been established by
fluorescence microscopy and enzymatic histochemistry
[40,41]. VMH lesion brought about alterations in the
central nervous system (CNS) controlled homoeostasis
that was responsible for the increase in the activity of
the efferent vagus nerve that influence the endocrine
pancreas [42,43]. It is well-known that electrical
stimulation of vagus nerve of normal rats favours not
only insulin but also glucagons secretion; both processes
are inhibited by the cholinergic antagonist atropine
[44,37]. Inview of dl theseobservations, it seemsclear
that hypothalamus controls both liver glycogen
metabolism and glucose homoeostasis. The liver
glycogen metabolismis contralled by direct innervation
of the liver, via the VMH-splanchnic and LH-vagus
nerve pathways (hypothalamo-hepatic axis) which
directly controls the enzymes metabolizing glycogen in
the liver and thus, isresponsiblefor theinitial and fine
regulation of metabolic changes. Other mechanism is
the hormonal regulation of glycogen breakdown and
synthesis, which involves neural stimulation of the
release of pancreatic hormones (hypothalamo-
pancrestic axis) and adrenal hormones (hypothalomo-
adrenal axis), which areresponsiblefor the prolongation
or consolidation of metabolic changes rather than ther
initiation. Because of the operation of hypothalamo-
hepatic, hypothal amo-pancresatic axisand hypothalamo-
adrenal axis, glucose homoeostasis could be severdy
affected if there are hypothalamic lesions especialy in
VMH and LHA or if the autonomic nervous system is

not functioning properly (neuropathy).

Autonomic nervous control of metabolism and
glucose homoeostasis:

Modulation of glucose homeostasis in blood, one of
theimportant roles of the autonomic nervous system,
is performed through regulating the functions of liver,
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kidney and adipose tissue, endocrine pancreas and
adrenal gland. Both liver and kidney have substantial
role in controlling blood glucose leve through their
ability totake up, store and release glucose and these
organs are innervated by both the Parasympathetic
Nervous System (PNS) and Sympathetic Nervous
System (SNS). Stimulation of parasympathetic nerves
to the liver or administration of acetylcholine
produced a rapid and dramatic decrease in hepatic
glucose output and activated glycogen synthetase
enzyme which resulted in rapid glycogen deposition
[26,45,46]. Stimulation of sympathetic nervesto the
liver, on the other hand, leads to the activation of
phosphorylase and G-6-Pase and release of glucose
[17,18]. Both sympathetic and parasympathetic
systems have their controlling centres in the
hypothalamus. Hypothalamus receives information
about glucose concentrationin blood throughits own
glucosereceptors aswel asthrough (afferent) fibres
coming from hepatic blood vessels (mainly portal
vessels). According to the signal regarding the
glycaemic level, ventromedial hypothalamus—VMH
(the sympathetic centre) and or LHA (the
parasympathetic centre) get activated. VMH through
sympathetic nervous system can increase blood sugar
level whilelateral hypothalamic area (LHA) through
PNS can decrease the blood sugar level. Lesions of
VMH havebeenreported to produce hyperinsulinemia
whereas electrical stimulation of this nucleus
decreased the release of glucagons [47]. The
stimulation of LHA- (parasympathetic centre), onthe
other hand, will increaseinsulinrelease, glycogenesis
intheliver and afall in glycaemiaaswdl asreduced
glucose uptake by liver.

Hypoinsulinemia and the inahility of the tissues to
absorb glucose are the two main abnormalities in
diabetes mellitus. These two conditions are found in
vagotomized pigeons [48]. Vagotomized pigeons also
failed to bring about normoglycaemia within 60-90
minutes when challenged with a glucose load [48].
Thus vagal denervation can bring about
hyperglycaemia. It is now recognized that many
complicationsfound in diabetes mdlitus could be due
to vagal cholinergic dysfunction [13,49]. In some
cases, vagal neuropathy could also be considered as
a reason for the manifestation of diabetes mdlitus,
especially insulin dependent diabetes mellitus
(IDDM).

Although diabetic condition could be experimentally
produced by alloxan and streptozotocin, which are

selective B cdll cytotoxic agents, it is difficult to
produce experimentally a selective neuropathic
condition. Lack of such experimental models where
autonomic neuropathy could be induced has created
a real vacuum in the knowledge of autonomic
dysfunction as a causative factor for the devel opment
of IDDM.

Reports that several antitumour drugs cause
autonomic neural dysfunction that disturbed metabolic
regulations, especially in liver and kidney, attracted
attentioninour laboratory. Cisplatin (CDDP), awiddy
used chemotherapeutic agent, be ongsto this category
[50]. Patients who have undergone cisplatin therapy
have developed side effects very similar to that seen
in diabetic autonomic neuropathy. Cisplatin can
influence carbohydrate metabolism by their ability to
alter insulin secretion [51]. Nephrotoxicity has also
been reported in many cases as one of the side effects
of this drug [52]. In animals, CDDP induces toxic
side effects mainly in kidney, intestine and bone
marrow. Cisplatin has differential affinitiesfor kidney
and liver. It shows preferential |ocalizations within
the subcdlular sites in the kidney. Kidney not only
retains a great concentration of CDDP than liver,
but the biological half-life of thisdrugis also longer
inthekidney [53]. Thefact that CDDP administration
has resulted in hyperglucagonemia and impaired the
insulin secretion [51] can be shown as an evidence
of cisplatin’s selective side effect on autonomic
nervous system.

There are several clinical reports at hand that show
peripheral neuropathy after high dose of CDDP.
Richardson and Cantwel [54] observed that some
patients with metastatic germ-cell cancer have
autonomic neuropathy based on CDDP. Thus, CDDP
was found to cause (1) neuropathy, especially that
of autonomic nervous system and (2) hyperglycemia.
A natural sequd to this contentionisthat CDDP can
be considered as chemical agent that causes selective
autonomic neuropathy. So far thereis no concentrated
research that relates to the autonomic neuropathy
and glucose homeostatic mechanisms. Most of the
work was based on vagal transection and chemical
sympathetectomy.

The role of parasympathetic nervous system
(PNS) in glucose homoeostasis:

An effective way to study the role of PNS in blood
sugar regulationisto performvagal ablation and study
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theresponse of theanimalsto glucoseload. Theeffect
of vagotomy on glucose homeostasis has been
extensively done in our laboratory. Vagotomy in
pigeon has been shown to cause:

- Decreased hepatic phosphorylase [55]

- Increased hepatic glycogen synthetase activity [56]

- Increased gluconeogenesis in liver [55]

- Decreased gluconeogenesis in kidney [57]

- Increasad glucose uptake by liver [48]

- Hyperglycaemia [58]
In general, bird's response to hyperglycaemia and
hypoglycaemia are similar to that of mammals, at
the molecular leve but the temporal correlates of
these responses and the degree of tolerance to hypo-
and hyperglycaemia are different in birds and
mammals [59]. The basic difference is that birds
tolerate hyperglycaemia much more than
hypoglycaemia. Infact, in birds the pancreatic islets
contain more A cdlsthan B cdls; reverseis true for
mammals as they arelesstolerant to hyperglycaemia
and releaseinsulinmorequickly and in larger amounts
than glucagon. It was thus indeed deemed worth
while to compare mammalian response to vagotomy
and CDDP treatment with that of avian response. In
this light, a series of experiments were designed to
get comprehensive and comparative information
about glycaemic response in animals in which
cholinergic action is completdy removed (surgically
vagotomized) or chemically parasympathectomized
(cisplain-CDDP treated) rats and pigeons.

Vagotomy (VgX) caused hyperglycaemia in rats
which is indicative of the fact that parasympathetic
afferents and efferents are necessary for maintaining
blood sugar level. CDDP treatment also elevated the
bloodglucoselevd inrat [60]. A possibility of cholinergic
dysfunction as the cause for the hyperglycaemia in
CDDPtreated rat could be envisaged asboth vagotomy
and CDDPtreatment reduced theAChE activity in liver
and kidney [61] (Figs.1,2). Absence of acetylcholine
secretion from vagal fibresin VgX and CDDP treated
animals could be the reason for the reduced AChE
activity in theliver and kidney. Experiments on smooth
muscle strips from CDDP treated rats exhibited
hypersengitivity toAch. The muscleis hypercontractile
to ACh because less of the neurotransmitter is
hydrolysed due to the presence of less active AChE
[61]. Response of pigeon to vagotomy and CDDP
treatment isalso Smilar to that of rat. Hyperglycaemia
was accompanied by a decreased AChE activity in the
liver and kidney of pigeon [60].

The hyperglycaemic response of VgX and CDDP
treated rat and pigeon (Fig. 3) could be dther due to
increasad glucose output by liver and kidney or due to
decreased uptake of glucose by these tissues. It has
been shown in our laboratory that the liver glycogen
and glycogen synthetase activity leveds decreased in
VgX and CDDP treated rats and at the same time

phosphorylase enzyme was very active [62].

Gluconeogenesis and lactate utilization was also more
in VgX and CDDP treated rat and pigeon livers [62].
Gluconeogenesiswas not at theexpenseof [abileprotens
in the liver which was evident from thefact that protein
content did not decrease in the liver of both rat and
pigeon after VgX or CDDP treatment [63].

Protein and nucleic acid concentration also reflect on
theoverall gateof multiplication of cdlsand maintenance
of cdl mass in any tissue. Hormones and nerves are
equally involved in this tropic action. It has been
suggested that insulinplaysamajor roleduring chdinergic
differentiation [66]. Hence, the reduced level of DNA
and RNA content in theliver of CDDP treated or VgX
animals could be dueto insufficiency of insulin as well
asduetothelack of trophic action because of decreased
neural activity [63] (Figs.9,10). The major effect of
cisplatin intumour cdlsistoinhibit DNA synthesis by
crosslinking the complimentary strands of nucleic acids.
Moreover, like CDDP, vagal denervation also resulted
incausing animpediment inDNA synthesis[8]. Cdlular
toxicity of CDDP in pigeon was morethan that of rat.
Administration of CDDP reduced the DNA content
in the kidney of both the rat and pigeon while DNA
content did not alter in the kidney after vagotomy.
Cisplatin treatment produced a drastic reduction in
RNA content in the kidney of pigeons. Bilateral
vagotomy inhibited DNA synthesis during
regeneration after partial hepatectomy [67].

The decreased trophic action in the VgX and CDDP
treated animals may be manifesting through two
ways. Vagal denervation removes the direct trophic
action of cholinergic fibres on one hand, and on the
other hand, reduces the release of insulin and
increasestherdease of glucocorticoids. Cisplatin has
direct cytotoxic action as well as neurotoxicity, by
which it reduces the neural stimulation of secretion
of various hormones.

Vagotomy caused an increase in serum free fatty
acid and blood sugar leve in pigeon [58] which was
attributed to an increased release of corticosteroids
and norepinephrine (NE) [68]. The glucocorticoids
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Fig. 1. Effect of vagotomy and cisplatin Fig. 2. Effect of cisplatin treatment and
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exert a very profound inhibitory effect on DNA
synthesis[66] (Figs. 9, 10). Thusitispossibleto condude
that inboth rat and pigeon, nucleic acid metabolismwas
adversdy affected under theinfluenceof glucocorticoids
that might have been reeased in greater amounts in
VgX and CDDP treated animals.

Usualy, hyperglycaemia is a result of several factors
that operate differently depending on the physiological
state of the animal. During post-prandial conditions
increased levd of glucosein blood is effectively absorbed
by tissues through the influence of insulin. If insulin
deficiency or disruption of glucose uptake mechanism
takes place, then hyperglycaemia lasts more than the
usual period. Hyperglycaemia can also occur when
excess rdease of glucose manifests. Thislatter process
foundin stress, starvation or during exercise, isinitiated
by glucagon, NE and GH. Sustained glucose rdease
under such conditions reguired gluconeogenesis which
isstimulated by glucagon and glucocorticoids, inorgans
such asliver and kidney [69,70].

When glucose tolerance test (GTT) was undertaken
after adminigration of glucoseintraperitonedly, bathVgXx
and CDDP treated rats and pigeons (Figs.4,5) showed
persisting hyperglycaemia during the period of tests
indicating that glucoseuptakeis very much reduced due
to vagotomy and cisplatin treatment [71]. It has been
reported that vagotomy produced a decrease in insulin
level and impaired response to glucose load [22]. Even
oral glucoseloading in vagotomized rats did not dicit a
proper insulin release response [72]. Impairment of
glucose uptake mechanismwas reported in vagotomized
ratsby Parikh [62] inliver and Pillai [73] in kidney. In
both these organs a decreased glycogen synthetase and
glycogen depasitions was naticed fallowing vagotomy
and CDDP treatment. Moreover, there were increased
activitiesof phosphorylase, G-6-Paseand LDH inthese
organswhich explain theincreased glucose release and
the resultant hyperglycaemia. An overal declinein the
activity of Na'K*-ATPase and other phosphatases
observed in the liver and kidney of VgX and CDDP
treated rats [62,73] also indicated the decreased
trangport activities.

Role of sympathetic nervous system (SNS) in
glucose homoeostasis:

Some of the metabolic effects caused by ablation of
vagus nerveand CDDP treatment seemto becorrdated
with activation of sympathetic nervous system (SNS)
and release of glucagons, catecholamines and thyroid

hormones. Reduction of parasympathetic tone (due to
vagotomy and cisplatin treatment) as such can cause
sympathetic adrenergic tone to assumea dominant role
Glucose homoeostasis is modulated by a coefficient
corrdation of these two oppasing autonomic divisions.
Activation of PNS or inhibition of SNS could bring the
same s& of response in many tissues. As mentioned
earlier, hyperglycaemiain VgX and CDDPtreated rats
and pigeons could be due to increased sympathetic
activity (tone).

Theroleof SNS can not be studied by surgical ablation
unlike with PNS. Chemical sympathetectomy with 6-
hydroxydomanie (6-OHDA) is method of choice.
Administration of 6-OHDA sdectively disturbs the
hepatic sympathetic nerveand a sorestrainstheneuronal
stimulation of glucoserdease[21]. A comparativestudy
was undertaken to understand therole of SNSin blood
sugar regulationin birds and mammals[64]. Chemical
sympathetectomy resultedin hypoglycaemiainratswhile
pigeons showed hyperglycaemia. Both parasympathetic
and sympathetic nervous systems may be intimately
involved in the control of home secretion. In mammals,
insulin, glucagon and catecholamines play major rolein
theminuteto minuteregulation of hepatic glucoseoutput
under invivo condition[74]. Increased vagal cholinergic
action could be deduced by theincreased AChE activity
intheliver of sympathectomizedrat [65] (Figs.6,7). The
decreased blood sugar leve inrat could be thus due to
the increased vagal tone as well as due to increased
insulin secretion after sympathetctomy. These two will
lead to an increased operation of glucose-uptake
mechanismintherat liver resulting inalower glycaemic
level. In contrast, chemical sympathectomy produced
hyperglycaemia in pigeon. Unlike in rat, there was no
increased AChE activity in the liver of pigeon after
sympathectomy. Lack of activation of PNS could be
taken as a reason why there was no increased glucose
uptakeand aresultant hypoglycaemia.onewould rather
expect. GTT in 6-OHDA treated pigeons showed that
glucose uptake mechanism is not at al affected by
sympathectomy as a normal glucose curve was noted
intheexperimental birds(Fig.8). Theincreased glucose
level in the pigeon treated with 6-OHDA could be due
to increasad glucocorticoids released under stress.

Similar to vagotomy, sympathectomy also did affect the
DNA and RNA contents in the liver and kidney of rat;
while in pigeon it was not much affected [64] (Figs.
11,12). Enhanced content of nucleic acids in the liver
and kidney of rat could be dueto the increased insulin
rdesse after 6-OHDA trestment. The major influence

396



Pilo and Oommen

of insulinintheliver on protein synthesisis attributed to
the augmentation of RNA synthesis [75,76]. The
insignificant roleof insulinin maintaining glucose leve
in pigeonswasalsoreflected in nucleic acid metabolism.
The decreasein DNA content in theliver and kidney of
pigeon after sympathectomy could be primarily due to
the devated release of glucocorticoids. The high dose
of corticoidsinjectioninratsproduced aninhibitory effect
on protein synthesis[77,78]

In conclusion it could be stated that interplay of
parasympathetic and sympathetic nervous systems are
important in glucose homeostasis along with
neuroendocrine regulations. The dysfunction of these
two opposing autonomous nervous systems could pave
way for the development of diabetic conditions. Studies
on glucose homoeostasis with chemical vagotomy
throughtheaction of cisplatin or chemical sympatectomy
by the action of 6-OHDA are useful in understanding
therole of efferent fibres of these two nervous systems
in conditions that cause autonomic neuropathy.

REFERENCES

[1] BernardClaude, C.R.: Soc. Bidl. (Paris), 1: 60 (1849).

[2] Cannon, W.B., McLiver, M.A. andBliss SW.: Am. J.
Physial., 69: 46-66 (1924).

[3] Britton, SW.: Am. J. Physial., 74: 291-307 (1925).

[4] Ban, T.: In: Progressin Brain Research, Vol. 21
(Tokizane, A.T. and Scade, J.P. eds) Elsevier,
Amsterdam, pp. 1-43. (1975).

[5] Shimazu, T.: ActaPhysial. Pal., 30: (Suppl.), 1-18
(1979).

[6] Shimazu, T.: In: Neural regulatory mechanisms
During Aging (Adelman RC, Roberts J, Baker, GT.,
Baskin, S.I. and Crigofao, V.J. eds), Alan RLissInc.,
New York, pp. 159-185 (1980).

[71 Shimazu, T.: Diabetologia, 20: 343-356 (1981).

[8] Shimazu, T.: Adv. Metab. Disord., 10: 355-384 (1983).

[9 Gdlhorn, E., Cortel, R. and Feldman, J.: Am. J.
Physial., 133: 532-541 (1941).

[10] Shimazu, T.: Science, 150: 1256-1257 (1967).

[11] Shimazu, T.: In: Food Intake and Chemical Senses
(Katsuki, Y., Sato, M., Takagi, S.F., Omura, Y. eds),
University of Tokyo Press, Tokyo, pp. 575-585 (1977).

[12] Shimazu, T., Matushita, H., Ishikawa, K. and
Takashashi, A.: In : Proc. XVIII Int. Congr.
Neurovegitative Res., Tokyo, pp. 70-78 (1977).

[13] Lautt, W.W.: Gen. Pharmacal ., 11: 343-345 (1980).

[14] DeWulf, H. and Carton, H.: In: Short-termRegulation
of liver Metabolism” (Hue, L. and Van deWerve, G,
eds), Elsevier/North Holland Biomedical Press,
Amsterdam, pp. 63-75(1981).

[15] Lautt, W.W. and Cote, M.G.: J. Pharmacol. Exp. Ther.,
198: 563-568 (1977).

[16] Frohman, L.A.: Pathal. Annu., 1: 353-372(1971).

[17] Shimazu, T. and Amakawa, A.: Biochem. Biophys.
Acta, 165: 335-341 (1968).

[18] Shimazu, T. and Amakawa, A.: Biochem. Biophys.
Acta, 165: 342-348 (1968).

[19] Di Bona, GF.: Fed. Proc., 37: 1191-1192 (1978).

[20] Edwards, A.V.: J. Physial. (Lond), 220: 697-710(1972).

[2]] Lautt, W.W. andWong, C.: Can. J. Physial. Pharmacal .,
56: 679-682(1978).

[22] Frohman, L.A., Ezdinli, E.Z. and Javid, R.: Diabetes,
16: 443-448(1967).

[23] Kaneto, A., Kosaka, K. and Nakao, K.: Endocrinology,
80: 530-536 (1967).

[24] Lee, K.C. and Miller, R.E.: Endocrinology, 117: 307-
314(1985).

[259] Kaneto, A., Kajinuma, H., Hayashi, M. and Kosaka,
K.: Endocrinol ogy, 83: 651-658 (1968).

[26] Ottolenghi, C. and Caniato, D.: Nature, 229: 420-422
(197D).

[27] Glinsmann, W.H., Hern, E.P. and Lynch, A.: Am. J.
Physial., 216: 698-703 (1969).

[28] Pilo, B. and Patel, PV.: Ind. J. Exp. Biol., 16: 925-932
(1978).

[29] Rilo,B.: J. Anim. Morphal. Physial., 16: 106-114 (1969).

[30] Titurau, K.W.C.: In: The Physiological Basis of
Medical Practice (Best, C.H. and Taylor, N.B. eds)
Indian Edition, Scientific Book Agency, Calcutta, pp.
1368-1382 (1967).

[31] McKenna, O.C. and Angelakos, E.T.: Circ. Res., 23:
645-651(1968).

[32] Mdffat, D.B.: In: The Mammalian kidney. Cambridge
University Press, Cambridge, New York, Melbourne
(1975).

[33] Pilo, B., Mehta, PC. and Asnani, M.V.: J. Anim.
Morphol. Physial., 34: 163-170 (1987).

[34] Krebs, H.A.: In: Advance in enzyme regulation
(Weber, G ed) Vol.7, Pergamon Press, Oxford pp.273-
290(1963).

[35] Exton, J.H.: Metabolism, 21: 945-990 (1972).

[36] Shen, C.S. and Mistry, S.P: Poult. Sc., 58: 663-667
(1979).

[37] Hdman, A., Marre, M., Babhioni, E., Pouser, PH., Reach,
G andAssn, R.: Diagbet. Metabal., 8: 53-57(1982).

[3 Bloom, SR, Vaghan, N.andRus, R.: Lancet, 2: 546-
549(1974).

[39 Kaneto,A., Miki, E. andK osaka, K.: Endocrinal ogy, 95:
1005-1010(1974).

[40 Coupland, R:J And.,92: 143-149 (1958).

[41] Cayrdl,L.:AdaPhysd. Scand. 314: (Suppl.) 17-23(1968).

[47] Bray, GA., Inoue, S., and Nishizawa, Y.: Diabetologia,
20:366(1981).

[43] Rohner-Jeanrenaud, F., Bobbioni, E., lonescy, E. and
Sauter, JF: In: Advancesin metabolic Disorders (Szabo,
A.J al), Vd. 10,AcademicPress, New York, pp 193(1983).

[44 Miller,RE.: Endocrind. Rev., 2: 471-494(1981).

[45] Shimazu, T.: Biochem. Biophys. Acta, 252: 28-38
(197D).

[46] Lautt, W.W.: Med. Hypothesi's, 5: 1287-1296 (1979).

397



J. Cdl Tissue Research

[47] Seffens, A.B., Mogenson, GJ. and Stevenson, JA.F:
Am.J Physial., 222: 1446-1452 (1972).

[48] Rilo, B, Verma, R.J. and Shah, R.V.: J. Anim. Morphal.
Physial., 32: 189-194 (1985).

[49] Dobbs, R.E. and Unger, R.H.: In: Contemporary
Metabolism (Hue, L. and Van deWerve, G eds),
Elsevier/North Holland, Biomedical Press,
Amsterdam, pp. 63-74(1982).

[50] Rosenberg, B.: Cancer, 55: 2303-2316 (1985).

[51] Goldstein, R.S., Gingerich, R.L., Mayor, GH., Hook,
J.B., Robinson, B. and Bond, J.T.: Toxicol. Appl.
Pharmacal., 68: 250-259 (1983).

[52] Dobyan, D.C,, Lev, J., Jacobs. J.,, Kosek, J. andWeiner,
M.W.: J. Pharmacal. Exp. Ther., 213: 551-556 (1980).

[53] Choie, D.D., Campo, A. and Guarino, A.M.: Toxicol.
Appl. Pharmacal., 55: 245-252 (1980).

[54] Richardson, P. and Cantwell, B.M.J.: Brit. Med. J,, 300:
1466 (1990).

[55] Pilo, B. Verma, R.J. and Patel, PV.: Pavo, 22: 30-35
(1984).

[56] Verma, R.J.: Sudies on Histophysiological and
Biochemical changes in Liver and certin other
tissues of Bilaterally Vagotomized Pigeons, Ph.D.
Thesis, M.S.University of Baroda, Baroda (1982).

[57] Verma, R.J,, Patel, PV. and Pilo, B.: Pavo, 22: 36-39
(1984).

[58] John, T.M., Filo, B., George, J.C. and Scanes, C.G:
Arch. Int. Physiol. Biochem., 93: 249-254 (1985).

[59] Filo, B. and Patdl, RV.: Pavo, 16: 161-178(1978).

[60] Pilo, B. and Oommen, S.: J. Anim. Morphal. Physidl.,
50: (2003) (in press)

[61] SanAntonio, J.D. andAggarwal, SK.: J. Auton. Nerv.
Syst., 17: 243-246 (1984).

[62 Parikh, R.: Sudieson therole of autonomic regulation
of liver metabolism, Ph.D. Thesi's, M.S.Univergty of
Baroda, Baroda (1992).

[63] Ommen, S. and Pilo, B.: J. Anim. Morphol. Physial.,
49:71-75 (2002).

[64] Oommen, S. and Pilo, B.: J. Tissue Research, 3: 18-24
(2003).

[65] Oommen, S.and Filo, B.: Pavo, 32: 29-38 (1994).

[66] Tesoriere, G, Venbto, R., Calvaeuso, G, Tahi, G and
Giuliano, M.: J. Neurochem., 58: 1353-1359 (1992).

[67] Kato, H. and Shimazu, T.: Eur. J. Biochem., 134: 473-
478(1989).

[68] Vishwanathan, M., Pilo, B., George, J.C. and Etches,
R.J.: Comp. Biochem. Physiol. Pharmacol. Toxical.,
81A: 7-9(1987).

[69] Jiang, G and Zhang, B.B.: Am. J. Physiol. Endorinal.
Metab., 284: E671-E678 (2003).

[70] Gustavson, S.M., Chu, C.A., Nishizawa, M., Farmer,
B.,Nedl, D., Yang, Y., Donahue, PE., Flakall, P. and
Cherrington, A.D.: Am. J. Physial. Endocrinol. Metab.,
284: E695-707 (2003).

[71] Pilo, B. and Commen, S.: J. Anim. Morphal. Physidl.,
42:99-106 (1995).

[72] Hamphrey, C.S., Dykes, JR.W. and Johnston, D.: Brit.
Med. J,, 2: 112-116 (1975).

[73] Pillai, S.T.: Sudieson autonomic nervousregulation
of kidney metabolism in pigeons and rats, Ph.D.
thesis, M. S. University of Baroda, Baroda (1993).

[74] Gerich, JF, Haymond, M., and Rizza, R.: In: The
Regulation of Carbohydrate Formation and
Utilizationin mammals(Venezide, GM. ed), Batimore
Univ., Park. pp. 419-457 (1981).

[79] Inui, Y. and Ishioka, H.: Gen. Comp. Endocrinal., 51:
208-212(1983).

[76] Rannels, D.E., McKee, E.E. and Morgan, H.E.:
Biochem. ActionsHorm., 4: 135-195 (1977).

[77] Manchegter, K.L.: J. Endocrinology, 18: 395 (1959).

[78] Rannds, SR., Rannels D.E., Pegg, A.E. and Jefferson,
L.S.:Am.J. Physial., 235: E134(1978).

398



