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1. Introduction

1. INTRODUCTION

Pain is part of our life, existing throughout human development, from birth
to death. It is a perception triggered in the nervous system and evoked as a result of
external stimuli, disease or tissue damage. Pain is important for survival because it
acts as protective and alarm mechanism. According to the International Association
for the Study of Pain, it is an unpleasant sensory and emotiona experience
associated with potential or actual tissue damage.!lt is associated with various
diseases, inflammatory conditions, tissue damage and surgical interventions. Various
factors such as physiological, pathological and psychological are involved in pain
perception. In addition to these factors, various chemical substances are involved in
the modulation and transduction of pain such as 5-hydroxytryptamine, gamma
amino butyric acid, acetylcholine, histamine, bradykinin, substance P, opioid

peptides etc.? >

In addition, insulin hormone induced hypoglycemia has been reported for its
role in antinociception and following this finding, studies were carried out to
examine this.* The antinociceptive action of morphine is potentiated by exogenous
insulin in experimental pain models.” Exogenous insulin has inherent antinociceptive
action and acts as a neuromodul ator.>® Insulin potentiates the antinociceptive effects
of sodium salicylates® and morphine® and its antinociceptive action is mediated
through 5-hydroxytryptamine, dopamine and opioidergic receptors.® Streptozotocin-
induced diabetic mice and rats as well as genetically diabetic db/db mice are
significantly less sensitive to the antinociceptive effect of morphine in tail flick test

indicating that blood glucose level affect pain perception mechanisms.®*° However,



1. Introduction

in another similar study in formalin test, the authors propose that hyperinsulinemia
in db/db mice might have potentiated the analgesic effect of morphine and
compensated for the attenuated pain perception mechanism due to hyperglycemia.®
A clinical study in praderwilli syndrome patients showed that serum insulin was
higher when pain threshold was higher.™* The normal subjects with higher insulin

levels also showed elevated pain threshold for thermal nociceptive stimuli.*?

While studies support the role of insulin in the modulation of pain, it was not
clear whether the antinociceptive action of insulin is dependent on or independent of
the glycemic status. To examine this, the mice were subjected to nociceptive stimuli
under different glycemic status via euglycemic, hypoglycemic and hyperglycemic
and the authors observed the association between serum insulin level and pain
threshold which is independent of the glycemic status. The authors also claim that
antinociceptive response of flavone, the opioid analgesic is potentiated with increase
in serum insulin level by different manoeuvres treatment.”® Thus it is evident that
endogenous insulin may also be involved in the modulation of pain in addition to

other chemical mediators.

The mechanisms underlying the involvement of endogenous insulin in pain
threshold are not clearly understood. Studies support the presence of betaendorphins
in pancreas which is implicated in the neuroendocrine control on islet hormone
release. Beta endorphins being opioid peptide influence the secretion of insulin in
humans'® and aso in many anima species™ As opioid analgesics mimic
endogenous opioid peptide, they influence insulin release from pancreatic islets.'’

Besides opioid receptors are present in humans as well as in anima pancreatic
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islets.’® Administration of beta endorphins potentiates insulin secretion via common
beta cell opioid receptor and that beta-endorphin may exert a paracrine control of
insulin secretion.’® It has aso been reported that beta-Endorphin has potent
antinociceptive action in rats and its actions are blocked by the specific opiate
antagonist, naloxone hydrochloride. The combination of low dose naloxone and
pentazocine is reported to produce profound analgesia than that of high dose
morphine in animals and in humans and its mechanism and the role of endogenous

insulinisunclear.

Many studies report circadian variation in pain threshold and in the
neurochemistry of pain as well as in the effects of analgesic drugs. The reason for
the variation in pan intensity is due to the magnitude of expression of various
mediators such as bradykinin, endorphins etc. As an example, analgesic effect of
morphine in mice using hot plate is greatest due to highest expression of enkephalins
in the activity period whereas minimal analgesic effect is obtained due to lesser
expression of enkephalins during the rest period. Plasma insulin concentration is
also dependant on circadian rhythm in several mammalian species. In man, insulin
secretion is high during the day whereas insulin secretion is decreased during the
night. In animals, insulin secretion is high during the activity period and low during

the rest period.

Thus, from the above mentioned literature, it is understood that the role of
endogenous insulin in pain threshold, though reported, has not been investigated in
detail using different nociceptive stimuli. Besides that, the effect of diurna rhythm

on the association of endogenous insulin with pain threshold has aso not been
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attempted so far according to our knowledge. Furthermore, endogenous insulin has
been implicated in opioid mediated antinociception. Based on the above
considerations, the present study aimed to investigate the relation between
endogenous insulin and pain threshold and how it isinfluenced by diurnal rhythm in
mice using different pain models. We included in the study pentazocine, the opioid

analgesic asamodel drug to investigate the aim of the study.

The findings of the present study may help to understand new knowledge
about mechanisms of pain, in particular, the chronobiology of pain perception and
the implication of endogenous insulin involvement in the modulation of pain that

may contribute to newer approaches in the clinical management of pain.
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2. REVIEW OF LITERATURE

2.1. Pain

The word 'pain’ is derived from the Latin termépa’ meaning a penalty or
punishment. Pain is defined as an unpleasant sersa emotional experience
associated with actual or potential tissue damdpects as biological safety
mechanism because pain offers a warning signal \@hgrabnormalities exist in the
living biological system. Pain is a major and iriable health care problem and
most commonly perceived symptéfhMillions of people worldwide suffer from
pain following surgery as a result of unsuccesafulte pain managemefitt is a
personal and subjective, multidimensional expeeenand its intensity varies
according to various psychological, physiologicsficial and cultural factofs.
Untreated pain has the ability to produce acuterateimoral changes, neuronal
remodeling, and long-lasting psychological and eomail distress, and may lead to
chronic painful condition. Chronic pain has a hariréffect on physical health,
employment, day to day activities, psychologicalaltte and socio-economic

wellbeing®
2.2. Nociceptors and pain perception

Nociceptors are the free nerve endings of nerberdsi These fibers are
activated specifically by painful stimuli. The noxs information is transformed
into an electrical signal and transmitted from theripheral area to the central
nervous system along axons. There are two differyges of nociceptors such as

high-threshold mechanoreceptors, which respond @ghanical deformation and
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polymodalnociceptors, which respond to tissue-dangafpctors such as protons,
cytokines, 5-hydoxytryptamine, histamine, bradyijni prostaglandins and
leukotrienes. These inflammatory mediators battee rtbciceptors, activating and

sensitizing theni!

There are two main fibre types namely A Delta andili@rs present in
nociceptors. A- Delta fibers are myelinated anddpoe fast pain. This type of pain
is well localized, sharp and stinging in nature.fikers are unmyelinated and
produce slow pain, which is poorly localized andl dnd aching in nature. These
primary afferent nerve fibers have cell bodies ithex the dorsal root ganglia or
trigeminal ganglion and terminate in the dorsalnhof the spinal cord. Most enter
the dorsal horn in the ventro-lateral bundle of twsal root. Once they have
entered the spinal cord, the nerve roots may katermto ascending and descending
branches, which can enter the dorsal horn one @isegments higher or lower than
the segment of origin (Figure 1). There are fousidgrocesses involved in
nociception. They are transduction, transmissiogrcgption and modulation of

pain.®*

2.2.1. Transduction of pain

Transduction of pain begins at the periphery. énigheral areas, primary
afferent neurones or nociceptors are distributée fociceptors respond to noxious
stimuli. Tissue damage and inflammation occur wtienfree nerve endings of C
fibers and A-delta fibers are exposed to noxioimudt. This leads to the release of
excitatory neurotransmitters which sensitize theiceptors to the noxious stimuli,

SO initiating the nociceptors to transmit a paipuise along the C and A-delta
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Figure 1: Diagram depicting the major pathwaysfor pain sensation.
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fibers. An exchange of sodium and potassium iomsirgcat the cell membranes of
the C and A-delta fibers which results in an acpotential and the transmission of

a pain impulse. This ends the process of transatuéti
2.2.2. Transmission of pain

The C fibres and A-delta fibers transmit the panpulse from the site of
transduction to the dorsal horn neurones in theadmord and the pain impulse is
then transmitted from the spinal cord to the braiem and thalamus via the

spinothalamic tract’
2.2.3. Perception of pain

The perception of pain is the result of the neatoactivity of pain
transmission. A number of biological structures emeolved in the perception of

pain. These include the:

Reticular system: This system is responsible for the autonomic antbnresponse

to pain.

Somatosensory cortex: It is involved with the perception and interpretatiof
sensations. It identifies the intensity, type aadation of the pain and relates the

sensation to past experiences and cognitive desvit

Limbic system: This system is responsible for the emotional andaberal

responses to paif.



2. Review of Literature

2.2.4. Modulation of pain

The modulation of pain involves changing or inhiigt the pain impulses.
The pathways involved in modulation are referredsdhe descending pain system,
as they involve fibers originating in the brainmsteshich descend to the spinal cord.
The multiple, complex pathways involved in the miation of pain are referred to
as the descending modulatory pain pathways aneé ttees lead to either an increase
in the transmission of pain impulses (excitatory)aodecrease in transmission
(inhibition).Descending inhibition leads to theaase of inhibitory neurotransmitters
that block or partially block the transmission affpimpulses, and therefore produce
analgesia. Inhibitory neurotransmitters involvedhvthe modulation of pain include
endogenous opioids, serotonin, gamma-aminobutyricid,rrepinephirine,
neurotensin, acetylcholine and oxytocin. Thesebibbiy neurotransmitters inhibit
the transmission of pain impulses, and therefooelyce analgesia. This process is
termed endogenous pain modulation. Endogenousdspimmely enkephalins and
endorphins are found throughout the central nergysgem and prevent the release
of some of the excitatory neurotransmitters, tr@eeinhibiting the transmission of

pain impulses and producing analge¥ia.
2.3. Modulators of pain

Pain perception in humans as well as in animalmasdulated by chemical
substances such as histamine, bradykinin, acetyeho leukotrienes, and
prostaglandins. These substances are releasedhatextracellular tissue when
tissue is damaged and pain is percef7dd.addition to that neuropeptides such as

substance P, neurokininA, neurokinin B, and cahiitagene related peptide are



2. Review of Literature

released from sensory afferent nerves. They aranflemnmatory mediators and
cause vasodilatation, plasma extravasation and cefisdegranulation, which result
in the release of other inflammatory mediators. yTheoduce hyperalgesia at the

peripheral and spinal cord levE&l.

Pain is controlled by different classes of analgesuch as narcotic and non-
narcotic analgesics. Narcotic analgesics act hgibg to specific opioid receptors
in the central nervous system to produce effe@srthmic the action of endogenous
peptide neurotransmitters. Analgesic propertiegpabids are primarily mediated by
the mu receptors. Though different classes of deugh as opioid analgesics, non-
steroidal anti-inflammatory drugs in different typé formulations and new drug
delivery systems are being used in current clingzaktice to ameliorate acute and
chronic pain, pain treatment is still insufficiéntherefore different tactic is needed

nowadays to assuage the pain intensity in diffeygrgs of pain.
2.3.1. Opioid peptides

Opioid peptides such as endorphins, enkephalinsporghins and
endomorphins are produced in the body. Each omgieptide family derives from a
distinct precursor protein and has a typical anatahdistribution. The precursors,
prepro-opiomelanocortin, preproenkephalin and meymorphin are encoded by
three corresponding genes code for the enkephamdorphins and dynorphins

respectively** 3 3¢
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2.3.1.1. Endorphins

Endorphins are endogenous opioid polypeptide comggu They are
produced by the pituitary gland and the hypothakrduring vigorous exercise
excitement, pain and orgasii They are located in more than twenty differentgpar
in the body, such as the pituitary glands as welinamany parts of the brain and
nervous systent’ 3 Four types of endorphins are produced in the hubwy.

They are named alpha, beta, gamma and sigma eri®ph
2.3.1.2. Enkephalins

Enkephalins are pentapeptides involved in regudatiociception in the
body. There are two types of enkephalins. They Met-enkephalins and Leu-
enkephalins. Enkephalins are endogenous opioididpepeurotransmitter found in
the brains of many animals, including humans. Lekephalins produce its action

through both mu and delta receptdrs.
2.3.1.3. Dynor phins

Dynorphins are produced from the precursor protgirodynorphin.
Prodynorphin is cleaved byproproteinconvertase @ ranltiple active peptides are
released. These peptides are namely dynorphinAdgndrphin B. Dynorphins are
produced in many different parts of the brain, udaohg hypothalamus,
hippocampus, midbrain, medulla, pons and the smoal and has many different

physiological actionddepending upon their site of productitn.
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2.4. Opioid peptidesin pain

Opioid peptides and its role in pain in humans aminals have been
reported. The endogenous opioid system is an impbrinnate pain-relieving
system. This system consists of widely scatterenlams that produce three opioids:
beta-endorphin, the met- and leu-enkephalins, aadiynorphins. These opioids act
as neurotransmitters and neuromodulators at mua,da@hd kappa receptors and
produce analgesfd.Pain-suppressing action is mediated in part by gedous
opiate like compounds. This pain suppression syseonganized at three levels of
the neuraxis: midbrain, medulla, and spinal ¢8tdke opiates, endorphinsalso have
thesimilar abilities to produce analgesia and as@f well-being. Endorphins act as
natural pain reliever¥. Beta-endorphin and other peptides act as strorigheeal

analgesic in the hyperalgesia caused by inflammétio

A study was performed to evaluate the antinociecepeffects of beta-
endorphin using tail-flick and hot-plate method.eTtesponses produced by low,
intermediate and high intensities of heat stimatativere measured in mice. The
results reveal the different neural mechanisms nminaciceptive action of beta-
endorphin. These results also led to the suggesi@nendorphins are involved in
antinociceptive actiof Clinical study showed that pentapeptides have pateiate

agonistic activity in braift’

More endorphins are released in the pituitary djldaring stress or pain.
Exercise promotes the endorphin release too. Bedarphins are the most potent
endogenous opioid neurotransmitters and are founthe neurons of both the

central and peripheral nervous system. They asaseld during pain or stress. The

11
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endorphins produce an analgesic effect during sepain in our body. Endorphins
produce its effect through opiate receptors. Badoeghins have the highest affinity
for the p -opioid receptor, slightly lower affinifgr the u and delta opioid receptors

and low affinity for the kappa opioid receptdfs.

It is reported that the opiate-like peptide beatdaphin and
adrenocorticotropin are concomitantly secreted meraased amounts by the
adenohypophysis in response to acute sffeasstudy reported that secretion of
betaendorphin from anterior lobe is activated logsst. The rate of translation of the
beta endorphin precursor proopiomelanocortin ageabe accelerated by 50% and
the rate of conversion of the precursor into praslis doubled immediately after an
acute stress in animal model. These changes afip&se place at the translational

and posttranslational lev&l.
2.5. Pancreatic opioid peptides

Opioid peptides and its presence in the pancreaamans and animals have
been reported. Studies have proved the presenoenaiinoreactive enkephalin and
beta-endorphin in the pancreatic islets has sugdeste possibility that opioid
peptides may affect the endocrine pancreas by kExatell as humoral pathways.
°1. %25ty dies indicate that beta endorphin is locatethénendocrine pancreas apart
from other areas and play the role in the reledsslei hormones from pancreas. A

study reveals that enkephalin-like immunoreactiigtpresent in pancreas.

In another study, thin and semithin serial sectiah rat pancreas were

separated and the presence of endorphins was igatest by using

12
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immunocytochemical staining technique using argisdthe results of the study
revealed the presence of small discrete amounismoiinoreactive beta endorphin
in the endocrine pancreas and suggest that betargdnd in the rat endocrine
pancreas is implicated in the neuroendocrine cbrmifdslet hormone release.

Dynorphin is found in the perfusate from rat paasfé A study reveal that beta
endorphin is present in the human pancreatic islets led to the suggestion that
opioid peptides may have effect on the endocrinecqgas by local as well as
humoral pathways apart from its the central effécsnother study showed that

dynorphins is found in the pancreas.
2.6 Influence of opiates and opioid peptides on insulin secretion
2.6.1. Invitro studies

The influences of the various opiates and opi@gtioles on the secretion of
the endocrine pancreas have been investigated udifigrent experimental
procedures. Beta endorphin and morphine stimulsalin release from perfused
dog pancrea¥ Similarly, enkephalins Met-enkephalin and Leu-eotiadin
stimulate insulin from perfused dog pancr&adt has been reported that
betaendorphin inhibit basal insulin release ancta@ge stimulated insulin release
from pancreas of rabbif.Studies indicate that enkephalins in low conceiutnat
appear to stimulate insulin release from isolasgancread >*and enkephalins in

high concentrations seem to inhibit insulin rele¥sg" >°

A study in isolated and denervated islet cells sfbwhat various enkephalins

inhibit the release of insulin from monolayer paatic islet cell culture in a dose

13
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response manné?. Morphine stimulate insulin release from perfusedgd
pancreas® These effects were blocked by naloxone. This tesglues in favor of
an opiate mechanism of action by these ad®nitssulin release by morphine
sulphate and low concentrations of enkephalin @jusEoDAMME from isolated
islets of langerhans of the rats were blocked by $pecific opiate antagonist
naloxone hydrochloride. This led to the suggestibat there may be opiate

receptors in islets and that opioid peptides coubdiulate insulin releasé.

Dynorphin is a very potent stimulus for insulin s&mn and the actions on
insulin secretion are not mediated by delta or ipiate receptors in isolated rat islet
of Langerhan§'Another study showed that dynorphins is found ia fancreas
which also stimulates insulin release from the peas° In vitro study using rat
islets of Langerhans revealed that the enkephat@ogue DAMME augment
insulin release. The potentiatory effect of DAMME ansulin release in the
presence of glucose was blocked by naloxone. Tadygesults suggest that insulin

release from isolated islets is capable of beifigénced by an opioid peptid?.

Another study showed that MET- enkephalin stim@atesulin secretion from
isolated perfused dog pancreas and the effectsef Bte modulated by the existing
glucose concentration. It is also found that marplstimulates insulin secretion and
these effects were blocked by naloxone. The resuljgest the entry of enkephalins
into the islets by neural pathways and directly iyaaly insulin secretion in
pancreas by interacting with opiate receptors @nistet cellS°A study in mouse
pancreatic islets incubated under static conditi@veal that alpha 2 adrenoceptor

stimulation might inhibit glucose-induced insuliecsetion by releasing endogenous

14
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opioids. These effects could be due to mu-opiotgpéor activation and opening of

K atpchannel$?

It has been reported that morphine and beta-endonpivariably stimulate
insulin release from pancreas and the changes birdug morphine and opioid
peptide in pancreatic hormone release was blockemhlbxone. This result argues
in favor of an opiate mechanism of action by thagents-® °* **The results of in
vitro studies are inconclusive because the infleesicopioid peptides and opioids
on pancreatic function appears to be dependerfieagent used, dose administered

and concentrations of glucose.
2.6.2. In vivo studies

It has been reported that beta-endorphin andeikeghincrease insulin
release in the do: *°The pancreatic hormones insulin is elevated by idgio
apparently by an action at the islet céf&. study demonstrated that morphine
atabout twice the therapeutic dose used in clinfalctice, increases insulin
secretion without change in blood glucose levehanmal dog. However, the same
dose of morphine increases plasma glucose leviiarabsence of accompanying

insulin secretion in alloxan diabetic dds.

Another study demonstrates that enkephalin incressgin secretion in rats.
It is also found that administration of the synibhehuman beta endorphin
potentiated insulin secretion by the isolated mturat pancreas when glucose is
present in the perfusate at concentrations of rittZ5 or 200 mg/dl. This

observation led to suggest that beta endorphinngiate insulin secretion via a
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common beta cell opioid receptor and that beta gm0 may exert a paracrine

control of insulin secretiof?’

Beta endorphin inhibits insulin release in the iabbSimilar results have
been reported in the dog with the potent enkephatiologue DMPE® Another
study show that beta-endorphin levels are moduleitber within the D cell or upon
A and B cells, thereby regulating the secretioimsfilin®’ The effect of intravenous
injection of beta-endorphin on insulin releaseats rshowed the inhibition of insulin

release when intravenous injection of beta-endorplais madé®

Dynorphins a kappa receptor agonist found in thecpeas also stimulates
insulin release from the pancreast. has been reported that the widespread presence
of opioid peptides and their receptors in brain padphery and these peptides and
receptors correlates with actions produced by dpamonists and antagonists on
hormone secretion. The pancreatic hormones inssilglevated by opioids by an
action at the islet celf§ Another study investigated the effects of beta epitia on
basal and stimulated insulinsecretion in the mods$es study showed that beta
endorphin at low dose levels inhibits and at higlsedlevels augments stimulated

insulinsecretiort®
2.6.2. Human studies

A study was conducted to examine the influencepmbid peptide on islet
function in human beings. The results of the studgicate that peripheral

administration of opioid peptide exerts a stimutgteffect on insulin and glucagon
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circulating levels. Furthermore, the single intraves bolus of beta-endorphin

elicits a rise in insulin level within 5 min andparallel increase in plasma glucdée.

Synthetic human beta-endorphin was administeradvanously in healthy
volunteers and in insulin-dependent diabetic p&diePlasma concentrations of
insulin were found to be increased by beta endarphi nondiabetic subjects.
Glucose and insulin responses to beta endorphiridcaot be blocked by
intravenous naloxone. The results suggest thaeflieet of beta endorphin on islet
cell function is relatively resistant to naloxoffalthough opioid peptides have been
repeatedly reported to influence the secretionnstilin in many animal species,
conflicting data have been reported. This mightpparently related to the system

used, the species investigated, and the dose aderid’*
2.7. Insulin

Insulin is a hormone secreted by beta cells inglets of Langerhans in the
pancreas containing 51 amino acids. Insulin is ategmn comprising of two
polypeptide chains A and B. The A chain is composke@1 amino acid residues,
and the B chain has 30 amino acid residues. Cihaarsl B are linked by disulphide
bridges. C-Chain, which connects A and B chainBbisrated along with insulin
after breakdown of proinsuliff. The molecular mass of insulin is about 5734
daltons. The average daily secretion is about 2o0m§0 units. The half-life of

insulin is about 4 minutes. It is metabolized dlyiéf liver and kidney<?
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2.7.1. Biosynthesis of Insulin

Insulin is synthesized in the beta cells of parsréa the form of
preproinsulin which is the ultimate precursor amhe for the same is located on
chromosome 11. This single-chain precursor consists chain and B chain and
they are connected by the C peptide. The initedglation product preproinsulin is
attached to the N terminus of the B chain. Thisxaigequence is needed for the
translocation of preproinsulin into the rough endsmic reticulum. Preproinsulin is
cleaved into proinsulin by proteolytic enzymeshe tough endoplasmic reticulum.
This proinsulin is then transported to the Golgimpbex. The conversion of
proinsulin to insulin starts in the golgi complegntinues in the secretory granules,
and is nearly complete at the time of secretionusJTrequimolar amounts of C
peptide and insulin are released into the cironhatiThe C peptide has no known

biological function but serves as a useful indeinefilin secretiori?
2.7.2. Insulin secretion

Insulin is secreted from the beta cells in respaies@arious stimuli like
glucose, arginine, sulphonylureas. Physiologicglliycose is the major determinant.
Various neural, endocrine and pharmacological ajeah also exert stimulatory
effect. Glucose stimulates insulin secretion thtoagseries of regulatory steps that
begin with its transport into the beta cells by BeUT 2 transporter. Further
metabolism of glucose via glucose- 6- phosphatepgnavate generates ATP which
inhibits the activity of ATP sensitive potassiumaohels. The inhibition of this
potassium channel induces opening of voltage-dependalcium channels and

stimulation of insulin secretiof?.
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Insulin promotes glucose entry across cell mendrato the cells of heart,
muscle, adipose tissue and all other tissues exbeph, liver, renal tubules,
intestinal mucosa, islet cells and RBCs. Insulioréiases peripheral utilization of
glucose, increases glycogenesis, decreases glugemesis and favours conversion
of glucose to fat. Insulin promotes protein anaoland inhibits protein catabolism
in liver, muscle and other cells. It also has agirosparing action. Insulin promotes
lipogenesis, inhibits lipolysis. Insulin promotesta@ssium and phosphate entry into
cell. Insulin reduces sodium uptake.

2.7.3. Regulation of Insulin Secretion.

Insulin secretion is regulated by concentratiohgylacose in blood. This
regulation is achieved by various nutrients, gastestinal hormones, pancreatic
hormones, and autonomic neurotransmitters. Glu@s@)o acids, fatty acids, and
ketone bodies promote the secretion of insulin. iBlets of Langerhans are richly
innervated by both adrenergic and cholinergic ren&@timulation of alpha 2
adrenergic receptors inhibits insulin secretionergas alpha 2 adrenergic receptor
agonists and vagal nerve stimulation enhance mele@ucose is the principal
stimulus to insulin secretion in human beings anicam essential factor for the
actions of many other secretagog{feShe sugar is more effective in provoking
insulin secretion when taken orally than when adst@éned intravenously because
the ingestion of glucose induces the release ofrgagestinal hormones and
stimulates vagal activity.

Several gastrointestinal hormones promote theeSearof insulin. The most
potent of these are gastrointestinal inhibitorytmlpand glucagon like peptide 1.

Insulin release is also stimulated by gastrin, et@tr cholecystokinin, vasoactive
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intestinal peptide, gastrin releasing peptide antéreglucagon. When insulin is
evoked by glucose, insulin secretion is biphaske Tirst phase reaches a peak after
1 to 2 minutes and is short-lived; the second phasea delayed onset but a longer
duration. The half-life of insulin in plasma is alb® to 6 minutes in normal subjects
and patients with uncomplicated diabeftes.
2.7.4. Insulin receptors

Insulin initiates its actions by binding to a rptw. Insulin receptors are
present in liver, muscle, fat, circulating bloodigeneurons, and gonadal cells. The
insulin receptor is a large transmembrane glyca@motomposed of two 135,000-
dalton alpha subunits and two 95,000-dalton bebarsits. The subunits are linked
by disulfide bond$?After insulin is bound, receptors aggregate andreegnalized
rapidly and undergo receptor dimerization. Thidianeés signal transduction. After
internalization, the receptor may be degraded oydaled back to the cell surface.
Insulin receptors are present in all cell membranetiding those which do not
need insulin for glucose entry (eg, Brain). Thexem inverse relationship between
insulin receptors and plasma insulin. Excess insdkecreases and low insulin

increases the number of insulin recepfdrs.
2.7.5. Braininsulin

Studies report that Insulin and insulin-relatecptfpes are produced by
various endocrine cell types throughout the anikirgdom®® |t has also been
reported that insulin and insulin related peptideptides are also produced in the

central nervous system of vertebrates and invetest % ®Further studies in this
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line reveal that the brain has specific receptas ifisulin which are widely

distributed and appear to be on neuronal and noonalelement$®82

Insulin has been found in the brain, however, tleree and actual
concentration in nervous tissue is controversiak presence of insulin and insulin
receptors in brain suggest a functional role intr@mervous system. Though
insulin receptors in the brain and peripheral gsslhave same pharmacological
properties, these receptors differ in regulationiisulin and molecular siZ&. %A
study showed that structural differences, includnglecular weight, antigenicity,
and carbohydrate composition exist between insuioeptors in brain and

peripheral target tissués.

Another study results also suggest that functiongllin receptors are
present in the brain during development in thearat the structural differences exist
between neuronal and glial cell and between braid aonneuronal insulin
receptors’ While it was long considered that the brain wasllinsindependent, it
has now been established that brain insulin plagmueial role in the regulation of
metabolism, and that altered insulin action in train is directly involved in

metabolic diseases such as obesity, diabetes onetabolic syndromé€:

It has been reported that insulin produced bypidwecreatic beta cells and
specific insulin receptors are widely distributed the networks of the central
nervous system and they are related to feedingodeption or cognitiori?®"®
Further studies evidence that insulin receptors @esent in particularly high

concentrations in neurons, and in lower levels lla. grhe messenger RNA of

21



2. Review of Literature

insulin receptors is abundantly localized in neatsomata and receptor protein is

found in both cell bodies and synap8eg®

It has been stated that the major molecular strecand most of the
properties of brain insulin receptors are identizaperipheral insulin receptot.
Studies are in favour of the concept that braimlinsis exclusively of pancreatic
origin.’*% Transport of blood insulin in the brain has beemwiacingly
demonstrated. Insulin can enter into circumventaicuegions which lack a blood
brain barrier, and can cross the blood brain basie insulin receptor-mediated

active transport®® 1%

Evidences based on cultured neurons and molecidbngly approaches are
in favour of a de novo local insulin productionthre brain. Reverse transcription-
polymerase chain reaction (RT-PCR) and in situ iaybation approaches clearly
indicate that insulin and preproinsulin messengBiARs expressed in the fetal,
newborn and the adult rodent brain and has beerctaet in the hypothalamus, the

cortex and the hippocampus.

Brain insulin is 10 times higher than plasma insaloncentrations and brain
receptor content, which is equivalent to receptontent on peripheral tissues,
appears to be regulated entirely independently afnbne and receptor in the
periphery. The results suggest that insulin in ttemtral nervous system is
synthesized by the neural elements and plays aimdlee central nervous system

which is unrelated to peripheral glucose metabofsit® ~ 1
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2.8. Insulin as pain modulator
2.8.1. Pre-clinical studies on insulin and pain threshold

Earlier studies in experimental animals have idiedtthe role of exogenous
insulin in the modulation of pain. The analgesisp@nse produced by insulin
pretreatment in rats was 30 per cent greater thgponse to morphine alone. Insulin
was found to potentiate and prolong significantg aanalgesic action of morphine
and thus provides evidence that insulin induced obiyzemia enhance the
antinociceptive action of morphine in the rat fidk test® The exogenous insulin
potentiates the antinociceptive effect of sodiuticgites’ Another study reports
that hypoglycemic doses of insulin does not chaaggdic acid induced writhing in
mice. However, insulin attenuates formalin-induceticeptive responses in dose-
dependent manner and these effects are more ot¢hé second phase.

The antinociceptive activity of insulin in the foalin test is inhibited by
naloxone. Intracerebroventricular administration @fhsulin also produces
antinociceptive effect in streptozotocin-inducedalditic mice and genetically
diabetic db/db mice; however antinociceptive effettinsulin is lesser than in
normal mice. The results suggest that insulin Ess®e inherent antinociceptive
response and insulin attenuates chronic pain raten acute pains through a
mechanism mediated by opioids besides dopamine5ahgdroxytrptamine. This
study also evidence that antinociceptive pathwaeays to be deranged by diabetes
mellituswhich is supported by another study where the bigiadose level affects

the morphine analgesic response by affecting eelemergetic8.
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Further study shows that the antinociceptive agtiof morphine is significantly
reduced in STZ-induced diabetic mice, but is nanged in genetically diabetic
db/db mice in formalin test. Although hyperglycems common in both STZ-
induced diabetic mice and db/db mice, insulin lev@ different, the former being
hypoinsulinemic, and the latter hyperinsulinefifc}**In another study, it has been
reported that the antinociceptive effect of intesthl morphine is significantly
reduced in diabetic rats and these effects arersedtewith insulin replacemeht’
These evidences led to hypothesize that hypermsuilia in the db/db mice might
have potentiated the analgesic effect of morphined aompensated for the

attenuated pain perception mechanism due to hyymengia

However, another study finding conflicts with thesindings. The
antinociceptive potency of morphine is decreasespiontaneously diabetic mice.
The oral antidiabetic agent CS-045 improved théaniceptive effect of morphine
in spontaneously diabetic mit€. The oral anti diabetic agent CS-045 also showed
decrease in plasma glucose and increase in ineweals in spontaneously diabetic
mice®” These results seem likely that not only hyperglyieerbut also
hyperinsulinemia may be responsible for the reducin the antinociceptive effects
of m-opioid receptor agonists in spontaneously etigbmice'®Another study
showed that antinociceptive effect of DAMGO waseattated by insulin in
spontaneously diabetic mice and suggest the inedeigsosine kinase activity due to
hyperinsulinemia play a role in the reduction ofirociceptive effect of DAMGO
in spontaneously diabetic mit¥® However, role of insulin for the reduction of

antinociceptive effect is not clearly established.
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Flavone, a known opioid drug, induced changes iurseinsulin level
independent of the glycemic status in acetic asduced abdominal constrictions
method in mice proposing that there is dissociabetween glycemic status and
antinociceptive response. The serum insulin legetnhanced independent of the
glycemic status in antinociceptive response of dfes using abdominal
constrictions method. Similarly, whenever poteetiatantinociception is recorded
through various manoeuvres, there is significamth&r enhancement in serum

insulin level which is independent of the glycersiatus"?

A study on the possible mechanisms of insulin aaiireption in mice using
the tail flick test suggest the role of 5-HT, dopae) NMDA, opioidergic receptors
and potassium and calcium channels in insulin @si#d *Antinociceptive effect of
7-Hydroxy flavones which induce antinociceptioneliknorphine do not suggest a
cause-effect relationship between the changesiglftaemic and algesic state and
the results further suggest insulin which is caigtbby ATP sensitive potassium
channel at the cellular level might also modulatéraciception:?° There is a high
incidence of painful neuropathies in normoglycemicmoderately hyperglycemic

patients‘*

Studies on humarad animalsuggest that factors other than hyperglycemia
may play a role in the development of painful digeripheral neuropath{?>*%’ A
study in a streptozotocin rat model suggests tehanical hyperalgesia is a sign of
distal peripheral neuropathy, is caused by inspmia without accompanying
hyperglycemid?’ Many studies also indicate that insulinopenia plays factor in

development of peripheral neuropatfiy**
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Further study reveals that mechanical hyperalgesia be triggered by
moderate insulinopenia irrespective of glycemid¢ustaof the animals and the low-
dose insulin replacement normalize the pressueshiold without affecting blood
glucose level in the streptozotocin rat model tbateloped hyperglycemia or
remained normoglycemié® Systemic or local hyperglycemia can induce
mechanical hyperalgesid impaired nerve conduction velocity and nerve blood
flow™*?in non-diabetic animals. Insulin has shown beenvguoto have favorable
effects on various manifestations of diabetic npatby, such as reduction of

hyperalgesia in the formalin test, increase in eerenduction velocity?>3413¢

prevention of mitochondrial inner membrane depakion>"**® support neurite

138,139
h;

growt prevention of peripheral nerve composition and a@iam

changes?®

The low-dose insulin therapy showed a improvemdrgensory and motor
nerve conduction velocity, nerve blood flow duringformalin test®® Further
studies indicate that nerve conduction velocity rdases early after diabetes
induction with blood glucose levels above 350 mgldd is fully restored by insulin
therapy in euglycemi&>*3* Another study reveals that an insulin deficit with
impaired insulin signaling rather than hyperglycamlays an essential role in the
pathophysiology of painful diabetic neuropathy iminaal model**! and impaired
peripheral nerve insulin receptor signaling coiesidwith early mechanical
hyperalgesia and thermal hypoalgesia in STZ-diabats*?Insulin in combination

with hesperidin ( a neuroprotective substance)remgeneuropathic paift®
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Duration of diabetes is also a factor for the dédfe nociceptive thresholds
in diabetic rodents. Hyperalgesia was observechataaly stage of diabetes in the
hot plate test whereas hypoalgesia was recorded late stage of diabet&¥.
Another study also reported similar changes udiegtail flick test:*> These results
suggest that short term diabetes may be assosiatiedhermal hyperalgesia while
long-term diabetes is associated with thermal higmséa in rodents** **°* Another
study on the role of endogenous opioid peptide et of elevated pain threshold
in adult male Sprague-Dawley rats with long-termabétes mellitus induced by
streptozotocin support the hypothesis of endogermmisid peptide mediation of

hypoalgesia in chronically diabetic rats that carpbevented by insulin treatméfit.

The relation between cellular components expressioni morphine
analgesia in long term diabetic animals and haw influenced by insulin treatment
has been documented. Opioids action are mediatesigh G protein linked
receptors’A significant increase in the mRNA levels ofcGwas observed in the
dorsal portion of the lumbar spinal cord in diabetnimals. However, in diabetic
animals that received insulin, levels ofoGmMRNA and protein were close to those

in control ratst'*

Basal insulin secretion is partially regulated bg sympatho adrenal system
and secretion is species dependent. Endogenoushcktmines have the ability to
promote insulin secretiolf® Alpha2adrenergic agonist increases pain threshold and
potentiate the analgesic effect of opioids botlexperimental animals as well as in
humans:***>® Administration of clonidine to insulin treated Hetics elevated

nociceptive threshold® The pancreatif cell possess,-adrenergic receptors on its
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plasma membrane to sense the corresponding ligairdaaline or noradrenaline to
govern glucose-stimulated insulin secretiddpha 2-adrenergic agonist clonidine

concentration-dependently depresses glucose-stieatiasulin secretiof° Though
central noradrenergic system involves in the rdgura of nociception and
adrenergic innervations are present in the pancreslets in both humans and

experimental animals, role of insulin has not belearly established.
2.8.2. Clinical studies

Clinical studies further evidence the relationshgiween insulin and pain
threshold in patient$ and normal subjectd.Patients with Praderwilli syndrome,
obese and non-diabetic people were subjected tbihdaced pain. The latency
thermal and pain threshold was significantly high&lood samples were analyzed
and showed that serum insulin was significantlyeased?

A study was carried out to examine peripheral sgnserve function and its
dependence on insulin using healthy non-diabetitrobsubjects, obese individuals
and diabetic subjects. The results revealed thailim has an action on nervous
tissue in addition to its effects on glucose meligbo The mechanisms of this

action remain to be elucidatéd.
2.9. Chronobiology of pain

Pain is difficult and sometimes frustrating toatreln spite of new devices
and new approaches have been developed in recars, y@in management is still
in improvement stage. The depth of pain intensdyies from one patient to the

next, and there are also some studies suggestatgl intensity of pain varies
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according to time of da¥. Modern pain therapy widely follows the WHO
guidelines using a three-step ‘ladder’ for painefelThis escalating step scheme
includes the administration in the order nonopiprdgd opioids and strong opioids,
and adjuvants at any step. Analgesics should bendghwy the clock’ rather than ‘on
demand’. However, the chronobiological parametere tcourse of pain rhythm,
circadian efficacy of analgesics, and individuatadian need for analgesics are to
be considered. The results of studies in chronofiohkre not consistent. Therefore,
further detailed and in depth studies are necedsaapalyze consistent rhythms to

diseases, pain causes, and analgesic efficacyiatiep

Many studies reveal that each patient perceives pédferently and its
intensity varies individually during the time of ydaFluctuation in pain intensity
exists in patients who receive analgesics over resteot time. These kinds of
outcomes from many studies in chronobiology prave influence of biological
rhythms on the pharmacokinetic and pharmacodynaaspgcts of analgesics. As
different types of pain show different rhythms, lgeaics should be dosed flexibly.
It is also very important that drug therapy canadgisted individually to the pain
rhythm of the patient as well as to the type angseaof pain. A flexible dosage
depending on pain intensity and rapid dose adjustraee essentials of a modern

pain therapy>°
2.10. Circadian rhythms

The rhythms having 24 hour periods are classifisctircadian. Biological
rhythm synchronizes various behavioral, biochemaal physiological process in

plants as well as animals with changes in envirartaldactors. A circadian rhythm
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is generated by an endogenous circadian oscill@iocadian rhythm are present in
neuronal and non-neuronal cells including neurcrells in the frontal cortex,

purkinje cells in the cerebellum, liver cells aiaréblasts. Suprachiasmatic Nucleus
(SCN) of the mammalian hypothalamus is a mastarkclbat controls endogenous
circadian oscillator (Figure2).A circadian systemaimysterious mechanism, located
in the brain of mammals. This is present even igellular organisms that functions

as a clock. This clock drives circadian rhythmsisltindependent but remains

responsive to environmental cycfé§™®
2.11 Importance of circadian rhythm

Circadian rhythmicity is key in the pathophysiojpgdiagnosis, and
treatment of clinical diseas&’ The existence of internal clocks that control
circadian rhythm has been established at moletvat (Figure 3):°* The circadian
rhythm exist not only in the sleep/wake pattermlso exist in respiration, heartbeat,
blood pressure, smooth muscle tone, peristalsast hate, organ functions and nerve
activity (Figure 4)° Circadian rhythm plays in hormone release, regepto
expression, and gene relation (Figure'%)The importance of understanding the
circadian variation and circadian regulation of gexpression and how it is affected
in disease states may be useful in optimizing dpsime. This approach helps to
achieve maximum therapeutic efficacy with minimuaxitity. Hence, circadian

rhythmicity can be important in optimization of #nof drug administration.
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Figure 2: Diagram representing relation between circadian master clock

suprachiasmatic nucleus (SCN) and circadian rhythm.
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2.12. Pain threshold and circadian rhythm

2.12.1. Preclinical studies

Many studies have been conducted on laboratory asito determine the
24-hour variation in pain threshold. Variationstire intensity of pain perception
using different animal models have been studiedndJthe hot-plate test, it was
found that the highest threshold occurred at tlteadrihe resting period, while least
threshold was found at the end of the activity gaert®® 14 3 2Circadian rhythm of
pain in response to the thermal stimuli was asgessenale mice. The response
latencies were measured using the hot plate mettigtiest latencies were obtained

at 12 and 4 hours whereas minimal latencies wetieatbat 10 and 20 1¥?

The daily variation in an intensity of kaolin-indaet writhing reaction was
examined in mice kept under conditions of light;0@7- 19:00 and dark; 19:00 -
07:00. The number of writhes was counted for 30 uteés after a single
intraperitoneal injection of kaolin at 00:00, 02:04:00, 06:00, 08:00, 10:00, 12:00,
14.00, 16:00, 18:00, 20:00 and 22:00. The numberrithes was found to be a peak
at 18:00 and a trough at 06:00. These results sughat the kaolin-induced
writhing reaction shows the daily variation withpaak at the end of the resting

period and a trough at the end of the active pefibd

The influence of morphine dosing time on analgedfect after acute or
chronic treatment and their pharmacological medmsiwere investigated in ICR
male mice under light and dark cycle. The resuitsrsed that there was a significant

24-h rhythm in the latency of thermal responseratterphine injection. Latency
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was found to be a trough at the light phase anelak pt the dark phase. Especially,
at the dark phase, the time spent on the hot-@éer morphine injection was
significantly longer compared with non-drugged estathe rhythmic pattern of
analgesic effect induced by morphine was similah&d of the sensitivity of mice to

painful stimuli in non-drugged stat&’

A study was conducted in mice to assess the infliesf dosing time on
pharmacological effects of acetyl salicylic aciddanlight and dark cycle using hot
plate method. In that study, it was found that tméce given saline spent
significantly longer latency time during the darkage than during the light phase.
The mice given acetyl salicylic acid also showesigmificant circadian rhythm in
the time spent on the hot plate. The shortest ¢gtevas found at early light phase

and the longest latency was observed at mid daakedff

A study was conducted to evaluate the effect afeasing doses of morphine
and nalorphine on total rat brain acetylcholineteah The effects were analysed 30
min after the administration of the drugs at 07r3&id 19.30hr. The results indicate
that the effects of morphine and nalorphine onrbeaetylcholine levels is altered
depending upon the time of administration. The Itessuggest that morphine in
small dose significantly increased total brain giceholine content in the active
period whereas a large dose of morphine producesdme effect in the resting
period in rats® Another study assessed the changes in pain iriorla time of
day and to estrus in female Wistar rats using ftaskk method and found that
maximal threshold occur early in the activity periof the ratd’° The animal data

suggest the existence of time dependent variatrotie pain threshold.
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2.12.2. Clinical studies

Pain varies according to circadian rhythm in husaanis quite important to
note that morning pain is found in patients withgiaa pectoris, myocardial
infarction, migraine, rheumatoid arthritis and twathe. Conversely, evening or
nighttime pain seems to be more frequent in paianth biliary colic, cancer and
intractable pait/* !"?Patients having the symptoms of gastro oesophagélak
disease show night time pdiff.

The patients with rheumatoid arthritis report thesence of greatest pain in
the morning.’* *">Joint stiffness and pain are present more in #réy enorning.
One potential cause of rheumatoid arthritis symgtas the diurnal rhythm of
human cytokine production which contributes toandimation. It has been reported
that human cytokine production has peak levelsngunight and early morning>A
study conducted in rheumatoid patients has shoaiphin peaks between 6 a.m to

8 a.m and trough at 6 p.iff.

A study attempted to determine whether migraineil®téh a circadian
rhythm or occurs randomly throughout the day in naiige patients. The results
showed circadian variation in migraine onset withmarked increase in attacks
between 6 a.m and 8 a.m. These results suggesaltbedtion of vasomotor tone
may be involved in the initiation of migraine atac’®Another study reported that a
significant diurnal variation of pain threshold Mmealthy volunteers using the

tourniquet pain model and found pain scores weghdst at midnight’’

Clinical study was conducted to evaluate biliarynpand time of painful

episode in patients with symptomatic gallstonesthat study 50 patients with

33



2. Review of Literature

symptomatic gallstones were selected. Thirty-emfhthe 50 patients showed the
time of onset of biliary pain in the 24-h cycle.€eThime of onset of biliary pain
showed significant circadian periodicity with itegk at 00:25 h’® It has been
studied that chronic pain like cancer pain is paag pm and trough between 4 am

to 10 am whereas acute pain like tooth ache is peafirly afternooh’

Chronobiological studies on humans in relation &npprovide interesting
results. A morning peak and/or an evening trougbash were recorded in healthy
subjects using different painful stimuli, such dectical stimulation, electric
shocks, or radiant heat. On the other hand, a tmghtpeak was found when pain
was induced by an inflatable cuff applied to theefead for 20 £°1t was reported
that the rhythmic occurrence of renal colic is p@akhe morning, independent of
gender and presence or absence of visible kidrmest It was also been reported
that the temporal changes in renal functions resultan increased nocturnal
concentration of urine, and this is considered dcalpredisposing factor for renal

colic attacks in the morningf* %2

Another study was conducted to investigate theliweace of toothaches at
random during the 24 hours and found that toothecli® more in the early
morning. The results suggest that the lowest gaeshold of the teeth to electrical
stimulation occur during the second part of thentitd? Another study determined
the circadian rhythm of the sensory pain thresholdhe teeth in humans. The
sensitivity of the teeth was at its nadir at theximaim pain threshold between 15:00
and 18:00h, while the highest tooth pain intensibgether with the lowest pain

threshold, occurred at about 08:00h involving a%6ihcrease. The sensitivity
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threshold of the gums to a cold stimulus was am#gximum at 18:00h and at its
nadir at about 03:001>

An observational study conducted in women witholapain also follows a
chronobiological pain cycle. Circadian variation®rey assessed in labour pain
perception. In that study, 222 consecutive nulbparwomen with uncomplicated
pregnancy, spontaneous labor, cervical dilatattaptured membranes and normal
fetal heart rate tracings were studied. Visual @mnaé pain scores were used for
analysis during four periods such as night (1:0t.d0 7:00 a.m.), morning (7:01
a.m. to 1:00 p.m.), afternoon (1:01 p.m. to 7:0@.pand evening (7:01 p.m. to 1:00
a.m.). This study reveals that visual analogue paares were lower in the morning
than in the afternoon, evening and night periodsamen with labor pain®*

Time dependent rhythms in pain intensity of varimexdical conditions have
been reported. A study assessed whether circadiaation is present in unstable
angina or not and also examined the time of orfsisthemic pain in 7,731 patients.
The result showed that the onset of pain in thenmgrhours between 6 a.m. and 12
noon in more number of patients. This circadianatem was observed both in
patients with unstable angina. These findings ssigpat circadian variation exists

in the onset of myocardial ischemic syndrortés.

A study was conducted to analyze whether the suddediac death exhibits
a circadian rhythm. The authors analyzed the tifrdag of sudden cardiac death by
using death certificates of 2203 individuals. Tlaadreveal circadian variation in
sudden cardiac death with a low incidence during tight and an increased
incidence from 7 to 11 a.M>Sex hormones also seem to be involved in circadian

rhythms of rheumatoid arthritis symptoms. Increagedn intensity and sleep
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disturbances are observed during the luteal phagatients who have rheumatoid
arthritis, when estrogen and progesterone levelsildvde higher than in the
follicular phasée-"*

2.13. Circadian variation in the neurochemistry of pain

The circadian rhythmicity of pain perception foundclinical situations and
in experimental models of pain seems to be reladtie time-dependent variation
of chemical substances interacting with nociceptionthis regard, several animal
and human studies demonstrated circadian pattaerriBei brain levels of opioid
peptides, 5-hydroxytryptamine, bradykinin, glutaepdflO, substance P, cytokines
(IL1, IL6) and prostanoids. These chemical agendsia/olved in the activation of
nociceptors and thus may be considered as potdatigéts for analgesics. For
instance, brain concentrations of substance P iezad@n time-dependent in rats,

with highest values found during their nocturnahdiy span’®®

It has also been found that the high level of miaphalin during night time

is correlated with higher analgesia demonstrateugiit in mice'®

Changes in the
opioid peptide levels and circadian variationshe toncentration of beta-endorphin
have also been revealed in different brain areashefrat. Beta — endorphin
concentrations were found to be peak levels dulatg in the rest period of the
animals® Similarly, two fold higher level of metenkephaliras/ found in brain of

mice in the middle of the activity span than at atlyer time during the 24-hour

period®

A study showed that the beta endorphin, MEAP an&MEanges related to

diurnal rhythms in various regions of rat brain andthe pituitary by specific

36



2. Review of Literature

radioimmunoassay. The results showed that the stentd MEAP, MEK and beta-

endorphin were higher in the pituitary of old ratsan that of young rats while the
content of these opioid peptides was higher innyy@thalamus of young rats than
in that of old rats. In the diurnal rhythm studiywas found that both MEAP and
MEK contents were higher at mid-dark than at mgidiand that in the intermediate

posterior lobe of the pituitary’

Another study reported that the circadian rhythmbeta-endorphin was
altered in cancer patients compared to healthyestadf® In human parotid saliva,
methionine  enkephalin-like, substance P-like and ta-eadorphin-like
immunoreactivity were shown to be higher in the mig!®® Melatonin, a
chronobiotic hormone could exert an analgesic efiac migraine and cluster
headaché® Studies in humans also reveal that the levelsnofbgenous opioid
peptides are higher at the beginning of the daylem@r in the evening, both in
neonates and aduft$: Melatonin may exert its analgesic action by inciregpshe

release of beta-endorphins rather than by bindirthe opioid receptors subtyp&s.

Animal and human studies reveal that circadianati@ns can be observed in
the pharmacokinetics and effects of NSAIDs. Biokamlity is greatest in the
morning. Ketoprofen or indomethacin plasma leveltofving 7 a.m. ingestion are
approximately 50-58% higher than following evenadministration->* ***Higher
and faster morning absorption has also been dodechesith controlled release

indomethacin and ketoprofen formulations.**® *%7
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2.14. Diurnal variationsin analgesic effect

The effects of analgesics are also subject to diacavariation. Studies have
been predominantly conducted in animals. A study demonstrated using the hot
plate test that morphine-induced analgesia shomwadian variations. In that study,
maximum analgesic effect was obtained in mice m élrening at about 21:00h,
during the activity period of these nocturnal arlsnavhereas the minimum

analgesic effect occurred at about 15:00 h dutiegésting phasg.

Another study in this line demonstrated that tlsponse to thermal
stimulation and the analgesic effectiveness of miogpduring various phases of the
diurnal cycle were assessed by the hotplate methalihe treated controls showed
shortest reaction times during the last quartaheflight-phase and first quarter of
the dark phase. Longest reaction times were redoddeng the last quarter of the
dark phase. Doses of 4, 8, 16, and 32 mg/kg of hiogpwas administered IP at the
peak and trough of the pain sensitivity rhythm.Paaalgesic activity was obtained
in the group injected during the last quarter o# thark phase while minimal

analgesic effectiveness was obtained during tid thiarter of the light phasé®

A study was conducted to find out the influencehaf circadian variation on
morphine induced analgesia using the hotplate iteshice. It was observed that
morphine-induced analgesia was greatest in thd thour of the animals' activity
period; whereas, minimal analgesic effect was oktain the middle of the animals'
rest period®® A study using a same model showed the effectivenésnorphine
was maximal at the beginning of the rest periodtifasmore, it was also observed

that L-NAME, a nitrous oxide synthetase inhibitgrotentiated the effect of
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morphine at all hours of day, but this effect wagniicantly greater during the

animals activity period®

The circadian rhythms in the acute toxicity, effeahd pharmacokinetics of
tramadol were demonstrated in mf€&lt was found that the mortality was highest
when a high dose of the drug was administeredamtiddle of the animals' activity
period. Peak toxicity was obtained when plasmalsewere highest. The hot-plate
and the tail pressing mouse models were used snsthdy and it was observed that
the analgesia produced by tramadol was greatdbeagnd of the animals' activity
period. In humans, it has been reported that ingesif 50 mg tramadol in the

evening exerted stronger analgesic effects in afttevolunteers®?

In another study conducted in postoperative patiemtdergoing elective
cholecystectomies, it was found that the need émtanyl was lower when the
surgery was done between 8 and 10 a.m. than betidearm. and 3 p.Af°A study
of meperidine reveals a circadian variation of migjiee-induced analgesia in sickle
cell anemia patients, with maximal analgesic effecturring with the morning
dose?®In yet another study on the circadian variationtlos narcotic doses,it was
observed that 76% of patients received most oe#ttea doses of narcotics between
10 a.m. and 10 p.m.; the number of extradoses @#s|6wer during the nighttime

compared to the daytinté’

The effects of a light-dark cycle and of constaightl on nociceptive
thresholds and morphine-induced analgesia werdestud two strains of mice:
C57BL/6 and SEC/1Re. Diurnal rhythm was observetth@responsiveness of mice

to nociceptive stimuli, and in the analgesic eeof morphine light-dark cycle.
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Under the L-L schedule clear patterns of daily hinyicity were evident in both
strains for both nociceptive thresholds and respensss to morphine. Finally,
under the L-L schedule, the overall responsivemegsin and the antinociceptive
effects of morphine were found to be increased wbempared to the results
observed in the L-D condition. The administratioh raloxone decreased the
nociceptive thresholds. This indicates an involvemef the endogenous opioid

peptides®

In an animal study, the influence of morphine dgdime on analgesic effect
after acute or chronic treatment and their pharhogocal mechanisms were
investigated in male mice under a 12-h light/dasicle. The time-dependent
difference in the analgesic effect after chrongatment is closely related to that in
the expression of mu-opioid receptor. This studigome suggests that 24-h rhythm
of morphine analgesic effect is consistent withh2zdhythm of mu-opioid receptor

expressior®’

Experiments with mice using the hot plate test regabthat rhythmic pattern
of pain reaction is connected with the increaseendorphin and encephalin.
Endorphins and enkephalins are endogenous pegtidad in regions of the brain
known to be involved in the perception of painwls also reported that their brain
concentrations fluctuate over 24-hour period. learkept on a 12:12 L:D cycle, the
levels of MEK in the whole brain of mice were twias high at the end as at the

beginning of the resting perié®®

Studies were also carried out on hypophysectomizggd and mice in

comparison to sham-operated controls in order sesssthe role of the pituitary in
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the diurnal rhythm in sensitivity to pain, the hyglgesic effect of naloxone and the
effect of stress on brain levels of met-enkephalihere were no significant

differences in jump latencies between hypophyseiedn and sham-operated
control mice. The jump latencies in the p.m. wegaificantly greater than those in
the a.m. for both the sham and the hypophysectamzee. In both the sham and
hypophysectomized mice and rats, naloxone sigmfigaeduced the jump latencies
in the p.m. The stress-induced increase in the mmMmbrain met-enkephalin,

furthermore, persisted in the hypophysectomizesd. rahis study suggest that the
pituitary is not essential for the diurnal variation responsivity to pain, the

hyperalgesic activity of naloxone or the stressicetl increases in brain met-

enkephalirf®

Time-dependent changes have also been detectdtk iconcentration of
beta-endorphin in the pituitary gland, the pons, itiedulla, and the cerebellum of
the rat brain. The studies on the stress-inducathasia showed that peak levels of
beta-endorphin peptide occurred during the actipéyiod of the animals using the
tail-flick and the hot plate tests in mice kept@ri2:12 L:D cycle and found that
pain sensitivity was lower between 08.00 hr anddQr and significantly higher
between 22.00 hr and 04.00 hr. The time of peak lamdpain sensitivity was
slightly different when the animals were kept omstant light, as the lowest and
highest pain sensitivities were found between 220@nd 02.00 hr and 0800 hr-
22.00 hr, respectively. These results suggest ttmatrhythm of stress-induced
analgesia was due to the release of an opioid geepsince naloxone (5 mg/kg)
reduced significantly the tail-flick te§t>%°"?® One study used a

radioimmunological assay and quantified the opiadtivity in humans and in
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monkeys. They sampled human plasma and monkey rogmbal fluid at 2-hr
intervals over a 24-hr period and they found arsagic secretion of an opioid
substance with a morning peak and an evening digrelwas a 40% difference

between peak and trough values of human pl&ma.

Another study investigated the diurnal variationopfate receptor binding.
The amount of 3H-naloxone was measured every £&imsa a 24-hr period in the
forebrain of rats. These animals had been housddrun12:12 L:D for 3 weeks. A
significant circadian variation was found with aakeat 22.00 hr and a trough at
02.00 hr. The data indicate that the differencbinfling throughout the day was due
to changes in the number of binding sites rathen tin the affinity of the drug for

the receptor sité&"™
2.15. Diurnal variationsin opioid requirement

The variations in the pain intensity can be deriiedm the opioid
requirement. Opioid requirement not only variesriollly but is also dependent on
the type or cause of the pain. The influence ofrdilivariation on the morphine
requirements of patients using patient-controlledlgesia was studied. Forty-six
patients undergoing either elective or gastric Bgpsurgery composed the study
group. Patients were allowed to use the patientraled analgesia machine for 36
to 72 hours postoperatively to deliver 0.6 mg/sqdoses of morphine sulfate
intravenously. This study reveals that on postdperadays 1 and 2, a peak
morphine requirement occurred at about 09:00h, edsethe lowest requirement

was observed at 03:00h. This study suggests tlea¢ ils a circadian variation in
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narcotic analgesic need in the postoperative patleat is met appropriately by

patient controlled analgesi¥.

In a double-blind study, 55 patients who had unoeegchest or stomach
surgery were selected and received either contgumarphine infusions or four-
hourly subcutaneous injections. Pain was assesgetibg visual analogue scale
and found that circadian variations in morphine ewstration were independent of
the type of administration. The acrophase of paonuoed between 18:30 and

19:15n%!

In another study involving 19 female patients wiaal undergone surgery
for gynecological carcinoma, where the patient§-asininistered either morphine
sulphate or hydromorphone for pain relief usingimp at four-hourly intervals. The
requirement for both opioids was significantly hreglbetween 4.00 and 8.00 hr and
significantly lowers for morphine between 12:00 &&d00h and for hydromorphone
between midnight and 4.00 hr. Morning doses we@tb0% higher than doses

administered at other times of d3y.

In a further study, eight carcinoma patients weawem a basal injection of
hydromorphone, combined with patient controlled Igesia or with continuous
infusion of the opioid. The pain intensities measuat 4-hour intervals using a
visual analogue scale indicated that the pain wasetas severe at 22:00h as it was
at 14:00h. Hydromorphone requirement peaked betw8e90 and 22:00h and was

at its lowest between 2:00 and 6:G6h.
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The time at which an analgesic is administered afgmears to impact on the
duration of analgesia. This was observed in a spgformed in 77 healthy women
in the active phase of labour, when they receiveddasachnoid fentanyl either
during the day or night to relieve the pain of theantractions. Measurements of
pain intensity on a visual analogue scale showatldhalgesia persisted for longer

after daytime administration than after nocturragshinistration of the analgesit!
2.16. Circadian rhythm and insulin secretion
2.16.1. In animals

It has been reported that plasma insulin conceorais dependant of
circadian rhythm in several mammalian species,utliolg humans, dogs, syrian
hamsters, rats and mi¢2.?**?*" The circadian rhythm of insulin secretion from
isolated rat pancreatic islets in vitro suggest #raendogenous circadian oscillator
is located within the pancreatic islets of the ttzt regulates circadian insulin

secretion of the insulin-producing beta céffs.

Studies are supporting the diurnal variations isulim secretion from the
pancreas. It is reported that an endogenous cacadscillator is located in the
pancreatic islet of rat that regulates circadiauiim secretion - producing beta cells.
A study was conducted on circadian rhythms in blghetose and the effect of
different lighting schedules, hypophysectomy, adrenedullectomy and starvation
in rats. The results showed that plasma conceommtof insulin and glucose are

higher during dark cycle as compared to light cytie
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Plasma insulin and glucose levels have been detedrnin normal rats, at
different times during a 24-hour period. Plasmaulinslevels show higher values
during daytime, with a maximum at 5 p°M.Another study on the night and
daytime basal plasma insulin levels and insulipoeses to an intravenous glucose
load, basal blood glucose levels and rates of gleicptake, and, finally, the diurnal
patterns of blood glucose levels were investigatednormal compared to
vagotomized Wistar rats. The study results showatlihsulin secretion is greater in

response to glucose load at night rather than guhie day**°

Another important study was attempted to charamtetihe daily rhythm of
plasma glucose, insulin in rats and to determinetihdr hormone rhythms occur
independently of glucose variations. In that stuglgsma glucose, insulin was
investigated in rats infused for 24 h with a salimeglucose solution. The results of
this study suggest the presence of insulin secretitythmicity independent of
glucose variations and the existence of a diurfadrpa glucose rhythm with an

increase occurring at the beginning of the nigtfasted rat$?*

The effects of glucose on insulin secretion andB86Rux from isolated rat
islets were studied at six different times durin@4ah period. The results showed
that insulin secretion was not changed with theetiaf day in the presence of
substimulatory concentrations and in the absencgucbse. The results showed that
the time of day appears to affect insulin secretiannly at glucose concentrations

close to physiological valuéé’
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2.16.2. In humans

Diurnal pattern of serum insulin and blood glucaseeported in a study
conducted in the normal subjeétdCircadian variations in concentrations of plasma
glucose, serum insulin, and C-peptide were assass&@lsubjects during a 72-hour
fasting period to evaluate rhythms independent fglotose supply. The finding
suggests a central nervous system contributiohdadgulation of insulin secretion

independent of plasma glucose levéfs.

Intravenous glucose tolerance tests were performethe morning and
afternoon on normal persons. The rate of declingladd sugar was found to be all
higher in the morning tests, and the mean valua® wignificantly higher in the
morning. Fasting blood sugar levels were slighthyér in the afternoon. There was
no difference between the fasting morning and aften plasma insulin levels, but
the levels after glucose were lower in the aftemd@rowth hormone levels were
low at all times in non-apprehensive subjects amaffected by glucose. The results
suggest that the impaired afternoon intravenousogle tolerance is associated with

impaired insulin release and insufff.

Circadian variations in blood glucose have beemnted in healthy humans
as well as in mammalian species and greater in®doretion in response to a
glucose overload is observed at night rather thaing the day?® *!Systematic
diurnal variations were revealed for insulin sdoretin humang?’#?® Circadian
rhythms of insulin secretion were observed in f@stefed rats as well as in rats and

humans subjected to hyperglycemic clamp. In additm endogenous control of the
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circadian rhythm of insulinemia may be present @mahstrated in different animal

species subjected to starvation including humaats,and rabbit&?

Insulin secretion was studied in healthy voluntegrthree different levels of
glycemia. Plasma glucose was clamped at approxiynateapproximately 8.8 and
approximately 12.6 mM for 68 h. Measured were setinsulin concentration.
Rhythmic patterns of ISR were identified at allethrglucose concentrations test.
Serum insulin concentration changed in a circadmgthm, increasing from a nadir
between midnight and 6 a.m and reaching a peakeegtwoon and 6 p.m. This
study concluded that normal human subjects havecadian rhythm of insulin

secretiorf®

The circadian and ultradian variations of bloodcgke and plasma insulin
have been characterized individually and as a gmhgnomenon in five healthy
young adults studied. The subjects were studiethénlaboratory and their life
routine was controlled, but very close to that leéit habitual routine. They had
mainly ultradian rhythms of blood glucose and ailiaa rhythms of immunoreactive
insulin. Blood glucose ultradian rhythms seem toraenly but not exclusively meal
time dependent, while immunoreactive insulin ciiaadrhythms appear to be
primarily endogenous in origin. Therefore, the rplayed by insulin in the control
of blood glucose levels seems to be programmeda®rcadian basis rather than by
a time independent feedback phenomenon as postulayethe conventional

homeostatic hypothes?s.
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2.17. Pentazocine

Pentazocine Lactate, a benzomorphan derivatian ispioid analgesic has
been widely used for pain management. It is usethtrelief of moderate to severe
pain. It has both opioid agonist and antagonisitioa. Agonistic action is
predominantlyk-opioid receptor mediated and weak antagonistio@aads pL-opioid
receptor mediatetf>?*° Animal studies show that both mu opioid receptans
kappa opioid receptors can contribute to antingtiee effects to somatic as well as
visceral pain induced by pentazocfi&?*? Intraperitoneal administration of
pentazocine in mice at a dose of 30 mg/kg prodwigsificant antinociceptive
effect in formalin, tail flick and hot plate modéf§ Acetic acid abdominal

constrictions were reduced by pentazocine in depemntdent mannér?

The analgesia produced by combinations of low-dosédoxone with
pentazocine or morphine has been documented in funaad animals. The
analgesia produced by pentazocine is potentiatedowydose naloxone in both
humans and animals. These data demonstrate a mbeedction between opiates
and suggest a rationale for opiate combinationprtmluce potent analgesia with
fewer autonomic side effects and less abuse patetitan presently available

analgesic$?
2.18. Methodsfor evaluation of pain in animal model:

There are various screening models available faluamg pain which
includes centrally acting methods, peripherallyirecimethods. In centrally acting

methods, thermal methods, chemical methods andanezi methods are included.
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2.18.1. Acetic acid induced method

This method is most commonly used methods for oreas peripheral
analgesic activity. Pain is induced by injection1® ml/kg of acetic acid (0.6% In
saline solution) into the peritoneal cavity of midée mice are placed individually
in observation chambers immediately after the aaastid injection, the number of
abdominal constrictions produced by each mouseoisited for a period of 30
min.>*3In this test both central and peripheral analgeaiesdetected. Because of
the lack of sensitivity, caution is required inamgreting the results. Nevertheless, a
good relationship exists between potencies of asalg in writhing assays and their
clinical potenticies$>° Acetic acid abdominal constrictions assay is reéedras very
sensitive method employing minimal noxious stimuul even weaker analgesics

can be detected from the results of the 1&st.

2.18.2. Formalin Induced M ethod

Fifty microlitre of 1% formalin in saline was adnstered subcutaneously
into the plantar surface of the left hind paw. Baenmation of time in seconds spent
in licking and biting as an index of painful resgerwhich was determined at 15-30
min (late phase}*’ This method measures the ability of drug to a@émunoderate
continuous pain generated by tisétleThe acute phase represent neurogenic pain

behavior and the chronic phase represents inflaomnpgin behaviof?®

2.18.3. Tail Flick Method

The analgesic activity in mice was determined bgiaat heat tail-flick
method. Tail-flick latency was assessed by the gasabmeter (Inco, India).The

strength of the current passing through the nak&t@ame wire was kept constant at
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5A. The distance between heat source and the t&l W5 cm and the application
site of the heat on the tail was within 2 cm, meaddrom the root of the tail. Tail-
flick latency was measured after 30 min from thenuistration of drug®® This

method is very effective to estimate the efficacyd gpotency of central acting

analgesic drugs.

2.18.4. Hot plate method

The hot plate test is commonly used for measuremgral analgesic activity.
The hot plate was maintained at 55+0.5 °C. Aninaaésplaced on the hot plate and
the time between placement and licking of the tpad:s or jumping was recorded
as the index of response latency. A cut-off time30$ is maintained to minimize
tissue damag&®’ The paws of mice are very sensitive to heat at ézatpres which
are not damaging the skin. The responses are jygnid licking of the paws. The
time until these responses occur is prolonged afferinistration of centrally acting
analgesicé?® A study was conducted to assess the effects of aloneon the
endocrine response in blood by measuring serumlslesk different hormones.
Serum insulin was measured by using insulin ELISIA(&al Biotech Inc., Spring

Valley, USA)?*

The above mentioned review of literature reveats @ssociation between
endogenous insulin and antinociception independgtite glycemic status and also
the involvement of opioids in such an associatibis. also reported that endogenous
insulin is influenced by diurnal rhythm. Howeveg bur knowledge, only few
reports are available on the role of endogenouslimsn pain threshold and no

report is available in the literature on the effettdiurnal rhythm on the relation
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between endogenous insulin and antinociceptioniffierdnt pain models. So, the
present study was directed to investigate the oblendogenous insulin in pain
threshold and the relation between endogenousiinand antinoiceception using
pentazocine, the opioid analgesic, as a model arugice. The results of the study
may help to understand new insight into the insplthway if any that influences
antinociception induced by opioid analgesics argb dlow it is influenced by

diurnal rhythm.
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53



4.Plan of work
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5. Methodology

5. METHODOLOGY

5.1. Animals

For the experimental study, randomly bred healtihyitamale Swiss albino
mice (25 to 30 gm) were used. They were housealyppopylene cages in groups
of 6 with free access to food (pellets obtainednfr@old Mohar Ltd., Bangaluru,
India) and water. They were maintained under normoam temperature ranging
between 28-30C with 12:12 h light:dark cycle for a period of omeek prior to
experimentation. All the animals were acclimatiZedthree days (1 h/ day) to the
experimental setting, with white light on for exjpeent in light cycle (12.00 h) and
red light bulb on for experiment in dark cycle @2 h) by placing in a cage with a
stainless steel grid and dark opaque plastic wahis. experiments on animals were
performed after the approval of the protocol by thstitutional Animal Ethical

Committee. (SVCP/ IAEC/ Ph.D/ 01/2011)

5.2. Drugs and chemicals

Pentazocine lactate (Ranbaxy Pharma, India), Makexhydrochloride
(Endo Labs, USA), Glacial acetic acid (Loba Chenmglia), Formalin (Spectrum
Reagents and Chemicals Pvt. Ltd., Cochin, Indiggulin ELISA kit (Cal Biotech

Inc., Spring Valley, USA).

5.3. Assessment of nociception and antinocieption

The nociception and antinociception effects weresessed by different

nociceptive tests such as Acetic acid induced alotginconstrictions method,
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Formalin induced method, Tail flick method and Hbidte method at 12.00 h for

light cycle and 24.00 h for dark cycle.
5.3.1. Acetic acid induced abdominal constrictions method

Animals received 10 ml/kg of 0.6% freshly preparedetic acid
intraperitoneally. The number of abdominal consitits 15 min following this
injection was noticed and considered as nociceptegponse. A significant
reduction in number of abdominal constrictions (BP.85 level) was considered as
an antinociceptive response. Every animal was e@gds this test only once to
avoid the fluctuation in the responses caused plysdue to the neural damage by

acetic acid. A minimum number of 6 animals werdtided in each group’®
5.3.2. Formalin Induced Method

50 microlitre of 1% formalin in saline was admiei®d s.c into the plantar
surface of the left hind paw. The time in seconpens in licking and biting the
injected paw was recorded.. The early phase (quait® of nociceptive response
normally peaks from O to 10 min and the late pl{akeonic pain) from 10 to 30 min
after formalin injection. In the present study, measured late phase only. The time
in seconds spent in licking and biting the formalmected paw from 10 to 30
minutes and considered as the quantitative indicadif nociception. A significant
reduction in response time from 10 to 30 min pef®d 0.05 level) was considered
as an antinociceptive response. Every animal wassed to this test only once to
avoid the fluctuation in the responses. A minimuomber of 6 animals were

included in each groufy” 2
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5.3.3. Tail flick Method

Portion of the tail of animals were subjected tdiant heat using
analgesiometer (Inco, India). The strength of theent passing through the naked
nichrome wire was kept constant at 5A. The distamet®veen heat source and the
tail was 1.5 cm and the application site of thethwathe tail was within 2 cm,
measured from the root of the tail. The tail fliekency time in sec was noticed and
considered as the quantitative indication of nquic®. A significant increase in tail
flick latency time in seconds from 10 to 30 minipdr(P < 0.05 level) by any
treatment compared with control was considered rasrdinociceptive response.
Every animal was exposed to this test only oncawuoid the fluctuation in the

responses. A minimum number of 6 animals were @egdin each group’
5.3.4. TheHot Plate Method

Animals were placed on the hot plate maintaine85&10.5°C and the time
between placement and licking of the hind pawsuonging was recorded as the
index of response latency and considered as ndoieggsponse. A cut-off time of
30 sec was maintained to minimize tissue damageryEanimal was exposed to this

test only once. A minimum number of 6 animals wiarduded in each groufs?
5.4. Role of Opioid System

The role of opioid system in the possible changeswndogenous insulin
level in pain threshold was investigated by preingathe animals with naloxone
(5mg/kg; i.p.) and after 15 min the animals wereated with pentazocine. The

antinociceptive response, the blood glucose anansénsulin level were recorded
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prior to the exposure of any drug/nociception & @nimal, after the drug treatment;

just prior to nociceptive challenge and at the ehdociceptive challenge.

5.5. Assessment of Diurnal rhythm on Endogenous insulin, Blood glucose level

and Pain threshold

The possible influence of diurnal rhythm on endagen insulin, blood
glucose level and pain threshold in dark cycle@@#) and in light cycle (12.00 h)
during nociception and antinocicpetive effects angazocine and low dose
naloxone was studied by using the different nodieepmethods described earlier.
The role of opioid system on the parameters wadiesiuby using naloxone (5
mg/kg i.p.). The assessment of nociception, antoeption, role of opioid system,
measurement of blood glucose and serum insulimduwtark and light cycle were

done in mice as described eatrlier.

5.6. Treatments

Animals received the following treatments

* Vehicle control (saline, 10 ml/kg i.p.) 30 min pritb nociceptive
challenge.

* Pentazocine treatment (4mg/kg i.p. in acetic asduced abdominal
constrictions methods: 30mg/kg i.p. in formalinuedd method, Tail
flick method and hot plate method) 30 min prioech nociceptive
challenge.

* Naloxone low dose pretreatment (0.005mg/kg, i.p.)ndin prior to

pentazocine treatment in each pain model.
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* Naloxone high dose pretreatment (5mg/kg, i.p.) 1& rior to
pentazocine treatment in each pain model.

5.7. Measurement of Blood Glucose

Blood was collected from animal by cutting thedipts tail before and after
respective treatment at the appropriate time atichated for glucose by allowing it

to react with appropriate glucostAff
5.8. Measurement of Serum Insulin

Blood was collected from animal by tail vein mathbefore and after
respective treatment at the appropriate time. & allowed to stand for 10 min and
serum was collected from the blood by centrifugithg tubes at 3000 rpm in
centrifuge (REMI, Mumbai, India). The serum wasa@ped in serum tubes and it
was stored at appropriate condition. The estimatioserum insulin was carried out
using insulin ELISA kit (Cal Biotech Inc., Springalley, USA). The following

procedure was adopted for the measurement of sesutin by ELISA method.

> Securet the desired number of coated wells in tideh and marked the
date sheet with sample identification.

> Dispensed 25 pl of serum sample, control and referento the assigned
wells.

> Dispensed 100 ul of Enzyme conjugate into each wetl mix for 10
seconds.

> Incubated for 60 minutes at room temperature.
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» Removed liquid from all wells and washed three smath 300ul of 1X
wash buffer blot on absorbent paper.

» Dispensed 100 pl of TMB Solution into each well.

» Incubated for 15 minutes at room temperature.

» Stop reaction by adding 50 pl Stop Solution to eaetll and read
absorbance at 450 nm with a micro well reader. &tahgraph was plotted
with the help of absorbance values against conagois of known insulin
levels and the unknown was measured by interpgjdltie absorbance values

in the graph.

5.9. Interaction between insulin and opioid receptors

We studied the possible interaction between insaid opioid receptors by
protein - protein docking method using clusPro @@gram. The results are shown
in Table 9 and 10, in Figure 30 and 31. For theiminary study, protein structures
for human insulin protein (PDB code : 4DJH) and haanrkappa receptor (PDB code
: 4DJH) were used for studying interaction betwtd®m using cluspro 2.0 Program

(Figure 30 and 31), (Table 9 and 10).

5.10. Statistical Analysis

The data were subjected to statistical analysisidigg one way ANOVA
followed by Dunnett's't’ test. A significant levedf P < 0.05 was considered for
responses. Student’s’ test was used for comparefoniurnal rhythm effects

between two groups at 12.00 h and at 24.00 h.
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6. RESULTS

6.1. Relation between serum insulin, pain threshold and blood glucose with

varioustreatments against different nociceptive tests.

6.1.1. In acetic acid induced abdominal constrictions method

The effects of pentazocine (4mg/kg; i.p), naloxone high dose (5mg/kg; i.p)
and naloxone low dose (0.005mg/kg; i.p) on serum insulin, pain threshold and blood
glucose in acetic acid induced abdominal constrictions method are reported in Table
1 and Fig. 6, 7 and 8. Pentazocine treatment antagonized the abdominal constrictions
significantly (P<0.01) with significant increase in serum insulin level (P<0.01)
without any change in blood glucose level. Naloxone (high dose) pretreatment in
pentazocine treated animals did not significantly influence the blood glucose level,
however, antagonized the pentazocine induced antinociception with decrease in
serum insulin level significantly. Low dose naloxone pretreatment in pentazocine
treated animals significantly (P<0.01) reduced the abdominal constrictions with

elevated serum insulin level (P<0.01) with no change in blood glucose level.

6.1.2. In formalin induced nociceptive method

The effects of pentazocine (30mg/kg; i.p), naloxone high dose (5mg/kg; i.p)
and naloxone low dose (0.005mg/kg; i.p) on serum insulin, pain threshold and blood
glucose in formalin induced nociceptive method are shown in Table 2 and Fig. 9, 10
and 11. Pentazocine treatment reduced the response time significantly (P<0.01) with

no significant change in blood glucose level as compared to control; however, serum
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insulin level was significantly (P<0.01) increased. Naoxone (high dose)
pretreatment in pentazocine treated group did not significantly change blood glucose
level; however the serum insulin level and the response time was significantly
(P<0.01) reduced. Naloxone (low dose) pretreatment in pentazocine treated animals
significantly (P<0.01) increased the serum insulin level with significant reduction
(P<0.01) in response time as compared to pentazocine treatment, however, the blood

glucose level was not changed.

6.1.3. In tail flick method

The effects of pentazocine (30mg/kg; i.p), naloxone high dose (5mg/kg; i.p)
and naloxone low dose (0.005mg/kg; i.p) on serum insulin, pain threshold and blood
glucosein tail flick method are illustrated in Table 3 and Fig. 12, 13 and 14.
Pentazocine treatment significantly reduced tail flick latency time (P < 0.01) with no
change in blood glucose level; however, serum insulin level was significantly (P <
0.01) increased. Naloxone (high dose) pretreatment in pentazocine treated group did
not significantly change the blood glucose level as compared to control; however
showed significant decrease in serum insulin level as well as tail flick latency time.
Naloxone (low dose) pretreatment in pentazocine treated animals significantly (P <
0.01) increased the serum insulin level with significant reduction in latency timeas
compared to pentazocine treatment; however, the blood glucose level was not

changed significantly.

6.1.4. In hot plate method

The effects of pentazocine (30mg/kg; i.p), naloxone high dose (5mg/kg; i.p)

and naloxone low dose (0.005mg/kg; i.p) on serum insulin, pain threshold and blood
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glucosein hot plate method are given in Table 4 and Fig. 15, 16 and 17. Pentazocine
treatment significantly (P<0.01) reduced the blood glucose level with increase in
serum insulin level (P<0.01) as well as latency time (P<0.01). Naloxone (high dose)
pretreatment increased blood glucose level significantly (P < 0.01) in pentazocine
treated animals with decrease in serum insulin level in latency time as compared to
pentazocine treatment. Naloxone (low dose) pretreatment in pentazocine treated
animals significantly (P < 0.01) increased the serum insulin level with significant
reduction in latency time (P<0.01) as compared to pentazocine treatment; however,

the blood glucose level was not changed significantly.

6.2 Effect of diurnal rhythm on pain threshold, endogenous insulin and blood

glucose with various treatments against different nociceptive tests.

6.2.1. Effect of diurnal rhythm on pain threshold, endogenous insulin and
blood glucose in control, pentazocine, naloxone high dose and naloxone

low dose in acetic acid induced abdominal constrictions method

The effect of diurna rhythm on pain threshold, endogenous insulin and
blood glucose in control, pentazocine (4mg/kg; i.p), naloxone high dose (5mg/kg;
i.p) and naloxone low dose (0.005mg/kg; i.p) in acetic acid induced abdomina
constrictions method are shown in Table 5 and Fig. 18,19 and 20. In acetic acid
induced abdominal constrictions method, as compared to light cycle, number of
abdominal constrictions in the dark cycle was found to be significantly lower
(P<0.0001). In other words, the pain threshold was higher in the dark cycle than in
the light cycle. Pentazocine treatment significantly reduced the number of abdominal

constrictions in both light and dark cycle. As compared to number of abdominal
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congtrictions in the control, the effect of pentazocine was found to be greater
(P<0.0001) in the dark cycle than in the light cycle. Pentazocine treatment
significantly reduced the abdominal constrictions about 5 folds in the dark cycle as

compared to 2 fold in the light cycle.

Naoxone (high dose) pretreatment reversed the pentazocine induced
antinociception to values close to that of control values for abdominal constrictions
in dark as well as light cycle. Serum insulin level was found to be significantly
higher in the dark cycle (P<0.007) than in the light cycle in the control animals.
Naloxone (high dose) significantly reduced the serum insulin level in pentazocine
treated animals in both dark and light cycle. The serum insulin level was reversed by
nal oxone pretreatment to values close to that of control in both dark and light cycle.
Significant differences in serum insulin level in control (P<0.007), pentazocine
treatment (P<0.02) and naloxone (high dose) pretreatment (P<0.002) were observed
between dark and light cycle. Serum insulin level was found to be higher in the
above treatment in the dark cycle as compared to light cycle. The changes in serum

insulin level were found to be independent of the glycemic status (Table 5).

Naoxone (low dose) pretreatment potentiated the pentazocine induced
antinociception by decreasing the abdominal constrictions significantly (P < 0.01) in
the dark cycle. Similarly in the light cycle, naloxone (low dose) pretreatment
reduced the abdominal constrictions in the pentazocine treated group significantly
(P<0.01) with corresponding increase in the serum insulin level in both dark and
light cycle. A significant difference in number of abdominal constrictions (P <

0.0001) and in serum insulin (P < 0.002) was observed between light and dark cycle.
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Naloxone (low dose) pretreatment did not significantly influence the blood glucose

level in the pentazocine treated animals in both dark and light cycle (Table 5).

6.2.2. Effect of diurnal rhythm on pain threshold, endogenous insulin and
blood glucose in control, pentazocine, naloxone high dose and naloxone

low dosein formalin induced method.

The results of the effect of diurna rhythm on pain threshold, endogenous
insulin and blood glucose in control, pentazocine (30mg/kg; i.p), naloxone high dose
(5mg/kg; i.p) and naloxone low dose (0.005mg/kg; i.p) informalin induced method
are illustrated in Table 6 and Fig. 21, 22 and 23. In formalin induced method, the
response time was found to be less in the dark cycle than that in the light cycle
(P<0.0001). In pentazocine treated animals, the serum insulin level was higher
(P<0.009) in the dark cycle than that observed in the light cycle. No significant
change in blood glucose level was observed either in the dark cycle or in the light
cycle and also there was no significant difference in blood glucose level between
dark and light cycle. Pentazocine treatment in formalin induced nociception in mice
significantly reduced the response time in the dark cycle as well as light cycle and
the percent inhibition of response time was higher in the dark cycle than in the light
cycle. Naloxone (high dose) pretreatment reversed the pentazocine induced response
time as well as the serum insulin level to the values close to that of control. The
serum insulin level was comparatively higher in the dark cycle than in light cycle
(P<0.01) following naloxone (high dose) pretreatment in the pentazocine treated
animals. Naloxone (high dose) pretreatment did not significantly influence the blood

glucose level in both in the dark and light cycle but showed significant differencein
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response time (P < 0.0001) and in serum insulin (P < 0.0001) with no influence on

blood glucose level in both in the dark and light cycle (Table 6).

There was a mild potentiation of pentazocine induced response time by
naloxone (low dose) pretreatment with significant increase in serum insulin level in
both dark and light cycle. The effect of naloxone (low dose) on pentazocine induced
response time was greater in the dark cycle (P<0.0001) than that observed in the
light cycle. Similar pattern of changes in serum insulin level was observed in the
dark aswell aslight cycle (P<0.01). No significant change in the blood glucose level

was observed in both dark and light cycle by naloxone (low dose) (Table 6).

6.2.3. Effect of diurnal rhythm on pain threshold, endogenous insulin and
blood glucose in control, pentazocine, naloxone high dose and naloxone

low dosein tail flick moddl.

The effect of diurna rhythm on pain threshold, endogenous insulin and
blood glucose in control, pentazocine (30mg/kg; i.p), naloxone high dose (5mg/kg;
i.p) and naloxone low dose (0.005mg/kg; i.p) in tail flick model are reported in
Table 7 and Fig. 24, 25 and 26.In tail flick model, control animal showed increasein
latency time in the dark cycle as compared to that in light cycle (P<0.001). The
serum insulin level was also found to be higher in dark cycle as compared to that in
light cycle in the control animals (P<0.0001). Pentazocine pretreatment increased
the latency time significantly with significant increase in the serum insulin level in
the dark as well as light cycle. Significant difference in the latency time (P<0.001)
aswell as serum insulin level in pentazocine treated animals (P<0.03) was observed

between dark and light cycle. Naloxone (high dose) significantly reduced the latency
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time as well as serum insulin level in the pentazocine treated animals in the dark as
well as light cycle. There was difference in the insulin (P<0.03) level as well as in
the latency time (P<0.04) between dark and light cycle in these animals. Naloxone
(high dose) did not significantly influence blood glucose level in both dark and light

cycle (Table7).

Naloxone (low dose) potentiated the pentazocine induced latency time with
corresponding increase in serum insulin level both in the dark cycle and in the light
cycle. The potentiation by naloxone (low dose) was found to be significantly higher
in the dark cycle as compared to that in the light cycle (P<0.0001). Similarly,
significant difference in serum insulin level (P<0.0008) was observed between dark
and light cycle in the naloxone (low dose) treated animals. There was no significant
change in the blood glucose level in pentazocine treatment or in the naloxone (low

dose) treatment in both dark cycle and light cycle (Table 7).

6.2.4. Effect of diurnal rhythm on pain threshold, endogenousinsulin and
blood glucosein control, pentazocine, naloxone high dose and naloxone

low dosein hot plate method.

The results of the effect of diurna rhythm on pain threshold, endogenous
insulin and blood glucose in control, pentazocine (30mg/kg; i.p), naloxone high dose
(5mg/kg; i.p) and naloxone low dose (0.005mg/kg; i.p) in hot plate method are
shown in Table 8 and Fig. 27, 28 and 29. In the hot plate method, pentazocine
treatment significantly (P<0.01) increased the latency time with corresponding
increase in serum insulin level as compared to control, however, there was decrease

in the blood glucose level in the pentazocine treated animals. Comparision between
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dark and light cycle on the effect of pentazocine treatment shows the magnitude of
increase in latency time was significantly greater (P<0.0001) in the dark cycle as
compared to light cycle. While significant difference in the latency time as well as
serum insulin level (P<0.01) was observed between dark and light cycle, no
significant difference in the blood glucose level was observed between dark and
light cycle with pentazocine treatment. Naloxone (high dose) reversed the changes
in the latency time, serum insulin and blood glucose level to control values.
However, a significant difference was observed between dark and light cycle in
latency time (P<0.0001), serum insulin level (P<0.002) in control, pentazocine

treated and naloxone (high dose) pretreated mice (Table 8).

Naloxone (low dose) potentiated the pentazocine induced latency time with
corresponding increase in serum insulin level both in the dark cycle and in the light
cycle. The potentiation by naloxone (low dose) was found to be significantly higher
in the dark cycle as compared to that in the light cycle (P<0.0001). Similarly,
significant difference in serum insulin level (P<0.01) was observed between dark
and light cycle in the naloxone (low dose) treated animals. There was no significant
change in the blood glucose level in the naloxone (low dose) treatment as compared

to pentazocine treatment in both dark cycle and light cycle (Table 8).

6.3. Protein-protein docking study between kappa receptor and insulin using

clusPro 2.0 program.

The results of the preliminary docking study between kappa receptor and
insulin are shown in Table 9, 10 and Fig. 30 and 31. The number of hydrogen bonds

between A and B chain were 12. The number of interface residues between A and
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Chain were 31: 24. Asit is clear from our study results the involvement of insulinin
the modulation of pain mediated through opioid pathway, we analyzed the
interaction if any, between insulin and opioid receptors by protein-protein docking
method and we observed insulin binding with opioid receptors in particular kappa
receptor through hydrogen bonding; however, the active site of the opioid receptor

that binds with the aminoacids residue of insulin could not be clearly established.
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7. DISCUSSION

The present study demonstrates the involvemenindbgenous insulin in
pain threshold through opioid pathway which is peledent of the glycemic status.
Furthermore, the association between endogenoubnrend pain threshold seems
influenced by the type of nociceptive stimuli ansbaby diurnal rhythm.The results
of diurnal rhythm obtained from the experimentstiie animal model cannot be
extrapolated to humans considering the differencesliurnal rhythm between
humans and animals. This study was limited to tlEasurement of endogenous
insulin rather than c-peptide level in responsenteiceptive stimuli as well as

pentazocine treatment.

7.1 Association between endogenous insulin and pain threshold and its

interaction with nociceptive stimuli

Pain is a complex phenomenon and several chemioaliators,
neurotransmitters and neuropeptides are involvguhin perceptiof? In the recent
past, the involvement of insulin in the modulatafrpain has assumed significance;
however mechanisms underlying this are not cleamiyerstood. Factors influencing
insulin secretion from pancreas have been repor&ddies show that beta
endorphin present in pancreas involves insulin ass® The beta-endorphin
potentiates insulin secretion via a common bethagbid receptor, and that beta-
endorphin may exert a paracrine control of inssiétretion’ Opioid analgesics
mimic endogenous opioid peptides and therefore lafigence on insulin release

from pancreatic islets. Furthemore, opioid receptors are present in theneas®
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and insulin is elevated by opioids by the actiotthatislet cell$® Insulin secretion
is also mediated through mu opioid receptor adtwatand opening of kp

channel$?

Morphine stimulates the insulin and glucagon rstefiom the perfused dog
pancreas and in high concentrations increases itioalating levels of insulin
without change in glucos&. The involvement of exogenous insulin in the
modulation of pain has also been reported by fawdigs. Insulin potentiates the
antinociceptive response of sodium salicylated morphinand i.c.v. injection of
insulin dose dependently lower the second phaserafalin induced pain but it
does not significantly lower the blood sugar lemetl suggest participation of opioid
mechanism in insulin on pain threshdlcClinical evidence shows that normal
subjects with higher insulin level have elevatereshold for thermal nociceptive
stimuli.** However study is scarce as to the role of endogeriesulin in pain
threshold except in one study in animal model whitims association between
endogenous insulin and pain threshold which is pedédent of the glycemic
status> Most previous studies followed nociceptive testhei in formalin
nociception or acetic acid induced nociception tua@ng the association between
insulin and pain threshold besides no establishpedid analgesic was involved in

the study.

In order to estimate the level of endogenous insdliring painful condition
using behavioural nociceptive tests, it is esskettiaemploy different tests which
differ in stimulus quality, intensity and duratfdf Acetic acid induced assay is

regarded as a very sensitive method employing nahinpxious stimulug®
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Formalin induced nociception represents neurog@ady phase) and inflammatory
(late phase) pain behaviof: 2’ Hot plate assay employs a high degree of thermal

nociceptior?*°

As observed in the literature, no detailed studys veaailable on the
association between endogenous insulin and paeshbid and how it is influenced
by different nociceptive stimuli which formed thbjective of the present study. The
study was carried out using pentazocine, an opamalgesic, as the model drug

which is most commonly used in clinical practice.

The intensity of pain varies with the type of neptve stimuli employed
and as such it becomes necessary to examine whihantensity of pain has
influence on the endogenous insulin and pain tloldsand therefore in the present
study, the different nociceptive tests such as &immodel, acetic acid model, talil
flick model and hot plate model were employed tgestigate the above said
objective. We observed in the present study, noifssggnt differences between
nociceptive tests on the association between emdagensulin and pain threshold;
whenever the antinociceptive response to nociceivnuli changed, a significant
change in serum insulin level was observed. Peatagdreatment significantly
reduced paw licking response time and the numbebabminal constrictions in
formalin model and acetic acid model respectiviiytail flick as well as hot plate
model, pentazocine treatment significantly increlabe latency time. Irrespective of
the nociceptive tests, as in formalin, acetic and tail flick models employed, we
observed significant increase in serum insulin llevithout significant change in

blood glucose level, whenever the antinociceptigsponse was observed with
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pentazocine treatment. In other words, wheneverethgas increase in pain
threshold due to the effect of opioid analgesibgré¢ was significant increase in
serum insulin level without affecting the blood gbse level. These findings clearly
point to suggest that there is involvement of emtogis insulin in the pain
threshold which is independent of the glycemic usaand our finding is in

agreement with previous reports>

While the formalin, acetic acid and tail flick mdslshowed the involvement
of serum insulin independent of the glycemic statuspioid antinociception, the
hot plate model failed to support the above findifigere was significant increase in
serum insulin level with increase in latency tinmethe antinociceptive response
induced by pentazocine; however a significant ckeaimgblood glucose level was
observed in the hot plate model. The tail flick rbaith low pain intensity showed
association of endogenous insulin with pain thr&shdhereas the hot plate model
with higher pain intensity failed though suppore thbove said contention, but
glucose dependently; possibly the intensity of m@ams to influence the glycemic
status and as such the relation between serumriresud pain threshold could not be
clearly ascertained in the hot plate model. Thiglifig tends to raise the question
whether the involvement of endogenous insulin im plareshold independent of the

glycemic status is model dependent (pain intertgfyendent).

The insulinemic and glycemic status before andrafteh nociceptive test
was also examined. There was significant decreassefum insulin level with
significant increase in blood glucose level in e to nociceptive stimuli in all

the pain models. Upon subjecting the animals toidgreatment (pentazocine), we
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observed significant increase in serum insulin auathaffecting the blood glucose
level, whenever the antinociceptive response wegezl except in the hot plate
model. This finding further supports the earliemtamtion that the association
between serum insulin and pain threshold seems Intsgeendent and the factor

influencing is unknown.
7.2. Role of naloxone on endogenousinsulin and pain threshold

The effect of naloxone in low as well as high dosethe involvement of
endogenous insulin in pain threshold in all therfpain models was investigated.
Naloxone in high dose normally antagonizes opioatliated analgesic response. In
contrast, low dose naloxone seems to have milsh@citeptive response which was
evident in all the models investigatédNaloxone pretreatment in low dose in
pentazocine treated group significantly increadssl erum insulin level without
causing significant change in blood glucose leviicW correlated with significant
decrease in response to nociceptive stimuli inhalfour pain models employed in
the study, thus establishing the potentiated asalgesponse of pentazocine. The
results further substantiate the involvement ofogrethous insulin in the analgesic
response whether induced by pentazocine or by lose chaloxone. The above
finding further suggests that endogenous insulimiglicated in the modulation of
pain through opioid pathway. Naloxone in high das¢agonized the pentazocine
induced antinociception simultaneously reversirgdlevated serum insulin level to
control value (nociceptive stimuli value) withoutezting blood glucose level thus
evidencing the above said contention that therst®xa relation between serum

insulin and antinociceptive response that utilites opioid pathway. However, in a
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study conducted on flavone (opioid analgesic) imduantinociception in mice in
acetic acid model, it was reported that high doslexone administration though
antagonized the flavone induced antinociceptionrdit significantly influence the

serum insulin level with changes in blood glucames!®?

This observation proposes
the view whether the involvement of endogenouslinsa the pain threshold is

dependent on the type of opioid analgesic employed.

7.3 Association between endogenousinsulin and pain threshold and its

interaction with diurnal rhythm

Pain is a complex phenomenon and as such iglgfilult and frustrating to
treat even with newer devices such as slow relpaeggarations or patient controlled
analgesia pump; large inter-individual variatiome &ound from one patient to the
next both in pain intensity and in the doses ofompiself administered by the
patients. Studies carried out in the last decade h#so indicated time - dependent
variations in the intensity and in the neurochermist pain as well as in the effects

of analgesic drugs. Many studies report the ciaadiariation in the sensitivity of

the pal n22, 174-180

Circadian rhythm influences the expression of paamd body’s
responsiveness to analgesic medicatfén®® The suprachiasmatic nucleus is the
primary pacemaker for the circadian physiologideys and controls the circadian,
ultradian and episodic release of beta endorpfiinsndorphins and enkephalins are
endogenous peptides found in the region of braiowkn to be involved in
perception of pain. Their brain concentrations #tetuating over 24 hour’'s

187
d:

perio Circadian variations in pain intensity in expermtaly induced pain in

75



7. Discussion

animals have also been reported, wherein a timgerdéent change in pain intensity

in the hot plate test was observed.

Studies have also been conducted in clinical sdoat and circadian
variations have been described in pain. The chast mduced by myocardial
infarction is more pronounced in the morning whigstwell known to clinicians as
the rhythmic appearance of infarction. Circadiamatgns in pain intensity were
reported in tooth ache, biliary colic, migrainethaitis and bach achig® 76 178. 183
The above studies clearly evidence the fact treadian variations are present in the
pain intensity in humans as well as in animals. €kistence of a diurnal plasma
insulin rhythm independent of blood glucose vaoiasi has been reportéd.There
is greater insulin secretion in response to glutoaeé at night rather than during the
day?® ?* However, the influence of diurnal rhythm in plasinaulin level and
plasma glucose remains controversial. Some authoggest increase in blood
glucose during the day compared to nigtitwhereas others report an increase in

glucose level at nigHt?

Studies are supporting the diurnal variations isulim secretion from the
pancreas. It is reported that an endogenous cawadscillator is located in the
pancreatic islet of rat that regulates circadiasulim secretion - producing beta
cells?*’ It has also been reported that plasma insulin auration is dependant of
circadian rhythm in several mammalian species,ugiolj humans, dogs, syrian
hamsters, rats and mit&**>?!* Circadian rhythms of insulin secretion were
observed in fasted or fed rats as well as in ratd humans subjected to

hyperglycemic clamp. In addition, an endogenoudrobof the circadian rhythm of
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insulinemia may be present as demonstrated inrdiffeanimal species subjected to
starvation including humans, rats and rabBitsAs evident from the previous
studies, there has not been any attempt in studii@gnfluence of diurnal rhythm
on the relation between endogenous insulin and fragshold and therefore the

present study also included to examine this.

The pain intensity to nociceptive stimuli in aletpain models was found to
be significantly lower in the dark cycle as comphate light cycle suggesting the
diurnal variation in the pain intensity which isdependent of the nociceptive tests
employed. Our finding is thus in agreement with phevious reports®® Similarly
endogenous insulin level was found significanthghar in the dark cycle as
compared to light cycle and serum insulin was neglgt correlating with the pain
intensity, that is, as the insulin level decreaedpain intensity increased and vice
versa in all the pain models tested in mice. TheBects were found to be
independent of the blood glucose level in all thedels except in hot plate model.
There was significant change in the blood glucasesll in the hot plate model
although serum insulin correlated with pain integnsis observed in other models.
Thus it is evident that endogenous insulin assesiatith pain intensity which is
influenced by diurnal rhythm. Though there werefetgnces in pain intensity
between dark and light cycle, the significance lobd glucose level changes in hot
plate test on the relation between endogenousimant pain threshold is difficult

to understand.
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7.4. Role of diurnal rhythm on effects of naloxone

The influence of diurnal rhythm on the opioid magcism was also examined
using naloxone, the opioid antagonist. Naloxondow dose as mild analgesic
significantly reduced the pain intensity in the fa&ocine treated animals with
significant increase in serum insulin in both ligahd dark cycle; however
differences in the pain intensity as well as semmsulin level were observed
between dark and light cycle with no change indheemic status in all the pain
models. High dose naloxone (opioid antagonist) nsaa the elevated insulin level
with pentazocine treatment to value close to comiadue without significant
influence on the glycemic status except in hoteglabdel and differences in these
effects were also observed between dark and lgtecTherefore it is clear that the
endogenous insulin associates with the pain thiéshoough opioid pathway which

is influenced by diurnal rhythm.

7.5. Mechanisms underlying the association between endogenous insulin and

pain threshold

Peptides such as endorphins and enkephalins\akéa in antinociceptive
action. Noxious stimuli that accompany physioloyistiessors are interpreted as
unpleasant by most animals and hunf&f@ control the level of pain perceived, the
body has developed mechanisms for inhibiting pisfunuli. Chief among these
adaptive mechanisms is an inhibitory system baseoraduction of beta endorphin.
Beta endorphin is an endogenous opioid that isasel@ in response to pain and
increases the inhibition of pain at several siieis. synthesized in various biological

structures and released when animals are expostess or painful stimufft 4849
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There is some evidence for the existence of opigtdte pancreas from
immunofluorescent work" °* ®’Beta endorphins and enkephalins are present in the
endocrine pancreas and therefore they are imptidat¢he neuroendocrine control
islet hormone releasé Beta endorphins being opioid peptide influencesteretion
of insulin in human¥ and also in many animal speciés® It has also been reported
that opioid receptors are present in human as agkhnimal pancreatic islets and
further opioid analgesics mimics endogenous opjégptides and therefore has
influence on insulin release from pancreatic istets’ Dynorphins a potent opioid
peptide and kappa receptor agonist originally foumthe pituitary and duodenum
has also been found in the pancreatic is lets whish stimulates insulin release
from the pancreas’ *® The aforementioned reports indicate that opioidtifep

influence the release of insulin from the pancreas.

Though previous study supports the involvement rafogenous insulin in
pain threshold the underlying mechanism has non lméearly establishetf. This
relationship can be ascribed to several influendawors as reported in previous
studies’ Insulin attenuates chronic rather than acute p#insugh a mechanism
mediated by dopamine, 5- hydroxytryptamine and idgi® It has been reported that
morphine at an antinociceptive dose causes theasel®f endogenous opioid
peptides and may also stimulate the biosynthesis pdcursor molecules

preproopiomelanocortin, preproenkephalin A and mepkephalin B?

In the present study, the role of opioid mechan@mthe involvement of
endogenous insulin in the modulation of pain wasetd using high dose naloxone,

an opioid antagonist. The observations that thergasment with high dose
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naloxone reversed the elevated serum insulin leigaificantly to the control value
(nociceptive stimuli  value) in association with rdigcant reduction in

antinociceptive action of pentazocine independénthe glycemic status in acetic
acid, formalin and tail flick pain models tend toggest the role of opioid

mechanism on the involvement of endogenous inswlihe modulation of pain.

Our study results clearly indicate that insulin liagole in the modulation of
pain involving opioid pathway. The results of th@tgin - protein docking method
further evidence the possible interaction betwesalin and opioid receptors, more
specifically, the kappa receptor through hydrogending; however, the active site
of either receptor or the residues of insulin imeal in binding could not be clearly
established. To substantiate this, the resultee@ftudy showed significant increase
in insulin level in pentazocine induced antinocto@p as compared to control and
therefore it is suggested that insulin involvegha pain threshold utilizing opioid

mechanism through kappa receptors.

7.6 Mechanisms of diurnal rhythm on association between endogenous insulin

and pain threshold

The diurnal variations in the pain intensity as Iwed in antinocieptive
response induced by opioid drugs have been doceacherEndorphins and
enkephalins are endogenous peptides found in therref the brain known to be
involved in the perception of pain and their breamcentrations have been shown to
fluctuate over a 24 hour period. Time-dependenhgha have also been detected in
the concentrations of beta endorphin in the pityitdand, the pons, the medulla and

the cerebellum of the rat brain. Peak levels of heptide always occurred during
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the activity period of the animal®® The diurnal variation of opioid receptors
binding and the observed differences in bindinduericed by circadian rhythm is
reportedand suggest that the difference of binthingughout the day was due to the
changes in the number of binding sites rather thahe affinity of the drug for the

receptor site in a study conducted in fafs.

The mechanisms of the time-dependent variatiorhénaction of morphine
and its related drugs on the central nervous systerolving the adrenergic,
serotonergic or cholinergic system have been regbf! One study conducted in
rats reports morphine in small dose significantysed total brain acetyl choline
content in the active period in the rats wherederge dose was needed to get the
same effect in the resting peritd. In the present study, the role of opioid
mechanism on the involvement of endogenous insalthe modulation of pain was
again tested through diurnal effect in mice usimghhdose naloxone, an opioid
antagonist. High dose naloxone in dark as welligl# kcyle reversed the elevated
serum insulin level significantly to the controllwa (nociceptive stimuli value) in
association with significant reduction in antin@ptive action of pentazocine
independent of the glycemic status in acetic domalin and tail flick pain models.
The reversal effects were more in the dark cyclereds least in the light cycle.
This observation tends to suggest the diurnal rhyth opioid mechanism on the
involvement of endogenous insulin in the modulatidrpain. Therefore, it can be
clearly stated that though there exists relatiamvben endogenous insulin and pain

threshold there are diurnal variations in endogsenosulin level and pain intensity.
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8. SUMMARY AND CONCLUSION

> The present study investigated the relation between endogenous insulin level
and pain threshold and its interaction with opioid system and diurnal rhythm
in animal model using different nociceptive tests and pentazocine as a model

drug.

» We observed significant relation between endogenous insulin level and pain
threshold independent of the glycemic status in acetic acid, formalin and tail
flick models except in the hot plate model where such a relation seems

dependent on the glycemic status.

> Insulin appears interacting with opioid receptor (kappa receptor) based on
the preliminary study by protein-protein docking method.

» Endogenous insulin positively correlate with pain threshold which was found
to be influenced by diurnal rhythm.

» Endogenous insulin level showed peak in the dark cycle and trough in the
light cyclein all the pain models investigated.

» The study reports for the first time on the involvement of endogenous insulin

in pain threshold against different nociceptive tests in animal models.

The above findings clearly delineate that there seems to be no direct relation
between blood glucose levels and antinociception, however, a possible involvement
of endogenous insulin in pain threshold through opioid pathway by binding with
kappa receptor which isindependent of the glycemic status. The association between
endogenous insulin and pain threshold seems dependent on the type of nociceptive
stimuli and the endogenous insulin level and pain intensities seems influenced by

diurnal rhythm.

82



9. Recommendations

9. RECOMMENDATIONS

The present study clearly reveals the significant role of endogenous insulinin
the modulation of pain utilizing opioid pathway. Our preliminary study on the
interaction between endogenous insulin and opioid receptor show possible binding
of insulin on kappa receptor. Future study is recommended to explore the
mechanisms of insulin mediated antinociception through opioid pathway at

molecular levdl.
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Tablel

Relation between serum insulin, blood glucose and pain threshold in control,
pentazocine (4mg/kg; i.p), naloxone high dose pretreatment (5mg/kg; i.p.) and naloxone

low dose pretreatment (0.005 mg/kg; i.p.) in acetic acid induced abdominal constrictions

in mice.

Treatment Serum insulin  Number of abdominal constrictions Bloodagise (%)
mg/kg; i.p (MIU/mL)

Control 13.20+0.15 32.0£0.73 106.49 4B.
Pentazocine 4 15.83 £ 0.30 15.33+0.33 103.99 + 3.50°
Naloxone

pretreatment 5 11.33+(G.34 31.66 + 0.8% 104.38 £ 303
Naloxone

pretreatment 0.005 17.55+0220 11.83 + 0.48° 102.88 + 374

Each value represents mean = SEM of six obsenation

®P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
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Figure 6

Effect of pentazocine (4mg/kg; i.p), naloxone hapse pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/kg) on serum insulin in acetic acid
induced abdominal constrictions method in mice. XNLhaloxone). n=6; values are
expressed as mean = SEM; (One way ANOVA followed Dynnett’'s't’ test).?P<0.01

compared with controPP<0.01 compared with pentazocine treatment



No of abdominal constrictions

Figure?

Effect of pentazocine (4mg/kg; i.p), naloxone hdgse pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/kg;) ion number of abdominal
constrictions in acetic acid induced abdominal tetgons method in mice. (NLX:
naloxone).n=6; values are expressed as mean = SEM; (One W®VA followed by
Dunnett’st’ test). P<0.01 compared with controfP<0.01 compared with pentazocine

treatment.
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Figure8

Effect of pentazocine (4mg/kg; i.p), naloxone hipse pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/kg) on blood glucose in acetic acid
induced abdominal constrictions method in mice. XNLhaloxone). n=6; values are
expressed as mean + SEM; (One way ANOVA followed Diynnett’'s't’ test). ns: not

significant.



Table?2

Relation between serum insulin, blood glucose and pain threshold in control,
pentazocine (30mg/kg; i.p), naloxone high dose pretreatment (5mg/kg; i.p.) and
naloxone low dose pretreatment (0.005 mg/kg; i.p.) in formalin induced nociception in

mice (chronic phase).

Treatment Serum insulin ~ Paw licking response time in seconds Blododage (%)
mg/kg; i.p (MIU/mL)

Control 14.11+0.20 87.5+0.43 110.61+6.0
Pentazocine 30 19.15+0.27 52.83+0.65 108.38 +5.18°
Naloxone

pretreatment 5 13.63+0'35 86.83+1.01° 109.37+4.6%
Naloxone

pretreatment 0.005 20.46+096 44.50+0.56" 105.45+4.41°

Each value represents mean = SEM of six obsenation

®P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
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Figure9

Effect of pentazocine (30 mg/kg; i.p), naloxonghhdose pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/gg; @n serum insulin in formalin induced
nociception method. (NLX: naloxone). n=6; values axpressed as mean = SEM; (One way

ANOVA followed by Dunnett's‘t’ test)3P<0.01 compared with contrdP<0.01 compared

with pentazocine treatment.
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Figure 10

Effect of pentazocine (30mg/kg; i.p), naloxonehhdpse pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/kg) on response time in sec formalin
induced nociception method in mice (NLX: naloxong6; values are expressed as mean +
SEM; (One way ANOVA followed by Dunnett’'s't’ testjP<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
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Figure1l

Effect of pentazocine (30 mg/kg; i.p), naloxonghhdose pretreatment (5mg/kg; i.p.),
naloxone low dose pretreatment (0.005 mg/kg; igm)blood glucose level in formalin
induced nociception method (NLX: naloxone). n=6luea are expressed as mean + SEM;

(One way ANOVA followed by Dunnett’s't’ test). nsiot significant.



Table3

Relation between serum insulin, blood glucose and pain threshold in control, naloxone
high dose pretreatment (5mg/kg; i.p.) and naloxone low dose pretreatment (0.005
mg/kg; i.p.) in tail flick model in mice.

Treatment Serum insulin Latency time Blood glucose
mg/kg; i.p (MIU/mL)

Control 14.23+0.12 2.15+£0.11 109.87 6.
Pentazocine 30 20.58 £ 0.29 3.48+0.11 114.7 + 4.29°
Naloxone

pretreatment 5 14.18 + 0.31 1.93+£0.12 114.0+£ 2°92
Naloxone

pretreatment 0.005 23.08+0%%1 6.53+ 0.2 117.13 + 2'87

Each value represents mean = SEM of six obsenation

®P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
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Figure 12

Effect of pentazocine (30 mg/kg; i.p), naloxonghhdose pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/kg; @n serum insulin in tail flick method
(NLX; naloxone). n=6; values are expressed as me3&M; (One way ANOVA followed
by Dunnett's‘t’ test).2P<0.01 compared with contrdiP<0.01 compared with pentazocine

treatment.
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Figure 13

Effect of pentazocine (30 mg/kg; i.p), naloxonghhdose pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/kg; ion latency time in tail flick method
(NLX: naloxone). n=6; values are expressed as me3&M; (One way ANOVA followed

by Dunnett's‘t’ test).2P<0.01 compared with contrdiP<0.01 compared with pentazocine

treatment.
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Figure 14

Effect of pentazocine (30 mg/kg; i.p), naloxonghhdose pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/gg; ion blood glucose in tail flick method
(NLX : naloxone). n=6; values are expressed as me8&M; (One way ANOVA followed

by Dunnett’s't’ test).ns: not significant.



Table4

The relation between serum insulin, blood glucose and pain threshold in control,

naloxone high dose pretreatment (5mg/kg; i.p.) and naloxone low dose pretreatment

(0.005 mg/kg; i.p.) in hot plate model in mice.

Treatment Serum insulin Latency time Blood glucose
mg/kg; i.p (MIU/mL) in sec %

Control 15.20+£0.34 5.16 £0.31 130.0 £4.33
Pentazocine 4 19.13+0.70 7.50+ 0.67 105.0+ 3.88
Naloxone

pretreatment 5 15.52 + (.22 5.55+0.22 129.08+ 4°80
Naloxone

pretreatment 0.005 21.40+0%4°1 9.50+ 0.22 103.85 +3%79

Each value represents mean = SEM of six obsenation

®P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
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Figure 15

Effect of pentazocine (30 mg/kg; i.p), NLX high s#o naloxone high dose
pretreatment (5mg/kg; i.p.) and NLX low dose: nalo& low dose pretreatment (0.005
mg/kg; i.p.) on serum insulin in hot plate method6; values are expressed as mean + SEM;

(One way ANOVA followed by Dunnett's't’ testjP<0.01 compared with contrdP<0.01

compared with pentazocine treatment.
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Figure 16

Effect of pentazocine (30 mg/kg; i.p), naloxonghhdose pretreatment (5mg/kg; i.p.)
naloxone low dose pretreatment (0.005 mg/kg; i.pr) latency time in hot plate method
(NLX: naloxone). n=6; values are expressed as me8&M; (One way ANOVA followed
by Dunnett's‘t’ test).2P<0.01 compared with contrdiP<0.01 compared with pentazocine

treatment.
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Figure 17

Effect of pentazocine (30 mg/kg; i.p), naloxonghhdose pretreatment (5mg/kg; i.p.)
and naloxone low dose pretreatment (0.005 mg/gg; @n blood glucose in hot plate method
(NLX: naloxone). n=6; values are expressed as me8&M; (One way ANOVA followed

by Dunnett's‘t’ test).2P<0.01 compared with contrdiP<0.01 compared with pentazocine

treatment.



Table5
Effect of diurnal rhythm on reaction time, endogenous serum insulin level and blood glucose in control, pentazocine (4mg/kg; i.p.), naloxone high dose pretr eatment

(5mg/kg; i.p.) and naloxone low dose pretreatment (0.005 mg/kg; i.p.) in acetic acid induced abdominal constrictions model. (n=6)

Time Reaction time(sec) Serum insulin level (uIU/mL) Blood glucose(%)
(Mean+SEM) (Mean+SEM) (Mean+SEM)
Control Pentazocine Naloxone Naloxone Control Pentazocine Naloxone Naloxone Control Pentazocine Naloxone Naloxone
high dose low dose high dose low dose high dose low dose

12.00 32.0 15.33 31.66 11.83 13.20 15.83 11.33 17.55 106.49 103.99 104.38 102.88
h +0.73 +0.33 +0.84" +0.48*° +0.15 +0.3C +0.34 +0.20*° +3.47 +3.50™ +3.03° +3.74%
(light
cycle)
24.00 17.66 03.33 18.16 01.33 14.25 17.33 13.53 18.80 105.85 106.31 107.08 101.68
h +0.3F +0.33°  +0.87° 049" 1028 +0.48f +0.42% 102309 +347 +247° +3.66" +4.12™
(dark
cycle)

Each value represents mean = SEM of six obsenation

%P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
‘P<0.0001 compared with light cycle

9p<0.002 compared with light cycle

°P<0.007 compared with light cycle

'P<0.02 compared with light cycle
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Figure 18

Effect of diurnal rhythm on reaction time in casitrpentazocine (4mg/kg; i.p), naloxone
high dose (5mg/kg; i.p) and naloxone low dose @®@kg; i.p) in acetic acid induced
abdominal constrictions model. n=6; the valuesexf@essed as mean + SEM; (Student’s t test).

“P<0.0001 compared with light cycle.
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Effect of diurnal rhythm on serum insulinin confrpentazocine (4mg/kg; i.p), naloxone
high dose (5mg/kg; i.p) and naloxone low dose ®§kg; i.p) in acetic acid induced

abdominal constrictions model. n=6; the valuesexy@essed as mean + SEM; (Student’s t test).

9P<0.002:P<0.007P<0.02 compared with light cycle.
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Figure 20

Effect of diurnal rhythm on blood glucosein comtymentazocine (4mg/kg; i.p), naloxone
high dose (5mg/kg; i.p) and naloxone low dose ®m§kg; i.p)in acetic acid induced
abdominal constrictions model. n=6; the valuesexyessed as mean + SEM; (Student’s t test).

ns: not significant.



Table6

Effect of diurnal rhythm on reaction time, endogenous serum insulin level and blood glucose in control, pentazocine (30mg/kg; i.p.), naloxone high

(5mg/kg; i.p.) and naloxone low dose pretreatment (0.005 mg/kg; i.p.) in formalin induced nociception model. (n=6)

Time Reaction time(sec) Serum insulin level (uIU/mL) Blood glucose(%)
(MeantSEM) (Mean+SEM) (Mean+SEM)
Control Pentazocine Naloxone Naloxone Control Pentazocine Naloxone Naloxone Control Pentazocine Naloxone Naloxone
high dose low dose high dose low dose high dose low dose
12.00 h 87.5 52.83 86.83 44.50 14.11 19.15 13.63 20.46 110.61 108.38 109.37  105.45
(light cycle) +0.43  +0.65" +1.01 +0.56"* +0.20 +0.27 +0.35 +0.26*" 4501 +5.18™ +4.69°  +4.41"°
24.00 h 77.33 39.16 78.33 28.33 19.06 20.98 18.85 23.36 107.45 105.68 107.84  105.69

(dark cycle) +0.88 +0.30°°  +0.71° +0.33P° +0.29° +0.35¢ +0.26° +0.34P° +528 +4.97™ +6.52"  +4.29™

Each value represents mean = SEM of six obsenation

®P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
°P<0.0001 compared with light cycle

9P<0.009 compared with light cycle
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Figure2l

Effect of diurnal rhythm on response time in sesid control, pentazocine (30mg/kg; i.p),
naloxone high dose (5mg/kg; i.p) and naloxone l@sed(0.005mg/kg; i.p)in formalin induced
nociception model. n=6; the values are expressedeas + SEM; (Student’s t tesfP<0.0001

compared with light cycle.
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Figure 22

Effect of diurnal rhythm on serum insulinin corifneentazocine (30mg/kg; i.p), naloxone
high dose (5mg/kg; i.p) and naloxone low dose ®drkg; i.p)in formalin induced nociception

model=6; the values are expressed as mean *+ SEMdg®'s t testfP<0.0001;%P<0.009

compared with light cycle.
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Figure23

Effect of diurnal rhythm on blood glucose in cahtrpentazocine (30mg/kg; i.p),
naloxone high dose (5mg/kg; i.p) and naloxone l@sed(0.005mg/kg; i.p) in formalin induced
nociception model.n=6; the values are expressethean = SEM; (Student’'s t test). ns: not

significant.



Table7

Effect of diurnal rhythm on reaction time, endogenous serum insulin level and blood glucose in control, pentazocine (30mg/kg; i.p.), naloxone high

(5mg/kg; i.p.) and naloxone low dose pretreatment (0.005 mg/kg; i.p.) in tail flick model. (n=6)

Time Latency time(sec) Serum insulin level (uIU/mL) Blood glucose (%)
(Mean+SEM) (Mean+SEM) (Mean+SEM)
Control Pentazocine Naloxone Naloxone Control Pentazocine Naloxone Naloxone Control Pentazocine Naloxone Naloxone
high dose low dose high dose low dose high dose low dose

12.00 2.15 3.48 1.93 6.53 14.23 20.58 14.18 23.08 109.87 114.7 114.0 117.13
h +0.11 +0.1P7 +0.12" +0.13*® +0.12 +0.29" +0.3P° +0.21%"  +3.66 +4.29"™ +2.92% +287°
(light
cycle)
24.00 3.2 05.68 2.5 10.83 16.50 22.15 15.42 24.91 117.98 114.90 114.12 117.13
h +0.21° +0.14'°  +0.20° 0.2P"¢ 1020 +0.54f +0.39¢ 0339 +429 +3.91° +3.28"™ +3.16™
(dark
cycle)

Each value represents mean = SEM of six obsenation

®P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
°P<0.0001 compared with light cycle

9P<0.002 compared with light cycle

°P<0.007 compared with light cycle

'P<0.02 compared with light cycle
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Figure 24

Effect of diurnal rhythm on tail flick latency tenin sec in control, pentazocine
(30mg/kg; i.p), naloxone high dose (5mg/kg; i.pYl amaloxone low dose (0.005mg/kg; i.p) in tall
flick model n=6; the values are expressed as meaBM; (Student’s t tesf2<0.0001 compared

with light cycle.
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Figure25

Effect of diurnal rhythm on serum insulin in calir pentazocine (30mg/kg; i.p),
naloxone high dose (5mg/kg; i.p) and naloxone lased(0.005mg/kg; i.p) in tail flick model

n=6; the values are expressed as mean + SEM,; (rﬁtﬂdetest)c.P<0.0001;dP<0.002;fP<0.02

compared with light cycle.
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Figure 26

Effect of diurnal rhythm on blood glucose in cahtrpentazocine (30mg/kg; i.p),
naloxone high dose (5mg/kg; i.p) and naloxone lavsed(0.005mg/kg; i.p)in tail flick model

n=6; the values are expressed as mean + SEM; (8tsideest).ns: not significant.



Table8

Effect of diurnal rhythm on reaction time, endogenous serum insulin level and blood glucose in control, pentazocine (30mg/kg; i.p.), haloxone high

(5mg/kg; i.p.) and naloxone low dose pretreatment (0.005 mg/kg; i.p.) in hot plate model. (n=6)

Time Latency time(sec)
(Mean+SEM)

(Mean+SEM)

Serum insulin level (uIU/mL)

Blood glucose (%)
(Mean+SEM)

Control Pentazocine Naloxone Naloxone Control Pentazocine Naloxone Naloxone Control
high dose low dose

high dose low dose

Pentazocine Naloxone Naloxone
high dose low dose

12.00 5.16  7.50 5.50 9.50 15.20 19.13 15.52 21.40 130.0 105.0 129.08 103.85
h +0.31 +0.67 +0.22% +022° 1034 +0.7¢ +0.22° +04PP +433 +3.88 +4.60"°  +3.70*"
(light
cycle)
24.00 8.66 145 8.83 16.67 17.32 21.56 17.45 23.5 127.97 105.37 122.18 106.16
h +0.21° +0.56¢ +0.31°¢ +0.31P° +041% +0.3P9 +0.40%¢ +052P¢ +405 +2.98 + 4560 + 3288
(dark
cycle)

Each value represents mean = SEM of six obsenation
%P<0.01 compared with control.

PP<0.01 compared with pentazocine treatment.
°P<0.0001 compared with light cycle

9p<0.002 compared with light cycle

°P<0.007 compared with light cycle

'P<0.02 compared with light cycle

9P<0.01 compared with light cycle
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Figure 27

Effect of diurnal rhythm on latency time in coritrpentazocine (30mg/kg; i.p), naloxone
high dose (5mg/kg; i.p) and naloxone low dose ®nO§/kg; i.p)in hot plate model n=6; the

values are expressed as mean + SEM; (Studens$ £R<0.0001 compared with light cycle.
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Figure 28

Effect of diurnal rhythm on serum insulin in caslfr pentazocine (30mg/kg; i.p),
naloxone high dose (5mg/kg; i.p) and naloxone lased(0.005mg/kg; i.p)in hot plate model
n=6; the values are expressed as mean + SEM; (8tsdeest)P<0.0001°P<0.002;%P<0.01

compared with light cycle.
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Figure 29

Effect of diurnal rhythm on serum insulin in caniir pentazocine (30mg/kg; i.p),
naloxone high dose (5mg/kg; i.p) and naloxone l@sed(0.005mg/kg; i.p)in hot plate model

n=6; the values are expressed as mean + SEM; (8tside¢est).ns: not significant.



Table9

I nterface statistics of interactions between protein chains.

No. of No. of  No. of No. of No. of
interface Interface salt disulphide hydroger non-bonded

Chains residue area (K) bridges bond: bonds contacts
@y ® 31:24 15361604 - 2 12 225
Oy® 2.1 131150 - - - 3
@O 17:13 79¢916 - - 4 69
©y® 21 6081 - - - 5

Oy © 1314 58564 - - 9 107

Gy @ 1618 90c879 - 2 8 144



Fig. 30

K Salt Disulphide Hydroget Non-bonded
& — bridge: bonds ==bonds = contacts
Figure.30

Schematic diagram of interactions between protein chains.

Interacting chains are joined by coloured linessheeepresenting a different type
interaction, as per the key above. The area of eacle is proportional to the surface area of
corresponding protein chain. The extent of therfate region oreach chain is represented b
coloured wedge whose colour corresponds to theucadd the other chain and whose s

signifies the interface surface area. Statisticgfiathe interfaces are given belo



Table 10

Interface statistics of interactions between protein chains A and B.

No. of No. of No. of No. of No. of
interface  Interface salt disulphide hydroger  non-bonded
Chain residues area (/) bridges bonds bonds contacts
® 31 153¢ 5 12 295

® 24 1602



Chain A Chain B

i i Non-
: Salt Disulphide Hydroget
Key: bridge: bonds — bonds = bonded
contacts
Figure3l

Schematic diagram of interactions between protein chains.

Interacting chains are joined by coloured linessheeepresenting a different type
interaction, as per the key above. The area of eiacle is proportional to the surface area of
corresponding protein chain. The extent of therfate region on each chain is represente:

the black wedge whose size signifies the interfacéace are





