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INTRODUCTION

= There is a reduced potency of morphine-induced
antinociception in chemically

= On the other hand, hypoglycemia induced by

insulin treatment significantly increased morphine
potency in the tail-flick test in animals

= There is also considerable evidence that the
antinociceptive potency of morphine has
decreased in spontaneous diabetic mice




INTRODUCTION

Hypersensitivity to pain and attenuation of
responsiveness to morphine have also been reported
in diabetic patients

BUT; previous discussions of this issue have
focused almost exclusively on the relatively

poor response of patients with neuropathic
pain

AIM:

To evaluate the effect of hyperglycemia on
postoperative acute pain perception

To compare the analgesic efficacy and the
occurrence of side-effects following administration
of morphine after abdominal hysterectomy.



MATERIAL & METHOD

Approval from the institutional Ethics
Committee

(Group D) : 33 NIDDM

(Group ND) : 31 non-diabetic patients

= ASA physical status I—II

= Aged 24—68 years

= Scheduled for elective TAH + BSO

= Group D patients received OAD; none

of them received insulin for management
of diabetes




MATERIAL & METHOD

Exclusion criteria:

= Patients with Type I / IT diabetes

= Having signs of neuropathic pain

= Taking medication for neuropathic pain

= Receiving insulin for perioperative
glycemic control

= Patients with poor glycemic control

= Patients allergic to morphine or currently
receiving opioids for treatment of chronic

l pain




MATERIAL & METHOD

Patients who were considered likely to

remain on postop. PCA for 48 h were selected from
the operating lists

Induction of GA : Fentanyl 2mg.kg?, and Thiopental
(up to 5mg.kg?) and Vecuronium 0.1mg.kg.

Anesthesia maintenance : Sevoflurane in
Oxygen/N,O (30%/70%)

A loading dose of morphine(50mg.kg™) was given
during closure of fascia

Neuromuscular blockade was reversed




MATERIAL & METHOD

The PCA pump (Abbott Life Care PCA Plus Infuser-Abbott
Laboratories, North Chicago, IL) was set to deliver :

Morphine 1mg as a bolus dose / 10 min
20mg / 4-h limit with no background infusion

= A member of the Acute Pain Service visited the
patients two times a day

= In cases of inadequate analgesia Img of M
was given as a rescue analgesic
= The main efficacy measurement : accumulated M

= consumption was recorded at emergence and at
postop 1,2,4,8,12,24and 48 h




MATERIAL & METHOD

= Pain intensities were assessed using a VRS

= Hemodynamic variables, need for rescue analgesic
and occurrence of adverse effects were noted
-test, repeated measures ANOVA with
Bonferroni correction, Chi-square and Fisher's exact
tests were used statistical analyses

= Avalue of P<0.05 was considered statistically
significant for all analyses.




RESULTS

There was an increase in blood glucose levels in the
postop period in both groups [Signif. at the 1. 6™ h]
Mean blood glucose levels in Group D > Group ND

in all fime periods [statistically significant (P=0.0001).
SBP & HR in Group D > Non-diabetic group [NS]
Diabetics made more demands from the PCA
(141.60+130.27 vs. 79.77+63.97, respectively).
Difference was significant at the 24t (P=0.046)

and 48 (P=0.024) hrs

Correspondingly, diabetic patients received more
deliveries from the PCA (Group D: 48.43+24.18; Group
ND: 38.97+20.95) [NS]



RESULTS

The cumulative M consumption from PCA

Diabetic > Non-diabetic

54.12+25.09mg 42.66+20.67mg
Difference was statistically higher in the 15t postop
hour (P=0.037).

Diabetic patients required more morphine in the last
24 h (P=0.015)

Cumulative M consumption revealed a linear increase
in Group D (P<0.0001), but not in Group ND after 24 h
(P<0.001)




RESULTS
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Opioid consumption of the dinbetic and non-diabetic
patients in the postoperative period. Data are presented as
mean £ 5D, P =0.037 (cumulative morphine consumption) and
TP =0.015 (morphine consumption in each study period).

» More patients in the diabetic group required
rescue medication (26 vs 19)

» Rescue M doses in diabetic and non-diabetic
groups were 2.23+1.99 and 1.63+1.79



o

VRS level
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Postoperative pain scores of diabetic and non-diabetic
patients at rest (mean 4+ SD). *P < 0.05.

Pain scores in the study period were significantly
higher in diabetic patients compared with non-
diabetics (P=0.016)

The decrease in VRS levels in nondiabetic patients
was higher than in the diabetic patients (Group ND,
P=0.0001; Group D,P=0.001).

C:n'l o mmdl.

RESULTS
= Diabetic patients had higher pain scores at 2, 8, 12
and 24 h (P<0.05)
N



= drowsiness and constipation were not different

RESULTS
= Nausea : Diabetic group / Non-diabetic (25 and 14,
respectively; P=0.003)
= Vomiting (8/30; 26.6%) in both groups
= Adverse effects such as shivering,
N



DISCUSSION

The results of this study demonstrated that diabetic¢

patients had hi ind the requirement
for morphine w w H Y ? eed for rescue

analgesics were iu cuseu 1 e postoperative period
compared with non-diabetic patients

Hypersensitivity to pain
Attenuation of response to morphine

in diabetics
y Iy HYPERSENSITIVITY
i) QEDUCED MORPHINE

/ RESPONSE




homeostatic physiological mechanisms — g
And increased doses of morphine are ‘
f .

suggested in these reports I %

-

|
= Since properties of pain or pain syndrome appear to

be an important determinant of opioid response, all
patients were questioned and examined for signs of
neuropathy

DISCUSSION
= The issue of analgesic response to opioids has been
evaluated mostly in diabetic neuropathic pain in
which pain generation is different from normal
N



DISCUSSION gLerohveemia

= It is postulated that either \\
hyperglycemia or pharmacokinetic/ —
pharmacodynamic changes could be wﬂ =
responsible for the difference in
responsiveness to morphine

In a model of chronic pain Raz et al. showed a
reduction of morphine analgesia in hyperglycemic rats
and proposed that hyperglycemia might diminish the
analgesic effect of morphine by :

+ A direct antagonistic effect on the opioid Rs
B  + A decrease in receptor number
I < An alteration in the conformation of the opiate R

Phar'macologlcaf

+ A postreceptor effect



Anesthesiology 2002; 97:160 @ 2002 American Society of Anesthesiologists, Inc . Lippincott Williams & Wilkins, Inc.

Functional p Opioid Receptors Are Reduced in the sznal
Cord Dorsal Horn of Diabetic Rats

Shao-Rui Chen, M.D.,* Kristi L. Sweigart, B.5.,T Joan M. Lakoski, Ph.D.,¥ Hui-Lin Pan, M.D., Ph.D.§

/.:. Functional p opioid receptors in the spinal cord
dorsal horn of diabetic rats are reduced
*Impaired functional receptors constitute one of

the mechanisms underlying the reduced spinal
analgesic effect of p opioids in diabetic neuropathic

\ pain
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DISCUSSION

Modulation by serum glucose levels on morphine-induced
antinociceptive effect in C57BL/KsJ-db/db mice

P—— S p—— LW » - - -y . [ —— — (T . sr—=" . T —— e -
JUNZO Kame - i NOC SO0evs 3 Masahwo Ohsawa ia Kimura Shun-«<ch aSanakKka

* antinociceptive effect of morphine between C5-045-treated C57BL/KsJ-db/db mice and C57BL/KsJ-db/++
mice. Adoptive transfer of supernatant of the spleen cell homogenate from C57BL/KsJ-db/db mice to naive

findings support the our previous suggestion that some factor(s) derived from spleen mononuclear cells is
the prime factor involving the insulin-insensitive mechanisms for the reduction of p-opioid agonist-induced

(1r} 10 49 O G \J [\ evelre (Y& O UIdDEe | €

Role of L-type Ca“"channels in attenuated morphine antinociception in

streptozotocin—-diabetic rats
Srnivas Gullapall, Krishnoem rify Surumoorthy, Charman Lal Kaul, Poduri Barmarac o - (58

* Nimodipine (0.1-3 mg/kg, i.p.) did not produce antinociception but significantly potentiated the morphine
response in control rats. Nimodipine (0.3-3 mg/kg, i.p.) reversed the attenuation of morphine

antinociception in a dose-dependent manner in diabeftic rats. Moreover, msulin (2 H/Kg, s.c.) reversed tThe ]

attenuated morphine antinociception in streptozotocin-diabetic rats. A significant increase in the B,




DISCUSSION

= Moreover Oyibo et al. and Fox et al. have reported
that stable glycemic control and maintenance of
euglycemia were important in the management of pai
in diabetic neuropathy

| N
< -— h

THUS; these findings show
a direct relationship between
blood glucose levels and
morphine sensitivity




diabetic rats :

Diabetes-induced glycosylation of proteins which can
alter the protein binding and increase the

unbound fraction of morphine

Courteix C, J Pharmacol Exp Ther 1998
ewilt PR, Clin Pharmacokinet 1991

DISCUSSION ,{:s}?

PHARMACOKINETICS a‘!’

= Total clearance /

= Vol of distribution of morphine are increased in
N



DISCUSSION

Is the Reduced Efficacy of Morphine in Diabetic Rats Caused
by Alterations of Opiate Receptors or of Morphine
Pharmacokinetics?

. CCHARTEDL, P, BOURGET," F. CALUISSADE,” M, BARDEN. F. SOUDGDRE, J. FIALIP ard A ESCHALIER™
Ecpsicss MEELLE, LaShosmdos o Phassmacceigei  Facsl S Phmemescm, F-EE0T Ol -Foeriried Caeciio. Frarcs
Ersraepsban] for puiblicaristen Cpcmrmsier 12, TEEST Tres papaes = reainbie crlnag ol PR Saese g oeg

ABSTRACT

Because it generally is admitted that neuropathic pain is resis- mu and delfa opiate receptors were not altered by diabetes.
tant to opioid analgesia, we investigated the effect of morphine  Likewise, the plasma maximal concentration of morphine and
on hyperalgesia in streptozocin-induced diabetes in rats. The metaboltes, as well as the area under the curve, did not differ
antinociceptive effect of morphine (0.5-4 mg/kg i.v.) on me- between diabetic and normal rats. Only the total clearance and the
chanical (paw pressure test), thermal (tail immersion test) and apparent volume of distribution of morphine were increased in
chemical (formalin test) hyperalgesia was reduced. To clarify diwetic ra!& whach suggests that the dtabetes-sndtmd gyoosy
the mechanisms involved in the alteration of morphine analge- NCreas ine in the
sia, the binding characteristics of mu and delta receptor ago-
nists and the pharmacokinetics of morphine and its glucuronide
metaboktes morphine 3-glucuronide and S-gbcuon-de
were determined. K, and B, values for ["H]jo-Ala” (Me)Phe”,

- Gly(ol)*jenkephalin and [‘H]{o-Pen’.o-Pm’]mkephaln to cerebral \and of volume of distribution in comparison with healthy animals).




» Hypersensitivity to pain in diabetics should
be remembered as a reason for the lncr'eased
morphine requirement

ConClusion
= Diabetes might alter morphine -
requirements for postoperativ |
pain freatment
= Reasons :
> Diabetes-related changes in morphine P / P
» Direct effects of hyperglycemia.
N




word, "mel” which means “honey", and was used
because the urine was sweet

SRR . —— Mellitus Means Sweet Like Honey

Diabetes Mellitus
>"Diabetes” comes from the Greek word for
“siphon”, and implies that a lot of urine is made
> The second term, "mellitus” comes from the Latin
N



10 countnegs (m|I)




%
8)
m

= American
Diabetes
- Association.

CCCCCCCCCCCCCCCCCCCCC

12-25% DM /hospitalized adult patients

More diabetic patients are operated (25%

Periop complications associated with

DM are increasing

Related to the end-organ damage
Mortality Rates X 5 lll

Chronic complications resulting in retinopathy,
nephropathy, neuropathy and atherosclerosis
increase the need for surgical intervention

POU TRU?"‘
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Narcotics and diabetes. ||. Streptozotocin-induced diabetes selectively alters the potency of certain narcotic
analgesics. Mechanism of diabetes: morphine interaction.

» STZ-induced diabetic rats (IDDM) and
genetically diabetic (NIDDM) are significantly less
responsive to the antinociceptive effect of M
in the tail-flick test

» They postulated; hyperglycemia might interfere
with morphine action on the opioid receptor

> The interaction between STZ-induced diabetes and
morphine antinociception does not appear to be
due to differences in : absorption, distribution or
elimination of morphine between diabet;
nondiabetic mice




T Yolume 62, Issue 1, 28 Movember 1997, Pages PL1-PLE

ated commumnication

Modulation by serum glucose levels on morphine-induced
antinociceptive effect in C57BL/KsJ-db/db mice

Junzo Kamei® 4 | Midori Sodeyama®, Masahiro Ohsawa®, Mari Kimura®, Shun-ichi Tanaka"

(Jap:ln. J. Pharmacol. 60. 133 140 ( 1992) \

Effects of Morphine on Responses of Nociceptive Ventrobasal
Thalamic Neurons in Diabetic Rats

\ Junzo Kamei, Taro Aoki, Hideki Hitosugi. Yuriko Iwamoto and Yutaka Kasuva )

~

/> The antinociceptive effect of [DAla
2 ,MePhe4 Gly-ol5]enkephalin
(DAMGO), is decreased in STZ-
diabetic mice

o
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» Multiple injections of insulin
replacement abolished the
decrease in morphine analgesia
in diabetic mice

(S /

~

Eur J Pharmacol. 1883 Jun 17,50(4).437-5.

Modification of morphine antinociceptive response by blood glucose status: possible involvement of cellular
energetics.

Singh IS, Chatterjee TK, Ghosh JJ.
> The antinociceptive response to morphine was
enhanced in insulin-hypoglycemic animals

Arch Int Pharmacodyn Ther. 1992 Jul-Aug;318.13-20.

Morphine analgesia in nhormal and alloxanized mice.
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Hyperglycemia in diabetes alters « = AR
hypothalamic-pituitary function
Effects the activity of endogenous opiate system

Changes in the concent. brain / blood glucose levels
modulate opioid antinociception and basal nociceptive
processes

DM is a chronic stress state and the decreased level
of p-endorphin in diabetics may induce changes in
opiate receptor activity within the brain

Tolerance develops to exogenous opiates
THUS, diabetic animals would be more
tolerant to the analgesic effects of
exogenous opiates




ScienceDirect eJD
viercom/locate/ej I'JarI

European Joumal of Pharmacology 584 (2008) 78 — 86

Decreased basal endogenous opioid levels in diabetic rodents: Effects on
morphine and delta-9-tetrahyvdrocannabinoid-induced antinociception

Jovan Williams, Victoria L. Haller , David L. Stevens. Sandra P. Welch

/- Diabetes itself may play a role in modulating ’rhe\
ability of morphine to release endogenous
opioids

= Impairment of yopioid R /G-protein coupling

= G-protein activation by p opioid receptor
agonists is reduced in the spinal cord dorsal

K horn in diabetic animals ™™™
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Role of L-type Ca™ channels in attenuated morphine antinociception in
streptozotocin-diabetic rats

Srinivas Gullapalh. Knshnamoorthy Gurumoorthy, Chaman Lal Kaul, Podun Ramarao ™

ﬁ Ca®* alters intracellular events to antagonize \
the antinociceptive effects of morphine

Ca®* channel blockers, potentiate m-opioid
receptor agonist-induced antinociception

Complications associated with chronic DM such
as hypertension, macro/microvascular disease,
cataracts, cardiomyopathy, neuropathy etc.,

may be related to the pronounced changes in /

cellular Ca?* homeostasis .
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The role of nitric oxide in diabetes-induced changes
of morphine tolerance in rats

Khojasteh Joharchi, Masoumeh Jorjani ™

ﬁThe role of NO as a major neurotransmitter in\

morphine antinociception and tolerance has
been established

= L-arginine, reduces the antinociceptive
effect of morphine
. of o . N ) ~ L-Arginine .
B CNOS Inh|b|1'orls poTen-I-la-re Gestational diabetes mellitus i Obesity in pregnancy

\
N

Increased <= l (hCAT-l) ’ ?

morphine analgesia in the "
. . Increased @ L-Arginine ?
\\TG”-ﬂle test \
Increased < ‘\ eNOS i Reduced

Increased &= NO < = Reduced
L-Citrulline
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The role of nitric oxide in diabetes-induced changes
of morphine tolerance in rats

Khojasteh Joharchi, Masoumeh Jorjani ™

ﬁ It is suggested that the increased urinary ni’rria
content in morphine tolerated rats may be due to
the increased NO production

= There is the same possibility in diabetic state
= Decrease in morphine antinociception in morphine

tolerated diabetic rats could be explained by
increase of NO production

& /
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f a decrease
ber, an alteration in the conformation of the opiate receptor, or a postreceptor effect.

= Raz J et al propose that pain threshold is maintained
Antagonistic
effect of glucose

Compensatory increase
secretion of endogenous

opioid peptides

Decrease in receptor number

An alteration in the conformation
of the opiate receptor

Postreceptor effect

In Chronic Painful Diabetic Neuropathy, these normal
analgesic response mechanisms may be overwhelmed :

= An excess of nociceptive impulses from diseased
peripheral nerves

= Failure of endogenous opioid secretory response to
hyperglycemia

Raz I, Hasdai D Diabetes 1988, 37: 1253—9.
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Study of the sensitivity of the diabetes-induced pain model in rats to a
range of analgesics

Surteix, M. Bardin, ©. Chantelauze, J. Lavarenne, A. Eschalier da

= Doubled the morphine doses to obtain the same
score variation

= Proposed that changes in m-opioid receptors (a
pharmacodynamic effect) may be involved in the
reduced sensitivity of diabetic animals To M

= Effect of diabetes at the opioid- r'ecepTor' su’re
direct effects of hyperglycemia 4 o

and pharmacodynamic changes
of IDDM




m Research Paper
Journal of

Pharmacy and Pharmacology

JPP 2010, 62: 310-314
© 2010 The Authors
Journal compilation @ 2010

The pharmacokinetics of morphine and its glucuronide
Royal Pharmaceutical Society conjugate in a rat model of streptozotocin-induced diabetes
of Great Britain
Received August 13, 2009 and the expression of MRP2, MRP3 and UGT2B1 in the liver

Accepted December 16, 2009
DOI 10.1211/jpp/62.03.0004
ISSN 0022-3573
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= The weak analgesic effect of morphine in diabetes
is controlled by a complex mechanism

= Plasma morphine concent. b
STZ diabetic group < Controls = 3%
= Albumin levels were comparable ©

= The elimination processes, elimination halflife
were similar in the two groups

Increased volume of distribution




Where are we in the Clinic ??

Pain. 1990 Dec;43(3):273-86.
The nature of opioid responsiveness and its implications for neuropathic pain: new hypotheses derived from
studies of opioid infusions.

Portenoy RK', Foley KN, Inturrisi CE.

# Author information

Abstract

In recent years, the chservation that the respeonse of patients to cpicid drugs may be influenced by properties inherent in the pain or pain syndrome,
such as its pathophysiclegy, has evelved inte the belief that certain types of pain, e.g., neurcpathic pains, may be unresponsive to these drugs. This
cencept has important implications for beth clinical practice and basic understanding of cpicid mechanisms. We critically evaluate opicid

hydromarphone. From this analysis, we hypothesize that (1) opioid responsiveness in man can be defined by the degree of analgesia achieved
during dose escalation to either intolerable side effects or the occurrence of tomplete’ or adequate’ analgesia; (2) opioid responsiveness is a

continuum, rather than a quantal phenomenon; (3) opioid responsiveness is determined by a diverse group of patient charactenstics and pain-related
factors, as wel as drug-selective effects; and (4) a neuropathic mechanism may reduce opioid responsiveness, but does not result in an inherent
resistance to these drugs. Given the complexity of factors contributing to opioid responsiveness and the Dbsewatmnthat outcome cannot be reliably

monltormg of analgesia and other effects.

= Hypersensitivity to pain

= Limited analgesic effect of M in treatment of painful
diabetic neuropathy

B = Attenuation of responsiveness to morphine

glucose-loaded normal subjects




Where are we in the Clinic ??

50 g glucose infusion in normal subjects
Significant decrease in threshold level of pain

Significant decrease in maximal level of pain
tolerated

It is concluded that elevated glucose levels and/or
rapid fluxes in glucose levels result in a decrease in
pain tolerance




Where are we in the Clinic ??

These findings have potential clinical implications in
the pathophysiology and management of painful
diabetic neuropathy and the use of narcotic agents in
diabetes mellitus

Properties of pain or pain syndrome appear to be an
important determinant of opioid response




Limitations of Our Study ohy

= The patients Type IT and NIDD

= None of them received insulin for blood glucose
control

= They did not have a neuropathic pain

= Individuals with IDD have a longer history of
diabetes

= Perioperative approach for blood sugar control in IDD
differs from NIDD

= The diabetic group were either normoglycemic or had
a mild elevation in blood glucose levels




What Is Found In the Clinic ??

Glucose concentration (mmaol!

Figure 1 {a) A 24-h continuous glucose monitoring system (CGMS)
profile for a patient wirh painless neuroparhy. (b) A 24-h CGMS profile

I\l

The relationship between blood glucose excursions and
painful diabetic peripheral neuropathy: a pilot study

5. 0. Oyibo, ¥. D. M. Prasad, M. J. Jackson, E. B. Jude and A. 1. M. Boulton

glycaemic excursions are extreme.

In conclusion, diabetic patients with paintul neuropathy
seem to have increased blood glucose flux and perhaps poorer
glycaemic control compared with those with painless neuro-

20

15

10

Patly. Larger studics are nee ¢ PrETUTInAry
observations. If painful symptoms are related to blood glucose
excursions, then improved blood glucose stabilicy may benefi
patients with painful diabetic neuropathy.
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= There is a direct relationship between blood glucose
= levels and morphine sensitivity.

= Total clearance incresed

= Volume of distribution of morphine increased in

diabetic rats :

Diabetes-induced glycosylation of proteins
(Reported previously in diabetic patients)
= Alters protein binding and increase the unbound fraction of

morphine 1

High diffusion of morphine in the aqueous compartment,
Decrease of its amount in the target organs (CNS)

Reduced effect and larger consumption of morphine in diabetic
patients
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= In diabetics, hypersensitivity to pain 7?*‘77%
and attenuation of responsiveness ,_ .. ,,fei- sage
to morphine are reported
= Effects the activity of endogenous opiate system
= Changes in the concent. brain / blood glucose levels
modulate opioid antinociception and basal nociceptive
N

processes



