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Abstract

Alteration in the backbone structure of the endogenously released opioid peptides
Leu¥Met® enkephalins may result in compounds having comparable profile of
pharmacological activity but with different physicochemical properties and side effects.
Phthalyl amino acid and phthalyl esters are among the derivatives that have been synthesized
and evaluated for their antibacterial and antifungal activities.This study was conducted to
evaluate the possible analgesic activity of phthalyl-tyrosyl-glycin sodium that has been
recently synthesized by our team. T he study was carried out on 24 albino mice using hot plate
method. The animals were allocated in to three groups; the first group received saline and
represent a control group; the second group received morphine HCI as a standard drug; and
the third group received phthalyl-tyrosyl-glycin sodium. The onset with which the animal lift
his forearm and the number of jumps per 25 seconds were recorded for each group.

The results of this study showed that phthalyl-tyrosyl-glycin sodium resulted in significant
improvement (P<0.05) in analgesia score as well as significant delay in the onset of induced
hyperalgesia in comparison to saline-treated group, and in comparison to morphine HCI, no
significant difference (P>0.05) was observed in analgesia score but with significant delay in
induced hyperalgesia.The results obtained in this study provide experimental evidences for
the effectiveness of the prepared compound as analgesic with comparable effect to that of
morphine.

K ey wor ds: Phthalyl-tyrosyl-glycin sodium, phthalyl group, analgesia .

Ladall

Lo LS e o505 08 (GBS (43 sfia 5 Cpams ) Al A3 ) sed) Aiload) claind) e Aiba I Ol (any
ol e Y1 g (o8 DA aa Alite A5l haby AysliesS (al g 0815 Ay Al LSS Ay i A 50 e
LSl oo Jlidl )yl s el raalal Qo) e Gy slall LS jall yiied Lgaladiul e Al dpdal)
ind A al) Adledl) anil Al Hall o8 asenca ol dgle 5 Ay yhadll 5 dpe 55 sadl LAY i Lgidled daiall 5 dxianl)
54 (Phthalyl-tyrosyl glycin sodium) sa 5 S sall 138 o)) a3 (Ss @S oS ) G sean o (5 5
24 Aaaiul Al Hal) Gt B iy dasls Adaall LIS ddaYauall cbell & )3 J8 (o dngial 8 a8 ana S e
35 (hot plate) solad) dsdiall 45yl aadiul A3 (SueS paad) S Hell 4 gall Adedl) il Lagl 1S3 T )l
Ao sanall 53kl de gana Jieds (saling) pllel) slall J5Y) Ao sanall Cuiia caualae A0 e @l ol 035 53
iy Gadll g sm e 54 5315 (Phthalyl-tyrosyl glycin sodium) «S e &G 5 ould jlES (48 ) gally 458
Al il & Hedal 45l 25 J3a @l 3l axe 53 )l daiiall e 4 ) gaad) a3 jriuall @i 5l Gluial
A5 DA &l ae Gl g dagiiall e 4l Gl sl il (3 jriual) G gl 8 5 sina g mual g (pasa
Aallaall bl gaal) 388 Jane 8 das o) 8 (g sima (5,8 Y 3 haul) de guna go 2aad) S jalldadlall @l pal)
OS sl dsdall e 4l o) sadl G de o o V) ) sl dadleall e geaall ae 43 Hlall and) S el
(glycin-Phthalyl-tyrosyl) < sl 45 sall ladll o Ay s Ao 4u) )all o2 e dualiivaall zdill dass Ua
O sall A lie Allads s (558 A (S S S

Icorresponding author email r74th @yahoo.com
Received 24-7-2006
Accepted 20-12-2006

46



Introduction

Opioid peptides, defined as peptides with
opiate-like pharmacological effects , are the
oldest pharmacological substances known
for their analgesic , euphoric and addictive
effects™ Morphine is the first narcotic
analgesic alkaloid isolated from plant source in
1806 @ In 1975, Hughes and Kosterlitz
succeeded in isolating two pentapeptides,
Leucine- and Methionine-enkephalin (Leu/Met
enkephalin) from pig brain, which compete
strongly with morphine-like drugs for binding
to receptors in the brain with pharmacologica
actions resembling those of morphine itself 2.
However, to date, morphine-like compounds
remain the only class known to act by
mimicking these peptides ). Several families
of peptides were discovered with multiple
categories of opioid receptors.

Binding studies by Synder and colleagues
(1973), demonstrated that opioids are
recognized by specific receptors ©. Various
pharmacological observations like analgesia,
sedation, antitussive, antidiarrheal, pupilary
corstriction, and bradycardia produced by
different drugs implied the mediation of more
than one type of receptors.

Receptor cloning studies revealed the
existence of six different opiate receptors
named as p (mu), & (delta), x (kappa), o
(sigma), € (epsilon) and NFQ (nociceptin FQ)®©
These receptors mediate severd
pharmacological and side effects of opiates
including: analgesia (supraspinal, spinal,
periphera), respiratory depression , papillary
corstriction, reduced Gl motility, euphoria ,
dy phoria, sedation and physical dependence® .
Concerning their molecular pharmacology,
these opioid receptors belong to the family of
inhibitory G-protein coupled receptor, mediate
the reduction of intracellular cAMP level as a
main event beyond receptor binding . Other
mechanisms involve the opening of K* and
block of Ca?*-channels thereby reducing both,
neuronal excitability and transmitter release ©.

Understanding the powerful molecular,
biologicad and physiological terms of opioids
was used to develop anal gesic compounds with
significant advantages over morphine ©. In
this respect, incorporation of a new group in
the main backbone of naturally occurring
enkephalin was aimed in synthesizing
compounds with possible analgesic effects. On
the other hand, one of the earliest types of
structural modifications applied to the
enkephalin was shortening of the peptide chain
by removal of residues from the essentid
sequence or by removal of residues from C-
terminal. These experiments showed that
significant potency remained in producing
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analgesia in vivo as in Tyr-D-ala-phe-met
amide (1,

In previous work, Muthanna, et al. (2005)
were succeed in designing and synthesis of
enkephalin analogues having even shortest
chain by removing the C-terminal residue gly-
phe-leu/met; keeping N-tyrosine residue
protected by phthalyl group. Accordingly, the
newly synthesized phthalyl-tyrosyl-glycin and
its sodium salt (Fig. 1 and 2) are novel
compounds produced in our laboratories with
possible analgesic activity ", The present
study was conducted to investigate the
analgesic effect of the sodium salt of this
compound on experimental animals.
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Figure (1) Phthalyl-tyrosyl-glycin 2
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Figure (2) Phthalyl — tyrosyl — glycin sodium
salt

Material and Methods

Animals: Twenty-four adult male albino mice
weighing 25.23 + 3.1 gm were used in this
study. They were obtained from Iragi Sera and
Vaccine Institute and were housed under
standard conditions in the animal house of the
College of Pharmacy-University of Baghdad.
Animals were fed commercial pellet and tap
water in free access ad libitum.

Materials: Morphine HCI was supplied by
May and Baker Ltd, England. Phthalyl-tyrosyl-
glycin. has been obtained from reference *®
and its corresponding sodium salt has been
synthesized according to reference ™ to
increase its water solubility to be suitable for
intraperitoneal administration. All compounds



were dissolved in normal saline and were
administered intraperitonially.

Methods: Hot plate method as described by
Woolfe and MacDonald *® was used for
evaluation of the analgesic effect of the tested
compound compared with morphine as a
reference. Animals were allocated into three
groups: first group received normal saline,
second group received morphine HCl (May
and Baker Ltd, England), and third group
received phthalyl-N-tyrosyl-glycin sodium.
The plate was heated to 55 °C and the animal
was put on the plate. The onset with which the
animal lift his forearm and the number of
jumps per 25 seconds were recorded for each
group. The results were expressed as mean +
standard error and were analyzed using
ANOVA and unpaired Student t-test.

Results and Discussion

The data presented intable (1) clearly showed
that animals in control group lift their forearms
in about (1.2 + 0.66) seconds whichrepresents
the normal onset of heat-induced hyperalgesia.
The animal jumps 24.8 + 2.4 times/25 seconds
whichrepresents the analgesia score. Table (1)
also showed that morphine significantly
(P<0.05) delayed the onset of heat-induced
hyperalgesia (2.6 + 0.74) in comparison to
control group and significantly (P<0.05)
improved the analgesia score (11.0 £ 2.4) in
comparison to control group (24.8 + 2.4) (Fig.
3 and 4). Interestingly, phthalyl-tyrosyl-glycin
sodium resulted in significant (P<0.05)
improvement in analgesia score (10.8 + 1.43),
an effect seems comparable to that of morphine
(11.0 £ 2.4, P>0.05). However, phthalyl-
tyrosyl-glycin sodium showed slightly more
significant delay in the onset of heat-induced
hyperalgesia over that of morphine (Fig. 3 and
4).

The pharmacologic results may indicate that
tyrosine is the essential amino acid residue
within the peptide chain of leu / met
enkephalin ®; and the enzymatic resistance is
doubtless an important factor in the high
potency of this analgesic because,
chemically, the presence of phthalyl group may
enhance the availability and hence the binding
of the compound to opioid receptorsand thisin
turn may potentiate the pharmacological effect
of the tested compound, this may explain why
the compound showed acomparable anal gesic
effect to that of morphine. Furthermore, the
bulky phthalyl group may increase the
lipophilicity and thus enhance a sufficient
bioavailability and tissue penetration, an effect
which may explain why the compound has
slightly faster onset of action than morphine.
On the other hand, the presence of bulky

phthalyl group is suspected to reduce enzyme
degradation of phthalyl-tyrosyl-glycin inside
the body by adding a sterric hindrance *%;
however, this expectation requires further
pharmacokinetic studies.

In conclusion, phthalyl-tyrosyl-glycin sodium
showed promising analgesic  activity
approximately equal to that of morphine with
reliable onset of action, making it a good
candidate for further development in the field
of morphine-replacement therapy based on the
idea that enkephalins are compounds devoid of
addictive liability.

Table (1) Effect of Phthalyl-tyrosyl-glycin
odium and morphine on the analgesia score

and heat-induced hyperalgesia in mice

Jumps/25 h Onselt Of.
Groups seconds yperaigesia
(sec.)
Control growp | 5484042 | 12+0.66°
(n=6)
Morphine-
treated group | 110+24° | 2.6+0.74°
(n=6)
Phthalyl-
tyrosyl-glycin
sodium-treated| 10.8+ 1.43° | 4.2+1.04°
group
(n=6)

Values are presented as mean + SEM.Values
with non-identical superscripts (a, b, c)
among different groups are considered
significantly different (P<0.05).

35

8
—

N
ul

8

.
a

—

—

=
o

Analgesia score (jumbs/25 sec)
w

o

phthalyl -tyrosyl
glycin sodium

Control morphine

Figure (3) :The effect of phthalyl-tyrosyl -

glycin sodium and morphine on analgesia

score in mice recorded 25 second.Results are

expressed as the mean (jumps) + SEM; n=8;

non - identical superscripts (a , b) represent

significant differences among groups by
ANOVA (P<0.05)
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Figure (4) :Comparison of the effect of
phthalyl-tyr osyl-glycin sodium and
mor phine on the onset of heat-induced
hyperalgesia in mice. Results are expressed
as the mean * SEM; n=8; non-identical
superscripts (a, b, c) represent significant
differences among groups by ANOVA
(P<0.05)
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