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ABSTRACT: Paracetamol is a well-known drug for its antipyretic, analgesic and
anti-inflammatory activity. The drug being an OTC had been used more frequently
than required. As a result of this overdosage of the drug caused a hepatotoxic effect.
So to overcome this, an approach of PEGylation was chosen. PEG 1500-
Paracetamol, PEG 6000-Paracetamol, PEG 1500-Glycine-Paracetamol, and PEG
6000-Glycine- Paracetamol. The Prodrugs synthesized were subjected to in- vitro
dissolution at Ay 256nm at pH 1.2, 4.5 and 6.8. The studies revealed that % drug
release was more at pH 6.8 rather than at pH 1.2 and 4.5, for PEG 6000-Gly-
Paracetamol than PEG 1500-Gly-Paracetamol and also PEG 6000-Paracetamol %
drug release was more than PEG 1500-Paracetamol. In-vivo Analgesic activity by
Tail Immersion method revealed that PEG 6000-Gly-Paracetamol and PEG 1500-
Gly-Paracetamol has higher analgesic activity than PEG-PEG 6000-Paracetamol and
PEG 1500-Paracetamol, which indicates the influence of spacer, i.e., Glycine on
drug release. In-vivo Analgesic activity by hot plate method and acetic acid methods
revealed that PEG 6000-Gly-Paracetamol and PEG 6000-Paracetamol has higher
analgesic activity than PEG 1500-Gly-Paracetamol and PEG 1500-Paracetamol,
which indicates the influence of higher molecular weight on drug release.

INTRODUCTION: Prodrug: The term prodrug
refers to a pharmacologically inactive compound
which is converted to active form by metabolic
biotransformation before eliciting its
pharmacological action. Prodrugs are used to
improve patient acceptability, improve absorption,
alter bio-distribution, alter metabolism and alter
elimination. The characteristics of prodrugs
required for improved site-specific delivery are

1. It should be readily transported to the site of
action.

2. It should be selectively cleaved by specific
enzymes to convert to the active form.

3. It has to be converted to an active form, should
retain tissue as such without degradation.
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Prodrugs are classified as carrier-linked prodrugs
and bio precursors. Carrier linked prodrugs are
further classified as bipartite-comprises of one
carrier group attached to the drug, tripartite-
comprises of one carrier group, linker, and drug,
mutual prodrugs-comprises of two drugs linked to
each other.

Prodrugs may be synthesized on the basis,
depending on the functional group present in the
drug molecule. A carboxylic acid group-containing
drugs may be converted to esters, as esters are
easily hydrolyzable. Amine group containing drugs
may be converted to Amides. Advantages of
prodrugs are:

Improves membrane permeability
Prolong drug activity

Mask drug toxicity and side effects
Improve water solubility

Target the site

Increase chemical stability 2
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Polymers: Polymers > * were used to design many
polymeric prodrugs or polymer drug conjugates.
Any polymer > ° can be used for any class of drug.
The ideal properties required for a polymer should
be inert, nontoxic, functional groups required for
covalent binding " 8 availability and
biocompatibility, biodegradability, easily excreted.
Polymers are classified as polymer based on
backbone, i.e. polymer with carbon chain namely
poly ethylene glycol, polypropylene, poly vinyl
pyrrolidone and polymer with hetero chain namely
cellulose, amylase. Another classification is natural
polymers and synthetic polymers ® . Natural
polymers include cyclodextrins, dextran whereas
synthetic polymers are further classified as
biodegradable includes polylactic acid, poly amino
acids and non-biodegradable include cellulose
acetate propionate, hydroxyl propyl methyl
cellulose. Types of polymer-drug linkages include
mainly ester or amide. Nondegradable synthetic
polymers ' ' used were mainly PEG (Poly
Ethylene Glycol). Polymeric ** ** prodrugs was
first proposed by H. Ringsdorf, it includes drug,
polymeric backbone as carrier and spacer linked to
a drug with polymeric backbone. Linkers or
Spacers used are usually amino acids or peptides.
Polyethylene glycol is available in different
molecular weights, but for this study 1500 and
6000 molecular weights were chosen ** %€
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FIG. 2: THE RIGSDORF MODEL *®

Drug: Paracetamol ** % 2! js a well-known drug

for its antipyretic, analgesic and anti-inflammatory
activity. It belongs to a class of aniline analgesics.
It is a weak inhibitor of prostaglandin synthesis,
COX1, and COX2. The usual dose of Paracetamol
for adults is 325-650 mg daily every 4-6 h 2> 22
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Adverse effects of Paracetamol include acute
hepatic failure and dose more than 2000 mg cause
upper Gl complications. The drug being an OTC
had been used more frequently than required. As a

result of the overdosage, it results in Hepatotoxicity
25, 26, 27

So, to overcome this, an approach of PEGylation
was chosen. PEGylation is a process in which
polymer Poly Ethylene Glycol (PEG) of different
molecular weights were chosen, i.e. PEG 1500, and
PEG 6000 was attached covalently to the drug by
amide linkage * % >1¢,
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MATERIALS AND METHODS: Polyethylene
glycol 1500/6000, Thionyl chloride, Pyridine,
Paracetamol, Dichloromethane, Anhydrous potassium
carbonate, Neutral Alumina, Di cyclohexyl
carbodiimide, Dimethyl aminopyridine, Diethyl
ether, Dimethyl formamide, Methanol, Glycine.

Preparation of Prodrugs of PEG 1500/6000-
PCM: 1.5 g of polyethylene glycol 1.6 ml of
pyridine were taken in a 250 ml two-necked round
bottom flask fitted with stirrer & condenser. 4.5 ml
of Thionyl chloride was added drop by drop for 30
min and the temperature was maintained at 40 °C.
After complete addition, the temperature was raised
to 70 °C & the reaction was carried out for 22 h.
The residue was dissolved in dichloromethane &
dried over anhydrous potassium carbonate &
alumina & filtered. The filtrate was reprecipitated
by cold diethyl ether. To this, a solution of DCC
(Di Cyclo hexyl Carbodiimide) 1gm and 0.6 gm of
DMAP (Di-Methyl Amino Pyridine) in 10 ml of
DMF (Di-Methyl Formamide) was added. The
flask was kept in an ice bath, and the temperature
was maintained at 0 °C, to this Paracetamol was
added for 10 min. The flask was placed on a
magnetic stirrer and allowed to continue stirring for
seven days for the coupling reaction to occur at
room temperature. The product obtained was
dissolved in DCM (Dichloromethane) and
reprecipitated by cold diethyl ether > & 1€,

The PEG 1500-PCM and PEG 6000-PCM were
characterized by TLC (DCM: Methanol 3:2) I.R
and N.M.R.

Preparation of PEG 1500/6000-Glycine: PEG
1500/6000 1.5 gm and 1.6 ml of pyridine were
taken in a two-necked round bottom flask, and 20
ml of DMF was added and placed on a magnetic
stirrer. To this 0.18 gm of glycine was added in
small portions for 3 h maintaining at room
temperature. Then the contents were refluxed by
attaching a condenser, maintaining a temperature of
130 °C for 21 h. The residue was dissolved in DCM
and re-precipitated by an excess of cold diethyl
ether.

PEG 1500/6000-Glycine was characterized by TLC
(DCM: Methanol 3:2), I.R and N.M.R.

Preparation of PEG 1500/6000-Gly-PCM: A
solution of DCC 1 gm in 10 ml of DMF and 0.6
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gms of DMAP in 10 ml of DMF were taken in a
beaker. The mixture was added drop by drop to
another beaker containing a solution of 0.4 gm of
PEG 1500/6000-Gly in 20 ml of DMF. Paracetamol
1 gm was added in portions to the above mixture at
0 °C for 10 min. The contents were transferred to a
round bottom flask with a condenser and placed on
a magnetic stirrer. The coupling reaction was
carried for 7 days at room temperature. The residue
was dissolved in DCM and reprecipitated by an
excess of cold diethyl ether > & > 1¢,

PEG 1500/6000-Gly-PCM was characterized by
TLC (DCM: Methanol 3:2), I.R and N.M.R.

In-vitro Drug Release: The Amax Of the pure drug
was determined and found to be 256 nm. In-vitro
dissolution studies were carried out by using
Electro lab USP 8 basket apparatus. A standard
concentration of the drug was prepared and the
absorbance values were noted. The drug was
accurately weighed 1 g and taken in a volumetric
flask and dissolved in 5 ml of methanol, and the
volume was made up to 1000 ml using distilled
water, the concentration obtained was 1 mg/ml.
From the above solution 10 ml was pipetted out
and taken in a volumetric flask, and the volume
was made up to 100 ml, the concentration obtained
was 100 pg/ml. From the 100 ml volumetric flask 1
ml, 2 ml, 3ml, 4 ml, 5 ml, 6 ml and 7 ml solutions
were pipetted and transferred to 10 ml volumetric
flasks, the concentrations obtained were 10 pg/ml,
20 pg/ml, 30 pg/ml, 40 pg/ml, 50 pg/ml, 60 pg/mi
and 70 pg/ml respectively. The absorbance of the
drug solutions was measured at Amax 256. A graph
of concentration v/s absorbance was plotted and a
standard graph of was obtained.

The standard drug was subjected for drug release at
pH 1.2, 4.5 and 6.8 individually and 5 ml aliquots
were withdrawn from the basket at time intervals of
5, 10, 15, 30, 45 and 60 min, and % cumulative
drug release was noted using standard graph. A
graph was plotted % cumulative drug release v/s
time in min. The synthesized prodrugs were taken,
and an amount equivalent to 10 mg of pure drug
was weighed accurately and packed in an empty
capsule shell. These capsules were placed in
dissolution apparatus containing 900 ml of pH 1.2
buffer. The dissolution test was carried out at 37 +
0.5 °C, and aliquots of 5 ml samples were collected
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and time intervals (5, 10, 15, 30, 45 and 60 min)
and replaced with equivalent fresh buffer to
maintain sink conditions. The same procedure was
followed for pH 4.5 and 6.8. A graph was plotted

between % cumulative drug release v/s Time in min
5, 6, 15, 16

Analgesic Activity: For the study of analgesic
activity the models chosen were Tail Immersion
method, Hotplate method, and Acetic acid-induced
writhing according to Institutional Animal Ethical
Committee (IAEC 1648/PO/a/12/CPCSEA-GCOP-
IAEC-08/2012)

Tail Immersion Method: For the analgesic
activity by this method, the rats were divided into
six groups consisting of 6 animals each. This
method involves immersing end of the tail in warm
water at 55 °C. Within a few seconds the rat reacts
by withdrawing the tail and the reaction time in
seconds is noted. The reaction time before and after
administration of the drug was noted for each, i.e.
standard drug Paracetamol, PEG 1500-PCM, PEG
6000-PCM, PEG 1500-Gly-PCM and PEG 6000-
Gly-PCM 5,6,15,16,28

Hotplate Method:  For the analgesic activity by
this method, the rats were divided into six groups
consisting of 6 animals each. The temperature of
the hotplate was maintained at 55 + 0.5 °C. 1%
group controlled, and observed for jump response
for 15 sec. 2" group received standard drug
(Paracetamol) 10 mg/kg, 3 group received
PEG1500-prodrugs, 4™ group received PEG1500-
Gly-prodrugs, 5" group received PEG6000-
prodrugs and 6™ group received PEG6000-Gly-
prodrugs and placed on hotplate and reaction time
was recorded before and after (0, 30 min, 60 min).

RESULTS AND DISCUSSION:

E-ISSN: 0975-8232; P-ISSN: 2320-5148

The % inhibition was calculated by equation > ® **
16, 28

% Inhibition=T -C x 100/C

T = Test, C =Control

Statistical Analysis: The results are expressed as
mean * S.E.M. Difference in mean values between
the groups were analyzed by One-way analysis of
variance (ANOVA). The significance was assessed
as p<0.05.

Acetic Acid-Induced Writhing Method: For the
study by this method the rats were divided into 6
groups consisting of 6 animals each. Acetic acid
was used to induce wriths. 1% group was
administered acetic acid intraperitoneally and
recorded for the onset of wriths throughout 15 min.
Two half wriths were counted as 1 full writh. 2"
group received standard drugs (Paracetamol) 10
mg/kg, after 3 h acetic acid was administered and
wriths were noted. 3" group received PEG1500-
prodrugs, 4t group received PEG1500-Gly-
prodru%s 5" group received PEG6000-prodrugs
and 6" group received PEG6000-Gly-prodrugs
after 3 h acetic acid was administered and a number
of wriths were noted and compared with control.
;I(;hzeg% inhibition was calculated by equation * & >

% Inhibition = W¢ — Wy x 100 / W¢

Wc = Wriths of control, Wt=Wriths of test

Statistical Analysis: The results are expressed as
mean * S.E.M. Difference in mean values between
the groups were analyzed by One-way analysis of
variance (ANOVA). The significance was assessed
as p<0.05.
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FIG. 3: .R SPECTRA OF PEG 1500/6000-PCM
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FIG. 5: N.M.R SPECTRA OF PEG 1500/6000-PCM

DISCUSSION:
PEG 1500/6000-PCM:

I.R: C-O-C- 1116 cm™, CH str- 2850 cm™, C-O
str-1147 cm™, C-C str-1220 cm™, C-N str-1184 cm’
! Aromatic CH-1570 cm™, C=0-1626 cm™, Di
substituted Benzene-802 cm™, 918 cm™, Phenolic
OH-3390 cm™.

N.M.R: 1-1.5 5-CHg protons (t) (6), 1.6-3.5 6-CH,
(m) (38) singlets, 5.9-6.1 5-OH (d) (2) singlets 5.5-
10.1 8-Benzene (m) (16) singlets.

In-vitro Dissolution Studies:

TABLE 1: PEG 1500/6000-PCM

FIG. 6: N.M.R SPECTRA OF PEG 1500/6000-GLY-PCM

PEG 15006000-Gly-PCM:

I.R: C-O-C- 1116 cm™, CH str- 2850 cm™, C-O
str-1147 cm™, C-C str-1220 cm™, C-N str-1184 cm’
! Aromatic CH-1568 cm™, 1626 cm™, Di
substituted Benzene-837 cm™, 943 cm™, Phenolic
OH-3390 cm™, C=0-1686 cm™, Aliphatic NH-
3524 cm™.

N.M.R: 1-1.3 3-CHj; protons (t) (6) singlets, 1.4-
3.5 6-CH; protons (m) (23) singlets, 3.0-3.1 8-NH
protons (d) (2) singlets, 6.1-6.3 3-OH protons (d)
(2) singlets, 5.5-8.2 5-Benzene (m) (18) singlets.

Time in min PEG 1500-PCM PEG 6000-PCM
pH1.2 pH 4.5 pH 6.8 pH 1.2 pH 4.5 pH 6.8
0 0 0 0 0 0 0
5 24.3 3.6 14.4 9 7.2 16.2
10 315 12.6 18 45 30.6 18
15 34.3 41.4 32.4 50.4 36 27
30 55.8 46.8 45 63 46.8 414
45 70.2 66.6 57.6 64.5 54 52.2
60 75.6 70.2 79.7 65.2 70.4 80.5
00 110 4
% 190 2 100 | 1
= 80 = 901 4
) S g ;
& 70 ——1.2 & ——12
T ) ep /70
E 5o ——-4.5 £ 60 45
a & 50
g 40 —t—6.8 @ 40 6.8
g 30 S b ] é 30 —=12
S 20 —=" 20 |
£ 10 —#=4.5 g 10 - —=4.5
2 0 = i
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FIG. 7: PEG 1500/6000-PCM

Discussion: % drug release of PEG 1500-PCM and
PEG 6000-PCM was more in 6.8 buffer as
compared to the 4.5 and 1.2 buffers.
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FIG. 8: PEG 1500/6000-GLY-PCM

Discussion: % drug release of PEG 1500-Gly-PCM
and PEG 6000-Gly-PCM was more in 6.8 buffer as
compared to the 4.5 and 1.2 buffers
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TABLE 2: PEG 1500/6000-GLY-PCM
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Time in min PEG 1500-Gly-PCM PEG 6000-Gly-PCM
pH 1.2 pH 4.5 pH 6.8 pH 1.2 pH 4.5 pH 6.8
0 0 0 0 0 0 0
5 39.6 36 18 39.6 5.4 14.4
10 46.6 37.8 18 41.4 25.2 19.8
15 46.8 41.4 23.4 41.4 36 30.6
30 50.4 44.4 27.32 50.4 475 423
45 62 475 55.8 68.4 59.4 60.3
60 68 69.3 82.8 71 75.6 90

In-vivo Evaluation:
Tail Immersion Method:

TABLE 3: ANALGESIC ACTIVITY OF PARACETAMOL
AND SYNTHESIZED PRODRUGS

S. no. Drug Reaction Time in Sec
1 Paracetamol 2.0
2 PEG 1500-PCM 1.0
3 PEG 1500-Gly-PCM 25
4 PEG 6000-PCM 15
5 PEG 6000-Gly-PCM 3.0

3.5

2.5

1.5

0.5 4 M Series1

Reaction time in Seconds
o = (]

FIG. 9: ANALGESIC ACTIVITY TAIL IMMERSION
METHOD

Discussion: PEG 1500-Gly-PCM and PEG 6000-
Gly-PCM prodrugs have exerted more analgesic
activity than PEG 1500-PCM, PEG 6000-PCM,
and standard Paracetamol. This indicates that
spacer (Glycine) has a role in the release of the
drug.

Hotplate Method:

TABLE 4: ANALGESIC ACTIVITY OF PARACETAMOL
AND SYNTHESIZED PRODRUGS

Groups % Inhibition
Control 0
Paracetamol 63.5
PEG 1500- Paracetamol 72.3
PEG 1500-Glycine- Paracetamol 76.2
PEG 6000- Paracetamol 90.3
PEG 6000-Glycine- Paracetamol 97.5

Discussion: PEG 6000-PCM and PEG 6000-Gly-

PCM prodrugs have exerted more analgesic activity

International Journal of Pharmaceutical Sciences and Research

than PEG 1500-PCM, PEG 1500-Gly-PCM, and
standard Paracetamol. This indicates that spacer
(Glycine) and also molecular weight of the polymer
has a role in the release of the drug.

Paracetamol & Prodrugs Hotplate Method
110

% Inhibition
1 MW S U1 IGO0
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o
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FIG. 10: ANALGESIC ACTIVITY OF PARACETAMOL
AND SYNTHESIZED PRODRUGS

Acetic Acid Method:

TABLE 5: ANALGESIC ACTIVITY OF PARACETAMOL
AND SYNTHESIZED PRODRUGS

Groups % Inhibition
Control 0
Paracetamol 70.3
PEG 1500- Paracetamol 83.0
PEG 1500-Glycine- Paracetamol 88.1
PEG 6000- Paracetamol 90.2
PEG 6000-Glycine- Paracetamol 94.1

Paracetamol & Prodrugs Acetic acid

% Inhibition
w
o

0 M Series1
N N N N :
¢ & & &N & &
& 1& ? o o N
¢ & & ) & o
& & e ©
q q & < &
$ Q & Q
N &
G Q)
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FIG. 11: ANALGESIC ACTIVITY OF PARACETAMOL
AND SYNTHESIZED PRODRUGS
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Discussion: PEG 6000-PCM and PEG 6000-Gly-
PCM prodrugs have exerted more analgesic activity
than PEG 1500-PCM, PEG 1500-Gly-PCM, and
standard Paracetamol. This indicates that spacer
(Glycine) and also molecular weight of the polymer
has a role in the release of the drug.

CONCLUSION: It can be concluded that prodrugs
of Paracetamol may be used for enhanced
Analgesic activity and also reducing the intervals
between the dosage of the drug.
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