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Quality of Research Publications

This issue of RJPS is my last as Editor-in-Chief. I have pleasant memories of last two and a half year since our team
took over the responsibility. Now we are set to lay office and pass on the responsibilities to a new team of enthusiasts.
The experience of editing this journal has been fantastic. Therefore, in this farewell editorial I wish to focus on the
challenges of scientific publications and quality assurance in scientific journalism.

Research publication is the most authentic means of apprising development in a particular field. Scientific research
implies more value in terms of commercialization and service products for community. Whatever we see around
us as processed goods or machineries and equipments are the outcome of research done by experts in the field.
Howevert, as with all walks of life standards and qualities ate detetiorating day by day and me too research/me too
paper is becoming order of the day. Pharmaceutical research is also not an exception. Number of research journals
is increasing or in other terms opportunities for publication are abundant. Number of published research papers are
also increasing steeply, but quality of publication and translation of research into product in market do not match
the stride in publication or keep pace with the volume of publication. This is a matter of concern and needs Inter-
national initiative to monitor quality of scientific papers and journalism.

The scientific value of every published research paper must be assessed and judged to weed out me too papers
which are abundant. The quality assurance criteria alone can improve the quality of research articles being
published. The system of peer review and impact factor has its own flaws and fails to assure quality in a foolproof
manner. This problem has been deeply researched and vented for quite sometime. As a result, papers get published
here or there and keep diluting the standard of research as well as quality of communication. The rules for good
quality scientific paper should include merit of (i) knowledge gap in the research filed; (ii) appropriateness of
approach of research; (iii) authenticity of findings; (iv) justification for the conclusions; (v) scientific/research value
of the work; (vi) application/commercial/extension value of the findings. This approach for maintaining standard
and quality of research will demand active involvement of retired scientists to scan papers of their field and write
critique or letter to Editor so that published paper is no more the last word, rather it is beginning of scientific
research communication and only those which withstand postmortem will be creditable paper.

Finally, I must express my deep appreciation to the editorial adviser and editorial board, whose smart, dedicated and
able approach had made my task absolutely easy. I also thank all the researchers who opted to publish their research
in this journal, the peers who critically reviewed the manuscripts. I had privilege of enjoying the services of numerous
experts from India and abroad at various levels in finalizing the manuscripts which helped in maintaining quality of
production. My special thanks to all of them. I wish all the best to the new editorial team.

Dr. R. S. Thakur
Editor-in-Chief
DOI:10.5530/1jps.2016.2.1

www.rjps.in
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Research Article

Synthesis and Biological Activity of Xanthene
Derivatives as Antiasthamatic Agents

Manish Sudesh Bhatia, Vikram Shivaji Waghmare, Prafulla Balkrishna Choudhari,
Santosh Sahedeo Kumbhar’

Department of Pharmaceutical Chemistry, Drug Design and Development Group, Bharati Vidyapeeth College of Pharmacy, Near
Chitranagari, Kolhapur-416013, Maharashtra, INDIA.

ABSTRACT

Plan: To develop some 1,3-dimethyl-7-[2-(piperazin-1-yl)acetyl]-2,3,6,7-tetrahydro-1H-purine-2,6-dione derivatives for
their antiasthamatic activity. Objective: Xanthene derivatives are known for their vasodilatory activity. Development of
Phosphodiesterase 3 inhibitors is current area of interest for development of anti-asthmatic agents. Many compounds
containing xanthene nucleus are also found to possess a number of pharmacological activities. Thus a new series of
1,3-dimethyl-7-(2-(piperazin-1-yl)acetyl)-2,3,6,7-tetrahydro-1H-purine-2,6-dione has been synthesized, characterized
and screened for the vasodilator activity. Methodology: In our present study the intermediate 27-(chloroacetyl)-1,3-
dimethyl-3,7-dihydro-1H-purine-2,6-dione [A] was prepared via reaction of theophylline and chloroacetyl chloride.
This compound was treated with Piperazine in presence of methanol followed by hydrazine hydrate to yield the key
intermediate 1,3-dimethyl-7-(2-(piperazin-1-yl)acetyl)-2,3,6,7-tetrahydro-1H-purine-2,6-dione (B). This compound was
treated with various substituted aromatic amines to get the title compounds [1-12]. The title compounds were characterized
by MP, TLC, IR, UV, and NMR & Mass spectrum. The compounds were screened for pulmonary vasodilator activity.
Outcome: All compounds showed significant activity compared to standard Cilostazol. 7-(2-{4-[1-(3,4-di-chlorophenyl)
ethyl]piperazin-1-yl}acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-2,6-dione (8) was most active derivative from the
series.  7-(2-{4-[(2,4-di-nitrophenyl)methyl]piperazin-1-yl}acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-2,6-dione
(6) and 7-(2-{4-[1-(4-hydroxyphenyl)ethyl]piperazin-1-yl}acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-2,6-dione (4)
showed moderate to mild activity. Conclusion: Activity of the derivatives with di-chloro substitution indicated that the
compounds with electron withdrawing groups are showing significant activity than other compounds which indicated
mechanistic details of all the compounds in near future would lead to potent anti-asthmatic compounds.

Key words: Xanthene, Phosphodiesterase, Bioactivity, Smooth muscle relaxants.

INTRODUCTION

Asthma is a chronic inflammatory condi-
tion in which there is reversible blockage
of airflow and airway hyper-responsiveness

whose cause is not completely understood.'
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Hyper-responsiveness is due to the wide range

grains, stimulant drugs, pollutants, cold air
etc. As per WHO about 100 to 150 million
people suffer from asthma world-wide
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asthma is increasing. In India around 15-20
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cured completely, but only controlled by proper treat-
ment.” In asthma due to inflammation and hyper-sensi-
tivity the airway passage easily becomes narrow.”* Due
to hyper-sensitivity coughing, chest tightness, wheezing,
and breathlessness these symptoms are frequently worse
in night. Usually narrowing of the airway passage is
reversible, but in patients having chronic asthma, some-
times irreversible airflow obstruction occurs which
leads to asthmatic attack and finally death. Therefore,
there is need of rational drug design as an anti-asthmatic
drug. Due to emerging trends in drug design various
targets are also identified for anti-asthmatic class of
drugs. Now a days research is mainly focused on the
Phosphodiesterase (PDE) system because it plays an
important role in smooth muscle relaxation.” PDE3 and
PDE4 are considered as potential targets for interven-
tion in asthma therapy.® PDE3 inhibitors have subse-
quently been shown to relax vascular and airway smooth
muscle, inhibit platelet aggregation and induce lipolysis,
suggesting involvements of PDE3 in the regulation of
this physiological and pathophysiological processes.””
The xanthene nucleus is important component of vatious
anticancer, antimicrobial, antitussive agents. Here we
report development of 12 novel xanthene derivatives as
potential antiasthamatic agents.

MATERIALS AND METHODS

Synthesis of  7-(chloroacetyl)-1,3-dimethyl-3,7-dihydro-
1H-purine-2,6-dione (A)

In 250 ml round bottom flask (RBF) 1 mol theophylline
and 2 mol chloroacetyl chloride were taken and stirred
vigorously to get a uniform mixture. The mixture was
stirred with heating until the temperature of mixture
was raised to 100°. 125 ml of 1.6 N NaOH was added
uniformly over a period of 5-8 hrs. The temperature
of mixture was maintained at 100°. After completion
of reaction, it was filtered to remove precipitated NaCl,
and reaction mixture was further concentrated to get
compound A.

Synthesis of 1,3-dimethyl-7-[2-(piperazin-1-yl)
2,3,6,7-tetrahydro-1H-purine-2,6-dione (B)

acetyl]-

1 mol of compound A was taken in RBE To this
1 mol of piperazine was added and reaction mixture was
refluxed for 30 min on water bath. The reaction mixture
was then concentrated to get fine crystals of compound B.

Synthesis of 1,3-dimethyl-7-[2-(piperazin-1-yl) acetyl]-
2,3,6,7-tetrahydro-1H-purine-2,6-dione derivatives (1-12)

In 250 ml round bottom flask (RBF) 5 ml tetrahydro-
furan (THF), 1 mol of compound B and 1 mol of
corresponding amine was taken. To this, 1mol sodium
borohydride NaBH, and 0.5 g silica chloride were added

RGUHS J Pharm Sci | Vol 6 | Issue 2 | Apr-Jun, 2016

and reaction mixture was stirred at room temperature.
After completion of the reaction, the mixture was filte-
red and the residue was washed with CH,Cl, to get the
different derivatives as shown in Table 1. The scheme
of synthesis is presented in Figure 1.

BIOLOGICAL ACTIVITY

Isolated adult goat tracheal tissue was obtained from
slaughter house. Trachea was cut into individual rings
2-3 cm long and 1cm wide tracheal muscle was washed
in a bath containing standard Krebs-Henseleit solution
(Concentration in gm/1; KCI-0.35; CaCl,-0.3; MgSO - 0.16;
NaHCO,-32.0; KH,PO -0.164; NaCl-6.9; Glucose-2.0)
maintained at 37 + 0.5°, a stream of oxygen was bubbled
through the oxygen tube in organ bath. One end was
tied to aerator tube and other thread to force transducer
through sigmoid lever to detector of Biopac- M.P. 35
with forced transducer. Tissue was equilibrate in physio-
logical Krebs-Henseleit solution prepared freshly for
45 min in organ bath. During which, the bathing solution
was changed at every 15 min. The results were calcu-
lated as a concentration of test compounds required for
the maximum relaxation using Cilostazol standard.

RESULTS

In the first step of synthetic protocol reaction between
theophylline and chloracetyl chloride leads to formation
of aromatic/heterocyclic xanthine detivative. This reac-
tion is Schotten Baumann reaction which was carried
out in presence of sodium hydroxide for 5-8 hrs at 100°
and stirred until a precipitate was formed. In the second
step we synthesized Piperazine derivative of xanthine.
In the last step there was formation of polyfunctional
xanthine derivatives which involved reductive amination
of various aldehydes or ketones yielding substituent’s
on the piperazine nitrogen. Synthesis of all final com-
pounds was confirmed from the results of chemical,
physicochemical, chromatographic and spectral analysis.
The biological activity of synthesized compounds was
evaluated on goat trachea which showed that compound
(8) 7-(2-{4-[1-(3,4-dichlorophenyl)ethyl]piperazin-1-yl}
acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione was the most active derivative from the series
of synthesized compounds. Compounds like 6, 1, 4, and 7
showed moderate to mild activity compared with Cilo-
stazol as standard.

1.1,3-dimethyl-7-(2-{4-[(3-nitrophenyl)methyl]
piperazin-1-yliacetyl)-2,3,6,7-tetrahydro-1H-purine-
2,6-dione

M. P: 190-192°

27
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Figure 1: Scheme of Synthesis

Table 1: Various Derivatives Synthesized

Table 2: Biological Activity of synthesized derivatives

R1 R2 Sample code ED,, (M) Sample code ED, (M)
H 3-NO,-CH, 1 3% 104 7 3 x 10+
CH, CH, 2 4 x10% 8 1% 10%
H 4-F-CH, 3 7 %104 9 4 x 10*
CH, 4-OH-C H, 4 3x10* 10 4 x 10
CH, 4-NH,-CH, 5 4 x10* 11 5 x 10
H 2,4-NO,-C.H, 6 2 x 10+ 12 5x 10*
CH, 2,4-CI-C.H, Cilostazol 1x104
CH, 3,4-CI-C H,
2:3 34NBO:CC;H5 and 5> CH, Piperazine, t), 3.66 (2H, CH, at 4’ Pipera-
* zine, s), 7.8-8.3 (4H, 4H Aromatic 4’ Piperazine, m).
& &> 0SS, MASS- 440.35 (M+1)
H 4-Br-CH, )
2.1,3-dimethyl-7-{2-[4-(propan-2-yl)piperazin-1-yl]
acetyl}-2,3,6,7-tetrahydro-1H-purine-2,6-dione
Rf: 0.62 [n-Hexane: ethyl acetate (8.5:1.5)] M. P: 188-190°
UV- 276 nm Rf: 0.56 [n-Hexane: ethyl acetate (8.5:1.5)]
IR- (KBr) 1720 cm™ (C-N Str), 1677 cm™ (C=0O Str), UV- 273 nm

1 -1 -1

1566 em™ (Ar-NO2), 1440 em™ (C-H def), 1107 em IR- (KBr) 3026 cm! (Ar-CH Str), 2819 em! (C-H Str),
(C-H def), 950 cm-1 and 885 em™ (Ar-C=C def) 1703 em! (C=O Ketone), 1654 cm™ (sec. NH), 1560
1H NMR- (CDCL,, 500 MHz), 340 (6H, H.C-N at  em? (Ar-C=C), 1442 and 1319 cm (N-H def),

Land 3, ), 7.90 (1H, CH ), 347 2H, CH,at 2, 5), 4y NMR- (CDCL, 500 MHz): 330 (6H, H,C-N at
2.35 (4H, 2> and 6 CH2 Plperazlﬂe, t), 2.48 (4H, 3 1 and 3’ S), 7.85 (1H, CH S), 3.34 (2H, CH2 at 27’ S),

28 RGUHS J Pharm Sci | Vol 6 | Issue 2 | Apr-Jun, 2016
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2.25 (4H, 2’ and 6’ CH, Piperazine, t), 2.28 (4H, 3’
and 5’ CH, Piperazine, t), 3.36 (1H, CH at 4’ Pipera-
zine, q), 1.7 (6H, CH, at 57, d).

MASS- 349 (M+1)

3.7-(2-{4-[(4-fluorophenyl)methyl]piperazin-1-yl}

acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione

M. P: 210-212°

Rf: 0.71 [n-Hexane: ethyl acetate (8.5:1.5)]

UV- 265 nm

IR- (KBr) 3087 cm™ (Ar-CH Str), 2789 em™ (C-H
Str), 1701 em™ (C=0O Ketone), 1656 cm™ (sec. NH),
1580 cm™ (Ar-C=C), 1485 and 1379 cm™ (N-H def).
1TH NMR- (CDCI,, 500 MHz,): 3.51 (6H, H,C-N at
1 and 3, s), 7.84 (1H, CH s), 3.49 (2H, CH, at 2’, 5),
2.75 (4H, 2’ and 6’ CH, Piperazine, t), 2.81 (4H, 3’
and 5’ CH, Piperazine, t), 3.56 (2H, CH, at 4’ Pipera-
zine, s), 7.1-8.2 (4H, Aromatic 4” Piperazine, m).
MASS- 413 (M+1)

4.7-(2-{4-[1-(4-hydroxyphenyl)ethyl]piperazin-1-yl}

acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione

M. P: 216-218°
Rf: 0.63 [n-Hexane: ethyl acetate (8.5:1.5)]
UV- 275 nm

IR- (KBr) 3562 cm-1 (Ar-OH), 3245 cm™ (Ar-NH),
3006 cm™ (Ar-CH Str), 1677 ecm™ (C=0O Stt.),1635
cm’ (C=C str), 1566 cm™ (Ar-C=C), 1461 cm™ (CH
def), 1440 and 1317 cm™ (N-H def).

1H NMR- (CDCL,, 500 MHz,): 3.21 (6H, H,C-N at
1 and 3, s), 7.90 (1H, CH s), 3.19 (2H, CH, at 2, s),
2.65 (4H, 2 and 6> CH, Piperazine, t), 2.69 (4H, 3’
and 5’ CH, Piperazine, t), 2.37 (1H, CH at 4’ Pipera-
zine, q), 5.25 (1IH OH at 7’ Phenyl, s), 1.5 (3H, CH,
at 7, d), 7-8.1 (4H, Aromatic at 7°, m).

MASS- 425 (M+1)

5.7-(2-{4-[1-(4-aminophenyl)ethyl]piperazin-1-yl}

acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione

M. P: 180-182°
Rf: 0.59 [n-Hexane: ethyl acetate (8.5:1.5)]
UV-279 nm

IR- (KBr) 3289 cm' (Ar-NH), 3746 cm” (Ar-CH
Str), 2822 cm™ (C-H Str), 1603 cm™ (C=0 Ketone),
1600 cm™ (sec. NH), 1560 cm™ (Ar-C=C), 1441 and
1356 ¢cm-1 (N-H def).

1H NMR- (CDCI3, 500 MHz): 3.1 (6H, H,C-N at
1 and 3, s), 7.92 (1H, CH s), 3.00 (2H, CH, at 2’, s),

RGUHS J Pharm Sci | Vol 6 | Issue 2 | Apr-Jun, 2016

2.55 (4H, 2’ and 6’ CH, Piperazine, t), 2.59 (4H, 3’
and 5° CH, Piperazine, t), 2.17 (1H, CH at 4* Pipera-
zine, q), 6.25 (2H NH 7 Phenyl, s), 1.4 (3H, CH, at
7°,d),7-8.0 (4H, Aromatic at 7’, m).

MASS- 426 (M+1)

6. 7-(2-{4-[(2,4-dinitrophenyl)methyl]piperazin-1-yl}

acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione

M. P.: 232-234°
Rf: 0.64 [n-Hexane: ethyl acetate (8.5:1.5)]
UV- 281 nm

IR- (KBr) 3134 cm” (Ar-NH), 3006 cm” (Ar-CH
Str), 2839 cm™ (C-H Str), 1796 cm™ (C=0 Ketone),
1645 cm! (sec. NH), 1560 em™ (Ar-C=C), 1478 and
1335 cm™ (N-H def).

1TH NMR- (CDCI,, 500 MHz,): 3.51 (6H, H,C-N at
1 and 3, s), 7.96 (1H, CH s), 3.49 (2H, CH, at 2,
s), 2.45 (4H, 2’ and 6’ CH, Piperazine, t), 2.47 (4H,
3’ and 5 CH, Piperazine, t), 3.79 (2H, CH,at 7°, s),
7.9-8.5 (3H, Aromatic at 7’, m).

MASS- 485 (M+1)

7.7-(2-{4-[1-(2,4-dichlorophenyl)ethyl]piperazin-1-yl}

acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione

M. P: 210-212°

Rf: 0.58 [n-Hexane: ethyl acetate (8.5:1.5)]

UV- 263 nm

IR- (KBr) 3147 cm™ (Ar-NH), 3082 cm™” (Ar-CH
Str), 2863 cm™ (C-H Str), 1722 cm* (C=0 Ketone),
1654 cm™ (sec. NH), 1541 cm™ (Ar-C=C), 1489 and
1332cm-1 (N-H def).

1H NMR- (CDCL, 500 MHz,): 3.51 (6H, H,C-N
at 1 and 3, s), 7.91 (1H, CH s), 3.40 (2H, CH, at
2,'s), 241 (4H, 2’ and 6’ CH, Piperazine, t), 2.44
(4H, 3’ and 5” CH, Piperazine, t), 3.6 (1H, CHat 4’
Piperazine, q), 1.6 (3H, CH,at 7’, d), 7.8-8.2 (3H,
Aromatic at 7°, m).

MASS- 477 (M+1)

8. 7-(2-{4-[1-(3,4-dichlorophenyl)ethyl]piperazin-1-yl}

acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione

M. P: 202-204°
Rf: 0.74 [n-Hexane: ethyl acetate (8.5:1.5)]
UV- 262 nm

IR- (KBr) 3247.90 cm’ (Ar-NH), 1677.90 cm’
(C=0 str), 1633.99 cm” (C=C str), 1440.29 cm’
(C-H def),1188.07 cm™ (C-N str), 1170.07 cm™ (Ar
C-H), 950.60 cm (C=C def), 742.58 cm (Ar-Cl).
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IH NMR- (CDCI,, 500 MHz,): 3.54 (6H, H,C-N at
1 and 3,5),7.94 (1H, CH s), 3.49 (2H, CH, at 2’, ),
240 (4H, 2’ and 6’ CH, Piperazine, t), 2.43 (4H, 3’ and
5’ CH, Piperazine, t), 3.76 (1H, CH at 4’ Piperazine, q),
1.8 3H, CH,at 7, d), 7.9-8.5 (3H, Aromatic at 7’, m).
MASS- 479 (M+1)

9.1,3-dimethyl-7-(2-{4-[1-(3-nitrophenyl)ethyl]
piperazin-1-yl}acetyl)-2,3,6,7-tetrahydro-1H-purine-
2,6-dione
M. P: 196-198°
Rf: 0.59 [n-Hexane: ethyl acetate (8.5:1.5)]
UV- 278 nm

IR- (KBf) 3142 cm” (Ar-NH), 3012 cm™ (Ar-CH
Str), 2820 cm™ (C-H Str), 1736 cm™ (C=0 Ketone),
1658 cm™ (sec. NH), 1570 cm™ (Ar-C=C), 1445 and
1322 ecm™ (N-H def).

1H NMR- (CDCl,, 500 MHz,): 3.62 (6H, S, H,C-N
at 1 and 3, s), 7.89 (1H, CH s), 3.52 (2H, CH, at
2’,s), 247 (4H, 2 and 6’ CH, Piperazine, t), 2.48
(4H, 3’ and 5 CH, Piperazine, t), 3.80 (1H, CHat 4’
Piperazine, q), 1.9 (3H, CH,at 7, d), 8.0-8.8 (4H,
Aromatic at 7°, m).

MASS- 455 (M+1)

10.7-(2-{4-[1-(4-bromophenyl)ethyl]piperazin-1-yl}
acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione
M. P.: 182-184°
Rf: 0.75 [n-Hexane: ethyl acetate (8.5:1.5)]
UV- 266 nm

IR- (KBr) 3185 cm™ (Ar-NH), 3053 cm™ (Ar-CH
Str), 2882 cm™ (C-H Str), 1710 cm™ (C=0 Ketone),
1632 cm™ (sec. NH), 1575 cm™ (Ar-C=C), 1445 and
1300 cm™ (N-H def).
1TH NMR- (CDCI3, 500 MHz,): 3.4 (6H, S, H,C-N
at 1and 3,5),7.96 (1H, CH s), 3.4 2H, CH,at 2, 5),
2.3 (4H, 2’ and 6’ CH, Piperazine, t), 2.38 (4H, 3’ and
5’ CH, Piperazine, t), 3.70 (1H, CH at 4’ Piperazine, q),
1.91 3H, CH,at 7, d), 7.8-8.1 (4H, Aromatic at 7’, m)
MASS- 488 (M+1)
11.7-(2-{4-[1-(2,5-dimethoxyphenyl)ethyl]piperazin-

1-yl}acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-
purine-2,6-dione

M. P: 190-192°
Rf: 0.65 [n-Hexane: ethyl acetate (8.5:1.5)]
UV- 261 nm

IR- (KBr) 3200 cm” (A--NH), 3082 cm (Ar-CH
Str), 2820 cm™! (C-H Str), 1701 em™! (C=0 Ketone),
1651 cm™ (sec. NH), 1575 cm™ (Ar-C=C), 1445 and
1309 cm” (N-H def).
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1H NMR- (CDCI,, 500 MHz,): 3.6 (6H, S, H,C-N
at 1and 3,s),7.91 (1H, CH s), 3.1 (2H, CH,, 5), 2.28
(4H, 2’ and 6’ CH, Piperazine, t), 2.31 (4H, 3’ and 5’
CH, Piperazine, t), 3.64 (1H, CHat 4 Piperazine, q),
3.83 (6H-OCH, at 2” and 5” phenyl, s), 1.81 (3H,
CH,at 7, d)7.6-8.1 (3H, Aromatic at 7’, m).
MASS- 471 (M+1)

12.7-(2-{4-[(4-bromophenyl)methyl]piperazin-1-yl}
acetyl)-1,3-dimethyl-2,3,6,7-tetrahydro-1H-purine-
2,6-dione
M. P: 216-218°
Rf: 0.52 [n-Hexane: ethyl acetate (8.5:1.5)]
UV- 265 nm

IR- 3274 cm” (Ar-NH), 3001 cm’ (Ar-CH Str),
2809 cm” (C-H Str), 1693 cm” (C=0O Ketone),
1624 cm™ (sec. NH), 1500 cm™ (Ar-C=C), 1441 and
1309 cm™ (N-H def).

1H NMR- (CDCI,, 500 MHz,): 3.4 (6H, S, H,C-N
at 1 and 3,s), 7.88 (1H, CH s), 3.2 (2H, CH,, s), 2.30
(4H, 2> and 6’ CH, Piperazine, t), 2.34 (4H, 3’ and
5 CH, Piperazine, t), 3.70 (2H, CH,at 4’ Piperazine, s),
7.7-8.5 (4H, Aromatic, m).

MASS- 474 (M+1)

Biological activity

Results were calculated as ED, which is the molar dose
required producing 80% of the relaxation produced by
standard Cilostazol. The tested compounds produced
tracheal smooth muscle relaxant activity ranging from
1x10* M to 7 x 10* M and standard drug Cilostazol
produced 1 x 10* M activity. Compound 8 showed very
good activity as compared to the other compounds.
Compounds 6, 1, 4 and 7 also had comparable activity,
all these compounds have activity that is close and
comparable to that produced by the standard drug,
Cilostazol as shown in Table 2.

CONCLUSION

Synthesized xanthene derivatives showed profound
biological activity which proves therapeutic efficiency
of the xanthene nucleus for development of potent
anti-asthmatic agents.

Activity of Compound (8) 7-(2-{4-[1-(3,4-dichlorophenyl)
ethyl]piperazin-1-yl}acetyl)-1,3-dimethyl-2,3,6,7-tetra-
hydro-1H-purine-2,6-dione with di-chloro substitution
indicating the compounds with electron withdrawing
groups showing significant activity than other compounds
which indicates mechanistic details of all the synthesized
compounds in near future would lead to potent anti-
asthmatic compounds. Thus there is need to study these
compounds at the molecular level by using different
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enzymatic assays to develop potent anti-asthmatic drug
like candidate. These studies can confirm identification
of novel lead compounds for further investigation
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First Derivative UV Spectrophotometric Method for
the Determination of Etodolac in Solid Dosage Forms

S. R. Karajgi’, Tanveer Abdul Rub, R. B. Kotnal
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ABSTRACT

Purpose: Simple, accurate, precise and economical spectroscopic method for determination of Etodolac in pure and
its tablet dosage form by first order derivative method has been developed for the routine analysis. Methodology:
Spectroscopic method development for the estimation of Etodolac by first order derivative method was carried out
using ethanol as solvent and Shimadzu 1800 Spectronic UV Visible Spectrophotometer. Findings: The absorbance
maximum in first derivative spectrum was measured at 273 nm and selected as analytical wavelength. Beer’s law was
obeyed in the concentration range of 10-50 pg/ml. The recovery studies ascertained the accuracy of the proposed
method and the results were validated as per ICH guidelines. The results were found satisfactory and reproducible.
Research application: The method was applied successfully for the estimation of Etodolac in pure drug and tablet
dosage form. Industrial application: The method can be applied for routine analysis. Research Value: The newly
developed method is a good alternative for HPLC methods and better than zero orders UV methods. Conclusion:
The method is simple, rapid, accurate, precise and economic method which can be used without the interference of
impurities for the determination of Etodolac in solid dosage forms.

Key words: Etodolac, First derivative method, Spectrophotometric method, UV Estimation,UV determination, Estimation,

Tablet assay.

INTRODUCTION

Etodolac is a non-steroidal anti-inflamma-
tory drug (NSAID) with anti-inflammatory
and antipyretic properties. Its analgesic
effects are due to its ability to inhibit pros-
taglandin synthesis. It is designed for relief
of signs and symptoms of rheumatoid
arthritis and osteoarthritis. Chemically it is
2-{1,8-diethyl-1H,3H,4H,9 H-pyrano|[3,4-b]
indol-1-yl}acetic acid. It is official in Indian
Pharmacopoeia.! There are few methods
so far reported for the determination of
Etodolac in its single component formula-
tions and bulk drugs. Four HPLC methods,*”
three Colorimetric (Visible Spectrophoto-
metric) methods,"® one GC-MS method,’
one Capillary Electrophoresis method'’ and
one LC-MS method' ate reported so far in
literature. No first derivative spectrophoto-
metric method has been reported for routine
analysis of Etodolac in its bulk form and
formulations. The aim of the present study
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Etodolac
was to develop a simple and rapid first

derivative spectrophotometric method for

the routine determination of Etodolac.

MATERIALS AND METHODS
Materials

Shimadzu 1800 Spectronic double beam
UV-visible spectrophotometer with 1 cm
matched quartz cells was used for all the
measurements. Ethanol (98%) A.R. Grade
(Qualigens, Fine Chemicals) was used as the
solvent. Commercial brand tablets wete

obtained from local market.
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Methodology

Preparation of standard stock solution

Standard stock solution of Etodolac was prepared by
dissolving accurately weighed quantities (100 mg each)
of Etodolac in 40 ml ethanol and transferred into a 100
ml volumetric flask. Volume was made up to mark with
ethanol to obtain stock solution of 1000 pg/ml concen-
tration. For obtaining clear solution, further dilutions
were made to get the concentration of 100 pug/ml.

Determination of \
max

The standard solution of Etodolac (10 pg/ml) was
scanned in the wave length range of 200-300 nm and
the spectrum was derivatized in first order at N=5
smoothening factor. Absorption maximum was found
to be 273 nm wavelength; where the absorption showed
higher intensity than other wavelengths for Etodolac.
Therefore analytical wavelength was fixed at 273 nm for
the analysis of Etodolac (Figure 1).

Stability of Drug in Selected Solvent

The stability of the drugs in the selected solvent was
determined by measuring the absorbance of the drug
solution (10 pg/ml) at different time intervals. The
absorbance was measured after every 10 min. The solu-
tions were found to be stable. The stability study data is
given in Table 1.

Study of Beer-Lambert’s law

From the standard stock solution of Etodolac, appro-
priate aliquots were pipette out in to 25 ml volumetric
flasks and dilutions were made with ethanol to obtain
working standard solutions of concentrations of 2 ug to
60 pg/ml and the difference in absorbance (dA/dA) of
Etodolac was measured in the first derivative mode with
N=5 smoothening factor of the instrument at 273.0 nm
at the interval of 2 pug/ml concentration. The calibra-
tion curve of the drugs was plotted. (Figures 2 to 7)
The concentration range over which the drugs followed
linearity was chosen as an analytical concentration range
ie. 10-50 pg/ml.

Optimum Parameters for the Calibration Curve
The Optimum parameters of the calibration curves are
given in Table 2.

Validation of proposed method
Estimation of drug from dosage form

Twenty tablets of Etodolac is weighed, and finely
powdered. A quantity of powder sample equivalent to
200 mg of Etodolac was taken in volumetric flask and
dissolved in ethanol. Further dilution was made to get
concentration of 25 ug/ml. These concentration was
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scanned at wavelength 273 nm for in first order deriva-
tive mode with N=5 smoothening factor.

The results and statistical parameters for tablet analysis
are shown in Table 3.

Accuracy (Recovery Test)

Accuracy of the method was studied by recovery experi-
ments. The recovery experiments were performed by
adding known amounts of standard solutions to solutions
of tablet. The recovery was performed at three levels,
80, 100 and 120% of Etodolac standard concentration.
The recovery samples were prepared. Three samples
were prepared for each recovery level. The solutions
were then analyzed, and the percentage recoveries were
calculated using formula:

Observed amount of compound

in sample %100

% recovery =
Amount of all compound present

in sample
The recovery values are summarized in Table 4.

Precision Study

The dilution was made to get concentration of 25 ug/ml
of Etodolac and scanned at wavelength 273 nm in first
order derivative mode by four different analyst using
same laboratory and same instrument. The precision
data for Etodolac are given in the following Table 5.

RESULTS AND DISCUSSION

The standard solutions of Etodolac in Ethanol (10 ug/ml)
subjected to a scan individually at the series of wave-
lengths of 200 nm to 300 nm at first order derivative
mode and the first order derivative spectra was taken
at N=5 smoothening factor of the instrument using
Shimadzu 1800 spectronic UV Visible spectrophotom-
eter. Absorption maximum of Etodolac was found to
be at 273 nm. Therefore, 273 nm was selected as A of
Etodolac for the present study. The calibration curve of
Etodolac was found to be linear in the range of 10-50
pg/ml at 273 nm. Therefore, it was clear that Etodolac
can be determined without interference of any irrelevant
substance in single component pharmaceutical products.

With the intention of determining the practicability of
the developed technique for the assessment of com-
mercially available brands of medicinal formulations,
the technique was initially attempted on bulk drugs in
their synthetic sample and concentrations were estimated.
Then the technique was subjected to the assay of tablets in
three marketed dosage brands that is Brand-A, Brand-B
and Brand-C and adequate results were attained within
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Table 1: Stability Data for Etodolac

Time Absorbance
(min)

10 0.561

20 0.559

30 0.550

40 0.546

50 0.530

60 0.525
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Table 2: Optimum Parameters for the Calibration Plot

Parameter Etodolac
Linearity range (ug/ml) 10-50 pg/ml
Slope 0.0270
Intercept 0.0425
Regression Coefficient(r?) 0.999

Sandell’s Sensitivity (Specific Extinction Coefficient x 0.0294 pg/ml/cm?
Concentration of Analyte in pg/L)

Limit of Detection (LOD) LOD = 3.30/s 0.0099 pg/mi
Limit of Quantitation (LOQ) LOQ = 100/s 0.0300 pg/ml

*o = Standard Deviations of Intercepts s =Slope

Table 3: Assay of Etodolac in Tablet formulation Brand- A, B and C

Label Amount % of
Drug Claim Found Label Mean SD Ccv
(mgl/cap) (mgl/cap) Claim %

200 199.78 99.89
200 199.12 99.56

Etova 200 mg 100.07 0.6293 0.3960
200 200.24 100.21
200 199.92 99.96
200 202.52 101.26
200 199.16 99.58
300 298.98 99.66
300 299.94 99.98

Etova 300 mg 99.91 0.2891 0.0835
300 299.28 99.76
300 301.11 100.37
300 300.27 100.09
300 298.86 99.62
400 402.04 100.51
400 401.28 100.32

Etova 400 mg 100.12 0.2588 0.0670
400 399.36 99.84
400 399.72 99.93
400 400.8 100.20
400 399.84 99.96

Table 4: Results of Accuracy (Recovery) parameter of Etodolac

Level of % Amount present Amount of standard Total amount % % mean SD CcVv
Recovery (ng/ml) added recovered (ug/ml) Recovery Recovery
(ng/ml)
80 200 160 361.69 100.47 100.07 0.3464 0.1203
80 200 160 359.38 99.83
80 200 160 359.71 99.92
100 200 200 362.12 100.59 100.20 0.3385 0.1146
100 200 200 359.85 99.96
100 200 200 360.21 100.06
120 200 240 361.90 100.53 100.12 0.4050 0.1641
120 200 240 360.39 100.11
120 200 240 358.99 99.72
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Table 5: Determination of Precision of Etodolac

Sample Assay of Artemether as % of Labeled amount
Number Analyst-I Analyst-Il Analyst-lll Analyst-IV
1 100.36 100.26 99.86 101.18
2 99.79 101.06 100.26 100.30
3 101.31 99.87 101.13 99.82
4 99.56 99.92 101.14 99.89
5 99.62 100.56 99.96 101.24
6 100.20 99.88 100.20 100.39
Mean% 100.14 100.25 100.42 100.47
S.D 0.6557 0.4779 0.5694 0.6150
CcV 0.4300 0.2284 0.3243 0.3782
oo1g 0.oma
=]
oo 0.000 -
-oozo -0.0e0 -
-an34 . . 004 L L
240,00 260.00 280,00 200.00 240 .00 26000 28000

nm.

Figure 1: Absorption Maximum of Etodolac at 273 nm.

nm.

300,00

Figure 3: First order derivative spectrum of Etodolac 10 yg/ml.
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Figure 2: Calibration Plot of Etodolac. Figure 4: First order derivative spectrum of Etodolac 20 pg/ml.
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Figure 5: First order derivative spectrum of Etodolac 30 pyg/ml.
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Figure 6: First order derivative spectrum of Etodolac 40 pyg/ml.
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Figure 7: First order derivative spectrum of Etodolac 50 pyg/ml.
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the acceptable limits as per the content of the label
claim for Etodolac.

The recovery experiments were conducted by adding
known amounts to tablet. The recovery was performed
at three levels, 80, 100 and 120% of three brand of
Etodolac standard concentration. Three samples were
prepared for each recovery level. The solutions were
then analyzed, and the percentage recoveries were found
to be satisfactory within the acceptable limits as per the
content of the label claim for marketed tablet.

The newly developed method was validated as per the
ICH guidelines and parameters. The novel method for
the quantitative investigation of Etodolac was subje-
cted to different validation parameters like specificity
and selectivity in presence of formulation additives and
excipients, studied for Linearity and range at different
levels of concentrations and calibration standards where
the determination range was optimized, accuracy was
proved by recovery studies at different concentration
levels, precision for Etodolac was established through
the analysis of sample by four different analyst using
same instrument and same laboratory. The method was
developed successfully for Etodolac in its single com-
ponent dosage forms by first order derivative method.

CONCLUSION

From the experimental studies it can be concluded that
first order derivative method is developed for Etodolac
in bulk and single dosage form. The proposed method
for the selected drug was found to be accurate and
precise. The most striking features of spectrophotometric
method are their simplicity and rapidity. Results of
validation parameters demonstrate that the analytical
procedure is suitable for its intended purpose and meet
the criteria defined in ICH Q2A/B. The proposed
method can be successfully applied for the routine
determination of Etodolac, which is an advantage over
HPLC and a better method than colorimetric methods
comparing accuracy and interference.
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ABSTRACT

Purpose: Prevention of irrational drug use may reduce healthcare costs and potentially save lives. In line with the
World Health Organization (WHO) recommendation, retrospective, prospective and cross sectional descriptive studies
were conducted to obtain information on patient care, prescribing, and facility indicators in the Outpatient Department of
General Hospital, Offa, Kwara State, Nigeria. Methodology: A sample of 1,416 prescriptions was randomly selected to
determine the prescribing indicators. A total of 472 patients were interviewed to collect information on the drugs being
used by the patients. Information on health facility indicators were obtained by assessing sufficient supply of vital drugs,
and access to information about these drugs in the hospital. Findings: Majority of the patients were females with mean
age of 56.2 + 7.1 years. The average number of drugs per prescription (2.6) was higher than WHO recommendation
(1.6-1.8), and most (58.1%) of the drugs prescribed were branded rather than 100% generics. Percentages of
antibiotics (23.8%) and injectable drugs (3.4%) prescribed were within WHO cut-off values of 20.0-26.8% and <10.0%,
respectively. The Nigerian Essential Drugs List was available in the facility, and a high percentage (99.7%) of drugs
was prescribed from the list. The average time used in dispensing drugs (5.26 + 2.33 minutes) was also adequate
and within WHO recommendation (>3 minutes). Appropriate drugs dispensed and adequate labeling were 87.4% and
81.9%, respectively. Hypertension (28.8%) was the most prevalent disease in the community. Conclusion: The study
concluded that most of the prescribing indicators did not meet WHO standard criteria. Social Value: The health facility
and patient care indicators are rational. Data obtained in this study can be used to monitor and improve drug prescribing
habits of physicians in this facility.

Key words: Irrational drug, Indicators, Antibiotics, World Health Organization.

INTRODUCTION

Irrational use of drugs is a global challenge.
The rational use of drugs is defined as
patients receiving medication clinical needs
in appropriate dosage that meet individual
requirements at a low price in an adequate
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use of several drugs per patient (polyphar-
macy), inappropriate use of antimicrobials,
over use of injections, self-medication and
prescribing the drug that is inappropriate
to clinical guidelines.' These requirements
would be fulfilled provided the prescribing
process are covered by the following steps:
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(a) defining the patient’s problems (diagnosis);
(b) defining the effective and the safe treatments (non-
drug and drug treatments);

(c) selecting the appropriate drugs, duration and dosage.
(d) writing a very clear prescription;
(e) giving the patients appropriate information and

counselling as well as planning to evaluate treatment
responses.

This is simplified as five rights — the appropriate drug at
the appropriate t dose by the appropriate route at the
appropriate time for the appropriate patient.” Unfortu-
nately, the global trend in the prescribing patterns not
always conform with these ideals, and what usually prevails
is irrational prescribing.

The irrational use of medicines is widespread and very
harmful to individual and that of the population, parti-
cularly in chronic disease conditions such as hyper-
tension, mental disorder, diabetes and epilepsy. Other
serious challenges involve with irrational drug use are
interruption of therapy, development of drug resistance,
increase in drug toxicities, organ failure, increase in
healthcare costs and sudden death among the patients.
Therefore, preventing irrational drug use may influence
healthcare costs and potentially save lives.” Rational use
of drugs is one essential element in achieving quality of
health and medical care for patients and the community
as a whole.* The essence of rational drug use is to avoid
inappropriate prescription, problems of under- and
over-prescribing, and the use of new, expensive drugs
when equally effective, well-tried, safe and cheaper alter-
natives are available. The misuse, overuse or underuse
of medicines usually results to wastage of resources and
prevalent health hazards.”

Presently, no study has been conducted to measure the
use of rational drugs in General Hospital, Offa, to the
researchers’ knowledge. Hence, the need arise to foster
this study to obtain information that will improve drug
prescribing habits of physicians and encourage the
practice of pharmaceutical care in the facility of study.

METHODS
Setting

General Hospital Offa is a secondary health care facility
owned by the State government and run by Kwara State
Ministry of Health Hospital in Offa Local Government
area of the State. It is located at resource-limited settings
of North-Central senatorial district of Nigeria. The
facility is a 50-bed hospital and provides in-patient and
out-patient health care. The physicians in the facility are
general practitioners. The healthcare facility has been
providing health services to indigenous people of Offa
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and the general public as a whole. The hospital has four
pharmacists as well as two pharmacy technicians.

Three hundred and three prescriptions issued to patients
attending out-patients’ clinics in the facility over a period
of three months were examined. Data collection form
was designed and used by trained pharmacy technicians
to record data and information on the prescribed drugs
in the health facility.

Study Design

The study design included a retrospective study of
patient medical records and prescription forms for
prescribing practice indicators and a prospective, cross-
sectional study designed to describe the current WHO
drug use Indicators for patient and facility care of General
Hospital, Offa.

Data collection

(a) The Prescribing indicators

This study was carried out in the Outpatient Department
of General Hospital, Offa, from 17" April, 2015 to 2
March, 2016. Prescriptions for the patients were spread
throughout the year to reduce bias due to seasonal
changes. Thirty two was the mean number of prescriptions
per day in the facility. A sample of 1,416 prescriptions
for the treatment of various diseases both acute and
chronic was selected using systematic random sampling
to evaluate the prescribing pattern of the facility. Five
was the sampling interval used to select the prescriptions
for the study.

Prescribing indicator form

Survey form 1 was used to capture information on
prescribing manner of the physicians in the facility. The
WHO indicators for evaluation of prescribing practices
in a healthcare system were used and these include;

Indicator 1: This is average number of drugs per pre-
scription and measured the degree of polypharmacy.
It was obtained by dividing the total number of drugs
prescribed by the number of prescriptions examined
regardless of whether or not the patient received the
drug.

Indicator 2: It shows the percentage of drugs prescri-
bed by generic name. This is to assess the tendency to
prescribe by generic name. This was obtained mathe-
matically, by dividing the number of drugs prescribed by
generic name by the total number of drugs prescribed,
multiplied by 100.

Indicator 3: This indicator captured the percentage of
prescriptions with an antibiotic prescribed. The essence
is to evaluate the overall level of misused of antibiotic. It
was calculated by dividing the number of prescriptions
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in which antibiotics were prescribed by the total number
of prescriptions studied, multiplied by 100.

Indicator 4: This was to determine the percentage of
prescriptions with an injection prescribed. It examined
the level of overused of injectable. It was achieved by
dividing the number of prescriptions in which injections
were prescribed by the total number of prescriptions
studied, multiplied by 100.

Indicator 5: This determined percentage of drugs that
were prescribed from the formulary or the Essential
Drug List. It measured the degree to which prescribing
practices in the hospital studied conformed with Nigetian
Essential Drug List or formulary. It was calculated by
dividing the number of drugs prescribed which are
listed on the essential drugs list or local formulary by
the total number of drugs prescribed multiplied by 100.

(b) The Patient care indicators

This study on patient care indicators was conducted
prospectively. Patient care indicator form (Survey form
2) was used to collect information on the drugs being
used by the patients. A total of 472 patients were inter-
viewed using Patient Care Form. Patients enrolled into
the study were those who attended the General Out-
patient Department of the Hospital, those who received
treatment, patients who refill their prescriptions in the
hospital pharmacy and those who consented to participate
in the study. The socio-demographic data of the patients
were also recorded. These indicators were as follows:

Indicator 1: This shows the average dispensing time.
The average time was attained by dividing the total time
taken to dispense drugs to series of patients by the
number of patients.

Indicator 2: This measured the percentage of drugs
dispensed and computed by dividing number of drugs
dispensed by the number of prescribed drugs presented
for dispensing.

Indicator 3: The indicator determined the percentage
of drugs adequately labelled. This was to measure the
degree to which pharmacists provide vital in information
on the drug packages they dispense. This was achieved
by dividing the number of drug packages containing at
least patients’ name, generic name of the drug, strength,
quantity of drugs dispensed and when the drug should
be taken were written on the label by the total number
of drug packages dispensed, and multiplied by 100.

Indicator 4: This is to assess patient knowledge of
correct dosage and measured the effectiveness of infor-
mation provided to the patients on e dosage schedule
of drugs they received from the pharmacists. It also
involved discussion with patients on route of admin-
istration, duration of drug therapy, intended use of the
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drug, expected action, drug interactions, common side-
effects or adverse effects, techniques for self-monitoring
of drug therapy, proper storage, warnings to keep all
medicines out of the reach of children, expiry date,
prescription refill information and actions to be taken
in the event of a missed dose. Also, the patients knowl-
edge of when, and in what quantity each dispensed drug
should be taken as well as instruction on food restriction
were examined. Failure of patients to understand this
information would result to patients” knowledge being
scored as inadequate. It was determined by dividing
number of patients effectively reporting the dosage
regimen for all drugs, by the total number of patients
that were interviewed and multiplied by 100.

(c) The Facility indicators

Information on health facility indicators (Survey form 3)
were derived by assessing adequate supply of essential
drugs as well as access to information about these drugs
in the hospital of study. The five pharmacists in the
facility of study were included into the study. The study
involved assessment of;

Indicator 1: Availability of copy of Essential Drugs
List (EDL). This assessed the extent to which the
Nigerian EDL is obtainable at a health facility. It is usually
expressed as YES or NO, for such healthcare facility.
Essential Drugs have been defined as those drugs that
satisfied health care needs of majority of a population.
These drugs should therefore be available at all times
in adequate amounts and in appropriate dosage forms
at all levels of the health care delivery system of the
countty.

Indicator 2: Awailability of essential drugs: This was
to measure the availability of key drugs usually recom-
mended for treatment of specific diseases in the hospital.
It was computed by the number of drugs actually avail-
able in the pharmacy store room divided by the total
number of drugs on the EDL list, multiplied by 100.

Ethical consideration

The research was approved by the Institutional Review
Board, Kwara State Ministry of Health, Ilorin, Nigeria.
Statistical analysis

The data collected were checked and analyzed using the
SAS softwate program version 9.2.° Descriptive statistics
were used in the form of frequency, percentage, mean
and standard deviation.

RESULTS

The age composition of the study revealed that
22 (4.7%) were between 14 and 20 years old, 160 (33.9%)
were between the age of 21 and 40 years while 290 (61.4%)
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Survey form 1: Public Health Facility: Rational Drug Use - Prescribing Indicator Form

Indicators: Average number of drugs % patients receiving injection

% drugs on EDL % patients receiving antibiotics

Public Health Facility
Facility # (1-30)

Facility Date

Location Investigator

Seq. Patient Type Date of No. of drugs Antibiotics Injections No. of drugs on
No. (R/P) [A] Rx [B] (yes=1, no=0) (yes=1, no=0) EDL
[C] [D] [E]

© N gk OoDh =

I\)NI\)NI\)I\)NI\)I\)I\)—\—\_\_L_\_;_;_\_‘_\@
©® NS A SON 00PN R BN 2O

30.
Total [B'] = [C'= [D'] = [E']=
Average [B2] =
Percentage [C?] = [C')/No. of cases  [D? = [D')/No. of cases [E?] = EY/[B"] x
x 100 = x 100 = 100 =

Notes

[A] Select 30 outpatients seen within a 12 month period (R=retrospective [from records], P= prospective [those currently being
treated]). Sample of cases can be a combination of P and R

[B]  Count number of drugs prescribed for each case ([B']=Total no. of drugs). Count as 1 a drug given in different preparations,
e.g. paracetamol tablet and injection, two brands of a similar chemical entity/INN/generic name

[B3  Average no. of drugs prescribed = [B')/Number of cases

[C] Indicate 0 if no antibiotic prescribed and 1 if one or more types of antibiotics were given.
[C'"] = Total cases with antibiotics.

[D] Indicate 0 if no injection given and 1 if one or more injections were given. [D']= Total cases with injection

[E] From the number of drugs prescribed for the case, count those included on the EDL.
[E"] = total number of drugs listed in EDL
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Survey form 2: Public Health Facility Rational Drug Use - Patient Care Form

Indicators: % of drugs dispensed

% drugs with adequate label
% of patients who know how to take drugs

Public Health Facility
Facility # (1-30)

Facility Date
Location Investigator

Seq. No. No. of drugs No. of drugs dispensed No. of drugs adequately Patient has adequate knowledge
prescribed [B] labelled (yes=1, no =0) [D]
[Al [C]

DN © PN OA BN

NN NNNNNNNDNDS 2 o o
© © N o g & WN = O O o N oA

30.
Total Total B = Total C = Total D =

Average
Percentage [B'1=% dispensed = Total  [C']=% w/adequate label = [D']=% of patients with adequate
[B]/No. prescribed x100 = Total [C]/Total [B] x 100 = knowledge = Total [D]/cases asked
x 100 =

Notes
[A] Interview 30 patients leaving the dispensing area/pharmacy
[B] Check how many drugs (chemical entity/INN/generic) were given to each patient
[C] Check which are adequately labelled (name of drug, dosage and duration plus any additional criteria specified by country). A
drug is adequately labelled only if all criteria are met.
[D] Determine if patient has adequate knowledge about the drugs dispensed.

Ask patient if he/she knows how to take each drug. Indicate:
(1) If patient can correctly give the name of all drugs or state what the drugs are for and how they should be taken plus any

additional criteria specified by country.
(0) If the patient cannot give the name of even one drug, cannot state what a drug is for, does not know how to take one of the

drugs given, or does not meet any additional criteria specified by country.

42 RGUHS J Pharm Sci | Vol 6 | Issue 2 | Apr-Jun, 2016



lyabo Bello et al.: World Health Organization Indicators for Rational Use of Drugs

Survey form 3: Public Health Facility - Standard Treatment Guidelines/EDL
Indicator: Availability of STG for common local conditions
Availability of Essential Drug List (EDL) at the facility

Public Health Facility
Facility # (1-30)

Facility Date

Location Investigator

Tick box with correct answer

Standard treatment guidelines available Yes1 No
National STG
STG for URTI
STG for Diarrhoea

STG for Pneumonia

STG for Malaria

STG for Tuberculosis

Others:

EDL available Yes1 No
National EDL

Provincial/District

Primary EDL

Others:

STG is available in this facility?

Yes' No
EDL is available in this facility®

Yes' No

Notes
1.  Mark “yes” only if the facility is able to show you the document.

2. The facility is considered to have an STG if any one of the above STGs is available provided it was developed by an independent
group and is not associated with promoting pharmaceutical products.

3. Before the survey, the most up-to-date version of EDL must be identified. The facility is considered to have an EDL if any one of
the above EDLs is available.
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were for age above 40 years old. The mean age of
patients was 56.2 * 7.1 years. In reference to gender,
322 (68.3%) were females and 150 (31.7%) were males.
The occupational status of the patients showed that
314 (66.5%) were traders, public servants 36 (7.6%) and
122 (25.9%) were unemployed (engaged only in activities
of daily living such as eating, sleeping and bathing).
With regard to educational level of the patients,
225 (47.7%) had no formal education, 53 (11.2%) had
primary school certificate, 111 (23.6%) of the patients
completed secondary level of education and 83 (17.5%)
were graduates (Table 1).

The average number of drugs per prescription was 2.0.
Most (58.1%) of the drugs prescribed were branded
rather than generics (41.9%). The percentages of anti-
biotic and injectable prescribed were within WHO
cut-off values. Almost all (99.7%) the drugs were pre-
scribed from Nigerian EDL. All the prescriptions, 1,416
(100.0%) were from physicians. (Table 2).

The study revealed that the pharmacists dispensed
almost all the drugs prescribed to patients and labeled
81.9% of the prescriptions adequately. Also, majority
(91.1%) of the patients had correct knowledge on the
drug dosage, time of administration, frequency of
administration, food restriction, side effects and duration
of treatment. (Table 3).

As shown in Table 4, a copy of EDL was available in the
health facility of study to assess information on drugs
supplied to patients. Most (99.7%) of the key drugs
were available in the pharmacy.

Table 5 presents the morbidity profile in the hospital.
Hypertension was the most prevalent disease identified
in outpatient department of the hospital accounting
for 28.8% of the diseases identified. Co-morbidity with
arthritis and infections accounted for 25.1% and 23.8%
respectively.

DISCUSSION

In the present study, the average number of drugs per
prescription was 2.6, which was higher than WHO stan-
dard range of 1.6-1.8. This finding is similar to that
of” in India and® in Iran with 2.7 and 3.07, respectively.
Polypharmacy is a common problem of prescription in
Nigeria like many other developing countries. The per-
centage of generic drugs prescribed in the present study
was 41.9%. This is very low as compared with WHO
standard (100%).This corroborates with the findings
of” in Nigeria (42.9%). Previous study by " in Tanzania
found prescribing of generic drugs to be 33%. These
findings revealed that prescription of generic drugs is
yet to be acknowledged as a routine in African coun-
tries as recommended by WHO. The rationale for low

a4

generic drug prescribing in Nigeria might be related to
promotion of branded drugs by prescribers for Phar-
maceutical representatives as well as the prescribers’
believe that branded drugs are more efficacious than
generics. This practice is detrimental to the health and
pocket of the patients as most of the patients could not
afford the exorbitantly priced branded drugs for their
long-term disease conditions and eventually leading to
non-compliance, irrational drug use and death among
others.

The report of this study revealed that the percentage of
antibiotics prescribed was 23.8%. This finding is good
as compared with WHO standard (20.0-26.8%). The
present result was inconsistent with the values obtained
in Nigeria by'' who reported 48% and Ethiopia by '
(58.1%) prescriptions of antibiotics. The results of this
study implied that antibiotics were not misused or over-
used by the physicians in this facility as study showed
that antibiotics are the most frequently prescribed
drugs among patients and there are reported concerns
about the continuous indiscriminate and excessive use
of antimicrobial agents that promote the emergence
of antibiotic-resistant organisms.” Rational antibiotic
prescription as shown in the present study is the first
step for optimum antibiotic use and has the potential
impact of reducing resistant micro-organisms generated
by excessive use.'

In this study, the percentage of injectable prescribed
was 3.4% and fell within WHO cut-off values of less
than 10%. This result was higher than the study of’ who
reported that the percentage of injections prescribed
was found to be 1.6% and lower (41%) as compared to
the study of” in Iran. Irrational prescription of injections
should be avoided as injections are costly compared to
other dosage forms and administration of injection
also becomes expensive as well as pose health hazards.
It required trained personnel because unhygienic usage
of injections can enhance high risk of communicable
diseases transmission such as HIV/AIDS, tuberculosis
and hepatitis.

Almost all (99.7%) of the drugs were prescribed from
Nigerian EDL, which is almost equal with the WHO
standard (100%). The result of this study is similar to
the findings of” who reported that the percentage of
drugs prescribed from EDL was found to be 95.6%.
In this study, the average dispensing time was good
(5.25 £ 2.33 minutes) as compared to the WHO recom-
mended value of greater than three minutes. These
results were higher than the study of" in Ethiopia with
1.9 minutes but similar to the study of ' in India
(4 minutes 4 seconds). The present study revealed that
the Pharmacists spent more time in interacting with
their patients. This was supported by the findings of'
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Table 1: Demographic Profile of Patients for Prospective Study

(n=472)
Variables Frequency Percentage (%)
Age (Year)
14-20 22 4.7
21-40 160 33.9
Above 40 290 61.4
Gender
Female 322 68.3
Male 150 31.7
Educational Level
No formal Education 225 47.7
Primary Education 53 11.2
Secondary Education 111 23.6
Tertiary Education 83 17.5
Occupation
Traders 314 66.5
Public Servants 36 7.6
Unemployed 122 25.9

Table 2: WHO Prescribing Indicators

WHO Prescribing Indicators Current WHO reference  P-value
study values values
Percentage of drugs prescribed in generic 41.9 100% 0.634
Percentage of drugs prescribed from EDL 99.7 100% 0.625
Average number of drugs per prescription 2.6 1.6-1.8 0.958
Percentage of antibiotic prescribed 23.8 20.0-26.8% 0.939
Percentage of injectable prescribed 3.4 <10.0% 0.179

P>o.05 indicates not significantly different at 0.05 level of significance.

Table 3: WHO Patient Care Indicators

WHO Patient Care Indicators Current study value = WHO value P-value
Average dispensing time (Minutes) 5.25+2.33 >3.0 0.913
Percentage of drugs actually dispensed 87.4% 100% 0.625
Percentage of drugs adequately labelled 81.9% 100% 0.634
Patient knowledge of correct dosage 91.1% 100% 0.179

P>o.05 indicates not significantly different at .05 level of significance.

Table 4: WHO Facility Indicators

WHO Facility Indicators Current study WHO reference value  P-value
value
Availability of copy of EDL or formulary (1) Yes (1) Yes
Availability of key drugs 100% 99.7% 0.143

P > o.05 indicates not significantly different at 0.05 level of significance.

Table 5: Morbidity profile in the community studied

Disease Frequency (n=3, 711) Percentage (%)
Hypertension 1069 28.8
Arthritis 931 25.1
Infection 883 23.8
Anaemia 301 8.1%
Malaria 267 7.2%

RGUHS J Pharm Sci | Vol 6 | Issue 2 | Apr-Jun, 2016



lyabo Bello et al.: World Health Organization Indicators for Rational Use of Drugs

who reported that the Pharmacists should spend some
time with their patients by explaining the appropriate
use of dispensed drugs.

The labeling of drugs (81.9%) in the present study was
good as compared to recommended value of 100% by
WHO. This is consistent with the result of'” in Tanzania
who reported 87% but higher than the study conducted
by'® where 67% of the drugs were adequately labelled.
The adequate labeling of drugs (writing the generic
name and strength of the drug, total quantity of drug
dispensed, frequency of administration, before/after
meals, date medication was dispensed, the name of the
patient, the name and address of the pharmacy from
which the medication was dispensed and other relevant
information/warning such as keep out of reach of
children should be indicated) found in this facility will
encourage drug adherence and prevent irrational use
of drugs. Furthermore, the study shows that 91.1% of
patients were able to reiterate the correct dosage regi-
men of the drugs and pharmaceutical care counseling
received; which is comparable with the WHO recom-
mended value of 100%. The rationale for this could be
due to availability of pharmacists, pharmaceutical care
concept being practiced in the setting of the study, as
well as good structural layout of the hospital pharmacy
for easy flow of work.

Also, the facility of study had the latest edition of EDL,
used as standard treatment guideline. According to the
result of present study, most 3,699 (99.7%) of the drugs
were prescribed from the latest version of Nigerian
EDL. This is in line with the study of"” with 80.7%
and improved as compared to the findings of* with
64.12%.This uninterrupted supply of drugs in the
hospital showed improvement in the quality of health
cate services rendered to the citizens of Offa and
environs. This could be attributed to functional Drug
Revolving Fund scheme operating in all State Govern-
ment hospitals in Kwara State and the appropriate policy
about the priorities in supplying drugs by its Project
Manager. Globally, more than 50% of all drugs are
dispensed wrongly, while 50% of the patients failed to
administer them appropriately. Furthermore, one-third
of the population in world cannot afford essential medi-
cine. Because of irrational use of drugs, effective drugs
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of yesterday becoming ineffective today. Despite acces-
sibility, availability and affordability of essential drugs; it
is equally necessary to use the drugs rationally.'

According to the result of this study, hypertension was
however, the most prevalent disease identified in this
study. This might be due to the fact that majority of the
patients were older (greater than 40), an age category
implicated for hypertension. Also, these patients are living
a sedentary life style (petty trading and minor household
chores with no basic education as to enlighten them on
risk factors of hypertension. The study of*' was in
support of present study that predictors of hyperten-
sion include family history, age, race, obesity, physical
inactivity, lack of exercise and excessive salt intake.

CONCLUSION

Based on the above findings, most of the prescribing
indicators in this health facility are not conforming to
the WHO standard criteria. Health facility and patient
care indicators are rational. More studies on these indi-
cators are required to identify factors responsible for
irrational drug prescription patterns of prescribers in
this health facility.

RECOMMMENDATION

Public enlightenment of Offa Community on dietary
approach to stop hypertension would reduce the
scourge in the area of study.
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Artesunate Affects Diurnal Variation of Gentamicin
Nephrotoxicity in Wistar Rats
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ABSTRACT

Objective: Diurnal variation in gentamicin nephrotoxicity has been previously demonstrated. This study investigated
the effect of diurnal variation on gentamicin nephrotoxicity with concurrent artesunate administration in wistar rats.
Methodology: Gentamicin (120 mgkg') was co-administered with artesunate (100 mgkg') at 0000 hrs and 1200 hrs
being times of least and greatest gentamicin-nephrotoxicity. Renal biomarkers including creatinine, urea, CAT, SOD,
MDA, GPx and electrolytes were determined following seven-day co-administration. Findings: Gentamicin at 1200 hrs
produced significant (p<0.05) elevation in serum urea and creatinine in comparison with controls. Animals that received
gentamicin at 0000 hrs had significantly lower creatinine and urea levels compared with the 1200 hrs gentamicin group.
Artesunate ameliorated gentamicin-nephrotoxicity at both time points with reduction in serum urea and creatinine
values. Conclusion: The study showed that artesunate ameliorated gentamicin-induced nephrotoxicity during both
periods in rats. Research Value: This research suggests that the concurrent administration of both drugs in bacteremia
and parasitemia co-infection may offer beneficial effects of alleviating gentamicin induced nephrotoxicity irrespective of

rest or activity time administration.

Key words: Artesunate, Gentamicin, Nephrotoxicity, Diurnal Variation, Chronotoxicity.

INTRODUCTION

Malaria is a parasitic infection caused by
Plasmodium species, and falciparum malaria
has been linked with severe complications
and mortality.! The disease may present in
a severe form resulting in death particularly
in non immune patients, when diagnosis
and treatment are not prompt at the acute
phase.? Although many countries have been
able to decrease their malatia burden
significantly between 2000 and 2010,
this is not a global success and the treat-
ment and prevention of malaria has con-
tinued to undergo reviews and changes in
strategies. Current therapy uses artemis-
inin derivatives in combination with other
agents, resulting in rapid clearance, how-
ever monotherapy is also deployed for
longer duration. Combination regimens
typically combine an artemisinin derivative
with a long acting agent,” while life threat-
ening severe malaria is treated with parenteral
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artesunate.’ Artesunate is largely reported
to be safe, although, available data in the
literature report conflicting effects on
the kidney. These include non association
with electrolyte imbalance,” diuretic effect
in malaria patients,*” and renal involve-
ment.'™"" Recent data suggests that invasive
bacterial infection appears to be associated
with severe malaria in children,'? while
previous data reported non typhoidal
Salmonella with severe malaria in children,'>!>
the therapy of which often includes genta-
micin. Gentamicin is used for treatment
of sensitive gram negative bacteria, and
its nephrotoxicity'
However its use continues because of
efficacy, cost, post antibiotic effect and its
synetgistic effects with other antimicrobials.'®
The strategies to reduce its toxicity include
reduction of dosing frequency, consid-
eration of the circadian rhythm of renal

limits its clinical use.”

Received Date :07/04/2016
Revised Date  :27/06/2016
Accepted Date :29/06/2016

DOI: 10.5530/rjps.2016.2.5

Address for
correspondence

TO Olurishe,

Department of Pharmacology
and Therapeutics, Ahmadu
Bello University, PMB 1045,
ZARIA-NIGERIA, 810001.
Phone: +2348036005775
Email: temiolurishe @yahoo.
com

2
%,

2
Ron,
I

AV GAnp,

WWww.rjps.in

RGUHS J Pharm Sci | Vol 6 | Issue 2 | Apr-Jun, 2016



Olurishe and Fatika.: Artesunate affects gentamicin nephrotoxicity

function,”” as well as concurrent administration with
antioxidants, and modification of time of administra-
tion based on temporal variation in its nephrotoxicity.
With concurrent administration of gentamicin and
artesunate being a clinical situation in bacteria-falciparum
infections, the effect of the concurrent drug therapy on
the kidney is important. The study thus investigated the
effect of
regimens on nephrotoxicity in wistar rats. Serum bio-

chronomodulated gentamicin-artesunate

markers of nephrotoxicity and relative kidney weights
were determined following a seven day concurrent
administration of artesunate and gentamicin. The effect
of the concurrent drug administration on some markers
of oxidative stress was also investigated.

MATERIALS AND METHODS

Animals

Male wistar rats with average weight of 180 g were
obtained from the Animal Facility of the Department
of Pharmacology and Therapeutics, Ahmadu Bello
University, Zaria Nigeria. The animals were allowed
to acclimatize in their new animal room for about one
week before experimental procedures began. The rats
were housed in cages of five or six and had wood shavings
as beddings which were changed frequently. The animals
were placed on Vital Feed and public water supply ad
libitum. EBxperiments were performed in accordance
with approved institutional Animal Committee guide-
lines (DAC/IW-OT/66-14).

Experimental design

Animals were divided into six groups for the study with
the first group serving as saline control. The second
group received 120 mgke” gentamicin, while the third
group received artesunate 100 mgkg! both at 1200 hrs
daily for seven days. Group four received both artesunate
and gentamicin also at 1200 hrs daily for seven days.
Animals in group five received gentamicin alone at 0000
hrs (midnight) daily for seven days while animals in
group six received both gentamicin and artesunate at
0000 hrs similatly for seven days. The 120 mgkg! dose
of gentamicin was adopted from a previously reported
protocol,”” and after an initial pilot study. The dose of
artesunate was also based on its established antiplasmodial
activity within this dose range.

Preparation of drugs

The drugs used in the study were gentamicin (Gentalek®
injection) and artesunate powder. They were obtained
via Lek and Tuyil Pharmaceuticals, Nigeria respectively.
The drugs were freshly prepared daily for administration
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via the intraperitoneal route using suitable syringes and
needles.

Serum analysis

At the end of the seven consecutive days of daily treat-
ment, the animals were euthanized with chloroform and
the kidneys were excised after dissecting the rats. Kidney
weights were determined using a sensitive weighing
balance. Blood was also collected from the jugular veins
of theratsintoanticoagulant free vacutainers. Serumurea,
creatinine, electrolytes (sodium, chloride, bicarbonate,
potassium) AST, ALT, ALP, total protein, albumin and
glucose were determined using a Bayer Automated
Analyzer and appropriate kits. Serum oxidative stress
markers (GPx, SOD, CAT and MDA) were also deter-
mined using Randox® Kkits.

Data analysis

Data obtained was analyzed using One Way Analysis
of Variance followed by Levene’s test of equality of
variance. Welch Robust test of means was used when
significant outcome of Levene’s test was obtained. The
Hochberg post hoc test was used and a p value of <0.05
was considered statistically significant for each comparison.

RESULTS

Results from the study show that serum urea and creati-
nine levels of the group that received gentamicin alone
at 1200 hrs was significantly (p=0.007) higher than that
of the saline treated group. However the creatinine levels
in all the other groups that received artesunate or genta-
micin alone, or a combination of gentamicin with arte-
sunate at all time points were significantly lower than
those of animals that received gentamicin alone at 1200 hrs.
A similar result was also obtained for the urea levels
(Figures 1 and 2). The serum electrolyte levels were not
significantly altered by the different times of administra-
tion and combinations with gentamicin and artesunate
(Table 1). There was also no significant difference in the
group that received artesunate alone when compared
with the saline group (Table 1). Of the three markers
of hepatic functions (AST, ALT and ALP) only the
levels of the ALP for animals TREATED
WITH GENTAMICIN at 1200 hrs was signifi-
cantly higher than that of the normal saline control
(Table 2). Data from the study did not show any signifi-
cant difference in any of the markers of oxidative stress
that were investigated (Table 3). Serum levels of total
protein, bilirubin and glucose also did not differ signifi-
cantly (Table 4). The relative left kidney weight of all the
groups did not differ significantly from the saline group.
However, the group that received artesunate alone
at 1200 hrs showed significantly lower relative kidney
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Table 1: Effect of chronomodulated gentamicin-artesunate administration on serum electrolytes in wistar rats

Electrolyte levels in mmol/l

Group Sodium Potassium Chloride Bicarbonate
Normal Saline 1200 hrs 139.00+0.84 4.28+0.07 98.71+1.30 22.42+0.75
Gent 1200 hrs 139.28+0.89 4.18+0.24 99.00+0.72 23.28+1.08
Art 1200 hrs 137.57+0.78 4.04+0.12 96.85+0.70 22.57+1.10
Art+Gent 1200 hrs 138.00+1.09 4.08+0.18 98.57+1.61 22.42+1.47
Gent+Art 0000 hrs 140.50+1.25 4.20+0.15 100.33+1.17 22.33+1.20
Gent 0000 hrs 139.42+1.02 4.30+0.08 101.14+0.70 21.71+0.80

Data is presented as mean + SEM (n=6-7) and analyzed using One Way ANOVA. No significant differences were observed following One way ANOVA.

Table 2: Effect of chronomodulated gentamicin-artesunate administration on hepatic biomarkers in wistar rats

Group ALT IU/I AST IU/I ALP 1U/I
Normal Saline 1200 hrs 71.28+6.72 65.14+7.12 67.00+7.00
Gent 1200 hrs 74.71x7.40 65.28+7.68 130.57+13.40**
Art 1200 hrs 73.85+4.07 62.42+4.20 72.57+9.48
Art+Gent 1200 hrs 69.85+5.02 60.85+5.76 82.28+13.42
Gent+Art 0000 hrs 70.66+8.56 63.16x7.03 76.33+10.01
Gent 0000 hrs 81.14+6.52 70.71+5.37 85.85+6.34

Data is presented as mean + SEM (n=6-7) and analyzed using One Way ANOVA followed by Hochberg post hoc test. ** = p<0.01 compared with saline.

Table 3: Effect of chronomodulated gentamicin-artesunate administration on serum markers of oxidative markers in wistar rats

Group MDA[pmol/l] SoD[U/] CAT[nmol/l] GPX[U/]
Normal Saline 1200 hrs 1.07+0.09 2.15:0.11 53.28+1.04 44 5741.77
Gent 1200 hrs 1.1240.06 2.000.06 53.00+1.04 47.28+1.61
Art 1200 hrs 1.00£0.05 2.27+0.09 48.57+2.10 51.00+1.97
Art+Gent 1200 hrs 2.07+0.82 2.08+0.10 50.57+1.04 48.14+2.89
Gent+Art 0000 hrs 0.93£0.12 2.31:0.11 54.50+1.72 47.00+.93
Gent 0000 hrs 1.1120.15 1.95£0.10 50.85+2.14 45.28+1.16

Data is presented as mean + SEM (n=6-7). No statistically significant difference in means following one way ANOVA.

Table 4: Effect of chronomodulated gentamicin-artesunate administration on serum protein and glucose levels in wistar rats

Group TP[g/dI] ALB[g/l] GLUCOSE[mmol/l]
Saline 1200 hrs 64.7111.08 35.4241.13 4.5120.11
Gent 1200 hrs 66.42+1.92 37.14+1.80 4.75£0.26
Art 1200 hrs 66.7121.40 39.00£1.57 4.75+0.26
Art+Gent 1200 hrs 66.14£0.59 36.71£0.68 4.74£0.09
Gent+Art 0000 hrs 66.50+1.05 36.33+1.30 4.43£0.16
Gent 0000 hrs 63.1421.12 35.5741.02 4.7840.26

Data is presented as mean + SEM (n=6-7). No statistically significantdifference in means following one way ANOVA.
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Figure 1: Effect of chronomodulated gentamicin-artesunate administration on serum urea lev-
els in wistar rats.

Data is presented as mean + SEM (n=6-7) and analyzed using One Way ANOVA followed by Hochberg post hoc test.
*: p=0.001 in comparison with saline control, a, b, c are p values of 001, .003, .008 for in comparison with gentamicin
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Figure 2: Effect of chronomodulated gentamicin-artesunate administration on serum
creatinine levels in wistar rats.

Data is presented as mean + SEM (n=6-7) and analyzed using One Way ANOVA followed by Hochberg post hoc test.

#=significant difference in comparison to saline; *p=0.007 in comparison with saline control; a, b, ¢ are p values of
0.001, 0.045, 0,005, 0.01 in comparison with gentamicin 1200 hrs
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Figure 3: Effect of chronomodulated gentamicin-artesunate administration on relative kidney
weight in wistar rats.

Data is presented as mean + SEM (n=6-7) and analyzed using One Way ANOVA followed by Hochberg post hoc test.

*p=0.05 compared to Art/Gent 1200 hrs

weight ratio when compared with the gentamicin 1200
hrs group (Figure 3).

DISCUSSION

The current study corroborates previously documented
reports® on the temporal variationin gentamcin toxicity.
This was evidenced by the high levels of renal bio-
markers at the rest period of the rats (1200 hrs) and
low levels at the high activity period (0000 hrs). How-
ever, the concurrent administration of gentamicin
and artesunate at both periods did not result in any
observable deleterious effect on the kidney as was also
the case with the liver. Temporal variation in gentami-
cin nephrotoxicity has been previously demonstrated
in rats, and the administration of gentamicin during
activity period (being 0000 hrs in this study) has been
shown to pose a lower risk of nephrotoxicity due to
increased glomerular filtration during this period.”
Artesunate has been shown to exhibit some adverse
effects on the kidney following a 21-day high dose
regimen in mice,”
toxicity at a very high intravenous dose.** However the
concurrent administration of artesunate and gentami-
cin in this study resulted in amelioration of gentamicin
associated nephrotoxicity. Although gentamicin neph-

and also exhibits reversible renal

rotoxicity is most often oligouric, several diuretics

52

have been reported to ameliorate the nephrotoxicity
of gentamicin. A reduction in the accumulation of
gentamicin in the kidney is a major approach to decre-
asing its nephrotoxicity,” and the use of single dose
and timed administration reduces the quantity and
period of contact of the kidney with gentamicin
thus reducing nephrotoxicity. Artesunate’s diuretic
properties have been previously reported.** This
diuretic effect may have contributed to the clearance
of gentamicin and reduced the nephrotoxicity at both
0000 hrs and 1200 hrs. Artesunate, in addition to the
diuretic effect had also been shown to increase renal
blood flow. This may thus reduce the contact period
of the antibiotic with the nephrons thus reducing the
toxicity. The diuretic frusemide has been previously
reported to reduce gentamicin induced nephrotoxic-
ity.”” Eatlier studies also reported that frusemide did
not increase the risk of aminoglycoside renal and audi-
tory toxicity.®®* The diuretic effect reported by previ-
ous researchers may be a possible mechanism behind
the amelioration of the gentamicin induced nephro-
toxicity. The night time (0000 hrs) administration of
gentamicin results in reduced nephrotoxicity. This
period is the activity period in rodents and there is a
higher level of glomerular filtration in contrast to the
rest period. A reduced clearance during rest periods in
man and also possibility that the toxicity of gentami-
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cin was more likely due to the duration of contact in
the kidney rather than the plasma concentrations has
been postulated.” However, the diuretic effect of arte-
sunate may have equally contributed to the reduction
in nephrotoxicity with the 0000 hrs in a similar fashion
to that of the 1200 hrs dose which typically exhibits
the least toxicity. Thus the available concentration to
exert toxicity due to contact is diminished. The kidney
sometimes fails acutely as a consequence of malaria or
falciparum species infection,’ and mortality may be as
high as 45% when it occurs.” Thus the ameliorative
effect of artesunate in the face of concurrent malaria
and gentamicin sensitive bacteria infection could be
advantageous in malaria related kidney failure on arte-
sunate therapy.

CONCLUSION

The nephrotoxicity associated with gentamicin admini-
stration was ameliorated in the presence of artesunate
both during the active (0000 hrs) and rest (1200 hrs)
periods. This could be beneficial in concurrent treatment
of bacteria and falciparum co morbid states. Although
the exact mechanism by which this occurs remains to be
fully elucidated, the diuretic effect of artesunate may be
a contributory factor.

ACKNOWLEDGMENT

The authors acknowledge the assistance of Mr. Olu
Ayegbusi of the Department of Chemical Pathology,
Ahmadu Bello Teaching Hospital, Zaria-Nigeria.

CONFILICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Mittal M, Jain R, Talukdar B, Kumar M, Kapoor K. Emerging new trends
of malaria in children: A study from a tertiary care centre in northern
India. J Vector Borne Dis. 2014;51(2):115-8.

2. Ukpe IS, Moonasar D, Raman J, Barnes KI, Baker I, Blumberg L. Case
management of malaria: Treatment and Chemoprophylaxis. S Afr Med
J. 2013;103(10 part 2):793-8.

3.  CotterC, Sturrock HJW, Hsiang MS, Liu J, Phillips AA, Hwang J, Gueye CS,
et al. The changing epidemiology of malaria elimination: new strategies
for new challenges. The Lancet. 2013;382(9895):900-11.

4. Price RN. Potential of Artemisinin-based combination therapies block
malaria transmission. J Infect Dis. 2013;207(11):1627-9.

5. Ajayi NA, Ukwaja JN. Possible artemisinin-based combination therapy-
resistant malaria in Nigeria: a report of three cases, Rev Soc Bras Med
Trop. 2013;46(4):525-7.

6. Hendriksen ICE, Mtove G, Kent A, Gesase S, Reyburn H, Lemnge MM,
et al. Population Pharmacokinetics of Artesunate in African Children
With Severe Malaria: Implications for a Practical Dosing Regimen. Clin
Pharmacol Ther. 2013;93(5):443-50.

7. Salman TM, Alagbonsi IA. Chloroquine but not artesunate causes
electrolyte imbalance in male albino rats. Niger J of Pharm Sci.
2013;12(2):11-5.

RGUHS J Pharm Sci | Vol 6 | Issue 2 | Apr-Jun, 2016

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Seguro AC, Campos SB. Diuretic effect of sodium artesunate in patients
with malaria. Am J Trop Med Hyg. 2002;67(5):473-4.

Zaki SA, Shanbag P Lad V, Shenoy P. Sodium artesunate-
induced dieresis in a patient with malaria. Indian J Pharmacol.
2011;43(4):472-3.

Amaza DS, Momoh M, Zirahei JV, Rufai A, Samo N, Amos L, et al.
Effect of oral administration of artesunate on the histology of the kidney
in albino rat. Journal of Dental and Medical Sciences. 2013;3:15-20.
Rajput DK, Moid N, Patel PB, George LB, Desai KR, Highland HN.
Assessment of Artesunate Toxicity on Renal Tissue of Male Albino
Mice. The Bioscan. 2013;8:1095-102.

Church J, Maitland K. Invasive bacterial co-infection in African children
with Plasmodium falciparum malaria: A systematic review. BMC
Medicine. 2014;12(1):31. doi: 10.1186/1741-7015-12-31.

Bronzan RN, Taylor TE, Mwenechanya J, Tembo M, Kariya K,
Bwanaisa L, et al. Bacteremia in Malawian children with servere
malaria: prevalence, etiology, HIV coinfection, and outcome. J Infect
Dis. 2007;195(6):896-904.

Akinyemi KO, Bamiro BS, Coker AO. Salmonellosis in Lagos, Nigeria:
Incidence Plasmodium falciparum-associated Co-infection, Patterns of
Antimicrobial Resistance, and Emergence of Reduced Susceptibility to
Fluoroquinolones. J Health Popul Nutr. 2007;25:351-8.

Morpeth SC, Ramadhani HO, Crump JA. Invasive Non-Typhi
Salmonella Disease in Africa. Clin Infect Dis. 2009;49(4):606-11.
Turnidge J. Pharmacodynamics and dosing of aminoglycosides. Infect
Dis Clin North Am. 2003;17:503-28.

Beauchamp D, Guimont C, Grenier L, Lebrun M, Tardif D, Gourde P,
et al. Antimicrob Agents Chemother. 1997;41(7):1468-74.

Nale LP, More PR, More BK, Ghumare BC, Shendre SB, Mote CS. Protective
effect of Carica papaya L. seed in gentamicin induced hepatotoxicity and
nephrotoxicity in rats. Int J Pharm Bio Sci. 2012;3:508-15.

Rougier F, Claude D, Maurin M, Sedoglavic A, Ducher M, Corvaiser S,
et al. Aminoglycoside nephrotoxicity: modeling, simulation and control.
Antimicrob Agents Chemother. 2003;47(3):1010-6.

Hoffman D, Fuchs TC, Henzler T, Matheis KA, Herget T, Dekant W,
et al. Evaluation of a urinary Kidney Biomarker Panel in Rat Models
of Acute and Subchronic Nephrotoxicity. Toxicology. 2010;277:49-58.
LeBrun M, Grenier L, Gourde P, Bergeron MG, Labreque G, Beauchamp D.
Effectiveness and Toxicity of Gentamicin in an Experimental Model of
Pyelonephritis: Effect of the Time of Administration Antimicrob Agents
Chemother. 1999;43:1020-6.

Van Maarseveen E, Man WH, Proost J, Neef C, Touw D.
Chronopharmacokinetics of once daily dosed aminoglycosides in
hospitalized infectious patients. Int J Clin Pharm. 2015;37(2):342-7.
Rajput DK, Moid N, Patel PB, George LB, Desai KR, Highland HN.
Assessment of Artesunate Toxicity on Renal Tissue of Male Albino
Mice. The Bioscan. 2013;8(3):1095-102.

Li Q, Xie LH, Johnson TO, Si Y, Haeberie AS, Weina PJ. Toxicity
evaluation of artesunate and artelinate in Plasmodium berghei infected
and uninfected rats. Trans R Soc Trop Med Hyg. 2007;101(2):104-12.
Mingeot_Leclercq M, Tulkens PM. Aminoglyosides: Nephrotoxicity.
Antimicrob Agents Chemother. 1999;43(4):1003-12.

Zaki SA, Shangag P, Lad V, Shenoy P. Sodium artesunate-induced
diuresis in a patient with malaria. Indian J Pharmacol. 2011;43(4):472-3.
Whiting PH, Petersen J, Simpson JG. Gentamicin induced nephrotoxicity
in mice: Protection by loop diuretics. Br J Exp Path. 1980;62(2):200-6.
Smith CR, Lietman PS. Effect of furosemide on aminoglycoside-
induced nephrotoxicity and auditory toxicity in humans. Antimicrob
Agents Chemother. 1983;23(1):133-7.

Campos SB, Rouch LH, Seguro AC. Effects of artesunate, anew
antimalarial drug, on renal function. Kidney Int. 2001;59(3):1044-51.
Nakano S, Nakashima H, Matsuki S, Uemura N, Nyu S, Sunami Y, et al.
Temporal variation in the pharmacokinetic of gentmamicin in man. Jpn
J Clin Pharmacol Ther. 1998;29(6):855-61.

Naqvi R, Ahmad E, Akhtar F, Naqvi A, Rizvi A. Outcome in severe
acute renal failure associated with malaria. Nephrol Dial Transplant.
2003;18(9):1820-3.

Mishra SK, Mohapatra S, Mohanty S, Patel NC, Mohapatra DN. Acute
renal failure in falciparum malaria. JIACM. 2002;3(2):141-7.

53



Research Article

Haematological Profile of Patients on Antiretroviral
Therapy in a Nigerian Teaching Hospital
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ABSTRACT

Background: Haematological parameters are important monitoring tool for assessing prognosis and treatment in Human
Immunodeficiency Virus (HIV) infected patients. Therefore, examining these parameters for abnormalities are absolutely
imperative. Objective: This research was conducted to examine the effects of ARV drugs on haematological indices of
HIV-infected patients under treatment. Research approach: The study was conducted in President’s Emergency Plan
for AIDS Relief Clinic of the University of Benin Teaching Hospital, Benin City, Nigeria between October, 2012 and April,
2013. The blood samples of 275 HIV—infected patients on antiretroviral (ARV) drugs and 109 patients yet to receive
ARVs were analysed for haematological parameters with automated blood analyser. Findings: A higher incidence
of anaemia, thrombocytopenia and lymphocytopenia were observed in those patients that were yet to commence
ARV drugs. Leucopoenia and neutropenia were prominent among HIV-infected patients on ARV drugs. Microcytic
anaemia was more frequent in patients that were about to start drugs, while macrocytic anaemia was identified among
HIV-infected patients on ARV drugs. Conclusion: All types of anaemia except life threatening were found in patients
receiving ARV drugs. The anaemia, leucopoenia and neutropenia found in patients on ARV drugs were associated with
first-line Tenofovir—based regimen. Research Value: Further research is needed to ascertain the safety of Tenofovir—

based therapy in managing HIV-infected patients.

Key words: Human immunodeficiency virus, Anaemia, Leucopenia, Neutropenia, Cytopenia, Antiretroviral drugs.

INTRODUCTION

Human Immunodeficiency Virus (HIV)/
Acquired Immune Deficiency Syndrome
(AIDS), continues to be a major global
public health concern,' with a prevalence
of about 36.9 million in 2014. In terms of
HIV burden however, Nigeria is second to
South Africa worldwide with 3.4 million
people living with the disease.” Haemato-
logical parameters (such as haemoglobin,
white blood cells, red blood cells, neutro-
phils, lymphocytes and platelets) are impoz-
tant monitoring parameters for assessing
treatment and prognosis in HIV/AIDS*
Antiretroviral (ARV) drugs represent major
advancement in managing HIV infection.
However, the use of these drugs could either
negatively or positively affect haematological
parameters, depending on the choice of
combinations. In the eatly 2000s, adverse
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reactions began to appear and started to
challenge the goals of ARVs.” Although
many drugs used for the treatment of
HIV—related disorders are myelosuppressive,
sevete cytopenia is most often associated
to the utilization of zidovudine. These
complications are generally marked with
cytopenias involving anaemia, neutropenia,
leucopenia, lymphocytopenia and thrombo-
cytopenia.” The prevalence of the cytopenia
especially anaemia majorly serves as a pre-
dictor of advancement to AIDS or death.?
The study’ reported decline in the haema-
tocrit values of HIV-infected patients
on ARV drugs and those that were yet to
receive ARVs. A previous research conducted
in the United Kingdom also showed that
cytopenia is a prevalent abnormality of
HIV infection, and more than 70% of the
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patients developed anaemia, sometimes requiting trans-
fusion."” Anaemia, ranging between 1.3% and 95% is
the first frequent haematological complications in the
HIV-infected patients on ARV drugs. This is followed
by thrombocytopenia, the second most frequent haema-
tological complication of HIV infection which affected
3% to 40% of individuals with the infection. Neutro-
penia is also common in HIV—infected individuals and
may occur in 10% to 30% of the patients.'""

A study”in Ethiopia revealed that prevalence of anemia
was of great magnitude in those patients who are yet to
start ARV drugs, while leucopenia and neutropenia were
prominent in patients on ARV drugs. Study in Ghana'
reported the incidence of 63% anaemia, and 16.7%
lymphocytopenia in those patients that were yet to start
ARV drugs, while 46% anaemia and 5.3% lymphocyto-
penia were recorded for those patients on ARV drugs.
Furthermore, the findings in New Guinea'” showed that
anaemia, leucopenia, eosinophilia, thrombocytopenia,
neutropenia and monocytosis were prevalent among
HIV—infected patients. These different reports provide
a framework for conducting further studies on haema-
tological profile of HIV-infected patients on antiretro-
viral therapy and those that are yet to commence ARV
drugs in President’s Emergency Plan for AIDS Relief
(PEPFAR) Clinic at University of Benin Teaching Hospital,
Benin City, Nigeria.

MATERIALS AND METHOD

Study site

The study was conducted in the PEPFAR Clinic,
University of Benin Teaching Hospital (UBTH), Benin
City, Nigeria which provides medical services to over
three million citizens of Edo State of Nigeria. Ethical
aapproval to conduct the study was obtained from
Ethics and Research Committee of UBTH before the
enrolment of subjects (Protocol Number: ADM 22/A/
VOL.VII/833 on 10" September, 2012). Permission to
work with the patients was obtained from the Consultant
and Coordinator in charge of the Clinic.

Population of study

The population of study were HIV—infected patients
diagnosed and established to be positive, using the
Determine HIV 1 and 2 Test Kit (Alere Medical Company
Limited, Chiba, Japan) and STAT— PAK HIV 1 and 2
Test Kit (Chembio Diagnostic System Inc, USA).

Experimental design

The experimental design was a cross—sectional, pro-
spective, randomized controlled study. The study time
spanned between October, 2012 and April, 2013. Adult
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HIV-infected patients attending the PEPFAR Clinic,
were included in the study, who have been on a com-
bination therapy of ARV drugs for at least one year,
and those that were yet to receive ARV drugs. Patients
excluded were children, pregnant women and cigarette
smokers. A total of 384 HIV-infected patients who met
the inclusion criteria were randomly selected among the
population of 14,610 HIV-infected patients receiving
care in the facility of study. The 384 patients recruited
were divided into two equal groups that were well—
matched in sex and age.

Group 1: 275 HIV-infected patients on ARV drugs;

Group 2: 109 HIV-infected patients yet to be placed on
ARV drugs (control group).

Haematological analysis

Written informed consent was obtained from the
patients before blood sample collection. Three millilitre
of whole blood was obtained from each patient for
haematological assay, using automated blood analyser—
sysmex KX—21N (Sysmex Corporation, Kohe, Japan).
The blood samples collected were evaluated within
24 hours for haemoglobin (Hgb), White Blood Cell
count (WBC), Total Lymphocyte Count (TLC), Red
Blood Cell count (RBC), neutrophils count, Mean Cell
Volume (MCV), platelet count, Mean Cell Haemoglobin
Concentration (MCHC), and Mean Cell Haemoglobin
(MCH). The blood collected were mixed and fed to the
automated machine which aspirated 50 ul of the blood.
The reagents supplied by the manufacturer were used
for the analysis. The machine displayed the analysis
results of the haematological parameters on the Liquid
Crystal Display (LCD) screen.

Haematological complications in HIV patients

Haematological disorders were determined in the
patients using World Health Organization criteria. Anaemia
was defined when Hgb concentration is less than 12.0
g/dl and 13.8 g/dl in females and males respectively.
Leucopenia was considered as WBC count less than
2.75x10° cells/pl, lymphocytopenia as lymphocyte count
of <0.8x10° cells/ul, neutropenia as neutrophils count
<1.0X10° cells/pl and thrombocytopenia as platelet
count <125 X10° cells/pl for females and < 156X10°
cells/pl for males.'

Statistical analysis

Descriptive analysis and Student‘t’ test were performed
using the SAS software program version 9.2."7 Results
are presented as means * Standard deviation (SD),
while P<0.05 was considered significant.
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RESULTS

It was observed that the patients were receiving a com-
bination of three to four ARV drugs. Almost all the
patients (91.5%) were on first line regimen (Table 1).
The most widely used first—line regimen was lamivudine
+ zidovudine + nevirapine combination. Also, less than
10% of the patients were on second-line combination
therapy, which includes lamivudine + tenofovir + lopina-
vit/ritonavir and lamivudine + zidovudine + lopinavir/
ritonavir. The zidovudine backbone regimen (82%)
constituted the main drugs of choice and the rest (18%)
were on tenofovir backbone. Furthermore, 79.7% of
the patients were on ARV drugs for duration of three
to five years. The average time on ARV drugs was 3.7 years
(range from 1-5 years) (Table 1). A higher incidence of
thrombocytopenia (14.3%), anaemia (26.6%) and lym-
phocytopenia (6.6%) were found in patients who were
yet to commence ARV drugs as compated to patients
on drugs (6.6%; 17.5% and 2.7% respectively) (Figure 1).
Higher frequency of leucopoenia (27.6%) and neutro-
penia (13.5%) were also observed in patients on ARV
drugs as compared to those that were about to start
ARV drugs (21.4% and 6.3% respectively).

There were statistically significant (P<0.05) differences
in all the haematological parameters except the lympho-
cyte and platelet counts of the patients on ARV drugs,
as compared with those that were yet to receive medica-
tion (Table 2). The levels of Hgb, RBC, MCV, MCH and
MCHC of patients on ARV drugs however, were higher
relative to those who were not on drug therapy The val-
ues of WBC, neutrophil and platelet counts of patients
that were about to commence drugs were higher than
those on drugs. Anaemia was more prominent (26.6%)
in patients that were yet to start drugs compared with
17.5% observed in patients on therapy between 1 and
5 years. All grades of anaemia were found in patients
receiving ARV drugs but none was life threatening. Less
severe forms of anaemia (mild and moderate) occurred
in those that were yet to commence therapy (Table 3).

As shown in Table 4, microcytic anaemia occurred most
frequently in HIV—infected patients not yet on treat-
ment, while macrocytic anaemia was found in patients
on treatment. Table 5 shows the haematological profile
of patients in relation to their ARV drugs. A significant
difference in neutrophil levels of patients on CPE and
those on TRN was observed. Also, there were statisti-
cally significant variations in the values of RBC, MCV
and MCH of those on TRA and patients managed with
five other combination regimens. Among the six ARV
drug combination therapy used in the management of
these patients, TRN; Lamivudine + Tenofovir + Nevi-
rapine regimen was found to have lowest values of
platelets, neutrophils, WBC, lymphocytes, RBC as well
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as Hgb. Furthermore, those patients on Zidovudine
based regimens (CPN, CPE, and CPA) were found to
have higher values of haemoglobin concentration of
greater than 12 g/dl. However, patients receiving
Tenofovir back bone regimens (TRA, TRE and TRN)
were observed to have haemoglobin concentrations
below normal reference value of 12 g/dl for females
and 13.8 g/dl for males.

DISCUSSION

It has been observed that Lamivudine + Zidovudine +
Efavirenz combination recommended by World Health
Organization as first line therapy was commonly used
for treating HIV patients in the facility of this study.
This regimen is tolerable, feasible, less toxic and less pill
burden. This
reported that 95% of patients were on first line regimen
which includes Nevirapine, Lamivudine, Efavirenz,
Stavudine and Zidovudine, while very few (5%) were on
second line ARV regimen.

result is in line with!® in Cameroon who

The values of haematological parameters obtained for
the patients (yet to start treatment) were also similar to
those observed by" in Thailand. Contrarily, previous
findings® in Cameroon, in Osogbo,”' Nigeria and Italy*
revealed that therapeutic combination of Lamivudine
+ Zidovudine + Efavirenz is less prescribed and rather
used as a second line therapy. The higher incidence of
anaemia was also found in patients that were yet to
receive drugs as compared to patients on ARV drugs
was similar to findings’ in Benin City, Nigetia, where the
occurrence of anaemia was higher among ARV drugs—
naive patients than patients on ARV drugs. The rationale
for the decrease in incidence of anaemia in patients
on ARV drugs as compared to those that were yet to
receive medication indicated the efficacy of ARV drugs
in managing HIV infection. ART has also been shown
to promote blood cells production.’

Anaemia which was the commonest haematological
disorder among patients that were yet to be on drugs
may be due to several factors ranging from nutritional
deficiencies, opportunistic infections and chronic nature
of the disease.”** HIV infection causes decrease in the
production of RBCs by suppressing the Erythroid
Colony Forming Unit (CFU-E).** Again, a diminished
production of erythropoietin has been observed in
HIV-infected patients that were yet to be placed on
drugs.” Decreased value of MCV found in patients that
were yet to start ARV drugs as compared to patients
on ARV drugs was in line with the findings of,** who
reported that the majority of the patients about to start
ARV drugs presented with microcytic hypochromic
anaemia, common in most chronic diseases. The microcytic
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Table 1: Treatment variables of HIV-infected patients on ARV drugs

Variables Frequency (n=275) (%)
ARV drugs combination

Lamivudine + Zidovudine + Nevirapine (CPN) 194 70.6
Lamivudine + Zidovudine + Efavirenz (CPE) 19 6.9
Lamivudine + Zidovudine + Lopinavir/Ritonavir (CPA) 12 4.5
Lamivudine + Tenofovir + Efavirenz (TRE) 24 8.5
Lamivudine + Tenofovir + Nevirapine (TRN) 15 5.5
Lamivudine + Tenofovir + Lopinavir/Ritonavir (TRA) 1 4.0

Duration of ARV therapy (Years)
1-2 55 20.3
3-4 81 29.3
5 139 50.4

Table 2: Haematological parameters of HIV—infected patients

Parameter Patients on Patients not yet P—value
ARV drugs on ARV drugs
Mean * SD Mean * SD
Hgb (g/dl) 11.75+1.80 10.94+2.06 0.001
WBC (10°%/l) 4.78+1.32 5.13+1.53 0.049
Lymphocyte count (10%/pl) 2.16£0.77 2.16+0.87 0.970
Neutrophil count (103 pl) 1.93+0.93 2.37+1.15 0.001
RBC (108/ul) 4.21£0.79 3.75+0.62 0.001
MCV (fl) 95.02+10.18 83.48+7.67 0.001
MCH (pg) 31.72+4.55 26.06+3.46 0.001
MCHC (g/dl) 33.26+1.71 31.27+2.11 0.001
PLT (10%pl) 230.60+67.67 238.58+102.25 0.414

Table 3: Anaemia among HIV-infected patients based on haemoglobin

concentration

Haemoglobin g/dI

Patients on ARV drugs
with anaemia
n=48 (17.5%)

Patients not yet on ARV
drugs with anaemia
n=29 (26.6%)

Mild (9.5-11.9) 40 (82.3) 22 (77.7)

Moderate (8.0-9.4) 6 (12.8) 7 (22.3)
Severe (6.5-7.9) 2(4.9) 0
Life threatening (<6.5) 0 0

Table 4: Types of anaemia in HIV—-infected patients by mean cell volume

Mean cell volume (Femtoliter)  Patients on ARV drugs Patients not yet on drugs
48 (17.5%) 29 (26.6%)
Microcytic anaemia (<80) 13 (27.8 %) 22 (77.3%)
Macrocytic anaemia (>100) 35 (72.2%) 7 (22.7%)

hypochromic anaemia was caused by the infections of
the gastrointestinal tract that may be responsible for
chronic blood loss, with eventual iron deficiency anaemia.”
The incidence of anaemia among patients on ARV
drugs (17.5%) in this study was high as compared to
the findings in Cameroon'® which reported 3.8% among
HIV-infected patients on ARV drugs for the median
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onset of five months. The difference in the results
could be attributed to the fact that the patients in present
study were on ARV drugs for a median time of 3.4
years (range 1-5 years). However, the present study
corroborates with eatlier reports.”®* In the present
study, mild to severe anaemia was found in a few patients
on ARV drugs especially among those on Tenofovir
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Table 5: Haematological parameters and antiretroviral drugs of patients on ARV drugs

Parameter CPE CPN CPA TRA TRE TRN P-value
Haemoglobin (g/dl) 12.03 (a) 12.14 (a) 12.06 (a) 11.89 (a) 11.66 (a) 10.77 (a) 0.392
White blood cells (10%/pl) 4.89 (a) 4.69 (a) 5.35 (a) 5.34 (a) 4.88 (a) 4.50 (a) 0.203
Lymphocyte count (10%/ul) 2.10 (a) 2.18 (a) 2.08 (a) 2.29 (a) 2.15 (a) 1.99 (a) 0.893
Neutrophil count (10%/ul) 2.02 (ab) 1.85 (ab) 2.48 (b) 2.42 (b) 2.07(ab) 1.51 (a) 0.013*
Red blood cells (108/ul) 3.94 (ab) 3.67 (a) 3.85 (ab) 4.18 (b) 3.83 (ab) 3.65 (a) 0.005*
Mean Cell Volume fl 93.55 (ab) 96.26 (b) 93.59 (ab) 88.15(a) 94.23(ab) 91.70 (ab)  0.017*
Mean Cell Haemoglobin (pg) 30.96 (ab) 3228 (b) 31.56(ab) 28.81(a) 31.12(ab) 30.02(ab) 0.017*
Mean Cell Haemoglobin 32.95 (a) 33.43 (a) 33.67 (a) 32.58 (a) 32.84 (a) 32.60 (a) 0.086
Concentration (%)
Platelets (10%/pl) 236.14 (a) 228.87 (a) 241.33(a) 233.22(a) 237.60(a) 220.23(a) 0.948

NB: Means having the same letter(s) are not significantly different at 0.05 level of significance. Values with different letter(s) indicates significant difference at P<o.o5;
C; Zidovudine, P; Lamivudine, N; Nevirapine, E; Efavirenz, R; Lamivudine, A; Lopinavir/ Ritonavir, T; Tenofovir.
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Figure 1: Haematological abnormalities in HIV/ AIDS patients on ARV drugs and not yet on ARV drugs.

based regimen. This was contrary to the findings'*!

which reported that anaemia in HIV infected patients
was caused by zidovudine based regimen. Leucopoenia
and neutropenia were the most prominent haematologi-
cal abnormalities among patients on ARV drugs. These
were similar to previous reports.’>” The likely cause of
these haematological disorders in this study could be
due to the use of Tenofovir + Emtricitabine + Nevi-
rapine combination.

The findings in Sokoto,* Nigeria also revealed that
Stavudine + Lamivudine + Nevirapine regimen was
responsible for leucopenia and neutropenia.”’ It was
also reported that the primary culprit in drug—induced
neutropenia was Zidovudine. Furthermore, lympho-
poenia was less common in patients on ARV drugs as
compared to those that were yet to be on the drugs,
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this was attributed to the ability of these drugs to boost
the immune system and reduce the risk of opportunistic
infections. Also, the study” reported that treatment with
ARV drugs in HIV—infected patients usually resulted
in sustained platelet increases, this was contrary to the
present study whereby the platelet level of patients on
therapy was lower than the patients not yet on drugs.

CONCLUSION

Anaemia, leucopoenia and neutropenia were found in
a few patients on ARV drugs for one to five years, and
this was associated with first-line Tenofovir—based
regimen. Further research is needed to determine the
safety of Tenofovir—based therapy in managing HIV—
infected patients.
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within seven days. Manuscript thus received shall be peer reviewed to determine suitability for publication in
the journal. After the review, manuscript will be mailed to the corresponding author for revision along with
reviewer's and/or editor's comments. The revised manuscript should be submitted by email within seven days.

Submission of a manuscript to RIPS for publication implies that the same work or any part thereof
has not been either published or submitted for consideration for publication in any other journal. The
authors are required to submit ‘Authorship Responsibility Undertaking’ signed by all the Authors of
the paper along with the manuscript in a separate file as detailed above.

Authors publishing results from in vivo experiments involving animals or humans must state that due approval
for conduct of such experiments were obtained from the relevant authorities/Ethics committee/Institutional
Review Board and append scan copy thereof in the covering letter file. Details of the approval letter must be
mentioned in the MATERIALS AND METHODS section of the manuscript.

Manuscript preparation :

Manuscripts should be concisely typewritten in 1.5 spacing in A4 size, with a 1" margin on all sides.
The manuscript shall be prepared in Times New Roman using font size 12. The text should be in
single-column format. Title shall be in font size 14 bold in Title Case. All section titles in the manuscript
shall be in font size 12, bold, capitals. Subtitles in each section shall be in font size 12, bold face
sentence case in italic followed by a colon. The pages shall be numbered consecutively with Arabic
numbers, beginning with title page, ending with the (last) page of figure legends. No abbreviations or
acronyms shall be used in the Title or Abstract except for measurement units. To avoid unnecessary
errors you are strongly advised to use the 'spell-check' and 'grammar-check' functions of your word
processor

All the references in the text shall be numbered consecutively as they first appear and must be indicated by
Arabic numeral in superscript after punctuation.

Figures cited in the text should be numbered consecutively as they first appear e.g. Fig.1, Fig.2 etc.; Figures
inserted in word document should be in square wrapping style with horizontal alignment as center.

Tables cited in the text should be numbered consecutively as they first appear e.g. Table 1, Table 2 etc. Tables
inserted in word document should be in tight wrapping style with alignment as center.

If equations are to be included in the text then manuscript must be prepared in MSWord.docx file. Equations
should be inserted by applying Insert Equation function.

No sentence shall start with a numeral. Abbreviations like “&” and “etc.” shall be avoided in the manuscript.
There shall not be any decorative borders anywhere in the text including the title page. The graphs and
illustrations in the manuscript must be of very high resolution.The manuscripts must conform to all the above
guidelines.
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The content of the manuscript shall be organized in the following sequence and shall start with title(should be
short, specific, and clear),authors name, affiliations and complete postal address for correspondence including
Phone Nos. Fax, and email, followed by running title, ABSTRACTnot more than 200 word followed by at least 4
key words. Text (consisting of INTRODUCTION, MATERIALS AND METHODS, RESULTS, DISCUSSION,
CONCLUSION), ACKNOWLEDGEMENTS, REFERENCES, tables, figures and figure legends.

For the Review Articles, the author(s) is absolutely free to design the paper. The Abstract section (including at
least 4 key words) is needed for review articles too. The article should not exceed 25 manuscript pages
including figures, tables and references. References, figures, and legends shall follow the general guidelines
described above.

For Research Articles, the following format shall be strictly followed.

Title Page: The following information should appear: title of article in Title Case (when using title case, do not
use capital letters for prepositions, articles or conjunctions unless one is the first word. Example: Snow White
and the Seven Dwarfs) 14pt Times New Roman, bold, centered Followed by a single blank line. Names of the
authors in bold title case and should appear as initials followed by surname. Full names may be given in some
instances to avoid confusion. Names should not be prefixed or suffixed by titles or degrees. The author to whom
all correspondence be addressed should be denoted by an asterisk (*) mark. Full mailing address with pin-code
numbers, phone and fax numbers, and functional email ID of the author for correspondence should be provided.
A running title or short title of not more than 50 characters is necessary.

ABSTRACT: The abstract must not exceed 200 words, and should describe the essential aspects of the
investigation. In the first sentence the background for the work should be stated; in the second sentence the
specific purpose or hypothesis shall be provided; followed by summary of methods, results and conclusion. No
references should be cited. At least 4 keywords, each separated by a comma and full stop at the end should be
given.

INTRODUCTION: A brief background information on what has been done in the past in this area with exhaustive
literature references and the importance of the proposed investigation including justification shall be given.
Introduction shall end with a statement of the purpose or hypothesis of the study. The full term for an abbreviation
should precede its first appearance in the text unless it is a standard unit of measurement. The reference numbers
should be given as Arabic numeral in superscript after punctuation.

MATERIAL AND METHODS: This section may be divided into subsections if it facilitates better reading of the
paper. The research design, subjects, materials used, and statistical methods should be included. Results and
discussion shall not be drawn into this section. In animal/human experimentation, ethical guidelines shall be
acknowledged and ethical clearance certificate reference number and date must be mentioned.

RESULTS: This section may be divided into subsections if it facilitates better reading of the paper. All results
based on methods must be included. Tables, graphs and figures shall be included in sequence as they facilitate
understanding of the results.

DISCUSSION: It shall start with limited background information and then proceed with the discussion of the
results of the investigation in light of what has been published in the past, the limitations of the study, and
potential directions for future research. The figures and graphs shall be cited at appropriate places.

CONCLUSION: In a separate section, the major findings of the study and their usefulness shall be summarized.
This paragraph should address the hypothesis or purpose stated earlier in the Introduction.

ACKNOWLEDGMENTS: If the research is funded, acknowledge the funding agency with sanction letter number
and date. Facilities of instruments availed at laboratories/institutions should also be acknowledged.

REFERENCES: All the references should be in Vancouver style of citing references in the order of their
appearance in the text. In case of formal acceptance of any article for publication, such articles can be cited in
the reference as “in press”, listing all authors involved.

Vancouver style examples:

Standard journal article: Author(s) of article (surname initials). Title of article. Journal title abbreviated. Year of
publication; volume number (issue number):page numbers.

Example:1. Rose ME, Huerbin MB, Melick J, Marion DW, Palmer AM, Schiding JK, et al. Regulation of



interstitial excitatory amino acid concentrations after cortical contusion injury. Brain Res. 2002;935(1-2):40-6.
(If more than six authors, the first six shall be listed followed by et al.)

Journal Article from a Website

Example: 1. Tasdemir T, Yesilyurt C, Ceyhanli KT, Celik D, Er K. Evaluation of apical filling after root canal
filling by 2 different techniques. J Can Dent Assoc [Internet]. 2009 Apr [cited 2009 Jun 14];75(3):[about 5pp.].
Available from: http://www.cda-adc.cal/jcda/vol-75/issue-3/201.html

Journal Article from an Online Database

Example:1. Monajem S. Integration of oral health into primary health care: the role of dental hygienists and
the WHO stewardship. Int J Dent Hyg [Internet]. 2006 Feb [cited 2009 Jun 21];4(1): 47-52. Available from
CINAHL with Full Text: http://tinyurl.com/kudbxw

Book with One Author or Editor

Example:1. Mason J. Concepts in dental public health. Philadelphia: Lippincott Williams & Wilkins; 2005.

2. Ireland R, editor. Clinical textbook of dental hygiene and therapy. Oxford: Blackwell Munksgaard; 2006.
Two-Six Authors/Editors

Example: 1. Miles DA, Van Dis ML, Williamson GF, Jensen CW. Radiographic imaging for the dental team.
4th ed. St. Louis: Saunders Elsevier; 2009.

Example: 2. Dionne RA, Phero JC, Becker DE, editors. Management of pain and anxiety in the dental office.
Philadelphia: WB Saunders; 2002.

More than Six Authors/Editors

Example: 1. Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL, Jameson JL, et al., editors. Harrison’s
principles of internal medicine. 17th ed. New York: McGraw Hill; 2008.

Organization as Author

Example: 1. Canadian Dental Hygienists Association. Dental hygiene: definition and scope. Ottawa: Canadian
Dental Hygienists Association; 1995.

No Author/Editor

Example: 1. Scott's Canadian dental directory 2008. 9th ed. Toronto: Scott’s Directories; 2007.

Government Document

Example: 1. Canada. Environmental Health Directorate. Radiation protection in dentistry: recommended
safety procedures for the use of dental x-ray equipment. Safety Code 30. Ottawa: Ministry of Health; 2000.
Chapter in a book

Example: 1. Alexander RG. Considerations in creating a beautiful smile. In: Romano R, editor. The art of the
smile. London: Quintessence Publishing; 2005. p. 187-210.

E-book
Example: 1. Irfan A. Protocols for predictable aesthetic dental restorations [Internet]. Oxford: Blackwell
Munksgaard; 2006 [cited 2009 May 21]. Available from Netlibrary:

http://cclsw2.vce.ca:2048/login?url=http://www.netLibrary.com/urlapi.asp?action=summary&
v=1&bookid=181691

Websites

Standard Format for Websites:

Author Surname Initials (if available). Title of Website [Internet]. Place of publication: Publisher; Date of First
Publication [Date of last update; cited date]. Available from: URL

Website with Author

Example: 1. Fehrenbach MJ. Dental hygiene education [Internet]. [Place unknown]: Fehrenbach and
Associates; 2000 [updated 2009 May 2; cited 2009 Jun 15]. Available from: http://www.dhed.net/Main.html
Website without Author

Example: 1. American Dental Hygienists’ Association [Internet]. Chicago: American Dental Hygienists’
Association; 2009 [cited 2009 May 30]. Available from: http://www.adha.org/

Part / Article within a Website

Example: 1. Medline Plus [Internet]. Bethesda (MD): U.S. National Library of Medicine; c2009. Dental health;
2009 May 06 [cited 2009 Jun 16]; [about 7 screens]. Available from:
http://www.nlm.nih.gov/medlineplus/dentalhealth.html

Conference proceedings: Example: 1. Kimura J, Shibasaki H, editors. Recent advances in clinical
neurophysiology. Proceedings of the 10th International Congress of EMG and Clinical Neurophysiology; 1995
Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 199
Dissertation: Example: 1. Kaplan SJ. Post-hospital home health care: the elderly's access and utilization
[dissertation]. St. Louis (MO): Washington Univ.; 1995.

Patent: Example: 1. Larsen CE, Trip R, Johnson CR, inventors; Novoste Corporation, assignee. Methods for
procedures related to the electrophysiology of the heart. US patent 5529 067. 1995 Jun 25.

Abbreviations for Journals For More information on medline indexed journals : Download
list of medlinejournals: ftp://ftp.ncbi.nih.gov/pubmed/J_Medline.zip
American  Journal of Pharmacy- (Amer J Pharm) Analytical Chemistry- (Anal Chem)


ftp://ftp.ncbi.nih.gov/pubmed/J_Medline.zip

British Journal of Pharmacology and Chemotherapy- (Brit J Pharmacol)

Canadian Journal of Pharmaceutical Sciences- (Can J Pharm Sci) Clinical Pharmacokinetics- (Clin
Pharmacokinet) Drug Development and Industrial Pharmacy- (Drug Develop Ind Pharm) Helvitica Chimica
Acta- (Helv Chim Acta) Indian Journal of Medical Sciences- (Indian J Med Sci) Indian Journal of
Pharmaceutical Sciences- (Indian J Pharm Sci).

Journal of the American Chemical Society, The- (J Amer Chem Soc) Journal of Biological Chemistry- (J
BiolChem) Journal of Organic Chemistry, The- (J Org Chem) Journal of Pharmacology and Experimental
Therapeutics- (J Pharmacol Exp Ther) New England Journal of Medicine- (N Engl J Med) Pharmaceutical
Journal, The (Pharm J)Pharmacological Research Communications-(Pharmacol Res Commun).

Tables: Each table should be given on a separate page. Each table should have a short, descriptive title and
numbered in the order they are first cited in the text. Abbreviations should be defined as footnotes in italics at
the bottom of each table. Tables should not duplicate data given in the text or figures. Only MS word
table format should be used for preparing tables. Tables should show lines separating columns with those
separating rows. Units of measurement should be abbreviated and placed below the column headings.
Column headings or captions should not be in bold face. It is essential that all tables have legends, which
explain the contents of the table. Tables should not be very large that they run more than one A4 size page. If
the tables are wide which may not fit in portrait form of A4 size paper, then, it can be prepared in the
landscape form. Tables should be numbered as Table1: legend...., Table 2: legend.....

Figures (Photographs and Images, graphs, bar charts included): should preferably be prepared using
Microsoft Excel and submitted as Excel graph pasted in Word. These graphs and illustrations should be drawn
to approximately twice the printed size to obtain satisfactory reproduction [Specification of Legends/values
in Graphs — Font — Arial, size- 10 pt, Italics- None]. Photographs and photomicrographs can also be
submitted as 'JPEG/TIFF with the resolution of 600 dpi or more'images. Figure and Table titles and
legends should be typed on a separate page with numerals corresponding to them. Keys to symbols,
abbreviations, arrows, numbers or letters used in the illustrations should not be written on the illustration itself
but should be clearly explained in the legend. In case of photomicrographs, magnification should be
mentioned either directly on them or in the legend. Symbols, arrows or letters used in photomicrographs
should contrast with the background. Method of staining should also be mentioned in the legend. The
complete sets of original figures must be submitted. Legends should be in the present tense (e.g., 'lllustration
shows ..."). Legends must be double spaced, and figures numbered in the order they are first cited in the text.
Subjects' names must not appear on the figures. Labels should contrast well with the background. Images
should be uniform in size and magnification. lllustrations should be free of all identifying information relative to
the subject and institution. Line drawings should be professional in quality. Written permission for use of all
previously published illustrations must be included in the covering letter file, and the source should be
referenced in the legends. Written permission from any person recognizable in a photo is required. Color
prints shall be submitted only if color is essential in understanding the material presented. Label all pertinent
findings. The quality of the printed figure directly reflects the quality of the submitted figure. Figures not
conforming to acceptable standards will be returned for revision. Figures should be numbered as Fig.1:
legend..., Fig.2: legend...,.

Resolution: Drawings made with Adobe lllustrator and CorelDraw (IBM/DOS) generally give good results.
Drawings made in WordPerfect or Word generally have too low a resolution; only if made at a much higher
resolution (1016 dpi) can be used. Files of scanned line drawings are acceptable if done at a minimum of 1016
dpi. For scanned halftone figures a resolution of 300 dpi is sufficient. Scanned figures cannot be enlarged, but
only reduced. Figures/Images should be submitted as photographic quality scanned prints, and if possible
attach an electronic version (TIFF/JPEG).

Chemical terminology:The chemical nomenclature used must be in accordance with that used in the
Chemical Abstract.

Symbols and abbreviations: Unless specified otherwise, all temperatures are understood to be in degrees
centigrade and need not be followed by the letter 'C'. Abbreviations should be those well known in scientific
literature. In vitro, in vivo, in situ, ex vivo, ad libitum, et al. and so on are two words each and should be written
in italics. None of the above is a hyphenated word. All foreign language (other than English) names and words
shall be in italics as a general rule. Words such as carrageenan-induced inflammation, paracetamol-induced
hepatotoxicity, isoproterenol- induced myocardial necrosis, dose-dependent manner are all hyphenated.

General Guidelines for units and symbols: The use of the International System of Units (SI) is
recommended. For meter (m), gram (g), kilogram (kg), second (s), minute (min), hour (h), mole (mol), liter (I),
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milliliter (ml), microliter (ul). No pluralization of symbols is followed. There shall be one character spacing
between number and symbol. A zero has to be used before a decimal. Decimal numbers shall be used instead
of fractions.

Biological nomenclature: Names of plants, animals and bacteria should be in italics.

Enzyme nomenclature - The trivial names recommended by the IUPAC-IUB Commission should be used.
When the enzyme is the main subject of a paper, its code number and systematic name should be stated at its
first citation in the paper.

Spelling - These should be as in the Concise Oxford Dictionary of Current English.

PAGE LAYOUT GUIDELINES — RJPS

Page size Letter Portrait : A4

Margins: All Margins, I"

Page numbers : Numbered as per the assigned page / Absolutely no break or Missed sections

Indent: None, Absolutely, No Tab

Footer / Headers : None

Title: 14pt Times New Roman, bold Title case, centered followed by a single blank line

Primary section titles: 12pt Times New roman in UPPER CASE BOLD

Text: 12pt Times New roman, single spaced, full justification-1.5 line spacing between paragraphs. No
indentation.

Subheadings: 12pt Times New roman in bold, sentence case, italic followed by colon

Tables: Tables at the end of text with individual rows and columns for each value expressed.

Do not number your titles/subtitles (for example, 1.0 Introduction; 2.0 Background; 2.1.1 are not acceptable).
Do not use the tab key to indent blocks of text such as paragraphs of quotes or lists because the page layout
program overrides your left margin with its own, and the tabs end up in mid-sentence.

CHECKLIST

Ty

In order to maintain quality and consistency of RJPS, please follow these steps prior to submitting the manuscript for
publication:

A MS word.doc or MS word.docx file containing check list, covering letter, 'Authorship Responsibility
Undertaking’,and Copyright transfer agreement, in the prescribed form duly signed and dated by each author is
attached as a separate file in addition to the manuscript file.

Another MS word.doc or MS word.docx file of manuscript prepared strictly as per instructions given above.
Thoroughly check the article for typographic errors, format errors, grammatical errors, in particular: spelling of names,
affiliations, any symbols, equations in the context, and the entire text. Plagiarism must be avoided and authors alone
shall be responsible for any counter claim in respect of their article.

Provide graphs and figures in excel format, Pictures are required as high resolution images (as detailed in respective
section) in the manuscript file.

Mail both files as attachment to rguhsjps@gmail.com

pes of Plagiarism:

e Reproduction of other's words, sentences, ideas or findings as one’s own without proper
acknowledgement.

e Text recycling, also known as self-plagiarism. It is an author’s use of a previous publication in another
paper without proper citation and acknowledgement of the original source.

e Paraphrasing poorly: Copying complete paragraphs and modifying a few words without changing the
structure of original sentences or changing the sentence structure but not the words.

e Verbatim copying of text without putting quotation marks and not acknowledging the work of the original
author.

e Properly citing a work but poorly paraphrasing the original text is considered as unintentional plagiarism.
Similarly, manuscripts with language somewhere between paraphrasing and quoting are not acceptable.
Authors should either paraphrase properly or quote and in both cases, cite the original source.

e Higher similarity in the abstract, introduction, materials and methods, and discussion and conclusion
sections indicates that the manuscript may contain plagiarized text. Authors can easily explain these
parts of the manuscript in many ways. However, technical terms and sometimes standard procedures
cannot be rephrased; therefore Editors must review these sections carefully before making a decision.
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and Check List before submitting your manuscript for publication:

Record the Contribution of every Author

1. Conceived and designed the experiments: Name: *Signature:

2. Analysed the data: Name: *Signature:

3. Wrote the first draft of the manuscript: Name: *Signature:

4. Contributed to the writing of the manuscript: Name: *Signature:

5. Agree with manuscript results and conclusions: Name: *Signature:

6. Jointly developed the structure and arguments for the paper: Name(s): *Signature(s):

7. Made critical revisions and approved final version: Name: *Signature:

8. All authors reviewed and approved of the final manuscript. *Signature of all authors with date
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CHECK LIST
SI. No. Description Yes/No

1 Instructions to authors read carefully.

2 Manuscript prepared strictly as per Instructions to authors.

3 Title : 14pt Times New Roman, Title Case, bold, centred followed by a single blank line.

4 Text : 12pt Times New Roman, full justification -1.5 line spacing between paragraphs. No indentation.
Titles bold capitals, subtitles bold, sentence case in italic followed by a colon (:).

5 Checked the manuscript for typographic errors, format errors, grammatical errors, spelling of names, af-
filiations, any symbol, equations etc. by two authors.
In vitro, in vivo, in situ, ex vivo, ad libitum, et al. written strictly in italic.
Words such as carrageenan-induced inflammation, paracetamol-induced hepatotoxicity, isoproterenol-
induced myocardial necrosis, dose-dependent manner are all hyphenated.
All tables are cited in text and numbered consecutively as they first appear.
Tables given at the end of text with rows and columns active.

10 All figures are cited in text and numbered consecutively as they first appear.

11 Graphs and figures in Excel format, Pictures / images/ photographs are as high resolution images.

12 All references are cited in text and numbered consecutively as they first appear, in Arabic numeral super-
script.

13 References list is strictly as exemplified in Instructions to Authors.

14 All the above points have been checked in the manuscript before filling this check list.

15 All the authors have filled details at the end of this file in their hand and signed with date.

COVERING LETTER, COPYRIGHT TRANSFER AND AUTHORSHIP RESPONSIBILITY CERTIFICATE

MS ID:
This article will not proceed for publication until we have received a signed copy of this letter.
FILL IN THE FORM IN CAPITAL LETTERS AND RETURN TO: The Editor-in-Chief, RGUHS Journal of Pharma-
ceutical Sciences, Krupanidhi College of Pharmacy, #12/1, Chikkabellandur, Carmelaram Post, Bangalore- 560035 or
Email the scan of the filled and duly signed copy to: rguhsjps@gmail.com.
Corresponding Author (IN CAPITALS):

Affiliation of the corresponding author:

Address of the corresponding author:

E mail of corresponding author:
Telephone (Mobile): Telephone (Land-line):
FAX:

Title of the Manuscript (IN CAPITALS):
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Tick(Y) the type of article: (i) Review article: (ii) Research article:

Financial contributions to the work being reported are clearly acknowledged below, as are any potential conflicts of interest.

Please fill this section, do not leave blank:

Acknowledgements of Funding (State the funding agency and sanction letter/filenumber):

Conflict of Interest (If not, then write it as “NONE”):

Experiments reported in the article involving human subjects were in accordance with Institutional Human Ethics Committee:

(tick mark V the appropriate box only if it is relevant).

YES o/ NO o If “Yes) then append a scanned copy of the approval letter.
Experiments reported in the article involving human/animals were in accordance with the guidelines issued by the Institutional Review

Board/ Institutional Animal Ethics Committee: (tick mark V the appropriate box only if it is relevant).
YES o / NO o If ‘Yes), then enclose a scanned copy of the approval letter.

Copyright and License agreement:
For the submission of an ‘article’ to ‘Rajiv Gandhi University of Health Sciences Journal of Pharmaceutical Sciences (RJPS)’, we, the

author(s) hereby declare and certify that:

a.

The article submitted is an original work and has neither been published in other peer-reviewed journal nor is under consider-
ation for publication by any other journal either in full or part. More so, the article does not contravene any existing copyright
or any other third party rights.

We the undersigned authors affirm to RJPS, the journal to which the manuscripts are sent for publication that all signatories
have equally participated and contributed to the conceptualization of idea, and we further confirm that the editorial team shares
our views expressed in the results and discussion to the limited extent of organization of scientific material in the present style
of RJPS only.

I/ we are the sole author(s) of the article and maintain the authority to enter into this agreement and the granting of rights to
‘Rajiv Gandhi University of Health Sciences Journal of Pharmaceutical Sciences (RJPS)does not infringe any clause of this agree-
ment.

The article contains no such material that may be unlawful, defamatory, or which would, if published, in any way whatsoever,
violate the terms and conditions as laid down in the agreement.

I/we have taken due care that the scientific knowledge and all other statements contained in the article conform to true facts and
authentic formulae and will not, if followed precisely, be detrimental to the user.

I/we permit the adaptation, preparation of derivative works, oral presentation or distribution, along with the commercial ap-
plication of the work.

No responsibility is assumed by ‘Rajiv Gandhi University of Health Sciences Journal of Pharmaceutical Sciences (RJPS)) its staft
or members of the editorial board for any injury and/or damage to persons or property as a matter of products liability, negli-
gence or otherwise, or from any use or operation of any methods, products instruction, advertisements or ideas contained in a
publication by ‘Rajiv Gandhi University of Health Sciences Journal of Pharmaceutical Sciences (RJPS)’

The authors fully Indemnify and exempt the Editor, Publisher and Printer of RJPS from any claim or damage in respect of any
content of this paper from any person or organization on whatsoever ground and in whatsoever manner and the authors con-
firm that they alone shall be liable for any such claim or damage.

Copyright:

a.

b.

Authors who publish in ‘Rajiv Gandhi University of Health Sciences Journal of Pharmaceutical Sciences (RJPS)” will transfer
copyrights of their work to ‘Rajiv Gandhi University of Health Sciences Journal of Pharmaceutical Sciences (RJPS)’. Submission
of a manuscript implies that all authors have read and agreed to the content of this letter. It is a condition of publication that
manuscripts submitted to this journal have not been published and will not be simultaneously submitted or published elsewhere.
Plagiarism is strictly forbidden, and by submitting the article for publication the authors agree that the publishers have the legal
right to take appropriate action against the authors, if plagiarism or fabricated information is evident / discovered. By submit-
ting a manuscript the authors agree that the copyright of their article is transferred to the publishers if and when the article is
accepted for publication. Once submitted to the journal, the author will not withdraw their manuscript at any stage prior to
publication.

The figure(s) included in the article are being reproduced with permission from the original copyright holder:

YES 0/ NO o (tick mark \ the appropriate box if relevant)

Page 3 of 4



Under the Following Conditions: Attribution:
o The services of the original author(s) must be acknowledged;
o In case of reuse or distribution, the license conditions must be clarified to the user of this work;
o Any of these conditions can be ignored on the written consent of the author(s).

We, the author(s), confirm to have read and agree to the above- mentioned terms and conditions, and have made no changes to the cur-
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