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ABSTRACT

Objective: This study aims were to obtain the praformulation data of p-methoxycinnamic acid (PMCA) (solubility in buffer; apparent partition
coefficient between buffer and vegetable oils), to determine the fatty acids content and screening HLB needs of each oils as well as to determine the
composition of nanoemulsion using these oils, surfactants (Tween 80 and Span 80) and ethanol 96% as cosurfactant.

Methods: Solubility test of PMCA in acetate buffer pH 4.2+0.2 were conducted with shakes and followed by measuring PMCA amount dissolved by
spectrophotometer. To determine the PMCA apparent partition coefficients between buffer pH 4.2£0.2 and soybean oil, corn oil, VCO, respectively,
PMCA dissolved in buffer then oil that has been saturated with buffer were added. Firstly by shaking followed by centrifugations than PMCA
remained amount in the buffer was measured by spectrophotometer, Determination of fatty acid contents in the oils was used GC-MS while
screening HLB was carried by various compositions of surfactants and cosurfactant to obtain a clear emulsion (nanoemulsion).

Results: From the results of this study, the solubility of PMCA in acetate buffer pH 4.240.2 was 70,04£0,66 mg/L. PMCA apparent partition
coefficient in buffer pH 4.2£0.2 and soybean oil, corn eil, and VCO, respectively were 2.39; 2.38 and 2.41. The main contents of soybean oil fatty
acids were 19.57% palmitic acid, 45.2% linoleic acid, 25.36% elaidic acid, and 7.07% stearic acid. The main contents of corn oil fatty acids were
26.86% palmitic acid, 31.52% linoleic acid, 31.30% elaidic acid and 4.68% stearic acid. The main contents of VCO fatty acids were 32.41% lauric
acid, 24.15% myristic acid, 15.68% palmitic acid, 2.29% linoleic acid, 11.06% elaidic acid and 5.22% stearic acid. These oils HLB needs was 14 and
the ratio of surfactant - cosurfactant which can formed a clear emulsion (nanoemulsion) was 6:1

Conclusion: 1) To produce nanoemulsion with soybean oil, corn oil, and VCO as oil phase HLB needs was 14 and the ratio of surfactant and

cosurfactant was 6:1. 2) Nanomulsions with soybean oil and corn oil more turbid than nanoemulsion with VCO.

Keywords: PMCA, Solubility, Apparent partition coefficient, Fatty acids, Soybean oil, Corn oil, V€O, HLB needs.

INTRODUCTION

One of the drug delivery system that has been known to increase the
solubility and penetration of the drug is nanoemulsion system,
Nanoemulsion system consists of a water phase, oil phase, surfactant
and cosurfactant [1]. Increased penetration of the system is due to
the increasing amount of material in the form of molecular medicine
so that differences in the concentration of the drug outside and
inside skin which can be greater as the driver of the penetration
process, in addition to the amount of surfactant and cosurfactant
high enough to serve as an enhancer [2]. Another advantage of this
system is that the spontaneous creation without the need for heating
and vigorous stirring. To increase the use of natural resources and
improve the products of traditional medicine into modern medicine,
the nanoemulsion delivery system is applied to the p-
methoxycinnamate acid (PMCA). In order to attempt the
development of PMCA as topical anti-inflammatory preparations on
nanoemulsion system utilizing plant oils (soybean oil, corn oil, VCO).
PMCA is a component of the Kaempferia galangal rhizome, widely
used as a traditional medicine (Jamu) [3]. Kaempferia galangal
rhizome by Javanese traditional herb used in a formula named
“bobok” blend with oryza sativa. The formula function removes the
body pain due to sprains, exercise or heavy work. To formulate a
topical preparation is needed praformulasion data, then in this
research study involves determining solubility and partition
coefficient of PMCA, determine the fatty acid content and screening
HLB need of vegetable oil and to get a comparison of surfactant-
cosurfactant which can produce a clear (translucent) emulsion.

MATERIALS AND METHODS

These research started by qualitative analysis of PMCA by IR JASCO
FT/IR-5300 Instrument and Differential Thermal Analysis (DTA), than
determination of A maximum and PMCA standard curve in acetate
buffer pH 4.240.2 followed by solubility test of PMCA in acetate
buffer pH 4.240.2. Solubility test of PMCA in acetate buffer pH

4.2+0.2 were conducted by shaking for 4 hours at 150 rpm followed
by measuring PMCA amount dissolved by spectrophotometer. To

determine the PMCA apparent partition coefficients between buffer
pH 4.2+0.2 and soybean oil, corn oil, VCO, respectively, PMCA (50
ppm and 60 ppm) was dissolved in 10.0 mL acetate buffer pH
4.2+0.2 then oil (0.5; 1.0 and 2.0 mL) that has been saturated with
acetate buffer pH 4.2+0.2 were added. Firstly by shaking fer 2 hours
at 150 rpm, followed by centrifugations for 15 minutes at 2200 rpm
than PMCA remained amount in the buffer was measured by
spectrophotometer.

Determination of fatty acid contents in the oils was used GC-MS
while screening HLB was carried by various combinations of
surfactants (Tween 80 and Span 80 to produce HLB 10,11,12,13 and
14). To obtain a clear emulsion one portion of oil added with nine
portion of combination of surfactant and cosurfactant (1:1 ; 2:1; 3:1
etc. .... 9:1), than added slowly with acetate buffer pH 4.2+0.2,

RESULTS AND DISCUSSION

The result of PMCA qualitative test by IR JASCO FT/IR-5300
Instrument between wave's numbcers 450 = 4000 cm- that found the
infrared spectra as showed Figure 1 and PMCA melting temperature
(174.4°C) by Differential Thermal Analysis (DTA) showed in Figure 2.

Table 1: The PMCA solubility in acetate buffer pH 4.2+0.2

Solubility of PMCA in ACETATE buffer pH 4.2 £0.2

Replicate Concentration (mg/L)
1 69.69

2 69.44

3 70.54

4 68.99

5 71.10

6 70.45

mean + SD 70.04 £ 0.66

Results of the determination of the maximum wavelength of PMCA
in acetate buffer solution of pH 4.240.2; the PMCA maximum
wavelength obtained in acetate buffer pH 4.2+0.2 was 301 nm.
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Regression equation of the relationship curve between the
absorbance vs. PMCA concentration obtained y = 0.1063x - 0.0014
with a correlation coefficient r = 0.9999.

1] — - - - S — SR —
- - - - - -

Fig. 1: PMCA infrared spectra between waves number 450 -
4000 cm! by IR JASCO FT/IR-5300 Instrument.

L T R T O P A T T NP A P e S g M s i e

Fig. 2: PMCA melting temperature (174.4°C) by Differential
Thermal Analysis (DTA)
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PMCA solubility determination in acetate bufter solution of pH
4.2%0.2 begins with the timing of PMCA saturated solubility in
acetate buffer solution of pH 4.2+0.2 can be seen in Figure 3. and the
results of ANOVA test is known all PMCA concentration at 4, 5, 6, 7
and 8 hour did not differ significantly so that it can be concluded
time its saturation solubility at 4 hour,

While the results of the determination of the PMCA solubility in
acetate buffer pH 4,240.2 during 4™ hour was 70.04£0.66 mg/L can
be seen in Table 1.

S . S N -
100 |
i
|
|
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80
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60

50
40

APMS consentration {ppm)
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Fig. 3: Correlation curve between PMCA concentrations (ppm)
in acetate buffer pH 4.2 + 0.2 vs. time (hour)

The apparent partition coefficient of PMCA (concentration of 50 and 60
ppm) in acetate buffer pH 4.2 = 0.2 and each oil (soybean oil/com
0il/VCO) with ratio of 10:0.5; 10:1.0; 10:2.0 are presented in Table 2.
From Table 2 known apparent partition coefficients of PMCA in
acetate buffer pH 4.2+0.2 and soybean oil, corn oil, VCO were
2.3940.11; 2.3840.12 and 2.41+0.13 respectively.

Table 2: PMCA apparent partition coefficient in acetate buffer pH 4.2+0.2 and each oil (soybean oil, corn eil, and VC0)

0il Buffer : 0il PMCA Apparent partition coefficient
Ratio (mL) Concentration PMCA _in buffer Mean + SD
50 ppm 60 ppm
1 2 3 1 2 3
Soybean oil 10: 0.5 2,53 2.52 2.51 257 2,55 256 2.54 239:0.11
10: 1.0 236 233 2.34 2.38 2.39 237 2.36
10:2.0 2.24 229 2.26 2.21 2.33 231 2.27
Corn oil 10: 0.5 2.52 2.54 2.56 2,55 2.55 254 2.54 2.38+0.12
10: 1.0 2.38 2.36 237 238 2.39 236 2.37
10:2.0 2.29 228 2.29 2.16 2.16 2.16 222
VCo 10: 0.5 2.51 248 2.46 2.69 2.64 2.62 2.57 24110.13
10:1.0 2.39 2.39 2.42 248 2.49 2.51 245
10:2.0 2.25 2.26 2.29 2.33 2.28 2.29 2.28
Table 3: The main contents of soybean oil, corn oil, and VCO fatty acids
Fatty acids main contents of vegetable oil
Soyhean oil Corn oil VCo
Fatty acid Conc. (%) Fatty acid Conc, (%) Fatty acid Conc. (%)
palmitic acid 19.57 palmitic acid 26.86 lauric acid 3241
(C16) (C16) (C12)
linoleic acid 45.20 linoleic acid 31.52 myristic acid 24.15
(C18:2) (C18:2) (C14)
elaidic acid 25.36 elaidic acid 31.30 palmitic acid 15.68
(C18:1) trans (CI8;1) trans (Cl6)
stearic acid 7.07 stearic acid 4.68 linoleic acid 2.29
(C18) (C18) (C18:2)
elaidic acid 11.06
(C18:1) trans
stearic acid 522
(C18)

Results of the determination of fatty acid content of soybean oil, corn
oil and VCO using GC-MS can be seen in Table 3. From Table 3 it can
be seen that the highest levels of soybean oil fatty acids was 45.20%

linoleic acid (C18:2), the highest levels of corn oil fatty acids was
31.52% oleic acid (C18:1/-cis) and 31.30% elaidic acid (18:1/-
trans), while the highest fatty acid levels VCO is 32.41% lauric acid

100
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(C12). Screening of oils HLB needs and determination of surfactants
(combination surfactants Tween 80 - Span 80): cosurfactant

{ethanol) ratios were done by ratio 1:1 until 9:1 and combination
surfactants Tween 80-Span 80 at HLB 10,11, 12, 13 and 14.

That result known at surfactant combination with HLB 10, 11 and 12
the emulsion using all oils turbid, at surfactants combination with HLB
13 emulsion using soybean oil and corn oil were turbid, while
emulsion using VCO start from surfactant and co-surfactant ratio 3:1
produced clear emulsion. At surfactants combination with HLB 14
emulsion using soybean oil and corn oil appear translucent start from
surfactant and cosurfactant ratio 5:1, while emulsion that used VCO
start from surfactant and cosurfactant ratio 3:1. So that for application
suggest use surfactant and cosurfactant ratio 6:1 at combination
surfactants with HLB 14 to produce more stable clear emulsion. The
example of emulsion can see in Figure 4, 5, 6 and 7. From Figure 7 was
shown that emulsion with VCO more clearly than emulsion with
soybean oil and corn oil. It was causes atom C chain of soybean oil and
corn oil fatty acid mean content longer than VCO, so that emulsion
droplet will be bigger and transparency was decrease [4],

Fig. 4: Emulsion used VCO with surfactants-cosurfactants ratio of 4:1;

6:1; 7:1 and combination surfactants to produced HLB 12

Fig. 5: Emulsions used VCO with surfactants-cosurfactants ratio of 3:1;
4:1; 5:1; 6:1; 7:1; 8:1 and surfactants combination to produced HLB 13

Fig. 6: Emulsions used VCO with surfactants-cosurfactants ratio of
1:1; 2:1; 3:1; 4:1; 5:1; 6:1; 7:1; 8:1; 9:1 and surfactants combination to
produced HLB 14

Int ] Pharm Pharm Sci, Vol 6, Issue 2, 99-101

Fig.7: Emulsions used soybean oil (a), corn oil (b) and VCO (c) with
surfactants-cosurfactants ratio of 5:1; 6:1; 7:1 and surfactants
combination to produced HLB 14,

CONCLUSION
From the results of this study concluded:

1. The solubility of PMCA in acetate buffer pH 4.2+0.2 was
70.04+0.66 mg/L.

2. PMCA apparent partition coefficient in acetate buffer pH 4.2+0.2
and soybean oil, corn oil, and VCO, were 2.39+0.11; 2.38+0.12 and
2.41+0.13 respectively,

3. The main contents of soybean oil fatty acids were 19.57%
palmitic acid, 45.2% linoleic acid, 25.36% elaidic acid, and 7.07%
stearic acid. The main contents of corn oil tatty acids were
26.86% palmitic acid, 31.52% linoleic acid, 31.30% elaidic acid
and 4.68% stearic acid. The main contents of VCO fatty acids
were 32.41% lauric acid, 24.15% myristic acid, 15.68% palmitic
acid, 2.29% linoleic acid, 11.06% elaidic acid and 5.22% stearic
acid.

4. Soybean oil, corn oil, and VCO HLB needs was 14 and the ratio of
surfaclant and cosurfaclant which can formed a clear emulsion
(nanoemulsion) was 6:1.

5. Nanomulsions with soybean oil and corn oil more turbid than
nanoemulsion with VCO.

ACKNOWLEDGMENT

The authors want to thank Indonesia Government who give research
fund through Rector of Airlangga University (through LPPM-UA),
also to my students; Akhmadi Aslakh, Laurin Anastasia Winarso,
Rizka Arifa Rahmawati, Silvia Noor Hidayah and Widya Nur Pratama
whose supported this research.

REFERENCES

1. Harwansh R.K, Rahman, Akhlaquer and Dangi, ].S, 2010.
Microemulsion System for Transdermal Delivery of Diclofenac
Sodium for Bioavailability Enhancement. Journal of Pharmacy
Research. India 3(9), 2182-2185

2. Kreilgaard M., 2002, Influence of Microemulsions on Cutaneous
Drug Delivery, Advance drug delivery reviews 54 Suppl.l
(2002) § 77- 598

3. Rostiana 0, and Effendi, DS, 2007. Kamferia galonga seed
technology: Seeding and Cultivation Varieties Supporter.
Bogor: Center for Research and Development of Plantation,

4. Wooster, T, Golding M,, Sanguansri P., 2008, Impact of Qil
Type on Nanoemulsion Formation and Ostwald Ripening
Stability. Langmuir. 2008 Nov 18; 24(22):12758-65. E-pub
2008 Oct 14

101



INTERNATIONAL JOURNAL Of

PHARMACY AND PHARMACEUTICAL SCIENCES

ISSN 0975-1491

Home ' About I Login l Register ‘ Search Current l Archives I Editorial Board

Submission

USER

Username

Password

' Remember me

et
S0ty e ey 2oyt
International Journal g

ICV (2016): 102.3
Impact (Cites per
doc)- 0.75
(SCimago, SJR
2017)

ﬁ ELSEVIER

International Journal of
Pharmacy and...

Pharmaceutical
Science

BECOME REVIEWER

JOURNAL
METRICS

Instructions to Authors F Contact Us ‘ All v Search

Editorial Board

Editor-in-Chief

Prof. M. S. Bhatia, India

(Bharati Vidyapeeth College of Pharmacy, Kolhapur, India)
Email: manish.bhatia@bharatividyapeeth edu

Email: editor@ijppsjournal.com

Associate Editors

Dr. Avijeet Jain, India

(Shri Sathya Sai Institute of Pharmaceutical Scieences, Bhopal, India)
Email: avijeet_9826275340@rediffmail.com

Diah Ayu Maharani

Department of Preventive and Public Health, Dentistry Faculty of Dentistry, University of
Indonesia

Email: raniabdillah@gmail.com

Dr. Subhash C Mandal, India
(Department of Pharmaceutical Technology, Jadavpur University, Kolkata, India)
Email: subhashmandal@yahoo.com

Dr. Lokesh Deb, India

(Medicinal Plants and Horticultural Resources Division, Institute of Bioresources and Sustainable
Development (IBSD), Department of Biotechnolegy, Government of India, Takyelpat Institutional
Area, Imphal, Manipur, India)

Email: iokesh_deb@rediffmail.com

Dr. Wong Tin Wui, Malaysia

(Non-Destructive Biomedical and Pharmaceutical Research Center, University of Technology
MARA, Malasiya)

Email: wongtinwui@yahoo.com

Assistant Editor

Dr. Idress Hamad Attittala, Libya

(Omar EI-Mukhtar University, Faculty of Science, Botany Department, El-Beida, Libya)
Email: idressattitalla2004@yahoo.com

Dr. Alok Nahata, Malaysia
(Alor Star, Malaysia)
Email: aloknahata@gmail.com

Executive Editor



Source Normalized
Impact per Paper
(SNIP): 0.803

impact per
Publication (IPP):
0.512

SCimago Joumnal
Rank (SJR): 0.22

ISSN: 0975-1491

Mr. Niranjan Pathak, India

(Dept. of Pharmaceutical Sciences, Dr H S Gour Central University, Saugor, India)

Email: niranjanpathaklib@gmail.com

Editorial Board Members

Dr. Furhan Igbal
Bahauddin  Zakariya
Pakistan

University  Multan,

Dr. Ebtessam Ahmed Mohammed Essa
Department of Pharmaceutical Technology,
Faculty of Pharmacy, Tanta University, Tanta,
Egypt

Dr. Syed Muhammad Farid Hasan
Faculty of Pharmacy, University of Karachi,
Karachi, Pakistan

Dr. Abdel Raheim Mohammed Ahmed Donia
College of Pharmacy — Salman Bin abdul Aziz
University, Egypt

Dr. Pranay Jain

Institute of Engineering & Technology,
Kurukshetra University, Kurukshetra, Haryana,
India

Dr. Dr. Niaz Ali
Institute of Basic Medical Sciences, Khyber
Medical University, Peshawar, Pakistan

Dr. M. Saeed Arayne
Chairman, Department of Chemistry, University
of Karachi, Pakistan

Dr. Wanzala Wycliffe
School of Pure and Applied Sciences, South
Eastern Kenya University, Kenya

Dr. Mayuree Tangkiatkumijai
Faculty of Pharmacy, Srinakharinwirot
University, Ongkharak, Nakhonnayok, Thailand

Dr. Anup Naha
Dept. of Pharmaceutic,c, MCOPS, Manipal,
Kamataka, India

Dr. Jagdish Labhubhai Kakadiya
Indubhai Patel College of Pharmacy and
Research Centre, Petlad-Khambhat Road,
Dharmaj, Anand, Gujarat, India

Dr. Maha Ali Eissa Ahmed

Department of Pharmacology, Faculty of
Pharmacy, MISR University for Science and
Technology (MUST), Giza Governorate, Egypt.

Dr. Javed Intekhab
G. F. College (Rohilkhand
Shahjahanpur, U.P., India

University),

Dr. Manish P. Patel

Dept. of Pharmaceutics and Pharmaceutical
Technology, Nootan Pharmacy College,
Visnagar, Gujarat, India

Dr. Narendra Babu Shivanagere Nagojappa
J.N.  Medical College, KLE University,
Belgaum, Karnataka, India

Dr. C. Chellaram
Vel Tech Multi Tech Engg. College, Chennai,
India

Dr. Mehdi Shafiee Ardestani

Department of Medicinal Chemistry and
Radiopharmacy, Tehran University of Medical
Sciences, Tehran, lran

Dr. Amal Amin Mohamed

Plant Biochemistry Department; Agriculture
Division -National Research Center, Dokki,
Cairo, Egypt

Dr. Rabab Kamei Mahmoud
National Research Center, Cairo, Egypt

Dr. Syed Adnan Ali Shah

Universiti Teknologi MARA (UiTM), Puncak
Alam Campus, Bandar Puncak Alam, Selangor
D. E., Malaysia

Dr. Sat Pal Singh Bisht
Roland Institute of Pharmaceutical Sciences
Berhampur, Orissa, India.

Dr. Shahu Ingole
Smt. Kashibai Navale Medical College &
Hospital, Pune India

Dr. Gina Samy El-Feky
Pharmaceutics  Department,
Pharmacy, Modemn
University, Egypt

Faculty of
Science and Arts

Dr. Abdalla Ahmed Elbashir Ahmed
Khartoum University, Sudan

Dr. Yesudass Dominic Ravichandran
School of Advanced Sciences, VIT University,



Dr. Rajesh Mukthavaram
Health Science Drive, University of California,
San Diego, Lajolla, CA, California, USA

Dr. Saifullah Khan
International Islamic University, Malaysia

Norhaniza Aminudin

Institute of Biological Sciences, Faculty of
Science, University of Malaya, Kuala Lumpur,
Malaysia.

Dr. Shazia Jamshed

Kulliyyah of Pharmacy, International Islamic
University Malaysia (IIUM), Kuantan, Pahang,
Malaysia

Dr. Mayuree Tangkiatkumijai
Department of Clinical Pharmacy and Social

Pharmacy Faculty of Pharmacy,
Srinakharinwirot ~ University, Nakhonnayok,
Thailand

Dr. Ismail Murat Palabiyik
Faculty of Pharmacy, University of Ankara,
Tandogan, Ankara, Turkey

Nadeem A. Kizilbash
Faculty of Medicine, Northern
University Arar, Saudi Arabia

Border

Dr. Debajit Kalita
Department of Botany,
Assam, India

Morigaon College,

Dr. Seyed Mohammad

Department of Biology, Faculty of Basic
Sciences, University of Mazandaran, Babolsar,
Iran

Dr. Shalini Sivadasan
Faculty of pharmacy, AIMST University,
Semeling, Kedah, Malaysia

Dr. Sujimon Tanvichien
Srinakharinwirot University Nakornayok Rd. A,
Ongkarak T.Ongkarak, Nakornayok, Thailand

Prof. Dr.-Ing. habil. Dr. h. c. Lothar Morl
Institute fir Apparate- und Umwelttechnik Otto-
von-Guericke-Universitat Magdeburg,
Germany

Dr. V. Ravichandran
Faculty of Pharmacy,
Semeling, Kedah, Malaysia

AIMST  University,

Dr. Zahid Hussain

Department of Pharmaceutics, Faculty of

Vellore, Tamil Nadu, India

Dr. Seema Akbar

Research Institute of Unani Medicine, The
University of Kashmir Campus, Srinagar, J. &
K., India

Dr. P. Thillai Arasu
Department of Chemistry, Wollega University,
Nekemta, Ethiopia

Dr. Sooraj S. Nath
Safi Institute of Advanced Study, Kozhikode,
india

Dr. Erum Shireen
Dept. of Biochemistry, University of Karachi,
Pakistan

Dr. M. M. Gupta

School of Pharmacy, Faculty of Medical
Sciences, The University of The West India,
India

Dr. Najma Sultana
United Biotechnologies, Karachi, Pakistan

Dr. Sivakumar P

Department of Petroleum Engineering, JCT
College of Engineering and Technology,
Pichanur, Tamil Nadu, India

Dr. Evren Algin Yapar

Department in Ministry of Health, Turkish
Medicines and Maedical Devices Agency,
Ankara, Turkey

Dr. Vishal Vijay Pandey
Jayawantrao Sawani College of Pharmacy &
Research, Hadapsar, Pune, India

Dr. Shamkuwar Prashant Babarao
Government College of Pharmacy,
Palace, Ratnagiri, India

Thiba

Dr. S. K. Starling
Department of Chemistry, Mewar University
Chittorgarh, Rajasthan, India

Dr. Syed Sajjad Hussen
Manipal College of Pharmaceutical Sciences,
Manipal University, India

Dr. Ahmed Osman
Department of Psychology, Faculty
Education, Assiut University, Malaysia

of

Dr. Abdel-Tawab Halim Mossa Abd El-Aziz
Department of Pesticide Chemistry, National
Research Centre (NRC) Dokki, Cairo, Egypt



Pharmacy, Universiti Teknologi MARA, Puncak
Alam Campus, Malaysia

Dr. Ajay Kumar Meena
Department of AYUSH, Ministry of Health &
Family Welfare, Government of India, India

Dr. Ashish C, Suthar
Herbal R & D, Piramal Life Sciences Ltd.,
Mumbai, India

Dr. Manish A. Rachchh
Pharmacological Research and IPR University
road, Rajkot, Gujarat, india

Kiran Kumar Chereddy
Manager at Novartis Pharma AG
Postfach 4002, Basel
Switzerland

Dr. Fahd M. Abd Al Galil
Department of Zoology, Faculty of Applied
Science, Thamar University, Yemen

Dr. Priyanka Bhatt

Department of Pharmaceutical Sciences,
College of Pharmacy, University of South
Florida, USA

Dr. Beril Anilanmert
Istanbul University-Cerrahpasa Institute of
Forensic Sciences, Cerrahpasal/istanbul

Dr. V. Vinod Prabhu
Department of Biochemistry, University of
Madras, Guindy campus, Tamil Nadu, India

Dr. Ching Siew Mooi
University Putra, Malaysia

Dr. Asif Husain
Jamia Hamdard University, New Delhi, India

Dr. Muhammad Shahzad Aslam

School of Bioprocess Engineering, Universiti
Malaysia Perlis, Kompleks Pusat Pengajian
Jejawi, Arau, Perlis

Dr. Glaucio Diré Feliciano
State University Center Foundation of the West
Zone / Rio de Janeiro, Brazil

Dr Dilipkumar Pal

Department of Pharmaceutical Sciences, Guru
Ghasidash Vishwavidyalaya, Bilaspur, C.G.,
495 009, India

Ali Abdullah Ali Al-yahawi
Assistant Professor of Clinical
&amp; Therapeutics, Yemen

Pharmacy



	C-14 editorial
	C-14



