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Context
İstanbul Journal of Pharmacy (Istanbul J Pharm) is an in-
ternational, scientific, open access periodical published 
in accordance with independent, unbiased, and double-
blinded peer-review principles. The journal is the official 
publication of İstanbul University Faculty of Pharmacy and 
it is published triannually on April, August, and December. 
The publication language of the journal is English.

İstanbul Journal of Pharmacy (Istanbul J Pharm) aims 
to contribute to the literature by publishing manuscripts 
at the highest scientific level on all fields of pharmaceu-
tical sciences. The journal publishes original articles, 
short reports, letters to the editor and reviews.

Editorial Policy
The editorial and publication processes of the journal are 
shaped in accordance with the guidelines of the Inter-
national Council of Medical Journal Editors (ICMJE), the 
World Association of Medical Editors (WAME), the Coun-
cil of Science Editors (CSE), the Committee on Publica-
tion Ethics (COPE), the European Association of Science 
Editors (EASE), and National Information Standards Or-
ganization (NISO). The journal conforms to the Principles 
of Transparency and Best Practice in Scholarly Publish-
ing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential 
are the most important criteria for a manuscript to be ac-
cepted for publication. Manuscripts submitted for evalu-
ation should not have been previously presented or al-
ready published in an electronic or printed medium. The 
journal should be informed of manuscripts that have been 
submitted to another journal for evaluation and rejected 
for publication. The submission of previous reviewer re-
ports will expedite the evaluation process. Manuscripts 
that have been presented in a meeting should be submit-
ted with detailed information on the organization, includ-
ing the name, date, and location of the organization. 

Peer-Review Policy
Manuscripts submitted to İstanbul Journal of Pharmacy 
will go through a double-blind peer-review process. Each 
submission will be reviewed by at least two external, in-
dependent peer reviewers who are experts in their fields 
in order to ensure an unbiased evaluation process. The 

editorial board will invite an external and independent 
editor to manage the evaluation processes of manuscripts 
submitted by editors or by the editorial board members 
of the journal. The Editor in Chief is the final authority in 
the decision-making process for all submissions.

Ethical Principles
An approval of research protocols by the Ethics Commit-
tee in accordance with international agreements (World 
Medical Association Declaration of Helsinki “Ethical Prin-
ciples for Medical Research Involving Human Subjects,” 
amended in October 2013, www.wma.net) is required for 
experimental, clinical, and drug studies. If required, eth-
ics committee reports or an equivalent official document 
will be requested from the authors. For manuscripts con-
cerning experimental research on humans, a statement 
should be included that shows that written informed con-
sent of patients and volunteers was obtained following 
a detailed explanation of the procedures that they may 
undergo. For studies carried out on animals, the mea-
sures taken to prevent pain and suffering of the animals 
should be stated clearly. Information on patient consent, 
the name of the ethics committee, and the ethics com-
mittee approval number should also be stated in the Ma-
terials and Methods section of the manuscript. It is the 
authors’ responsibility to carefully protect the patients’ 
anonymity. For photographs that may reveal the identity 
of the patients, signed releases of the patient or of their 
legal representative should be enclosed.

Plagiarism
All submissions are screened by a similarity detection 
software (iThenticate by CrossCheck) at any point dur-
ing the peer-review or production process.Even if you are 
the author of the phrases or sentences, the text should 
not have unacceptable similarity with the previously pub-
lished data.

When you are discussing others’ (or your own) previous 
work, please make sure that you cite the material cor-
rectly in every instance.

In the event of alleged or suspected research miscon-
duct, e.g., plagiarism, citation manipulation, and data fal-
sification/fabrication, the Editorial Board will follow and 
act in accordance with COPE guidelines

INSTRUCTIONS TO AUTHORS
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Authorship
Each individual listed as an author should fulfill the 
authorship criteria recommended by the International 
Committee of Medical Journal Editors (ICMJE - www.
icmje.org). The ICMJE recommends that authorship be 
based on the following 4 criteria:

1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or in-
terpretation of data for the work; AND

2. Drafting the work or revising it critically for impor-
tant intellectual content; AND

3. Final approval of the version to be published; AND
4. Agreement to be accountable for all aspects of the 

work in ensuring that questions related to the ac-
curacy or integrity of any part of the work are appro-
priately investigated and resolved.

In addition to being accountable for the parts of the work 
he/she has done, an author should be able to identify 
which co-authors are responsible for specific other parts 
of the work. In addition, authors should have confidence 
in the integrity of the contributions of their co-authors.

All those designated as authors should meet all four cri-
teria for authorship, and all who meet the four criteria 
should be identified as authors. Those who do not meet 
all four criteria should be acknowledged in the title page 
of the manuscript.

İstanbul Journal of Pharmacy requires corresponding 
authors to submit a signed and scanned version of the 
authorship contribution form (available for download 
through http://ijp.istanbul.edu.tr/en/_) during the ini-
tial submission process in order to act appropriately on 
authorship rights and to prevent ghost or honorary au-
thorship. If the editorial board suspects a case of “gift 
authorship,” the submission will be rejected without fur-
ther review. As part of the submission of the manuscript, 
the corresponding author should also send a short 
statement declaring that he/she accepts to undertake all 
the responsibility for authorship during the submission 
and review stages of the manuscript.

Conflict of Interest
İstanbul Journal of Pharmacy requires and encourages 

the authors and the individuals involved in the evaluation 
process of submitted manuscripts to disclose any exist-
ing or potential conflicts of interests, including financial, 
consultant, and institutional, that might lead to potential 
bias or a conflict of interest. Any financial grants or other 
support received for a submitted study from individuals 
or institutions should be disclosed to the Editorial Board. 
To disclose a potential conflict of interest, the ICMJE Po-
tential Conflict of Interest Disclosure Form should be 
filled in and submitted by all contributing authors. Cases 
of a potential conflict of interest of the editors, authors, 
or reviewers are resolved by the journal’s Editorial Board 
within the scope of COPE and ICMJE guidelines.
 
The Editorial Board of the journal handles all appeal and 
complaint cases within the scope of COPE guidelines. In 
such cases, authors should get in direct contact with the 
editorial office regarding their appeals and complaints. 
When needed, an ombudsperson may be assigned to re-
solve cases that cannot be resolved internally. The Edi-
tor in Chief is the final authority in the decision-making 
process for all appeals and complaints.
 
Copyright and Licensing
İstanbul Journal of Pharmacy requires each submis-
sion to be accompanied by a Copyright Agreement Form 
(available for download at http://ijp.istanbul.edu.tr/en/_). 
When using previously published content, including fig-
ures, tables, or any other material in both print and elec-
tronic formats, authors must obtain permission from the 
copyright holder. Legal, financial and criminal liabilities 
in this regard belong to the author(s). By signing the 
Copyright Agreement Form, authors agree that the ar-
ticle, if accepted for publication by the İstanbul Journal of 
Pharmacy, will be licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License 
(CC-BY-NC). 

Disclaimer
Statements or opinions expressed in the manuscripts 
published in İstanbul Journal of Pharmacy reflect the 
views of the author(s) and not the opinions of the editors, 
the editorial board, or the publisher; the editors, the edi-
torial board, and the publisher disclaim any responsibil-
ity or liability for such materials. The final responsibility 
in regard to the published content rests with the authors.
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MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with 
ICMJE-Recommendations for the Conduct, Reporting, Ed-
iting, and Publication of Scholarly Work in Medical Journals 
(updated in December 2015 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare 
manuscripts in accordance with the CONSORT guidelines 
for randomized research studies, STROBE guidelines for 
observational original research studies, STARD guidelines 
for studies on diagnostic accuracy, PRISMA guidelines for 
systematic reviews and meta-analysis, ARRIVE guidelines 
for experimental animal studies, and TREND guidelines 
for non-randomized public behavior.

Manuscripts can only be submitted through the journal’s 
online manuscript submission and evaluation system, 
available at http://ijp.istanbul.edu.tr/en/_. Manuscripts 
submitted via any other medium will not be evaluated.

Manuscripts submitted to the journal will first go through 
a technical evaluation process where the editorial office 
staff will ensure that the manuscript has been prepared 
and submitted in accordance with the journal’s guide-
lines. Submissions that do not conform to the journal’s 
guidelines will be returned to the submitting author with 
technical correction requests.

Authors are required to submit the following:

•    Copyright Agreement Form
•    Author Form
•    Title Page

during the initial submission.

The manuscript should be prepared in MS Word format by 
using Times New Roman font (12 pt) and double-spaced 
on one side of the paper with adequate margins (2.5 cm).

Preparation of the Manuscript
Title page: A separate title page should be submitted 
with all submissions and this page should include:

•    The full title of the manuscript as well as a short title 
(running head) of no more than 50 characters,

• Name(s), affiliations, and highest academic 
degree(s) and ORCID ID(s) of the author(s),

• Grant information and detailed information on the 
other sources of support,

• Name, address, telephone (including the mobile 
phone number) and fax numbers, and email address 
of the corresponding author,

• Acknowledgment of the individuals who contributed 
to the preparation of the manuscript but who do not 
fulfill the authorship criteria.

Abstract: An structured abstract should be submitted 
with Original Articles (Background and Aims, Methods, 
Results, Conclusion).  Please check Table 1 below for 
word count specifications.

Keywords: Each submission must be accompanied by 
a minimum of three to a maximum of six keywords for 
subject indexing at the end of the abstract. The keywords 
should be listed in full without abbreviations. The key-
words should be selected from the National Library of 
Medicine, Medical Subject Headings database (https://
www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript Types
Original Articles: This is the most important type of ar-
ticle since it provides new information based on original 
research. The main text of original articles should be 
structured with Introduction, Materials and Methods, 
Results, Discussion, and Conclusion subheadings.  Re-
sults and Discussion sections can be combined under 
“Result and Discussion” heading. Please check Table 1 
for the limitations for Original Articles.

Statistical analysis to support conclusions is usually nec-
essary. Statistical analyses must be conducted in accor-
dance with international statistical reporting standards 
(Altman DG, Gore SM, Gardner MJ, Pocock SJ. Statistical 
guidelines for contributors to medical journals. Br Med 
J 1983: 7; 1489-93). Information on statistical analyses 
with specified statistical software and descriptive details 
of the chemical used should be provided with a separate 
subheading under the Materials and Methods section.

Units should be prepared in accordance with the Inter-
national System of Units (SI).
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Editorial Comments: Editorial comments aim to provide 
a brief critical commentary by reviewers with expertise 
or with high reputation in the topic of the research article 
published in the journal. Authors are selected and in-
vited by the journal to provide such comments. Abstract, 
Keywords, and Tables, Figures, Images, and other media 
are not included.

Review Articles: Reviews prepared by authors who have 
extensive knowledge on a particular field and whose 
scientific background has been translated into a high 
volume of publications with a high citation potential are 
welcomed. These authors may even be invited by the 
journal. Reviews should describe, discuss, and evaluate 
the current level of knowledge of a topic in clinical prac-
tice and should guide future studies. Please check Table 
1 for the limitations for Review Articles.

Short Papers: Please check Table 1 for the limitations for 
Short Papers.

Letters to the Editor: This type of manuscript discusses 
important parts, overlooked aspects, or lacking parts of 
a previously published article. Articles on subjects within 
the scope of the journal that might attract the readers’ 
attention, particularly educative cases, may also be sub-
mitted in the form of a “Letter to the Editor.” Readers 
can also present their comments on the published man-
uscripts in the form of a “Letter to the Editor.” Abstract, 
Keywords, and Tables, Figures, Images, and other media 
should not be included. The text should be unstructured. 
The manuscript that is being commented on must be 
properly cited within this manuscript.

Tables
Tables should be included in the main document, pre-

sented after the reference list, and they should be num-
bered consecutively in the order they are referred to 
within the main text. A descriptive title must be placed 
above the tables. Abbreviations used in the tables should 
be defined below the tables by footnotes (even if they are 
defined within the main text). Tables should be created 
using the “insert table” command of the word process-
ing software and they should be arranged clearly to pro-
vide easy reading. Data presented in the tables should 
not be a repetition of the data presented within the main 
text but should be supporting the main text.

Figures and Figure Legends
Figures, graphics, and photographs should be submitted 
as separate files (in TIFF or JPEG format) through the 
submission system. The files should not be embedded 
in a Word document or the main document. When there 
are figure subunits, the subunits should not be merged 
to form a single image. Each subunit should be submit-
ted separately through the submission system. Images 
should not be labeled (a, b, c, etc.) to indicate figure sub-
units. Thick and thin arrows, arrowheads, stars, aster-
isks, and similar marks can be used on the images to 
support figure legends. Like the rest of the submission, 
the figures too should be blind. Any information within 
the images that may indicate an individual or institution 
should be blinded. The minimum resolution of each sub-
mitted figure should be 300 DPI. To prevent delays in the 
evaluation process, all submitted figures should be clear 
in resolution and large in size (minimum dimensions: 
100 × 100 mm). Figure legends should be listed at the 
end of the main document.

All acronyms, abbreviations, and symbols used in the 
manuscript must follow international rules and should 
be defined at first use, both in the abstract and in the 

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit Table limit Figure limit

Original Article 3500 250 (Structured) 6 7 or total of 15 images

Review Article 5000 250 (Unstructured) 6 10 or total of 20 images

Short Paper 1000 200 No tables 10 or total of 20 images

Letter to the Editor 500 No abstract No tables No media
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main text. The abbreviation should be provided in paren-
theses following the definition.

For plant materials, herbarium name (or acronym), 
number, name and surname of the person who identified 
the plant materials should be indicated in the Materials 
and Methods section of the manuscript.

When a drug, product, hardware, or software program 
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ABSTRACT
Background and Aims: The study was conducted to determine the optimal concentration of water-soluble snakehead fish dry 
extract (SFDE) in nanoemulsion and the amount of albumin required to penetrate the skin in order to accelerate the wound heal-
ing process. 
Methods: The snakehead fish (SF) was extracted using an atomizer while the nanoemulsion basis was optimized using oleic 
acid, Tween 80, and propylene glycol. The developed SFDE in nanoemulsion was characterized based on droplet size, PDI, 
and zeta potential. The ability of the mixture to penetrate the snakeskin was tested using Franz diffusion cells. The effective-
ness of the nanoemulsion was evaluated by dividing the rabbits used for experiment into 6 treatment groups including SFDE 
F1 0.25%, F2 0.5%, F3 1%, F4 SF 2% cream, F5 nanoemulsion basis, and F6 no treatment.
Results: The SFDE nanoemulsion produced a particle size of 147.5 nm with acceptable PDI (0.23) and zeta potential (+13.38 
mV). The most effective SFDE to accelerate the healing of open wounds in rabbits was a concentration of 1%, which was 
found to have dried and closed the wound on the 3rd day. 
Conclusion: The permeation study and the effectiveness test showed the 1% SFDE nanoemulsion is the best concentration in 
accelerating the wound healing process and ensuring the highest albumin penetration into the skin.
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INTRODUCTION

Snakehead fish (SF) (Ophiocephalus striatus) is an economically valuable fish widely used for processed products. According to 
Suprayitno (2003), it has a protein content estimated to be 25.1% compared to the 6.224% found in albumin and is higher than 
the values obtained from other animal sources used for patients with hypoalbuminemia (i.e. low albumin) and wounds. This is 
important because albumin has been discovered in medical science to have the ability of accelerating the recovery of broken 
body cell tissues due to surgery (Suprayitno, 2003; Ulandari, Kurniawan, & Putri, 2011). 

Albumin is the largest type of protein in plasma with 60% content and also has the ability to synergize with zinc mineral needed 
for the development and formation of new cell tissues in wounds. Zinc has been reported to have the ability to functions as an 
antioxidant to protect cells, accelerate the wound healing process, and regulate expression of lymphocytes and proteins (Mustafa, 
Widodo, & Kristianto, 2012; Maryanto, 2004). Moreover, the chemical compounds of Snakehead fish dry extract (SFDE), including 
albumin and amino acids (glycine and lysine), have been discovered to be soluble in water based on chemical analysis tests from 

https://orcid.org/0000-0003-2141-2402
https://orcid.org/ 0000-0002-8975-134X
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LIPI conducted using spectrophotometry and HPLC methods. It 
is, therefore, the mix of these elements with nanoemulsion (NE) 
that is needed to obtain a homogenous system through the 
emulsification method (Zhang, Zhang, Fan, Liu, & Meng, 2019). 

According to Tungadi, Susanty, Wicita, & Pido (2018), snake-
head fish with 2% cream was found to have accelerated the 
healing process of rabbit skin’s open wound in an in vivo study, 
but the cream was observed to be physically unstable after 
3 months of storage. This was associated with the mixture of 
snakehead fish dry extract (SFDE) with macro emulsion, which 
causes effortless damage due to the strength of oil and water 
phase and storage temperature. A solution has, however, been 
reported which involves reducing the particle size of snake-
head fish dry extract and stabilizer using nanoemulsion formu-
lation through appropriate utilization of surface-active agents, 
co-surfactant, and oil (Tungadi, 2011; Devarajan, & Ravichan-
dran, 2011). It is also possible to formulate the SFDE into the 
emulsion because it contains hydrophilic and hydrophobic 
compounds with the nanoemulsion discovered to be useful 
for transdermal drug delivery such as the penetration of active 
compounds due to stratum corneum deformability (Tungadi, 
Susanty, Wicita, & Pido, 2018).

Meanwhile, Tungadi, R. (2016) showed snakehead fish cream 
containing only 50% albumin has the ability to penetrate the 
skin membrane using penetrant enhancers such as propyl-
ene glycol. This, according to an in vivo study, has been re-
ported to accelerate the healing of open wounds (treatment 
group) due to the increase in the rate of diffusing albumin 
into the stratum corneum. However, a low percentage of al-
bumin is produced without the use of a penetrant enhancer 
(Tungandi & Hasan, 2016).

This shows a nanoemulsion system is suitable for the drug 
delivery through the skin due to its large surface area, which 
makes the penetration of active substances faster. It is also 
useful because its manufacturing process is very easy and 
efficient (Chuesiang, Siripatrawan, Sanguandeekul, McLands-
borough, & McClements, 2018; Laxmi, Bhardwaj, Mehta, & 
Mehta, 2015) as observed in the formation of SFDE into dos-
age forms in Winda’s research. This involved the optimization 
of nanoemulsion basis as a carrier for SF nanoemulsion prep-
aration and later characterization by particle size, polydis-
persity index, and zeta potential with the results found to be 
147.5 nm, 0.234, and +13.38 mV respectively (Tungadi, Moo, 
& Mozin, 2017). Therefore, this current study was conducted 
to determine the effectiveness of different concentrations of 
SFDE at 0.25, 0.5, and 1% in accelerating the healing of open 
wounds on rabbits dorsum and the amount of albumin re-
quired to penetrate their skin using the Franz diffusion cell.  

MATERIALS AND METHODS

Materials
Snakehead fish dry extract was obtained from PT. Ismut Med-
ical Pharmaceutical, Indonesia. The Rabbits were purchased 
from the animal market. The nanoemulsion basis (tween 80, 
propylene glycol, and oleic acid) was purchased from PT. 
Brataco Chemical. Other materials, such as propylparaben, 

methylparaben, isopropyl myristate, lanolin, cetyl alcohol, 
paraffin liquid, and BHT were purchased from PT. Sentana 
Chemical. A UV-Vis Spectrophotometer (USA), DelsaTM Nano 
(UK), pH meter (Systronics model EQMK), sonicator (Specta 
Lab), hot air oven (Memmert), and the Franz diffusion cell (In-
tralab) were used. 

Albino rabbits (2 kg) were obtained from the animal laboratory 
center of LIPI, Serpong, Indonesia. The experimental procedure 
was conducted according to the Institutional Animal Ethics 
Committee based on the recommendations of the Health Eth-
ics Committee, The Faculty of Medicine, Hasanuddin Univer-
sity, Indonesia Government with registration No. UH08060042

The optimization and characterization of SFDE nano-
emulsion basis
The nanoemulsion basis was optimized by comparing different 
concentrations of oil (oleic acid), co-surfactant (propylene gly-
col), and surfactant (Tween 80) using five formulas including F1 
(1:2:4), F2 (1:3:4), F3 (1:3:5), F4 (1:3:6), and F5 (1:3:7). The Tween 80 
and propylene glycol were mixed collectively using a magnetic 
stirrer for 30 minutes at 250 rpm. For the first mixture, the oleic 
acid was introduced during the stirring process. Water contain-
ing 0.25%, 0.5%, and 1% of SFDE was added drop by drop then 
other adjuvants, such as methylparabens and propylparabens 
(preservatives) as well as BHT (antioxidant) were added. After 
that, sonication of the mixtures at 20 KHz was performed for 10 
minutes at 25oC to complete the process. The same procedure 
was performed for all the formulations with different concen-
trations of Tween 80, propylene glycol, and oleic acid. All for-
mulations were characterized using a particle size analyzer to 
measure the size of droplets, zeta potential, and PDI. 

Permeation study
In vitro permeation, conducted using Franz diffusion cell, has 
been described as a  dependable  technique  to predict the 
transport of drugs in  the skin  (Zhu et al., 2009) and, for this 
study, an excised python skin (Python reticulatus) was used.

This process involved the separation of the skin from abundant 
fats and the elimination of connective tissue using a scalpel. 
The excised skin was washed with NaCl 0.9% and examined for 
integrity before it was hooked up on the diffusion cell with an 
effective diffusion area.  Moreover, the stratum corneum fac-
et was  focused on the donor while the dermal  layer was on 
the receiver compartment consisting of  47 ml phosphate 
buffer of pH 7.4 as the receptor fluid agitated at 100 rpm and 
maintained at 37±0.5°C  during  the experiments with 1 g of 
the nanoemulsion used in every diffusion cell. Approximately 
2 ml of the samples  were  withdrawn for  evaluation  at 0, 30, 
60, 90, 120, 150, 180, 210, and 240 min after  the experiment 
has commenced and changed immediately with an equal vol-
ume of fresh diffusion medium (Tungadi et al., 2018).

Skin irritation study
Skin inflammation was evaluated using 12 healthy rabbits 
without any injuries or skin disorders. They were grouped into 
three with n=3 of albino male rabbits weighing 1.5-2 kg; posi-
tive control (2% w/w SFDE, commercial product), and negative 
control (nanoemulsion basis) also with n=3 on the 2 cm2 dor-
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sal facet of the shaven skin of the rabbits. The treatment was 
eliminated after 72 h to check for any symptoms of erythema 
and edema (Tungadi et al., 2018; Barot, Parejiya, Patel, Mehta, 
& Shelat, 2012; Lala, & Awari, 2014). Undesirable skin changes 
such as coloration and morphology were examined at 1h, 24 h, 
48 h, and 72 h intervals. The reactions obtained were recorded 
and compared with a control group (n=3).

Effectiveness of the SFDE in vivo study

Preparation and grouping of test animals
The implementation stage started with the preparation of 12 
male white rabbits randomly divided into 6 groups of treat-
ments, each consisting of 2 rabbits, each of which were placed in 
individual cages and acclimated for 5 days. The Treatment Group 
contained SFDE varied at G1 0.25%, G2 0.5% and G3 1% of SFDE. 

Testing of SFDE on test animals
The dorsal back of each test animal was shaved and cleaned 
with 70% alcohol after which they were locally anesthetized 
with 0.2 mL lidocaine and the wounds created by slicing off 
4 cm2 of skin and smearing the wounds with the SFDE treat-
ments. The average change in length and the condition of the 
wounds were observed and documented every day for 10 
days.

Measurement of the open wound area 
The average length of the open wound was calculated using 
a ruler while pictures were also taken from day 0 to 10 to de-
termine the healing process. The values measured in each day 
were converted to amount of contraction to determine the 
reduction effect of SFDE in different concentrations.

Statistical analysis 
All the experimental measurements were recorded in triplicate 
and the final values were expressed as mean value±standard 
deviation (SD). The statistical evaluation of the permeation in 
vitro for the predetermined intervals was conducted using 
One-way ANOVA SPSS 16 with a degree of significance of P 
cost <0.05* and <0.01**.

RESULTS AND DISCUSSION

The formulation and optimization of nanoemulsion ba-
sis 
There are several challenges to the application of nanoemul-
sion as a transdermal system to successfully deliver drugs via 
the skin (Kong, Chen, Kweon, & Park, 2011) and some of the im-
portant ones include the small particle-sized formulation and 
rheology properties. Therefore, it is necessary to understand 
the best formula to improve the introduction of snakehead 
fish dry extract (SFDE) into nanoemulsion using appropriate 
oil, surfactant, and co-surfactant (Tungadi et al., 2018).

The best optimization for nanoemulsion basis was found to be 
Formula 5 (F5) with oleic acid, tween eighty and propylene gly-
col (1:10) based on its viscosity, clarity, and stability as shown 
in Table 1. 

Formula 5 was also observed to be physically stable by not 
segregating after being centrifuged at 3800 rpm for 5 hours 
while Formulas 1 to 4 produced a cloudy appearance and seg-
regated. The stability was associated with the use of Tween 80 
as a nonionic surfactant considering its excessive hydrophilic 
and lipophilic balance estimated at 15 which made it steady 
in an emulsion formulation with oil in water (Brandelero, Ya-
mashita, & Grossmann, 2010).

Surfactant plays important roles in the nanoemulsion basis 
due to the fact it has a large surface area to decrease interfacial 
and surface tension, which further leads to its absorption in the 
interface phase. This means it has the ability to reduce the sur-
face free energy by disintegrating a globule into smaller parts 
(Natalia, 2012). However, most surfactants are unable to de-
crease interfacial tension in the emulsion. Therefore, there is a 
need to add co-surfactant such a propylene glycol to improve 
the solubility of nonpolar agencies (Swarbrick, 2007), intensify 
the flexibility of surfactant film and fluidity of the emulsion 
phase to shield compounds from adverse environmental con-
ditions, and enhance their balance (Madene, Jacquot, Scher, & 
Desobry, 2006; Kumar, Bishnoi, Shukla, & Jain, 2019). 

Table 1. The optimization of nanoemulsion basis.

 Formula %

Materials
F1 F2 F3 F4 F5

1:2:4 1:3:4 1:3:5 1:3:6 1:3:7

Oleic acid 5 5 5 5 5

Tween 80 18 20 23 25 27.5

Propylene glycol 12 15 17 20 22.5

Distilled water 100 100 100 100 100

Observation cloudy cloudy cloudy cloudy clear

Stability tests:      

pH 6.5±0.3 6.2±0.5 6.0±0.7 5.8±0.2 5.5±0.1

Viscosity (cP) 385.6±1.3 267.8±2.5 200.3±2.1 187.5±3.2 178.2±1.4

Transmittance (%) 75.65±1.5 82.34±0.9 87.35±1.1 90.58±1.8 98.75±0.8
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Characterization of snakehead fish nanoemulsion
Nanoemulsion systems can be used to deliver drugs through 
trans-mucosal and transdermal routes and this means they 
have the ability to effectively enhance bioavailability (Kumar 
et al., 2019; Rehman et al., 2017). The polydispersity index (PDI) 
of the SFDE produced good results in the three replications, 
0.205, 0.215, and 0.284 respectively, and the 147.5 nm average 
droplet size shown in Table 2.

As shown in Table 2, the average size of the droplet of SFDE 
nanoemulsion was 147.5 nm showing that SFDE meets the 
criteria of nanostructures, which require a particle size range 
between 1 – 100 nm or 2 – 500 nm (Shah, Bhalodia, & Shelat, 
2011). Meanwhile, the zeta potential value was +13.38 mV and 
this indicates it has a good degree of stability. This is associated 
with the standard that nanoparticles with values above or be-
low ± 30 mV indicate a physically stable colloidal system due 
to their ability to ensure the magnitude of the charged particle 
prevents particle aggregation (Singh, & Lillard, 2014; Hadian, 
Sahari, & Moghimi, 2014). Meanwhile, smaller values have been 
reported to cause particles to aggregate and flocculate due to 
van der Waals attractive forces acting on them, thereby, lead-
ing to physical instability. Furthermore, the average polydisper-
sity index was recorded to be 0.234 and this means SFDE has 
a uniform particle size and homogeneous dispersion because 
this value is below 0.25 (Winterhalter, & Lasic, 2013).

The solubility of active compounds is very important in drug 
formulation due to its ability to increase bioavailability through 
oral, topical, and parenteral formulations. SFDE contains water-
soluble active compounds such as albumin and amino acids 
and water-insoluble ones such as polyunsaturated fatty acids, 
vitamins, and amino acids.  This study made use of only the 
albumin and amino acid contents to ensure easy formulation 
into the nanoemulsion.  Therefore, solubility is one of the im-
portant parameters to achieve the appropriate concentration 
of drug in systemic circulation and appropriate pharmacologi-
cal response (Vemula, Lagishetty, & Lingala, 2010). 

Permeation study of SFDE in nanoemulsion 
Ex vivo permeation studies were also conducted using snake-
skin as the membrane and the drugs from G1 (0.25% SFDE), 
G2 (0.5% SFDE), G3 (1% SFDE), and G4 (2% SF cream; com-
mercial product) were found have produced 62.80±1.45%, 
69.30±2.34%, 72.30±1.22%, and 50.80±0.50% permeation, re-
spectively in 4h as shown in Figure 1.  

Figure 1 shows 2% SF cream had the lowest percentage of 
albumin permeation into the skin with approximately 50.80% 

compared to all other concentrations and this is associated 
with the formulation of SFDE containing albumin into cream 
o/w to produce the big particle size in SF cream due to the 
macroemulsion.  Its introduction to nanoemulsion produced a 
small particle size estimated to be 147.5 nm and water-soluble 
compounds with the ability to increase the loading capacity of 
albumin to penetrate the skin easily. This is consistent with the 
findings of previous research on the formulation of SFDE into 

liposome which showed solubility and particle size to be the 
most important factors to increase the loading capacity and 
bioavailability of drugs. SFDE into liposome was discovered to 
have a smaller particle size, 121 nm, compared to nanoemul-
sion and this led to the production of the highest entrapment 
efficiency of albumin recorded to be 85.75% (Tungadi, Ab-
dulkadir, Ischak, & Rahim, 2019).

The biggest impediment to the transdermal drug transport is 
usually associated with the stratum corneum as observed in 
the 10-20 μm thick tissue layer which has a remarkably com-
posed lipid/protein matrix structure (Ceve, 2004). According to 
Tungadi (2011), a study of SFDE cream containing penetrant 
enhancer such as propylene glycol is expected to accelerate 
the wound healing process through skin permeation, but the 
cumulative albumin penetration into rat skin membrane was 
recorded to be 50%. This study found SFDE nanoemulsion to 
have the ability to enhance the permeation of drug through 
the skin as observed from the cumulative percentage of SFDE 
permeation of F3 which was found to be the highest with 
72.30±1.22% using a snakeskin membrane while the positive 
control, SF cream 2%, had 50.80±0.50%. This, therefore, means 
nanoemulsion formulation acts as drug reservoirs in the trans-
dermal delivery systems affecting the release of drugs from 
the inner to the outer phase and similarly to the skin (Tungadi 

Table 2. The characterization of Snakehead Fish Nanoemulsion.

Sample Particle size 
(nm) 

Average of Size 
(nm)

Zeta potential 
(mV)

Polydispersity index 
(PDI)

Average of 
PDI

1% SFDE 111 ± 0.2   0.205 ± 0.1  

 233 ± 0.5 147.5 ± 0.53   + 13.38 0.215 ± 0.2     0.23 ± 0.26

 98.6 ± 0.9   0.284 ± 0.5     

Figure 1. The amount of albumin penetrated into the skin in 4 h; 
*P<0.05; One Way Anova Test.
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et al., 2018; Mou et al., 2008). These release mechanisms, how-
ever, rely on the composition of the network surfactant chains 
and the Crosslink density (Tungadi et al., 2018; Bernard, 2012). 
Moreover, the capacity of a drug to penetrate the skin and re-
lease the therapeutic agent effectively is affected by its affinity 
to diffuse out from the vehicle and permeate through the bar-
rier (Tungadi et al., 2018; Alves, Scarrone, Santos, Pohlmann, & 
Guterren 2007).

In the current permeation study using Franz diffusion cell, Phy-
ton snakeskin was used as a membrane to facilitate the pen-
etration of the test substances compared to the use of extracts 
of stratum corneum isolated from the skins. This method was 
used in the study by Lin and colleagues (1992) and the perme-
ability values in snakeskin (Phyton molurus) were found to be 2 
to 4 times higher than in isolated stratum corneum for sodium 
diclophenate, theophylline, and benzoic acid (2 mg/mL or 0.2% 
in aqueous solution). The use of phyton snakeskin in studying 
SFDE nanoemulsion as a promoter of skin penetration for hydro-
philic substances such as albumin required the consideration 
of the lower permeability coefficient (3.3 to 6.1 times) of these 
membranes for such compounds, thereby, causing an extension 
of the time needed for the experiments. Meanwhile, lipophilic 
compounds have been reported to have permeability coef-
ficients close to those obtained from human skin membranes 
(0.9 to 1.8 times and 3.3 to 6.1 times) (Tungadi et al., 2019).

Skin irritation test of snakehead fish nanoemulsion 
The results from the skin irritation study including erythema 
and edema on the rabbit skin after 1 h, 24 h, 48 h, and 72 h 
post-treatment of positive control, negative control, F1, F2, and 
F3 are represented in Table 3. The results showed no proof of 
inflammation, erythema, or edema; based on visible inspection 
after the application of all formulations of nanoemulsion on the 
rabbit skin during the three days of observation. This, therefore, 
means they were all non-sensitizing and safe for topical use.

Percentage of wound contraction on rabbit’s skin
Based on observations, on the 3rd, 6th, and 10th-day, the open 
wound on the rabbit in group I (F1 0.25% SFDE) was found to 
have wound contraction percentages between 90% and 46% 
as shown in Figures 2-6 with the physical appearance marked 
by the presence of fibrin yarns protecting the open wound as 
presented in Figures 3-6. In group II (F2 0.5%), the reduction 

was found to be 100% to 42% and was discovered to be drying 
in contrast to the observation made for group I. The results of 
group III (F3 1%) showed a substantial contraction from 100% 
to 25% compared to the negative control, which was observed 
to be faster. This change was characterized by the production 
of new granulation tissue on the side of the open wound and 
the fact that it was already dry on the third day. Furthermore, 
the positive control (F4) containing snakehead fish cream 2% 
had the change of wound contraction from 100% to 56%. The 
negative control F5 with nanoemulsion basis and F6 without 
treatment had the slowest healing process of approximately 
15 days and a marked wound contraction exchange from 
100% to 75-77% (Figures 2, 3-6).

Table 3. Skin irritation study.

 1 h 24 h 48 h 72 h 

 Erythema Edema Erythema Edema Erythema Edema Erythema Edema

G1 0.25% 0 0 0 0 0 0 0 0

G2 0.5% 0 0 0 0 0 0 0 0

G3 1% 0 0 0 0 0 0 0 0

Positive Control 0 0 0 0 0 0 0 0

Negative Control  0 0 0 0 0 0 0 0

Positive control: SF cream 2% (w/w); commercial product, negative control: nanoemulsion basis; Erythema scale: 0= none, 
1=slight, 2= well-defined, 3= moderate, and 4= scar formation; Edema scale: 0= none, 1= slight, 2= well-defined, 3= moderate, 
and 4= severe

Figure 2. Percentage of wound contraction on rabbit’s skin *P<0.05; 
**P<0.01; One Way Anova Test.

Figure 3. The observation of wound area on the first day, F1: NE 0.25% 
of SFDE; F2: NE 0.5%; F3: NE 1%; F4: 2% of SF cream; F5: NE basis; F6: no 
treatment.
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The One-Way ANOVA analysis showed the P or Sig value was 
0.022 < 0.05 and 0.01. This means there was a significant dif-
ference between the averages of open wound contraction for 
all treatment and control groups. However, observation data 
indicated NE 1% of SFDE had a faster wound area reduction 
compared to 0.25% and 0.5% nanoemulsion preparations and 
2% SF cream. 

Effectiveness of the SFDE in vivo study
F3 was found to be the best formula of SFDE nanoemulsion 
in this in vivo study functioning as a transdermal delivery 
system to ensure a controlled release of substances over a 
period andv improve patient comfort during dosage prepa-
ration. Meanwhile, the small droplet size has been reported 
to have the ability to absorb albumin containing large mol-
ecules following the spontaneous size of the globule and 
surroundings (Lovelyn & Attama, 2011). The percentage of 
the albumin penetration and wound contraction of F3 were 
estimated at 72.30% and 25% on the 10th day. This was as-
sociated with the particle size and zeta potential of SFDE 
nanoemulsion because its small size of droplets increases 
the diffusion rate of albumin compared to micro or macro 
emulsion while the significant stability was due to the PDI 
and zeta potential.  

The SFDE in nanoemulsion was able to accelerate the wound 
healing process due to the nutritional contents of snakehead 
fish including 0.003% Zn, 30.2% albumin, and 0.001% glycine 
(Mansyur, 2010) triggering the formation of Endothelial Pro-
genitor Cells (EPC). The Zn plays a key role and has also been 
reported to be an important mineral in the structure and 
function of cell membranes by limiting the damage caused 
by free radicals during inflammation. Furthermore, it is also 
involved in the immune system, the defense of the skin, and 
the regulation of genes in lymphocytes (Tungadi et al., 2019; 
gawhirunpat, Panomsuk, Opanasopit, Rojanata, & Hatanaka, 
2006; Tungadi, & Wicita, 2020).

CONCLUSION 

It is possible to formulate water-soluble snakehead fish dry 
extract into nanoemulsion with small particles to increase the 
loading capacity of albumin in penetrating the skin. The per-
meation study and the effectiveness test showed the 1% SFDE 
in nanoemulsion is the best concentration compared to others 
in accelerating the wound healing process and ensuring the 
highest albumin penetration into the skin.  
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Figure 5. The observation of wound area on the sixth day, F1: NE 
0.25% of SFDE; F2: NE 0.5%; F3: NE 1%; F4: 2% of SF cream; F5: NE basis; 
F6: no treatment.

Figure 6. The observation of wound area on the ninth day, F1: NE 
0.25% of SFDE; F2: NE 0.5%; F3: NE 1%; F4: 2% of SF cream; F5: NE basis; 
F6: no treatment.

Figure 4. The observation of wound area on the third day, F1: NE 
0.25% of SFDE; F2: NE 0.5%; F3: NE 1%; F4: 2% of SF cream; F5: NE basis; 
F6: no treatment.
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