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ABSTRACT

Aims: To understand the potential use of adult Zebrafish as a wound inflammation model to screen
phytocompounds and chemically synthesized subjects.

Study Design: The experiment was designed to use healthy adult Zebrafish wound models, each
group containing 30 fishes. One group was used as a control and others were the experimental
groups. These were treated with the Curcuma longa extracts at various concentrations. The wound
inflammation was studied in the treatment groups in terms of tissue regeneration and neutrophil
migration.

Place and Duration of Study: Department of Biomedical Sciences, Sri Ramachandra University,
during May 2015- August 2015.

*Corresponding author: E-mail: lalithav@sriramachandra.edu.in;
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Methodology: Caudal fin transection technique was used to establish the adult Zebrafish wound
inflammation model. The study involved fin regeneration measurement and determination of
neutrophil population at the wound site by performing histopathological staining of the tissue

sections

Results: The fishes treated with aqueous extract had better wound healing compared to ethanol
extract. The fishes treated with 500 ug of the aqueous extract showed maximum fin regeneration on
day 5 compared to the control fishes. The same treatment also showed good neutrophil population
at the wound site at 24 hrs post wounding and maximum resolution of inflammation after 24 hrs. The
fishes treated with 500ug concentration of the aqueous extract showed twice the neutrophil
population at 24 hrs and less than half of the neutrophil population at day 5pt compared with the
untreated control group. The values were statistically analyzed using SPSS 17.0 version; for
multivariate analysis Kruskal Wallis test was used. The values were highly significant at P<.01.

Conclusion: The study experimentally concludes the potential usage of adult Zebrafish as a model
of wound inflammation to screen various bioactive fractions from plants or from synthetic origin for

their wound healing abilities.

Keywords: Inflammation; Zebrafish; neutrophils; Curcuma longa; wound healing.

1. INTRODUCTION

Wound healing is a complex sequential process
of restoration of the structural and functional
properties of the damaged tissue. When
unimpaired, wound healing progresses in a
predictable fashion of three major phases:
inflammation, proliferation and remodelling. After
hemostasis, inflammation is the first cellular
manifestation in a wound that occurs
immediately, within a few hours after injury. The
neutrophils recruited to wound site from the
vascular network perform various effector
functions like degranulation, phagocytosis,
secretion of proinflammatory cytokines, and
production of reactive oxygen species etc [1].
The neutrophil population at the wound site
peaks at 24 hrs and declines gradually within a
few days. Sustained inflammation makes the
extracellular matrix to collapse and form necrotic
centers [2]. Unresolved inflammation due to
deregulation of immune system is the reason for
delayed or impaired wound healing in case of
aged and diabetic individuals [3,4].

Both the onset and resolution of inflammation is
taken care of by the wound macrophages,
through their role in release of cytokines that
promote inflammatory response and inducing
and clearing apoptotic cells respectively [3]. The
wound inflammation is withdrawn through
apoptotic clearance of the neutrophil population
which initiates the actual healing process. A
subset of this population gets repelled from the
inflamed area and takes up reverse
transendothelial migration to enter the vascular
lumen as evident from the reverse migration
studies in Zebrafish embryos [5]. Both the rate of

neutrophil  infiltration, thereby onset of
inflammation, and the rate of resolution of
inflammation can thus be used together as a gold
standard parameter to assess wound healing
potential of a substance. Currently, a wide range
of animal models are available to evaluate
wound healing potential, but the regular
histopathological analyses in such evaluation
processes check only the occurrence of
inflammation qualitatively [2]. The rate of
inflammation and its resolution is less reported in
studies using animal models.

The study brings out a less expensive, more
convenient and fast way of histopathological
analysis to quantitate the wound healing potential
of the extracts of the traditional medicinal plant,
Curcuma lIonga, in terms of inflammation in
experimental adult Zebrafish wound model. This
would be a good alternative to mammalian
wound inflammation models as the inflammation
profile upon injury by tail transection in Zebrafish
is comparable with that of the mammalian
systems [6] and gives quick reproducible results.
Though the mechanisms underlying skin
physiology and function have been extensively
studied, that behind the healing process has not
been completely explored due to the lack of
proper model systems. The present study would
be a good contribution in establishing adult
Zebrafish as a complete model system to study
mammalian wound healing.

2. MATERIALS AND METHODS

Tricaine (MS-222) was purchased from Sigma.
All the other chemicals and solvents used in the
study were purchased from Sisco Research
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Laboratories and were of highest purity grade
[7,8].

2.1 Preparation of the Plant Extract

Dried rhizome of Curcuma longa (turmeric) were
powdered and extracted with ethanol and water.
50 g of the dried powder was extracted with 200
ml of ethanol and kept in a shaker for 3 days at
160 rpm. Aqueous extract was prepared by the
same procedure. The extract was concentrated
by evaporation and the residue was stored in a
sterile container till use.

2.2 Phytochemical Screening

The extracts were qualitatively screened for
various phytochemicals according to the
standard methods of plant analysis and the
results were recorded [9].

2.3 Preparation of the Drug Formulation

The extract was mixed with 3% petroleum jelly to
obtain a gel formulation for topical application
[10]. The formulation was freshly prepared for
each set of experiment.

2.4 Preparation of the Wound Model

The healthy adult Zebrafishes were purchased
from Kolathur, Chennai and were bred in our
laboratory. The fishes were allowed to
acclimatize to the laboratory conditions for two
weeks before the experiment. Fishes weighing
close to 0.4 g were selected for the experiment.
The fishes were grouped into control and two
experimental groups, each group having 30
fishes including triplicates. The fishes were
anaesthetized with tricaine for three and a half
minutes. The caudal fin was transected 5 mm
from the posterior end with sterile scalpel. The
fishes were photographed before and after
transection procedure with a digital camera
connected to a stereo zoom microscope [11].

2.5 Treatment of the Wound Model with
the Drug Formulation

The fin transected fishes of the experimental
groups were treated with various concentrations,
100-500 pg, of ethanol and aqueous extracts.
The drug formulations containing the respective
concentration of the extracts were carefully
applied on to the transected fin with gloved
hands under aseptic conditions. The treated

fishes were transferred to the recovery tank, after
which they were grouped in separate tanks
labeled with the concentration treated. Triplicates
were maintained all through the study. The
control fishes were treated with the formulation
base alone.

2.6 Determination
Activity

of Wound Healing

2.6.1 Fin regeneration

The fishes were observed on 3, 5 and 7 days
post-wounding for fin regeneration. The fin
growth was measured and the results were
photographed and recorded.

2.6.2 Neutrophil migration

Caudal fins of the treated zebrafish wound
models and the control fishes (untreated) were
sectioned and analyzed for neutrophil population
at 24 hrs and on day 5 of observation. The
treated zebrafishes were euthanized in tricaine
for 10 minutes (according to the protocol in the
zfin database). The fishes were fixed in formalin
solution, embedded in paraffin wax and were
sectioned in a microtome. The sections were
stained with haematoxylin & eosin stain and
observed for neutrophil population.

3. RESULTS
3.1 Phytochemical Screening

The phytochemical screening of the plant
extracts revealed the presence of various
phytoconstituents like flavanoids, saponins,
glycosides, phenols, alkaloids and terpenoids

(Table 1).

3.2 Determination of Wound Healing
Activity

3.2.1 Fin regeneration

The fin growth measurement on days 1, 3, 5 and
7 were compared with the control. The fishes
treated with the aqueous extract showed better
regeneration compared to those treated with the
ethanol extract with the rate of regeneration
increasing with concentration (Fig. 1). The
fishes treated with 500 pg of the aqueous
extract showed maximum fin regeneration
on day 5 compared to the control fishes
(Table 2).
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Table 1. Qualitative screening of the plant extract revealing its phytoconstituent profile

S. no. Phytoconstituents tested Ethanol extract Aqueous extract
1 Flavanoids + +
2 Saponins + -
3 Glycosides + +
4 Phenols + +
5 Alkaloids + -
6 Terpenoids - +
“+’ indicates presence, *-’indicates absence

Fig. 1. Zebrafish caudal fin transection. (a) fish immediately after caudal fin transection,
(b) control (untreated) fish on day 5 post-transection, (c) 500 ug ethanol extract treated fish on
day 5 post-transection and (d) 500 ug aqueous extract treated fish on day 5 post-transection.
Scale bar =19 mm
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(c)

Fig. 2. Neutrophil population (at 24 hrs) at the
wound site of the fish treated with the
aqueous extract (500 ug) (a), ethanol extract
(500 ug) (b) and the control fishes (untreated)
(c) analyzed using H&E staining. Scale bar =
30 pm

Table 2. Fin growth on day 5 post-transection
in fishes treated with the aqueous and
ethanolic extracts of the plant

Treatment Concentration Fin growth
(H9) (MeanS.D.)
(mm)
Control Formulation base 0.9+0.1
Ethanol 100 0.9+0.1
extract 200 1.240.3
300 1.2+0.1
400 1.3+0.2
500 1.3+0.2
Aqueous 100 0.9+0.2
extract 200 1.2+0.1
300 1.3£0.2
400 1.4+0.1
500 1.5+0.1

3.2.2 Neutrophil migration

The neutrophil population in the fin sections was
found to peak at 24 hours and decrease in
number on day 5 of observation (Fig. 2). The
control fishes recruited less number of
neutrophils compared to the ones treated with
the extracts. Fig. 3 shows that compared to the
fishes treated with ethanol extract, the fishes
treated with the aqueous extract recruited
more neutrophils at the wound site by 24 hours
post wounding, the number increasing with
concentration. On day 5, the neutrophil
population drastically reduced in number
compared to the control fishes which showed
very less reduction in the number of neutrophils
and hence theoretically less resolution of
inflammation. Treatment with 500 pg of the
aqueous extract was effective in resolution of
inflammation compared to the ethanol extract
group. Statistical analysis was done with SPSS
17.0 version to describe the data. For the
multivariate analysis non-parametric Kruskal
Walllis test was used. The values were expressed
as mean * S.D. for the determinations.

The results indicate that adult Zebrafish could be
used as a successful alternative experimental
model to reveal the potency of the plant extract
in accelerating wound healing. The extract
increases initial inflammation immediately after
injury and regulates fast resolution of the same
thereby healing the wound.

4. DISCUSSION

Zebrafish is a vertebrate capable of regeneration
naturally. This regeneration property of the model
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organism has been accelerated by treatment with
C. longa aqueous extracts. This healing potency
of the well known traditional plant could be
attributed to the synergistic role of the various
phytoconstituents in it. Phytochemical screening
of the aqueous extract of the plant reveals the
presence of flavanoids, glycosides, phenols and
terpenoids. Polyphenolic compounds including
flavanoids are said to promote wound healing
through several cellular mechanisms, chelating
the free radicals and reactive oxygen species,
promoting wound contraction and increasing the
formation of capillary vessels and fibroblasts.
Their healing effect has been reported to be
the consequence of suppression of acute
inflammation due to time-dependant regulation of
expression of the pro-inflammatory and repair-

regulating chemokines [12]. Several polyphenol-
collagen composites have been tested and
proved effective for their potential usage in
wound dressings [13]. Several glycosides have
been reported to contribute to the anti-
inflammatory and wound healing activities of
therapeutic preparations [14,15]. Wounds are
commonly thought to be complicated by infection
[16]. The anti-microbial properties of flavanoids,
phenols and terpenoids could have played an
essential role in avoiding prolonged inflammation
by eliminating the microbial load at the wound
site [17]. The extract and its phytoconstituents
might target the wound macrophages by
triggering the release of pro-inflammatory
cytokines during the initial stage of inflammation
or/and apoptotic signals during the later stages.
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Fig. 3. Dose dependent onset and resolution of inflammation in wound models treated with
different concentrations of the aqueous and ethanol extracts (100-500 ug) and the controls
**The values were highly significant at P<.01
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The molecular details are to be explored with
advanced methods in the established model in
the further studies. The plant extract tested thus
exhibits its wound healing potency by regulating
inflammation at the wound site through the above
discussed mechanisms.

The adult Zebrafish fin regeneration system is a
simple and excellent alternative model to reflect,
both qualitatively and semi-quantitatively, the
wound healing ability of molecules in terms of
inflammation and regeneration, both of which are
key events of the natural healing process.

5. CONCLUSION

The study experimentally concludes the potential
usage of adult Zebrafish as a model of wound
inflammation to screen various bioactive fractions
from plants or from synthetic origin for their
wound healing abilities.
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