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Abstrak

lkan hiu (Carcharhinus sorrah) merupakan ikan yang seluruh endoskeletonnya tersusun oleh tulang
rawan. Tulang rawan ikan ini banyak digunakan untuk pengobatan karena tulang rawan ikan hiu (TRIH)
mengandung senyawa glukosamin (GS) dan kondroitin sulfat (CS). Penelitian ini bertujuan mengetahui manfaat
glukosamin dan kondroitin sulfat yang berasal dari ekstrak TRIH terhadap regenerat ekor kadal. Penelitian
diawali dengan melakukan uji karakteristik salep ekstrak TRIH yang meliput uji daya sebar, pH, viskositas dan
daya lekat salep. Uji efektivitas salep ekstrak TRIH menggunakan 36 kadal yang diautotomi dan dibagi menjadi 4
kelompok perlakuan. Perlakuan berupa salep ekstrak TRIH dengan konsentrasi 0% (kontrol), 5%, 10%, dan 15%
yang dioleskan pada bagian ekor yang mengalami autotomi setiap pagi dan sore. Kadal kemudian dipelihara
selama 7; 18; dan 35 hari. Data uji karakter fisikokimia salep ekstrak TRIH dianalisis menggunakan anova satu
arah (one way anova) dengan tingkat signifikansi 5% (p<0,05) dan data panjang ekor regenerat kadal dianalisis
menggunakan anova dua arah (two way anova) dengan tingkat signifikansi 5% (p<0,05). Hasil penelitian
menunjukkan bahwa terdapat perbedaan signifikan pada karakter fisikokimia daya sebar salep ekstrak TRIH
namun untuk karakter fisikokimia yang lain tidak ada perbedaan signifikan. Salep ekstrak TRIH yang digunakan
dalam penelitian ini tidak signifikan dalam meningkatkan pertumbuhan ekor regenerat kadal.

Kata Kunci: ekstrak TRIH, ekor regenerat, kadal (Mabouya multifasciata Kuhl)

Abstract

Shark (Carcharhinus sorrah) is a fish whose entire endoskeleton is composed of cartilage. Fish cartilage is
widely used for treatment because shark cartilage (SC) contains glucosamine (GS) and chondroitin sulfate (CS)
compounds. This study aims to determine the benefits of glucosamine and chondroitin sulfate derived from SC
extract on lizard tail regeneration. The study was initiated by testing the characteristics of the SC extract ointment
which included tests of spreadability, pH, viscosity and adhesion of the ointment. The effectiveness test of SC
extract ointment was done using 36 lizards that were autotomized and divided into 4 treatment groups. The
treatment in the form of SC extract ointment with concentrations of 0% (control), 5%, 10%, and 15% was applied
to the autotomized tail every morning and evening. The lizards were then kept for 7; 18; and 35 days. The test data
for the physicochemical character of the SC extract ointment were analyzed using one-way ANOVA with a
significance level of 5% (p<0.05) and the lizard regeneration tail length data were analyzed using a two-way
ANOVA with a significance level of 5%. (p<0.05). The result of the research showed that there was a significant
difference in the physicochemical character of the spread of SC extract ointment, meanwhile the other
physicochemical characters showed no significant difference. The SC extract ointment used in this study was not
effective in the growth of lizard regenerate tails.

Keywords: Shark cartilage (SC) extract, regenerate tail, lizard (Mabouya multifasciata Kuhl)
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1. INTRODUCTION

Shark is one of the cartilaginous fish
living in the Indonesian sea. The over all
skeleton of the fish is cartilaginous
consisting of chondrocyte on extracellular
matrix (ECM) covered by perichondrium
fibrous (Dean and Summers, 2006; Eames et
al., 2007; Moss, 1977; Tanna et al., 2020).
Shark provides numerous benefits for human
beings. Its fin can be made into soup (Davis,
1994; Ostrander et al., 2004), while its
cartilage can serve the purpose of health
such as treating cancer (Ostrander et al.,
2004) as well as tumor and osteoarthritis
(Seixas et al., 2020). The cartilage of shark
contains anti-angiogenic that can inhibit the
blood vessel formation so that the tumor can
be treated.

In addition, the cartilage of shark
contains  glucosamine and chondroitin
sulphate which has been the second most
abundant macromolecules (Seixas et al.,
2020). According to Martel-Pelletier (2015),
this cartilage can be used for medicating
osteoporosis and osteoarthritis since it
contains lots of chondroitin sulphate. In
relation to the statement, the results of a
study by Sulityowati et al. (2015) show that
shark cartilage powder contains 28.36%
glucosamine and 6.06% chondroitin. On the
contrary, the results of a study by
Garnjanagoonchron et al. (2007) in Xie et al.
(2014) state that dried shark cartilage
contains 10-40% glycosaminoglycan and 25-
55% type-Il collagen. Glycosaminoglycan
(GAG) is extracellular matrix component
from the connective tissue. Chondroitin
sulphate is a type of glycosaminoglycan
which component consists of N-acetyl-
galactosamine acid sulphate and
glucuronate. The function of chondroitin
sulphate is to serve as a therapy for joint
health, anti-inflammation, arthritis,
arteriosclerosis, and cancer (Siagian, 2014,
Widyaningsih et al., 2016) as well as
immunostimulant and psoriasis, glaucoma
neurovascular, angiogenesis disease, and
wound recovery agent (Bargahi and
Rabbani-Chadegani, 2008). Angiogenesis is

a normal process and it is very important
within growth and development and also
wound recovery (Narasimha et al., 2012).

In the meantime, lizard (Mabouya
mulfasciata Kuhl) is one of the reptiles that
have high regeneration capacity in
comparison to the other vertebrates. On
lizard, the regeneration encompasses the
body organ whereas the regeneration of any
other animal only encompasses the tissue. In
this regard, regeneration is considered as the
capacity of adult organism to recreate tissue,
organ, or missing body part (Narayanan,
2015). In relation to the statement, tail
severing can take place due to the increasing
muscle contraction that is caused by the
pressure on the tail. The pressure it self takes
place when the tail is either pinched or when
the lizard strives to break away from the
enemy (predator). The tail severing it self
takes place on the autotomy plane. After the
tail has been severed, some tissues such as
dermis, muscle, vertebrae, and spinal cord
(Gilbert et al., 2015). After the occurrence of
autotomy, blood clotting process will take
place in order to cover the surface of the
wound. The scar that has been left is 0.50 —
1.00 mm in size (Alibardi, 2017). The
process of wound recovery it self takes place
for 10 days after the occurrence of autotomy
(Fisher et al., 2012). Autotomy aims at
decreasing the bleeding and the network
damage (Gilbert et al., 2013) as well as
protecting the lizard from the enemy or the
predator (Bateman and Fleming, 2008).

Wound process recovery is a
fundamental evolutionary adaptation and
biological process that will result into one of
two possibilities namely scar formation or
reparative regeneration (Jacyniak et al.,
2017). Scar serves as the protection from the
external environment the homeostasis
recovery for the injured tissue. The
preliminary process of the wound recovery
starts with the leucocyte response and then it
proceeds to the re-epithelialization through
the wound epithelium. This is intended to
heal the wound without leaving any score
and, at the same time, this is also necessary
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for the formation of the subsequent tissue.
According to Gilbert et al. (2013), the
process of re-epithelialization is very
important for maintaining the homeostasis of
the tissue as the re-epithelization will later
influence the process of the tail regeneration.
Within the next few days and weeks, new
tissues will be formed and these tissues
comprise of blood vessel, lymphatic vessel,
skeletal muscle, adipose tissue, peripheral
nerves, and spinal cord as the replacement
for the blastema cell. The tail regeneration
usually takes place around 15-25 days
(Fisher et al., 2012). The final result of the
regeneration process is the functional
regenerate tail that is very similar to the
original one but it does not replicate the
original tail. Next, the final stage of the tail
recovery takes place for 25-60 days (Fisher
et al., 2012). The main difference between
the regenerate tail and the original tail
includes: the replace of vertebral column
with the undegraded cartilage cone, the
absence of grey material from the spinal
cord, and the absence of fissure plane in the
regenerate tail (Jacyniak et al., 2017). Thus,
the cartilage tube will suffer from
hypertrophy and will be hardened.

With regards to wound recovery,
ointment is external wound medicine that
should be rubbed over the wounded area.
Ointment is semi-solid and it is so easily
attached to the skin surface that one cannot
easily get rid of it when it is in application
(Shelke and Mahajan, 2015; De Villiers,
2017). The viscosity of ointment is quite
high since its composition consists of 80%
oil and 20% water (Bhaskar et al., 2016).
Based on the base material, ointment can be
categorized into four types namely
hydrocarbon ointment, absorbing ointment,
water-cleansed ointment, and water-solvable
ointment (Bhaskar et al., 2016). Specific to
the context of the study, the ointment that
has been used is the hydrocarbon one and
this  ointment has the  following
characteristic: having emollient effect, being
not easily dry off in application, being not
easily cleansed by water, making the
medicine sticked longer to the skin, and

serving as the dressing that wraps the
wound.

2. RESEARCH METHOD
Materials

The shark that has been used in the
study is the species of Carcharhinus sorrah
and this species has been attained from
Depok Beach, the Regency of Bantul, the
Province of Yogyakarta Special Region. The
total number of the shark is 19 with the
average weight and standard deviation
2478+1244 grams and the total average
length and standard deviation 84.3+12.67
cm. In the meantime, the lizard that has been
used in the study is the male lizard that has
been attained from the Animal and
Plantation Market Yogyakarta (PASTY,
Pasar  Satwa dan  Tanaman  Hias
Yogyakarta). The total number of lizard is
36 with the weight, the length, and the total
length respectively along with the standard
deviation 48+13.35 gram, 10+0.75 cm, and
27+2.07 cm.

The making of shark cartilage powder

After the weight and the length of the
sharks have been measured, all meats
(muscle tissues) and connective tissues that
have been attached to the cartilage are
stripped off cleanly. Then, the cartilage that
has been attained is cut with £1 cm in size
and is put into the oven for the next 24 hours
under 50°C. Afterward, the pieces of
cartilage that have been dried are taken out
of the oven and mashed by using Miyako
blender. In order to attain the homogenous
powder size, sifting procedure should be
performed (the mesh size is 80). The shark
cartilage powder is stored in a cool place
prior to the extraction (Davis, 1994).

The making of shark cartilage extract

60 grams of shark cartilage power
are solved into 1200 mL methanol PA
solution. The powder is dipped into the
solution for seven days consecutively. The
solution should be stirred once in every three
hours. Afterward, the solution should be
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filtered by using the filtering paper. The
filtrates that have been attained from the
filtering process are collected while the
residuals of the filtrates should be taken
away. Next, the filtrates are processed by
using the rotary evaporator machine. The
temperature that has been set on the hot plate
is 40° C, while the rotor speed is 2 rounds.
The extraction itself results in a milky-white
thick solution namely the shark cartilage
extract.

The making of shark cartilage extract
ointment

The ointment is made by heating the
Vaseline album first using the hot plate.
Then, liquid paraffin is added while the
solution is kept stirred so that the solution
will be thick and homogenous. Afterward,
the cartilage extract in cold and homogenous
state is added. The formulation of the
cartilage extract ointment is provided in
Table 1 below.

Table 1. Formulation of  Shark
(Carcharhinus  sorrah) Cartilage
Extract Ointment.

Material ct T, Ty Ty
Shark Cartilage 0 5 10 15
Extract
Vaseline
Ao 90 85.50 81 76.50

Liquid Paraffin 10 9.50 9 8.50

2 Does not contain shark cartilage extract
b Contains 5 mL shark cartilage extract

¢ Contains 10 mL shark cartilage extract
d Contains 15 mL shark cartilage extract

Test of ointment spreadability

0.5 gram ointment preparate is put
into the ointment spreadability test
instrument in the form of 15 cm diameter
glass. Then, 100 gram load is put onto the
top of the glass for one minute. Next, the
diameter of the ointment spread is measured
by using a ruler. The diameter measurement
is performed both horizontally and
vertically. The measurement results are
turned into the mean score. Every
formulation of the ointment is tested for
three times.

Test of ointment pH

0.5 gram ointment preparate is taken
and solved into 5 mL distilled water inside a
beaker. The pH of the ointment solution is
measured using the digital pH meter. The
measurement of the ointment pH is repeated
for three times to each formulation.

Test of ointment viscosity

100 gram ointment preparate is taken
and the viscosity of the preparate is
measured by using the Rion Rotor
Viscotester VT-04. The scale is read when
the state of the solution is already stable. The
procedure is performed for four times to all
of the four ointment formulations.

Test of ointment adhesion

0.5 gram preparate is taken and two
object glasses are prepared. The ointment is
applied onto the object glass I. Then, the
object glass Il is put on the top of the object
glass | until both object glasses are stuck to
each other. Next, 1-kg load is put on the top
of both object glasses for 5 minutes. After
the load is taken away, the object glasses are
installed on the test tool and 80-gram load is
put onto the object glasses. The time that has
been taken for both objects glasses separated
from each other should be noted. This
procedure is done for three times (three-time
replication) to each ointment formulation.

Test of shark cartillage ointment
effectiveness on the process of lizard’s tail
regeneration

36 male lizards (Mabouya
multifasciata Kuhl) that still have their
original tails are used in the study. These
lizards are acclimated for 7 days in the
laboratory prior to the treatment. Then, the
autotomy is performed by pinching the tail
of these lizards using clamps within the
range +5 cm from the tail base. The lizards
themselves are divided into four groups
namely C (control, shark cartilage ointment
0%), T1 (5% shark cartilage ointment), T2
(10% shark cartilage ointment), and T3
(15% shark cartilage ointment). Every group
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consists of three lizards. The application of
the ointment onto the tail resulting from the
autotomy is performed twice in a day
namely once in the morning and once in the
evening. The ointment with different
concentration is applied on the scar of the
tail everyday for the next five weeks (35
weeks). on day 7, day 18, and day 35 the
length of the regenerate tail is measured
using the ruler and the millimeter block. The
use of the lizards within the study has been
authorized by the Commission of Research
Ethics under the document number EC No.
0008/EC-FKH/EKs./2020.

Statistical data analysis.

The statistical analysis for the data of
the ointment characteristics is performed by
using the one-way ANOVA with the rate of
significance 5% (p < 0.05). In order to
identify the homogeneity on the four
ointment  formulations, the Test of
Homogeneity  Variance is performed,
followed by the Duncan test, in order to
identify the similarity on the mean score. On
the contrary, the data on the length of the
regenerate tail is analyzed by using the two-
way ANOVA with the rate of significance
5% (p < 0.05).

3. RESULTS
The physiochemical characteristics of
shark cartilage extract ointment

Based on the results of the study that
have been conducted, the data on the
physiochemical characteristics of the shark
cartilage extract ointment are provided in
Table 2 below.

Table 2. The physiochemical characteristics

(cP)
Adhesion

8,03% 5,33 4,03 4,76
(second)

of shark cartillage extract
ointment in multiple
concentrations.

Physiochemi Treatment Group

cal Control T1 T2 T3
Characterist (0%) (5%) (10%) (15%)
ics
Shark
Cartilage
Qintment

Spreadability 4.48% 423 467 4,90°
(cm)

2 pH 6,32% 7,250 6,28% 4,61°
3 Viscosity 6545,5°  44135° 3592% 2784,5%

The same letters behind the number in each line defines
insignificant difference.

From the measurement results of the
four ointment formulations, the highest
spreadability is shown by the 15% ointment
formulation namely 4.90 while the lowest
spreadability is shown by the 5% ointment
formulation namely 4.23 cm. These outputs
show that each ointment formulation has
different spreadability. Then, the control
formulation shows that the spreadability
mean is 4.48 cm. Furthermore, the results of
the Test of Homogeneity Variances show
that the Levene Statistic values is 3.003 with
the significance 0.095. As a result, the
ointment  spreadability for the four
formulations that have been compared are
homogenous.

The results of one-way ANOVA test
show that the significance value has been
0.008 (p < 0.05). Thereby, the mean score of
the shark cartilage extract ointment
spreadability for all of the four formulations
are significantly different from one to
another. After the Duncan Test has been
performed, 3 subsets are attained. Subset |
show the mean score of the ointment
spreadability with the control formulation
and the 5% formulation. Thus, subset | show
that there has not been any significant
difference between the control formulation
and the 5% formulation. Then, in subset II
the mean score between the control
formulation and the 10% formulation is not
significantly different. Similarly, in subset
1l the mean score between the 10%
formulation and the 15% formulation is not
significantly different as well. Therefore, the
ointment formulation with the 15% shark
cartilage extract concentration shows the
significantly  highest  spreadability in
comparison to the control formulation.

From the data of the homogeneity test
on the viscosity of each formulation of shark
cartilage extract ointment, it is found that the
Levene Statistic value has been 52.497 with
the rate of significance 0.000 (p < 0.005).
There by, the variance on the data from the
four groups of ointment that have been

35

JBP Vol. 25, No.1, Juni 2023— Rakhmiyati, Tetri Widiyani, Agung Budiharjo

DOI 10.20473/jbp.v25i1.2023.31-42



Jurnal Biosains Pascasarjana Vol. 25 (2023) pp

© (2023) Sekolah Pascasarjana Universitas Airlangga, Indonesia

compared IS not homogeneous.
Consequently, the ANOVA test cannot be
continued further. The results in Table 2
show that the highest the concentration of
the shark cartilage extract contained in the
ointment the lower the viscosity will be. The
highest viscosity itself is found in the control
formulation namely 6545.5 cP, while the
lowest ointment viscosity is found in the
15% formulation namely 2784.5 cP.

The measurement of the shark
cartilage extract ointment pH is performed in
order to identify the acidity and basicity
level of the ointment. Then, the results of the
homogeneity test show that the Leven
Statistic value has been 3.618 with the rate
of significance 0.065. As a result, it can be
identified that the pH data of the four
ointment formulations that have been
compared are homogenous. However, based
on the results of the one-way ANOVA test,
it is found that the rate of significance is
0.051 (p > 0.050), meaning that the pH mean
score of each shark cartilage ointment
formulation is not significantly different.
Departing from these results, the Duncan
Test is not subsequently necessary to
proceed. The highest pH mean score is
found in the 5% ointment formulation while
the lowest pH mean score is found in the
15% ointment formulation.

The level of acidity in the shark
cartilage extract ointment varies from 4.61 at
the lowest until 7.25 at the highest. The
control formulation and the 10% formulation
of the shark cartilage extract ointment is acid
weak (pH 6.32 and 6.28 respectively) while
the 5% formulation of the shark cartilage
extract ointment is neutral (pH 7.25) and the
15% formulation of the shark cartilage
extract ointment is acid (pH 4.61).

Last but not the least, the results of the
ointment adhesion test can be found in Table
2 above. The highest ointment adhesion
capacity is found in the control formulation
namely 8.03 seconds while the lowest
ointment adhesion capacity is found in the
10% formulation namely 4.03 seconds.
Thereby, it is apparent that the presence of
shark cartilage will lower the adhesion

capacity on the wound tissue. However, the
results of the homogeneity test show that the
Levene Statistic value has been 5.177 with
the rate of significance 0.028. As a result, it
can be defined that the data variance of the
adhesion capacity test within the four
formulations has been heterogeneous.
Therefore, the ANOVA test cannot be
performed any further. The ointment with
the low adhesion capacity cannot optimally
heal the wound since the ointment has
relatively brief period of time in order to stay
applied on the surface of the wound. The
good adhesion capacity for an ointment
should be above 4.00 seconds (Maesaroh et
al., 2020).

Length of Regenerate tail

In order to test the effectiveness of the
shark cartilage extract ointment within the
recovery process of the wound over the
regenerate tail of the lizards, the length of
the regenerate tail is measured. The
measurement results can be seen in Figure 1
below, while the mean score of the
measurement results is provided in details
through Table 3. Within the study, the
autotomy of the lizards takes place after the
tail has been pinched. The tail that has been
separated can be found in the autotomy
plane (Lozito and Tuan, 2017; Sanggaard et
al., 2012). After the autotomy, wound
recovery and tail regeneration take place. 7
days after the autotomy, any growth on the
tail has not been found because the tail is
still on the stage of the wound recovery and
blastema formation.

18 days after the treatment, the
regenerate tail for the control formulation,
5% formulation, 10% formulation, and 15%
formulation of shark cartilage extract
ointment starts to grow. The length of the
regenerate tail from the control formulation
is 5.60 and it has been the shortest
regenerate tail. On the contrary, the longest
regenerate tail is 13.00 mm from the 5%
formulation ointment. However, the growth
of the regenerate tail tends to be not directly
proportional with the shark cartilage extract
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concentration that has been contained in the
ointment.

35 days after the treatment, the longest
regenerate tail is 49.30 mm while the
original length of the tail is 111.00 mm.
From these data, it can be identified that the
gap between the regenerate tail and the
original tail is 61.70 mm. In the meantime,
the length of regenerate tail from the control
formulation is 47.60 mm while the length of
the regenerate tail from the 5% formulation
is 49.30 mm, which is higher than control
formulation. Thereby, the addition of the
shark cartilage extract concentration into the
ointment tends to not resulting into the
longer regenerate tail.

62,5 1

30, 1 496

44,3

37,5 4
s CONtrO|
25, - — 50/

10%

Length of regenerate tail (mm)

12,5 4 3

44

7 days 18 days 35 days

Figure 1. Histogram on the average length of
the tail after the application of shark
cartilage extract in numerous
formulation.

From the results of the data analysis
using the homogeneity test, it is found that
the Levene Statistic value is 0.002 (p <
0.05); consequently, the data on the length of
regenerate tail are heterogeneous. Therefore,
the requirement for the conduct of the two-
way ANOVA is not met. The variation on
the formulation of the shark cartilage
ointment does not influence the length of the
regenerate tail (p = 0.496). However, the
length of treatment has significant influence
on the length of the regenerate tail (p = 0).

Table 3. Mean score of regenerate tail after
the treatment using the shark
cartilage extract ointment.

Period

of Mean Score of Regenerate Tail Length + SD (mm)
Regene
rate o o
(Days) Control 5% 10% 15%
7 0+0 0+0 0+0 010

18 5.60 +3.80 13.00 +1.70 8.30 +3.50 7.60 +1.20
35 47.60 +12.60 430+10.10 48.60+250 44.30+4.00
5. DISCUSSION

The shark cartilage extract ointment
that has been tested in the study is a
hydrocarbon one. There are four types of
ointment  formulation namely control
formulation (0%), 5% formulation, 10%
formulation, and 15% formulation. Each
ointment formulation is tested in terms of
physiochemical  characteristics,  which
consist of spreadability, pH, viscosity, and
adhesion. 15% formulation seems to have
shown the highest spreadability with the
score 490 cm, showing significant
difference from the control formulation. The
reason is that the 15% formulation ointment
contains the highest shark cartilage extract
namely 15 mL.

Ointment  spreadability is highly
influenced by the viscosity value or the
thickness level of the ointment (Tatiana et
al., 2020; Grag et al., 2002). If the ointment
has high level of viscosity, then the
spreadability capacity will be low (Deuschle
et al., 2015; Grag et al., 2002). An ointment
with high spreadability capacity will quickly
cover the wound surface due to the thinner
texture. Then, the good spreadability
capacity for an ointment range between 5 to
7 cm (Sari and Maulidya, 2016; Rahmawati
and Setiawan, 2019; Maesaroh et al., 2020).
The high spreadability capacity makes the
contact time with the wound tissue become
relatively shorter. The statement can be
confirmed by the characteristics of the
ointment with the low adhesion capacity. If
the adhesion capacity of an ointment is low,
then the ointment cannot be maximally
absorbed by the wound tissue. The
compound of glucosamine and chondroitin
sulphate that has been contained in the shark
cartilage extract cannot optimally perform
within the process of tail regeneration. In the
meantime, the adhesion capacity of a good
ointment is longer than 4.00 seconds
(Maesaroh et al., 2020).

In addition, viscosity (thickness) will
impact the capacity of the ointment to spread
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all around the surface of the wound. If the
ointment is too thick, then it will be difficult
for the ointment to spread out and cover the
wound. On the contrary, if the ointment is
too thin, it will be easier for the ointment to
cover the wound surface equally and to be
cleansed altogether at the same time. As a
result, the ointment that contains the shark
cartilage extract will have relative short
period of time in contact with the wound
tissue. In such a short period of time, the
compound of glucosamine and chondroitin
sulphate cannot optimally perform to recover
the wound. In the study, the ointment that
has the most effective influence is the 5%
formulation with the viscosity value 4413,5
Cp. According to the SNI 16-4399-1996 the
good viscosity value range between 2000-
50000 cP (Maesaroh et al., 2020).

Despite  of having the highest
spreadability, the 15% ointment formulation
has the lowest pH and viscosity in
comparison to the other formulation. The pH
value of a good ointment range between
450-6.50 (Maesaroh et al., 2020;
Rahmawati and Setiawan, 2019; Sari and
Maulidya, 2016; Swari et al., 2020; Tatiana
et al., 2020). If the pH is too acid, then the
ointment can cause irritation. On the
contrary, the 5% formulation of shark
cartilage extract ointment tends to have the
pH value higher than the standards that have
been suggested by Tatiana et al., (2020). In
the meantime, the mean score of the pH
value for the 15% formulation of shark
cartilage extract ointment is below the
standard (4.25). Consequently, this ointment
is not recommended for application for
wound treatment since it can cause irritation.

In the subsequent stage, the shark
cartilage extract ointment is applied on the
regenerate tail of the lizard that has suffered
from the autotomy. The intention is to
identify the influence of the ointment toward
the regeneration process of the lizard from
the observation on the parameter of the tail
that has grown. Alibardi (2017) in Fisher et
al. (2012) explains that the process of
lizard’s tail regeneration consists of four
stages namely wound recovery,

mesenchyme and ependyma cell formation,
tail growth, and eventually tail maturation.
Each stage covers different time span.
Wound recovery takes place 10 days after
the autotomy, while mesenchyme and
ependyma cell formation takes place within
10-15 days after the autotomy. Afterward,
the regenerate tail growth in the form of
cartilage tube will take place within 15-25
days after the autotomy. Last but not the
least, after the cartilage tube has been
formed, the maturity process of the cartilage
tube within 25-60 days after the autotomy. It
is in this final stage that the process of
regenerate tail classification starts from the
inner and the outer side of the cartilage tube.
The length of the regenerate tail within 25-
60 days of the autotomy is almost similar to
the original tail length of the lizard prior to
the autotomy.

Based on the results of the observation
within the study, 7 days after the autotomy
the regenerate tail has not been formed yet
since this period serves as the wound
recovery stage. The results of the regenerate
tail length measurement are 0 mm on all
lizards within the experiment. The wound
recovery period starts with the blood clotting
and the exudate liquid on the autotomy area
and proceeds to the re-epithelization process,
which starts from the periphery of the
epidermal tissue until the epithelial tissue of
the wound has been formed. The epithelial
tissue of the wound is formed from the
process of keratinocytes proliferation
(Gilbert et al., 2013). After the epithelial
tissue of the wound has been formed and the
exudate clotting on top of it has gone, the
epithelial tissue of the wound becomes thick
and turns into the epidermal tissue. At the
same time, the blastema tissue will be
formed along with the wound epithelium.

18 days after the autotomy, the
regenerate tail in the form of cartilage tube
has been formed. In this period, the
regenerate tail starts to grow. The results of
the observation show that the 5%
formulation of shark cartilage extract
ointment seems to grow the regenerate tail at
the fastest rate after the autotomy (Figure 1).
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Then, within 35 days after the autotomy, the
regenerate tail starts to get mature and the
cartilage tube within the regenerate tail
experiences calcification and new scales
starts to grow with the different structure
than the original tail of the lizard that does
not suffer from autotomy. At this stage, the
length of the regenerate tail is 49.30 mm
while the length of the original tail is 111.00
mm. The length of the regenerate tail will be
similar to that of the original tail if the tail is
maintained for 12 weeks (84 days) because
within 84 days after the autotomy the
regeneration will achieve its peak of
maturity (Soesilo, 2002). According to
Soesilo (2002), the growth of the regenerate
tail will be maximum within the 5 week-
period of maintenance namely + 7 mm,
while within the age of maintenance 6-11
weeks the tail will grow only for £1-2 mm.
The growth will completely stop when the
age of maintenance has reached 12 weeks
(84 weeks). The results of the study show
that within 35 days of autotomy the lizards
that have been exposed to the 5%
formulation of shark cartilage extract
ointment show the most rapid growth of
their regenerate tail.

However, the shark cartilage extract
within the ointment does not significantly
trigger the growth of the regenerate tail after
the autotomy. This situation takes place due
to several factors, one of which is the
making of the shark cartilage extract.
Another factor that can influence the growth
of the regenerate tail is the high pressure that
the tail suffers from prior to the occurrence
of the autotomy along with the humidity,
temperature, and hormone (Magon, 1977).

During the dry season, on 31° C, the
wound that has been caused by the autotomy
can recover within 72 hours. On the
contrary, during the rainy season the wound
takes longer time to recover namely on the
ninth days (17.20° C — 22.80° C). Then,
during the dry season the blastema tissue
will appear on the sixth day, while during
the rainy season the blastema will appear on
the ninth days. At the same time, during the
rainy season it takes longer time for the

blastema cell to form since it will be formed
on the 14th day (Magon, 1977).

According to the results of the study
by Sulityowati et al., (2015), the powder of
shark cartilage extract contains 28.36%
glucosamine and 28.36% chondroitin.
Glucosamine  or  2-amino-2-deoxy-D-
gluccose (C6H14NO5) is monosaccharide
which molecule weight is 197.2 Da (Agiba,
2017; Huskisson, 2008). This compound is
the main element of glycosaminoglycan
(GAG) on the cartilage and the synovial
liquid (Sulityowati et al., 2015). GAG itself
is polysaccharide that has protein on the
negative-loaded periphery and serves as a
fastener known as mucopolysaccharide.
Glucosamine is always found in all
connective tissues, but the highest content of
glucosamine is found in the cartilage
(Dahmer and Schiller, 2008; Sulityowati et
al., 2015). The chondroitin sulphate (CS)
itself is heteropolysaccharide with long and
unbranched chains known as
glycosaminoglycan with the molecule
weight 50-110 kDa. However, due to the
extraction process, the molecule weight has
decreased into 10-40 kDa (Sulityowati et al.,
2015; Henrotin et al., 2010). the contrary,
according to Huskisson (2008), the molecule
weight of chondroitin molecule is 10.000-
50.000 Da. The CS compound has similar
characteristics to that of glucosamine (GS),
namely hydrophilic, solvable in water, and
being able to generate sodium hyaluronate
(HA) liquid that solves the process of
fibrinogen formation.

Chondroitin sulphate (CS) is one of
the GAG types that has important role within
the process of wound recovery. The process
of wound recovery takes place dynamically
in which the broken and degraded tissue is
replaced by the new functional tissue so that
the tissue can operate normally again.
According to Melrose (2016), the process of
wound recovery takes place through several
stages that are very complex and GAG plays
an important role here. One of the important
roles is that hyaluronan (HA), which is one
type of GAG, will be coordinated with the
thrombin in order to increase the formation
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of fibrin clotting on the preliminary stage of
the wound recovery. In the preliminary
stage, the fibrin matrix is formed over the
wound surface within 1-2 hours. Fibrin
clotting refers to the transparent matrix that
serves as homeostasis and draws the
thrombocyte, which is the source for
numerous Growth Factors that are necessary
for the wound recovery. In order that the
coagulation or the fibrin clotting that has
been formed will not cloak the blood vessel,
the coagulation is regulated by a number of
fibrinolytic ~ enzymes.  However, the
performance of the fibrinolytic enzymes
should not be overwhelming. Therefore, the
activities of the fibrinolytic enzymes are
regulated by the GAG heparin and the
heparin sulphate.

There should be further study on the
effectiveness of the shark cartilage
effectiveness within the wound recovery
process. In relation to the statement, the
suggestions that should be given serious
attention within the future study are namely
the use of appropriate shark cartilage
isolation and extraction, the definition on the
appropriate ointment formulation, the use of
homogeneous animal object, and the more
comprehensive parameter.

6. CONCLUSIONS AND
SUGGESTIONS

The results of the study show that
there have been significant differences on
the spreadability for the shark cartilage
extract ointment but, interestingly, there
have been insignificant differences on the
other physiochemical characteristics namely
viscosity, pH, and adhesion capacity.
Although the 5% formulation of shark
cartilage extract ointment has resulted in the
longest regenerate tail after the autotomy,
these results are insignificant. Therefore, it
can be concluded that the shark cartilage
extract ointment that has been used within
the study has been ineffective for the growth
of the regenerate tail among the lizards.
Suggestions for further researchers are using
pure extracts not crude extracts.
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