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ABSTRACT

Keloid occurred by abnormal wound healing, characterized by massive fibroblast proliferation and excessive collagen
accumulation. Therapy for keloid is relatively limited and mostly has side effects. Tithonia diversifolia has widely been
studied for having anti-proliferative effect against some cancer cells in vitro. This study was conducted to assess T.
diversifolia potential as an antifibrotic agent. Antifibrotic activity of standardized ethanolic extract of T. diversifolia leaf
on cell proliferation of keloid fibroblasts and its collagen accumulation were expressed by ICso values using probit
regression analysis. Keloid fibroblast proliferation inhibition percentage was elevated gradually along with the given doses
of T. diversifolia extract with very strong correlation (r=0.838;p=0.000 in 72 hours; r=0.924;p=0.000 in 120 hours of
incubation) with the lowest ICso value 3.624 pg/mL in 120 hours incubation time. There was also significant time-
dependent effect (p=0.005). As well for collagen accumulation with moderate correlation (r=-0.797;p=0.000 for 72 hours
incubation time; r=-0.583;p=0.000 for 120 incubation time) with lowest 1Csy value 2.280 pg/mL in 120 hours incubation
time. This study concluded that the ethanol extract of T. diversifolia is potential to be developed as antikeloid in the future

although some additional data such as toxicity and clinical study.
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INTRODUCTION

Keloid is a benign fibroproliferative tumor on dermis layer
results from excessive wound healing response. It is only
found in humans. Keloid can occur to all races with
incidence from highest to lowest are in Africans, Asians,
Hispanics, and Mediterranean. There is tendency that
keloid occurs 15% higher in black than in white people.
Moreover, its occurrence is higher in women and in second
decade of lifel. There are many methods available for
treating keloid. Some of them which usually used in
clinical practice are surgery, steroid injection, pressure
therapy, radiation, laser therapy, and cryotherapy. In
clinical practice combination therapy also often
performed. Research showed that combination 5-
fluorouracil and triamcinolone showed the best potential.
Combination of these two drugs was proved to give fast
response with minimal side effects?. But until now there
has not been discovered a really effective method for
treating keloid. Thus researches are still being conducted
especially in herbal field that believed to yield potent drugs
with minimal to no side effects at all®.

Recently there are many researches conducted to find
alternative solution for treating keloid using natural
products that is believed to be able to cure keloid and
repress the side effects. One of those products is Tithonia
diversifolia (Hemsley) A. Gray. The study on T.

diversifolia as anti-cancer has been extensively conducted.
Etheric extract of T. diversifolia showed cytotoxic activity
against HTC-116 cells, and it’s ethyl acetate extract
inhibited proliferation of colon cancer cells (Col-2),
moreover the alcohol extract showed anti-leukemia
activity*>8, Tagitinin C is one of sesquiterpen lactones
(SLs), isolated from T. diversifolia using Bioassay Guided
Isolation method (MTT in HeLa cell 1Cso: 9.776 pg/mL)’.
Cytotoxicy test of tagitinin C was performed on against
cancer cell cultures and normal cells in vitro. Tagitinin C
actively and selectively inhibited melanoma cells and skin
cancer with selectivity index 40.536 (ICsp = 0.996
pg/mL)8.

Nowadays there are many researches conducted to assess
anti-cancer drug potential as antifibrotic agent which
inhibits keloid fibroblast proliferation and collagen
accumulation. The ethanol extract of T. diversifolia is
developed to be standardized herbal which needs specific
marker. In this case, tagitinin C is perfectly utilized as a
marker for this extract. Therefore, this research is aimed to
assess whether the standardized ethanolic extract of T.
diversifolia displayes antifibrotic activity against keloid.
MATERIALS AND METHODS

Keloid fibroblasts used was subculture passage IllI,
obtained from Laboratory of Health Technology,
Dermato-Venereology Division, Faculty of Medicine
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Gadjah Mada University. Materials used were Tithonia
diversifolia (Hemsley) A. Gray leaves collected from
Pakem-Yogyakarta special district of Indonesia on
February 2014, identified at the laboratory plant
systematics, and voucher specimen no:
0579/S.Th./1X/2014 was deposited in Laboratory plant
systematics, Faculty of Biology, Universitas Gadjah
Mada; Povidone lodine 10%, DMEM (Gibco), Fetal
Bovine serum (FBS) (Gibco), Amphotericine B
(Fungison-GibcoTM), Penicillin — Streptomycine (Gibco
BRL), Ceftriaxon, Trypsin EDTA 0,25% (Gibco), MTT
{3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide} (Sigma), Dimethyl Sulfoxide (DMSO) 99%,
Formaldehyde 10%, Phosphate Buffered Saline (PBS).
KCI, KH2PO4, NaCl, Na;HPO4, Aquadest (H20), Bouin
solution, picrosirius red staining solution, HCI 0,1N,
NaOH 0,5N.

Equipments used Laminary air flow sterile hood (Ebsco),
sterile flask sized 25cm? and 75cm?, 96 well plate (Iwaki),
pasteur pipette, 10 ml sized pipette (Pyrex), aid pipette
(Falcon), micropipette (Biohit), yellow tip (20-200pl), blue
tip (200-1000pl), white tip (0,5-10pl), Centrifuge tube
sized 10ml and 15ml (Biologix), Tube effendrorf 1,5ml
(Stardec), reaction tube shelf, incubator CO; (Galaxy S),
sterile petri dish, gloves, mask, aluminium foil, pinset,
scissor, scalpel, spiritus lamp, centrifuge, inverted
microscope (Euromed), Handheld Automatic Cell Counter
(Milipore Scapter), plate shaker, micro filter 0,22nm
(Millex™), multiplate reader (Imark biorad).

Procedure

Extraction of T. diversifolia

One kg of T. diversifolia leaves dried powder was
macerated by ethanol (70%) (2 liters). The mixture was
stirred periodicaly for 24 hours. The filtrate was separated
by filtration (Buchner funnel), and maceration was
repeated 3 times. The filtrates obtained were combined and
evaporated in vacuo to dryness.

Extract standardization

Thin layer chromatography [TLC; SiOy,
washbenzene:ethyl acetate (2:1 v/v)] method was used to
observe the present of Tagitinin C (marker) in the ethanol
extract of T. diversifolia. Identical Rf value of the spot and
their performance in the TLC of tagitinin C and the ethanol
extract was indicative the present of marker in the ethanol
extract. TLC Scanner was used to quantate relative
concentration of tagitinin C in the ethanol extract of
T.diversifolia.

Tested concentration preparation

Five mgs of ethanolic extract of T. diversifolia was diluted
in 100 uL DMSO to obtain stock solution (50.000 ug/mL).
Then 8 series concentrations of the extract were prepared
according to equation below,

V1.N1 = V2.N2

Where Vi1 = Volume of solution to be diluted; Ni =
Concentration of solution to be diluted; V> = Volume of
diluted solution; N, = Concentration of diluted solution
The 96 well plate culture preparation

Cell suspension was counted based on number of group in
the study in triplicate. Fibroblast cell culture harvested,
washed, and made into suspension with concentration 2 x

105/mL medium. Each well on plate then filled with 200
uL cell suspension and marked according to research plan.
Cells in 96 well plate was incubated in an incubator CO;
5%, temperature 37°C for 24 hours. Each work sample
requires two plates for fibroblast proliferation and collagen
accumulation, 1 plate for 72 hours, and 1 plate for 120
incubation time, repeated up to three times.

Keloid fibroblast proliferation assessment with MTT assay
This technique started with removal of all medium in 96
well plates. Then replaced with new complete medium 200
pL on each well with addition of 50 uL MTT solution
5mg/mL. Then plates was covered with aluminium foil and
incubated for 6 hours in incubator CO,. The medium and
MTT solution then removed and replaced by 200 pL
DMSO (dimethyl sulfoxide) on each wells and shaked.
Then 25 pL glycine buffer was added to each wells. The
absorbance was measured with multiple reader at 570 nm.
Collagen deposition assessment with sirius red method
Medium from 96 wells plate was removed and the plate
was washed with PBS 200 L on each wells three times.
Fixation with Bouin solution for 1 hour, then washed with
tap water until yellowish color disappeared, and then
plated was dried overnight. Every wells then filled with
200 pL sirius red reagent that was diluted with saturated
picric acid, incubated for 1 hour, then removed and washed
with 200uL HCI 0,1 N three times until sirius red cleared
from the walls and supernatant. 200 pL NaOH 0,5 N was
added and incubated for 30 minutes. The absorbance was
measured with multiple reader at 550 nm.

Results analysis

After percentage of keloid fibroblast inhibition
proliferation and its collagen deposition data was obtained,
it is expressed in ICsy values using probit regression
analysis.

RESULTS AND DISCUSSION

Extract Standardization

Substance: Tagitinin @ 254 nm
Regression via area : Linear

Y =64.46 + 751.6 * X r =0.99603 sdv = 5.47
Wincats summary report

Calibration results per Analysis

Sample from vial 1: Sample 1

Result via area

Substance: Tagitinin
Rf: 0.69

X (average): 1.434 pg
CV (%): 11.521
N: 3
Regression: Linear

Chromatogram pattern shown by tagitinin C visualized by
UV lights (254 and 366 nm) and reagent (visible spot) can
be used as a specified marker for the ethanol extract of T.
diversifolia (figure 1). Tagitinin C standard appeared at
0.32 Rf value, and this value (spot) is also present in the
ethanol extract chromatograms

Tagitinin C concentration in the ethanol extract of T.
diversifolia was calculated by TLC densitometric, it can be
measured the concentration of tagitinin C in ethanol 70%
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Table 1. Tagitinin C relative content (%) in ethanolic extract of T. diversifolia, calculated by TLC densitometric

No Name Sample Testvol Vol Area measurable  Conc. Average
(1)) (uL) applic(p conc. (%) levels
L)
1  Samplel 50000 10000 10 1000  1000.44 1,245 2.49
2 Sample2 50000 10000 10 1000  1230.62 1,552 3.10
3  Sample3 50000 10000 10 1000  1196.39 1,506 3.01 2.87
extract of T. diversifolia, that was relatively valued as
A R 2.87% (Table 1.).

Figure.1.
and ethanolic extract of Tithonia diversifolia (S)
visulaized by UV 2, 254 nm (A), and 366 nm (B).

Note: Position marker tagitinin C at Rf value of 0.32

Table 2. Inhibition effect of ethanolic extract of T.
diversifolia on

WB: EtOAc(2:1,v/v)

TLC chromatogram of tagitinin C (P)

keloid

fibroblast

WB:EtOAc(2:1,v/v

proliferation in 72 and 120 hours incubation time

culture cell

Conc. Percentage of average Inhibition (%)

(ug/mL) 72 hrs incubation 120 hrs incubation
Mean £ Sd Mean * Sd
(N=3) (N=3)

0.234 10.01+0.16 12.12 +0.58

0.468 19.01 +0.39 18.11 + 0.50

0.937 24.34 +0.40 24.84+0.21

1.875 28.58 + 0.35 35.59+1.35

3.75 40.27+1.11 45.10 £ 1.07

7.5 49.23+0.61 50.21+0.78

15 59.13+1.74 74.61 £ 0.93

30 67.30 £ 3.41 98.66 + 0.57

ICso 7.932+1.02 3.624 £ 0.74

(Hg/mL)

Keloid fibroblast proliferation

The test results for keloid fibroblast proliferation as in
Table 2 and figure 2 showed that the percentage of
inhibition is directly proportional to the dose given. For 72-
hour incubation period at the concentration 0.234 pg/mL,
inhibits 10.01+ 0.16% fibroblast keloid proliferation. This
percentage continues to increase with increasing
concentration of standardized ethanolic extract of
T.diversifolia were used, respectively 0.468; 0.937; 1.875;
3.75; 7.5; 15 3.624 pg/mL with the percentage of
inhibition respectively 19.01; 24.34; 28.58; 40.27; 49.23;
59.13%, and the highest was 67.30 + 3.41% at the
concentration of 30 pg/mL. From those percentage
inhibition was obtained ICso value, 7.932+ 1.02 pg/mL.
For 120-hour incubation period at the lowest dose 0.234
pg/mL inhibits 12.12+ 0.58% and at the highest dose 30
pg/mL inhibits 98.66x 0.57% and 1Csp values is 3.624 £
0.74pug/mL.

Keloid collagen accumulation

For collagen accumulation inhibition as shown in Table 3
and figure 3, at the lowest concentration, 0.234 pg/mL,
giving inhibition of collagen synthesis by 20.78+ 0.43%
for 72-hour incubation period and 31.77+ 1.04% for 120-
hour incubation period, the percentage of inhibition
continues to increase with increasing concentration given.
At levels of 0.468; 0.937; 1.875; 3.75; 7.5; 15; 30 pg/mL
with each value of the percentage inhibition for 72-hours
incubation period 29.02; 35.01; 38.02; 37.65; 49.44; 62.21;
71.29% and amounted to 40.54; 45.41; 48.66; 54.85;
59.23; 61,50; 66.14% for 120-hour incubation period. The
decline in the percentage of inhibition obtained only down
to 3.75 levels for 72-hour incubation period. From those
percentage inhibition, obtained ICso value is 5.498+ 1.06
pg/mL for 72-hour incubation period and 2.280+ 0.84
pg/mL for 120-hours incubation period.

DISCUSSION

Tithonia diversifolia (Hemsley) A. Gray contains
sesquiterpene lactones, which among others consists of
tagitinin A, a natural bioflavonoid, tagitinin C (C11H160s),
and falvonoid hispudin. Besides that the leaves and flowers
of T. diversifolia also contains the essential oils like a-
pinene (32.9%), B-caryophyllene (20.8%), germacrene D
(12.6%), B-pinene (10.9%) and 1, 8-cineole (9.1%).
Germacrene D (20.3%), B-caryophyllene (20.1%) and
bicyclogermacrene (8.0%)°. Isolates of T. diversifolia is in
some previous studies are known to have a lot of potential
as a drug. Its use as a drug has been tested, such as
chemoprotective on cancer, anti-malarial, and anti-
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Figure 2: Effect of ethanolic extract of T. diversifolia in inhibition of keloid fibroblast culture cells proliferation.
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Figure 3: Effect of ethanolic extract of T. diversifolia in inhibition of keloid collagen deposition

inflammatory®®,  Using  Bioassay-guided isolation
(cytotoxic test , HeLa cells ), Tagitinin C was isolated from
the leaves of T. diversifolia with 1C50 values, 9.776 %
0.98pug/mL2%. Tagitinin C were isolated from the leaves of
T.diversifolia is one that acts as a major sesquiterpenoid
anti-proliferative. Methanolic extract of T.diversifolia and
tagitinin C have cytotoxic activity against human
hepatoma cells Hep-G2 with ICsp values respectively by
40.0 + 2.0 and 2.0 * 0.1 pg/mL% This study was
conducted to determine antifibrotic activity of
standardized ethanolic extract of T.diversifolia and
determine the value of Fifty Percent Inhibitory

Concentration, ie the concentration of a compound that
inhibits cell growth by 50%. A compound that displayes
anti-fibrotic activity is the compound that has an inhibitory
effect fibroblast proliferation, collagen synthesis which
causes a decrease in collagen pile on living cells, and
increasing inhibition at each increasing doses. In general,
the percentage of collagen accumulation inhibition by
standardized ethanolic extract of T.diversifolia has
increased along with the addition of a given concentration
of the extract. Based on the criteria of cytotoxicity activity
for crude extracts established by American National
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Table 3: Effect of ethanolic extract of T. diversifolia in
inhibition of keloid collagen deposition in 72 hours and
120 hours incubation time

Conc. Percentage of average collagen
(Hg/mL) accumulation inhibition (%)
72 hrs incubation 120 hrs incubation
Mean + Sd Mean + Sd

(N=3) (N=3)
0,234 20,78 £ 0.43 31,77 £1.04
0,468 29,02 +1.28 40,54 £ 0.53
0,937 35,01 £ 0.66 45,41 +0.91
1,875 38,02 £ 0.59 48,66 +0.74
3,75 37,65+1.72 54,85 £ 0.35
75 49,44 +2.53 59,23 £ 0.39
15 62,21 £ 0.87 61,50 £ 1.24
30 71,29 +£0.42 66,14 £ 1.49
ICsp 5.498 + 1.06 2.280 £ 0.84
(Hg/mL)

Cancer Institute (NCI) is an 1Cso value of <30 pxg/mL in
preliminary assay, and for other substance < 20 ug/mL%23,
A study reported that the standardized ethanolic extract of
T.diversifolia has cytotoxic activity on WiDr cells with
ICso 53.19 pg/ml*4. A standardized ethanolic extract of
T.diversifolia in this study were obtained 1Csy 7.932+ 1.02
pg/mL for 72-hour incubation period and 3.624+0.74 pg/
mL for 120-hour incubation period. Similarly, the
inhibition of collagen stack having 1Cso value of 5.498+
1.06 pg/mL for72-hour incubation period and 2,280+0.84
pg/mL at 120-hour incubation period. So it can be said that
the standardized ethanolic extract of T.diversifolia has
cytotoxic properties which inhibits fibroblast proliferation
and collagen synthesis in keloid actively so it’s concluded
the potential material to be developed as an anti-keloid?®.
That is greater than that of the ICso value in this study, is
due to the use of standardized ethanolic extract of
T.diversifolia as cytotoxic require larger doses than its use
as an anti-fibrotic agent. The cytotoxic agents commonly
used in treatment of cancer and anti-fibrotic agent
commonly used in keloid treatment or the treatment that
aims to prevent fibrosis. As noted above, one of the major
content of T.diversifolia is tagitinin C. This substance is
known to have inhibitory activity on the cell proliferation.
Previous study indicated that tagitinin C is active against
cells proliferation through the termination phase of cell
mitosis, particularly in sub-G1 phase and S phase arrest'6.
Research on the effects antifibrotic Tagitinin C isolates
from the leave of Tithonia diversifolia (Hemsley) A. Gray
in keloid fibroblasts has been done with the result that
tagitinin C can inhibit the viability of keloid fibroblasts
with 1Cso 0.122 pg/mL (72h) and 0.039 pg/mL (120 h),
whereas mitomycin C 1Csp 0.120 pg/mL (72h) and ICsq of
0.100 pg/mL (120h). At I1Cs dose of tagitinin C on keloid
collagen deposition 53.1% (72h) and 44.3% (120h),
whereas the ICso dose of mitomycin C on keloid collagen
deposition 60.4% (72h) and 52.1% (120h). At a doses of <
2ug/mL tagitinin C is not toxic on normal fibroblasts'.
Tagitinin C concentration in the ethanol extract turns out
to be 2.87% (Tabel 1.) based on the TLC densitometric
data, using Tagitinin C as internal standard. Tagitinin C
levels in this extract is considered large amount, it is

evident that the activity is also high, for keloid fibroblast
proliferation 1C50 of 7.932 mg/mL (72 hours) and 3.624
mg/mL (120 hours), whereas inhibition on keloid collagen
deposition is 1C50 5.498 mg/mL (72 hours) and 2.280
mg/mL (120 hours)*®2°. Therefore, we conclude that the
ethanol 70% of T. diversifolia is potential to be developed
as antikeloid in the future although some additional data
such as toxicity and clinical study.

CONCLUSION

Standardized ethanol extract of T. diversifolia inhibit
keloid fibroblast culture proliferation, based on
concentration given and incubation time at the lowest 1Csg
value (3.624+ 0.74 pg/mL) in 120 hours of incubation
time, also inhibit collagen deposition at the lowest 1Cso
value (2.280 + 0.84 pg/mL) in 120 hours incubation time.

ACKNOWLEDGEMENT

The authors are grateful to the Faculty of Medicine UGM

for the research grants Lecturer and Student 2014 to

provide grant for this work.

REFERENCE

1. Bayat A, Arscott G, Ollier WER, McGrouther DA,
Ferguson MWJ. Keloid disease: Clinical relevance of
single versus multiple site scars. British Association of
Plastic Surgeons 2005; 58:28-37.

2. Huang L, Cai YJ, Lung I, Leung BCS, Burd A. A study
of the combination of triamcinolone and 5-fluorouracil
in modulating keloid fibroblasts in vitro. British
Journal of Plastic Surgery 2013; 66(9):e251—e259.

3. Arno Al, Gauglitz GG, Barret JP, Jeschke MG. Up-to-
date approach to manage keloids and hypertrophic
scars: A useful guide. Burns:Journal of the
International Society for Burn Injuries 2014: 1-12.

4. Goffin E, Ziemons E, De Mol P, de Madureira Mdo C,
Martins AP, da Cunha AP, Philippe G, Tits M, Angenot
L, and Frederich M. In vitro antiplasmodial activity of
Tithonia diversifolia and identification of its main
active constituent: Tagitinin C. Planta Medica 2002;
68(6): 543-545.

5. Gu JQ, Gills JJ, Park EJ, Mata-Greenwood E,
Hawthorne ME, Axelrod F, Charez Pl, Fong HH,
Methta RG, Pezzuto JM, Kinghor J. Sesquiterpenes
from Tithonia diversifolia with potential cancer
chemopreventive activity. J Nat Prod. 2002; 65: 532 —
36.

6. Nabin C, Baruah, Ram P, Sharma, Madhusudanan KP,
and Gopalakrishna T. Sesquiterpene lactone  of
Tithonia diversifolia. Stereochemistry of the Tagitinins
and related compounds. J.Org.Chem. 1979;
44(11):1831

7. Wahyuningsih MSH, Wijayanti MA. Isolation,
identification of anticancer compounds active fraction
Tithonia diversifolia (Hemsley) A. Gray, selectivity
and mechanism of apoptosis in vitro. Research Reports
of Medical Science Research Development.
Yogyakarta, Indonesia: Faculty of Medicine,
University of Gadjah Mada. 2009.

8. Wahyuningsih MSH, Sismindari, Murti YB, Sudibyo
RS. Potential herbal elected as specific anticancer

IJPPR, Volume 7, Issue 4, August 2015- September 2015

Page 646



Wahyuningsih et al. / Antifibrotic Effect of Standardized Ethanol...

agents, research report featured cluster, LPPM.
Yogyakarta, Indonesia. 2009.

9. Moronkola OO, Ogunwande IA, Walker TM, Setzer
WN, Oyewole 10 (2007) Identification of the main
volatile compounds in the leaf and flower of Tithonia
diversifolia (Hemsley) A Gray. J Nat.Med 61 (1): 63-
66

10.Makinde JO. Influence of water extract of Mexican
sunflower (Tithonia diversifolia) on growth of cowpea
(Vigna unguiculata ) 2005; 355-360.

11.Liao M, Lin WC, Wen HC, Pu HF. Tithonia
diversifolia and its main active component tagitinin C
induce survivin inhibition and G2/M arrest in human
malignant glioblastoma cells. Fitoterapia. 2011; 82(3):
331-341.

12.Malik A, Kumar S, Bhushan. Reactive oxygen species
generation and mitochondrial dysfunction in the
apoptotic cell death of human myeloid leukemia HL-60
cells by a dietary compound withaferin A with
concomitant protection by Nacetyl cysteine. Apoptosis
2007: 12 (11): 2115-2133.

13.Saetung A, Itharat A, Dechsukum  C,
Wattanapiromaskul C, Keawpradub N, Ratanasuwan P.
Cytotoxic activity of Thai medical plants for cancer
treatment. Songklanakarin J. Sci. Technol. 2005; 27
(2): 469-478.

14.Monica PW. Cytotoxic Effects of Ethanol Extract
Standardized T. diversifolia (Hemsley) A. Gray against
WiDr cells compared to 5-Fluorouracil [Skripsi].
Faculty of Medicine,Universitas Gadjah Mada,
Yogyakarta, Indonesia, 2012,

15.Wahyuningsih  MSH, Widodo Y, Potential Anti
Keloids Ethanol Extract Standardized Tithonia
diversifolia (Hemsley) A.Gray on fibroblast cells
Keloids, Research Reports Community Fund for Senior
Lecturer, Faculty of Medicine, University of Gadjah
Mada, Yogyakarta, Indonesia, 2014.

16.Liao MH, Tsai YN, Yang CY, Juang CL, Lee MY,
Chang LH, Wen HC. Anti-human hepatoma Hep-G2
proliferative, apoptotic, and antimutagenic activity of
tagitinin C from Tithonia diversifolia leaves. J Nat
Med. 2013; 67(1): 98-106.

17.Ranti I. Antifibrotic Effect of Tagitinin C of [Tithonia
diversifolia (Hemsley) A. Gray] on Human Keloid
Fibroblasts [Thesis], Faculty of Medicine, Universitas
Gadjah Mada, Yogyakarta, Indonesia. 2014.

18.Hidayat R. Activities Antifibrotik of Standardized
Ethanol Extract of Tithonia diversifolia In Inhibiting
Proliferation of Keloid Fibroblasts by using MTT assay
[Skripsi]. Faculty of Medicine,Universitas Gadjah
Mada, Yogyakarta, Indonesia, 2015.

19.Sadid A. Activities Antifibrotik of Standardized
Ethanol Extract of Tithonia diversifolia in inhibiting
the synthesis of collagen keloid using sirius red staining
method [Skripsi]. Faculty of Medicine, Universitas
Gadjah Mada, Yogyakarta, Indonesia, 2015.

20.Wahyuningsih MSH, Wijayanti MA, Budiyanto A,
Hanafi M. Isolation and Identification of Potential
Cytotoxic Compound from Kembang bulan [Tithonia
diversifolia (Hemsley) A. Gray] Leaves, Int J Pharm
Pharm Sci. 2015; 7 (6), 298-301.

IJPPR, Volume 7, Issue 4, August 2015- September 2015

Page 647



