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ABSTRACT e These extracts exhibit growth inhibition on human hepatoma (HCC) HepG2
Background: Traditional Chinese herb Tithonia diversifolia, belonging to the cells.

Compositae family, has long been applied for the treatment of liver diseases. ~ ® n-Hexane/ethyl acetate (6:4) extract (Td-F2) induces apoptosis of HCC.

In recent years, many reports also indicated that it possesses hepato-

prptective, anti-inflammatory, and aqti—cahcgr .activities. .Obiective: In T. diversifolia leaves + ethyl acetate
this study, we evaluated whether T diversifolia is an effective therapy for

hepatocellular carcinoma (HCC). Materials and Methods: Dry leaves of T l

Diversifolia were first extracted in ethyl acetate, then further fractionated Td-L-EA — growth inhibition on HCC cells
by different ratio of n-hexane-ethyl acetate (8:250:1) or methanol as [

fractions 1-6 (Td-F1 to Td-F6), respectively. We first showed that the ethyl n-hexane/ethyl acetate (6:4)
acetate extracts of T diversifolia leaves (Td-l-EA) exhibits growth inhibition '

on human hepatoma HepG2 cells. To further check the extracts-induced Td-F2

apoptosis, microscopic observation, fragmented chromosomal DNA l
electrophoresis, apoptotic DNA-detection ELISA assay, flow cytometry, . .

and Western blot analysis were performed. Results: After isolating the Apoptosis induction of HCC cells

effective fractions from Td-l-EA, we found strong cytotoxic effects of
fraction-2 (Td-F2). By further analyzing the mechanisms of cytotoxic
activities using microscopic observation, fragmented chromosomal DNA
electrophoresis, apoptotic DNA-detection ELISA assay, and flow cytometry,
we found that induction of apoptosis such as DNA fragmentation increased
the apoptosis rate and the apoptosis sub-G1 populations in Td-F2-treated
HepG2 cells. In addition, we also confirmed Td-F2-induced degradation of
caspase-8, caspase-9, caspase-3, and caspase-3 substrate PARP Besides,  Correspondence:
Td-F2 also increased the Bcl-2 proapoptotic family protein Bax expression.
Conclusion: In short, our results clearly showed the induction of apoptosis

Abbreviations used: T diversifolia, Tithonia diversifolia,HCC, Hepatocellular
carcinoma DMEM, Dulbecco’s modified Eagle’s medium; DMSO, dimethyl
sulfoxide; HRP horseradish peroxidase; MTT, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide; OD, optical density; SDS-PAGE, sodium
dodecylsulfate-polyacrylamide gel electrophoresis; PARP Poly (ADP-ribose)
polymerase; PBS, phosphate buffered saline; P, propidium iodide.
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INTRODUCTION decision, such as caspases, and proapoptotic or anti-apoptotic Bcl-2
family members.'*"*! The unique features of apoptosis include DNA

Tithonia diversifolia (T. diversifolia) is a kind of flowering plants in fragmentation. Many well-known chemotherapeutic agents like
Compositae family. Also known as Tithonia or Mexican sunflower, it irradiation or cisplatin trigger apoptosis of cancer cells."*l Recently,
is native to eastern Mexico and Central America, and is traditionally  there have been many findings about other types of programmed cell
used as a Chinese herbal medicine for chronic hepatitis, liver diseases,  death, autophagic®”!>!%! or necrotic cell death, in the absence of DNA
detoxification, diarrheas, wound healing, and fever relief.!" fragmentation in nuclei.>!”**!

In the last two decades, pharmacologic or medical plant researches have  In this study, we focused on the ethyl acetate extracts of T. diversifolia
shown more functions of T. diversifolia, including potential treatment for  leaves (Td-L-EA), which exhibit cytotoxicity in human hepatoma
cancers, hyperglycemia, diabetes, inflammation, and malarial and gastric

ulcers. "' Some compon.ents of T le@rszfqlla a.re possibly lnvolved‘m This is an open access article distributed under the terms of the Creative Commons
the treatment of these diseases: chlorogenic acids are correlated with  Agripution-Non Commercial-Share Alike 3.0 License, which allows others to remix,
anti-inflammation or neutrophil locomotion;® sesquiterpenes might  tweak, and build upon the work non-commercially, as long as the author is credited
be useful for hyperglycemia and diabetes partially due to induction of  and the new creations are licensed under the identical terms.

peroxisome proliferation;™* and flavonoids and sesquiterpenes such as

tagitinin C are correlated with antiproliferative activity against leukemia, ~ For reprints contact: reprints@medknow.com

colon cancer, glioblastoma, and hepatoma.¢-1%!

Cite this article as: Lu MR, Huang HL, Chiou WF, Huang RL. Induction of apoptosis

Apoptosis refers to programmed cell death that has been studied for
by Tithonia diversifolia in human hepatoma cells. Phcog Mag 2017;13:702-6.

a while. There are many well-known molecules involved in apoptosis
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13.5 kg ground leaves of T. diversifolia
+

100 L ethyl acetate
l Freeze drying
Td-L-EA
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0:1 MeOH

chromatography (silica gel column)
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b
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Figure 1: Preparation of T. diversifolia extracts. Dry leaves of T. diversifolia
were first extracted with ethyl acetate as Td-L-EA fraction after subjecting
to freeze-drying process. To fractionate, Td-L-EA powder was then dissolved
in n-hexane-ethyl acetate (8:2—0:1) or methanol (Td-F1 to Td-F6) and
chromatographed as described in “Materials and Methods"” section.

HepG2 cells. After further fractionation, we found fraction 2 (Td-F2)
causes cytotoxicity and apoptosis of HepG2 cells according to DNA gel
electrophoresis, ELISA kit, and immunoblotting.

MATERIALS AND METHODS
Cell culture

Human hepatoma HepG2 cells and Chang liver cells were cultured in
DMEM (Gibco) with 10% (v/v) fetal calf serum (Hyclone), 1% penicillin-
streptomycin (Gibco), 1% nonessentialamino acid (Gibco), 0.1% fungizone
(Sigma), and 2 mM l-glutamine (Sigma). Cells were then cultured in a
humidified atmosphere of 5% CO, at 37°C. For cell treatment, freeze-dried
fractions were dissolved in dimethyl sulfoxide (DMSO, Sigma) as 400-fold
stocks. Camptothecin (Sigma, purity > 95%) or podophyllotoxin (Sigma,
purity > 98%) treatment was used as the positive control in comparison
with the tested extracts for the following assays.

Extraction of T. diversifolia and fractionation

T. diversifolia was kindly identified and collected by Dr.
Hung-Liang Lai (Department of Plant Industry, National
Pingtung  University —of Science and Technology) from

his institute in September 2009. As shown in Figure 1,
dry leaves of T. diversifolia (13.5 kg) was first ground and soaked in
1 L ethyl acetate for 3 days. This procedure was repeated eight times.
After subjecting to freeze-drying process, we obtained the Td-L-EA
fraction, which was then dissolved in n-hexane-ethyl acetate (8:2>0:1)
or methanol, and chromatographed by a silica gel column [Figure 1].
The first to sixth fractions are denoted as Td-F1 to Td-F6, respectively.

MTT assay

We used MTT assay to validate extracts-induced growth inhibition
or cytotoxicity. The assay was done in triplicate. Overnight-cultured
2 x 105 per mL cells in a 96-well plate were incubated in the presence
or absence of different concentrations of extracts for 24 or 48 h, then
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cells were incubated with 20% 5-mg/mL 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT, Sigma) at 37°C for
another 4 h. After culture medium removal, 100 uL DMSO was used
to dissolve the dark blue crystals inside cells, and the optical density
(OD) values of the plates were measured at 540 nm by a Power Wavex
Microelisa reader (Bio-tek). Growth inhibition was calculated as
follows: mean OD values of untreated control cells were designated
as 100% viability.

Cell cycle assessment by flow cytometry

After Td-F2 extracts treatment, cells were trypsinized, collected, and
resuspended in ethanol for fixation. Cells were then washed with PBS
buffer, suspended with PBSbuffer containing 0.1 mg/mLRNase Aand 0.5%
Tritone X-100 for 1 h, mixed with propidium iodide (PI) (20 pg/mL)."*!
The DNA content inside the cells was measured and analyzed by flow
cytometry (FACS can, Becton Dickenson).!'%!

Detection of fragmented chromosomes inside
apoptotic cells by agarose gel electrophoresis

After Td-F2 extracts treatment for 24 h, cells from 10-cm dish were
trypsinized, collected, and resuspended in 400 pL extraction buffer
(50 mM Tris-HCI pH 8.0, 10 mM EDTA pH 8.0, 0.3% Triton X-100)
on ice for 30 min. The reaction was then mixed with 10 uL RNase A
(20 mg/mL, BBI) at 55°C for 30 mins and mixed with 8 uL proteinase
K (20 mg/mL, Focus) at 55°C for another 30 min. Finally, chromosomal
DNA inside the reaction was purified with phenol/chloroform/isoamyl
alcohol (25:24:1), precipitated with ethanol and NaOAc, resuspended,
and detected by 1.5% agarose gel electrophoresis.

Apoptotic DNA-detection ELISA assay

After treatment with extracts for 24 h, cells with apoptotic DNA
(cytosolic histone-bound DNA fragments) were analyzed using the Cell
Death Detection ELISAPLUS Kit (Roche Biochemicals) as described by
the manufacturer. Briefly, the culture medium was removed carefully
by aspiration and 200 pL lysis buffer was added and incubated with
shaking for 30 min at room temperature. After removal of debris by
centrifugation, cell lysates were placed into a microtiter plate coated
with streptavidin and incubated with anti-histone-biotin and anti-DNA
conjugate to horseradish peroxidase (HRP) at room temperature for 2 h.
The wells were then washed three times to remove unbound reagents and
quantities of nucleosomes were determined by the retained peroxidase
using 2,2'-azino-di[3-ethylbenzthiozolin-sulfonate] as substrate and by
the absorbance of OD 405 nm.

Western blot analysis

After Td-F2 extracts treatment for 24 h, cells were collected and
dissolved in Mammalian Protein Extraction Buffer (GE Healthcare)
with protease inhibitors (Roche Biochemicals). After debris removal
and protein quantitation, cell lysates were then subjected to 10%
sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and immunoblotted with the following antibodies: caspase-8,
caspase-9, caspase-3, PARP (Cell Signaling), Bax, Bcl-xL, and actin
(Santa Cruz Biochemicals).

RESULTS

Since T. diversifolia is traditionally used for treating chronic hepatitis and
liver diseases in Chinese herbal medicine, our goal is to clarify whether
T. diversifolia is in fact effective in hepatoma treatment. As compared
with buds or branches, we found that the ethyl acetate extract from
leaves of T. diversifolia (i.e., Td-L-EA) exhibits much stronger inhibition
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Table 1: Growth inhibition of human HCC cells by T. diversifolia extracts.

treatment % survival
h  (pg/ml) HepG2 cells Chang liver cells HepG2 cells
Td-L-EA Td-F1 Td-F2 Td-F3 Td-F4 Td-F5 Td-F6 Td-F2 Cam 10 uM
1.56 78.45 + 5.90 9450 +3.52  1525+2.08"
313 103.42+3.99 101.44+230 39.43+3.597 94.69+2.04 9576+243 9503+183 98.19+3.13 83.81+1.05
6.25 82.13+£8.69 104314070 25.52+2.847 61.90+4.17" 99.45+0.76 96.18+1.19  98.55+ 1.32 60.51 + 3.26”
48 125 521140777 102.82+0.86 19.78+054" 2298+050° 8697+7.83 91.63+159 96.05+2.82  51.03+2.43"
25 2373+074"  96.63+254 1441+166™ 1815+028" 6553+471" 90.81+2.55 99.63+1.50  17.66+8.47"
50 19112117 7730+ 171" 272+0.34" 17.74+0.617 3196+ 151" 9447 +3.03 93.89 +6.01 2.68+0.36™
100 7224028 23274202 1714036 228+031° 534+127" 11.15+1.00" 1697 +3.48"  229+0.17"
1.56 97.69 + 1.67 112.98 +6.26
24 3.13 67.34+ 3.3 107.70 + 7.36
6.25 50.71 +0.95™ 102.58 + 2.49

HepG2 HCC cells or Chang live cells as indicated were left untreated, treated with Td-F1 to Td-F6 extracts or 10 uM camptothecin (positive control) for 48 h, and the
viability of cells was determined by MTT assay. Mean OD values of untreated control were calculated as 100% viability. Each value represents the mean + SEM obtained
from three repeats. *P < 0.05, **P < 0.01, and ***P < 0.001 (¢-test) as compared with untreated control
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Figure 2: Cytotoxic activity of Td-F2 extracts in human hepatoma cells.
HepG2 hepatoma cells were left untreated, treated with 0.25% DMSO
(solvent control), various concentrations of Td-F2 (A) or Td-L-EA extracts
(B) as indicated or 10 pM camptothecin (positive control) for 48 h, and
the viability of cells was determined by MTT assay. Mean OD values of
untreated control were calculated as 100% viability. ***P < 0.001 (t-test)
as compared to untreated control

on human hepatoma cells HepG2 proliferation activities (data not
shown), so we focused on cytotoxic activities of Td-L-EA in this study.
In order to trace the active components, we next fractionated Td-L-EA
with methanol (Td-F6) or n-hexane and ethyl acetate mixture (8:2, 6:4,
4:6, 2:8, or 0:1 for Td-F1 to Td-F5, respectively) as shown in Figure 1 and
“Material and Methods” section. We first tested the growth inhibition
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Figure 3: Morphology of Td-F2 extracts-treated human hepatoma cells.
HepG2 hepatoma cells were left untreated, treated with 0.25% DMSO
(solvent control), various concentrations of Td-F2 extracts as indicated for
24 h or 10 uM camptothecin (positive control) for 48 h. Cell morphology
was observed by microscopy

6.25

of HepG2 hepatoma cells by these extracts. Our results show that after
48-h treatment and MTT assay, IC,, values of Td-L-EA and Td-F1 to
Td-F6 are 13.5,70.54, 3,7.97, 34.11, 61.19, and 77.14 pg/mL, respectively,
consistent with the original ethyl acetate extracts (Td-L-EA). From
these results, we can see that the two most effective extracts in terms of
growth inhibition in HepG2 HCC cells are those after further extraction
of Td-L-EA with n-hexane and ethyl acetate mixture (i.e., 6:4 and 4:6
for Td-F2 and Td-F3, respectively) [Table 1 and Figure 1 and Figure 2].
SinceTd-F2 extract is also less toxic to normal hepatocytes, Chang liver
cells [Table 1], we focus on Td-F2 extracts in this study.

To gain insights into the growth inhibition in hepatoma cells of Td-F2
extracts, we next investigated whether Td-F2 extracts induce cytotoxicity
or cell cycle arrest in HepG2 hepatoma cells. As shown in Figure 3, Td-F2
extracts cause cell death or growth arrest according to morphology
observation. We then checked if the cytotoxic effect of Td-F2 extracts
is due to apoptosis. As shown in Figure 4, Td-F2 extracts increase
GO/GI cell cycle population. In addition, 6.25 pg/mL Td-F2 extracts
cause 50% sub-G1 cells (cells with fragmented chromatin)!'® by flow
cytometry, suggesting apoptosis induction by Td-F2 extracts in HepG2
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A untreated
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Pod 20

B (%)

Sub-G1 | GO/G1 | S |G2im
untreated 0.72 73.85 | 18.15 8
DMSO 019 | 76.46 |15.76 | 7.78
TdF2 | 156 | 1.11 | 70.29 |15.36 | 14.35
(hg/mL) | 343 | 15.48 | 76.03 | 15.26 | 8.71
6.25 | 50.67 | 83.86 | 10.75| 5.89
Pod 3.24 | 64.16 |11.10 | 24.74
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Cam (10 puM) | 31.5 794 | 114 | 9.2

Figure 4: Induction of fragmented chromosomal DNA by Td-F2 extracts
in hepatoma cells. HepG2 hepatoma cells were left untreated, treated
with DMSO (solvent control), various concentrations of Td-F2 extracts
as indicated, positive control podophyllotoxin 20 pg/mL (Pod) or 10 uM
camptothecin (Cam) for 24 h. Cells were trypsinized, fixed, and stained
with Pl. Cell cycle distribution was analyzed by flow cytometry as
described in “Material and Methods” section. Percent GO/G1 cells include
cells with 2N chromosomal DNA and with DNA less than 2N (sub-G1)

hepatoma cells. Finally, we confirmed Td-F2 extracts-induced apoptosis
by detection of fragmented chromosomal DNA using agarose gel
electrophoresis [Figure 5A] and apoptotic DNA-detection ELISA assay
[Figure 5B]. These data indicate Td-F2 extracts indeed cause apoptosis of
HepG2 hepatoma cells.

To further explore Td-F2 extracts-induced apoptosis, we checked the
involvement of caspases and other apoptotic proteins by immunoblotting.
As shown in Figure 6, degradation of procaspase-3, -8, and -9 is detected
in Td-F2-treated cells, indicating the activation of apoptotic key enzymes.
Td-F2 extracts also cause degradation of poly (ADP-ribose) polymerase
(PARP), one of caspase-3 substrates and the cutting of the function of the
DNA repair enzyme. In addition, we found an increase of proapoptotic
protein Bax and no obvious change of anti-apoptotic protein Bcl-xL after
treatment of Td-F2 extracts for 24 h. According to [Figure 6], Bcl-xL is
probably not involved, or is involved in Td-F2 extracts-induced apoptosis
at other time points. These data suggest the involvement of intracellular
levels of apoptosis markers caspase-3, -8, -9, PARP, and Bax in Td-F2
extracts-induced apoptosis.

DISCUSSION

T. diversifolia is used in treatment of chronic hepatitis and liver
diseases in Chinese herbal medicine. In this study, we further
demonstrated the potential treatment of hepatoma by T. diversifolia
extracts. We found cytotoxicity induced by ethyl acetate extracts of
T. diversifolia leaves (Td-L-EA) in human HepG2 hepatoma cells
[Table 1], consistent with ethnopharmocologic use of T. diversifolia.
Further fractionation of T. diversifolia extracts by methanol (Td-F6) or
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Figure 5: Induction of apoptosis by Td-F2 extracts in hepatoma

cells. HepG2 cells were left untreated, treated with DMSO, various
concentrations of Td-F2 extracts, or positive control 10 uM camptothecin
(Cam) podophyllotoxin 20 ug/mL (Pod) for 24 h. After cells were lyzed,
chromosomal DNA inside cells was purified and analyzed by agarose
electrophoresis (A) or cells with apoptotic DNA (cytosolic histone-bound
DNA fragments) were analyzed by the Cell Death Detection ELISAPLUS Kit
(B). **P < 0.01 and ***P < 0.001 (t-test) as compared with untreated control

n-hexane and ethyl acetate mixture (8:2, 6:4, 4:6, 2:8, or 0:1 for Td-F1
to Td-F5, respectively) is demonstrated in Figure 1. As compared with
the original Td-L-EA extracts, the cytotoxic components for HepG2
hepatoma cells are concentrated in n-hexane and ethyl acetate (6:4)
mixture-extracted fraction 2 (Td-F2) [Table 1 and Figure 2] due to the
strongest cytotoxicity.

To elucidate the cytotoxic mechanisms of T. diversifolia leaves (Td-L-EA),
we have shown Td-F2-induced apoptosis by microscopic observation
[Figure 3], fragmented chromosomal DNA electrophoresis, and apoptotic
DNA-detection ELISA assay [Figure 5]. In addition, we have also shown
that 6.25 ug/mL Td-F2 extracts cause 50% sub-G1 cells and G0/G1 cell
cycle arrest by flow cytometry in HepG2 hepatoma cells [Figure 4].
Moreover, we have also found Td-F2 extracts-induced degradation of
caspase-8, -9, and -3 and activation of caspase-3 through the detection of
caspase-3 substrate PARP degradation [Figure 6]. Finally, Td-F2 extracts
also increase proapoptotic Bcl-2 family member Bax [Figure 6]. In fact,
not only for HepG2 cells, we have also found Td-F2-induced apoptosis
of Hep3B hepatoma cells by flow cytometry, fragmented chromosomal
DNA electrophoresis, and apoptotic DNA-detection ELISA as well (data
not shown). In short, all these results suggest apoptosis induction by
Td-F2 extracts in human HepG2 and Hep3B hepatoma cells through
caspase-8, -9, -3, and Bax-involved pathways, similar to many extracts or
components from herbs used in Chinese medicine.?*?!!
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Figure 6: Involvement of apoptosis-related proteins in Td-F2-induced
apoptosis in human hepatoma cells. After treatment with DMSO or
various concentrations of Td-F2 extracts for 24 h, HepG2 cell lysates were
collected and subjected to 12.5% SDS-PAGE. Immunoblotting was done
using antibodies against caspase-8, -9, -3, PARP, Bax, Bcl-xL, and actin as
indicated

Our findings are consistent with previous studies about induction of
cytotoxicactivityagainsthepatoma,leukemia,glioblastoma,orcoloncancer
cells by T. diversifolia components, such as some sesquiterpenes.>%>1!
However, the main difference between ours and their study is the use
of ethyl acetate instead of methanolic or EtOH extraction for the first
step.>#*1% Tagitinin C from methanol extracts of T. diversifolia also
induces apoptosis of hepatoma cells but induces autophagic cell death
of glioblastoma cells.*® Finally, the cytotoxic mechanisms of other
sesquiterpenes need to be further studied.>”

In conclusion, our findings indicate the exhibition of cytotoxicity and
induction of apoptosis by Td-F2 extracts from T. diversifolia in human
hepatoma cells. We will further study the active components correlated
with induction of apoptosis in our Td-F2 extracts and report the findings
in the future.
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