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ABSTRACT

Objective: To investigate the antitumor effect of maesopsi@-A-glucoside (TAT2) isolated
from the leaves ofrtocarpus tonkinensis (A. tonkinensis) A. Chev. ex GagnefMethods: The
antitumor activity of TAT2 was evaluated in Lewisb carcinoma (LLC) tumor-bearing mice.
BALB/c mice had tumors induced by implantation wak 10° LLC cells into the subcutaneous
right posterior flank. Tumor-bearing mice were tegborally with a range of doses of TAT2 and
a standard drug, doxorubicin. Animals were obsefeetumor growth and mortality rate. Blood
was collected to determine hematological and biocb& parametersResults: TAT2 was
isolated from an ethanolic extract Af tonkinensis leaves. Its structure was determined by MS
and NMR spectroscopy, and identified as TAT2. Tampound did not show acute toxicity at
the highest dose tested (2 000 mg/kg body weighT2 exhibited antitumor activity by
decreasing tumor growth, increasing the survivid,rand ameliorating some hematological and
biochemical parameters at doses of 100 and 200griydkly weight P<0.05). Conclusions
These results indicate that TAT2 possesses clédmraor activity. Due to its bioavailability and
low toxicity, and the fact that it could be isoldte a large scale frorA. tonkinensis leaves, the

compound shows promise as a potential anticancey. dr
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1. Introduction
Artocarpus tonkinensis (A. tonkinensis) A. Chev. ex Gagnep. is usually found in North

Vietnam. The decoction of its leaves and roots deduin folk medicine to treat backache,

rheumatism and joint disorders[1]. A crude extriotn A. tonkinensis leaves has been used



successfully in Vietham as an immunosuppressivataige skin transplantation in mice[2]. In
recent years, our group has focused on the chemdesatification of the active ingredients /A
tonkinensis leaves. We demonstrated that flavonoid glycosidesh as maesopsin G-5-
glucoside (hovetrichoside C, TAT2), alphitorf-glucoside, artonkin-40-4-glucopyranosid,
and astragalin strongly contributed to its immumpgsessive and anti-inflammatory
activities[3,4]. These compounds have potent amtifprative and anti-inflammatory effects
both in vitro and in vivo[4,5]. The anti-inflammatory effects demonstratedai rat model of
arthritis correlated well with the inhibition of togen-induced T-cell proliferation[6].
Furthermore, the main compound, TAT2, inhibited ghewth of OCI-AML cells (and additional
acute myeloid leukemia cells) but not Jurkat cals lymphoma. Moreover, gene expression
profiling identified 19 genes modulated by TAT2 aranong them, indicated HMOX1 and
SRXN1 as consistently and highly upregulated[5thaligh TATZ2 is a major component (yield
0.2%) of A. tonkinensis leaves, its antitumor activity has not yet beeisdin vivo. Due to its
promising pharmacological properties, this studguked on the large-scale isolation of TAT2

and its potential anticancer effentvivo for possible use in alternative medicine.

2. Materials and methods

2.1. Chemicals

Fractionation was performed over DIAION HP20 reupelco, Bellefonte, PA, USA),
Sephade® LH20 (Sigma, St. Louis, MO, USA); silica gel (M&jc Dulbecco’s modified
Eagle’s medium and MEM nonessential amino acid vedatained from Invitrogen (Carlsbad,
CA, USA). Fetal bovine serum and antibiotics wemecpased from Sigma Chemical Co. (St.
Louis, MO., USA).

2.2. Plant material, extraction and isolation



Leaves ofA. tonkinensis were collected in Hanoi, Vietham (December 2018) a
identified by the taxonomist -Ngo Van Trai (Instéwf Materia Medica, Hanoi, Vietham). The
voucher specimen (Nr. 1482-AT-2013) was depositedhe Institute of Chemistry, Vietham
Academy of Science and Technology.

Dried ground leaves d&. tonkinensis (12 kg) were extracted with 70% EtOkeach 36
litres, overnight,X3 times) at room temperature. The extract wasrditteand concentratdad
vacuo (temperature 45-60C) to remove EtOH affording an aqueous solution, paditioned
with n-hexan. The aqueous phase was dissolved in waddobading over Diaion HP20 column,
washed with water, 50% aq. MeOH and MeOH to gi¥eadtions (Frl- Fr4). Fr3 (eluting with
50% MeOH, 740 g) was chromatographed over SephbH0 eluted with MeOH to give 4
sub-fractions (Fr3.1 Fr3.4). Fraction 3 (Fr3.3, 350 g) was further chatmgraphed over silica
gel, eluted with EtOAc-MeOH-pD (75:25:1-70:30:2 and then 65:35:5) to afford 5 sub-
fractions (Fr3.3.1. Fr3.3.5). Sub-fraction 4 (Fr3.3.4, 40 g) was fartlpurified by CC (silica

gel, EtOAc-MeOH-HO, 4:1:0.1) to afford compound TAT2 (24 g, yiel®%, compared with
dried material).

2.3. ldentification of purity and characterization of compound TAT2

The purity of compound TAT2 was determined by HPRED (HPCHEM) using a
Synergi Fusion RP80A column (250 mf2.0 mm i.d.) at 25C. UV spectrum was recorded from
190 nm to 400 nmTI'he mobile phase consisted of A, water containidig®formic acid, and B,
acetonitrile containing 0.1% formic acid. The ebatigradient was performed using a pump from
10% to 35% Bfor 50 min; 35% to 80% B from 50 to 55 mat a flow rate of 0.25 mL/min.
Detection was carried over 60 min at a flow rat® @5 mL/min. Detection was carried out at
290 and 294 nm. The injection volume wagls The HPLC chromatogram of TAT2 showed
major peak with retention time (Rt) at 20.39 miargentage 95.8%.

HR-ESI MS spectrum was obtained on QStar Pulsapl{@gp BiosystemsjH NMR
(500.13 MHz) and®*C NMR (125.77 MHz) spectral data were measured Ethemol-d

(CD30OD) on a Bruker Avance 500 NMR spectrometer, at25Chemical shifts were expressed



in 6 (ppm) downfield from TMS as an internal standami] coupling constants were reported in

Hertz.
2.4, Animals

Male and female albino BALB/c mice (8-10 weeks aldre obtained from the Institute
of Biotechnology, Vietham Academy of Science anahfmlogy (Hanoi, Vietnam). All mice
were housed in a temperature-controlled room or2-a light/12-h dark cycle with food and
water providedad libitum. Experiments were performed in accordance withtnémese ethical
laws and European Communities Council DirectivesNalvember 24, 1986 (86/609/EEC)

guidelines for the care and use of laboratory alima

2.5. Acute toxicity study

The acute oral toxicity of the compound was testethg the OECD GUIDELINE
420[7]. Mice were administered TAT2 orally by usiagstomach tube. Animals received the
compound in serial doses of 2 000 mg/kg; 1 500 giglk000 mg/kg; and 500 mg/kg body
weight (bw) after 4 h diet. They were observedlférd to monitor survival and toxic symptoms.

2.6. Antitumor study

The tumor cell line Lewis lung carcinoma (LLC) wkisidly provided by Dr. Jeanette
Maier, University of Milan Italy. The cells were maintained in 75 ZTissue culture flasks
containing Dulbecco's Modified Eagle Medium (DMEBY)pplemented with 10% fetal bovine
serum (Invitrogen, Carlsbad, CA, USA), 1% non-e8akramino acids and 1% antibiotics

(Sigma, St. Louis, MO, USA) at 3T in a humidified 5% C@ atmosphere. Cells were

subcultured every 2-3 d.

2.7. Treatment schedule



Mice were tumorized by implantation with 2X10LC cells (in 0.2 mL serum-free
DMEM) into the subcutaneous right posterior flafkug treatment began when the tumor
volume reached approximately 100 ffihe day the LLC cells were implanted was day thef
experiment. Tumor-bearing mice were divided intogioups of ten: Groud received distilled
water orally and served as a negative control; @ridureceived a standard drug (doxorubicin) at
a dose of 5 mg/kg/day; animals in Graldp IV and V were treated with TAT2 at doses of 50
mg/kg, 100 mg/kg and 200 mg/kg bw, respectively. &@mpounds were administered orally

once daily. The animals were observed every dayuimor growth. Body weight, tumor width

and length were assessed every 7 d.
2.8. Determination of tumor volume

Based on tumor size, which was measured by calipensor volume was calculated
using the following formula[8,9]: volume (cr= WPx L/2, where W is the tumor width and L is
the tumor length. The percent of tumor growth iitioh was determined using the following
equation: % of tumor inhibition=100%- (100xMTxM{, where MC is the mean tumor volume

of the control group and MT is the mean tumor vadushthe treated group.
2.9. Measurement of hematological parameters

Blood from the control and TAT2-treated groups wesellected to determine
hematological parameters. Blood was obtained frioent&il vein and used for the detection of
hemoglobin (Hb), red blood cells (RBC), white blooells (WBC), monocytes, lymphocytes
(LYM), platelets (PLT), mean corpuscular (cell) wole, and mean corpuscular hemoglobin
concentration using a blood automatic analyzer (@@6Beckman Coulter). Levels of other
enzymes in the sera such as serum glutamate pgrinzatsaminase (SGPT), serum aspartate

aminotransferase (SGOT) and creatinin were alssuned.

2.10. Satistical analysis



Data are expressed as the meantSD. Statisticalsmsahnd significance, as measured by
one-way analysis of variance (ANOVA), were perfodnasing GraphPad PRISM software
version 4.0 (GraphPad Software, USA). In all congmans,P<0.05 was considered statistically
significant.

3. Results
3.1. Chemical analysis

In extraction experiment, 70% ethanol was used,AaR2 is soluble in both ethanol and
water. TAT2 was isolated as a yellow amorphous mowrtbm the EtOH extract by repeated
column chromatography over DIAION HP20, sephadex-AH(MeOH) using appropriate
solvent systems. An ion exchange resin (Diaion HR2umn and gel-filtrate (Sephadex LH20)
chromatography with appropriate solvent systemseéfiective for preparing the compound on
a large scale. The purity of TAT2 was determineh®95.8% by HPLC. HR-ESI-TOF-MS
(M/2): 473.1053 [M+Na](C,1H2,01:Na requires 473.1054). ESI-MS (negative ions): pMH]”

. 'H and**C NMR spectral data are shown in Table 1. The HRh@matogram of TAT2 is
shown in Figure 1 and its structure is shown iruFeg?.

3.2. In vivo antitumor activity of TAT2

3.2.1. Acute toxicity studies

Results from the acute toxicity study showed thafTZ did not cause toxicity in mice
even at the highest dose of 2 000 mg/kg body weighimice treated with TAT2 survived and
did not show any toxic symptoms or abnormal behasiothe tested doses over the 14 d of
observation (data not shown). Therefore, TAT2 wasslered safe to use to determine the

antitumor activity at lower doses (200 mg/kg, 10§'kg and 50 mg/kg bw).



3.2.2. Tumor growth and survival indices

In thein vivo antitumor experiment, TAT2 suppressed solid tum@wth in a dose-
dependent manner (Table 2). Although the tumor mels were the same for the first 14 d
between the control group and the TAT2-treated ggpWAT2 increased at a much slower speed
than the negative control (vehicle-treated groumrdhe same time period. The data collected at
the end of the study demonstrated that TAT2 shosiguificant activity at doses of 100 mg/kg
and 200 mg/kg body weight, with tumor inhibitionirog 35.47% and 51.24%, respectively
(Figure 3).

Tumor weights are shown in Table 3, which indicateat growth was clearly reduced in
the TAT2-treated groups at doses of 100 mg/kg &tdridg/kg body weight compared with the
negative control H<0.05). The mean tumor weight of the negative adnggroup was
(11.95+0.72) g, while the means of the TAT2 —adstered groups at doses of 100 mg/kg and
200 mg/kg body weight decreased to (8.38+1.05)d) (6836+1.08) g, respectively. There was
no significant difference between the body weiglftthe tumor-bearing mice treated with TAT2
and the control group at the end of the experin{fr0.05). The antitumor activity of the
compound was also measured through survival; théavall rate improved considerably in the

TAT2-treated groups.

3.2.3. Hematol ogical parameters

Hematological parameters are presented in TablEhd. WBC and LYM counts were
higher in the LLC tumor-bearing mice and lower e tdoxorubicin-treated group. TAT2
administration (200 mg/kg body weight) also sigrafitly reduced the number of WBC and
LYM compared with the negative control group<Q.05). In contrast to WBC, the number of
RBC and PLT and Hb content were improved in tumearing mice treated with TAT2, but
only at doses of 100 and 200 mg/kg body weight.



During the evaluation, the activities of some fumeal enzymes of the liver and kidney
were also measured (Table 4). Although there werdifierences in SGOT or creatinin levels
between groups, the mean SGPT level was (43.05¢4J#% in the group treated with the
highest dose of TAT2 and was significantly decrdasecomparison with the negative control
group (51.73£1.40 UI/L)R<0.05). These results indicate that TAT2 could @onale several

hematological and biochemical parameters in LLGt0®dl tumor-bearing mice.
4. Discussion

In traditional medicineA. tonkinensis leaves are used as immunosuppressive drugs for
the treatment of arthritis. To the best of our kiemlge, our study is the first to report
phytochemical investigations of the leaves of fent. Compound TAT2 (yield 0.2%, purity
95.8%) was isolated from a 70% EtOH extractPoftonkinensis leaves by repeated column
chromatography. The molecular formula of TAT2 wasedmined to be £H,011 by HR ESI
MS (m/z 473.1053 [M+Nal], C,1H»,01:Na requires 473.1054). THEC NMR spectrum revealed
21 carbons as two sets of signals due to an isorhemiketal at C-2. On the basis of the MS
results, NMR spectroscopic data and comparison \piteviously reported data[4,10], its
structure was confirmed as TAT2, the rare aurohalagide in nature[11].

In recent years, the cancer rate has increaseécialp in less developed countries.
Identification and development of new chemotherajypygs has been critical for cancer
treatment. Plants have been a rich source of ratlneys[12,13]. In addition, compounds
derived from plants are diverse in structure armhdtivity and exhibit low toxicity, therefore
they play an important role in pharmaceutical resdgd4]. In cancer therapy, many plant-
derived drugs such as vincristine, paclitaxel andlt have been identified and developed. As
reported, TAT2 isolated frorA. tonkinensis showed promising anticancer propertiesitro[5].
Therefore we assessed the antitumor activity of this compoumndivo. Because of its high
tumorigenic properties, the LLC cell line was s&ddcto create a tumor model for this study.
TAT2 caused a significant decrease in tumor graattharious doses, being the most effective at
a dose of 200 mg/kg body weight.

Inflammatory responses play critical roles in thw®lation of cancer from initiation to

metastasis. It has become evident that the inflawnpamicroenvironment is an essential



component of all tumors[15]. Solid tumor growth ulcgés a region of hypoxia, stimulating
necrosis in the tumor’s core. In addition, malignaells also produce many cytokines and
chemokines that attract leukocytes[15,16]. Todaffammation has become a target for cancer
prevention and therapy[17]. In this study, the dased WBC count including LYM indicated
that inflammation was reduced in mice administraf@d 2. This result was in accordance with
other reported effects thAt tonkinensis exerted immunomodulatory activity against disord#rs
chronic inflammation such as rheumatoid arthritB][3 Some compounds isolated from this
plant, including TAT2 were found to cause an anti-inflammatory effect ttutghe inhibition of
T-cell proliferation at high concentrations[3]. $hexplains why the number of LYM was
reduced at the highest dose of TAT2 but not atltdwest dose (50 mg/kg body weight)
compared to the negative control.

In addition to inflammation, anemia is a common rE@maenon in patients with cancer
and impacts survival and quality of life[18]. Anemtauses multiple function disturbances of
various organs and tissues[19]. The managemenheria in cancer patient has to improve
treatment efficacy and increase survival[2h] cancer, anemia occurs due to the reduction of
RBC count and Hb leveldncreasing the RBC count and Hb content in TAT2-adistrated
mice indicated that this compound may improve teen&itopoietic system and survival rate.
Further, TAT2 had low toxicity when studied in miokccording to these results, TAT2 has
potential as an antitumor agent.

In conclusion, the results of the present studycetd that TAT2 can be isolated frofm
tonkinensis leaves in large quantities (0.2%). Furthermone,vivo tests demonstrated a
significant inhibition of tumor growth at 100 an6@mg/kg body weight. These results indicate
that TAT2, a potential antitumor agent frofn tonkinensis, may be valuable for preparing

functional foods and pharmaceutical medicines.
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6.59 "d"° (8.3) [6.58"d"" (8.3)]
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Table 2

Effect of TAT2 on tumor growth in LLC tumor-bearimgice.

Tumor volumes (cn)
Groups
Day 7 Day 14 Day 21 Day 28 Day 35 Day 42
Negative control 0.124 +0.03 | 1.264 £0.51 | 4.445+1.99 | 6.331 +2.63 | 7.197 £0.88 | 10.715+0.59
Doxorubicin 0.095+0.00 | 0.469£0.10| 0.938+0.10 | 1.318+0.08 | 1.818 +0.07 2.586 £0.16
TAT2: 50 mg/kg 0.122+0.00'| 1.214+£0.24 | 4.118+1.91 | 6.188+2.98 | 6.636 £0.79 9.477 +0.70
TAT2: 100 mg/kg 0.119+0.01 | 1.181+0.39 | 2.074+0.16 | 4.123+1.16 | 5.172+1.35 6.915 = 0.60
TAT2: 200 mg/kg 0.111+0.00 | 1.193+0.51 | 2.028+0.81 | 3.594 £1.25 | 4.496 +..28¢ 5.224 +1.30

Table 3.

Effects of TAT2 on body weight and tumor weightLinC-bearing mice.

Group

Body weight (g)

Pre-treated | After-treated

Mortality rate

Tumor weight (g)

13




Negative control 22.25+2.06 28.37+1.00 4/6 dHr®.72
Doxorubicin 22.00+2.00 27.03+1.36 0/6 2.194£3.
TATZ2: 50 mg/kg 22.50 +1.29 27.68 +0.95 2/6 10:8810
TATZ2: 100 mg/kg 2213+1.6% 26.88+1.11 1/6 &3B05

TAT2: 200 mg/kg 22.55+1.86| 26.33 +2.57 1/6 6.36 + 1.08

Table 4.

Effect of TAT2 on hematological and biochemicalgraeters of tumor-bearing mice.

Parameters Groups

Negative contrc | Doxorubicir TAT2 50 m¢ TAT2 100 m¢ | TAT2 200 m¢
WBC (1J/L) 14.40%0.14 9.6540.3¢ 13,.0840,.95 12,.5040,.9S 11,.3040,.42
LYMLymphocyt 68,.34+2,.45 | 73,.54423,.8% 65,.35+Z,.62 7C,.10<¢,.0€
(%) 82,.20+2,.40
Monocyte (%) 9,.45+1,.48 12,.12+5,.67 12,.3644,.21 14,.50+1,.84 16,.55+E,.44
Other WBC (%) 6,.25+0,.78 16,.54+17,.64 14,.10+2,.5€ 19,.65+1,.4€ 18,.35+€,.6€
RBC (xx137L) 7,4940,.17 10,.3840,.5€ | 7,.6€+0,.82 9,.6810,.3C 9,.6211,.52
PLT (xl(?/L) 61€,.50216,.2€ | 721,.15213,.4 | 677,.84215,,9C | 72(.00438,.1€ | 714,.00443,.84
Hb (g/L) 11€,.0042,.85 132,.0213,.57 122,.2344,.3€ 13€,.5046,.3C | 137,.00425,.4E
MCV (fg) 42,.6040,.9¢ 44,.0622,.12 42,.35#4,.02 41,.7743,.0€ 43,.9543,.7¢
MCH (pg) 15,.1641,.6% 14,.3941,.3¢ 13,.9542,.65 13,.3340,.74 14,.1510,.3¢
MCHC (g/L) 33€,.0041C,.52 | 325,.8641,.72 | 324,.60%6,.54 321,.3349,.8€ 325,.5049,.0¢
SGOT (UI/L) 501,.60481,.1S¢ | 30Z,.16213,.6 | 504,.63245,.9¢ | 517,.05455,.7€ | 56¢,.55462,.01

4

SGPT (UI/L) 51,.7341,.4C 41,.5543,.63 48,.36+7,.82 57,.6041,.27 43,.05%4,.4%
Creatinin (UI/L) 30,.2620,.64 30,.1041,.02 | 3(,.4140,.62 30,.3341,.1¢ 29,.9540,.3¢E

MCV: Mean corpuscular

corpuscular hemoglobin concentration.

volume; MCH: Mean corpuscutemoglobin; MCHC: Mean

14




Figure 1. Analytical HPLC chromatograms of compound TAT2 drgton time 20.4 min,
purity 95.8%).

Figure 2. Structure of compound TAT?2 isolated from the EsefA. tonkinensis.

Figure 3. Percentage of tumor growth inhibition by TAT2.
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