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ABSTRACT

Mixture of Naphthyl Isoquinoline alkaloids (NIQAs) were extracted in methanol from the stem of Ancistrocladus
heyneanus. We report our initial attempt to study the cytotoxicity and anti-cancer activity of these NIQAs usng Vero
cell lines and HelLa cell lines. NIQAs were found to be non toxic to Vero cells (i.e. normal cell lines), as percentage
viability was found to be more than 50% at all tried concentrations of Anddrodine Whereas the percentage viability
of Hela cells at all concentrations of alkaloids extract was less than the Vero cells. Moreover, with increase in
concentration of Alkaloids there was a decrease in viability of Hela cells suggesting that NIQAs exdracted from the only
Indian spedies of Ancistrocladus heyneanus, has anti cancer property. Hence, NIQAs were separated using TLC and
one of the TLC band was found to be consisting of molecular weight 421 by LC/MS, which was further identified as
Ancistrocline by NMR. In previous studies, Ancistrocline is proven to have anticancer activity. So, we can infer that
anticancer activity was due to presence of Ancistrocline as one of the alkaloid.
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INTRODUCTION

Ancistrocladus heyneanus is a liana known to contain Naphthyl Isoquinolis&aloids (NIQASs). The structurally
unique NIQAs are characterized by a biaryl systemsisting of naphthalene and an iso-quinoline myoigiany of
these alkaloids display atropisomerism; since biaxis usually is rotationally hindered due to gresence of bulky
ortho-substituents. These natural biaryl alkaloidsre discovered in Ancistrocladus by Govindachand a
Parthasarathy (197(1]. NIQAs, at their biaryl axis connecting naphtha&eportion with iso-quinoline show
restricted rotation leading to stable atropisonfestational isomers). Bringmannn and Pokorny (19¢)e shown
its unusual molecular structure of achiral biaryisais produced by an unparalleled biosynthesigsa@fquinoline
alkaloids from acetic acid unif]. The structurally unique NIQAs produced by Anastadaceae are different
from all other 2500 iso-quinoline alkaloids isolhtftom plants. This is because of their unusualcstire, mostly
rotationally hindered biaryl axis between the twmlecular parts and also because of their unpreteden
biosynthetic origin.

Most of the species of this genus Ancistrocladesfannd in Africa, where it is used in tribal mdde for treating
Chagas disease, African sleeping sickness & LleishmagiéBringmann et al 20043]. There have been reports of
NIQAs from Ancistrocladus having anti-HI] and antimalarial property al$8].

In the quest of possibility of having any anti-canalkaloid in Ancistrocladus have found that Atrcisline

extracted fromA. tectorius (an African species) exhibited anticaneetvity [6]. From India only one species of
Ancistrocladusi.e. Ancistrocladus heyneanus has been recorded. Therefore, interest was artmiseg whether NIQAs
present in the stem of this Indian species hasamter property or not. Our NMR analysis resuétgehrevealed that the one
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of the isolated NIQAs fromAncistrocladus heyneanus is Ancistrocline that has been reported to hatieaaoer activity.
Hence, anticancer activity observed in the steraaxif NIQA is possibly due to the presence ofgwaline as one of the alkaloid.

However, prior to testing anti-cancer activity ofyanolecule it is imperative that its cytotoxicigliould be assayed.
Hence, we have studied both cytotoxicity and aatieer activity of mixture of NIQAs from stem exttac

MATERIALS AND METHODS

2.1. Extraction of NIQAs

500 ml Dichloromethane (Merck, USA) was adde®&®0g dried stem powder and refluxed using Soxhdpaeatus

for 6 hr. Remainindichloromethane was discarded (this step was refdeaice more) and the residual powder was
dissolved in 250ml Dichloromethane and 250ml MethafEmplura, USA). Thisextract was concentrated to
dryness under reduced pressure to get crude exCagtle extract was mixed with 90% Methanol + narex
(Emplura, USA) and shaken thoroughly. This resuited two layers of Methanol and Hexane. Hexanelayas
discarded and the Methanol layer that containedlailiks was used for testing cytotoxicity and amtazx activity.
Methanol layer was also used for separation oflaitta from mixture of NIQAs by TLC.

2.2. Cell Linesused for Cytotoxicity and Anticancer activity
The cell lines used for studying anti-cancer attignd cytotoxicity of NIQAs extracted in methari@m stem of
A. heyneanus were:

i.  The Vero cell lines (normal cell lines)
ii. HeLa cell lines (Cancer cell line)

2.3 Cytotoxicity and Antitumor Activity Assay

Cytotoxicity is done to rapidly assess whether thmgound is harmful for normal cell line or not, &tydying the
impact of compound in question on cellular damdage= procedure followed in this paper is to measnegabolic

function of the cellular ATP levels or mitochondriactivity by a yellow tetrazolium dye MTT (3-[4,-5
dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium brase) assay. Mitochondria of dead cells cannot naizd dyes.
The enzymes (succinate dehydrogenase) in the noitacta of the living cells reduce MTT to formazayesd,

giving a purple color. Thus it can also be usedi¢termine cytotoxicity of potential medicinal agemind toxic
materials.

Both the Cell lines were separately trypsinized amduspended in Minimum essential medium (MEM)hauitt
phenol red. Cells were then seeded into 96 tisaliare well plate. Cell concentration was adjusied® x 10cells
/ml and incubated overnight at ®7 in humidified incubator having 5% GQor 24h. After incubation, culture
medium was replaced with test solutions (1%1¥x1d, 5x1¢f, 8x1(, 1x1F ppm of NIQAs in methanol) and
incubated further for 48 h at 32 in CG, incubator. These solutions were later replaced MTT (200pg/ml) and
cells were incubated for 2.5 h at 28+2°C in darknttate formation of formazan. Medium was theplazed with
150ul of DMSO (Sigma, USA). This complex was mixgehtly for 15 minutes to dissolve formazan crystals
Finally, the dissolved formazan in DMSO was trargfe to fresh 96 well plates and read on micropiateder
(Thermo, USA) at 570nm. A blank containing all atlkelutions except test solutions and control doirig cells
and DMSO was also added. Based on the absorbatmieedat 570nm, % cytotoxicity was calculatedaes:

U Cytotoxicity = 100 — % cell survival

AT — AB

04 Coll srrvival = ETaET] % 100

Where, AT — Sample reading
AB — Blank cells (cells + DMSO)
AC — cell control (only cells withoahy test compound)

2.4. Separation of alkaloid extracted in Methanol by TLC

Methanol layer of above mentioned extract was disedeparation of alkaloids by TLC. Mobile phasedior TLC
was Methanol: Ethyl acetate: 17% Ammonia (1:8:1)e TTLC developing chamber was saturated with thbilmo
phase solvent and sealed with High Vacuum Silieagg. Methanol extract was loaded onto the readymad
sheets (Silica 60F25MERCK) of dimensions 20x20 cm and with the helpaaficropipette single long band of
Methanol extract was loaded. The plate was theeddaind placed in the saturated chamber of TLC tothe
chromatogram. After the solvent reached to dediredt, the plate was removed and air dried agaiagBndorrf
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reagent was sprayed to find out location of sepdratlkaloid bands and Retardation factor (Rf) valuere
calculated.

2.5. Elution of alkaloid from each band obtained by TLC
It was done separately in Methanol. Elute was daieg8lC in an oven to remove the solvent.

2.6. Liquid Chromatography & Mass Spectrometry (LC-MS) analysis

The LC-MS analysis was performed using Shimadzu2DTO with mass detector API-2000, HPLC grade water
(Make-Merck) and HPLC grade acetonitrile (Make-M@nwere mixed in the ratio of (1:1) and degasseddguum
degasser. This degassed mixture of water and Aitelimavas used as the mobile phase. Quaternamigmapump
was used to carry the mobile phase from the mgitikese reservoir to the detector via injector pod &PLC
column flow rate (mobile phase) was set as 1.0 mlita.

HPLC column used was Zorbax SBC18, where SB stiordgable bond and C18, stands for Octadesyl carboe

dimension of HPLC column was 250mmx4.6mm, 5um fte,length of the column 250mm, internal diameter
the column was 4.6mm and the particle size of flieaSmaterial was 5um. The temperature of HPLGiooi was

25°C. Injection volume of the dissolved sample wetsto 100pl to inject the Alkaloid sample from gdervial.

Prior to use HPLC column was washed with a mixtafrevater and acetonitrile (80:20) for 30 minutediwed by
another wash using a mixture of water and acettn{80:70) for another 30 minutes. HPLC column waturated
with mobile phase (50:50, water and acetonitrigg)dne hour. After that the stable base line aidad@amples were
injected in the chromatograph Mass detector usesdAd-2000. Mass spectra obtained were analyzed.

2.7.NMR Analysis of alkaloids

BRUKER NMR model No.400MHzvas used for the analysis of NIQ alkaloids. NMRetwtas dried and placed in
a 10 mL graduated cylinder. To remove any insolubipurity from the alkaloid sample, a small pieceao
Kimwipe was stuffed into a small Pasteur pipettéciviwas placed on top of the NMR tube. To stuéf Kimwipe
properly it was pushed in using a larger pipetteagof dried sample was dissolved in 0.5mL pure dbyterated
chloroform and was carefully transferred to the N&iBe (using a pipette) through the Kimwipe filt€hen NMR
tube was capped and NMR analysis was accomplished.

RESULTS AND DISCUSSIONS

As mentioned above crude extract was mixed with ®8thanol + n-hexane and shaken thoroughly. Tlsiglted
into formation of two layers i.e. of Methanol (thaintained NIQAs) and n-hexane (that contained dat$ lipids)
was discarded. Only methanol extract containingtunéxof alkaloid was used for cytotoxicity assay.

3.1. The MTT Céll Proliferation and Viability Assay

Methanol layer was envisaged for Cytotoxicity amdiGancer activity assays. As mentioned above tleeisate
dehydrogenase reduced yellow MTT to insoluble pufptmazan dye crystals, which was dissolved in QVe&d
the absorbance was read at 570nm directly in tHés.wehe data was analyzed by plotting cell numbersus
absorbance, allowing quantisation of changes ihpeeliferation. The rate of tetrazolium reductisnproportional
to the rate of cell proliferation.

During assay, various concentrations of Alkaloidevadded to estimate its cytotoxicity to normal aadcer cells.
Comparatively less work has been done on the amtét activity of NIQAs from Ancistrocladus. Previly,
Betulinic acid (a naturally occurring pentacycligerpenoid) that has been isolated by Bringmaenal (1997)
from A. heyneanus, is known to have antiretroviral, antimalarial, aadti-inflammatory properties, has recently
been discovered potential as an anticancer aggnhhibition of topoisomerasg, 8]. In 2008, Bringmannn et al
have isolated 7 natural haphthoquinones faathus culture of A. abbreviates and some of them strongly induced
apoptosis in human tumor cells derived from twdedént B cell malignancies, B cell lymphoma and tipig
myeloma, without any significant toxicity towardsrmal peripheral mononuclear blood cg¥8. So far direct
proof of any NIQAs having anti-cancer property hasbeen published.
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Table 1: Effect of NIQAs from stem extract ofA. heyneanus on the viability of Vero cell lines and HelLa cellihes

Alkaloid Concentration | Survival of Vero Cells (%) | Survival of HeLa Cells ¢6)
(ppm)
1X10 80.25 72.72
3Xxaid 84.22 76.22
5 X 10 85.95 72.95
8 X 1¢f 76.09 59.09
1X10 45.13 26.13

In our work, the NIQs extracted from stem extratctAo heyneanus was found to be non toxic to Vero cells, as
percentage viability was higher than Hela cellslbtconcentrations of alkaloid extract. Fig 1 reqmet that as
concentration of NIQAs increases, percentage vigluf HelLa cells decreases as compared to Vels.c&he 1G,
value of Vero cells and HeLa cells can approxinyabel stated as 10x1ppm and 8x1bppm respectively. It can be
clearly observed that kg value of Vero cells is more than that of HeLa &elthis means lower concentration of
NIQAs is enough to kill HeLa cells. Hence, it da@ interpreted that Alkaloid (Ancistrocline) is atdxic to HelLa
cells and comparatively biocompatible to Vero cells

100 +
a0 A
B0 A
70 A
60
50 -+
a0 - B Survival of Vero Cells (%)
30 - B Survival of Hela Cells (34)
20 -+
10 4

survival of Celk (3)

0 -
1x10% 3x10% sx10% Bx10% 1x10°

Concentration of Alkaloid (ppm)

Fig 1: Histogram depicting impact of NIQAs extractfrom stem of A. heyneanuson cell growth of Vero and HelLa cell lines

3.2. Separation of alkaloids from mixture of NIQAsby TLC

TLC of alkaloids after spraying with Dragendorrbigent exhibited three orange colored spots, thiadisator of
alkaloids (Fig 2). The Rf values of these threallil bands were found to be 0.86, 0.71 and 0.6ék iE the first
report where Rf values to separated NIQAs are asdigSince there is no information available atifutalues yet,
separated bands were subjected to LC/MS and NMRnfdecular weight and structure identification dadoid

respectively. LC/MS and NMR analysis of only alkdle 2, is presented in this paper (Fig 3 and 4ianthble 1);
because that was found to be anticancer alkaloisftocline[6].
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Alkaloid-1

Alkaloid-2

Alkaloid-3

Fig 2: TLC of leaf extract of A. heyneanus carried out using Methanol: Ethyl Acetate: Ammoniasolution (1:8:1) as mobile phase,
showing three orange colored spots of alkaloids whesprayed with Dragendorf's reagent

3.3. Mass Spectrum of Alkaloid separated asBand 2 by TLC
In the mass spectrum of alkaloid -2 from band-2) &) the m/e value of the molecular ion peak is.42dnce, we
can say that the molecular mass of alkaloid fromdk2 is 421. Also there are some peaks in the repsstrum

indicating that the molecule undergoes fragmentatiche m/e values of the peaks are 420,407and At6.m/e
values of the fragmented peaks may be explaindelasv:-

The peak of m/e value 421is formed by bombardméntlectron and formation of (M+) molecular ion .The
abundance of this peak is 3.5%.

M(421)+te—» M+ (421) +2e

The peak of m/e value 420 is formed by the elinidmaiof hydrogen (H.) radical (M+-H) from molecul@n
m/e421 and the abundance of this peak is 3.1%.

M+(421) -1—» m/e(420)

The peak of m/e value 407 is formed by the elinidmabf —CH2 radical (M+-CH2) from molecular ion n4@land
the relative abundance of this peak is 39%.

M + (421) - 14— m/e(407)

The peak of m/e value 406 is formed by the elimiamabf —CH3 radical (M+-CH3) from molecular ion rfy@1)
and the abundance of this peak is 100%.

M + (421) - 15— m/e(406)

According to Bringmannn and Kinziger (1998] the mass to charge value (m/e) of the moleculak o extracts
taken from theéAncistrocladus tectorius was 421(M+) and the abundance of this peak wé%;2.3

M(@421) +e—> M2 +2e.

Moreover, these peaks of m/e value 420,407 andbb@fined by them also matches with results obtafReg3) as
explained above. In conclusion the tested compaoaigcular weight matches with ancistroline i.e. 52864
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After confirming that the m/e value of the moleculian peak is 421,that matches with the Ancistrogli
(Bringmann and Kinziger 1992%]; the same TLC band was further characterized byRNiMknow its molecular

structure.

3.4.NMR analysis of Alkaloid of TLC band 2 (Rf - 0.71)
From the'H NMR (Fig 4) it is observed that there are five argtpns, methoxy group$4.60, anarymethyl group
(8 2.29)and doublet for H-4 proton. This arrangement ofugis similar to those observed for monomeric

naphthyl-isoquinoline.
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Fig 4:*H NMR spectrum of Alkaloid from Band 2

The™C NMR spectrum indicates (Fig 5) presence of 3 giajtoups distinguished individually, later showeafk
intensity for two methyl groups @20.9 andé61.2 shows one Methylerand five methine resonance quaternary
carbons. The correlation frof8.32 (H-4axgnd63.14 (H-4eq) t®120.1 (C-5) and157.7 (C-8a) and122.0(C-7)

to 5106.6(C-7) establishes that C&f naphthalene ring is attached to C-5 in thegsmoline ring. Quaternary
carbons a$157.7 in place of simethine carbon also supptte analysis.
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Fig 5:*C NMR spectrum of alkaloid from Band 2
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Table 1: Compiled data of*H and **C observations obtained for alkaloid-2

Position H e
1,3 1.74(m)| Alkyl proton| 49.7 Methylidine carbon
dax 3.32(dd)| Alkyl proton| 35.3] Methylene carbor
deq 3.14(dd)| Alkyl proton Methylene carbon
da - 130.9 Methine carbon
5 - 120.1 Methine carbon
6 - 1114 Methine carbon
7 6.61(s) Aryl proton| 106.6 Methylidine carbop
8 - 157.5 Methine carbon
8a - 157.7 Methine carbon
1 6.82(d) | Aryl proton 118.3 Methylidine carbo
2 6.92(q) | Aryl proton 117.§  Methylidine carbo
3 7.22(d) | Aryl proton 110.2 Methylidine carbo
4 - 158.7 Methine carbon
44 - 1345 Methine carbon
5 - 158.6 Methine carbon
6' 6.78(s) Aryl proton | 106.6 Methylidine carbon
7 - 122.0 Methine carbon
8 - 1245 Methine carbon
8d - 137.6 Methine carbon
C1-CH3, C3-CH3 1.58(dd) Alkyl protol 20.9 Methylrban
C2-NCH3 3.07(s)| Alkylaminel 42.1 Methyl amine catbp
C8-OCH3 3.96(s) Alkyl oxy 61.0 Methoxy carbon
C4-OCH3, C40OCH3 | 4.60(s) Alkyl oxy 61.2 Methoxy carbon
C7-CH3 2.29(s) | Alkyl proton| 22.2 Methyl carbon

The NMR results revealed that the second alkal@iddbis of Ancistrocline which must have causedcamicer
activity. Structure of the compound on the basislath presented above would be as shown in Fighé.r&sults
match with the molecular formula of Ancistroclineis also known as 5-(4,5-dimethoxy-2-methylnajihin-1-yl)-
8-methoxy-1,2,3-trimethyl-3,4-dihydro-1H-isoquinoié-ol.

OMe OMe

Fig 6: Molecular structure of Ancistrocline
CONCLUSION

The methanol extract of NIQAs from stem Afcistrocladus heyneanus showed anticancer activity and it is
probably due to occurrence of Ancistrocline as ofithe alkaloid. NIQAs were separated using TLC.lédalar
weight and structural identification were analyaesing LC/MS and NMR. The molecular weight of theas
separated band from TLC was found to be 421 by L&Mnd structure was identified as AncistroclineNdyR
analysis. As far as data of Rf value in TLC is caned, we are the first one to report Rf value atistrocline
which was depicted as 0.71. Hence, Ancistroclirnteaeied from stem of Indian variefncistrocladus heyneanus is
potent anticancer agent which can be used for caremment with minimum cytotoxicity to normal ksl
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