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Summary
Investigation of Chemical Constituents of
Cardiospermum halicacabum L. and their Biological Activities

Four compounds were isolated from n-hexane and n-butanol extracts of Cardiospermum halicacabum growing in
Vietnam by combined column chromatographic methods. Based on 1D-, 2D-NMR, ESI MS analyses, and comparisons with
those published in work of literatures, the structures of these compounds were established as 34-hydroxyglutin-5-ene (1),
zerumbone (2), uridine (3), and daucosterol (4). It is intriguing to point out that, three out of them (1-3) were detected for the
first time from the family Sapindaceae. Additionally, the cytotoxic activity of compound 3 was assessed against five human
cancer cell lines (A549, T24, Huh-7, 8505, SNU-1) using the SRB method. Additionally, 3 was also evaluated for
immunomodulatory capacity through stimulation of IL-2 expression in macrophages (RAW264.7). Compound 3 significantly
stimulated IL-2 expression in RAW264.7 cells at a concentration of 100 pg/mL (P<0.05) while no affection was observed at
all lower tested concentrations.

Keywords: Cardiospermum halicacabum L., Uridine, Immunomodulatory effect, Cytotoxic activity.

1. Introduction

Far from being a small family, Sapindaceae
comprises about 144 genera and 1900 species,
which are widely distributed in temperate to
tropical regions [1]. Plants belonging to this
family have been the topic of research in many
phytochemical investigations and
pharmacological activities due to their popular
applications in traditionally medicinal treatments.

One of the most studied species from the family,
Cardiospermum halicacabum L. attracted the
researcher’s attention because of their containing
structurally complex and biologically fascinating
secondary metabolites such as alkaloids,
carbohydrates, fatty acids, flavonoids,
triterpenoids, and volatile esters [2],[3],[4].To
now, many pharmacological investigations have
been conducted on C. halicacabum extracts to
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show the potential cytotoxic against various
human cancer cells such as breast cancer (MCF-
7), and Ehrlich Ascites carcinoma (EAC), and

hepatocellular ~ carcinoma  (Hep-G2) and
immunomodulatory effects [5],[6],[7]. These
results encouraged scientists to find out

phytocompounds, which are responsible for the
anticancer and immunomodulating activities of
C. halicacabum extracts. Taking all the above-
mentioned factors into account, our present study
aims to isolate and identify four different
metabolites, together with its test for cytotoxic
and immunomodulatory activities.

2. Materials and methods

2.1. Materials

Plant materials: The aerial parts of C.
halicacabum, collected at Hoa Binh province,
Vietnam in June 2021 were used as plant materials
for this study. The scientific name of this plant was
identified by taxonomist MSc. Nghiem DucTrong,
Ha Noi University of Pharmacy. A voucher
specimen (No. ICH-CH/2021) was stored at the
Institute of Chemistry, VAST, Ha Noi.

Cells: The five carcinoma cell lines used in
this study, including A549 (lung carcinoma), T24

(urinary bladder carcinoma), Huh-7
(hepatocarcinoma),  8505c¢  (undifferentiated
thyroid carcinoma), and SNU-1 (gastric

carcinoma), were kindly provided by Prof. JM
Pezzuto at Long Island University (US) and Prof.
CY Huang at National Yang Ming Chiao Tung
University (Taiwan). All media used for cell
culture of solid cancer cell lines (A549, T24,
Huh-7, 8505, and SNU-1), including serum and
other reagents, were obtained from GIBCO Co.
Ltd. (Grand Island, New York, USA).

2.2. General experimental procedures

The extraction, isolation, and structural
elucidation of purified compounds were
supported by: Silica gel 60 (230-400 mesh,
Merck) and Sephadex LH-20 (for column
chromatography); HR ESI MS was performed on
an Agilent 6530 Accurate Mass Q-TOF
instrument.  Bruker  Avance III NMR
spectrometer, Switzerland (for 'H NMR (500.13
MHz) and °C NMR (125.77 MHz)). Compounds
were detected by thin layer chromatography and
visualized by spraying with aqueous 10% H,SO,
and heating for 5 minutes.

2.3. Extraction and isolation

The above-ground parts of C. halicacabum
were dried, powdered (10.2 kg), and then
extracted with aqueous EtOH (15% H,O) for
three times, each time 24 hours. The combined
ethanolic extract was evaporated in vacuo and
then was partitioned successively with n-hexane,
ethyl acetate (EtOAc), and n-butanol (three times

for each) to yield the respective weights of 1.320
g, 720 g, and 540 g. To purify compounds, some
eluated solvent systems were used like n-hexane-
EtOAc (95:5—70:30), n-hexane-CH,Cl,
(5—30% CHCl,), EtOAc-MeOH (95:5—70:30),
CH,CI1,-MeOH (90:10—75:25).

The n-hexane extract (1320 g) was
chromatographed on silica gel column, eluting
with gradient n-hexane-EtOAc (95:5—70:30) to
afford 7 fractions (H1 - H7). Fr. H2 (250 g) was
re-chromatographed on a silica gel column with
an eluatedgradientsolvent system (n-hexane-
CHCL, 5 — 30% CH)CL) to afford 10
subfractions (H2.1-H2.10). Compound 2 (12 mg)
was obtained by purification of subfraction H2.5
(170 mg) using silica gel column, n-hexane-
CH,Cl,, 90:10. The separation of fraction H3
(320 g) was carried out on repeated silica gel
columns with suitable evaluated solvent systems
to furnish compound 1 (10 mg).

The n-BuOH extract (540 g) was given on a
Sephadex LH-20 column, eluting with MeOH to
furnish six fractions (B1 - B6). Fraction B3 (12.5
g) was reseparated on silica gel column, using
EtOAc-MeOH  (95:5—70:30) as evaluated
solvent and then on Sephadex LH-20, MeOH to
yield compound 3 (7 mg). The separation of
fraction B5 (23.1 g) was carried out at first with a
Sephadex LH-20 column, MeOH, and then with a
silica gel column, CH,Cl,-MeOH
(90:10—75:25), to yield compound 4 (15 mg).

3p-Hydroxyglutin-5-ene (1): White powder;
ESI-MS: m/z = 427 [M+H]"; 'H- (500 MHz,
CDCls) and C-NMR spectroscopic data (125
MHz, CDCls), see Table 1.

Zerumbone (2): Colorless crystal; ESI-MS:
m/z = 218 [M+H]"; 'H (500 MHz, CDCl;) and
C NMR spectroscopic data (125 MHz, CDCls),
see Table 1.

Uridine (3): Colorless powder; HR ESI MS:
m/z 279.0388 [M+CI] (calc. for CoH;2CIN,Og,
279.0384), m/z 243.0620 [M-H] (calc. for
CoH 1N,Og, 243.0617); 'H- (500 MHz, CD;0D)
and “C-NMR spectroscopic data (125 MHz,
CDs0D), see Table 1.

Daucosterol (4): White powder. 'H- (500
MHz, DMSO-dg): dn 5.33 (1H, br s, H-6), 4.25
(d, J/=8.0 Hz, glc H-1"), 4.60, 4.56, 4.16, 3.67 (glc
H-2'- H-6"), 3.47 (br s, H-3), 2.95 (1H, t, J=8.0
Hz), 0.98 (3H, brs, CH;-18), 0.92 (3H, d, J=6.5
Hz, CH;-21), 0.85 (3H, t, J=8.5 Hz, CH3-29),
0.82 (3H, d, J=7.0 Hz, CH;-27), 0.79 (3H, d,
J=6.7 Hz, CH;3-26), 0.67 (s, CHs-19).

2.4. In vitro cytotoxic activity

Cancer cells were grown as monolayers in
DMEM, supplemented with 2 mM of L-
glutamine, 10 mM of HEPES, 1.0 mM of sodium
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pyruvate, and 10% fetal bovine serum - FBS
(GIBCO). Cells were sub-cultured every 3 days
and maintained at 37°C in a humidified
atmosphere containing 5% CO,. Cytotoxicity of
the isolated compound 3 was determined using
methods from the American National Cancer
Institute as previously described [8]. Assay
sample, compound 3, was initially dissolved in
100% DMSO and serially diluted to appropriate
concentrations as mentioned below with culture
medium immediately before the cytotoxicity
assay. Cells were subsequently treated with 10
uL of compounds 3 or ellipticine as a positive
control to reach final concentrations of 100
ug/mL, 20 pg/mL, 4 ug/mL, 0.8 pg/mL, and 0.16
png/mL. The plates were then incubated for 48 h.
The medium was discarded, and cells were fixed
using 10% trichloroacetic acid. The fixed cells
then were stained for 30 min by a staining
solution sulforhodamine B (SRB). Protein-bound
dye was dissolved in a 10 mMTris-base solution,
and optical densities were measured at 510 nm
using an ELISA plate reader (Biotek ExL800).
The ICs, values were calculated using Table
Curve 2Dv4 software. Ellipticine (Merck) was
used as a positive control. The values reported for
compound 3 are presented as averages of five
determinations.

2.5. Evaluation of interleukin 2 expression

RAW 264.7 cells were seeded in a 96-well
plate (2.5 x 10° cells/well). After 24h of
incubation in 37°C incubator, tested compounds
(10 puL) were added into the cells at different
concentrations as 100 pg/mL, 20.0 pg/mL, 4.0
pg/mL, and 0.80 pg/mL. The wells of negative
controls were set in presence of cells (190 pL)
and  DMSO 1% (10  uL).  Then,
lipopolysaccharide (LPS) (1 pL/mL) was added
to the wells and continuously incubated for 24h.
Finally, cell culture supernatants were taken
under consideration to quantify of interleukin 2
by using IL-2 mouse ELISA Kit as instruction of
the kit manufacturer (R&D systems, US).

3. Results and Discussion

From n-hexane and n-butanol extracts of the
aerial parts of C. halicacabum, four compounds
were isolated using chromatographic methods.
Their chemical structures were elucidated including
two terpenoids (1 and 2), one nucleoside (3), and
one steroid glucoside (4) (Fig.1).

Compound 1 was obtained as a white powder
from n-hexane extract of C. halicacabum aerial
parts. Based on the "C-NMR spectroscopic data
and combination with the ESI-MS data m/z 427
[M+H]', molecular formula of 1 was identified as
C3Hs00. 'H- and *C-NMR spectra of 1 indicated

the typical characters of a glutinane-type
triterpenoid. The “C-NMR spectrum of 1 showed
the signals of 30 carbons, whereas, from 'H-
NMR spectrum, eight methyl groups of singlet
signals were clearly detected at 641.04 (H-23),
1.14 (H-24), 0.85 (H-25), 1.09 (H-26), 1.00 (H-
27), 1.16 (H-28), 0.95 (H-29), and 0.99 (H-30).
The presence of a double bond at C-5/C-6 was
predicted by BC chemical shifts at 8:141.7 and
122.1, which was then agreed by signal of
olefinic proton at 6y 5.63 (dd, J = 4.0, 2.0 Hz, H-
6). In addition, one oxymethine proton at 6y 3.46 (br
d, J = 12.0 Hz, H-3) suggested the presence of
hydroxy group at C-3 position (6c76.4). As
compared to spectroscopic data in the literature,
compound 1 was determined to be 3f-
hydroxyglutin-5-ene [9]. To now, many triterpenoids
have been found from Sapindaceae family [10], but
this is the first time triterpene 3f-hydroxyglutin-5-
ene (1) was detected from this family.

Fig. 1. Chemical structures of isolated compounds 1-4

Compound 2, a colorless crystal, was also
isolated from n-hexane extract of the investigated
plant. A combination of ESI-MS m/z at 218
[M+H]" and NMR spectral data determined the
molecular formula of 2 was C,sH»0O, suggesting
a sesquiterpene skeleton. From fifteen carbon
signals in ""C-NMR spectrum, one carbonyl
carbon was underlined at &: 204.3 (C-8).
Whereas, the '"H-NMR spectra of 2 showed two
proton signals at 6y 5.98 (d, J = 16.5 Hz, H-9)
and 5.86 (d, J= 16.5 Hz, H-10) corresponding to
a trans-double bond at C-9/C-10; four tertiary
methyl groups at 8y 1.54 (s, H-12), 1.80 (s, H-
13), 1.07 (s, H-14), and 1.20 (s, H-15); two
trisubstituted double bonds at oy 5.25 (dd. J =
12.0, 3.0 Hz, H-2) at C-2/C-3 and 846.02 (dd, J =
8.5, 1.0 Hz, H-6) at C-6/C-7. Depend on the
above-mentioned spectroscopic analysis,
structure of 2 was determined to be zerumbone,
whose spectroscopic data were in good
agreement with the reported literature previously
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isolated from Zingiber zerumbet [11]. Zerumbone
(2), a popular monocyclic sesquiterpene in
medicinal plants. It has been widely investigated

for both in vitro and in vivo pharmacological
activities such as anti-inflammatory, analgesic,
immunomodulatory, and anticancer [12],[13].

Table 1. NMR spectroscopic data of compounds 1, 2, and 3

C 1, CDCl, 2, CDCl4 C 3, CD;0OD
5(‘ 6H (mult.) 5(' 5]] (mult.) 6(: 5[1 (mult.)
17182 - 24 2.35 (m) i - -
1.90 (d, 12.0)

2 27.8 - 125.0 5.25(dd, 12.0, 3.0) 2 152.6 -

3 764 3.46 (br d, 12.0) 1363 - 3 - ;

4 40.8 - 39.5 2.23 (m) 4 166.3 -

5 141.7 - 24.4 2.46 (m) 5 102.7 5.71 (d, 8.3)

2.23 (m)

6 1220 5.63(dd.4.0.2.0) | 1488 6.02 (dd. 8.5, 1.0) 6 142.7 8.02 (d. 8.3)

7 23.7 - 138.0 - I' 90.8 5.92(d, 4.5)

8 47.5 - 204.3 - 2' 75.7 4.20 (dd, 5.0, 10.0)
9 34.9 - 127.2 5.98(d, 16.5) 3 71.3 4.18 (dd, 5.0, 10.0)
10 49.7 - 160.7 5.86 (d, 16.5) 4' 86.4 4.00 (m)

11 332 - 379 - 5' 62.3 3.86(dd, 3.0, 12.5)

3.75(dd, 3.5, 12.5)

12 30.4 - 15.2 1.54 (s) - -
13379 - 11.8 1.80 (s) - ;
14777393 : 29.4 1.07 (s) - :

15 34.6 - 24.4 1.20 (s) - -

16 35.1 - - - - -

17 30.1 - - - - o

18 43.1 - - = o =

19 36.1 - = - - -
20 28.3 - - - s =
21 32.1 - - = - =
22 39.0 - - = . -
23 29.07 1.04 (s) - - - -
24255 1.14 (s) : - - -
25 162 0.85 (s) ; - : -
26 18.4 1.09 (s) - = . =
277196 1.00 (s) - - ; -
387354 116 (s) - - . .
29 345 0.95 (s) - - . :
30 32.1 0.99 (s) - - - -

Compound 3 was furnished as colorless
powder from m-butanol extract. Molecular
formula of 3 was determined as CoH;3N,Oq
basing on the combination of HR-ESI-MS
(negative ion) data m/z 243.0620 [M-H] (calc.
for CoH;1N,Os, 243.0617), m/z 279.0388 [M+CI|
(calc. for CoH,CIN,Og, 279.0384) and the NMR
spectroscopic data. For that, the 'H NMR
spectrum showed the presence of an AB system
at o 5.71 (d, J = 8.3 Hz, H-5) and 8.02 (d, J =
8.3 Hz, H-6) and the anomeric proton signal at oy
592 (d, J = 4.5 Hz, H-1"') demonstrated the
Presence of a sugar unit in 3. Additionally, the
*C-NMR spectra indicated two carbonyl groups
at 6¢ 166.3 (C-4) and 152.6 (C-2) and the signals
of 5 carbons for sugar unit ranged from d¢ 90.8 to
62.3, indicating the presence of a ribose ring.
These observations suggested a structure of

nucleotide glycoside wuridin for 3, whose
spectroscopic data was accordant with those of
the published data [14]. Uridine (3) was first
represented as a nucleoside in the chemical
components of C. halicacabum.

Compound 4 was found as white powder from
n-butanol extract. The *C-NMR spectrum of 4
indicated the presence of 35 carbon atoms, of
which 29 were assigned to the aglycon moiety,
while the remaining 6 were attributed to the sugar
moiety (8¢ 61.1-76.9 and 100.7). From 'H-NMR
spectrum, typical proton signals at dy 5.33 (br s,
H-6), 3.47 (br s, H-3), 0.79 (d, J=6.7 Hz, CH;-
26), 0.82 (d, /=7.0 Hz, CH;5-27), 0.85 (t, J=8.5
Hz, CH3-29), 0.92 (d, J/=6.5 Hz, CH3-21), 0.67 (s,
CHs-19), 0.98 (brs, CH;-18) supported us to find
out structure of aglycon as sitosterol. The protons
of f-glucose were observed at oy 3.67-4.60 and
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4.25 (d, J=8.0 Hz, glc H-1"). Based on the above
data and comparison with those reported data,
compound 4 was identified as sitosterol-3-O-f-
glucopyranoside (daucosterol) [151.[16].

In our continuing search for potential cytotoxic
agents from medicinal plants [171,[18], we herein
report the cvtotoxic activities of isolated compounds
from C. halicacabum species. Except for 3.
compounds 1, 2, and 4 have been investigated for
cvtotoxic activities against different cancer cell lines
such as colon carcinoma (SW480), and prostate
cancer cells [12],[19]. Hence, in this report, uridine
(3) was chosen for cytotoxic test against five human
cancer cells, including lung carcinoma (A549),
urinebladder carcinoma (T24), hepatocarcinoma
(Huh-7), undifferentiated thyroid carcinoma (8505),
gastric carcinoma (SNU-1). The results indicated
that 3 showed no cytotoxic activity against five
tested cancer cells, regardless of concentration.

According to recently published reports, many
nucleosides have been found to serve as a
potential source of immunomodulatory effects
[20]. Therefore, nucleoside 3 was chosen for
immunomodulatory activity assay through IL-2
expression. Because IL-2 autocrinally stimulates
T cell proliferation, this cytokine plays a crucial
role in the immune system [21]. Hence, IL-2
expression is an important factor for a proper
immune response.

The results showed that, compound 3 had
significantly  stimulated on IL-2 cytokine
secretion in RAW264.7 cells at a concentration
of 100 pug/mL (P<0.05 compared with the
negative control), while at lower concentrations
(20.0, 40 and 0.8 pg/mL), 3 exhibited
unsignificant effect as compared to the control (P
> (0.05) (Table 3).

Table 2. Cytotoxic activity of uridine (3) and ellipticine® by using SRB method

Tested samples Concentration % Inhibition
(ng/mL) A549° T24" Huh-7* 8505° SNU-1*
Uridine (3) 100 17.26 18.83 11.99 22.07 19.74
Ellipticineb 2 71.99 71.89 78.52 82.38 80.33

“Cell lines: A549 (lung carcinoma), T24 (urinebladdercarcinoma), Huh-7 (hepatocarcinoma),
8505 (undifferentiated thyroid carcinoma) and SNU-1 (gastric carcinoma).
PEllipticine: positive control.

Table 3. Effects of uridine (3)
on IL-2 expression and control LPS*

Concentration Fold times change in IL-2 content
(ng/mL) compared to negative control
100 1.42*% £ 0.18
20 0.97 £0.27
4 0.97 £ 0.09
0.8 0.94+0.14
LPS* 4.16%** £ 0.05
Negative control 1+£0.01

“LPS:Lipopolysaccharide; *P<0.05 and ***P<(.001
compared to negative control.

4. Conclusion

In conclusion, our present study reported four
compounds isolated from aerial parts of C.
halicacabum collected in Hoa Binh, Vietnam.
These isolates were 3f-hydroxyglutin-5-en (1),

zerumbone (2), uridine (3), and daucosterol (4).
Although, nucleosides are popular compounds, but
this is the first time this group of compounds was
found in C. halicacabum chemical components via
detection of uridine (3). Our studies presented for
the  first time  indirect evidence  of
immunomodulation through IL-2 expression of
compound 3. This compound significantly
stimulated IL-2 expression at concentration of 100
pg/mL as compared to the negative control
(P<0.05).
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Summary
Calcium Oxalate Crystallizing Inhibition of Extracts from Several Pandanus Species in Vietnam

Plants from the genus Pandanus were used as traditional medicines for urolithiasis treatment. Evaluation of calcium oxalate
crystallizing inhibition of 14 extracts from 4 Pandanus species revealed that the extracts from P. nanofiutex and P. amaryllifolius
exhibited stronger effects than those of P. odoratissimus and P. tectorius. The chemical quantitation and correlation analysis results
indicated that phenolics and flavonoids significantly affect the calcium oxalate crystallizing inhibitory effect. These showed
promising results for further investigation of antiurolithiatic compounds from Pandanus species.

Keywords: Pandanus, Phenolic, Flavonoid, Alkaloid, Calcium oxalate.

1. Introduction tectorius Parkinson ex Du Roi, Pandanus
Pandanus is one of the most common genera  amarvyllifolius Roxb.. Pandanus odoratissimus
in the family of Pandanaceae which includes Linn., Pandanus tonkinensis B. Stone, Pandanus
about 600 species. Among them, 17 species have  nanofrutex B. Stone, Pandanus humillis Lour...
been found in Vietnam, such as Pandanus [1],[2]. Plants of the genus may vary in size with
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