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ABSTRACT

Background: Crinum jagus (Amaryllidaceae), has been used in folk medicine for the treatment of various diseases
including cancer. The plant is rich in alkaloids and other phytoconstituents. This study aimed to isolate, and
structurally elucidate compounds from Crinum jagus bulb (an Amaryllidaceae plant) and study the cytotoxic activity
of hippadine on ovarian carcinoma (A2780) and melanoma cancer (A375) cell lines.

Methods: In this study, bulbs of C. jagus were extracted with methanol and fractionated with n-hexane, ethyl acetate,
and methanol, Column chromatography was used to isolate and purify compounds while the identities of the
compounds were confirmed using HRESI and 2D NMR spectroscopy. The cytotoxic activity of hippadine was
evaluated on ovarian carcinoma (A2780) and melanoma cancer (A375) cell lines using a resazurin-based test (alamar
blue assay).

Results: Hippadine, B-sitosterol, stigmasterol, and 4-hydroxy-7-methoxyflavan were isolated from the ethylacetate
fraction of the bulbs. The identity of these compounds was further confirmed by comparing research data with other
literature reports. This is an initial report of the flavan in Crinum jagus. The cytotoxic studies on hippadine gave ICs
values of 4.23+ 0.35ug/ml on A2780 cells and 4.32 = 0.55 pg/ml on A375 cells.

Conclusion: This study has justified the use of Crinum jagus bulb in folkloric medicine for the treatment of cancer.
The phytochemical constituents hereby reported and the cytotoxic effect of hippadine provides a basis for further
investigation into other pharmacological uses of Crinum jagus bulb as alkaloids are known for their diverse
pharmacological activities.
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1.0 INTRODUCTION

The Amaryllidaceae family contains a group of wild and bulbous plants and are considered ornamental due to their
beautiful flowers. Investigations into this plant group started because of their broad spectrum pharmacological
activities which has been attributed to their alkaloid-rich constituents [1, 2, 3]. The plants have shown diverse
biological activities such as; antitumoral cytotoxicity [4], reversible inhibition of acetylcholine [5], antibacterial and
anti-parasitic activities [6], anti-inflammatory and antioxidant activities [4]. In 1877, the first Amaryllidaceae
alkaloid, lycorine, was isolated from Narcissus pseudonarcissus. Several phytochemicals have been isolated from
the Amaryllidaceae family [7]. As new compounds are discovered, many more biological targets are also being
explored. This continues to give relevance to the Amaryllidaceae plants as potential source of future drugs. In this
study, hippadine, two phytosterols and a flavan were isolated from Crinum jagus bulbs and the cytotoxic activity of
hippadine against ovarian cancer A2780 and human melanoma A375 cell lines was also evaluated.

2.0 MATERIALS AND METHODS

2.1 Materials

2.1.1 Equipment

NMR Spectrophotometer — 400MHz (Bruker, USA), HRESI-Mass Spectrophotometer (Thermoscientific®), Rotary
Evapourator (R-3, BTECH, Switzerland), Glass columns (Pyrex). Silica gel 0.063— 0.200 nm mesh, thin layer
chromatography (TLC) plates (precoated aluminum sheets with silica
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2.1.2 Chromatographic and Biological Materials

Silica gel 60 Fzss from Merck, UK, Resazurin (AlamarBlue®), Penicillin—Streptomycin. Ethyl acetate, n-hexane,
methanol, Roswell Park Memorial Institute (RPMI) 1640 medium and foetal bovine serum (FBS) were purchased
from Fischer, UK. Sephadex LH 20 from GE Healthcare, UK and the cell lines from the European Collection of
Authenticated Cell Cultures (ECACC, UK), Forestry Research Institute of Nigeria, Ibadan, Nigeria (Plant voucher
deposit site), Voucher number FHI 113600

2.2 Methods

2.2.1 Isolation of compounds

C. jagus bulbs were collected from the botanical garden of the Forestry Research Institute of Nigeria, Ibadan, Nigeria
in September 2020. A voucher specimen was deposited at the Institutes’ herbarium. Air-dried and powdered bulb
material (800 g) was exhaustively extracted using methanol in a Soxhlet extraction set-up. The extract was filtered
and concentrated to dryness using a rotary evaporator to yield 40 g of extract. The solvent free methanol extract was
fractionated by trituration into n-hexane, ethyl acetate and methanol fractions. The ethyl acetate fraction (5 g) was
further fractionated by chromatographic method using silica gel as stationary phase, and eluted with n-hexane:ethyl
acetate mixtures gradient wise. This procedure afforded 4 main fractions from 10:0, 8:2, 5:5, 0:10 mixtures as
fractions 1, 2, 3, and 4, respectively. Fraction 1 was subjected to column chromatography using silica gel and
purification of its sub-fraction yielded compounds 1, 2, and 3. Fraction 3 was purified using silica gel as above and
subsequently with gel permeation chromatography using Sephadex LH-20 and eluted with methanol to yield
compound 4.

2.2.2 Spectroscopic analysis

The high-resolution masses of the compounds were obtained on an Ultra High-Performance Liquid Chromatography
Accela system coupled to an Exactive-Orbitrap high-resolution mass spectrometer and their NMR spectra were
acquired on a Bruker Avance 111 (400 MHz) spectrophotometer.

2.2.3 Cell culture

Human ovarian carcinoma (A2780) and melanoma (A375) cell lines were cultured in sterile T25 flasks containing
RPMI medium supplemented with 10% (v/v) FBS and 1% (v/v) penicillin/ streptomycin at 37°C, 5% CO,, and 100%
humidity. When the cells were approximately 70%—-80% confluent, they were trypsinised from the culture flasks and
100 pL of cells were seeded in flat bottomed 96-well plates at a concentration of 5 x 10*cells/mL. The plates were
incubated for a further 24 h before treatment with hippadine.

2.2.4 Alamar blue assay of hippadine on A2780 and A375 cell lines

Hippadine was evaluated for in vitro cytotoxicity using a Resazurin-based assay [8]. After a 24 h incubation, cells
were treated with hippadine dissolved in ethanol (0.04 — 88 pg/mL concentrations) at 37 °C, 5 % CO, and 100%
humidity for 24 h. The solvent control was 100% ethanol (100uL). Next, cells were incubated with 20 pL Alamar
blue (0.1 mg/mL) and incubated for a further 24 h. Metabolically active cells were calculated as a percentage of the
untreated control cells.

2.3 Statistical Analysis
Statistical analysis was carried out using GraphPad Prism 5.0, via two-way Analysis of Variance (ANOVA).
Experiments were in triplicate and results were expressed as a mean = SD of the readings.

3.0 RESULTS

Table 1: Percentage yield of extract, fractions and compounds

Plant name and part C. jagus bulb
plant material (g) 836

crude methanol extract (%) 5.3

n-hexane fraction (%) 125

Ethyl acetate fraction (%) 22.7
methanol fraction (%) 61.3
Compound 1 (mg) 17.9
Compound 2 & 3 (mixture) (mg) 65.8
Compound 4 (mg) 36.1

3.1 Isolation and purification of compounds 1, 2, 3 and 4

Fraction 1 from the ethyl acetate fraction (5 g), was subjected to column chromatography and 4 fractions were
obtained. The first fraction was subjected to further separation over an open column followed by TLC analysis.
Purification of pooled samples on Sephadex™ LH-20 yielded 17.9 mg of compound 1 and 65.8 mg of a mixture of
compounds 2 and 3. A difficulty in separating compound 2 and 3 was observed after multiple purification efforts.
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The second fraction was also separated on a column and fractions collected were purified. With the guidance of TLC
analysis of fractions collected during purification, compound 4 was isolated. Its yield was 36.1 mg. The yields of the
crude extracts of C. jagus bulbs with methanol, its fractions with n-hexane, ethyl acetate and methanol and yields of
isolates are presented in Table 1.

3.2 Structural elucidation of compounds
Compound 1 was isolated as an off-white colored powder with a molecular ion at m/z 264.0658 [M*H]* (calc.
264.0661, C16H1003N) corresponding to the molecular formula C16HsO3N. The proton NMR showed signals for three
coupled aromatic protons at & 7.44 ppm (t, J = 7.7 Hz, H-2), 614 7.72 ppm (dd, J = 7.7 Hz, H-3) and &n 7.87 ppm (d,
J = 7.7 Hz, H-1)) and two other aromatic protons at 7.93 ppm (s) and 7.60 ppm (s). Also, there were two olefinic
protons at 8.01 ppm (d, J = 3.6 Hz) and 84 6.87 ppm (d, J = 3.6 Hz) and two methylenedioxy protons at &y 614 ppm.
The COSY spectrum showed correlations from &4 6.8 (H-4) to the proton at 84 8.0 (H-5). Using the 13C and 2D
spectra, the compound was identified as hippadine and the chemical shift data were in agreement with literature
reports. [9, 10, 11]. The mixture containing compounds 2 and 3 showed proton signals between 8 0.40 to 7.90. They
were four methyl doublets at 0.93 (Me-21), 0.85 (Me-26), 0.83 (Me-29) and 0.81 (Me-27) and two singlets at 1.01
and 0.69 were attributed to Me-19 and Me-18 respectively. Two signals at 5.15 and 5.05 were

assigned to the olefinic protons H-22 and H-23 of compound 3

2

22

HO S

while the signal at 3.47 ppm was for the H-3 proton. The DEPT NMR spectrum showed signals at ¢ 71.9 and 138.4
ppm corresponding to the C-3 and C-22 carbons, respectively, on the sterol nucleus. Olefinic carbon signals were
observed at & 140.8 ppm and 121.8 corresponding to C-5 and C-6 respectively. Other signals at & 138.4 and 6 129.1
were assigned to C-22 and C-23 due to the olefinic carbons of compound 3. The rest of the carbon signals were
within chemical shifts for the mixture of compounds 2 and 3 and they were identified as phytosterols B-sitosterol and
stigmasterol (Fig. 3) on comparison with literature reports [12, 13]. The *H NMR of compound 4 showed aromatic
proton signals at 64 7.21 (1H, d, J = 8.4 Hz), 6.36 (1H, d, J = 2.1 Hz, H-8), 7.23 (1H, d, J = 8.4 Hz, H-2), 6.43 (1H,
d, J = 2.1 Hz, H-6) In addition there was an oxymethine proton signal at 4.93 (1H, s, H-2), and a methoxy group at
3.65 (3H, s). The DEPT NMR spectrum of 4'-hydroxy-7-methoxyflavan showed signals at 4 24.4, 29.6, 55.1, 77.5,
101.8, 107.3, 114.3, 115.5, 128.0, 130.4, 156.1, 157.4 and 159.0. The signal at 6 24.4 ppm corresponds to position
C-4 of the chromenone ring, while the signals at 6 128.0 (C-2"), 115.5 (C-5") and 128.0 (C-6") are assigned to the
carbons of the phenolic ring. The signals at 6 77.5 (C-2), 130.4 (C-5), 107.3 (C-6 ), 159 (C-7), 6 101.8 (C-8), 156.1
(C-9) and 6 55.1 (OCH3) group are of the flavan ring. The spectral data corresponds to information reported by [14,
15] and identified as 4’-hydroxy-7-methoxy flavan.

3.3 Cytotoxicity dose-response studies on hippadine

To ascertain suitable concentrations of drug for cytotoxicity assay, dose response studies were conducted with
selected concentrations of drug on cells. The results showed an ICso of 4.5ug/ml for A2780 around and A375 around
5ug/ml. The dose-response data provided a guide for further studies on the cytotoxicity and I1Cso calculations (Figure
2).
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Figure 2 (A & B): Dose—response of hippadine on A2780 and A375 cell lines.

Cell viability was assessed using Alamar blue assay method. Each bar represents mean percentage cell viability +
SD (n=3) P<0.05

3.5 Cytotoxicity studies on hippadine against Human ovarian carcinoma (A2780) and melanoma cells (A375)

The cytotoxicity of hippadine against A2780 and A375 cell lines after 24h are shown in figure
3(A and B) and the ICsg 0f 4.32 £ 0.55 pg/ml and 4.23+ 0.35ug/ml were obtained for the cell lines respectively
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Figure 3: Percentage cell viability of hippadine on (A) A2780 and (B) A375 cell lines

Results are expressed as percentage cell viability of untreated cells. The results represent mean+ SD from three
independent experiments (p<0.05).

4.0 DISCUSSION

C. jagus has shown the presence of various bioactive compounds, including an alkaloid, a flavonoid, and two
phytosterols. While the alkaloid and phytosterols have been previously reported from this plant [8], this is the first
report of the flavonoid occurring in Crinum jagus. Several reports [16] stated the presence of hippadine in several
Amaryllidaceae plants. With a yield of 565mg of hippadine from 10 kg of plant material (Crinum latifolium) [16], it
indicates a high amount of hippadine among the Amaryllidaceae plants. Kaemferol, a flavonoid, has been reported
from Crinum jagus leaves extract [17]. Flavonoids have been shown to be involved in the reduction of oxidative
stress. A report on C. jagus shows its antioxidant activity [18]. In this study, the alkaloid isolated from this plant,
hippadine, has shown promising cytotoxic activity against human ovarian (A2780) and melanoma (A375) cell lines.
Previous studies on hippadine has shown cytotoxicity against several cancer cell lines, including lung, colon, and
breast cancer cells, with 1C50 values ranging from 0.5 to 4.7 puM [19, 20]. These studies on hippadine have
demonstrated its potential as an anticancer agent. Hippadine has been reported to have activity against multidrug
resistant human breast cancer cells via inhibition of P-glycoprotein expression and function [21]. The cytotoxic
activity of hippadine against cancer cells suggests its potential as an anticancer agent, while not much has been

NIJOPHASR www.nijophasr.net Page 31



Nigerian Journal of Pharmaceutical and Applied Science Research, 12(4):28-33;
December 2023 p-ISSN: 2971-737X; e-ISSN: 2971-7388. Available at
www.nijophasr.net

reported on the pharmacology of the flavan, the phytosterols have shown various biological activities which include;
cytotoxicity, hypoglycemic, anti-inflammatory, among others [22]. These may also account for other potential health
benefits attributed to C. jagus. Further studies are needed to investigate parameters for improved pharmacological
response (such as drug delivery methods) of these compounds and their potential for use as lead drugs.

5.0 CONCLUSION

In conclusion, hippadine isolated from C. jagus has shown good activity against A2780 ovarian carcinoma and A375
melanoma cells. The presence of hippadine and its cytotoxic activity validates the use of the plant in traditional
practice for the treatment of tumors. The use of Crinum latifolium L. (Amaryllidaceae) in Asian folk and traditional
medicine in the treatment of various illnesses like rheumatism, fistula, tumors, earaches, rubefacient, tubercle and
whitlow, [23], are mainly attributed to the presence of many different alkaloids which includes hippadine. Nguyen
[16] reported on several hippadine-containing preparations circulating the Vietnamese market as at 2018 and went
further to isolate hippadine from bulbs of Crinum latifolium L. for the standardization of such herbal preparations.
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