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SHORT COMMUNICATION
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ABSTRACT
The first phytochemical investigation of the flowers of Millettia
dura resulted in the isolation of seven isoflavones, a flavonol and
a chalcone. Eleven isoflavones and a flavonol isolated from vari-
ous plant parts from this plant were tested for cytotoxicity against
a panel of cell lines, and six of these showed good activity with
IC50 values of 6-14lM. Durmillone was the most active with IC50
values of 6.6lM against A549 adenocarcinomic human alveolar
basal epithelial cancer cell line with low cytotoxicity against the
non-cancerous cell lines BEAS-2B (IC50 ¼ 58.4lM), LO2 hepato-
cytes (IC50 78.7lM) and CCD19Lu fibroblasts (IC50 >100lM).
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1. Introduction

Cancer is a manifestation of the cells that grow out-of-control and invade healthy tissues.
Different cancer types present different causal effects, manifestations and prognoses
(WHO 2018). Inherited genetic defects, infections, for example, by Hepatitis A, HPV, HBV
& HCV, EB-V, HTLV-1 and HIV (WHO 2018), environmental factors and poor lifestyle can
damage DNA increasing cancer risks (Iqbal et al. 2017). Body cells are able to detect DNA
damage and various repair mechanisms are then initiated. As a last resort, cells exhibiting
too severe DNA damage undergo apoptosis. However, in some cases, DNA damage is
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not detected or not repaired quickly enough and can then be a cause of cancer (Haque
et al. 2016). Cancer is a threat to global public health (WHO 2018), taking the lead cause
of death in developed countries and the second contributor to fatality in Africa (Akhir
et al. 2011). In 2018, the global cancer burden shot to 18.1 million new cases with 9.6
million deaths, and it is estimated that approximately 29.5 million new cases and 16.4
million cancer-related deaths will occur by 2040 (WHO 2018).

In the search for new anticancer drugs, isoflavonoids are attracting interest of
researchers and have been tested for the treatment of ovarian, breast, cervical, pancre-
atic, and prostate cancer (Haque et al. 2016). Millettia species are good sources of
isoflavonoids (Yenesew et al. 1996; Tu et al. 2019); herein, we report the first phyto-
chemical investigation of the flowers, the cytotoxicity of 11 isoflavones and a flavonol
isolated from M. dura against a panel of cell lines.

2. Results and discussion

Phytochemical investigation of the flowers of Millettia dura resulted in the identification
of six known isoflavones: calopogonium isoflavone A (1) (Yenesew et al. 1996), jamaicin
(2) (Yenesew et al. 1997), durmillone (3) (Yenesew et al. 1997), durallone (4) (Yenesew
et al. 1996), ichthynone (5) (Ren et al. 2016), formononetin (6) (Yenesew et al. 1997) and
6-methoxycalopogoniumisoflavone A (7) (Yenesew et al. 1997) and the flavonol kaemp-
ferol (8) (Markham 1982) and the chalcone 4,20-dihydroxy-40-methoxychalcone (9)
(Markham 1982). The structures are given in Supporting Information (Figure S1).

Eleven isoflavones and a flavonol isolated from M. dura (Yenesew et al., 1996, 1997)
along with Paclitaxel (standard) were evaluated for cytotoxicity against two cancer
cell-lines; A549 (adenocarcinomic human alveolar basal epithelial cells) and HepG2
(human liver cancer cell line), and three normal cell-lines; BEAS-2B (lung/bronchus cell
line, epithelial virus transformed), LO2 (normal human hepatocytes) and CCD (19Lu
normal human lung fibroblasts). The results are shown in Table 1.

Table 1. Cytotoxicity (IC50 in lM) of some isoflavones isolated from Millettia dura.
Normal cell-line Cancer cell-line

Compound BEAS-2B(N) LO2 Liver (N) CCD19Lu (N) A549 (C) HepG2 (C)

Calopogonium isoflavone A (1) >100 6.3 ± 0.8 >100 >100 24.2 ± 2.9
Jamaicin (2) >100 68.7 ± 10.6 >100 11.4 ± 5.0 44.3 ± 3.1
Durmillone (3) 58.4 ± 2.8 78.4 ± 2.8 >100 6.6 ± 1.2 >100
Durallone (4) >100 >100 >100 >100 >100
Ichthynone (5) >100 >100 NT >100 >100
Kaempferol (8) 57.1 ± 6.4 >100 NT >100 >100
Isoerythrin-A-40-prenyl ether (10) 21.2 ± 3.8 55.8 ± 3.1 NT 14.3 ± 1.2 37.7 ± 3.8
Maximaisoflavone-J (11) 55.8 ± 7.9 38.6 ± 2.2 NT 48.5 ± 9.0 >100
Maximaisoflavone-G (12) 100 67.5 ± 1.5 NT 84.5 ± 7.3 >100
7,20-Dimethoxy-30,

40-methylenedioxyisoflavone (13)
>100 >100 >100 >100 88.4 ± 4.1

Maximaisoflavone D (14) 47.9 ± 3.8 29.5 ± 3.2 49.6 >100 10.4 ± 1.1
Isojamaicin (15) >100 75.5 ± 2.8 >100 >100 34.5 ± 3.9
Paclitaxel (standard) <0.1 <0.1 <0.1 0.0033 0.19

Key: (N)-Normal cell-line, (C)-Cancer cell-line, NT-Not Tested. Normal cell-lines: BEAS-2B (lung/bronchus cell line, epi-
thelial virus transformed), LO2 (normal human hepatocytes) and CCD (19Lu normal human lung fibroblasts). Cancer
cell-lines: A549 (adenocarcinomic human alveolar basal epithelial cells) and HepG2 (human liver cancer cell line). The
structures of the tested compounds are given in Supporting Information (Figure S1).
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Durmillone (3) is the most active compound showing selective cytotoxicity
against A549 cancer cell line (IC50 6.6 ± 1.2mM) with low cytotoxicity towards the
normal cell lines BEAS-2B (IC50 58.4 ± 2.8 mM), CC919Lu (IC50> 100 mM) and LO2 (IC50
78.4 ± 2.8 mM). The anticancer activity of durmillone against leukaemia CCRFCEM
Cells have been reported (Adem et al. 2019). Jamaicin (2) (IC50 11.4 ± 5.0 mM) and
isoerythrin-A-40-prenyl ether (10) (IC50 of 14.3 ± 1.2 mM) also showed good activity
against A549 cell-line with lower cytotoxicity against normal cell-lines (Table 1).
Isojamaicin (15), which differs from jamaicin by the position of methoxy group in
ring B, was inactive against A549 cells but showed moderate activity (IC50
34.5 ± 3.9 mM) against HepG2 cells as jamaicin (IC50 44.3 ± 3.1 mM). Apart from maxi-
maisoflavone D (14), IC50 of 10.4þ 1.1 mM against HepG2 cancer cell-line, all the
active compounds possess a 2, 2-dimethylchromene group in ring A at C-7/C-8. This
extra C5 unit, which is formed though cyclisation of isoprenoid moiety at C-8,
increases lipophilicity and membrane permeability as suggested by Sasaki et al.
(2011). The isomeric compounds jamaicin (2) and isojamaicin (15) were also tested
against DLD-1WT colorectal adenocarcinoma cells and DLD-1 DKO Bax-Bak double
knockout, apoptosis–resistant colorectal adenocarcinoma cells. Bax and Bak are mul-
tidomain pro-apoptotic members of the Bcl-2 family of proteins that regulate mito-
chondria-mediated apoptosis by direct modulation of mitochondrial membrane
permeability (Mizuta et al. 2007). Recent studies demonstrated variety of natural
small-molecules could induce autophagic cell death in apoptosis-resistant cancer
cells (Law et al. 2017). Jamaicin showed moderate activity against the DLD-1WT cells
(IC50 ¼ 20.9 ± 0.9 lM) without toxicity against the DLD-1 DKO cells (IC50 > 100lM).
Interestingly the isomeric isoflavone isojamaicin was cytotoxic against both cancer
cell lines (IC50 ¼14.5 ± 3.4 lM and IC50 ¼13.5 ± 0.6 lM, respectively) and this results
showed the need for further study of isojamaicin in drug resistant cancer therapy.
The only flavonol tested, kaempferol (8), was cytotoxic to the normal cell line BEAS-
2B with IC50 value of 57.1 ± 6.4 lM but did not show activity to the other cell lines
(IC50 > 100 lM).

Acknowledgements

DB is thankful to the German Academic Exchange Services (DAAD) for a PhD scholarship which
was awarded through NAPRECA. We are thankful to the University of Potsdam for supporting
research visits of DB, SD and AY to the University of Potsdam, and MH and HM to the University
of Nairobi. AY is grateful to the International Science Program (ISP, KEN 02) for finan-
cial support.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research was supported by the International Science Program (ISP, KEN 02).

2746 D. BUYINZA ET AL.



References

Adem FA, Kuete V, Mbaveng AT, Heydenreich M, Koch A, Ndakala A, Irungu B, Yenesew A,
Efferth T. 2019. Cytotoxic flavonoids from two Lonchocarpus species. Nat Prod Res. 33(18):
2609–2617.

Akhir NAM, Chua LS, Majid FAA, Sarmidi MR. 2011. Cytotoxicity of aqueous and ethanolic
extracts of Ficus deltoidea on human ovarian carcinoma cell line. Br J Med Med Res. 1(4):
397–409.

Haque MU, Nowrin F, Sadiur RS. 2016. Anti-cancer agents derived from plant and dietary sour-
ces: a review. Int J Pharmacognosy. 3:55–66.

Iqbal J, Abbasi BA, Mahmood T, Kanwal S, Ali B, Shah SA, Khalil AT. 2017. Plant-derived anti-
cancer agents: a green anticancer approach. Asian Pac J Trop Biomed. 7(12):1129–1150.

Law BYK, Mok SWF, Chen J, Michelangeli F, Jiang Z-H, Han Y, Qu YQ, Qiu AC, Xu S-W, Xe W-W,
et al. 2017. N-Desmethyldauricine induces autophagic cell death in apoptosis-defective cells
via Ca2þ mobilization. Front Pharm. 8:388.

Markham KR. 1982. Techniques of flavonoids identification. London: Academic Press.
Mizuta T, Shimizu S, Matsuoka Y, Nakagawa T, Tsujimoto Y. 2007. A Bax/Bak - independent

mechanism of cytochrome c release. J Biol Chem. 282(22):16330–16623.
Ren Y, Benatrehina PA, Mu~noz Acu~na U, Yuan C, Chai H-B, Ninh TN, Carcache de Blanco EJ,

Soejarto DD, Kinghorn AD. 2016. Isolation of bioactive rotenoids and isoflavonoids from the
fruits of Millettia caerulea. Planta Med. 82(11-12):1096–1104.

Sasaki K, Tsurumaru Y, Yamamoto H, Yazaki K. 2011. Molecular characterization of a membrane-
bound prenyltransferase specific for isoflavone from Sophora flavescens. J Biol Chem. 286(27):
24125–24134.

Tu Y, Xiao T, Gong G, Bian Y, Li Y. 2019. A new isoflavone with anti-inflammatory effect from
the seeds of Millettia pachycarpa. Nat Prod Res:1–7. 10.1080/14786419.2018.1547294.

WHO. 2018. Pricing of cancer medicines and its impacts. Geneva: WHO. License: CC BY-NC-SA
3.0 IGO.

Yenesew A, Midiwo JO, Waterman PG. 1996. Four isoflavones from seed pods of Millettia dura.
Phytochemistry. 41(3):951–955.

Yenesew A, Midiwo JO, Waterman PG. 1997. 6-Methoxycalpogonium isoflavone A: a new isofla-
vone from the seed pods of Millettia dura. J Nat Prod. 60(8):806–807.

NATURAL PRODUCT RESEARCH 2747

https://doi.org/10.1080/14786419.2018.1547294.

	Abstract
	Introduction
	Results and discussion
	Acknowledgements
	Disclosure statement
	References


