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Background: Numerous commercial pharmaceuticals – including anticancer, antiviral, and antidiabetic drugs

have been developed from traditional plant-derived medicines. There are approximately 25,000 species of flora

occurring in Australia, which are adapted to a range of harsh environments, and hence a plethora of novel

compounds are still awaiting research in the context of their medicinal properties.

Objective: The current study therefore aimed to develop a systematic protocol for screening plants with poten- 

tial cytotoxicity. Many studies have found polar compounds such as caffeic acid, coumaric acid, chlorogenic

acid, quercetin, anthocyanins, hesperidin, kaempferol, catechin, ellagic acid, and saponins to be the bioactive

components responsible for the therapeutic effects.

Methods: The total phenolic content (TPC) and antioxidant capacity (FRAP) of methanolic extracts of selected

plants was first determined. A high correlation between the TPC values and FRAP values of the plant polar extracts

were evident. Cell viability of the cancer cell lines were assessed using the MTS assay.

Results: Cells subjected to Pittosporum angustifolium Lodd. extracts at concentration of 250 μg·mL − 1 showed no 

viable cells, comparable to cisplatin (a chemotherapy medication) used as a positive control (10 μg·mL − 1 ). Some 

promising inhibitory effects were also seen with Murrya koenigii flower and leaves at concentration of 250 μg·mL − 1 , 

with only 43.46% and 63.88% cell viability, respectively. In contrast, extracts of Citrus hystrix (leaves) and Sygyz- 

ium australe (stamen) showed higher percentage cell viabilities (around 82–93%) at same concentrations. The

phenolic profile of P. angustifolium B extracts demonstrating greater peak intensity and dominant peaks were

tentatively identified as chlorogenic acid, p-coumaric acid, caffeic acid, t-ferulic acid and rutin.

Conclusion: The Australian species Pittosporum angustifolium was the most cytotoxic against HeLa and HT29 cells

comparing to the other plant extracts tested. A HPLC profile of the P. angustifolium extract also showed an array

of promising therapeutic phenolic compounds. Future work will aim to fractionate and isolate novel compounds

from this species and test their bioactivity.
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. Introduction

Cancer is a leading cause of mortality globally accounting for nearly

0 million deaths in 2020 ( Ferlay et al., 2020 ), despite technological

dvancement in conventional treatments ( Dutt et al., 2019 ). To date,

here are no anticancer drugs or treatments which are 100% safe and

ffective ( Shukla and Mehta, 2015 ). Additionally, conventional treat-

ents and synthetic based cytotoxicity drugs are often expensive and be-

ond the scope of low-income population. Medicinal plants and plants-

ased remedies therefore play a significant role in primary healthcare

ystem in the prevention and treatments of many diseases including can-

er, particularly for the rural populace ( Koche et al., 2016 ). Several

lant derived products and their analogues that have been identified
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s potent cytotoxicity agent include taxol ( Taxus brevifolia ), vinblas-

ine ( Catharanthus roseus ), vincristine ( Catharanthus roseus ), topotecan

 Camptotheca acuminata) , irinotecan ( Catharanthus roseus ), and camp-

othecin ( Camptotheca acuminata ) derivatives, as well as epipodophyllo-

oxins ( Ediriweera et al., 2019 ; Shukla and Mehta, 2015 ). 

Globally, herbal plants have been found to have a profound scope

f phytochemicals with antioxidative properties and their use in cancer

reatment have been reported to reduce adverse side effects and tox-

city ( Bhuyan et al., 2017 ; Dutt et al., 2019 ). Plants produce a diverse

ange of phytochemicals as defensive mechanisms to cope with environ-

ental stressors ( Mani et al., 2021 ). Hence the inexhaustible source of

ioactive compounds provided by medicinal plants vary in terms of the

lant species, varietal types, geographical locations and mechanism of

ction. Considering that Australia has approximately 25,000 species of
ebruary 2022

inese Medical University. This is an open access article under the CC
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Table 1 

Plant samples investigated in this study. 

Scientific name Common name Part of plant analysed 

Murrya koenigii (L.) Spreng. Curry leaf Leaves, flowers 

Syzygium australe (J.C.Wendl. ex Link) B.Hyland Bush cherry Stamen 

Citrus hystrix DC. Kaffir lime Leaves 

Pittosporum angustifolium Lodd. (Sample A - variety unknown) Gumbi gumbi Leaves 

Pittosporum angustifolium Lodd. (Sample B - variety unknown) Gumbi gumbi Leaves 
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ora that have adapted to the harsh environment, there is a plethora of

ioactive compounds still waiting to be characterised and investigated

 Mani et al., 2021 ). 

Moreover, Australian Aboriginal and Torres Strait Islander peo-

le have depended on traditional plant-based medicines for centuries,

hich has contributed to their long standing existence, as one of the

orld’s oldest surviving cultures ( Deo et al., 2016 ; Mani et al., 2021 ;

an et al., 2015 ). The traditional preparatory methods of herbal reme-

ies usually involves extraction of water soluble compounds ( Biva et al.,

016 ; Ota and Ulrih, 2017 ; Sadgrove and Jones, 2014 .). Many studies

ave also found polar compounds such as caffeic acid, coumaric acid,

hlorogenic acid, quercetin, anthocyanins, hesperidin, kaempferol, cat-

chin, ellagic acid and saponins to be the bioactive components respon-

ible for the therapeutic effects of plants ( Sakulnarmrat et al., 2013 ;

akulnarmrat and Konczak, 2012 ; Sanches et al., 2016 ; Vuong et al.,

014 ). 

Reports of cytotoxicity of several Australian plants with high an-

ioxidant capacity are still limited or lacking ( Jamieson et al., 2014 ),

lthough anecdotal and empirically informed evidence shows promis-

ng cytotoxicity of Australian grown plants ( Sadgrove and Jones, 2016 ).

ur previously published study showed high total phenolic content

nd antioxidant capacity in a number of Australian sourced plants

 Johnson et al., 2020 ). Subsequently, plant samples showing high phe-

olic and antioxidant capacity were selected for the current study to

nvestigate their bioactivity against the HeLa and HT29 cancer cell lines

 robust protocol was developed in cytotoxicity screening of crude plant

xtracts. HeLa and HT29 cell lines were selected as they are established

ancer cell lines utilized extensively within in vitro tumor models for

ervical and colorectal cancers. Moreover, HeLa cells are generally used

s the first test for anticancer activity before moving to other cell lines,

hich can be harder to maintain. Both the HeLa and HT29 cell lines were

lso selected due to their quick proliferation and ease of use. This study

ims to report the phytochemical quantitation and chemical profile of

he selected samples and assimilate the correlation between antioxidant

apacity and their cytotoxicity properties. 

. Materials and Methods 

.1. Sample collection and preparation 

All plant samples were collected during the spring season of 2018

rom various locations around Rockhampton and Bundaberg, in the Cen-

ral Queensland, except for Pittosporum angustifolium unknown variety

. Dried samples of P.angustifolium unknown variety B was obtained

rom Westwood, Rockhampton Region. The plants were identified and

onfirmed by Professor Nanjappa Ashwath. Sample name and parts of

lants collected/used are described in Table 1 ( Johnson et al., 2020 ).

mages of the plants used in this study are given in Fig. 1 . 

Approximately 10–20 g of healthy and viable fresh plant mate-

ial (leaves, stamen, or flower) were sampled. The plant samples were

ashed with demineralized water, frozen at − 80°C and then freeze-dried

 − 70°C, 700 mmTorr) for 2–6 days. The dried samples were ground into

 coarse powder and sieved ( < 1.0 mm) ( Johnson et al., 2020 ). 
2 
.2. Reagents 

Analytical and HPLC grade was purchased from ThermoFisher Sci-

ntific (United States of America). Hydrochloric acid and sodium car-

onate were purchased from ChemSupply Australia (Adelaide, Aus-

ralia). Folin-Ciocalteu reagent, gallic acid, sodium acetate, glacial

cetic acid, TPTZ (2,4,6, -tris(2-pyridyl)-s-triazine), ferric chloride,

rolox (6 ‑hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) and

hosphoric acid were purchased from Sigma-Aldrich (United States of

merica). All dilutions and assays for chemical analysis were prepared

sing Milli-Q water unless stated otherwise. The reagents were stored

n dark at 4°C until use. 

Reagents used in cytotoxicity testing bioassays were Dulbecco’s

odified Eagle’s Medium - high glucose (DMEM), Dulbecco’s

hosphate Buffered Saline (DPBS), L -Glutamine solution (L-glute),

enicillin-Streptomycin solution (Pen Strep) and Trypsin-EDTA so-

ution, purchased from Sigma-Aldrich Australia. The CellTiter 96®

Queous Assay (composed of solutions of tetrazolium compound

3-(4,5-dimethylthiazol-2-yl) − 5-(3-carboxymethoxyphenyl) − 2-(4- 

ulfophenyl) − 2H-tetrazolium, inner salt; MTS(a)] and an electron

oupling reagent (phenazine methosulfate; PMS), commonly known

s MTS reagent and Fetal bovine serum (FBS) were obtained from

romega (United States of America) and Cytiva (United States of

merica) respectively. The DMEM and DPBS solution were kept in the

ark at 4°C, while the other reagents were frozen until required for use.

ll reagents used were of analytical grade purity. 

.3. Extraction protocol and measurement of TPC and antioxidant capacity

The extraction protocol for polar compounds, previously developed

n our laboratory was followed ( Johnson et al., 2020 ). Approximately

.5 g of powdered sample was combined with 7 mL of 90% aqueous

ethanol (v/v). The sample was vortexed for 10 s, mixed in an end-over-

nd mixer for 60 min and centrifuged at 1000 × g for 10 min (Heraeus

ultifuge Thermo Fisher Scientific (United States of America)). The su-

ernatant was collected, and the extraction step was repeated with the

ddition of another 7 mL of 90% aqueous methanol (v/v) to the pellet.

otal phenolics content (TPC) was measured using the Folin-Ciocalteu

ssay and the antioxidant capacity were measured using ferric reducing

ntioxidant capacity (FRAP) and cupric-reducing antioxidant capacity

CUPRAC) chemical assays ( Johnson et al., 2021 ). 

.4. Extraction for cytotoxicity bioassay 

The extraction protocol for cytotoxicity bioassay was similar to the

ethod stated earlier ( Section 2.3 ) with slight modifications. Approxi-

ately 2.5 g of the powdered sample was weighed and combined with

5 mL of 90% aqueous methanol (v/v), vortexed for 10 s and mixed

n end-over-end mixer for 60 min. The sample was then centrifuged for

0 min at 1000 × g, and the supernatant was collected. The extraction

tep was repeated with another 45 mL of 90% aqueous methanol (v/v).

he combined supernatant was filtered using 0.45 μm Advantec filter

aper and rotary evaporated down to semi-solid consistency. The semi-

olid product was re-dissolved in 25 mL Milli-Q water and frozen at

 80°C overnight, followed by freeze drying at ( − 54°C,500 mTorr) for

2 h. The freeze-dried product was stored at 4°C in the dark until re-

uired. Stock solutions of the extracts were prepared by weighing the
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Fig. 1. Plants used in this study. ( A ) Syzygium australe ; ( B ) Citrus hystrix ; ( C ) Murrya koenigii ; ( D ) Pittosporum angustifolium . 
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ppropriate amount of dried crystals and dissolving in sterilized Milli-

 water. The solution was then sterile filtered and serially diluted in

MEM media to obtain required concentrations. Stock solutions of the

lant extracts were prepared fresh daily as required. 

.5. Cytotoxicity bioactivity 

The HeLa (human cervical carcinoma) and HT29 (human colorec-

al carcinoma) cells were obtained from the University of Adelaide and

ultured in DMEM, supplemented with 10% FBS, 1% Pen Step and 1%

 -glute. The cells were maintained as mono layers in T-25 flask at 37°C,

% CO 2 in a humidified condition until approximately 80% confluent. 

The cytotoxicity properties of the freeze-dried plant extracts were as-

essed as previously described ( Jamieson et al., 2014 ) with slight mod-

fications. Briefly, the culture flasks were rinsed with DPBS twice, fol-

owed by an addition of 0.5 mL of trypsin and incubation at 37°C, 5%

O 2 for 10 min to dislodge the cells. The cell suspension was transferred

o a 10 mL centrifuge tube, from which 50 μL aliquot was taken out and

ounted using trypan blue. Appropriate dilution of the cell suspension

as made to obtain a final concentration of 5 × 10 4 cells·mL − 1 . Aliquots

f 100 μL diluted cell suspension were added to the wells of the 96 well

late (100 μL cells/well) in triplicates. The plate was incubated at 37°C,

% CO 2 , for 24 h prior to the addition of 100 μL of plant extracts or

ell media (for the negative control) to individual wells. The final con-

entration of the extracts in the wells were 250 μg·mL − 1 . Cisplatin, a

hemotherapeutic drug against cervical cancer was used as the positive

ontrol. After the addition of the treatment, the plates were incubated

or a period of 48 h, after which 10 μL of MTS reagent was added to

ach well, followed by a further incubation for a period of 1 h. At the

nd of the incubation period the absorbance was measured at 490 and

30 nm using a 96-well BIO-RAD iMark plate reader. This bioassay was

epeated three times to test for reproducibility. 

.6. Phenolic profiling by high performance liquid chromatography (HPLC)

The polyphenolic content in the freeze-dried extract used in the cyto-

oxicity screening was evaluated using Agilent 1100 HPLC system (Ag-

lent Technologies, Germany) with C-18 reversed phase column (Ag-

lent Eclipse XDB-C18; 150 × 4.6 mm; 5- 𝜇m pore size), guard car-

ridge (Gemini C18 4 × 2 mm) and multiwavelength detector module.

he analysis followed a previously developed protocol ( Johnson et al.,

020b ) with slight modifications. The mobile phase comprised 0.01 M
3 
hosphoric acid and methanol at a flow rate of 1 mL/min with a gra-

ient beginning at 5% methanol (0 mins), ramping to reach 25% at 15

ins, 40% at 25 mins, 50% at 30 mins and 100% at 35 mins. The total

un time was 40 mins, with a post-run flush time of 10 mins. The sample

njection volume used was 5 μL. Based on retention time, the polyphe-

ols present in the extracts were classified as hydroxybenzoic acid < hy-

roxycinnamic acids < flavonoids and were quantified at wavelengths

50 nm, 280 nm, and 325 nm, respectively. 

.7. Statistical analysis and data validation 

All the parameters studied were subjected to statistical treatment us-

ng RStudio running version R-4.1.2 statistical software. The data were

xpressed as mean ± SD of duplicate chemical assays and triplicate cy-

otoxicity testing. One-way ANOVA followed was adopted to all the pa-

ameters under study to test the level of statistical significance. The dif-

erence was considered significant if P -value < 0.05. In the cytotoxicity

esting, One-way ANOVA was used to calculate statistical significance

etween control and treated groups with a P -value < 0.05 considered to

e statistically significant. 

. Results and Discussion 

The current approach to screen plant extracts with potential cyto-

oxicity was achieved using the proposed bioassay guided fractionation

rotocol designed as shown in Fig. 2 . This study demonstrates results

btained from phase 1 of the proposed protocol ( Fig. 2 ). 

.1. The total phenolic content and antioxidant capacity 

Quantitative phytochemical analysis of crude methanolic extracts of

lants as reported in our earlier study ( Johnson et al., 2020 ) are given in

able 2 and Fig. 3 . It was found that the M. koenigii (leaves and flowers)

ad highest levels of TPC (5014 ± 100 and 7449 ± 107 mg GAE/100 g

W, respectively). The Australian species P. angustifolium of two un-

nown varieties A and B also showed relatively high TPC, with variety

 (4296 ± 59 mg GAE/100 g DW) having almost twice the value of

ariety A (2723 ± 25 mg GAE/100 g DW). Moderate amounts of TPC

ere found in S. australe and C. hystrix (2664 ± 33 and 3086 ± 124 mg

AE/100 g DW, respectively). 

Arjun et al. reported comparable or slightly lower TPC values

7012 mg GAE/100 g) in M. koenigii (leaves), which were sourced

rom Tamil Nadu in India ( Arjun et al., 2017 ). Previously, Netzel
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Fig. 2. Bioassay guided fractionation protocol. 

Table 2 

Average TP, FRAP and CUPRAC values of the plant extracts. 

Samples Avg TP (mg GAE/100 g DW) FRAP (mg TXE/100 g DW) CUPRAC (mg TXE/ 100 g DW 

M. koenigii (leaves) 5014 ± 100 6038 ± 365 12,601 ± 519 

M. koenigii (flowers) 7449 ± 107 7707 ± 348 18,055 ± 1748 

S. australe (stamen) 3086 ± 124 3086 ± 124 5436 ± 123 

C. hystrix 2664 ± 33 2202 ± 21 6119 ± 96 

P. angustifolium (A) 2723 ± 25 2819 ± 170 7198.52 ± 594 

P. angustifolium (B) 4296 ± 59 6677 ± 916 15,025 ± 1496 

Values are mean ± SD ( n = 2). 

e  

2  

l  

r  

p  

a  

b  

l  

P  

d  

s  

s  

T

 

7  

D  

D  

a  

T  

A  

v  

d  

D

 

v  

a  

s  

d  

g  

t

 

t  

(  

w  

t  

i  

c  

n  

F  

f  

n  

2  
t al.reported S. australe TPC of 2140 ± 10 mg GAE/100 g ( Netzel et al.,

007 ), which were lower than values reported here. Moreover, our ear-

ier review of Australian native plants have found TPC values in the

ange of 760–66,050 mg GAE/100 g ( Mani et al., 2021 ). The key role of

henolics and polyphenols, which constitute a wide variety and complex

rray of phytochemicals, as antioxidant, anti-inflammatory, antimicro-

ial, anticancer and antiviral activities, have been confirmed by ear-

ier work ( Arjun et al., 2017 ; Cock et al., 2015 ; Netzel et al., 2007 ;

han et al., 2020 ). The ability to chelate metal ions and prevent lipid oxi-

ation and free radical scavenging capacity makes phenolic compounds

uch as phenolic acids, flavonoids and tannins the most effective and

alient antioxidants ( Mani et al., 2021 ). Therefore, the estimation of the

PC of the selected plants is a vital part of this study. 

Antioxidant capacity was the highest in M. koenigii flowers (FRAP:

449 ± 107 mg TEX/ 100 g DW, CUPRAC: 18,055 ± 1748 mg TEX/ 100 g

W), followed by P. angustifolium B (FRAP: 4296 ± 59 mg TEX/ 100 g

W, CUPRAC: 15,025 ± 1496 mg TEX/ 100 g DW) ( Table 2 ). Whereas

ntioxidant capacity was the lowest in C. hystrix (FRAP: 2202 ± 21 mg

EX/ 100 g DW, CUPRAC: 6119 ± 96 mg TEX/ 100 g DW) ( Table 2 ).

 major discrepancy was only noted for S. australe , whereby the FRAP

alues reported in this study (FRAP: 3086 ± 124 mg TEX/ 100 g DW)
4 
eemed to be higher than that reported earlier (458 ± 11 mg TEX/ 100 g

W) ( Netzel et al., 2007 ). 

The values reported in this study generally were comparable to pre-

ious values obtained from literature ( Deo et al., 2016 ). Moreover, vari-

tions in data within literature for same plants depend on extraction

olvent and protocol used ( Johnson et al., 2020 ) and the growing con-

itions of the plants. Hence abiotic and biotic stressors such as climate or

eographical location and evolution also influence phytochemical con-

ent and activity levels ( Mani et al., 2021 ). 

Similar trends in the antioxidant capacity methods of the plant ex-

racts, measured using both FRAP and CUPRAC were also observed

 Fig. 3 ) and a strong correlation between TPC and antioxidant capacity

as also evident ( Fig. 4 ). A R 

2 value closer to 1 (R 

2 = 0.9637) suggested

hat there was stronger correlation between TPC, and antioxidant capac-

ty determined by CUPRAC as opposed to FRAP (R 

2 = 0.8214). On the

ontrary, numerous studies have found that extracts with higher TPC did

ot always show higher antioxidant capacities ( Bhardwaj et al., 2014 ;

idrianny et al., 2018 ; Johnson et al., 2020 ). This may be due to dif-

erences in interaction of polyphenols, availability and nature (polar or

on-polar) of compounds with antioxidant capacities ( Haslaniza et al.,

015 ). However, it may be assumed that higher antioxidant capacity
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Fig. 3. Graph of total phenolic content and antioxidant capacity. 

Fig. 4. Correlation between TPC and antioxidant capacity plant samples. 
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ould potentially result in higher cytotoxicity activities ( Vuong et al.,

014 ). 

.2. Cytotoxicity bioactivity 

The results of percentage cell viability of HeLa cells upon treat-

ent with the crude plant polar extracts are given in Fig. 5A . Quali-

atively, the extract treated cells which the most potent effect (no cel-

ular respiration) appeared light pink in color in the presence of MTS

eagent, whereas wells with viable cells with cellular respiration occur-
5 
ing showed dark maroon color. The P. angustifolium extracts showed the

ighest potency with no viable cells, comparable to the positive control

cisplatin, a chemotherapeutic drug), followed by the M. koenigii flow-

rs and leaves extract (43 ± 10% and 64 ± 13%, respectively). Extracts

f S. australe and C. hystrix were the least potent with% cell viability of

6–87%, which were not statistically different to the negative control

100% cell viability). 

To further investigate the cytotoxic activity, colon cancer cell lines

HT29 cells) were treated with M. koenigii (Flower and leaves) and

.angustifolium (A and B) extracts and the findings are as shown in
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Fig. 5. The percentage cell viability of (A) HeLa cells and (B) HT29 treated with plant extracts at 250 μg·mL − 1 concentration. One-way ANOVA test indicated a 

statistically significant difference ( P -value < 0.05) between the different plant extracts, denoted by different letters on the bar, ‘a’ indicates significant difference as 

compared with positive; ‘b’ indicates significant difference as compared with positive/negative control; ’c’ indicates significant difference as compared with negative 

control; ‘ab’ indicates significant difference as compared with positive/negative control. Negative control: cells without treatment; positive control: cells treated with 

10 μg·mL − 1 cisplatin (chemotherapy drug). 
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ig. 5B . The cytotoxic effect of the extracts against HT29 was similar to

he activity against HeLa, whereby the P.angustifolium extracts showed

he highest potency, with no viable cells. These extracts were deemed

ore potent in comparison to the positive control (52 ± 8% cell via-

ility). The M. Koenigii flower extracts also showed comparatively sim-

lar levels of potency (48 ± 14% cell viability) to the positive control.

hereas no significant difference was found in the percentage cell vi-

bilities between the negative control and the M. koenigii leaf extracts.

he cellular morphology of the cells before and after the addition of the

. angustifolium B extracts are shown in Fig. 6 . 
6 
Although the mechanism of action via which this cytotoxic effect

ccurs was not investigated in the current study, previous literature

ave found phytochemicals to inhibit growth of HeLa cells via apop-

osis ( Palasap et al., 2014 ). Palasap et al. used caspase activity assay

o demonstrate the apoptosis pathway of fractions obtained from Cae-

alpinia mimosoides Lamk where fraction F21, comprising of Gallic acid

68.49%), caffeine (3.44%) vanillic acid (5.59%), ferulic acid (20.63%)

nd resveratrol (1.85%), was found to increase the caspase activity of

eLa cells ( Palasap et al., 2014 ). 
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Fig. 6. Microscopic observation of cellular morphology of (A) HeLa, (B) HT29 cell before the addition of the plant extracts, (C) HeLa and (D) HT29 cells after 

addition of P. angustifolium B. 

Fig. 7. HPLC profile of P. angustifolium A and B at detection wavelength of 320 nm. 
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A previous study found the fruits of S. australe to be more po-

ent (IC 50 : 134 μg·mL − 1 ) towards HeLa cells and non-cytotoxic to-

ards normal cells (Selectivity index(SI): 14.02–45.97) compared to

he leaves from these species (IC 50 :187 μg·mL − 1 and SI: 0.86–1.57)

 Jamieson et al., 2014 ). Notably, whilst M. koenigii extracts showed

igher antioxidant capacities than P. angustifolium, it had a lower cy-

otoxicity against the HeLa cells. This anomaly may have been due to

ariation in the phytoconstituents of the extracts and the sensitivity of

he cell towards the M. Koenigii extracts compared to the P.angustifolium .
7 
äcker et al. (Bäcker et al., 2016) has previously evaluated the cyto-

oxicity of isolated saponins from P. angustifolium which revealed that

he predominant structural feature for a cytotoxic activity are acyl sub-

tituents at the oleanane aglycon backbone against three tumorigenic

ell lines (MCF7 —human breast cancer, 5637 —human urinary bladder

arcinoma, LN18 —human glioblastoma) and one non-tumorigenic cell

ine (HaCaT —human keratinocyte) up to the low μM-range. However,

he availability of literature aligning to the current study on P. angus-

ifolium extracts against HeLa cell lines in our knowledge is nonexis-



J. Mani, J. Johnson, H. Hosking et al. Clinical Complementary Medicine and Pharmacology 2 (2022) 100022 

Fig. 8. HPLC profile and peak identification of P. angustifolium B. 
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ent. Additionally, whilst phytochemical screening has identified nu-

erous triterpenes in the leaves of P. angustifolium of ( Bäcker et al.,

013 ; Bäcker et al., 2015 ; Bäcker et al., 2016 ; Bäcker et al., 2014 ), due

o the occurrence of different varieties of these species and variations

n their phytochemistry (as shown in Fig. 7 ), there still remains a large

cope for investigation. Different varieties may have different phyto-

hemicals in varying concentrations which may lead to different biolog-

cal activities. 

.3. Phenolic profiling by high performance liquid chromatography (HPLC)

HPLC analysis was performed on the two promising anticarcinogenic

xtracts ( P. angustifolium A and B), with the phenolic profiles attained

hown in Fig. 7 . Classes of phenolic compounds obtained from literature

 Ooh et al., 2014 ) with similar HPLC separating conditions suggests the

ccurrence of hydroxybenzoic acids and hydroxycinnamic acids at re-

ention times shown in the chromatogram ( Fig. 7 ). 

Based on the phenolic profile, peaks of P. angustifolium B extracts

ere found to show peaks with greater intensity ( Fig. 7 ). Further com-

arison of the main peaks identified in extract B with the UV spec-

rums of the standards of some common plant phenolic compounds

ere conducted. The dominant peaks were tentatively identified as

hlorogenic acid, p-coumaric acid, caffeic acid, t-ferulic acid and rutin

rom comparison of their UV spectra and retention times to authentic

tandards as depicted in Fig. 8 . Bäcker et al. (Bäcker et al., 2016) re-

orted on the identification of polyphenolic compounds from P. an-

ustifolium for the first time. They isolated quercetin glycosides rutin,

soquercitrin, 600-(3 ‑hydroxy-3- methylglutaroyl)-isoquercitrin as well

s 3,4- (4) and 4,5-dicaffeoylquinic acid, similar to the postulated

ndings of this study ( Bäcker et al., 2014 ). Moreover, cytotoxicity

f these compounds are also well documented ( Bajpai et al., 2005 ;

huyan et al., 2017 ; Mani et al., 2020 ; Nour et al., 2013 ). For instance,

kbatan et al. (Ekbatan et al., 2018) demonstrated that cell prolifera-

ion of Caco-2 cells decreased by 50% at effective concentration (EC 50 )

f 431 ± 51.84 μM with equimolar mixtures of chlorogenic acid and

ts major colonic microbial metabolites which included caffeic acid,
8 
-phenylpropionoic acid and benzoic acid. The cytotoxicity effects oc-

urred at significantly lower concentrations of each compound (chloro-

enic acid, caffeic acid, 3-phenylpropionoic acid and benzoic acid)

ithin the mix, as opposed when cells were treated singly (one com-

ound at a time). This indicated that the enhanced anti-colon cancer

ctivity was due to their synergistic activity ( Ekbatan et al., 2018 ). It

an therefore be inferred that higher occurrence of these predominant

pecies of polar phenolic compounds in extract B may be responsible for

he greater anticarcinogenic effect. 

Since the main goal of this study was to perform an initial screening

f plants with potential anticarcinogenic activity, toxicity testing and

nhibitory concentrations (IC 50 ) of the extracts is not reported herein.

urthermore, the next phase of this study (Phase 2 of the Bioassay guided

ractionation protocol- Fig. 2 ) entails “cutting ” the chromatogram into

ractions and screening these fractions for their bioactivity, with an aim

o isolate, purify and identify a novel anticarcinogenic compound. 

. Conclusion 

This study found the Australian species P. angustifolium to be the most

otent extract comparing the other plant extracts tested against the HeLa

ells. Additionally, the HPLC profile of the extract also showed an array

f promising therapeutic phenolic compounds. Hence, further fraction-

tion and isolation of novel compounds from this species is warranted.

t should be noted that since the P. angustifolium extracts have showed

igh cytotoxic effect against the cancer cell line, it may also have cyto-

oxic effects against normal cells. Performing toxicity testing and deter-

ining the IC 50 of P. angustifolium extracts against normal human cells

nd other cancer cell lines would further validate its effectiveness as

ytotoxic agent. Moreover, it can be concluded that the proposed bioas-

ay guided protocol is simple, robust and an effective way of screening

lants with potential cytotoxicity. The next phase of the protocol will

im to identify bioactive compounds in the active fractions of the plant

xtracts. Finally, since bioactive triterpenoid saponins have been identi-

ed previously by numerous authors, future research on P. angustifolium
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hould also include the investigation of these compounds in addition to

he therapeutic phenolic compounds. 
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