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Abstract: Dioscorea spp. is known for its myriad medicinal properties. D. alata, specifically crude
extracts, have displayed potent anticancer properties. However, the chemical constituents of these
extracts have not been examined. The aim of this study is to determine the chemical composition and
antioxidant characteristics of the active extracts from D. alata tuber. Chemoinformatic profiling of the
Jamaican Dioscorea alata cultivar white yam tuber was generated by a sequential Soxhlet extraction
of dried milled tuber, producing five crude extracts: hexane (E-1), diethyl ether (E-2), acetone (E-3),
ethanol (E-4) and water (E-5). The analytes within the five extracts were dissolved in 0.1% DMSO and
their anticancer activity was determined using DU145 prostate cancer cells. Both the acetone and the
ethanolic extract were able to induce greater than 50% cell death at 50 µg/mL. The order of growth
inhibition of the extracts in DU-145 cell is E3 (IC50, 10.81 µg/mL) > E-4 (IC50 24.17 µg/mL) > E-1 (IC50

> 100 µg/mL) ≥ E-2 (IC50 > 100 µg/mL) ≥ E-5 (IC50 > 100 µg/mL). Phytochemical screening of both
E-3 and E-4 revealed the presence of all major classes of secondary metabolites except tannins. Resins
were also absent in the E-3 extract. Phenolic quantification indicated that E-3 and E-4 possessed
GAEs of 31 ± 1.1 and 72 ± 1.8 mg per g of sample, respectively. Inversely, E-3 displayed greater
antioxidant capability with IC50 of 82.9 µg/mL compared to E-4 (166.9 µg/mL); however, neither was
comparable to citric acid (33.6 µg/mL). The extract E-3 was further isolated by HPLC into 11 fractions.
Fractions 4 and 5 possessed potent cell growth inhibitory effects. GCMs of fractions 4 and 5 showed
they possessed numerous saturated fatty acids with pharmacological relevance. The presence of
these compounds shows potential for exploitation of D. alata extracts for pharmacological purposes.

Keywords: Dioscorea alata; anticancer; phytochemical; antioxidants

1. Introduction

Yams are monocotyledonous plants belonging to the family Dioscoreaceae with the
Dioscorea being the largest genus. They are known for their production of tubers, a storage
organ composed mostly of starch. Yams are mainly found in tropical regions and are
considered important staple crops in West Africa, Southeast Asia and the Caribbean [1,2].
Despite the large number of Dioscorea species, only about 11 species are cultivated or
economically important, including the very popular Dioscorea alata or white yam [2].

Most commonly, yam is consumed boiled, baked, or fried [2]. Occasionally, yam is
ingested in the form of raw yam, cooked soup, powder, or flour [2]. When compared to
cassava or sweet potato, yam boasts a greater caloric value and contains relatively high
levels of protein, vitamin C, and vitamin E [3]. Mucin, dioscin, dioscorin, allantoin, choline,
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polyphenols, diosgenin, and vitamins including carotenoids and tocopherols are only a
few of the bioactive substances found in yam tubers [3] Mucilage of the yam tuber contains
soluble glycoprotein and dietary fiber [3].

Dioscin, diosgenin, dioscorin, and anthocyanins are a few of the bioactive substances
that have been linked to the anticancer effects of the Dioscorea species. Even though these
compounds are prolific and anti-cancer—anti-proliferative, based on our results they are
not the cytotoxic agents responsible for the antiproliferative activity in D. alata acetonic and
ethanolic extracts.

These substances have been demonstrated to have strong cytotoxic effects against
numerous cancer cell lines, including those from the breast, lungs, colon, and prostate,
among others [4–6]. There are various cultivars of D. alata with the white yam cultivar
(D. alata cv white yam), being very popular and widely eaten in Jamaica. Other cultivars
of D. alata grown in Jamaica, such as the purple yam, commonly called St. Vincent, Dark
Night, and Moonshine yam, have been shown to possess anticancer activities in vitro and
in vivo [2]. The properties observed are thought to be due mainly to the presence of potent
antioxidants, namely brightly coloured anthocyanins, which are responsible for the purple
color in these yams [1]. It is possible that other cultivars may possess similar properties.
We postulated that D. alata cv. white yam grown in Jamaica possesses anti-proliferative
properties due to its phytochemical content. Studies have shown that many illnesses,
including certain cancers and atherosclerosis, are linked to redox imbalance/oxidative
stress [7,8]. Oxidative stress results from an imbalance in the reactive oxidative species
(ROS) in cells. ROS are formed as by-products of metabolism but can also be generated
from external sources. When there is a high concentration of ROS in cells, this may lead
to uncontrolled cellular oxidation which can result in cellular damage and apoptosis.
Conversely, studies have also indicated the stimulative effect of antioxidants in cancer cell
growth [9].

Antioxidants are chemicals that are designed to reduce or neutralize ROS. Antioxidants
are generated internally in the body; however, antioxidant sources are not limited only
to compounds produced in the body as they can be obtained exogenously [10,11]. There
has therefore been an effort to extract antioxidants from plants to determine their benefits.
Yams possess a variety of compounds including saponins, polyphenols and vitamins;
these components are thought to contribute to their bioactivity in some efficacy studies.
The literature shows that these components have displayed antioxidant properties in
other plants.

The effects of antioxidants on cancer cells are complex and can depend on several
factors, such as the type of antioxidant, the type of cancer, and the stage of the cancer.
Some studies have suggested that antioxidants may be beneficial in preventing cancer
development and reducing cancer-related mortality. For example, a meta-analysis of
randomized controlled trials found that supplementation with beta-carotene, vitamin C,
and vitamin E was associated with a decreased risk of cancer incidence and mortality [12].
Additionally, several preclinical studies have suggested that certain antioxidants, such
as curcumin and resveratrol, have anticancer properties and can inhibit the growth and
metastasis of cancer cells [13,14].

Some studies have demonstrated that antioxidants can stimulate the growth of cancer
cells in vitro and in vivo, as well as promote metastasis [15]. One potential mechanism by
which antioxidants may promote cancer growth is through their ability to reduce oxidative
stress in cancer cells, which may make cancer cells less vulnerable to chemotherapy and
radiation therapy. These treatment options rely on the generation of ROS to induce cell
death [16].

Studies have shown that yam plants possess antioxidant properties particularly in
brightly colored cultivars such as the St. Vincent yam. There has been limited research on
the antioxidant content of yams with white coloration such as the white yam. This is the
first research known to the authors which focuses on the anticancer properties of yams
with white pigmentation in Jamaica. This study therefore seeks to screen for phytochemical
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components present in the D. alata, cv white yam and identify the possible compounds
contributing to the anticancer properties observed. The result of this study will provide
the foundations for further investigation into the chemical compositions of the medicinal
extracts of D. alata.

2. Materials and Methods
2.1. Collection of Dioscorea Alata Tuber Samples

Dioscora alata cv white yam tubers were gathered in the Jamaican parish of St. Catherine
and shipped to the University of the West Indies’ Biotechnology Center in Mona, Jamaica.
The tubers underwent a 6-h sun-drying process after a tap-water wash. After being dried at
50 ◦C to a constant weight, the tubers were ground into a fine powder and kept in sample
bottles at room temperature.

2.2. Preparation of Extracts

The milled sample (1.2 kg) was placed in a large thimble constructed with steel mesh
wire and filter paper. A continuous extraction was performed via Soxhlet extraction using
4 L of 100% hexane, diethyl ether, acetone, ethanol and water sequentially. Each solvent
was used under reflux for 1 week before removal and subsequent addition of the next
solvent. Each extract was concentrated using a rotary evaporator at 120 rpm at the solvents’
melting point. The water extract was vacuum filtered and dried using a lyophilizer. The
five extracts were dried and stored at room temperature.

2.3. Phytochemical Analysis

The presence of the following phytochemicals was assessed using the acetone and
ethanolic extracts: Phenols, alkaloids, tannins, sterols, glycosides, flavonoids, saponins,
terpenoids, carboxylic acid and resins. Presence or absence was indicated by a plus (+) or
minus (−) sign, respectively. Strong reactivity (that is, a large phytochemical content) was
indicated by two pluses (++).

2.3.1. Test for Phenols

The E-3 and E-4 solutions were treated with five drops of 5% (w/v) glacial acetic acid
and 5% (w/v) sodium nitrite solution. Muddy brown precipitate developed in the test tube;
hence, the presence of phenols was confirmed [17,18].

2.3.2. Test for Alkaloids

A small quantity of extract was warmed in 2% hydrochloric acid for 2 min. The
mixture was filtered, and a few drops of Mayer’s reagent and Wagner’s reagent were added
separately. The Mayer’s reagent produced creamy-white colored precipitation giving
a positive result. The Wagner’s reagent produced a reddish-brown precipitate, which
indicated the presence of alkaloids [17,18].

2.3.3. Test for Tannins

A small quantity of extract was boiled in 5 mL of 45% ethanol solution. The mixture
was then cooled and filtered. Two drops of ferric chloride (FeCl3) were added to 1 mL of
filtrate. A greenish black or dark blue color indicated the presence of tannins [17–19].

2.3.4. Test for Glycosides

Extract (2 mL) was mixed with glacial acetic acid (1 mL), one drop of ferric chloride
and one drop of concentrated sulphuric acid. The presence of a reddish-brown color at the
junction of two layers with the upper layer having a bluish green color would confirm the
presence of glycosides [18].



Separations 2024, 11, 44 4 of 16

2.3.5. Test for Flavonoids

Extracts (10 mg) were boiled in 5 mL of ethyl acetate for 3 min. The mixture was
filtered and the filtrate was mixed in 1 mL of diluted ammonium chloride solution (1%) by
shaking. The layers were allowed to separate. A yellow coloration indicated the presence
of flavonoids [17,20].

2.3.6. Test for Sterols

Extract (2 mL) was mixed with 2 mL of chloroform. To the mixture, 2 mL of acetic
anhydride was added followed by two drops of concentrated sulphuric acid to the mixture
via the side of the test tube. If sterol was present, there would be a red, then blue and finally
green colour change [21].

2.3.7. Test for Saponins

Extract (0.2 mg) was dissolved in boiling distilled water. The extract was allowed
to cool. The extract was then shaken vigorously and the formation of froth indicated
the presence of saponin. The procedure was repeated using 5 g of dried yam material.
Following the boiling in distilled water, the extract was allowed to cool and the filtrate was
collected. The filtrate was then shaken vigorously for the formation of froth. Formation of
steady froth indicated the presence of saponins [18,22,23].

2.3.8. Test for Terpenoids

Extract (2 mL) was mixed with 2 mL of chloroform. To this mixture 3 mL of con-
centrated H2SO4 was added and a layer of reddish-brown coloration was formed at the
interface, thus indicating the presence of terpenoids [17,19]

2.3.9. Test for Resins

Acetonic extract (1 mL) was treated with few drops of acetic anhydride. Sulfuric acid
(2 mL) was added to the mixture. A color change to yellow orange was observed; this
indicated the presence of resins [24].

2.3.10. Test for Carboxylic Acid

Acetonic extract (0.5 mL) of extract was treated separately with 1 mL of saturated
sodium bicarbonate solution (0.3 g solid to 4.5 mL distilled water). The liberation of carbon
dioxide (visualized by effervescence or bubbling in the sample) confirmed the presence of
carboxylic acid [24,25].

2.4. Cell Culture of DU145 Cells

All cell lines used in this study were obtained from the American Type Culture
Collection (ATCC; Rockville, MD, USA). DU145 prostate cancer cells were cultured at
the Environmental Toxicology Department at Southern University, Baton Rouge in an
RPMI-1640 medium. Media were supplemented with 10% (v/v) heat inactivated fetal
bovine serum (50 mL) and 1% (v/v) penicillin-streptomycin (5 mL). Cells were harvested
to perform various assays once 80–85% confluency was attained. Cells were incubated at
37 ◦C with 5% CO2.

2.5. Cell Viability of DU145 Cells

Cells were seeded in 96-well plates at 5 × 103 cell/well and allowed to grow for
24 h. Then, extracts were applied to the cells in five separate twofold dilutions, ranging
from 100 g/mL to 6.5 g/mL. Each extract’s final dimethyl sulfoxide (DMSO) content in
the growing medium did not go above 0.5% (v/v). Cell viability and cytotoxicity were
measured using 10% (v/v) CellTiter 96® aqueous one solution reagent after cells had been
exposed to the extract for 24 h. The absorbance was measured at 490 nm with an ELX800UV
universal microplate reader following a 60-min incubation with (4,5-dimethyl-2-yl)-5-(3-
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carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium. A GraphPad Prism 8 was used
to analyze the findings [26].

2.6. Antioxidant Capacity of Extracts Using 2,2-Diphenyl-1-picrylhydrazyl (DPPH)

Standards and extracts were diluted in methanol to the proper quantities in order to
determine each compound’s antioxidant capability within a linear range. Totals of 100,
200, 400, 800, and 1000 µg/mL concentrations of the extracts were used. The ascorbic
acid standard was made daily and diluted to concentrations of 2.5, 5, 10, 20, 40, 80, 160,
and 320 µg/mL. A quantity of 0.1 mM DPPH in methanol was also utilized. The DPPH
(1000 µL each) was reacted with the controls and extracts (200 µL each) in test tubes for
30 min in the dark. Additionally, a blank was created and incubated alongside the samples
using methanol in place of the sample. Following incubation, the samples’ absorbance
was measured at 517 nm using a Unico scanning spectrophotometer (Unico, Dayton, NJ,
USA) [27].

The mean optical density of the sample was utilized to determine the DPPH reduction
(inhibition), representing the percentage of DPPH that was neutralized by the antioxidants
present in the added samples.

The equation below was used to calculate this percentage:

Ao − As

Ao
× 100 (1)

AO: absorbance blank
AS: sample absorbance

The findings were organized into a table and illustrated through graphs. The IC50
values were determined based on the DPPH reduction percentages and represent the
concentration of the sample (in µg/mL) needed to neutralize 50% of the DPPH in the assay.

2.7. Polyphenol Quantification

Standards containing 1 µg, 2 µg, 4 µg, 6 µg, 8 µg and 10 µg of gallic acid dissolved
in a volume of 200 µL were prepared. To each well, 20 µL of standard was added in
quadruplicates. Some 80 µL of 7% calcium carbonate was added to each well containing
20 µL of standards and unknown samples. The Folin–Ciocalteu reagent was diluted 1:10
in deionized water and 100 µL was added to each well. The absorbance was measured
at 700 nm after the addition of the Folin–Ciocalteu reagent. The total phenolic content of
the extract was expressed as mg gallic acid equivalents (GAE) per gram of sample in dry
weight (mg/g) [28].

The total phenolic content was calculated according to the equation:

C =
cV
m

(2)

C: Total phenolic content mg GAE/g dry extract
c: Concentration of gallic acid derived from calibration curve in mg/mL
V: Volume of extract in mL
m: Mass of extract in grams

2.8. High Performance Liquid Chromatography (HPLC)

The E-3 extract was purified prior to HPLC separation using solid phase extraction
possessing a carbon 18 column (C18-E, 55 µm, 70A, 8B-S001-LEG). Methanol (10%) was used
to wash the column; then, 25%, 75%, and 100% methanol was used to elute it. The samples
were subsequently dried using a combination of rotary evaporation and straightforward
distillation. Before being injected into the HPLC apparatus, the 100% methanol elute was
dissolved in 20% DMSO and filtered through a 0.25 µm filter disc.
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The E-3 extract was prepared by performing a 1:100 dilution of E-3 stock solution
(1.46 × 105 µg/mL); therefore, the sample injected had a concentration of 1.46 × 103 µg/mL
The experiment was carried out using an Agilent HPLC 1200 series and Chemstation
for LC systems Rev. B.04.03 SP2 with a diode array detector. The method employed a
Phenonmenex-250 × 21.20 nm, 10 u, C18(2), 100 Å column. The chromatography was
monitored at 210 nm, 230 nm, and 280 nm. The mobile phase contained two solvents (A:
distilled deionized water; B: acetonitrile); the gradient profile is described in Table 1 below.

Table 1. Gradient profile method of HPLC separation of E-3.

Time
(min)

Flow Rate
(mL/min)

Deionized Water (%)
A

Acetonitrile (%)
B

0 1 75 25
5 1 50 50
10 1 25 75
20 1.5 0 100

Sample separation for 30 min. Column washed and regenerated with 95% acetonitrile (5 min, 1 mL/min) followed
by 100% acetonitrile (5 min, 1.5 mL/min).

The fractions collection was conducted according to the table below (Table 2).

Table 2. Fraction collection of HPLC separation for E3.

Fractions Time
(min) Fractions Time

(min)

0 3 6 2
1 3.5 7 2
2 3.5 8 2
3 2 9 2
4 2 10 2
5 2 11 5

Fraction collection was initiated at 3 min into the HPLC run. The Fr. 1 and Fr. 2
fractions were collected within a time interval of 3.5 min. The following eight fractions had
a time interval of 2 min. The final fraction had a time interval of 5 min. The fractionation
protocol was repeated 13 times. Fractions were dried using a vacuum concentrator and
dissolved in 20% DMSO. DU145 cells were treated with 10 µL of each fraction and their
cell growth inhibition activity was assessed using an MTT assay.

2.9. Gas Chromatography Mass Spectrometry

The analysis was conducted using an electron impact mode at 70 eV. The splitless
mode was employed with an injection purge duration of 0.75 min. The injector temperature
was set to 250 ◦C, while the transfer line temperature was maintained at 280 ◦C. The column
used was a DB-1701 with dimensions of 30 m length, 0.25 mm inner diameter, and 0.25 mm
film thickness. A ramped temperature program was employed beginning at 80 ◦C and
held for 2 min, followed by an increase of 20 ◦C per minute for a duration of 10 min.
Subsequently, the temperature was held for an additional 10 min. A solvent delay of 3 min
was implemented, and helium was used as the carrier gas at a flow rate of 1.2 mL min−1.
The operations were conducted in a Scan mode.

3. Results

Natural products commonly found in our diet present promising possibilities for
identifying potent anticancer compounds. Dioscorea spp. have been extensively studied by
various researchers and have been recognized for their diverse nutritional and medicinal
properties [29,30].
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3.1. Dioscorea alata Solvent Extraction

D. alata contains a wide array of active and non-active compounds distributed through-
out its different parts. To extract these compounds, solvents with varying polarities were
utilized. The data obtained from these extractions allowed us to create a fingerprint of
the bioactive analytes present in D. alata. For the extraction process, D. alata (18.802 g)
from Jamaica, W. I., was sequentially extracted using hexane (E-1), diethyl ether (E-2),
acetone (E-3), ethanol (E-4), and water (E-5) through Soxhlet extraction for 24 h at their
respective boiling points. Subsequently, a combination of simple distillation and rotary
evaporation was employed to remove the solvents, and the gravimetric method was used
to determine the dry weights of the extracted materials. Solid–liquid extraction of D. alata
with water for 24 h resulted in the largest number of extractable analytes (5.12% 0.96/18 g).
We obtained (1.68% 0.32 g/18 g), (1% 0.19 g/18 g) and (0.29% 0.05/18 g) for hexane (E-1),
diethyl ether (E-2), acetone (E-3), ethanol (E-4) or water (E-5), respectively. The initial
analytical extraction was used to conduct a cytotoxicity screen using DU145 cells (Figure 1).
The screen showed that extracts E-3 and E-4 displayed the lowest cell viability in DU145
cells when comparing all the extracts.
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Figure 1. Cytotoxic effect of Jamaican Dioscorea alata crude extracts on DU145 cells. E−1—Hexane,
E−2—diethyl ether, E−3 acetone, E−4 ethanol and E−5 water extract. Wells were seeded with
10,000 cells and were treated with crude extracts. Cells were harvested after 24 h and their viability
was measured using a CellTiter 96® non-radioactive cell proliferation assay (MTS). Assays were
performed in quadruplicate.

3.2. Preliminary Phytochemical Assessment of Acetonic and Ethanoic Extracts of Dioscorea alata

White yams have been attributed various medicinal properties owing to the existence
of specific secondary metabolites in the tuber [31]. The bioactive compounds found in
plants are secondary metabolites that can elicit pharmacological or toxicological effects in
humans and animals. The Jamaican Dioscorea alata extracts were subjected to phytochemical
evaluation. Various plant constituents present were identified in the acetone and ethanol
extract using both qualitative and quantitative methods. The qualitative phytochemical
assessment revealed the presence of various classes of secondary metabolites present within
the acetonic and ethanolic extract (Table 3). Both extracts tested positive for the presence
of phenols, alkaloids, sterols, alkaloids, glycosides, terpenoids, and phytosteroids. Both
extracts tested negative for tannins. The ethanolic extract tested positive for resins; however,
the acetonic extract tested negative. Both extracts possessed compounds that are known to
exhibit antioxidant properties.
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Table 3. Phytochemical Screening of E-3 and E-4 Extract from Dioscorea alata.

Phytochemicals
Acetone Extract

(E-3)
Ethanol Extract

(E-4)

Phenols ++ ++
Alkaloids + +
Tannins − −
Sterols + ++

Glycosides ++ ++
Flavonoids + +
Saponins ++ +

Terpenoids + ++
Carboxylic acid ++ +

Resins − +
Steroids ++ ++

(+) indicates present, (++) indicates strongly present, (−) indicates absence.

To corroborate the phytochemical screen, the total phenol content of E-3 and E-4
extracts was determined. The Folin–Ciocalteu assay method, with a Gallic acid standard
curve, was used to determine the total phenolic content of the extract. The content was
expressed as milligrams of Gallic acid equivalents (GAE) per gram of extract. Table 4
reveals that the total phenolic content in E-4 was approximately twice as high as E-3, with
values of 72 ± 1.8 mg GAE per g and 31 ± 1.1 mg GAE per g, respectively.

Table 4. Total Phenol Content in Acetonic and Ethanolic extracts of Jamaican Dioscorea alata.

Extracts Gallic Acid Equivalents (GAE) mg/g

E-3 31 ± 1.1
E-4 72 ± 1.8

3.3. Dioscorea alata Acetonic and Ethanolic Extracts Possess Antioxidant Properties

Free radical scavenging ability when assessed showed that E-3 was more potent
than E-4 (Figure 2). The order of increasing antioxidant potency of the yam extract was
E-3, IC50 of 83 µg/mL, then E-4 with an IC50 value of 169.4 µg/mL (Table 5). It was
observed that the DPPH reagent was reduced with increased concentration of both extracts.
Ascorbic acid displayed more than double the potency of acetonic extract with an IC50
value of 33.6 ± 0.1 µg/mL and was five times more potent than that of E-4, an IC50 value of
167 µg/mL. The data highlighted the likelihood that the protective properties of Dioscorea
alata tuber may not be due to its free radical scavenging abilities.

Table 5. IC50 Values of Free radical Scavenging Properties of Dioscorea alata Acetonic and Ethanolic
extracts.

Sample IC50 (µg/mL) 95% Confidence Interval

Ascorbic Acid 33.6 31.98 to 35.34
E-3 82.9 70.56 to 93.95
E-4 166.9 140.4 to 204.3

The E-3 extract displayed greater cytotoxic activity towards DU145 cells as well as
more favorable antioxidant capabilities. Further investigations focused on identifying the
compounds present within the E-3 extract. The E-3 extract was subjected to solid phase
extraction. It was washed with 10% acetone and eluted with 25, 75 and 100% methanol
(MeOH). The 100% MeOH elute, in a single dose assessment, inhibited 97.9% cell growth
of the DU145 cells as compared to the crude extract’s 98.5% cell growth inhibition. The
resulting sample was further separated into 10 fractions via high performance liquid
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chromatography (HPLC) (Figure 3). The HPLC protocol was developed using the time
fractionation method.
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Figure 3. High performance liquid chromatography (HPLC) and fractionation design for E-3 extract
gradient run of sample with detection using 240 nm HPLC fractionation design. Major peaks detected
using time split.

Major peaks were collected in different fractions; this was enhanced by using two
detection wavelengths, 210 nm and 230 nm. The protocol was designed using three
different time intervals. Three time intervals were used; fractionation was initiated at a
2 min retention time. The first two fractions were collected within a time interval of 3.5 min.
This was used to remove the major peak observed within the retention time of 3.4 min and
8.7 min detected using 230 nm and 210 nm. The following eight subsequent fractions had a
time interval of 2 min. The final fraction had a time interval of 5 min, which collected all
the smaller peaks at the end of the chromatogram.

Each HPLC fraction was concentrated and evaluated for proliferative activity using an
MTT viability assay in DU145 cancer cells (Figure 4). Six fractions displayed positive
inhibitory activity against DU145 cells; however, fraction 4 (Fr4) and fraction 5 (Fr5)
possessed the greatest inhibitory effect at 92% and 93% growth inhibition. This was
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comparable to the load and docetaxel (positive control), which had a growth inhibitory
activity of 94% and 97%, respectively. Both Fr4 and Fr5 were further assessed for their
chemical composition using gas chromatography mass spectrometry (GC-MS).
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Figure 4. Single dose assessment of anticancer properties of HPLC fractions on DU145 cells. Fractions
were assayed using DU145 cells with 5000 cell/well. Cells were harvested after 24 h and their viability
was measured using a CellTiter 96® non-radioactive cell proliferation assay (MTT). Numbers 1–10
refer to the fractions from the HPLC.

The compounds identified in Fraction 4 (Fr4), and Fraction 5 (Fr5) are listed in
Tables 5 and 6. Figure 5 highlights the gas chromatogram of the extract. The compounds
were identified through the NIST08 L database as listed in Tables 5 and 6. The major com-
pound identified by GC-MS analysis was azelaic acid RT 9.85 min in Fr4 and Fr5. However,
the best matches from the database were hexadecanoic acid at RT 10.81 minutes in Fraction 4
with an abundance of 6.73% and RT 10.81 min with an abundance of 8.58% in Fraction 5.
Other components also identified in the fractions are highlighted in Tables 6 and 7. Octanoic
acid was present in both fractions but was more abundant in Fraction 4. Fractions 4 and 5
possessed the highest azelaic acid content. They also contained nonanoic acid RT 6.96 min,
dodecanoic acid RT 8.79 min, hexadecanoic acid RT 10.81 min, and octadecanoic acid RT
9.33 min in relatively great abundance. Additionally, 1,2-Bis(trimethylsiloxy)ethane RT
5.24 min was identified in large quantities in Fraction 4.
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Table 6. GC-MS analysis of the HPLC Fraction 4 of the E3 Extract of Dioscorea alata.

Retention Time (min) Abundance % Name of Compounds Molecular Mass g/mol

5.24 9.59 1,2-Bis(trimethylsiloxy)ethane 206.43
6.26 2.8 Octanoic acid, trimethylsilyl ester 216.39
6.91 3.62 Butanedioic acid, bis(trimethylsilyl) ester 262.45
6.96 6.37 Nonanoic acid, trimethylsilyl ester 230.42
7.55 8.57 4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-methyl- 192.17
8.79 5.82 Dodecanoic acid, trimethylsilyl ester 272.5
8.96 2.71 Benzoic acid, 4-[(trimethylsilyl)oxy]-, trimethylsilyl ester 282.48
9.85 16.18 Azelaic acid, bis(trimethylsilyl)ester 332.58
10.81 6.73 Hexadecanoic acid, trimethylsilylester 328.6
11.7 1.9 Octadecanoic acid, trimethylsilylester 356.7
12.31 2.74 Dodecanamide 199.33
11.7 1.9 Heptadecanoic acid, trimethylsilylester 342.6

Table 7. GC-MS analysis of the HPLC Fraction 5 of E3 Extract of Dioscorea alata.

Retention Time (min) Abundance % Name of Compounds Molecular g/mol

4.76 3.34 Propanoic acid, 2-(methoxyimino)-,trimethylsilyl ester 189.28
5.25 3.24 Ethanedioic acid, bis(trimethylsilyl) ester 234.4
5.34 1.22 Dithioerythritol, tetrakis(trimethylsilyl)- 443
5.42 1.45 Butanoic acid, 2-[(trimethylsilyl)amino]-, trimethylsilyl ester 247.48
6.14 2.61 Trimethylsilyl ether of glycerol 308.64
6.26 0.92 Octanoic acid, trimethylsilyl este 216.39
6.91 4.96 Butanedioic acid, bis(trimethylsilyl) ester 262.45
6.96 3.04 Nonanoic acid, trimethylsilyl este 230.42
7.55 3.54 Anthracene, 1-methyl- 192.25
8.79 3.3 Dodecanoic acid, trimethylsilyl ester 272.5
8.96 1.73 Benzoic acid, 4-[(trimethylsilyl)oxy]-, trimethylsilyl ester 282.48
9.33 1.75 Octanedioic acid, bis(trimethylsilyl) ester 318.56
9.85 9.74 Azelaic acid, bis(trimethylsily) ester 332.58
9.96 1.55 Arabinofuranose, 1,2,3,5-tetrakis-O-(trimethylsilyl)- 150.13

10.21 0.98 Trimethylsilyl ether of glycerol 308.64
10.34 1.38 .alpha.-D-Glucopyranoside, methyl2,3,4,6-tetrakis-O-(trimethylsilyl)- 194.18
10.81 8.58 Hexadecanoic acid, trimethylsilylester 328.6
11.38 1.05 Dodecanamide 199.33
11.64 0.89 Oleic acid 282.5
11.7 4.03 Octadecanoic acid, trimethylsilylester 356.7

12.23 3.39 .beta.-D-Galactopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 541.1
12.3 3.54 Benzeneethanamine, 2-fluoro-.beta.,3,4-trihydroxy-N-isopropyl- 229.25

14.29 1.42
1H+R6:R27ido [1,2-a]quinoline-2-carboxylic acid, 5,6-dihydro-1-oxo-,

methyl ester
256.26
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4. Discussion

D. alata is a widely consumed staple crop in Jamaica and the Caribbean; however,
there are limited studies locally of its medicinal properties, particularly its antiproliferative
capacity. Previous studies have shown the anti-proliferative capacity of the purple yam
(D alata cultivar) but not of the generally consumed water yam. This study sought to
evaluate the antiproliferative potential of components form fibers of locally grown D.
alata cv water yams [26]. Sequential continuous extraction using solvents of increasing
polarities allowed for separation of compounds in the yam tubers. This preliminary
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level of extraction has proven highly beneficial over the years (in natural compound
isolation) because it allows for an initial separation of components for further analysis.
The resulting extracts were tested for their cell inhibition activity against DU-145, an
androgen-insensitive prostate cancer cell line. Androgen-insensitive prostate cells are the
most difficult to test and cytotoxic compounds towards this cellular model would prove
extremely beneficial. Extracts E3 and E4 were the most promising extracts as seen in
Figure 1. These extracts displayed potent toxicity against androgen-insensitive prostate
cancer cells (DU145) producing IC50 values of 10.81 µg/mL by E-3 and 24.17 µg/mL by E-4.

Despite the higher phenol content in E-4, E-3 (IC50 of 82.9 µg/mL) displayed superior
antioxidant activity to E-4 (IC50 of 166.9 µg/mL). The use of solvents with varying polarity
in the solid–liquid extraction allowed for the solubilizing of cytotoxic compounds using
acetone (E-3) and ethanol (E-4). The extracts when screened for their phytochemical
content had several phytochemicals of interest. Given the polarity of the extraction solvents
used, many phytochemicals were polar in nature including phenolic compounds such
as flavonoids, phenols, and tannins. The general classes of phytochemicals identified
in our extracts, as seen in Table 2, have also been identified in various Dioscorea tuber
species and cultivars from various locations [32,33]. Terpenoids, alkaloids, sterols, steroids,
and glycosides were also present in the acetonic (E3) and ethanolic (E4) extracts [26,34].
Qualitative analysis additionally indicated a strong presence of carboxylic acid, which
can be associated with high fatty acid content present within the tuber [35]. Phenolic
compounds such as flavonoids have been implicated as antiproliferative agents. They are
also known as antioxidants as they are able to scavenge free radicals [36]. The antioxidant
capacity of the extracts E3 and E4 were evaluated as well as their phenol content. The total
phenol content of E-3 and E-4 extracts was expressed in Gallic acid equivalents (GAE) and
showed that E-4 possessed greater phenol content (72 ± 1.8 mg per g of sample) than E-3
(31 ± 1.1 mg per gram of sample). Even though the phenol and Gallic acid content of E4
was greater than E3, the antioxidant capacity was greater than that of E3. This may indicate
that the phenolics present in the extracts may not be responsible for the antiproliferative
activity displayed by E-3 and E-4 extracts.

Extract E3 (acetonic extract) was the most potent cytotoxic extract, as seen in Figure 1;
and was subjected to SPE and HPLC fractionation and subsequently to cytotoxic testing.
A total of 11 fractions was fractionated and evaluated for cellular inhibitory activity with
Fraction 4 (Fr4) and Fraction 5 (Fr5) showing the greatest potency (over 90% inhibition).

The lack of discernible peaks in the HPLC chromatograms of Fr4 and Fr5 (Figure 3)
suggests the potential presence of organic fatty acids. Due to the absence of significant
chromophores, these fatty acids cannot be detected at UV wavelengths [37]. Therefore, to
determine the chemical content of the fractions, GCMS was used. Fr4 and Fr5 were treated
with BSFTA to increase the volatility of the samples by substituting –NH, –OH, –COOH,
and –SH bonds with a dimethysilyl group. This derivatization reduced hydrogen bonding,
which further reduced the polarity, increased the thermal stability and improved separation
and detection by the GCMS system [38]. The major compounds identified are summarized
in Tables 5 and 6 and the chromatograms are presented in Figure 5. The derivatives of some
of the most abundant organic acid compounds in Fr4 and Fr5 were identified as octanoic
acid (caprylic acid), propanedioic acid (malonic acid), butanedioic acid (succinic acid),
nonanoic acid (pelargonic acid), dodecanoic acid (lauric acid), benzoic acid, hexadecenoic
acid (palmitoleic acid), octadecanoic acid (stearic acid), azelaic acid and heptadecanoic acid
(margaric acid).

Therapeutic relevant hexadecenoic acid has been shown to display a cell growth
inhibitory effect against prostate cancer in vitro and in vivo [26,34]. Similar responses
were observed with the treatment of E-3 extract against androgen-insensitive DU145
cells. Other relevant compounds include azelaic acid, ocatanoic, and octadecanoic acid,
have been shown to display anticancer activity against leukemia, colon cancer, neurob-
lastoma human skin epidermoid (A-431), and human mammary gland adenocarcinoma
cells [39–42]. Lauric acid prompts the demise of colon cancer cells by means of the down-
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grading of the epidermal growth factor receptor by 1.33- and 1.58-fold, leading to cell
death [43].

The presence of these compounds suggests that the antiproliferative effects of the
extract are possibly due to the individual or synergistic effects of these compounds.

Previous studies have shown the anticancer properties of dioscin, diosgenin, dioscorin,
and anthocyanin. However, our research indicates that these compounds were not the
primary agents responsible for the observed anticancer activity in Fractions 4 and 5. This
finding supports the presence of other anticancer compounds in the D. alata tuber.

The diversity of bioactive compounds present in the D. alata tuber is an indicator of
its potential use as a source of natural anticancer agents. Other studies indicate that these
therapeutic relevant compounds are not localized to the tuber but are also found in the
leaves and stems of D. alata plant [44]. Future studies will assess the effectiveness of the
identified compounds on an in vivo prostate cancer model.

5. Conclusions

There is an ongoing demand for the development of alternative cancer treatment
methods sourced from natural origins. Through the conducted experiments, it was discov-
ered that compounds found in the D. alata tuber exhibit potent growth inhibitory effects
against androgen-insensitive prostate cancer cells. Phytochemical screening successfully
identified the chemical constituents of the D. alata tuber; however, no significant antioxidant
properties were detected. The isolation of the bioactive compounds using techniques such
as solid-phase extraction (SPE), high-performance liquid chromatography (HPLC), and
gas chromatography-mass spectrometry (GC-MS) generated a chemical fingerprint that
unveiled the presence of bioactive compounds within the D. alata tuber. These findings
point towards a potential synergistic relationship between these compounds, contributing
to the observed pharmacological properties.
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