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Abstract 

Background  Researchers have searched for plant-derived medicines over the last few decades. Although much 
of the focus has been on medicinal herbs, many vegetables, such as sweetpotato, have also been discovered to have 
medicinal properties due to their high levels of nutrients and phytochemicals. This study aimed to determine 
the effects of methanolic extracts from sweetpotato leaves and leaves/stems on human lung (A549) and breast 
(BT549) cancer cell lines. The authors obtained the leafy greens from Tennessee State University’s Organic research 
farm, extracted with methanol and studied for their cytotoxicity.

Methods  Alamar blue Assay was used to determine whether the methanolic extracts from fresh sweetpotato 
leaves (cv. All Purple) and leaves/stems (cv. Carolina Ruby) had the potential to affect cell proliferation in the human 
lung (A549) and breast (BT549) cell lines in-vitro. Tamoxifen was used as the positive control, while DMSO was used 
as the negative control.

Results  Sweetpotato leaves of the All-Purple cultivar and the stem/leaves of the Carolina Ruby cultivar inhibited 
lung and breast cancer cell growth in a dose-dependent manner. The All purple sweetpotato produced EC50 values 
of 0.013 µg/µl (R2 = 0.67, P < 0.05) and 0.002 µg/µl (R2 = 0.89, P < 0.05) in the A549 and BT549 cell lines respectively, 
using the Alamar blue assay. The BT549 cell line treated with all purple leaf extract was less significant than that of 
the A549 cell line. However, the sweetpotato stem and leaf extract of Carolina ruby had a more significant cytotoxic 
effect on the A549 cell line with an EC50 value of 0.0014 µg/µl (R2 = 0.99, P < 0.05).

Conclusions  Anticancer activities of these extracts showed their ability to inhibit the growth of cancer cell lines, such 
as BT549 (breast cancer) and A549 (lung cancer), in a concentration-dependent manner. Further studies would help 
determine the bioactive compounds present in these compounds that produce this effect, but more studies would 
also help determine whether the extracts could induce apoptosis in BT549 and A549 cancer cells, the mechanism 
of action, and cell cycle progression.
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Background
Sweetpotato (Ipomoea batatas) (L.) Lam is an edible veg-
etable that is sweet and highly nutritious. It belongs to the 
Convolvulaceae. The plant is native to tropical regions of 
America. However, it is widely grown in over 100 coun-
tries, primarily in developing nations that are responsible 
for approximately 95% of the global output [1].
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A few of the common terms used to refer to  the 
root vegetable  in various parts of the world include 
caiapo  (South America), nyami  which means "to eat" 
(West Africa), yam (United States and Canada), kumara 
(New Zealand), and camote (Latin America) [2] amongst 
others. It grows as a dicotyledonous, herbaceous peren-
nial vine bearing alternate heart-shaped or palmately 
lobed leaves and medium-sized sympetalous flowers [3]. 
From sweetpotato, natural products can be developed for 
use as medicine, industrial products, and other valuable 
products [3]. As the crop is not a commonly consumed 
leafy green vegetable, (it is grown for its large tuber-
ous root) 95–98% of its leaves are thrown away, and the 
remainder are used to feed animals [4]. Sweet potato 
leaves (SPL) are mainly consumed in the Pacific Ocean, 
Africa, Asia, China, Taiwan [5, 6], the Caribbean, Amer-
ica (Southern and Central) and little is consumed in the 
United States. Sweetpotato is an important summer food 
crop in southern U.S.A. High in dietary fiber, proteins, 
iron, calcium, vitamin B, ß-carotene, and zinc, the crop, 
also has greater tolerance for high moisture, diseases 
and pests when compared than many other tropical leafy 
green vegetables [7].

Recent studies have highlighted the importance of 
diet, particularly the intake of vegetables and fruits, in 
suppressing disease. In recent years, phytochemicals in 
plants have attracted significant attention from research 
communities, food industries, and consumers [8]. Sweet-
potato leaves, stems, stalks, peel, and flesh are important 
sources of bioactive flavonoids, proteins, phenolic acids, 
carbohydrates, lipids, carotenoids, and anthocyanins [9]. 
These biologically active substances are responsible for 
several antioxidant, antidiabetic, anticancer, hepatopro-
tective, antimicrobial, antiulcer and immunostimulant 
activities [9]. Sweetpotato leafy vegetable (SPLV) con-
tains bioactive compounds that reduce the characteristic 
risks for chronic diseases [6]. Research has shown that 
the leaves of this root crop are a great source of anti-
oxidants and polyphenolics, among which anthocyanins 
and phenolics are superior in quality to those of other 
commercial vegetables. Several studies have shown that 
bioactive compounds in leaves, such as antioxidants, 
vitamin C, and lutein can help protect against free radi-
cals and prevent diseases connected to oxidation such as 
cancer, allergies, aging, HIV, cardiovascular problems, 
age-related macular degeneration, and cataracts [10, 11]. 
Using a fusion of traditional and biomedical methods 
SPL have been used by the Akan ethnic group of Ghana 
to treat diabetes [12]. The ability of antioxidants and 
other bioactive compounds within the plant’s leaves to 
minimize the risks associated with disease development 
is due to their ability to promote more favorable anti-
oxidant status, increase free radical scavenging capacity, 

and thwart processes involved in disease pathogenesis 
[6]. Furthermore, the polyphenolic content in the leaves, 
which is greater than that of many other commercially 
available leafy greens, has various kinds of physiological 
characteristics; radical scavenging activity; and antimuta-
genic, antibacterial, anticancer, antidiabetic, and anti-
inflammatory effects within and outside the laboratory 
environments that can benefit human health [10, 11]. In 
a study by Ghasemzadeh [4], the antioxidant activity of 
SPL determined by phytochemical analysis was strongly 
correlated with the total polyphenolic content. Phenolic 
acids such as monocaffeoylquinic (chlorogenic acid), 
dicaffeoylquinic, caffeic, and tricaffeoylquinic acids have 
been reported to be the main phenolic compounds iso-
lated from these greens that restrict cancer cell devel-
opment [5, 13]. Additional bioactive compounds in the 
leaves include minerals, sesquiterpenoids, vitamins, 
anthocyanins, alkaloids, tannins, flavonoids, glycosides, 
saponins, and enzymes [14]. Leafy green extracts of the 
sweetpotato have been shown to inhibit the invasion of 
African American breast cancer cells (MDA-MB 468) by 
25.3% according to the Matrigel invasion assay [15]. By 
investigating the link between the consumption of com-
mon local foods and the risk of cancer in Taiwan, using 
a food frequency questionnaire, researchers discovered a 
decrease in the risk of lung cancer with increased con-
sumption of vitamin A, α-carotene, and β-carotene in 
13 foods, including SPL due to bioactive components 
present in the leaves [16]. In studying the antimutagenic 
potential of the methanolic extract from the leaves of 
Ipomea batatas on human stomach cancer and rat liver 
epithelial cells with the umu and S. typhimurium Ames’ 
tests, it was concluded that the sweetpotato leafy greens 
have antimutagenic and anticarcinogenic activity in vitro 
[17]. Karna et  al. [18] as reported by Dhianawaty [19] 
measured the volume of tumors using noninvasive real-
time bioluminescent imaging and discovered that the 
leafy green extracts inhibited the growth of prostate 
cancer by 65% in nude mice when administered orally 
at 400  mg/kg. Karna et  al. [18] also discovered that 
these extracts prevented the proliferation and induc-
tion of apoptosis in prostate cancer cells both in vivo and 
in vitro, suggesting that the leafy greens are nontoxic to 
tissues in the gut and bone marrow which divide rapidly. 
The anticancer activity was due to the high polyphenol 
content in the extract. According to numerous studies, 
extracts from different sweet potato parts exhibit anti-
cancer and antitumor properties.

For many years, the whole sweetpotato plant (aqueous 
and ethanolic extracts of leaves, roots and peel) has been 
used as a source of traditional medicine where herbal 
preparations have served as a laxative, wound dressing, 
aphrodisiac, demulcent, laxative, energizer, anti-infective, 
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anti-inflammatory, anticancer and antidiabetic agents 
[14]. The aqueous extracts of leafy stems of the plant 
have been used to treat prostatitis [20]. Using the MTT 
cell viability assay, researchers have also reported that 
purified protein from the tuberous root inhibits human 
colorectal cancer SW480 cell proliferation, migration, 
and invasion in a dose- and time-dependent manner [21]. 
Response surface methodology optimization of the acid 
extraction of pectin from crop residues showed remark-
able antiproliferation effects on the human colon cancer 
cell line HT-29 and the human breast cancer cell line 
Bcap-37 by 46.64% and 42.64%, respectively, at 1.00 mg/
mL separately, indicating that pectin could potentially act 
as a natural supplement in functional foods [22]. Oluyori 
et al. [23] fractionated an alcoholic extract of sweetpotato 
peel and discovered that the IB-F002C subfraction of the 
n-hexane fraction was the most active with IC50 values 
24.75, 47.91, 52.37, 34.17, 46.07, and 25.89 μg/ml against 
breast, colon-1, colon-2, ovary, lung, and head/neck can-
cer cell lines, respectively. The major bioactive substances 
in the leaves of the root vegetable crop are flavonoids 
(hyperoside, kaempferol-3-O-glucoside, luteolin-7-O-
glucoside, and quercertin-3-O-hexoside), phenolic 
compounds (3,4,5-tri-O-caffeoylquinic acid, 4,5-di-O-
caffeoylquinic acid, caffeic acid), anthocyanins (peoni-
din 3-caffeoyl-p-coumaryl sophoroside-5-glucoside) and 
peptides [24]. Other phytochemical constituents, such 
as anthraquinones, alkaloids, oxalates, and steroids, have 
been found in the leaves at concentrations of 345.7, 328.4, 
1.66 and 0.375  mg/100  g dry weight, respectively and 
smaller amounts of phytic acid, cyanide, saponins and 
tannins [25]. These bioactive substances exert anticancer 
effects alone or in combination with other compounds 
through the regulation of biochemical processes and 
signaling pathways, inhibition of enzymes necessary for 
cancer development, angiogenesis, microtubule assembly 
and induction of apoptosis [26].

The biological effect of compounds such as β-carotene, 
phenolic acids, and anthocyanins in sweetpotato include 
a unique variety of flesh (orange, purple, yellow, white) 
and skin (orange, purple, red, white, yellow, brown, pink) 
colors [27]. The color of this root vegetable crop may also 
be crucial to its health benefits. Teow [27] measured the 
antioxidant activities of 19 sweet potato genotypes with 
distinctive flesh colors (white, cream, yellow, orange, and 
purple) and found that the total antioxidant activity was 
greatest in the purple-fleshed sweetpotato cultivar. The 
author measured total anthocyanins using the pH-differ-
ential method, total phenolics with the Folin–Ciocalteau 
method, β-carotene by HPLC and antioxidant activities 
using 2,2-diphenyl-1-picrylhydrazyl (DPPH), oxygen 
radical absorbance capacity (ORAC), and 2,2′-azino-
bis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) 

[27]. Additionally, Ji et  al. [28] with similar standard 
phytochemical content analysis methods reported that 
the dietary fiber content, total phenolic content, and 
total antioxidant capacity of purple-fleshed sweetpo-
tato roots were significantly greater than those of sweet-
potato roots of other flesh colors. The purple-colored 
tuberous root has been found to produce more stable 
anthocyanins than strawberries, red cabbage, and other 
plants [29]. These anthocyanins from purple root crops 
extracted by spray-drying and microwave-baking meth-
ods prior to invitro and in vivo assessment, were shown 
to have free radical scavenging, anti-aging, antihypergly-
cemic, antitumor, antimutagenic, and anticancer activi-
ties amongst others [30, 31]. In a study by Sugata et  al. 
[32], purple-fleshed sweet potato ethanolic extracts were 
found to inhibit the growth of MCF-7 (breast cancer) 
and SNU-1 (gastric cancer) cancer cell lines using the 
3-(4,5-dimethylthiazol-2-yl)−2,5-diphenyltetrazolium 
bromide  (MTT) assay. Currently, nutritionists in the 
United States are researching the anticancer potential 
of anthocyanins in purple sweetpotato [33]. The orange 
color of sweetpotato, on the other hand, has been linked 
to higher levels of beta carotene that can protect the 
DNA in the cell’s nucleus from substances that cause can-
cer outside the nuclear membrane [32].

The human body constantly reacts with oxygen as it 
breathes, and its cells produce energy [32]. Due to this 
activity, highly reactive molecules, known as free radi-
cals, are generated within our cells, and oxidative stress 
occurs which may lead to inflammation and even cancer 
[34]. According to several epidemiologic reports, lung 
cancer is a significant cause of cancer related deaths in 
the United States [35] and worldwide; 80 to 90% of lung 
cancers occur because of tobacco use [36, 37], and expo-
sure to secondhand tobacco with risk increasing with a 
decrease in age of exposure [38]. Other causes of lung 
cancer include pollution, family history, occupational 
exposure (e.g., arsenic, asbestos, nickel, and chromium), 
ionizing radiation (radon), age, acquired lung disease, 
and male sex [39]. A total of 1.82 and 1.59 million cases 
of lung cancer and deaths, respectively, were recorded 
worldwide in 2012. The countries with high human 
development indices had the highest incidences [40]. 
There were 210,828 recorded cases and 157,423 mortali-
ties in 2012 in the United States [41]. Lung cancer occurs 
because of genetic damage to normal lung cells, leading 
to uncontrolled cell division [42]. Lung cancer can spread 
rapidly to neighboring tissues and cells or even to more 
distant parts of the body, eventually leading to the death 
of the individual if left without treatment [42]. Lung can-
cer is also referred to as bronchogenic cancer, as most 
of these cancers originate from the bronchi airways of 
the lungs [42]. The two main types of lung cancer cells 
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are small cell lung cancer (cancerous epithelial cells are 
abnormally small, also called oat cell carcinoma or small 
cell undifferentiated carcinoma) and non-small cell lung 
cancer (adenocarcinoma, squamous cell carcinoma, and 
large cell carcinoma) [42]. Although the type of lung 
cancer differs from country to country, adenocarcinoma 
occurs more commonly than squamous cell carcinoma, 
especially among women [40]. The 5-year survival period 
was relatively variable, ranging from 2% in Libya to 30% 
in Japan, with notable differences among countries [40]. 
The chances of improving lung cancer survival are a 
significant issue in modern medicine because, on aver-
age, the chances of 5-year survival are 15%, with only 
7% of patients alive up to 10 years after being diagnosed 
[43]. Most of the time, this is because patients experi-
ence symptoms in the later advanced stages of the dis-
ease, and by the time of discovery, it has already spread 
to distant areas, coupled with the rate of cure being low 
[43]. Breast cancer on the other hand is the second lead-
ing cause of cancer among women after lung cancer and 
the risk factors include being a woman and getting older 
[44]. Each year approximately 240,000 women and 2100 
men are diagnosed; 42,000 women and 500 men die from 
this cancer of the breast [44]. It can begin in the ducts 
or lobules of the breast where it spreads to other tissues 
and subsequently to other parts of the body [44]. Surgery 
is the most common treatment method for cancer, but 
other options include adjuvant chemotherapy, combined 
chemoradiotherapy, radiotherapy [45] hormonal ther-
apy, biological therapy, and targeted therapy [44]. Herbs, 
medicinal plants, and other natural plant products such 
as sweetpotato in the diet or as a drug can serve as a 
natural alternative because they may contain some bioac-
tive compounds or properties that can prevent the risk or 
spread of developing cancer.

Among the known health benefits of phytochemicals 
in orange and purple sweet potatoes, their free radi-
cal scavenging and antioxidant capacities are the most 
widely known [8]. However, their anti-inflammatory 
and anticancer activities have yet to be well studied [8]. 
Few studies have been done on the anticancer potential 
of sweetpotato leaves compared to the roots to deter-
mine how different sweetpotato cultivars would affect the 
viability of cancer cells. Although the entire sweetpotato 
plant (tuberous roots, leafy greens, and stem) have been 
used as a source of traditional medicine for centuries [14, 
20]. No study has been done using sweetpotato stems 
alone or in combination with leaves. As an increasing 
number of people become aware of the nutritional health 
properties of sweet potato leafy vegetables, the relation-
ship between diet and health is becoming increasingly 
understood. The overall objective of this paper was to 
determine the medicinal properties of two cultivars of 

sweet potato grown in the United States. In the present 
study, we obtained the tops (leaves and stems) of both 
sweetpotato cultivars from the Tennessee State Univer-
sity Certified Organic Farm in Nashville, TN. We hypoth-
esized that the leaves and stems of the cultivars may 
have anticancer effects due to the presence of bioactive 
compounds, such as anthocyanins and polyphenols. To 
prove this, we included two controls: DMSO- (a positive 
control with no effect on the cell lines) and a drug called 
tamoxifen (a negative control with a detrimental effect) 
with sweet potato extracts. The chemo preventive effects 
of the leaf and leaf/stem extracts of All Purple (purple-
fleshed) and Carolina Ruby (orange-fleshed) sweet potato 
strains were tested on the human lung (A549) and breast 
(BT549) cancer cell lines.

Methods
Collection of sweetpotato plant material and extract 
preparation: Sweetpotato plant materials (provided in 
Table 1) were collected from the organic farm of Tennes-
see State University and prepared for methanolic extrac-
tion. Two types of cancer cell lines (BT549 and A549) 
were used to evaluate the antiproliferative activity of the 
crude extracts; from the human breast and non-small 
cell lung adenocarcinoma (glandular) epithelial cells. The 
Alamar blue cytotoxicity assay was used to detect cell via-
bility. Quantitative analysis was subsequently conducted 
after which the treatment differences, dose–response 
curves and half-maximal effective concentrations were 
determined.

Extraction procedure
Permission to collect sweetpotato was obtained from 
the Tennessee State University Certified Organic Farm. 
The plant specimens (the list of plants studied is high-
lighted in Table  1) were identified by Clifton Slade of 
Slade Farms, Dr. Dilip Nandwani, and Dr. Sochinwechi 
Nwosisi. The collected specimens were deposited at the 
Department of Biological Science, Tennessee State Uni-
versity, Nashville, Tennessee, USA. They were washed 
with distilled water, ground using a mortar [17] and 
diluted with methanol. Soxhlet was used to extract the 
plant parts (leaf/bark) for approximately 8  h. Methanol 
(1:40) containing leaf or bark was pre-weighed in a round 
bottom flask. Freshly weighed leaves (1.93  g) from the 
Carolina Ruby cultivar was extracted with 8.6 ml of sol-
vent, while 0.25 g fresh weight leaves/stem was extracted 
with 2  ml of solvent from the All Purple sweetpotato 
cultivar. The authors removed the supernatant with a 
0.45 μm syringe filter and rotary evaporator used for sol-
vent evaporation. The concentrated extract was collected 
and stored at −20 °C until further use.
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Cell lines and chemicals
Alamar Blue was obtained from BioSource (Camarillo, 
CA, USA, cat. # DAL1025); and resazurin sodium salt 
(cat. #R7017) and L-ascorbic acid (cat. #A5960) were 
obtained from Sigma (St. Louis, MO, USA). DMEM and 
RPMI-1640 media supplemented with two mM L-glu-
tamine, 100 U/mL penicillin, and 100 µg/mL streptomy-
cin; fetal bovine serum, a solution of trypsin–EDTA and 
TPP 96-well tissue culture microplates purchased from 
CultiLab (Campinas, S.P., Brazil). The phosphate-buff-
ered saline used in the preparation of resazurin solutions 
was obtained from Sigma. Dimethyl sulfoxide (DMSO) 
was obtained from Sigma-Aldrich (St. Louis, MO, USA). 
Cytotoxicity and antiproliferative activity were deter-
mined using human cell-based screening systems; cell 
lines representing lung (A540) cancer and breast (BT549) 
cancer sources were obtained from the American Type 
Culture Collection (Rockville, MD).

Cell culture
The A549 (lung cancer) and BT549 (breast cancer) 
cell lines were obtained from the American Type Cul-
ture Collection (ATCC) (Rockville, MD). The cells were 
maintained in RPMI-1640 supplemented with 10% heat-
inactivated FBS, 2  mM L-glutamine, and 1% penicil-
lin–streptomycin. The human breast adenocarcinoma 
BT-549 (ATCC No. HTB-122) cell line was grown in 
RPMI-1640 and supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS), 2  mM L-glutamine and 
1% penicillin–streptomycin. A549 (ATCC No. CCL-
185) lung cancer cell lines were cultivated into DMEM 
medium, a low glucose variant (Gibco), encompassing 
2  mM L-alanyl-L-glutamine, non-essential amino acids, 

penicillin–streptomycin, 5% fetal calf serum (Atlanta 
Biologicals) and supplemented with 0.01  mg/mL insu-
lin and 1 mM sodium pyruvate. The cells were grown in 
T-75 culture flasks, in a 5% CO2 humidified incubator 
with 95% air at 37˚C and passaged biweekly after reach-
ing 80% confluency in 1:2/1:4 ratios for no more than 40 
passages.

Sample preparation
Stock solutions of methanolic extracts of All Purple 
sweetpotato leaves and Carolina Ruby leaves/stems were 
prepared in 100% dimethyl sulfoxide (DMSO) at 10 mg/
ml and heated or sonicated if necessary to dissolve the 
sample before stock storage at –20 °C.

Cell viability assay: Alamar blue assay for 50% inhibition 
concentrations of IB extract for cancer cell growth
Cell viability assays help screen test compounds to deter-
mine whether they affect cell proliferation or cytotoxicity. 
After concluding the experiment, the aim was to deter-
mine how many cells were still alive. Alamar Blue, which 
is the cell viability reagent used in this study, behaves as 
an indicator of healthy cells by using the ability of liv-
ing cells (animal, plants, bacteria, fungi) to be reduced 
in measuring the proliferation of cell lines in-vitro and 
enabling us to determine the relative cytotoxic potential 
of agents within different chemical classes. Living cells 
maintain a reducing environment within the cellular 
cytosol. Resazurin (Fig.  1), the primary bioactive com-
pound in Alamar blue reagent, is a blue, nonfluorescent, 
nontoxic, cell-permeable compound that is reduced to 
resorufin (a combination that is pink/red in color and 
highly fluorescent) when it enters cells.

Table 1  Characteristics of the roots and vines of sweetpotato varieties used in this study

Plant Characteristics All Purple Sweetpotato variety Carolina Ruby variety

Primary skin color Dark purple Red

Secondary skin color Light purple Purple Red

Primary cooked color Dark purple Dark orange

Secondary color cooked Intermediate orange Intermediate orange

Vine pigmentation Green with many purple spots Green with few purple spots

Shape of central leaf lobe Semi-elliptic Absent

Abaxial leaf vein pigmentation Green Main rib partially purple

Mature leaf color Green Slightly purple

Immature leaf color Green Mostly purple

Petiole pigmentation Green with purple at both ends Green with purple at both ends

Leaf lobes number 3 1

Predominant storage root flesh color Dark purple Dark orange

Secondary storage root flesh color Light purple White

Distribution of secondary flesh color Ring and other areas of the flesh Covering most of flesh
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The incubation period should be optimized and kept 
short enough to avoid reagent toxicity but long enough 
to provide adequate sensitivity [47]. The main advan-
tage of the Alamar blue assay is that it is not expensive, is 
more sensitive than the tetrazolium assays, makes use of 
a homogenous format, and can be combined with other 
methods like caspase activity measurement to under-
stand better the mechanism that leads to cytotoxicity 
[47]. Its limitation is that the substrate needs to be incu-
bated with viable cells at 37  °C for an optimum period, 
long enough to produce sensitivity to provide a signal 
and short enough to prevent the reagent from being toxic 
to the cells [47].

The 50% inhibition concentration of the extract for 
each cancer cell line was determined using the Alamar 
Blue Assay. The compound was further diluted to the 
appropriate concentration using the complete medium 
for the assays. All Purple sweetpotato leaf extracts were 
diluted to concentrations of 0.00005, 0.00009, 0.00019, 
0.00039, 0.00078, 0.00156, and 0.00313  µg/µl for cell 
viability assays using Alamar blue. The concentrations 
of the methanolic extracts of the sweetpotato leaves/
stem of Carolina Ruby sweetpotato dilution were.00009, 
0.00018, 0.00035, 0.0007, 0.0014, 0.0028, and 0.0056 µg/
µl. Tamoxifen at a concentration of 5 mM was used as the 
positive control. For the blank, 20 µl of Alamar Blue dis-
solved in 180 μL of DMEM was added to a well in a 96 
well plate. Subsequent wells containing 60 μL of Alamar 
Blue were diluted in 465 μL of complete DMSO medium 
and incubated in triplicate with 15 μL of each of the test 
compounds: DMSO (negative control), the different con-
centrations of the sweetpotato methanolic extracts and 
tamoxifen. After gentle mixing, 15 µl of culture medium 
supplemented with 4 × 104 cells were added to each well. 
DMSO was added to each well to solubilize the formed 
formazan crystals [37]. There were three replications for 
each experiment except for the blank. The investigation 
was re-conducted with 525 μL of complete DMEM and 
no cells. Finally, the 96-well microculture plates were 

incubated in a CO2 incubator (37ºC) for 24 h. After gen-
tle shaking for 10  min, the absorbance was measured 
at 570  nm on a fluorescence spectrophotometer. The 
absorbance of treated cells was compared with that of 
control cells.

Statistical analysis
The authors used the mean ± standard error (Micro-
soft Excel) to present the results. Statistical differences 
between correlated samples were evaluated using paired 
Student t-tests (SAS software). The alamar blue assay 
results revealed the expression of a percentage of viable 
cells compared to that of the untreated controls. Con-
centration–response curves were generated by nonlinear 
regression curve fitting using sigmoidal dose–response 
stimulation (with variable slope) (GraphPad Prism 7.03 
software). The EC50 is the concentration of the cytotoxic 
agent that led to a decrease of 50% of the signal.

Results and discussion
In summary, the proliferative potential of the different 
extract concentrations is presented as EC50 values and 
regression coefficients (R2 values) (Fig.  2). The results 
obtained from the comparisons showed that Alamar Blue 
produced lower EC50 values for all purple leaf extracts in 
their interaction with the breast cancer cell line (BT549). 
However, the reverse was the case when observing the 
leaf and stem extracts of the Carolina Ruby cultivar. The 
authors observed a lower EC50 value in the Carolina Ruby 
cultivar’s lung cancer cell line (A549). Similar to research 
by Kang et al. [17] where the antiproliferative potential of 
sweetpotato methanolic leaf extract varied for different 
cell lines, our study suggested that the effects of natural 
products effects vary with cancer cell line and that there 
seems to be a specific connection between natural prod-
ucts and cancer inhibition.

Compared with that of the A549 cell line, the All Pur-
ple sweetpotato leaf extract in the BT549 cancer cell 
line showed the highest anticancer activity at 0.0031 µg/

Fig. 1  The structure of the blue resazurin substrate was reduced to the pink resorufin product substrate in viable cells [46]
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µl (75.65% greater than that of the control). The high R2 
value (0.89) was observed for BT549, with a half-maximal 
effective concentration (EC50) value of 0.002 µg/µl com-
pared with that of A549 cells (0.013  µg/µL) which had 
an R2 of 0.67. Extracts of sweet potato leaves and stems 
of the Carolina Ruby sweetpotato cultivar exhibited 
potent anticancer activity with EC50 values of 0.0014 and 
0.007 µg/µl and R2 values of 0.99 and 0.7 against the A549 
and BT549 cell lines, respectively.

No significant inhibition was observed by the sweetpo-
tato leaf extracts of the All-Purple cultivar at concentra-
tions less than 0.0009 µg/µl in the A549 cell line or less 
than 0.00078  µg/µl in the BT549 cell line (Fig.  3). The 
viability of A549 cells treated with All Purple leaf extracts 
at 0.00019, 0.00039, 0.00078, 0.00156, and 0.00313 µg/µl 
for 24 h was 11.06, 11.16, 11.61, 13.06 and 37.76% respec-
tively greater than that of the DMSO (negative control) 
treated cells. The survival of BT549 cells treated with 
0.00156 and 0.00313  µg/µl extract for 24  h was 18.76% 
and 75.65% higher, respectively, than that of DMSO 
treated cells. Compared with those cells treated with 
DMSO (negative control), the percentages of living A549 
and BT549 cells treated with five mM of tamoxifen (posi-
tive control) decreased by 96.63% and 92.42%, respec-
tively. Treatment of different breast cancer cell lines with 
purple sweetpotato (PSP) leaves has been shown to have 
significant effects on cancer antiproliferation in a 2021 
review article [48].

For the Carolina Ruby cultivar stem/leaf extracts, the 
repression of A549 cells occurred at concentrations above 
0.0014 µg/µl. At a concentration of 5 mM, the inhibition 

caused by tamoxifen on the A549 and BT549 cell lines 
was 95.11% higher than that of untreated DMSO cells. 
The experimental procedure performed with 0.0014, 
0.0028, and 0.0056  µg/µl of Carolina Ruby stem/leaf 
extracts indicated that at those concentrations, inhibi-
tion of cell growth was at 50.67%, 86.93% and 96.07% 
higher than that of the DMSO control cells, respectively. 
Comparable results have been reported in which broccoli 
leaf and stem methanolic extracts showed a high level 
of polyphenol, antioxidant and anticancer activity in the 
colon cancer cell line HT-29 and the lung cancer cell line 
NCI-H1299 cell lines according to the MTT assay [49].

A review summarizing the bioactive compounds in SPL 
and their health benefits documented the recognition 
of the vegetable root crop as an anticancer food source 
against various cell lines [25]. In this present study, we 
evaluated the effects of sweetpotato extracts (cv All Pur-
ple leaf and Carolina Ruby leaf/stem) to test their poten-
tial anticancer activity. We investigated the cell viability 
of human lung A549 and breast BT549 cancer cells. The 
results showed a dose-dependent inhibition of cellular 
growth. The results showed that after treatment with 
All Purple (leaf extracts) and Carolina Ruby (leaf/stem 
extracts) sweet potato for 24 h, the growth of the A549 
and BT549 cell lines was not significantly affected by 
lower concentrations of the extracts and was inhibited 
by higher concentrations. There was no significant differ-
ence in toxicity between some treatment groups.

Our results showed that the cell growth inhibition rate 
reached 37.6% and 76.65% when A549 and BT549 were 
treated with 0.00313 μg/µl of All Purple sweetpotato leaf 

Fig. 2  Concentration–response curves of (A) Sweetpotato leaf extracts (cv. All Purple) in A549 cells (B) Sweetpotato leaf extracts (cv. All Purple) 
in BT549 cells (C) Sweetpotato leaf extracts (cv. Carolina Ruby) in A549 cells, and (D) Sweetpotato leaf extracts (cv. Carolina Ruby) in BT549 cells 
after 24 h of incubation using the Alamar Blue assay. The data shown are the means of 3 independent experiments
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extracts for 24 h, which means that the sweet potato all 
purple leaf extracts had a greater effect on the breast 
cancer cell line BT549 than on the lung cancer cell line 
A549 at an equivalent concentration of 0.00313  μg/µl 
without significantly varying from the tamoxifen posi-
tive control cells. It is important to note however that 
no significant inhibition was observed by sweetpotato 
leaf extracts of the All-Purple cultivar at concentrations 
less than 0.0009  µg/µl in the A549 cell line or less than 

0.00078 µg/µl in the BT549 cell line. Similarly, an MTT 
assay revealed that at a concentration of 0.0001 μg/µl, the 
sweet potato leaf extract inhibited proliferation in the 
African American breast cancer cell line, MDA-MB-468 
[15]. Another closely related study revealed that metha-
nol extracts of SPL inhibited the proliferation of all pros-
tate cancer cell lines (PC-3, C4-2B, C4-2, DU145, and 
LNCaP) with IC50  values ranging from 145–315  μg/mL 

Fig. 3  Concentration–response curves of (A) Sweetpotato leaf extracts (cv. All Purple) in A549 cells (B) Sweetpotato leaf extracts (cv. All Purple) 
in BT549 cells (C) Sweetpotato leaf extracts (cv. Carolina Ruby) in A549 cells, and (D) Sweetpotato leaf extracts (cv. Carolina Ruby) in BT549 
cells after 24 h of incubation using the Alamar Blue assay. The data are presented as the means ± SEMs of 3 independent experiments. Panels 
with the same letters are not significantly different at P < 0.05 (Paired t-test-LSD)
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due to modulations of the cell cycle, induction of apopto-
sis, and reductions in clonogenic survival [18].

The therapeutic potential of purple-fleshed sweet 
potato is ascribed primarily to its high anthocyanin con-
tent. Purple-flesh 33 sweetpotato (PSP) contains a signifi-
cantly higher amount of anthocyanin than the ordinary, 
orange flesh sweetpotato (OSP) [50]. Anthocyanins or 
anthocyanin-rich extracts have been shown to inhibit 
cancer cell growth in various cancer cells [51]. In a study 
by Vishnu et  al. (2019), the anthocyanins found in the 
root tuber and leaves showed potential in inhibiting the 
growth of MCF-7, HCT-116, and HeLa cancer cells, and 
their structure played a crucial role in this process. In 
experiments conducted in the lab, Hoechst 33,342 Live 
Cell Staining revealed that the anthocyanins from pur-
ple sweet potato root tuber and leaves did not exhibit any 
toxicity to cells at various concentrations (100–400  μg/
mL) [52]. From a nutritional viewpoint, acylated antho-
cyanins possess elevated antioxidant and antimutagenic-
ity activity [53]. Therefore, the acylated anthocyanins in 
the leaves may be more active at that concentration, or 
other phytochemicals, such as the phenolic acids therein, 
may interact synergistically [54].

Truong [55] compared the phenolic acid content in 
the roots, leaves, and peels of commercially important 
sweetpotato cultivars in the United States and detected 
the highest phenolic acid, 3, 5-di-O-caffeoylquinic acid 
and 4, 5-di-O-caffeoylquinic acid contents in the leaves. 
Studies have shown that polyphenolic compounds, caf-
feic acid, and di- and tricaffeoylquinic acids isolated from 
sweet potato leaves can suppress the growth of human 
cancer cells, stomach cancer (Kato III), colon cancer 
(DLD-1), and promyelocytic leukemia cells (HL-60) [13]. 
In recent years, research on the carcinogenic potential of 
flavonoids such as quercetin has revealed their potential 
as anticancer agents [4]. Research studies within and out-
side laboratory settings have shown the ability of querce-
tin to inhibit the viability of leukemic, colon, and ovarian 
carcinoma cells, especially human breast cancer cells [56, 
57]. Ojong [58] identified and classified five common 
flavonoids in storage roots and leaves of 10 sweetpotato 
cultivars and, found that quercetin was present and much 
more concentrated in the leaves than in the storage roots. 
The results from previous studies suggest that these bio-
active compounds induce apoptosis in cancer cells [6]. 
The bioactive compounds contained in the leaves of 
this vegetable root crop promote health by improving 
immune function, and reducing oxidative stress damage 
from free radicals, thereby decreasing the risk of cardio-
vascular disease, and suppressing cancer cell prolifera-
tion [6].

The cell growth inhibition rate of the Carolina Ruby 
stem and leaf extracts reached 96.07% when the A549 

cells were treated with 0.0056 μg/µl extract, with an EC50 
value of 0.0014ug/µl. This percentage was approximately 
1% greater than the inhibitory rate of 95.11% observed 
in tamoxifen-treated cells. Interestingly, the inhibitory 
effect of 0.0056  μg/µl of the sweetpotato (cv Carolina 
Ruby stem/leaves) extract was superior to that of 5 mM 
tamoxifen at an effective concentration in the A549 lung 
cancer cell line. Our research findings suggest that leaf 
and stem extracts may induce apoptotic processes in can-
cerous cells and help suppress the growth of cancer cells. 
Our results agree with the antimutagenic, and antican-
cer properties of polyphenols contained in sweet potato 
leaves, which can prevent the mutation of normal cells 
into cancerous cells and suppress the growth of cancer 
cells, respectively [6]. Several anticancer mechanisms of 
anthocyanins may be involved, such as their potent anti-
oxidant and anti-inflammatory properties, and ability to 
induce apoptosis by regulating the cell cycle in cancers 
[59]. Additionally, the anti-inflammatory effect of antho-
cyanins may play an essential role in cancer prevention 
[60]. Studies have shown that anthocyanin treatments 
may inhibit cell growth and induce apoptosis in cancer 
cells by interrupting the cell cycle at the G1 and G2/M 
phases [61]. However, the involved mechanisms still need 
to be determined, and the results differ depending on the 
tested anthocyanins from various sources [60]. Further 
rigorous studies are required to determine the poten-
tial mechanisms involved in the inhibition process and 
the extrinsic and intrinsic pathways through which this 
occurs.

To determine the EC50 values obtained with Alamar 
Blue, we tested for the cytotoxicity of the leaf/stem 
extracts on breast and lung cancer cell lines by cell necro-
sis, the first step in determining the safety of our com-
pound. No or insignificant cell death/apoptosis means 
that our test compound (as observed in DMSO Fig.  3) 
either did not have harmful chemicals or did not have 
enough of them to cause acute effects [60]. On the other 
hand, a positive result could mean that our sample mate-
rial has one or more substances that may not be safe. The 
risk of this substance can be observed and measured at 
the molecular, subcellular, or cellular level after examin-
ing several organizational levels, tissues, organs, or the 
entire organism [60]. For example, sweet potato is avail-
able in powder and capsule forms [62]. Dosage regimens 
vary, but most commercial manufacturers suggest the use 
of two capsules 30 min before meals, and up to 6 capsules 
daily [63]. Clinical studies of the efficacy of the nutra-
ceutical caiapo, a sweet potato extract, used four tablets 
daily, with each capsule containing caiapo 168 to 336 mg 
[63].

The cytotoxicity of the alamar blue assay provides a fast 
and qualitative estimate of the potential danger of testing 
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sweetpotato leaf extracts classified as being active, and 
they can contribute to cutting research and development 
costs [64, 65]. As few toxicity data are available for the 
plant [63], these data will provide a framework for inves-
tigations leading to the development of new therapeutic 
agents. Not many other studies have studied the anti-can-
cer properties of the Ipomoea batatas leaf [13, 66]. Most 
focus on the anti-cancer qualities of the sweetpotato 
root. In the United States, there is limited consumption 
of sweetpotato leaves and stems. There have not been 
many studies assessing the health benefits of sweetpo-
tato leaves and stems in preventing diseases such as can-
cer [13, 18, 52]. Despite being grown commercially and 
in farms, majorly in the Southeastern United States [6], 
the underutilized leaves and stems could offer sustenance 
for a growing population and possess health-promoting 
properties that have not been thoroughly researched. 
These properties arise from their bioactive compounds, 
majorly their abundant polyphenol content found in leafy 
green vegetables [52]. Thus, the results of this present 
study would encourage the consumption of sweetpotato 
in the diet of individuals in homes and communities as a 
preventive method and means to manage diseases.

Conclusions
Our findings showed that the All-purple methanolic 
leaf extracts and the Carolina Ruby cultivar methanolic 
leaf/stem of sweetpotato inhibited breast and lung can-
cer cell growth. Incorporating these leafy greens into 
our diet and the bioactive compounds isolated from the 
plant could serve as a protective strategy against can-
cer. These results suggest that the leaf and stem extracts 
are potential natural antioxidant and antitumor agents 
that can serve as drugs or functional food ingredients. 
Further studies are needed to investigate bioactive com-
pounds, their synergistic interactions, their effects on 
gene expression and subsequent disease pathogenesis. 
The pharmacological action of sweet potato extract, 
cell morphology characteristics, cell cycle distribution, 
flow cytometry, clinical studies, and plausible medicinal 
applications of the crop (along with a safety evaluation) 
require additional research.
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