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ABSTRACT
Leaf and gel extracts of Aloe schweinfurthii and A. vera were
subjected to in vitro antioxidant assay using 2,2-diphennyl-1-
picryl hydrazyl (DPPH), brine shrimp lethality bioassay, and
cytotoxicity using the MTT assay with two human cancer cell
lines: Rd and Hep-2c. Extracts of A. schweinfurthii gel had IC50
values of 44.59; A. vera gel, 41.48, and A. vera leaf, 38.84 µg.mL–1,
had similar DPPH radical-scavenging properties and were more
active than A. schweinfurthii leaf. Ascorbic acid had an IC50 of
9.26 ± 0.14 µg.mL–1. Aloe vera leaf (LC50 = 325 ± 5.38 µg.mL–1)
was more active than the other three extracts in the BSL assay.
The gel extracts of A. schweinfurthii (CC50 = 4.06 µg.mL–1on Rd
and 9.00 µg.mL–1 on Hep-2c) and A. vera (CC50 = 4.31 µg.mL–1 on
Rd, 9.06 µg.mL–1 on Hep-2c) elicited similar and more potent
cytotoxicity comparable to cyclophosphamide, with CC50 = 2.2
µg.mL–1 on Rd and 2.66 µg.mL–1 on Hep-2c. Leaf extracts were
less active than gel extracts. This study showed that A. schwein-
furthii gel, A. vera gel and leaf had weak DPPH activity which
were similar. Aloe vera and A. schweinfurthii did not elicit potent
cytotoxicity in BSL assay. The gels from both Aloe species dis-
played antipoliferative activity on Rd and Hep-2c, two human
cell cancer lines.
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Introduction

Globally, cancer-related deaths in the year 2008 were 7.6 million. It is
projected that this toll will increase in developing countries, especially in
Africa and Asia (10). Approximately 100,000 cases of cancer are reported in
Nigeria annually (6).

Humans have depended on plants for food, shelter, clothing, and medi-
cines since antiquity (18). It is well known that over 80% of Africans rely on
plant-based medicines for their primary health-care needs, more so because

CONTACT Edith Oriabure Ajaiyeoba edajaiye@gmail.com Department of Pharmacognosy, Faculty of
Pharmacy, University of Ibadan, Ibadan, Nigeria.

JOURNAL OF HERBS, SPICES & MEDICINAL PLANTS
http://dx.doi.org/10.1080/10496475.2017.1318328

© 2017 Taylor & Francis Group, LLC



of the rising cost of modern medicines and their associated side effects (4,
21). The successful use of medicinal plants and products has not only
revolutionized modern medicine, it has provided a reliable channel for new
medicines. Over 60% of the approved anticancer and 75% anti-infective
agents currently in use are derived from plants (2, 3, 5).

Aloe schweinfurthii (Xanthorrhoeaceae) is closely related toA. vera. Aloe sp. are
locally called Etierin (Yoruba). A. vera, unlike A. schweinfurthii, has been studied
extensively. A. schweinfurthii (commonly referred to asWest African Aloe vera) is
a stemless, succulent, evergreen, perennial flowering plant. It forms a compact
rosette of fleshy green leaves with sharply dentate margins. When mature, the leaf
can grow up to 60 cm long and often 7–8 cmwide, while the stem can be up to 1m
tall. Traditionally, A. schweinfurthii has been used in Nigeria, Burkina Faso, and
other West African countries in the treatment of intestinal and uro-genital
problems, cough, venereal diseases, infertility in women, rheumatism, and skin
infections. In West Africa, the decoctions of the root and leaf are taken to treat
liver problems, especially jaundice. It is also used as a laxative, to treat stoma-
chache and for internal parasites (20). The aim of the study is to determine and
compare the DPPH radical scavenging, brine shrimp lethality, and antiprolifera-
tive properties of A. schweinfurthii and A. vera gel and leaf extracts.

Materials and methods

Plant collection and authentication

The whole plant of A. schweinfurthii was collected in December 2014 from
Idanre hill, Ondo State, Nigeria. It was identified and authenticated at the
herbarium of the Forestry Research Institute of Nigeria (FRIN), Ibadan; A.
vera whole plant was collect in January 2015 from an A. vera garden at Ilorin,
identified and authenticated at the Department of Plant Biology Herbarium,
University of Ilorin, Ilorin. Voucher samples of A. schweinfurthii (FHI/
110105) and A. vera (UILH/001/1058) were deposited at the herbarium.

Plant preparation and extraction

The leaves ofA. schweinfurthiiwere washed, weighed, and cut longitudinally open
at the middle with the aid of a clean knife; the gel was obtained by scratching and
scooping from the green rind/leaf. The gel was then homogenized in a blender and
filtered through a muslin cloth. The filtrate was freeze-dried, the solid mass
obtained, weighed, and refrigerated at −4°C until analysis. The resulting green
rind/leaves were collected and air-dried under shade and extracted into distilled
methanol by maceration at room temperature (RT; 25–33°C). The extract was
concentrated in vacuo, weighed, and refrigerated at −4°C until needed. The same
procedure was repeated with mature A. vera plant.
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Biological assays

In vitro DPPH radical-scavenging assay
The abilities of the four extracts from both plants to scavenge 2,2-diphenyl-1-
picryl hydrazyl (DPPH) free radicals were evaluated (16). The extracts (2 mg
each) were dissolved in distilled methanol to achieve the concentration of 1000
µg.mL–1, and serial dilutions of five concentrations from (6.25 to 200 µg.mL–1)
were made in a 96-well plate by diluting the extracts solutions (100 μL each)
with150 μL of a solution of DPPH (0.04 µg.mL–1) in methanol. The negative
control wells contained only DPPH and the solvent (methanol). Ascorbic acid
was used as positive control. The microplate was incubated in the dark at RT
(25°C) for 30 min. The absorbance of the resulting solution was measured at 517
nm using a UV spectrophotometer (Paul Bucher Analytik und Biotechnologie,
Switzerland). The experiment was carried out in three replicates. The results
were expressed as percentage inhibition and calculated by the formula

Inhibition %ð Þ ¼ A � B
A

� 100

where A = the mean optical density of control wells
B = the mean optical density of the wells with plant extracts

Brine shrimp lethality (BSL) assay

Brine shrimp (Artemia salina) eggs (obtained from one of us, EOA) were
hatched in natural seawater obtained from the Bar Beach, Ikoyi, Lagos, and
incubated for 48 h in 3.8 g.L–1 seawater. The BSL assay was conducted as
described earlier with some modifications (11). The extracts (10 mg each)
were diluted to 1000 µg.mL–1 by adding the seawater (water-insoluble com-
pounds were dissolved in 50 μL of dimethyl sulfoxide (DMSO) prior to the
addition of seawater). Serial dilutions of the extracts were made in 96-well
microplates in triplicates. Negative control wells contained 0.5% DMSO in
seawater. A 250-µL suspension of nauplii in the extract was added to each
well. The plates were incubated at RT (25°C) for 24 h. The number of dead
nauplii in each well was counted. The lethality of the extracts on the brine
shrimp was classified as follows (14): LC50 ≥ 1000 µg.mL–1 was “nontoxic,”
LC50 = 500–1000 µg.mL–1 was “weakly toxic,” LC50 = 100–500 µg.mL–1 was
“moderately toxic,” and LC50 ≤ 100 µg.mL–1 was “strongly toxic.”

Cytotoxicity assay

Human cancer and normal cell lines culture
Cancer cell lines were obtained from the Centers for Disease Control (CDC),
Atlanta, GA, USA and maintained in the WHO Polio Laboratory,
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Department of Virology, University of Ibadan, Nigeria. Two human cancer
cell lines, Rhabdomysarcoma (Rd) and laryngeal carcinoma (Hep-2c), and a
normal cell line (Vero) from African green monkey kidney were used. These
cells were grown in minimum essential medium (MEM), all supplemented
with 10% heat-inactivated fetal bovine serum (FBS), 2 mM L-glutamine, and
1% penicillin-streptomycin (the antibiotic combination was used to prevent
bacterial contamination of cell cultures due to either Gram-positive or Gram-
negative bacteria). The MEM was also supplemented with 0.01 mg.mL–1

insulin and 1 mM sodium pyruvate. Cells were incubated in a 5% CO2

humidified incubator at 37°C and passaged bi-weekly.

The MTT colorimetric assay

The cytotoxicities of the four extracts were determined using the MTT assay
(15). Each of the crude extracts was dissolved in DMSO to give a concentra-
tion of 10 mg.mL–1. The stock (0.1 mL) was added to 0.9 mL of maintenance
medium to obtain a dilution of 1000 µg.mL–1. This was designated as “neat.”
Serial 10-fold dilutions of the extracts were made from the “neat” using
maintenance medium as diluent to obtain different concentrations. Then
50 µL of each extract dilution was dispensed into 96-well microtiter plates
already seeded with a monolayer of Rd, Hep-2c, or Vero cells. The plates
were incubated at 37°C in a CO2 environment and the cells observed micro-
scopically after 72 h.

Supernatants were removed from all wells after 72 h incubation. Then, 25
µL of 2 mg.mL–1 MTT solution in phosphate-buffered saline (PBS) was
added to each well and the plates were incubated for an additional 2 h at
37°C. Thereafter 125 µL of DMSO was added into the wells to solubilize the
formed formazan crystals. The plates were placed on a shaker for 15 min and
absorbance was read at 492 nm on a multiwell spectrophotometer (Paul
Bucher Analytik und Biotechnologie, Switzerland). Experiments were done
in triplicate.

The percentage cytotoxicity was calculated as

% cytotoxicity ¼ A� Bð Þ
A

� 100

where A = the mean optical density of untreated cells
B = themean optical density of cells treated with plant extracts/fractions

The selective indices (SI) of the four extracts and cyclophosphamide were
estimated using Vero cells. Data were expressed as the means ± SEM.
Selective index (SI) > 1 is indicative of selectivity.

Selective index SIð Þ ¼ CC50 on Vero cells
CC50 on cancer cells
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Data analysis

Data obtained from the three experiments was analyzed using the Graphpad
prism computer program. The concentration with 50% DPPH radical scaven-
ging (IC50), 50% lethality (LC50), or 50% cytotoxicity (CC50) was calculated
from a dose–response inhibition curve using nonlinear regression data ana-
lysis, expressed as mean ± SEM of three replicates, and subjected to student’s
t test (P ≤ 0.05).

Results

The yield of the leaf extracts was greater (0.91%) for A. schweinfurthii than
for A. vera (0.69%), while the yield of the gel extracts of A. schweinfurthii was
lower (0.19%) than for A. vera (0.24%) (Table 1).

A. schweinfurthii gel (IC50 = 44.59 ± 0.13 µg.mL–1), A. vera gel (IC50 =
41.48 ± 0.11 µg.mL–1), and A. vera leaf (IC50 38.84 ± 0.26 µg.mL–1) had
comparable DPPH radical-scavenging properties, unlike the leaf extracts of
A. schweinfurthii (IC50 80.77 ± 2.15 µg.mL–1) which had a weaker DPPH
radical-scavenging property (Table 1).

The extracts of A. schweinfurthii gel (LC50 = 755 ± 7.41 µg.mL–1), A. vera
gel (LC50 = 880 ± 9.14 µg.mL–1), and A. schweinfurthii leaf (LC50 = 730 ±
10.20 µg.mL–1) were “weakly toxic.” A. vera leaf extract was “moderately
toxic” (LC50 = 325 ± 5.38 µg.mL–1). It was over 200% more toxic compared
to the three other extracts. The cyclophosphamide had LC50 of 98.76 ± 0.15.

The MTT colorimetric cytotoxicity assay using cancer cell lines exhibited a
concentration-dependent cytotoxicity of the extracts (Table 1). The gel
extracts of A. schweinfurthii (CC50 = 4.06 ± 3.03 µg.mL–1) and A. vera
(CC50 = 4.31 ± 1.76 µg.mL–1) had similar cytotoxicity on the Rd. The gel
extracts of A. schweinfurthii (CC50 = 9.00 ± 0.06 µg.mL–1) and A. vera (CC50

= 9.06 ± 2.0 µg.mL–1) showed similar cytotoxicity on Hep-2c as well. A. vera
leaf extract displayed higher cytotoxicity on the Rd and Hep-2c cancer cell
lines than A. schweinfurthii leaf extract (Table 1). A. schweinfurthii and A.
vera gels had SI of 3.45 ± 0.2 and 2.09 ± 0.19, respectively, on Rd, and A.
schweinfurthii (SI = 1.89 ± 0.18) had some selectivity for the Hep-2c cancer
cell line. A. vera gel (SI = 0.9 ± 0.13) and leaf extract (SI = 0.40 ± 0.11) were
not selectively toxic to the Hep-2c cancer cells. Cyclophosphamide had SI of
3.91 ± 0.06 and 3.27 ± 0.05 on Rd and Hep-2c, respectively.

Discussion

Aloe gels had lower yields than the leaf extracts. A. vera is known to contain
about 99% water (19). The gel extracts of A. schweinfurthii and A. vera had
similar DPPH radical-scavenging activity. On the other hand, the leaf extract
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of A. vera had better DPPH scavenging properties compared to the A.
schweinfurthii leaf extract. All four extracts had poor DPPH radical-scaven-
ging activities compared to ascorbic acid with an IC50 of 9.26 ± 0.14 µg.mL–1.
The DPPH scavenging property of the leaf and gel of A. vera obtained in this
study (IC50 = 38.84 and 41.48 µg.mL–1, respectively) are comparable with
previous report, where A. vera whole plant had DPPH radical-scavenging
activity with IC50 of 58.36 µg.mL–1 compared to ascorbic acid with IC50 =
11.48 µg.mL–1 (9). The antioxidant activity of A. vera has been attributed to
the presence of antioxidant polyphenols (22). The nonflavonoid polyphenols
in A. vera account for the majority of its total polyphenolic content (12).

The BSL model has been helpful as a preliminary screening model in the
drug design and synthesis of cytotoxic compounds (13). A. schweinfurthii gel
extract was slightly more cytotoxic on the brine shrimp than A. vera gel
extract, while the A. vera leaf extract exhibited higher brine shrimp lethality
than the A. schweinfurthii leaf extract. The gel and leaf extracts of both Aloe
species were less toxic compared to cyclophoshamide (LC50 = 98.76 ± 0.15
µg.mL–1). Nevertheless, the leaf extracts of A. vera and A. schweinfurthii
appear to be relatively more toxic compared to the gel, and this could suggest
why the gels are often used in medicinal practice. The LC50 of A. vera gel
(880 µg.mL–1) extract in this study was comparable to a previous report,
where the A. vera gel was moderately toxic with LC50 of 1443 µg.mL–1 (7).

The gel and leaf extracts of both Aloe sp. demonstrated similar cytotoxicity
on the two human cancer cell lines, however, the gel extracts of both Aloe sp.
were more cytotoxic than the leaf extracts. The cytotoxicity of A. schwein-
furthii gel, A. vera gel and leaf extracts on the Rd human cancer cell line were
comparable to the positive control/cyclophoshamide (CC50 = 2.23 ± 0.14 µg.
mL–1). The results of this study are in agreement with an earlier report on
cytotoxicity of lyophilized A. vera extract (CC50 = 10.45 ± 0.31 µg.mL–1) on
human hepatocellular carcinoma (Hep-G2) cell line (17). Another study
reported that A. vera gel had its best cytotoxicity on B16F10 melanoma
human cancer cell line at 300 µg.mL–1 (1). Flavonoids isolated from A.
vera have also been reported to have cytotoxic activity against a human
breast carcinoma cell line, MCF-7, with IC50 of 54.97 ± 0.36 µg.mL–1 (8).

The major challenge of cancer chemotherapy and novel drug development
is the lack of selectivity of a large number of such drugs on noncancerous
cells. The normal African green monkey kidney epithelial cell line (Vero) was
included in this study to evaluate selectivity. A. schweinfurthii gel, A. vera gel,
A vera leaf extracts, and cyclophoshamide exhibited similar cytotoxicity on
the normal cells (Vero). A. schweinfurthii leaf extract was more toxic to the
normal cell (Vero) than the standard drug (Table 1). Of the extracts eval-
uated for cytotoxicity using human cancer cell lines, A. schweinfurthii gel
appears to be safer on normal cells compared to cyclophosphamide, with
CC50 = 14.00 ± 2.7 µg.mL–1 and 8.00 ± 0.6 µg.mL–1, respectively. The safety
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of the extracts and reference drug was evaluated by their selective indices (SI)
using the Vero cells (normal cell line). Any component with SI > 1 when
cancer cells are compared to normal cells is considered selective for cancer
cells. A. schweinfurthii and A. vera leaf extract lacked selectivity (SI = 0.07 ±
0.02 for Rd and 0.07 ± 0.02 for Hep-2c) on the two cancer cell lines. A. vera
gel was also not selectively toxic to Hep-2c (SI = 0.90 ± 0.13). These three
extracts with lack of selectivity to the cancer cells may be regarded as unfit
for chemotherapy of cancer. It is noteworthy that the standard cyclopho-
sphamide used in cancer chemotherapy displayed the highest selectivity.

Abbreviations

DPPH 2,2-diphennyl-1-picryl hydrazyl radical MTT 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide IC50, LC50, CC50 inhibitory, lethal and cytotoxic
concentrations at 50%, respectively
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