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Objective: To investigate the free radical scavenging, antidiabetic, kinetics of enzyme
inhibition and cytotoxic potentials of flavonoid-rich extract of Gazania krebsiana leaves
using standard methods. Methods: Antioxidant activity of the flavonoids was investigated at
scavenging free radicals such as 1,1-diphenyl-2-picryl hydrazyl, nitric oxide, hydroxyl radical,
reducing capabilities, 2,2-azinobis (3-ethylbenzothiazoline-6) sulphonic acid as well as metal
chelating capability at different concentrations (125-1 000 pg/mL) while the antidiabetic
activity was evaluated via the inhibition and kinetics of carbohydrate digestive enzymes
including a-amylase, a-glucosidase, sucrase and maltase. Brine shrimp lethality assay was
also employed to examine the cytotoxic effects at various concentrations (125-2 000 ug/mL).
Results: The study showed the best antioxidant activity in 2,2-azinobis (3-ethylbenzothiazoline-6)
sulphonic acid, hydroxyl radical, nitric oxide and metal chelating with I1Cs, values of (1
089.00£19.29), (719.40+5.35), (633.10+£5.31), (1 116.00+22.92) pug/mL, respectively; as
compared with butylated hydroxyl anisole (standard) with IC, of 1 166, 747, 639 and 1
363 pg/mL, respectively. Similarly, strong inhibition of «-glucosidase as well as moderate
inhibition of sucrase and maltase enzyme activities which were significantly (P<0.05) better
than acarbose were also observed in the study; though acarbose activity against c-amylase was
better than the extract. The kinetics or mode of inhibition of a-amylase by the extract revealed
an uncompetitive inhibition, competitive for a-glucosidase and non-competitive inhibitions
for both sucrase and maltase, while the result of the lethality assay showed a potent cytotoxic
effect with LCs, value of 359 pg/mL. Conclusions: The results obtained from this study are
suggestive of the antioxidative, antidiabetic and cytotoxic potentials of flavonoid-rich extract of

Gazania krebsiana.

1. Introduction

Flavonoids are one of the secondary metabolite of plants, which

comprises more than 4 000 classes of compounds. These compounds

include isoflavones, flavan-3-ol derivatives (tannins, catechins),
4-oxoflavonoids (flavones and flavonols) and anthocyanins,

which represent the four prominent groups[1]. Herbal preparations
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particularly those containing flavonoids have been used to treat
many human degenerative diseases|2| such as diabetes mellitus,
cancer, heart-related ailments, microbial infections, etc[1.3]. They are
linked to numerous pharmacological properties such as antioxidant,
antimicrobial, antiatherosclerosis, antidiabetic, anti-inflammatory,
cardioprotective eic[1.3-5].

Gazania krebsiana (G. krebsiana) (Less.) of Asteraceae (daisy)
family is indigenously referred to as terracotta Gazania (Eng.),
gousblom and botterblom (Afr.). The herb has been adequately
described in our previous works[6,7] as an extremely flashy herb
based on its warm, bright flower colour, flower size and extended
flowering season. The traditional use of the plant particularly
among the Basotho tribe is enormous and not limited to its
usefulness in treating diabetes mellitus, cardiac-related ailments etc.
Interestingly, aside the previously confirmed potentials from our
research laboratory, which showed the antioxidant, antimicrobial,
anthelmintic and hepatoprotective properties of the aqueous leaf
extract[6.8], quantitative phytochemical determination also revealed
rich amount of flavonoids from the herb[6]. Thus, investigation
into the free radical scavenging, antidiabetic and cytotoxic effects
of flavonoids from this plant were carried-out as to buttress the
previous pharmacological study of this secondary metabolite, since
no report on the flavonoid extract of the plant is found in our view in

the literature.

2. Materials and methods
2.1. Chemicals

Acarbose, p-nitrophenyl glucopyranoside (pNPG), porcine
pancreatic alpha amylase, alpha glucosidase (Saccharomyces
cerevisiae), quercetin, sucrose, maltose, butylated hydroxyl anisole
(BHA), quercetin, 2,2-azinobis (3-ethylbenzothiazoline-6) sulphonic
acid (ABTS), 1, 1-diphenyl-2-picrylhydrazyl (DPPH), sodium
nitroprusside, ferrozine, etc. were purchased from Sigma-Aldrich
(South Africa). Brine shrimp eggs, other chemicals and reagents

were obtained from local suppliers in pure analytical form.

2.2. Plant materials and extraction of flavonoids

The collection, identity, authentication and deposition of G.
krebsiana (BalMed/01/2015/QHB) as well as preliminary preparation
of fresh leaves into powdered plant substance was according to
Balogun and Ashafal7].

Approximately 20 g each of the powdered samples was extracted
by maceration with 300 mL aqueous ethanol 70% (v/v). They were
filtered using Whatman No. 1 filter paper and concentrated using
a rotary evaporator at 45 ‘C to obtain dry brown flavonoids extract
(6.45 g translating to 32.25% yield). The extract was reconstituted
in distilled water for antioxidant evaluations and in phosphate buffer
(0.02 M) for antidiabetic assays. These were used to prepare a stock
solution of 1 000 pg/mL from where a serial dilution were made to
obtain 125, 250, 500, 750 and 1 000 pg/mL concentrations used for

the assays.
2.3. In vitro free radical scavenging assays

2.3.1. DPPH radical scavenging activity
DPPH free radical activity was measured according to the method

described by Braca et al[9]. Flavonoids extract of G. krebsiana
(FEGK) (100 puL) was released to 300 uL methanolic solution
(0.004%) of DPPH in a 96-well microtitre plate. After a 1 800 s
incubation period in the dark, the absorbance of the mixture at 517 nm
was measured and the percentage DPPH radical scavenging activity
of the extract was calculated using the equation [(A,-A,)/A,] X 100,
where A, is the absorbance of the control, and A, is the absorbance

of the extract/standard.

2.3.2. Nitric oxide scavenging activity

The nitric oxide scavenging activity of FEGK was measured
according to the method of Kumaran and Karunakaran(10]. In brief, 2
mL sodium nitroprusside (10 mM), 0.5 mL phosphate buffer and 0.5
mL of varying concentrations of the extract were taken and delivered
in 10 mL test tubes. Following this, the mixture was allowed to
incubate at 25 C for 9 000 s and 0.5 mL of 1% sulfanilamide,
2% H,PO, as well as 0.1% N-(1-naphthyl) ethylenediamine
dihydrochloric acid were subsequently added to end the reaction.
The absorbance was measured at 546 nm on a spectrophotometer
(Biochrom, England).

2.3.3. Reducing power
The method of Pulido et a/[11] was used to assess the reducing capacity

of FEGK and standards. Briefly, 1.5 mL of FEGK (125-1 000 pg/mL)
was diluted with 0.2 mM phosphate buffer (1 500 uL) and 1% potassium
ferrocyanide (1.5 mL) in a 10 mL test tube. After the mixture was
made and stood for 20 min at 50 C, 1 500 pL 10% trichloroacetic
acid was delivered into the tube and the whole mixture was
centrifuged at 650 X g for 10 min. Approximately 1 250 pL from the
supernatant was pipetted and mixed with distilled water in the same
ratio with the addition of FeCl, (0.25 mL, 0.1%). The absorbance
of the mixture was determined at 700 nm on a spectrophotometer.

Increased absorbance values indicated higher reducing capacity.

2.3.4. Metal chelating activity
The chelating activity of FEGK was measured using the method

of Dinis et al[12]. Summarily, the extract (0.05 mL) was diluted with
0.25 mL (2 mM) FeCl, solution. Then 100 pL of 5 mM ferrozine
was subsequently added to initiate the reaction, agitated and
afterwards allowed to stand for 600 s at 25 °C. Spectrophotometric
determination at 562 nm was carried on the mixture. The percentage
inhibition of ferrozine-Fe," complex formation was determined using

the expression above.

2.3.5. ABTS radical determination
The method of Re et «l[13] was used to determine the ABTS+

scavenging ability of FEGK. In summary, 20 mL of 7 mM aq. ABTS
and 2.45 mM K,S,0, were separately prepared, and were mixed
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together after being kept in the dark for 16 h. A total volume of 20
uL aliquot was added to 200 uL ABTS solution and absorbance
reading was measured at 734 nm using a microplate reader (BIO
RAD, Japan) after incubation for 15 min.

2.3.6. Hydroxyl radical evaluation

Hydroxyl radical scavenging activity was measured according to
the procedure of Sindhu and Abraham(14]. In brief, 50 pL aliquot, 20
uL 500 uM FeSO,, 60 uL. 20 mM deoxyribose, 20 uL 20 mM H,0,,
200 pL 0.1 M phosphate buffer were added into a 1 mL Eppendorf
tube. The mixture was made to 400 puL with distilled water and
afterwards incubated for 1 800 s at 25 “C. The reaction was brought
to an end by mixing 0.25 mL and 0.2 mL of trichloroacetic acid
(2.8%) and TBA (0.6%) solutions respectively. Then 250 uL was
transferred into 96-well plate to determine the absorption of the
mixture at 532 nm following the incubation for 1 200 s at 100 C.

2.4. In vitro antidiabetic potentials

The in vitro antidiabetic effect of FEGK was evaluated by
determining inhibition of a-amylase, a-glucosidase, sucrase and

maltase activities.

2.4.1. a—amylase inhibitory assay

The modified protocol described by Balogun and Ashafa[15] was
used for this assay. A total of 50 pL of the extract/acarbose (125-1 000
pg/mL) was mixed with 50 uL a-amylase (0.5 mg/mL) in 0.02 M
phosphate buffer (PB; pH 6.9) and pre-incubated at 25 “C for 600 s. A
total volume of 50 uL (1%) starch solution (prepared in PB) was added
and incubated at 25 ‘C for 600 s. The reaction mixture was stopped
by introducing 100 puL of dinitro salicylic acid reagent. The final
incubation of the mixture in 100 ‘C hot water for 300 s was carried
out. The mixture was cooled and diluted with 1 mL distilled water
for absorbance at 540 nm. The whole step was repeated for the
control except that the aliquot was replaced with distilled water. The
a-amylase inhibitory activity was calculated as percentage inhibition
following the above expression and the half maximal inhibitory
concentration (IC,;) was determined graphically.

2.4.2. Mode of a—amylase inhibition
The mode of inhibition of the enzyme by FEGK was similarly

according to method of Balogun and Ashafa[15]. Briefly, 0.25
mL of the extract (5 mg/mL) was pre-incubated with 0.25 mL
a-amylase solution in PB for 600 s at 25 C in one set of 5 test
tubes, while concurrent pre-incubation of 0.25 mL of PB with 250
uL of a-amylase was performed in another set of test tube. A 0.25
mL starch solution in increasing concentrations (0.30-5.00 mg/mL)
was added to all test tubes, and dinitro salicylic acid was added to
stop the procedure. A maltose standard curve was used to determine
the amount of reducing sugars released and converted to reaction
velocities. The mode of inhibition of FEGK against a-amylase
activity was determined using Lineweaver and Burk[16] plot.

2.4.3. a—glucosidase inhibitory assay

The effect of the FEGK on a-glucosidase activity was measured
according to the method by Kim et «l[17] using a-glucosidase
from Saccharomyces cerevisiae. pNPG (5 mM) was added in 0.02
M phosphate buffer (pH 6.9) for the preparation of the substrate
solution. Summarily, 50 uL of varying concentrations of FEGK
(125-1 000 pg/mL) was pre-incubated with 0.1 mL of a-glucosidase
(0.5 mg/mL) in a test tube and 50 pL of pNPG was added to
trigger the reaction. They were incubated at 37 ‘C for 1 800 s, and
2 mL of 0.1 M Na,CO; was added to terminate the process. The
a-glucosidase activity was evaluated by measuring the development
of yellow coloured para-nitrophenol (pNP) released from pNPG
at 405 nm. Percentage inhibition was determined in line with the
expression in 2.3.1 and the ICy, was determined as above.

2.4.4. Mode of a—glucosidase inhibition
The method expressed by Balogun and Ashafa[15] was adopted to

assess the kinetics of inhibition of alpha glucosidase by FEGK. In
brief, 50 pL of the (5 mg/mL) aliquot was reacted with 0.1 mL of
a-glucosidase solution for 600 s at 25 °C in a set of 5 test tubes while
the same volume of a-glucosidase was reacted with 50 uL of PB (pH
6.9) concurrently in another set of 5 tubes. A total of 50 uL. pNPG
at increasing concentrations (0.125-2.000 mg/mL) was immediately
added to the two sets of test tubes to activate the reaction. The two
mixtures were incubated at 25 °C, and 500 pL of Na,CO, was added
to end the whole process. A p-NP standard was used to determine
spectrophotometrically the amount of reducing sugars released, and
kinetics of FEGK on a-glucosidase activity was determined using

Michaelis-Menten kinetics.

2.4.5. Sucrase and maltase inhibition assays
The FEGK effect on the activities of sucrase and maltase were

determined according to the methods of Kim et al[17] using
a-glucosidase from Saccharomyces cerevisiae. Sucrose (50 mM) and
maltose (25 mM) which were the substrate solutions were prepared
in 0.02 M PB (pH 6.9). The entire steps were repeated according to
the earlier described method for alpha glucosidase. The substrate
(pNPG) was replaced with sucrose and maltose and the absorbance
was measured at 540 nm instead of 405 nm. The sucrase and maltase
activities were determined as percentage inhibition and ICs, as

above.

2.4.6. Kinetics of sucrase and maltase inhibition
The modified method of Balogun and Ashafa[15] was used to

determine the kinetics of inhibition of sucrase and maltase by
flavonoids extract of G. krebsiana leaf. The mode of inhibition of the
two enzymes was evaluated by replacing pNPG with sucrose and

maltose.

2.5. Brine shrimp lethality assay (BSLA)

The collection of the larvae from the brine shrimp eggs was

according to method by Meyer es «l[18]. Approximately 17 g brine
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shrimp eggs was weighed and emptied into a 1 000 mL plastic
beaker (hatching chamber) with a partition for dark (covered) and
light areas while 500 mL of filtered, artificial seawater was then
introduced. Introduction of the eggs was towards the dark side of
the chamber and the lamp maintained above to cover the other side
(light) so as to attract the hatched shrimps with further development
into mature nauplii (larva) using 2 880 min process time. The
method of Olajuyigbe and Afolayan[19] was adopted to carry out the
BSLA after 48 h of harvesting the matured shrimp larvae. In brief,
FEGK was prepared in five concentrations (125, 250, 500, 1 000,
2 000 pg/mL) with filtered seawater for the assay. Five mL of each
concentration of FEGK as well as 10 shrimps were emptied into
the 10 mL vial and tested in triplicates. For the control, three vials
containing 5 mL fresh seawater and with 10 shrimps were set aside
and all the test tubes were left uncovered under the lamp. To ensure
that the mortality was not characterized by starvation but due to the
bioactive compounds in FEGK, the total number of deaths between
the treatments and control was compared, while the numbers of the
shrimps alive in all the vials were also taking into consideration
and were recorded after 24 h. Using probit analysis, lethality
concentration resulting in 50% mortality of the larvae (LC,,) was
assessed at 95% confidence intervals. The percentage mortality (%
M) was also calculated using the expression below:

% Mortality=Number of dead nauplii/Total of nauplii X 100

It is important to note that there is a need to adjust the observed
deaths in the treatment groups to the control in situations where few
treatments are tested and such correction is traditionally calculated
using mathematical expression developed by Abbot[20]. Similarly,
it must be aware that the adjusted value should not be greater than
20%. Thus, the corrected mortality in this experiment is acquired
following the expression below:

Corrected % mortality=(Mservea-Meontrol) (100-M o) X 100

Where: M=mortality

2.6. Statistical analysis

Data analysis were done by one-way analysis of variance, followed
by Bonferroni’s multiple comparison test and results were expressed
as mean+SEM using Graph Pad Prism version 3.0 for windows,
Graph Pad software, San Diego, California, USA.

3. Results

3.1. Antioxidant assays

The result from the free radical scavenging activities of the extract
is shown in Table 1 and the inhibitions of the extracts and standards
were dose-dependent. Based on ICs, values obtained, it was
observed that FEGK revealed the best activity in ABTS and nitric
oxide radical scavenging activities, with an ICy, values of 1 089 and
633 pug/mL when compared with quercetin 1 091 pg/mL (P>0.05)
and 1 075 (P<0.05) pg/mL, as well as BHA 1 166 pg/mL (P<0.05)

and 639 (P>0.05) pg/mL, respectively. Similarly, it showed better
insignificant (P>0.05) activity against hydroxyl radical (719.90 pg/
mL) and significant (P<0.05) metal chelating (1 116 ug/mL) when
compared with BHA (747.90 and 1 363 ug/mL respectively) though
quercetin activity (342.50 and 252.30 ug/mL) was significantly
(P<0.05) better for both assays. Quercetin with ICy, value of 522.20
pg/mL as well as BHA (592 pg/mL) exhibited insignificant better
activity against DPPH as compared to the extract while the extract
and the standards showed significant (P<0.05) higher absorbance

difference from each other in most of the concentrations for reducing

capacity (Table 2).

Table 1

IC,, of flavonoid-rich leaf extract from G. krebsiana (ug/mL).

Parameters FEGK Quercetin BHA
DPPH 631.90+1.32° 522.20+12.38" 592.00+19.90"
ABTS 1089.00£19.29" 1091.00£15.61* 1 166.00+27.80°
Hydroxyl radical 719.40+5.35° 342.50+21.50 747.90+41.80"
Nitric oxide 633.10+5.31"  1075.00+29.35 639.56+11.26"

1116.00£22.92°  252.30+26.23" 1 363.00+8.96°

Values are presented as mean+SEM (n=3). Values with different superscript

Metal chelating

along the same row are significantly different (P<0.05) to each other.

Table 2

Reducing capabilities of FEGK and standards.

Concentrations Parameters (Absorbance at 700 nm)
(ug/mL) FEGK Quercetin BHA
125 1.830+0.003" 2.190+0.011° 2.290+0.009°
250 1.920+0.008" 2.230+0.027" 2.340+0.010°
500 1.960+0.007* 2.300£0.020°  2.350+0.006
750 1.980+0.010" 2.340+0.007" 2.490+0.011°
1000 2.330+0.010" 2.410+0.025" 2.560+0.001°

Values are presented as mean+SEM (n=3). Values with different superscript

along the same row are significantly different (P<0.05) to each other.

3.2. Antidiabetic inhibitory assays and kinetics of inhibition

FEGK revealed significant (P<0.05) better activity against alpha
glucosidase when compared with acarbose, although acarbose
showed statistically better activity than FEGK against alpha amylase.
It was also observed that FEGK inhibited alpha amylase mildly as
compared to alpha glucosidase, which indicated a strong inhibition.
The Lineweaver Burk plot revealed an uncompetitive inhibition of
alpha amylase by FEGK (Figure 1A) with a decline in the V,,,. and
K,, values from 0.52 to 0.49 mM/min as well as from 0.03 to 0.02
value (0.04 mM/min)

for both the FEGK and the control with an increase in K,, values

mM' respectively. There was a constant V,,,
from 0.26 to 2.75 mM' for alpha glucosidase, which indicated a
competitive inhibition (Figure 1B). Moreover, a non-competitive
inhibition occurred for sucrase (Figure 1C) and maltase (Figure
1D) as both enzymes revealed a constant K,, values of 0.60 and 0.41
mM' respectively with varying reduction in ¥, values from 0.09

(FEGK) to 0.03 (control), and from 0.04 (FEGK) to 0.01 (control)
mM/min, respectively.
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Figure 1. Kinetics of alpha amylase (A) alpha glucosidase (B), sucrase (C)
and maltase (D) by flavonoid-rich leaf extract of G. krebsiana (Less.) showing
an uncompetitive, competitive, non-competitive and non-competitive
inhibitions respectively.

Results are represented as mean+SEM of three replicate determinations. Ve:

reaction velocity of FEGK; Vc: reaction velocity of the control.

3.3. BSIA result

The BSLA result was shown in Table 3. It was observed that the
concentration of the extract (FEGK) was directly proportional to the
extent of lethality at 359 pg/mL (R°=0.833) and the highest mortality

was observed at 90% for this investigation.

Table 3

Effect of FEGK on brine shrimp lethality.

Conc. Conc. log No of larvae No of survivors % C%

(ug/mL) V1 V2 V3 Mortality Mortality
125 2.10 10 6 7 5 40.000 25.00
250 2.40 10 5 4 6 50.000 37.50
500 2.70 10 4 3 5 60.000 50.00

1 000 3.00 10 2 2 3 77.000 71.25

2 000 3.30 10 1 1 1 90.000 87.50

LGy, - - - - - 0.359 -

Control - 10 8 9 7 20.000 -

Conc.: concentration; C: Correlated; V: vial; LCs,: median lethal concentration.

4. Discussion

The most essential secondary metabolites from plants are
flavonoids and phenolic acids, which have excellent bioactive
compounds|21] effective against many ailments. Flavonoids are
natural antioxidants, and have great potential against oxidative stress
resulting from excessive free radicals production[22] linked to the
etiopathology of many diseases. They have the inherent properties
to mitigate against these radicals via metal (e.g. Fe, Cu,") chelating
effect by the removal of the causal factor that enhance the production
of free radicals, triggering the interaction with antioxidant enzymes,
scavenging reactive oxygen species by hydrogen atom donation
etc[23] mechanisms. From the present investigation, the ability of
FEGK to inhibit the activities of these free radicals particularly
ABTS, nitric oxide and DPPH either at par or better than standards is
in fact sin qua non to its antioxidant effect|5]. This report corroborates
with study from Prior and Cao[24] as well as Dai and Mumper{25] that
established the effectiveness of flavonoids than synthetically-made
antioxidants such as vitamins A and C.

The non-insulin dependent diabetes mellitus (DM), or type 2 DM,
is epitomized by derangement in the metabolism of carbohydrates,
protein and lipid metabolisms arising from abnormalities in
insulin secretion, insulin inaction or both. The management or
prevention of DM by the use of oral hypoglycaemic agents such
as insulin, acarbose etc. comes with side effects, thus natural
occurring flavonoids would be proposed as the alternative therapy
for DM management[5]. Moreover, in postprandial hyperglycaemia,
prominent carbohydrate-hydrolyzing enzymes such as alpha
amylase, alpha glucosidase are responsible for constant breakdown

of complex carbohydrate to glucose, thus aggravating blood glucose



Fatai Oladunni Balogun et al./ Asian Pacific Journal of Tropical Biomedicine 2018; 8(1): 52-58 57

level. Hence, acarbose, miglitol etc. which are inhibitors of these
enzymes serve as suitable antidote for regulating hyperglycaemia
and act by slowing down the digestion of complex carbohydrates to
glucose for onward utilization into body tissues.

In this study, the impact of FEGK on these enzymes including
sucrase and maltase (classes of alpha glucosidase) as well as their
activities were evaluated. The mild inhibition of alpha amylase (1 661
pg/mL) and strong inhibition of alpha glucosidase (487.80 ug/mL),
sucrase (547.80 pg/mL) and maltase (607.10 pg/mL) by FEGK with
higher ICs, value of alpha amylase is suggestive of potent amylase
inhibition[26-28], since inhibition of alpha amylase could bring about
fermentation of carbohydrates yet to be digested by bacterial present
in the colon[29]. It has been reported that for any hypoglycaemic
agent to exhibit their antihyperglycaemic effect devoid of side
effects (flatulence, diarrhoea) as observed with synthetic inhibitors
(acarbose), it must be able to inhibit alpha amylase mildly and as
well inhibit alpha glucosidase strongly[15]. The double reciprocal
curve revealed the kinetics of inhibition of the enzymes, expressed
the uncompetitive inhibition of alpha amylase which is evident from

the reduction in V,

max

and K, values. This is an implication of the
binding of FEGK at other sites on the enzyme substrate complex,
thereby diminishing the substrate binding to the enzyme which
ultimately delays starch disintegration to smaller sugars[30]. On the
other-hand, the Line Weaver Burk plot established the ability of
FEGK at competitively inhibiting alpha glucosidase activity, which
indicated that FEGK contested with the substrate at the active site
of the enzyme, thus elongating the carbohydrate digestion time
to glucose. The double reciprocal plot of reaction velocity, 1/[V]
against substrate concentration, 1/[S] showed a constant K, and a

decrease in V, _ values, which revealed that sucrase and maltase

were non-competitively inhibited by FEGK. This demonstrated that
FEGK bonded at other sites aside the active site of the enzyme with
the likelihood of adhering to either the free enzyme or the enzyme-
substrate complex, thus modifying the activity of the substrate or
the enzyme or both[31]. Above all, the antihyperglycaemic effect of
FEGK as examined in this study strengthened the work of Weiss et
al[32] on the antidiabetic activity of flavonoids.

Brine shrimp lethality assay is an important procedure for basic
evaluation of toxicity emanating from medicinal plants extract.
Aside from this, other applications of this protocol are not limited
to the detection of toxins from fungi, cyanobacteria, pesticides and
heavy metals[33] etc. The assay is designed to assess the ability of
the sample to eliminate or destroy brine shrimp organism(34]. FEGK
at the highest concentration achieved 90% mortality of Ariemia
(salina) nauplii brine shrimp with median lethal concentration (LCs)
value of 359 pg/mL, which suggested the potent (active) effect of

the extract[18]. The result is consistent with studies from Murakami

et al[35] and Trifunschi and Ardelean[36] for Ficus carica on the
anticancer activity of flavonoids.

In summary, the study confirmed the cytotoxic, antioxidant and
antidiabetic potentials of flavonoids and laid credence to the potential
use of flavonoids-rich leaf extract of G. krebsiana as nutraceuticals or

phytonutrients against free radicals, diabetes and cancer.
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