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Antidesma bunius (L.) Spreng and Mollugo oppositifolia L., also known as “bignay” and “malagoso”
respectively, are commonly used medicinal plants in the Philippines to treat diabetes. However, the
hypoglycemic effect of A. bunius (L.) Spreng and M. oppositifolia L. has not been reported to date.
Therefore, this study was undertaken to investigate the hypoglycemic effects of the fresh and ethanolic
extracts of the plants in db/db diabetic male mice. Fresh and ethanolic extracts (12.5 ml/kg and 250
mg/kg, respectively) were administered by gavage in db/db mouse, an animal model of diabetes. Blood
from the tail snip was used to measure blood sugar levels on days 1 (D1), 8 (D8), 15 (D15), 22 (D22) and
29 (D29). Fresh extract of M. oppositifolia L. caused a significant reduction of blood glucose levels on
D22 compared to untreated db/db mice (P < 0.05). On D29, fresh extract of A. bunius (L.) Spreng (P <
0.01), and fresh (P < 0.01) and ethanolic leaf extracts (P < 0.05) of M. oppossitifolia L. caused a
significant reduction of blood glucose compared to untreated db/db mice. Fresh and ethanolic extracts
of A. bunius (L.) Spreng and M. oppositifolia L. exhibited a significant hypoglycemic activity in db/db
mice.

Key words: Antidesma bunius L, Spreng, Mollugo oppositifolia L., diabetes, mouse, hypoglycemic.

INTRODUCTION

Diabetes mellitus is the most common chronic endocrine/ leading diseases in the Philippines afflicting one out of
metabolic disease and considered as one of the 10 every five Filipinos (Philippine diabetes statistics
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(Villasenor and Lamadrid, 2006). A vast majority of
Filipinos suffering from diabetes are afflicted with non-
insulin dependent diabetes mellitus (Villasenor and
Lamadrid, 2006). Characterized by elevated glucose
levels that lead to metabolic abnormalities (Sun et al.,
2008), diabetes mellitus in 2017 as reported by the
International Diabetes Foundation has affected 425
million people globally (IDF Diabetes Atlas, 2017). The
increase in prevalence of diabetes globally is projected in
2030 (Sarah et al., 2004), and that includes the
Philippines.

Resulting from defects in insulin secretion, insulin
action or both (Yki-Jarvinen, 1994), diabetes mellitus
continues to pose a significant worldwide burden for the
health care system. Associated with long term
complications (Searls et al., 2012), diabetes mellitus is
classified into two main types. Type 1 results from a
deficiency of insulin and is conventionally treated with
exogenous insulin, while type 2 results from insulin
resistance or reduced insulin sensitivity and is usually
treated with oral hypoglycemic agents (Rosak, 2002).
Surveys on the use of medicinal plants for treating
various diseases indicated a substantial number of
respondents utilized herbal medicine (Hajdu and
Hohmann, 2012). In the Philippines, despite the dearth of
statistics on the efficacy of herbal medicines,
complementary and alternative medicine is a traditional
practice where diabetes mellitus is commonly treated
using medicinal plants (Quisumbing, 1978; Reyes et al.,
2017).

Antidesma bunius (L.) Spreng is a shrubby tree
belonging to family Euphorbiaceae. Also known as
“bignay” in the Philippines (Morton, 1987) and Mao Luang
in English (Butkhup and Samappito, 2008). Ripe fruits of
A. bunius (L) Spreng contain different types of
flavonoids, namely catechin, procyanidin Bl and
procyanidin B2 (Butkhup and Samappito, 2008). Mollugo
oppositifolia L. is a slender, spreading or ascending,
smooth branched, annual herb belonging to family
Molluginaceae (Quisumbing, 1978). Also known as
“malagoso” in the Philippines, M. oppositifolia L. contains
C-glycosyl-flavonoids (Chopin et al., 1984). Both herbal
plants are popular in the Philippines as antidiabetic,
however report on phytochemical screening (Doctor and
Manuel, 2014) and validation of antihyperglycemic
activity (Villasenor and Lamadrid, 2006) of a number of
selected indigenous medicinal plants in the Philippines
has not included A. bunius (L) Spreng and M.
oppositifolia L. In addition, A. bunius (L.) Spreng and M.
oppossitifolia L are not included in the list of approved
herbal medicine by the Department of Health in the
Philippines.

Previous studies have shown that A. bunius (L.) Spreng
has been used in traditional medicine for the treatment of
various conditions (Udomkasemsab et al., 2018).

Although the hypoglycemic effects of A. bunius (L.)
Spreng has been investigated in alloxan- (El-Tantawy et
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al., 2015) and streptozotocin- (Chowtivannakul et al.,
2016) induced diabetic rat model, it has not been
elucidated in db/db diabetic male mice. Some species of
Molluginaceae has been demonstrated to exhibit a
variety of activities including anti-inflammatory (Kim et al.,
2008), antibacterial (Kim et al., 2008), spermicidal
(Padma and Khosa, 1995), antifungal (Rajasekaran et al.,
1993), immunomodulatory (Ferreira et al., 2003) and
antioxidant (Lin et al., 2004). However, to our knowledge,
the anti-diabetic potential of M. oppositifolia L. has not
been elucidated. In the present study, the anti-diabetic
potential of A. bunius (L.) Spreng and M. oppositifolia L.
was investigated in an animal model of diabetes, the
db/db mouse.

MATERIALS AND METHODS
Plant

Fruits and leaves of A. bunius (L.) Spreng and M. oppositifolia L.
were collected in Pampanga State Agricultural University,
Magalang, Pampanga, Philippines. Plant materials were identified
and authenticated at the Botanical Herbarium, Museum of Natural
History, University of the Philippines, Los Barfios, College, Laguna,
Philippines by Annalee S. Hadsall.

Animals

Three-month old db/db diabetic male mice weighing 37 to 44 g (n =
5/group) were used in this study. They were caged individually on a
12-h light schedule in a temperature controlled (20+2°C) colony
room. They were given food and water ad libitum. The mice were
treated in accordance with the guidelines set by the Institutional
Animal Care and Use Committee of Pampanga Agricultural College.
All efforts were made to utilize only the minimum number of animals
necessary to produce reliable scientific data.

Preparation of fruit and leaf extracts

Fresh fruits of A. bunius (L.) Spreng and fresh leaves of M.
oppositifolia L. were carefully washed, cut and dried at 50°C. The
fruits and leaves were powdered (100 g) and mixed with 500 mL of
80% ethanol in round bottomed Erlenmeyer flask, soaked for 48 h
and filtered. Using a rotary evaporator (Heidolph® Rotary
Evaporator, Schwabach, Germany) filtrated extracts were
concentrated and the ethanol was removed. The percent yield of
extract was calculated by dividing the weight of the extract by the
weight of plant material multiply by 100.

Phytochemical screening for flavonoids

One hundred gram of air-dried fruits of A. bunius (L.) Spreng and
leaves of M. oppositifolia L. were ground to fine powder, soaked in
80% ethanol for 48 h, filtered and concentrated in vacuo. The
presence of flavonoids was determined by conducting the Bate-
Smith and Metcalf method and Wilstatter “cyanidin” test as
previously described (Guevarra, 2005) and utilized (Doctor and
Manuel, 2014). Briefly, Bate-Smith and Metcalf method was carried
out with the treatment of the ethanolic extract with hydrochloric acid
(HCI) while the Wilstatter “cyanidin” test was carried out by using
1% aluminium chloride solution in methanol concentrated HCI,
magnesium turnings and potassium hydroxide solution (Guevarra,
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2005).

Acute toxicity test

Eighty mice of both sexes were grouped into four with five mice per
group. The fresh extracts were prepared by obtaining 250 g fresh
fruits of A. bunius (L.) Spreng and 250 g fresh leaves of M.
oppositifolia L. The fresh leaves were osterized and filtered with a
clean cheese cloth. The fresh extracts were placed in clean bottles
and were administered orally using a gavage at the dose of 6.25,
12.5, 18.75 and 25 ml/kg. The ethanolic extracts were given at 100,
250, 500 and 1000 mg/kg. Mice were given feed and water ad
libitum. Signs of toxicity and percentage mortality were observed
over 48 h.

Treatments

The db/db diabetic male mice were randomly divided into five
groups consisting of five mice each. The mice in the first group
were given distilled water and served as the diabetic control. The
second and third groups were given fresh and ethanolic fruit
extracts of A. bunius (L.) Spreng at a concentration of 12.5 ml/kg
and 250 mg/kg, respectively. The fourth and fifth groups were given
fresh and ethanolic leaf extracts of M. oppositifolia L. at a
concentration of 12.5 ml/kg and 250 mg/kg, respectively. Fruit and
ethanolic extracts were administered via gavage daily (at 1700 h).

Data collection

The blood glucose levels were measured on day 1 (D1), day 8 (D8),
day 15 (D15), day 22 (D22) and day 29 (D29). Blood samples were
collected from the tail vein and measured with a glucometer
(OneTouch® Ultra®, LifeScan, Inc., Milpitas, CA, USA). The
reduction in blood glucose levels was calculated by subtracting the
blood glucose level of mouse on D22 or D29 from D1, and dividing
it to the glucose level on D1 multiply by 100.

Statistical analysis

All data were expressed as mean * standard error of mean (SEM).
The effect of A. bunius (L.) Spreng and M. oppositifolia L. fresh and
ethanolic extracts on blood glucose levels was determined using
one way-analysis of variance (Graph Pad In Stat, Graph Pad
Software Inc., San Diego, CA, USA) followed by post-hoc Tukey-
Kramer multiple comparisons test.

RESULTS

Percentage yield and phytochemical screening of A.
bunius (L.) Spreng and M. oppossitifolia L.

The yield of the ethanolic fruit extract of A. bunius (L.)
Spreng was 13.52% (w/w) dry matter and was reddish
purple in color while the ethanolic leaf extract of M.
oppositifolia L. was 11.73% (w/w) dry matter and was
dark green in color. Using the Bate-Smith and Metcalf
method, and Wilstatter “cyanidin” test (Guevarra, 2005;
Doctor and Manuel, 2014) revealed that flavonoids were
detected in ethanolic extracts of A. bunius (L.) Spreng
and M. oppositifolia L.

Acute toxicity test

The acute toxicity test of fruit and leaf extracts of A.
bunius (L.) Spreng and M. oppositifolia L. in mice did not
produce mortality or signs of toxicity even with the
highest dose of extract (1000 mg/kg) administered orally
throughout the observation period of 48 h. The absence
of mortality or signs of toxicity indicates that the fresh and
ethanolic fruit or leaf extract as well as the dose used in
the present study were safe in animals.

Hypoglycemic effect of A. bunius L and M.

oppossitifolia L

Data on the blood glucose levels of db/db mice following
treatment with A. bunius (L.) Spreng and M. oppositifolia
L. fresh and ethanolic extracts are presented in Figure 1.

The results showed that from D1 to D15, no significant
differences were observed between groups on the blood
glucose levels in db/db mice treated with A. bunius (L.)
Spreng and M. oppositifolia L. fresh and ethanolic
extracts. However, on D22 a significant reduction of
blood glucose levels in db/db mice treated with M.
oppositifolia L. fresh extract was evident compared with
the untreated db/db diabetic mice (P < 0.05). On D29, a
significant reduction in blood sugar levels was observed
in db/db mice treated with A. bunius (L.) Spreng fresh
extract (P<0.01) and M. oppositifolia L. fresh (P<0.01)
and ethanolic extracts (P < 0.05) compared with
untreated db/db diabetic mice. These decreased the
blood glucose levels by 79% with A. bunius (L.) Spreng
fresh extract, 79 and 55%, with M. oppositifolia L. fresh
and ethanolic extracts, respectively (Table 1).

DISCUSSION

The hypoglycemic activity of A. bunius (L.) Spreng and
M. oppositifolia L. was evaluated in db/db mouse model
of diabetes. The present results confirm previous
investigations demonstrating that A. bunius (L.) Spreng
exhibits  antidiabetic ~ activity in  streptozotocin-
(Chowtivannakul et al., 2016) and in alloxan- (El-Tantawy
et al., 2015) induced diabetic rats and further extend the
findings on the antidiabetic activity of A. bunius (L.)
Spreng in a mouse model of diabetes, db/db mice.
Importantly, the present results show that M. oppositifolia
L. exhibits antidiabetic activity in db/db mice. To our
knowledge, this is the first in vivo evidence showing the
antidiabetic activity of M. oppositifolia L. in db/db mice.
Consistent with previous reports, hyperglycemia is
evident in db/db mice (Huynh et al., 2012). In the present
study, untreated db/db mice all exhibited marked
hyperglycemia throughout the duration of the study.
Specifically on D29, untreated db/db mice had
significantly higher blood glucose levels compared with
db/db mice treated with A. bunius (L.) Spreng fresh
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Figure 1. Blood glucose of untreated db/db diabetic control and db/db diabetic mice
treated with fresh and ethanolic extracts of Antidesma bunius (L.) Spreng and Mollugo
oppossitifolia L. (n=5). Values are means + SEM. Values with different letters are
significantly different from each other in each time point studied (Tukey—Kramer multiple
comparisons test after ANOVA). D1, Day 1; D8, Day 8; D15, Day 15; D22, Day 22; D29,

Day 29.

Table 1. Percentage reduction of blood glucose levels following Antidesma bunius L and Mollugo oppossitifolia L treatment in

db/db mice.
Treatment Blood glucose (mg/dL) Percentage reduction
Day 1 Day 22 Day 29 Day 22 Day 29

Diabetic control 286.2 348.6 280.8 - -
Antidesma bunius fresh extract 393 159.2 82.4 59.5 79.0
Antidesma bunius alcoholic extract 462.2 256.2 154.8 44.6 66.5
Mollugo oppossitifolia fresh extract 339.4 106.2 71 66.4 79.1
Mollugo oppossitifolia alcoholic extract 243.4 178.4 109.6 26.7 55.0

extract and M. oppositifolia L. fresh and ethanolic
extracts. The potential mechanism by which A. bunius
(L.) Spreng and M. oppositifolia L. reduced the blood
glucose level is not clearly defined. Given that the
present study was limited to investigating whether A.
bunius (L.) Spreng and M. oppositifolia L. demonstrate an
anti-diabetic potential in a mouse model of diabetes, the
specific mechanisms by which A. bunius (L.) Spreng and
M. oppositifolia L. decrease the elevated blood glucose
levels could not be conclusively described. However,
based on previous studies, we proposed that A. bunius
(L.) Spreng and M. oppositifolia L. could lower blood
glucose levels by increasing insulin input or inhibiting the

intestinal absorption of glucose (Marviya et al., 2010).
These potential mechanisms could lead to the restoration
of the pancreatic tissue function (Marviya et al., 2010),
and consequently lowers the elevated blood glucose
level. Moreover, it is likely that A. bunius (L.) Spreng and
M. oppositifolia L. may have attenuated death of 3 cells in
the db/db mouse since the use of medicinal plant in this
strain was associated with significant increases in insulin
content accompanied with preservation of [ cell
architecture (Huynh et al., 2012). Therefore, protection of
functional B cell would also mean preservation of insulin
production, thereby decreasing the elevated blood
glucose level.
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Medicinal plants containing active biological principles
including flavonoids, and tannins have been reported to
demonstrate hypoglycemic properties (Suba et al., 2004).
In particular, the therapeutic potential of flavonoids
displays significant insulin secretogogue, insulinomimetic
and cytoprotective effects (Bharucha et al.,, 2011).
Considering that A. bunius (L.) Spreng contains flavonoids
(Butkhup and Samappito, 2008) and M. oppositifolia L.
contains C-glycosyl-flavonoids (Chopin et al., 1984), it is
tempting to speculate that the active biological principles
present in the plant may be responsible for the
hypoglycemic effects observed in the present study.

Conclusion

Overall, the present study provides the first physiological
evidence that A. bunius (L.) Spreng and M. oppositifolia
L. possess significant antidiabetic activity in db/db
diabetic mouse model. The results may offer a valuable
therapeutic potential in the treatment of diabetes mellitus;
however, further investigations are required to address
the exact mechanism by which A. bunius (L.) Spreng and
M. oppositifolia L. lower elevated blood glucose levels in
diabetic mice.
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Endophytic fungi of different species have already proved their efficacy against a range of pathogenic
bacteria. However, the separation of the compounds contained in these extracts that actually have an
effective activity is not a constant, but it is essential for the scientific knowledge to formulate a new
medication. Thus, this study aimed to separate compounds from two endophytic fungi extracts of
Uncaria tomentosa with positive results against Gram-positive and Gram-negative bacteria. The
separation was carried out by thin-layer chromatography and bioautography. For this, it was necessary
to produce fungal extracts from the endophytes Colletotrichum (23916) and Fusarium (23952), which
were separated from the liquid state by filtration. The remaining filtrate was divided into ethyl acetate
and then concentrated in a rotary evaporator at 40°C. Antimicrobial activity was evaluated and the
Minimum Inhibitory Concentration (MIC) was determined with the following test microorganisms:
Escherichia coli, Enterecoccus faecalis, Klebsiella pneumoniae and Staphylococcus aureus.
Subsequently, it was carried out the thin layer chromatography (TLC) of the extracts using hexane,
ethyl acetate/hexane, ethyl acetate and acetate/methanol. The reading was performed in 312 nm UV
light, and right after the chromatography, the bioautography was carried out. The following Rf values
were obtained: 0.30 for K. pneumoniae and 0.35 for E. coli, in ethyl acetate, for the extract 23952, and
0.81 for K. pneumoniae and 0.41 for S. aureus, in styrene acetate, for the extract 23916, confirming
different compounds by bioautography. Therefore, it was concluded that several compounds present in
the extracts tested have antibacterial activity.

Key words: Chromatography, bioautography, endophytic.

INTRODUCTION

Thin Layer Chromatography (TLC) is a technique used to
separate compounds of a sample of a given substance
using two phases, a stationary phase and a mobile one,
on silica gel plates (Niessem, 2017).

*Corresponding author. E-mail: asfuryy@yahoo.com.br.

The scope of its applicability is the identification of
molecular compounds by comparing them with previously
existing standards, separating the components of a
mixture through the purification technique (Bonnin et al.,
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2018). Bioautography is a technique that combines thin-
layer chromatography with agar diffusion (Choma and
Jesionek, 2015). Both techniques are tools for the
separation of molecules at laboratory level, capable of
biologically identifying which specific compounds of an
extract act actively in that compound, such as the
endophytic fungi extracts from several plant species that
act as potent antimicrobials, since some known drugs
and microorganism derivatives (Fanali et al., 2016) are
already on the market as antibiotics (Luo et al., 2016),
being used in the treatment of various diseases such as
Alzheimer’s, from bioactive (Wang et al., 2016),
anticancer (Petersen et al., 2014; Zaiyou et al., 2015) and
anti-allergic compounds, among others (Sakurai et al.,
2003).

Among these microorganisms that produce active
metabolites, the endophytes that are fungi or bacteria
that reside within plant tissues without causing apparent
damage (Li et al., 2018) stand out. These are sources of
secondary metabolites with many biological activities
(Yan et al.,, 2018). The use of these compounds is
already a promising reality in the field of biotechnology,
especially in pest control in agriculture, due to their low
cost and benefits to human health, especially when
compared to the use of agrochemicals (Silva et al.,
2008), and are also applied in the medical and
pharmacological fields in the inhibition of pathogenic
bacteria that are resistant to the main antibiotics currently
available in the market (Arora and Kaur, 2018). An
example of this is the significant number of compounds
produced from fungal endophytes with proven inhibitory
activity against several Gram-positive and Gram-negative
bacteria (Banhos et al., 2014).

The Brazilian Amazon is a wide source of new
compounds from its rich biodiversity for the development
of new drugs, mainly from its endophytic fungi (Banhos et
al., 2014). Also, the analysis of their biological activity is
an appropriate option in the fight against resistant
microorganisms; however, there are few studies on this
subject in the literature, which becomes a limiting factor
in the contribution to the formulation of new drugs (Cheng
et al., 2018).

Uncaria tomentosa (Willd.) DC belongs to the
Rubiaceae family, it is a plant species of the Amazon
region, popularly known as cat’s claw (Alvarenga et al.,
2018). This species has various medicinal properties
such as anti-inflammatory (Yatoo et al., 2018), anticancer
(zhang et al., 2015), contraceptive (Nogueira et al.,
2011), antiasthmatic (Azevedo et al., 2018), antiarthritic
(Rajamanikyam et al.,, 2017), and immunostimulant
(Baraya et al., 2017) activities, mainly antibacterial
activity of endophytic fungi extracts, especially against
Enterecoccus faecalis (Rodrigues et al., 2018), which is a
Gram-positive bacterium, ubiquitous, highly resistant and
commonly found in the root canal system (Qian-Wang et
al., 2012). In the contemporary world, the indiscriminate
use of antimicrobials is frequent, so they no longer have

the same efficacy against a specific group of bacteria,
known as superbugs or resistant bacteria (Yelin and
Kishony, 2018). Based on the instability of the immune
system, several opportunistic bacteria can cause
infections and establish acute pathological conditions that
lead the host organism to unpleasant consequences
(Sedghizadeh et al., 2017), such as Escherichia coli,
leading to food poisoning and diarrhea (Gomez-Duarte,
2014). Klebsiella pneumoniae is another pathogenic
bacterium capable of causing pneumonia by different
types of transmission, mostly in the hospital environment
(Xiong et al., 2016). Staphylococcus aureus can cause
various infections, such as acne, boils, pneumonia,
meningitis, endocarditis, sepsis and others (Koch et al.,
2014). Strains resistant to various drugs have become
increasingly prevalent (Otto, 2012).

In this context, the antimicrobial activity of endophytic
fungi of U. tomentosa makes this species a promising
source for the development of a new drug. However, it is
not entirely known, what compounds or molecules are
contained in the endophytic fungi extracts of this plant
that actually inhibit bacterial growth. For this reason, the
separation of these substances is as important as the
extract activity. Thus, this study aimed to separate the
compounds of two endophytic fungal extracts of U.
tomentosa: Colletotrichum and Fusarium which had
positive results against Gram-positive and Gram-negative
bacteria from the collection of the microbiology laboratory
of the Federal University of Acre (UFAC).

MATERIALS AND METHODS

Obtainment of extracts and purification of endophytic fungi of
U. tomentosa

The fungi Fusarium with laboratory record (23952) and
Colletotrichum (23916), isolated from U. tomentosa of the collection
of the microbiology laboratory of the Federal University of Acre
(UFAC), with positive results of antibacterial activity were cultivated
on a large scale, in a broth using a fermentor to obtain fungal
extracts to be used in in vitro biological assays. For this purpose,
they were cultivated in Petri dishes using potato dextrose agar
(PDA) medium for 14 days at 28°C. The content from 5 dishes (80
x 15 mm) with the grown fungus was inoculated into a 1000 ml
Erlenmeyer flask containing 500 ml of PD broth and then conducted
for 14 days at 28°C without shaking. For each fungus, 3000 ml of
PD broth was used and distributed into six Erlenmeyer flasks of
1000 ml each. After incubation, the fungal mycelium was separated
from the broth by filtration using filter paper. The filtrate was
subjected to the liquid-liquid partition with 200 ml of ethyl acetate
five times, and then the extraction product was concentrated on a
rotary evaporator under reduced pressure in a water bath at 40°C
(Cechinel and Yunes, 1998) until the dry yield was calculated
dividing the weight value of two dry extracts by the weight of empty
flasks, and solubilizing them with Dimethylsulfoxide (DMSO) for the
antibacterial activity bioassay and determination of the Minimum
Inhibitory Concentration (MIC).

Bioassays of antibacterial activity

The antibacterial activity of the endophytic fungi Fusarium
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Table 1. Mean and standard deviation of the halos of the antibacterial activity of endophytic fungi extracts isolated from U.
tomentosa: Colletotrichum 2.3916 and Fusarium 2.3952 against Gram-positive and Gram-negative bacteria.

Antibacterial activity (mm)

Extract (EtOAc)

E. coli S. aureus K. pneumonia E. faecalis
Colletotrichum 2.3916 10.3 £0.57 13.0£2.6 15 mm+1.0 13.6+0.5
Fusarium 23952 12.3+£0.57 11.6+1.5 14.3£2.0 13.3t1.5

Table 2. MIC of endophytic fungi extracts of U. tomentosa against Escherichia coli, S. aureus, K. pneumoniae, and E. faecalis.

Susceptibility of bacteria mg/mL

Extract

I)D/irglgq(ar:ge)r E. coli S. aureus K. pneumoniae E faecalis
(EtOAC) MIC MIC MIC MIC
Colletotrichum 2.3916 49.83 31.25 7.81 7.81 7.81
Fusarium 23952 32.12 31.25 7.81 7.81 15.62

(23952) and Colletotrichum (23916) was evaluated using the well
method for the allocation of extract, according to the National
Committee for Clinical Laboratory Standards, using the following
test-microorganisms: E. coli (ATCC 10536), S. aureus (ATCC
12598), K. pneumoniae (ATCC 700603) and E. faecalis (ATCC
4083). For this, Petri dishes containing Mdueller-Hinton agar
medium were prepared and incubated at 37°C for 24 h to verify the
sterility of the medium, where the bacterial purification process
was carried out, using the streak plate technique. Afterward, they
were incubated at 37°C for 24 h. Five isolated bacterial colonies
were spread in Luria Bertani broth (LB) and then incubated for up
to 3 h. The turbidity degree was then checked and adjusted to the
McFarland 0.5 scale (1.5 x 10® cells/ml) with a sterile saline
solution. After adjustment, the bacteria were spread onto Petri
dishes containing Mueller-Hinton agar medium using a swab in
three distinct directions and around the dish uniformly. Prior to the
inoculation of the bacteria, wells of approximately 5 mm in
diameter were made in pipette tips to place the extract. After
spreading the test-bacteria on the wells, 20 pl of the fungal
extracts were added. Subsequently, the dishes were incubated at
37°C for 24 h and then the formation of the inhibition halo was
observed. Samples considered to have positive antibacterial
activity were those that did not allow the microbial development
around the well, and these halos were measured in millimeters. A
millimetre (mm) graduated ruler was used to measuring the size of
the halos obtained from the well diffusion bioactivity test.

Determination of minimum inhibitory concentration

After obtaining the dried fungal extracts, they were solubilized in
dimethyl sulfoxide (DMSO) at an initial concentration of 1, 250, 125,
62.5, 31.25, 15.62, 7.81 and 3.90 mg mL™. After the solubilization
of the extracts in the respective concentrations, the in vitro
antibacterial bioactivity test against E.coli, S. aureus, K.
pneumoniae, and E. faecalis was performed to determine MIC, by
the well method in Mueller-Hinton medium; then the extracts were
applied at their respective concentrations (Montero, 2017).

Chromatography and bioautography of the tested fungal
extracts

After obtaining the results of the bioactivity test against E.

faecalis, the extracts were subjected to the chromatography
process to separate the compounds with biological activity. For this,
10 pl of each extract were placed on the plates of TLC (Silica gel
60), eluted in the mobile phase using different low, medium and
high polarity systems: hexane, ethyl acetate-hexane, ethyl acetate
(EtOAC) (1:1), ethyl acetate/methanol (EtOAc/MeOH) (1:1), and
analyzed in ultraviolet (UV), 312 nm. Soon afterward, to perform the
bioautography, each TLC plate was placed on dishes containing
Mueller-Hinton medium, properly identified according to each
solvent used, and stored for 24 hours in a refrigerator. After this
period, the test-bacteria were spread and incubated in a
bacteriological oven at 37°C for 24 h. Then, the inhibition zone of
the bioactive compounds was analyzed, as described above, and
the retention factors (Rf) (Di Ciaccio et al., 2018) were calculated by
measuring the distance traveled by the compound (DC) divided by
the distance traveled by the solvent (DS) (Kagan and Flythe, 2014).

Data analysis

The data were analyzed from the mean and standard deviation of
the halos obtained from the antibacterial activity test, which were
performed in triplicate, in addition to the calculation to measure the
retention factors (Rf) of the compounds with the equation: (Rf = DC
/ DS).

RESULTS

The antimicrobial activity was positive for the two fungal
extracts tested, Fusarium (23952) and Colletotrichum
(23916), for all bacteria tested: E. coli, S. aureus, K.
pneumoniae and E. faecalis with formation of inhibition
halo measured in mm (Table 1) and MIC of 7.81 for the
majority of the bacteria tested for the two extracts, except
for E. coli with 31.25, for both extracts, and for E. faecalis
with 15.62, for extract 23952 (Table 2).

From the reading of the UV chromatographic plates,
several components were found in the extracts used in
this study and, according to the bioautography, these
substances have high antibacterial potential (Figure 1).
The bioautography results confirm antimicrobial activity
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for Fusarium fungal extract with values of Rf (0.30) for K.
pneumoniae in ethyl acetate eluent and 0.85 for
acetate/methanol; Rf (0.74) for S. aureus in hexane/ethyl
acetate eluent and 0.35 for ethyl acetate; Rf (0.67) for E.
coli in ethyl acetate/methanol and Rf (0.64) for E. faecalis
in ethyl acetate/methanol (Figure 1). For the
Colletotrichum extract, the following Rf values were
obtained: 0.81 against K. pneumoniae, 0.41, 0.36 and
0.45, all in ethyl acetate, for S. aureus, E. coli and E.
faecalis, respectively, and 0.63 E. coli, in ethyl
acetate/methanol.

DISCUSSION

The antibacterial activity of endophytic fungi of several
plant species is already described in the literature from
many works in the field of biotechnology (Sudha et al.,
2016) as it can be observed in studies on extracts of
endophytic fungi of Ipomea biloba, which showed positive
result against pathogenic bacteria (Prakash et al., 2016)
as well as on extracts of endophytic fungi from
Azadirachta indica A. Juss, which have proved to be
potent antibacterial agents (Marcinkevicius et al., 2019).
In this context, the antibacterial activity of extracts of
endophytic fungi (Colletotrichum 23916 and Fusarium
23952) based on ethyl acetate from U. tomentosa
presented in this study was confirmed, proving to be
effective against bacteria, both for Gram-positive and
Gram-negative bacteria.

The endophytic fungi Colletotrichum and Fusarium are
considered sources of defense metabolites with several
biological activities, mainly with antibacterial activity
(Juang et al., 2019), corroborating the results found in
this study. The MIC is the lowest concentration of the
extract capable of stopping the growth of a
microorganism (Tripathi, 2013). In this study, the MIC
was 7.81 for both fungal extracts for most of the bacteria
tested, except for E. coli (31.25) and E. faecalis (15.62)
for the Fusarium 23952 extract, similarly to the results of
other studies on MIC determination in antimicrobial
activity (Nisa, 2015; Ochoa-Velasco et al., 2018; Naime-
Shamel et al., 2019).

Thin-layer chromatography reveals that from a
stationary and a mobile phase it is possible to separate
compounds that travel the entire surface of the plate
(TLC), according to the degree of polarity of the
compound and solvent used (Agostini-Costa et al., 2012).
In addition to TLC, there are other types of
chromatography, such as gas chromatography and liquid
diffusion (Marathe et al., 2019). The advantage of TLC is
the adsorption (Kalindere et al., 2018), for this reason,
the TLC was chosen in this research.

In this study, it was demonstrated that the fungal
extracts used for both Colletotrichum 23916 and
Fusarium 23952 have different UV-visible compounds,
which are mostly of medium polarity with better

separation in ethyl acetate. Similar results are presented
in other studies using chromatography (Li et al., 2019;
Marcinkevicius et al.,, 2019), demonstrating the
appearance of different compounds in ethyl acetate. Ethyl
acetate is a solvent that has medium polarity and has an
affinity with adsorptive silica (polar) molecules, and this
facilitates the separation of the compounds from an
extract (Sui et al., 2018). Recalling that nonpolar
compounds have greater difficulty in silica plates with
acidic and basic solvents (Churms, 2002). On the other
hand, some authors question the fidelity of the
chromatography information due to the spreading of the
fractions and colonization of the TLC plates (Mccalley,
2010). The solvents used in the mobile phase may have
an effect on bacterial growth and may interfere with the
results (Arshad et al., 2018). However, correct drying of
TLC plates to eliminate solvents is necessary for the
effectiveness of bioautography (Choma and Jesionek,
2015), even though the technique of plate bioautography
by evaluating the mark left by diffusion is considered a
reliable method of confirmation (Choma and Grzelak,
2011).

The bioautography technique associates thin layer
chromatography with the confirmation of the antibacterial
activity of the compounds separated by TLC from
antimicrobial analysis on plates containing Muller Hilton
agar (Matanna et al., 2010). The bioautography can be
performed using different techniques, diffusion and
dilution (Choma and Grzelak, 2011), but the use of the
mark in solid state was chosen because it is a practical
technique, validated for microbiological control in the
laboratory, that is, to evaluate the antimicrobial substance
of a mixture, simultaneously with its quantification
regarding the activity of a standard (Colorado et al.,
2007).

The results of the bioautography obtained in this study
confirmed that the compounds revealed in TLC have
antibacterial activity against the bacteria tested. These
results are in agreement with other studies on
chromatography and bioautography reported in the
literature (Chen and Schwack, 2014), in which bioactive
compounds were found in fungal extracts of Terminalia
arjuna (Gill and Vasundhara, 2019). Similarly, more
compounds with antibacterial activity were also isolated
in endophytic fungi extracts of Helianthus annuus (Farhat
et al., 2019).

Conclusion

According to the in vitro assays and the chromatographic
and bioautographic analysis performed to separate the
chemical compounds from the extract, with subsequent
verification of the retention factors (Rf), there are different
compounds in the fungal extracts (Colletotrichum 23916
and Fusarium 323952) with an inhibition reaction of
bacterial growth in all samples tested, especially with
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Figure 1. Bioautography of fungi metabolites (Fusarium 23952 and Colletotrichum 23916) with
antibacterial activity. Figure 1A-1D (Fusarium 23952), respectively, in the following order of
bacteria test: K. pneumoniae, S. aureus, E. coli and E. faecalis. Figure 2A-2D (Colletotrichum
23916), respectively, in the following order of bacteria test: E. coli, S. aureus, K. pneumoniae
and E. faecalis, TLC (thin layer chromatography) of A-D in Figures 1 and 2, respectively,
represent (A) eluent system in hexane, (B) eluent system ethyl acetate/hexane (1:1), (C) eluent
system in ethyl acetate and (D) eluent system in ethyl acetate/methanol (1:1). Rf = retention

factor.
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ethyl acetate solvent.
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This research work was conducted to assess the potency of ethanolic and hot water extract of
Azadirachta indica and Vernonia amygdalina against pathogenic Aspergillus niger (ATCC 16404).
Potato Dextrose Agar was the medium under which the antimicrobial sensitivity test was carried out.
Streptomycin solution was also added to the medium to selectively inhibit the growth of bacterial cell.
The results showed that, higher concentration of the extracts of the two plants species were efficient in
stifling the growth of A. niger. This was evident as the inhibition zones increased with increasing
concentration of the extracts. The results also showed that ethanolic extract of A. indica and V.
amygdalina is a bit potent than the hot water extracts against the fungus species ATCC 16404. The
results revealed that, the areas of inhibitions at the same concentrations were found to be slightly high

in ethanolic extracts than that of hot water extracts.

Key words: Antifungal, Azadirachta indica, Vernonia amygdalina, Aspergillus niger.

INTRODUCTION

Contamination of stored food by fungi species especially
Aspergillus species has become a global problem. This
problem is more disturbing in the tropics especially in
West Africa where the climatic conditions favor the
proliferation of these opportunistic fungi. Aspergillus niger
is highly cosmopolitan due to its wide range of
temperature and pH tolerance (Perrone et al.,, 2007;
Perfect et al., 2001).

A. niger is notorious for its saprophytic behavior in the
soil. It is responsible for black mould disease in garlic,
onion and shallot; root stalk rot of Sansevieria; and boll
rot of cotton. This fungus causes spoilage of cashew

dates, kernels, figs, and dried prune. Groundnut crown
rot disease is also caused by A. niger (Bobbarala et al.,
2009; Panchal and Dhale, 2011). These diseases that
infest stored food end up in the gut of human and animals
where it manifests several illnesses.

Controlling fungi species that cause havoc in stored
food have its own controversies. Chemical pesticides
usage is a popular way to control various plant diseases
as compared to the natural means which deals with
extracts from plants or plant parts.

Consumers are now much concern about the level of
synthetic fungicides, because of their non-biodegradability
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nature. Many also argue that they are unfriendly to nature
as they may affect untargeted beneficial organisms such
as Rhizobium species which are natural nitrogen fixers.
Several studies have revealed that plant extracts can be
an alternative means of controlling fungi as natural
pesticides (Arokiyaraj et al.,, 2008; Gangadevi et al.,
2008; Brindha et al., 2009).

Ogo-Oluwa and Kator (2016) conclude from their
research findings that Vernonia amygdalina possess
inhibitory effect on rot causing fungi of tomato in storage
and suggest it could also extend shelf life of the product.
Research findings credited to Subbarao and Anna (2015)
reveal that, neem supplements treated with manure is an
inexpensive way to prevent pre-harvest contamination of
EcO157 as they established that supplementing neem
leaf and bark to manure resulted in elimination of
pathogenic EcO157 in less than 10 days.

V. amygdalina, a member of the Asteraceae family, is a
small shrub that grows in tropical Africa to a height of 2 to
5 m (6.6-16.4 ft). The leaves are elliptical and up to 20
cm (7.9 inch) long (lgile et al., 1995). The leaves are dark
fleshy and green colored with a characteristic odor and a
bitter taste. The species is indigenous to tropical Africa
and is found wild or cultivated all over sub-Saharan
Africa. The leaves are eaten, after crushing and washing
thoroughly to remove the bitterness. All parts of the plant
are pharmacologically useful. The cooked leaves are a
staple vegetable in stews and soups of various cultures
throughout equatorial Africa (Mayhew and Penny, 1998).
V. amygdalina (Bitter leaf) is consumed either as a
vegetable for cooking African dishes or the aqueous
extract could be drank as tonics for the treatment of
various ailments (Kigigha and Ebubechukwu, 2015;
Imaga and Banigbetan, 2013). The bitterness is realized
to be due to factors such as the presence of alkaloids,
saponins, tannins and glycosides which have been
shown by various authors to be present in bitter leaf
(Butler and Bailey, 1973; Bonsi et al., 1995). Kambizi and
Afolayan (2001) reported that acetone extract of V.
amygdalina possesses antibacterial activity towards
Bacillus cereus, Bacillus pumilus, Bacillus subtilis,
Micrococcus kristinae, Staphylococcus aureus,
Enterobacter cloacae and Escherichia coli.

Azadirachta indica (neem) is used in traditional
medicine as a source of many therapeutic agents in the
Indian culture and dwells well in the tropical countries. Its
twigs provide a chewing stick and are wildly used in the
Indian sub-continent (Almas and Ansal-Lafi, 1995). More
than 135 compounds have been isolated from different
parts of the tree. They have been divided into isoprenoid
and non-isoprenoid compounds (Kumar and Parmar,
1996). Neem has been used to control insect pest and
diseases, as chewing stick and the water believed to be
used as tongue cleaner (Birgit, 2013). Products of neem
trees have been used in India for over two millennia for
their medicinal properties, neem leaves have also been
used to treat skin diseases like eczema and psoriasis
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(Anna, 2006). Moreover, the oil’s antifungal, antibacterial,
moisturizing and soothing potential permit its usage
(Birgit, 2013).

This research work focused on assessing the best
extract concentration of A. indica and V. amygdalina that
is potent enough to curb the development of A. niger as a
mycotoxin producing species.

MATERIALS AND METHODS
Collection of plant and test organism

A. indica and V. amygdalina were collected from the farms within
Navrongo, Kassena Nankana Municipality in Upper East Region of
Ghana. The pathogenic strain ATCC 16404 of A. niger was
obtained from Food Research Institute Laboratory, Accra.

Extract preparation

Two separate extracts were prepared as the following.

Preparation of hot aqueous extract

Fresh leaves of plant samples were thoroughly washed under
running tap. The leaves were then air-dried for two days. The dried
leaves were blended into powder. Powdered samples (5, 4, 3, 2,
and 1 g) were weighed separately into five volumetric flasks each
containing 10 ml of sterile water. Concentration of 500, 400, 300,
200 and 100 mg/ml were made. The test tubes were then placed in
water bath and heated for 1 h at 80°C in order not over heat the
extract. The extracts were left overnight after which they were
filtered into sterile test tubes using Whatman No. 1 filter paper (110
mm). The residue obtained was kept inside aluminum foil and the
extracts were stored in refrigerator at a very low temperature (4°C)
before use.

Preparation of ethanolic extract

Powdered samples (5, 4, 3, 2, and 1 g) were weighed separately
into five test tubes each containing 10 ml of 75% ethanol which
yielded respective concentrations of 500, 400, 300, 200, and 100
mg/ml. This was done to obtain various concentrations which will
inhibit the fungi. The extracts were left over night after which they
were filtered into sterile test tubes using Whatman No. 1 filter paper
(110 mm). The filtrate obtained was evaporated to dryness at 45°C
and the residue obtained was kept inside aluminium foil. The
extracts were stored in refrigerator at a very low temperature (4°C)
before use

Preparation of griseofulvin (Control)
Powdered Griseofulvin (5, 4, 3, 2, and 1 g) were weighed
separately into five sterile test tubes each containing 10 ml of sterile

distilled water which yielded concentrations of 500, 400, 300, 200
and 100 mg/ml.

Media preparation

Potato Dextrose salt agar (39 g) was dissolved in 1 ml of distilled
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Table 1. Antifungal activity of dry Azadirachta indica leaves on Aspergillus niger.

Concentration levels

Zones of inhibition (mm)

(mg/ml) Hot aqueous extract of leaf Ethanol extract of leaf Control (Griseofulvin)
500 18.06+0.20 20.30+0.53 24.73+1.10
400 14.23+0.31 17.23+5.72 20.20+0.53
300 11.10+0.68 15.40+0.50 16.97+0.42
200 8.07+0.50 10.06x0.43 13.00+0.61
100 - 8.16+0.31 11.00+0.36

Table 2. Antifungal activity of dry Vernonia amygdalina leaves on Aspergillus niger.

Concentration levels

Zones of inhibition (mm)

(mg/ml) Hot aqueous extract of leaf Ethanol extract of leaf Control (Griseofulvin)
500 19.00+0.10 21.87+0.35 24.73£1.10
400 16.10+1.63 18.03+0.10 20.20+0.531
300 11.37+0.47 13.73+0.38 16.97+0.42
200 9.16+0.38 10.43+0.78 13.00+0.6
100 - - 11.00+0.36

water. The mixture was stirred using magnetic stirrer and
autoclaved at 121°C for 15 min. The media was cooled to 45°C to
eliminate bubbles. 1 ml of 100 mg of streptomycin solution was
prepared and added to the media to selectively inhibit the growth of
bacterial cells. The prepared media was poured into the Petri
dishes under sterile condition of lamella flow chamber to avoid
contamination. Bubbles were eliminated from the poured media by
flaming using Bunsen burner.

Inoculation of test organism (A. niger)

The test organism (A. niger) was inoculated using sterile inoculating
loop under aseptic conditions. The loop was used to touch the
freshly grown spores and transferred onto Petri plate containing
sterile PDA. The test organism was streaked on the plate to ensure
uniform spreading on the Petri plates.

Antimicrobial sensitivity test (Agar Well Diffusion Test)

A cork borer (6 mm in diameter) was sterilized by flaming and used
to create four wells on each of the inoculated plates. The holes
created were then filled with the plant extracts of different
concentrations (100, 200, 300, 400 and 500 mg/ml). The plates
were allowed to stand for 1 h for pre-diffusion of the extract
(Esimone et al., 1998) and incubated at 25°C for 3 days. At the end
of the incubation period, the plates were examined for the
measurement of zone of inhibition (Hugo and Russel, 1996). The
same sizes of holes were bored in which the control solutions of
different concentration were incorporated. After a period of 3 days,
the plates were examined and zones of inhibitions were measured
by taking the distance within the zone across the well.

RESULTS
Antifungal activity of dry A. indica leaves on A. niger

The test organism was susceptible to the antifungal-

control (Griseofulvin) at all the concentration levels. The
first concentration showed a wider zone of inhibition
(24.73 mm), followed by 20.20, 16.97, 13.00 and 11.00
mm at concentrations 500, 400, 300, 200 and 100 mg/ml,
respectively. A. niger was also susceptible to ethanol
extract at all the concentration levels, that is, 500, 400,
300, 200 and 100 mg/ml which gave inhibition zones of
20.30,17.23,15.40,10.06 and 8.16 mm, respectively. The
agueous extract exhibited the least zones of inhibition. A.
niger were resistant at 100 mg/ml concentration (no
inhibition zone was measured). Concentrations 500, 400,
300, and 200 mg/ml revealed inhibition zones of 18.06,
14.23, 11.10 and 8.07 mm, respectively shown in Table
1.

Antifungal activity of dry V. amygdalina leaves on A.
niger

Table 2 shows the antifungal activity of V. amgdalina
(Bitter leaf) extracts against A. niger. The test organism
was susceptible to the antifungal (Griseofulvin) at all the
concentration levels. The first concentration showed a
wider zone of inhibition, that is, 24.73 mm, followed by
20.20, 16.97, 13.00 and 11.00 mm at concentrations of
500, 400, 300, 200 and 100 mg/ml, respectively. A. niger
was also susceptible to ethanol extract at all the
concentration levels, that is, 500, 400, 300, and 200
mg/ml, excluding 100 mg/ml which gave inhibition zones
of 21.87, 18.03, 13.73, and 10.43 mm and no inhibition
zone, respectively. The aqueous extract exhibited the
least zones of inhibition and moreover, A. niger was
resistant at 100 mg/ml concentration without an inhibition
zone. Concentrations of 500, 400, 300, and 200 mg/ml



have shown inhibition zones of 19.0, 16.10, 11.37 and
9.16 mm, respectively.

DISCUSSION

The zones of inhibition showed that ethanolic extraction
of both plants resources is superior to hot aqueous
extraction in keeping A. niger inactive to proliferate. This
finding is collaborated by research conclusions drawn by
Susmith et al. (2013), Imaga et al. (2013) and Akah and
Okafor (1992) who found neem and bitter leaves extract
to contain alkaloids, tannins, flavonoids, steroids and
saponins among others. These are also the active
ingredients in plants that exert antimicrobial activity
through different mechanisms (Igbinosa et al., 2009).

These  phytoconstituents  alkaloids, flavanoids,
glycosides, and saponins act as antifungal principles of
plants. One of the most common biological properties of
alkaloids is their toxicity against cells of foreign
organisms. These phytochemical compounds exert
antimicrobial activity through various mechanisms and
the secondary metabolites in them are known to be
biologically active and therefore play significant roles in
bioactivity of medicinal plants because the medicinal
values of medicinal plant lies in these phytochemical
compounds which produced a definite and specific action
on the human body (Kam and Liew, 2002). These
phytochemical compounds are actually the defensive
mechanism of the plants against different pathogens
(Hafiza, 2000; Faiza aslam et al., 2009).

High concentration of the plant extracts could confer
greater inhibitory effect from both extraction methods as
evident in the results. This could be due the presence of
much of several alkaloids efficiently resisting the growth
of the fungi. Lower concentration of the extracts will also
result in lesser inhibitory effect. This was also observed in
the report by Esimone et al. (1998) which says that
extract of plants inhibit the growth of various
microorganisms at different concentrations. This was
same as the results recorded in the present study where
the increase in the concentration of extracts corresponds
with the increase of the diameter of inhibition zones.

Conclusion

From the study, it could be concluded that both hot
aqueous and ethanol extraction of the plants conferred
inhibitory effect, but ethanolic extract yielded a greater
effect of inhibition. The control had a greater zone of
inhibition than both plants extracts.
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The use of vegetable species for treatment or prevention of diseases is one of the most ancient
medicine techniques in humanity. In Amazon rainforest, there are numerous of plant species that
possess biotechnological potential, and due to this, this study aimed at carrying out a bibliographic
review describing the biotechnological potential in Carapa guianensis, Bertholletia excels, and
Copaifera spp. oils. This study is a systematic review of literature in the databases: SCIELO, VHL and
PUBMED, by using the descriptors: C. guianensis oil, B. excelsa oil and Copaifera spp. After the
selection, 87 articles were selected; 48 on C. guianensis, 9 on B. excels, and 30 on Copaifera spp. Oil
seeds from Amazon rainforest possess a good biotechnological potential to be explored. This review
has shown that C. guianensis and Copaifera spp. are strong candidates for the search of new
insecticide, antiparasitict, anti-inflammatory and healing products. Copaifera spp. has also shown to be
promising for the production of antibiotic and antifungic medicines, and C. guianensis for acaricide
drugs. Future studies are indicated to deepen the knowledge already described and to investigate new
biotechnological potentialities of Amazonian oil seeds. However, for this to happen, greater financial
support is required from the Brazilian government and agencies, thus increasing the level of research in
the region, which will consequently maximize the likelihood of new product discovery.

Key word: Biotechnology, oilseeds, Amazon rainforest.

INTRODUCTION

Ethnopharmacology is defined as “the interdisciplinary scientific exploration of biologically active agents
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Table 1. Amount of articles found in literature search.

Descriptor SCIELO VHL PUBMED Total
Carapa guianensis oll 26 52 30 108
Bertholletia excelsa oil 12 24 12 48
Copaifera spp oil” 23 64 12 99
Total 61 140 54 255

*Species searched: Copaifera duckei oil, Copaifera langsdorffii oil, Copaifera martii oil, Copaifera paupera oil, Copaifera

pubiflora oil, and Copaifera reticulata oil.

traditionally employed or observed by man” (Bruhn and
Holmstedt, 1981; Elisabetsky, 2003). This area combines
information gained from medicinal flora users
(communities and traditional specialists) with chemical
and pharmacological studies (Elisabetsky, 2003).

The use of vegetable species for treatment and
prevention of diseases is one of the most ancient
medicine techniques in humanity (Dutra, 2009). Even
though plants have been used for centuries for medicinal
purposes, the vast majority have unknown
biotechnological features by science (Meneguetti and
Facundo, 2015).

Data show that about 95% of Brazilian native species
still do not possess scientific studies on their possible
applicabilities (Santos, 2009), representing a huge
economic and biotechnological potential to be explored,
especially in vegetable species from Amazon rainforest,
as many have still not been catalogued by science
(Cechinel and Rosendo, 1998; Abreu et al.,, 2001,
Meneguetti and Facundo, 2015). It can present new
chemical compounds and consequently new specific and
efficient drugs (Lang et al., 2008).

There are plenty of plants species in Amazonian
rainforest that possess biotechnological potential
(Osakada, 2009), among them are presented Carapa
guianensis (Andiroba), Bertholletia excelsa (Amazonia’s
nut) and Copaifera spp. (Copaiba). Furthermore, this
study aimed at carrying out a bibliographic review
describing the biotechnological potential of these species’
oil.

MATERIALS AND METHODS

This study is a systematic review of literature based on Galvao and
Pereira (2014), following the steps below:

(@) Creation of research question: What is the biotechnological
potential described in literature of Andiroba, Amazénia’s Nut, and
Copaiba oils?

(b) Literature search: Search for scientific articles in the following
databases: Scientific Electronic Library Online (SCIELO), Virtual
Health Library (VHL) and National Institute of Health (PUBMED) by
using the descriptors: C. guianensis oil, B. excelsa oil and
Copaifera spp. oil of species (Copaifera duckei oil, Copaifera
langsdorffii oil, Copaifera martii oil, Copaifera paupera oil, Copaifera
pubiflora oil and Copaifera reticulata oil) because they were the

main copaiba species in the Brazilian Amazon rainforest. Articles in
Portuguese, English and Spanish published by 2018 were included.
The amount of articles found in the survey is presented in Table 1.
(c) Article selection: This selection was performed by three
researchers, and the articles rejected by two or three of them were
removed from this research. The criteria for exclusion were
repeated articles (found in more than one database), out of the
research’s aim, low methodological quality and with negative results
for biotechnological potential.

d) Data gathering: After the selection, 87 articles were selected; 48
on C. guianensis, 9 on B. excels, and 30 on Copaifera spp. Those
were used in the results of this study. Besides the selected articles,
others were used for creation of introduction and improvement of
this article’s discussion.

e) Data synthesis: The data were organized into tables, and
described in the text according to their biotechnological potential.

f) Results discussion writting: Description and discussion of the data
are at “Results and Discussion” present in the sequence.

RESULTS AND DISCUSSION
Insecticide activity

The data showing that the oils searched have insecticide
activity are shown in Table 2.

The C. guianensis and Copaifera spp. oils have shown
a good potential in the medical entomology for vector
control of tropical diseases, such as A. aegypti: Dengue,
Chikungunya, and Zika virus vector (Aragéo et al., 2018);
A. albopictus: Yellow fever vector (IEC, 2018); and C.
guinquefasciatus: that has been also found infected by
Zika virus (Smartt et al., 2018).

C. guianensis develop products against ectoparasitosis
due to their activity against F. subrostratus (popularly
known as lice) that is a public health problem in Brazil. It
is estimated that up to two thirds of deprived population
and communities were affected in the beginning of the
year 2000 (Heukelbach et al., 2003).

In livestock, C. guianensis has proven to be promising
against two flies species: M. domestica and H. irritans,
with this last one known popularly as “Horn Fly”, which
causes several problems in the Brazilian cattle (Klauck et
al., 2014).

C. guianensis and Copaifera spp. may also be
beneficial to agriculture, acting as anti-S. frugiperda
popularly known as “Armyworm” (Santos et al., 2016), A.
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Insect C. guianensis B. excelsa Copaifera spp Reference
Mendongca et al. (2005)*
Silva et al. (2006)*
*kk
Aedes aegypti (larvicide) X - X gﬁ\?; eett ;ll' ((22 8 877))***
Geris et al. (2008)***
Rodrigues et al. (2014)***
. Miot et al. (2004)*
Aedes aegypti (repellent) X - - Jesus et al. (2017)*
Aedes albopictus (larvicide) X - - Silva et al. (2004)*
Atta sexdens rubropilosa X - - Ambrozin et al. (2006)*
Culex quinquefasciatus (larvicide) - - X Silva et al. (2003)***
Diabrotica speciosa - - X Barbosa et al. (2013)***
Felicola subrostratus X - - Barros et al. (2012)*
Haematobia irritans X - - Klauck et al. (2014)*
Musca domestica X - - Klauck et al. (2014)*
. Santos et al. (2016)*
Spodoptera frugiperda X - X Santos et al. (2016)**
Tribolium castaneum - - X Melo et al. (2015)***
Zabrotes subfasciatus - - X Franca et al. (2012)***

*Citations reference to C. guianensis; ** Citations referent to B. excelsa;

sexdens rubropilosa or “Sauba Ant” (Ambrozin et al.,
2006), D. speciosa known as “vaquinha verde” (Barbosa
et al., 2013), Z. subfasciatus known as “caruncho do
feijdo” (Franga et al., 2012) and T. castaneum as “May
Beetle” (Melo et al., 2015), and they may cause jeopardy
to diferrent types of crops.

In the databases, there were no articles found showing
that B. excels has insecticide activity.

Acaricide activity

The C. guianensis oil was the most promising in this
study; shown to be anti-Anocentor nitens (Farias et al.,
2009; Farias et al., 2012), Rhipicephalus sanguineus
(Farias et al., 2009; Farias et al., 2012; Vendramini et al.,
2012a; Vendramini et al., 2012b; Roma et al., 2013;
Roma et al.,, 2015), and Rhipicephalus (Boophilus)
microplus (Farias et al., 2012; Chagas et al., 2012). The
B. excelsa oil has also shown to be anti-R. (B.) microplus,
however it was considered low (Villarreal et al., 2017).
The A. nitens tick is one of the species that affects
horses, and it is vector of Babesia caballi protozoan,
which is an etiologic agent of equine babesiosis, disease
that promotes low development and death in animals
(Borges and Leite, 1993; Bello et al., 2008). It is known
as “Spinose Ear Tick”, and it is responsible for injuries in
the pinna, productivity drop, irritation, blood spoliation,

*** Citations referent to Copaifera spp.

propensity to myiasis and secondary bacterial infections
(Borges and Leite, 1993; Bello et al., 2008).

R. sanguineus has high prevalence in urban dogs, and
is one of the species of parasites of these animals
(Labruna and Pereira, 2001; Szab¢ et al., 2001; Soares
et al., 2006; Paz et al., 2008). It is one responsible for
pathogenic agent’s transmission, such as Babesia canis
and Eherlichia canis (Smith et al., 1976; Gothe et al.,
1989). There are records of infestation of this species in
humans (Guglielmone et al., 2006), as they may become
a secondary vector of Ehrlichiosis, Babesiosis and
Spotted Fever (Fernandes et al., 2001; Paz et al., 2008).

R. (B.) microplus is the main species of ticks that
affects cattle in Brazil, which causes reduction in milk
production; the main economic impact due to it
(Rodrigues and Leite, 2013). It may also cause jeopardy
in meat and leather production, besides of several other
diseases that can be transmitted by them (Massard and
Fonseca, 2004; Andreotti et al.,, 2011; Santos et al.,
2018).

Antiparasitic activity

Among the oils studied, parasitic activity was found
against eight parasites species (Table 3).

The C. guianensis oil has shown activity against three
species of goats and sheep gastronintestinal nematodes:
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Table 3. Antiparasitic activity of Amazonian oleaginous oils.

Parasite C. guianensis B. excelsa Copaifera spp. Reference
Haemonchus sp. X - - Farias et al. (2010)*
Leishmania amazonenses - - X Santos et al. (2008a)*
Meneguetti et al. (2015)***
. . . Rondon et al. (2012)***
Leishmania chagasi i i X Meneguetti et al. (2015)***
Oesophagostomum sp. X - - Farias et al. (2010)*
Miranda jutnior et al. (2012)*
Plasmodium falciparum X - - Pereira et al. (2014)*
Nardi et al. (2016)*
Plasmodium berghei X - - Pereira et al. (2014)*
Trichostrongylus sp X - - Farias et al. (2010)*
Trypanosoma evansi - - X Dorneles et al. (2013

*Citations reference to C. guianensis; ** Citations referent to B. excelsa; *** Citations referent to Copaifera spp.

Haemonchus sp., Oesophagostomum sp., and
Trichostrongylus sp. (Farias et al., 2010). It has positive
performance in veterinary and potential for future studies
with helminths that affect humans.

C. guianensis was also antiparasitic against two
species of Plasmodium gender, being the etiologic agent
of malaria; disease among the four main epidemias in
Latin America, with about 100 thousand new cases each
year (Braz et al., 2006; Ferreira et al., 2012; Meneguetti
et al., 2014). The anti-malaria potential is important
because there is a need to search for new drugs against
malaria, as it is resistant to nowadays drugs used, and
being a threat to the disease control (Meneguetti et al.,
2014).

Copaifera spp. has shown activity against
trypanosomatids genders: Leishmania and Trypanosoma,
Leishmaniasis and Chagas” disease etiologic agents,
diseases included in the group of Neglected Diseases, in
which only 10% of the world’s expenses with research in
health are destined to diseases that account for 90% of
the global illed people (Bezerra et al., 2012).

Leishmaniasis has shown the need for urgente new
candidates for treatment drugs (Santos et al., 2013a),
because today the first choice for leishmaniasis treatment
have been pentavalent antinomials (Sb®"), amidines,
polyene, aminoglycosides, and hexadecylphosphocholine
(miltefosine). However, some present toxicity for the
patient (Bezerra et al., 2004; Figueredo et al., 2014;
Meneguetti et al., 2015).

Currently the treatment of Chagas’ disease presents
only one drug available in Brazil, benzonidazole (2-
nitroimidazole) introduced in the therapy in 1967 and to
date a drug with satisfactory cure potential has not been
developed and the drug used is inefficient and presents
various side effects (Bezerra et al., 2012).

In the searched databases no articles were found that
demonstrate the antiparasitic action of B. excels.

Antimicrobian activity

The oils studied showed antimicrobial activity against
bacteria and fungi, as can be observed in Table 4.
Copaifera spp. presented antimicrobial action; presented
activity against 14 species, followed by C. guianensis that
had action against 3 species. In the searched databases,
no articles were found that demonstrate the antimicrobial
action of B. excelsa.

The action against the microorganisms observed in
Table 4, demonstrates the potential of the Copaifera spp.
and C. guianensis oils for the development of drugs for
the treatment of periodontal diseases, since it has had
action against A. actinomycetemcomitans, E. faecalis and
P. gingivalis. When they are present, several periodontal
diseases are associated with cases of failure of
endodontic treatment (Gasparetto et al., 2000; Carvalho
and Cabral, 2007; Nacif and Alves, 2010).

Microbicidal activity against E. coli, S. aureus, S.
epidermidis and L. monocytogenes is also highlighted, as
they may cause several problems to human health,
especially infections (Farbe and Peterkin, 1991; Lowy,
1998; Otto, 2009; Matos et al., 2015), which are often
resistant to antibiotics (Santos, 2014), which
demonstrates the importance of research for the
development of new drugs.

The Copaifera spp. oil has an antifungal potential, with
action against the dermatophyte T. rubrum (Dias et al.,
2015) and species of the genus Candida, which causes
the disease candidiasis (Calderone and Fonzi, 2001),
which according to the Associacdo de Obstetricia e
Ginecologia do Estado de S&o Paulo (SOGESP -
Association of Obstetrics and Gynecology of Sdo Paulo
State), affects 75% of women and of these, almost half
will have a second episode and about 5% will present the
condition more than once a year (Galileu, 2018). There is
a large pharmacological market to be exploited for the
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Microrganism C. guianensis B. excelsa Copaifera spp. Reference
Actinobacillus actinomycetemcomitans - - X Dias et al. (2015)***
Bacillus cereus - - X Santos et al. (2013a)***
Bacillus subtilis - - X Santos et al. (2008b)***
Candida glabrata - - X Alencar et al. (2015)***
Candida krusei - - X Alencar et al. (2015)***
. Meccia et al. (2013)*
Enterococcus faecalis X - X Santos et al. (2008b)***
Escherichia coli X - - Brito et al. (2001)*
Listeria monocytogenes - - X Santos et al. (2013b)***
Microsporum canis - - X Dias et al. (2015)***
Porphyromonas gingivalis - - X Dias et al. (2015)***
Brito et al. (2001)*
Meccia et al. (2013)*
Staphylococcus aureus X - X Santos et al. (2008b)***
Santos et al. (2013a)***
Alencar et al. (2015)***
*k%k
Staphylococcus epidermidis - - X gf:tgzr;t:;." ((22000185b))***
Streptococcus mitis - - X Dias et al. (2015)***
Streptococcus sp - - X Ziech et al. (2013)***
Trichophyton rubrum - - X Dias et al. (2015)***

*Citations reference to C. guianensis; ** Citations referent to B. excelsa; *** Citations referent to Copaifera spp.

production of antifungal agents.

Other activities with biotechnological potential

Other activities of C. guianensis, B. excelsa and
Copaifera spp. can be observed in Table 5.

The anti-inflammatory and healing effects of C.
guianensis and Copaifera spp. are in agreement with
their popular use, since both are used for these
purposes, demonstrating the importance of the empirical
knowledge of traditional populations for scientific
research.

The antioxidant effect of C. guianensis and B. excelsa
is very well seen in the pharmacological and food
industry, since antioxidants prevent the formation of free
radicals in the body, retarding cellular aging (Silva and
Ferrari, 2011), which if added to the antigenotoxic effect
of C. guianensis (Lemes et al.,, 2017) may be an
alternative for future studies of cancer treatment. In the
case of B. excelsa, which is used for the production of
olive oils (Valdez et al., 2009) and other beverages
(Felberg et al., 2009), the antioxidant characteristic,
together with its nutritional power (Spini et al. 2006)
further yields economic value to the product.

In addition to all the activities observed in Table 5, in a

study with rats, C. guianensis did not produce toxic
effects (Costa-Silva et al., 2008), genotoxic (Milhomem-
Paixdo et al., 2016), did not provoke chromosome
aberrations in bone marrow cells (Arrebola et al., 2013)
and did not interfere in the fertility and development of
offspring (Costa-Silva et al., 2006). These data
demonstrate a safety for the production of drugs from this
species.

Copaifera spp. has also demonstrated safety for the
use of oil as a therapeutic agent, since it does not
present acute toxicity and neurotoxic effects (Sachetti et
al., 2009) and still has neuroprotective action (Santos et
al., 2012). When used in combination with vaginal cream
and applied to rats, it has been shown to be safe during
pregnancy (Lima et al., 2011).

B. excelsa has also been shown to be a safe species
for use, since its almond is already widely used in food.
This species still presents biodiesel production potential,
as was observed in C. guianensis (Stachiw et al., 2016),
which has also been shown to be a good catalyst (Tiosso
et al., 2014).

Conclusion

It was verified that the Amazonian oilseeds have a good
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Table 5. Other activities of Amazon rainforest oleaginous oils.

Activity C. guianensis B. excelsa

Copaiferaspp Reference

Antiallergic X -

Anti-inflammatory X -

Antioxidant X X

Antigenotoxic

Healing X -

Neuroprotective - -

Penido et al. (2005)*
Nardi et al. (2016)*

- Ferraris et al. (2011)*
Ferraris et al. (2012)*
Henriques and Penido, 2014)*
Penido et al. (2005)*
Penido et al. (2006)*
Henriques and Penido, 2014)*
Nardi et al. (2016)*

X Higuchl et al. (2017)*
Wanzeler et al. (2018)*
Carvalho et al. (2005)***
Muniz et al. (2009)***
Teixeira et al. (2017)***
Milhomem-Paixao et al. (2016)*

- Vieira and Regitano-D’arce, 1999)*)*
Gomes et al. (2016)*)*

- Lemes et al. (2017)*
Botelho-Brito et al. (2001)*
Santos et al. (2013a)*
Silva et al. (2015)*

X Wanzeler et al. (2018)*
Estevao et al. (2009)***
Estevao et al. (2013)***
Feitosa Junior et al. (2018)***

X Santos et al. (2012)***

biotechnological potential to be explored. The present
review showed that C. guianensis and Copaifera spp. are
strong candidates in searching for new products with
insecticidal, antiparasitic, anti-inflammatory and cicatrizing
activity.

Copaifera spp. has also been shown to be promising
for the production of antibiotics and antifungals and C.
guianensis for acaricidal drugs.

Future studies are indicated to deepen the knowledge
already described and to investigate new biotechnological
potentialities of Amazonian oilseeds. However, for this to
happen, greater financial support is required from the
Brazilian government and agencies and the interaction
between different researchers, laboratories and research
groups to form multidisciplinary and interdisciplinary
teams, thus increasing the level of research in the region,
which will consequently maximize the likelihood of new
product discovery.
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In the present study, the hepatoprotective, antioxidant and cytotoxic activities of agueous extract of
turmeric rhizome (Turmesac®) were evaluated. In brief, Turmesac® was extracted from turmeric
rhizome. 3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT) assay was used to evaluate
the hepatoprotective and cytotoxic activities of the Turmesac® against the human liver (HUH-7) and
breast cancer (MCF-7) cell lines, respectively. The extract was further tested for antioxidant activity
using the 2, 2-diphenyl-1-picrylhydrazy radical (DPPH) which was compared with standard butylated
hydroxytoluene (BHT). Turmesac® showed significant cytotoxic potential against the MCF-7 cell lines
with IC50 values of 163.19 pg/ml and show no cytotoxic potential against the HUH-7 cell lines.
Turmesac® was used to stimulate hydrogen peroxide (H202-200 uM); a dose - dependent suppression
of the toxic nature of H202 by the extract was observed. This confirmed the hepatoprotective potential
of Turmesac®. The significant antioxidant activity of Turmesac® and standard BHT was observed at
IC50 235.04 and 82.65 pg/mL, respectively. Further investigations will be carried out to evaluate the in

vivo hepatoprotective activity of Turmesac®.

Key words: Turmesac®, antioxidant, hepatoprotective, cell viability.

INTRODUCTION

Turmesac (Curcuma longa Linn) is a member of the
Zingiberaceae family and is cultivated in tropical and
subtropical regions around the world. It is originates from
India, Southeast Asia and Indonesia (Paramasivam et al.,
2009). Turmeric is a plant that has a very long history of
medicinal use, dating back nearly 4000 years. In
Southeast Asia, turmeric is used not only as a principal
spice but also as a component in religious ceremonies.

*Corresponding author. E-mail: rndstarhiherbs@gmail.com.

Owing to its brilliant yellow color, turmeric is also known
as Indian saffron. In the last 25 years, the importance of
turmeric has been brought to lime light, as indicated by
the over 3000 publications. According to the ayurvedic
pharmacopoeia of India, essential oil from the rhizome of
curcuma longa was used as a carminative, stomachic
and tonic (The Ayurvedic Pharmacopoeia of India, 2001).
Rhizomes are used as expectorant, cosmeceuticals,
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antiseptic, anthelmintic, blood purifier, and insecticide,
spasmolytic and for the treatment of Ileprosy,
hypertensive, cholera, syphilis, spleen disorders
rheumatism, bronchitis, cough and cold (Kapoor, 1990).
Recent studies have reported that curcumin effectively
inhibits liver cirrhosis through its action on many
pathways; for example, it inhibits the NF-kB pathway and
reduces oxidative stress (Cai et al., 2017). Curcumin has
antioxidant, anti-inflammatory, and anticarcinogenic
pharmacological effects (Qiu et al.,, 2017). It acts by
either interacting with molecular targets directly or
altering gene expression and signaling pathways. Thus,
curcumin has potential as a therapy for liver diseases.
Curcumin, a polyphenolic pigment extracted from
turmeric is a typical example because of its low toxicity
and anticancer potency. The application of curcumin as a
complementary therapy for ovarian cancer appears
promising, because it induces apoptosis sensitivity to
cisplatin in ovarian carcinoma without decreasing quality
of life (Zhang et al., 2012; Sadzuka et al., 2012).
Moreover, the enhancement of adaptive immunity was
involved in curcuma-medicated tumor growth retardation
(Luo et al., 2011; Bhattacharyya et al., 2010). In recent
years, researches have confirmed that polysaccharides
from natural products possess wide- ranging beneficial
therapeutic effects and health-promoting properties.
Recently, the polysaccharide is reported as a kind of
effective free radical scavenger and antioxidant, playing a
critical role in protecting against oxidation damage in
living organisms. On the other hand, many diseases,
such as asthma, chronic obstructive pulmonary disease,
inflammation, diabetes, myocardial infarction, and
cardiovascular diseases, are reported to be associated
with oxidative stress (Scheibmeir et al., 2005; Olmez and
Ozyurt, 2012; Sugamura and Keaney, 2011). In this
study, aqueous extract of turmeric rhizome (Turmesac®)
for hepatoprotective, antioxidant and cytotoxic activities
were evaluated.

MATERIALS AND METHODS

Collection of plant material

Turmeric rhizome (Salem variety) were collected from Salem,
November 2018, Tamilnadu, India and identified by K. Ramesh
taxonomist, R &D division, Star Hi Herbs Pvt. Ltd, Jigani, Bangalore,

Karnataka, India. The turmeric rhizome was dried at room
temperature and powdered.

Preparation of the extract
The turmeric powder (250 g) was extracted with distilled water
100°C for 6 h. The extract was filtered, concentrated to remove the
water under spray drying and the resulting powder was assayed for
various biological activities.

Chemicals and reagents

Human hepatocellular adenocarcinoma (HUH-7) and human breast

adenocarcinoma (MCF-7) cell line were purchased from NCCS,
pune, India. Butylated hydroxyl toluene, 2,2-diphenyl-1-
picrylhydrazy radical (DPPH), 5,5-dithiobis(2-nitrobenzoic acid), 3-
(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT),
Reagent (Cat No: M6494, Invitrogen), DMSO (Cat No: D4540,
Sigma), DMEM-High Glucose, Fetal Bovine Serum (FBS) and
Antibiotic-Antimycotic (100x) were procured from Himedia, India.
Analytical reagents and chemicals were purchased from Merck,
India.

Cell lines and culture medium

The MCF-7 and HUH-7 stock cells were cultured and maintained
using 89% DMEM-High glucose supplemented with 10% heat
inactivated Fetal Bovine Serum (FBS) and 1% antibiotic-antimycotic
(100x) and incubated at 37°C in a humidified atmosphere of 5%
CO; until the cells reached 70 to 80% confluency. The cells were
dissociated with cell 0.25% Trypsin-EDTA.

MTT cytotoxicity assay

The MTT assay determined by the reduction of yellow 3-(4, 5-
dimethythiazol2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) by
mitochondrial succinate dehydrogenase. The MTT enters the cells
and passes into the mitochondria where it is reduced to an
insoluble, coloured (dark purple) formazan product (Alley et al.,
1986). The cells are then solubilised with an organic solvent (e.g.
isopropanol) and the released, solubilised formazan reagent is
measured spectrophotometrically. Since reduction of MTT can only
occur in metabolically active cells, the level of activity is a measure
of the viability of the cells. The viability of the cells was checked
using Hemacytometer prior to MTT Assay. 200 uL of cell
suspension was seeded in a 96-well plate at the required cell
density (20,000 cells per well in media), without the test agent and
allowed to grow for about 24 h.

After 24 h, Turmesac® extract (25, 50, 100, 200 and 400 pg/mL)
in media was added to treat the cells and incubated for another 24
h at 37°C in 5% CO, atmosphere. Camptothecin with a
concentration of 25 uM was used as a positive control. After the
incubation period, the morphology of the cells was observed using
inverted biological microscope and images of the cells was
captured at 10x magnification. Thereafter, the spent media was
removed and 100 uL of MTT reagent (0.5 mg/mL) was added to
each well and incubated for 3 h at 37°C. Thereafter, the formed
formazone crystals were dissolved with 100 pl of DMSO and the
absorbance readings were taken by ELISA Reader (ELX 800,
Biotek) at 570 nm.

The viability of the cells was determined by the following formula:

% of viability = (Mean OD of test compound treated Cells/Mean OD
of untreated cells) x 100

Hepatoprotective activity

Briefly, 200 uL of cell suspension was seeded in a 96-well plate at
required cell density (20,000 cells per well), without the test agent
and the cells were allowed to grow for about 24 h. 200 uM of H,0;
was added to all the wells except the untreated wells and incubate
for 4 h to stimulate stress to cells and appropriate concentrations of
test compound (25, 50, 100, 200 and 400 pg/mL) was added and
incubated for 24 h at 37°C in a 5% CO, atmosphere. After the
incubation period, 100 puL of MTT reagent (5 mg/mL) was added
and incubated for 3 h at 37°C. After incubation period, the formed
formazan crystals were dissolved with 100 yL of DMSO and the
absorbance readings were taken by a spectrophotometer or an
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Figure 1. Scatter graph showing the % of cell viability of MCF7 cell line against the Turmesac®
and the inhibitory concentration (ICs value) observed is163.19 pg/ml.

ELISA reader at 570 nm (Torres- Gonzalez et al.,, 2016). The
viability of the cells was determined by the following formula:

% of viability = (OD of test compound/OD of untreated cells) x 100

Determination of antioxidant activity

The free radical scavenging activity of Turmesac® was measured
by using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) method of Blois
(1958). A solution of 0.1 mM DPPH in methanol was prepared, and
2.4 mL of this solution was mixed with 1.6 mL of extract in methanol
at different concentrations (50, 100, 150, 200 and 250ug/mL). After
30 min, absorbance was measured at 517 nm. Butylated
hydroxytoluene (BHT) was used as the reference material.
Percentage DPPH radical scavenging activity was calculated by the
following equation. The radical scavenging activity of DPPH was
calculated using the following equation:

% of DPPH radical scavenging activity = [(Ao - A1)/Ao] x 100
Where A, is the absorbance of the control, and A; is the absorbance

of the extractives/standard. Then % of inhibition was plotted against
concentration, and from the graph ICso was calculated.

Ultraviolet detection of turmeric polysaccharides
Preparation of blank solution

1 ml of distilled water was added to 1 ml of 5% phenol followed by 5
ml of concentrated H,SO,.

Preparation of standard solution

A stock solution of glucose 100 pg/ml was prepared in distilled
water. Aliquots were taken from this solution to obtain sugar
concentrations of 60 to 90 pg/ml. 1 ml of test solution was added
and 1 ml of 5% phenol solution followed by 5 ml of concentrated

H,SO,. The absorbance was measured after 10 min at 488 nm
against blank (Sharma et al., 2012).

Preparation of test sample

10 mg of sample dissolved in 100 ml of distilled water.1 ml of
phenol solution was added; 1 ml of test solution was added,
followed by 5 ml of concentrated H,SO4. The absorbance was
measured after 10 minutes at 488 nm against blank.

RESULTS AND DISCUSSION
Cytotoxic activity

The results of the cytotoxicity screened by MTT assay
against MCF-7 and HUH?7 cell lines of the Turmesac® is
given in Figures 1 and 2. The formulated extract exhibited
significant cytotoxicity against the MCF-7 cell line with
ICso value of 163.19 pg/mL and does not show any
cytotoxicity against the HUH-7 cell lines within the
incubation period of 24 h in the concentrations ranging
from 25 to 400 pg/mL, respectively. These findings
suggest that the reduction observed in the viable cells
following treatment with Turmesac® is due to cell death
against the MCF-7 cell line. The leading cause of cancer
is breast cancer, which holds fifth place in cancer-related
deaths globally (Fitzmaurice et al., 2017). The high cost
of chemotherapy for treating breast cancer and its side
effects make this disease one of the most challenging
(Blumen et al., 2016). The present observations provide
preliminary data revealing that Turmesac® has potent
cytotoxic activity against MCF-7 cells. The study serves
as a scientific data for the use of Turmesac®
chemotherapeutic properties as well as promising
anticancer drugs.
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Figure 2. Direct microscopic observations of MCF-7 cells treated with Turmesac® visualized under inverted biological
microscope with 10x magnification at the concentrations ranging from 25 to 400 pg/ml compared to Untreated control and

standard Camptothecin.
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Figure 3. Cytotoxicity effect of Turmesac against HUH7cell line after 48 h incubation.

Hepatoprotective activity

Hepatoprotective activity of the Turmesac® on HUH-7
cells from Human Liver cells was investigated in vitro 3-
(4) 5-Dimethyl-thiazol-zyl) - 2,5 biphenyl tetrazolium
bromide (MTT) assay (Figures 3 and 4). In MTT assay,
25 to 400 pg/mL different concentrations were used by
stimulating the cells with 200 pM of H,O, for 24 h. The
hepatoprotective activity of Turmesac® was evaluated
using well-maintained HuH7 cells. H,O, was used as

hepatotoxicant and silymarin was used as a standard
positive control. The hepatoprotective activity of silymarin
and Turmesac® were found to be ICsy value 8.7 and
150.8 pg/mL, respectively. Shapiro et al. (2006) reported
that curcumin showed the hepatoprotective effect and
decreased levels of thiobarbituric acid reactive
substances (TBARS), minimized oxidative stress and
inhibited inducible nitric oxide (iNOS) protein and NF-kB
in acute thioacetamide hepatotoxicity rats supplemented
with 200 and 400 mg/kg per day curcumin. Curcumin
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Figure 4. Direct microscopic observations of HUH7 cells treated with Turmesac visualized under inverted biological
microscope with 10x magnifications at the concentrations ranging from 25 ug to 400 pg/ml compared to untreated

control and standard Silymarin.
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Figure 5. Cytotoxicity effect of Turmesac® vs H,O, treated HUH7cell line after 48 h incubation.

treatment shows hepatoprotective activity induced by E.
histolytica, decreasing serum activities of ALT, ALP and
y-GTP, which were consistent with macroscopic and
microscopic observations, suggesting that curcumin
protects in both the early and late stages of liver infection
(Deng et al.,, 2016). Several reports suggest that, the
curcumin protects the liver against hepatotoxic
compounds, such as carbon tetrachloride, alcohol and
paracetamol (RVaratharajalu et al., 2016; Fernandez-
Rojas et al., 2016). Turmeric is used as a traditional
medicine and it has a therapeutic potential against
jaundice and other disorders like liver, parasitic

infections, ulcers, various skin diseases etc. The rhizome
juice from C. longa is very useful in the treatment of many
diseases such as anthelmintic, asthma, gonorrhea and
urinary infections. Its essential oil is also used in the
treatment of carminative, stomachic and tonic
(Phansawan and Poungbangpho, 2007; Salama et al.,
2013). The Turmesac® showed significant
hepatoprotective activity against the HUH-7 cell lines by
suppressing the toxic potential of H,O, with increased
concentrations of extract and ensuring the significant
protective against the Human Liver Cell line (Figures 5
and 6).
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Control 25 ng/mL 50 pg/mL 100 pg/mL
200 pg/mL 400 pg/mL Standard

Figure 6. Direct microscopic observations of H,O, stressed HUH7 cells treated with Turmesac®visualized under
Inverted Biological microscope with 10x Magnification at the concentrations ranging from 25 pg to 400 pg/mil

compared to untreated control and standard Silymarin.
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Figure 7. DPPH free radical scavenging activity (ICsopg/ml)

of Turmesac®.

Table 1. DPPH free radical scavenging activity (ICsog/ml) of Turmesac® and standard BHT.

% inhibition Sample % of inhibition of
S/IN BHT (pg/ml)  OD (at 517 nm) of BHT concentration (ug/mi) OD (at 517 nm) Turmesac®

1 Control 0.522 - Control 0.493 0

2 20 0.464 11.11 50 0.428 13.18
3 40 0.367 29.69 100 0.387 215
4 60 0.313 40.03 150 0.349 29.2
5 80 0.273 47.7 200 0.301 38.94
6 100 0.222 57.47 250 0.211 57.2

1Cs50 82.65 pg/ml

1Cs50 235.04 pg/ml

Antioxidant activity

The antioxidant activity of the Turmesac® is shown in
Figure 7 and Table 1. The extract Turmesac® antioxidant

activity was compared with standard butylated
hydroxytoluene (BHT). The free radical antioxidant
scavenging activity of standard BHT and Turmesac®
were found to be ICsqvalues of 82.65 and 235.04 ug/ml,



Sadashiva et al. 429

Figure 8. UV chromatogram of turmeric polysaccharides.

respectively. Antioxidants are tremendously important
substances which possess the ability to protect the body
from damage causing free radical induced oxidative
stress. Free radicals are associated with many diseases.
Hydroxyl, DPPH and superoxide radical scavenging
activities are widely used to the quantitative determination
of antioxidant capacities of biological samples and foods
(Rahman and Islam 2013). The DPPH method was first
introduced by Blois in 1958 and this method is widely
used to test the ability of compounds to act as free radical
scavengers or hydrogen donors, and to evaluate
antioxidant capacity. Most of the recent published papers
are focused on the strategies to enhance the curcumin
bioavailability. Its potent antioxidant properties are
because of its chemical structure which consists of two
methoxylated phenols that are connected by a, B
unsaturated carbonyl groups (Priyadarsini, 2014). It has
also been reported that the scavenging oxygen radical by
GSH is related to the repair and neutralization of ROS
induced damage (Nimse and Pal, 2015). One of these
strategies is the preparation of curcumin complexes with
natural compounds including piperine, or quercetin. For
this reason, the study tried to prepare the turmeric
polysaccharides to improve the antioxidant properties.
The Turmesac® were screened for the presence of
bioactive compound UV chromatogram showed the
presence of polysaccharides (Figure 8).

Conclusion

The present investigation indicates that Turmesac®
shows promising properties for antioxidant, cytotoxicity
and hepatoprotective activities against MCF-7 and HUH-
7 cells, respectively. The antioxidant, cytotoxic and

hepatoprotective role of Turmesac® is due to its
polysaccharides. The study serves as a scientific data for
the use of Turmesac® exhibited significant activity of
antioxidant, cytotoxic and hepatoprotective drug.
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