Pharmacogn. Mag.

\ multifaceted peer re ournal in the field of Pharmacognosy and Natural Products

www.phcog.com | wwv

ORIGINAL ARTICLE

Combinatorial Effect of Macrotyloma uniflorum (Lam.) Verdc.
Seed Extract and Vorinostat (Suberoylanilide Hydroxamic Acid)

in Human Leukemia Cells

Azra Anjum, Humaira Farooqi, M.Z. Abdin, Ashok Kumar Tiwari’

Department of Biotechnology, School of Chemical and Life Sciences, Jamia Hamdard, New Delhi, '"Medicinal Chemistry and Pharmacology Division, CSIR-Indian

Institute of Chemical Technology, Hyderabad, Telangana, India

Submitted: 12-Feb-2021 Revised: 21-May-2021

ABSTRACT

Background: Many histone deacetylase (HDAC) inhibitors have
demonstrated preclinical efficacy as monotherapy or in combination with
other anticancer drugs for both hematological and solid tumor malignancies.
In clinical, however, the HDAC inhibitors have proven less effective as single
agents. Thus, prompting the investigation of rational combination of HDAC
inhibitors with other therapeutics. Objectives: This study aims to evaluate
the potential of Macrotyloma uniflorum in facilitating the potency of histone
deacetylase inhibitor, Vorinostat-suberoylanilide hydroxamic acid (SAHA).
Materials and Methods: Powdered seeds of M. uniflorum were
sequentially extracted with water, methanol, ethyl acetate, and hexane.
The quantitative analysis of the different extracts was carried out. The
cytotoxicity of M. uniflorum seed extracts was investigated on the leukemia
cell line (HL=60). Hela cells were used to study the histone deacetylase
inhibitory activity of the extracts. Further, the effect of the combination of
M. uniflorum seed extract and SAHA was studied. Results: The agueous
extract showed the highest amount of both phenolic (311.21 + 2 mg gallic
acid/g) and flavonoid content (89.96 + 4.62 mg Quercetin/g extract). The
combination showed more specificity toward class | HDAC isoforms
among the different isoforms (class |, class lla, class Ilb, and class V).
Moreover, M. uniflorum alone showed no significant cytotoxicity on the
HL-60 cell line. However, in combination with SAHA, the aqueous extract
exhibited significant cytotoxic activity. Further, the results show that the
extract of M. uniflorum has a significant effect on cell death and autophagy
in leukemia. Conclusion: Mechanistic studies revealed that agueous
extract along with SAHA facilitated HDAC inhibitory activity, cell death, and
autophagy.
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SUMMARY

e The authors of this study evaluated the combinatorial effect of Macrotyloma
uniflorum agqueous extract along with suberoylanilide hydroxamic acid (SAHA)
on the leukemia cell line. It is documented that the natural bioactive
compounds can act in synergy with anticancer drugs. Our results show that
the combination induced significant inhibition and apoptosis of HL-60 cells.
Cellular morphological alterations and cell death confirmed apoptosis
caused by the combination. These findings are important because apoptotic

INTRODUCTION

Epigenetics has been shown to play a crucial role in the initiation and
development of cancer.!! DNA methylation and histone modification
are normal epigenetic changes and dysregulation induced by the shift
in amino acid sequence of these enzymes is closely associated with
the emergence and progression of various types of cancers.?’ Histone
acetylation is a fundamental process which regulates cellular activities
like histone acetylation and histone deacetylation.”®! These two processes
are controlled by two antagonistic families of enzymes, histone
deacetylases (HDACs) and histone acetyltransferases respectively.
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machinery control is central in the development of cancer disease. Among
the various extracts (aqueous, methanol, ethyl acetate, and hexane) aqueous
extract showed the highest amount of both phenolic and flavonoid content.
The combination showed more specificity towards class | histone deacetylase
isoforms among the different isoforms (class |, class lla, class llb, and
class 1V). Moreover, M. uniflorum alone showed no significant cytotoxicity
on the HL-60 cell line. However, in combination with SAHA, aqueous extract
exhibited significant cytotoxic activity. Further, the results show that the
extract of M. uniflorum has a significant effect on cell death and autophagy
in leukemia.
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Abbreviations used: SAHA: Suberanilide hydroxamic acid; HDAC:
Histone deacetylases; HDACi: Histone deacetylase inhibitor; HAT: Histone
acetyltransferases; TPC: Total phenol content; TFC: Total flavonoid content;
PBS: Phosphate-buffered saline; DAPI: 4/,
6-diamidino-2-phnylindole.
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It has been observed that the overexpression of HDACs can lead to
tumorigenesis and therefore, histone deacetylase inhibitors (HDAC)
have been approved as promising anticancer drugs./ HDACi belong to
a category of drugs which modulate the chromatin structure through
histone acetylation and can determine changes in gene transcription.
They also effect biological processes which are directly associated with
the suppression of cancer which includes the arrest of cell growth and
differentiation.””’ Suberoylanilide hydroxamic acid (SAHA) was the first
HDAC:i approved by the US Food and Drug Administration (2004) for
the treatment of cutaneous T-cell lymphoma.!®

Based on the potential therapeutic efficacy of HDACI various classes
have been designed which have proven effective in various malignancies,
either alone or in combination with other anticancer drugs."”! Clinically,
however, the efficacy of HDACi as single agents is not satisfactory, and
hence, a need to investigate an appropriate combination of HDACi with
other therapeutics.!*! In addition to the HDACi being produced as cancer
therapeutic agents, there is a growing interest in dietary phytochemicals,
which also have HDAC inhibitory activity.®! Natural products offer a fair
chance for the design of new HDAC inhibitors.”’ Hence focusing on the
natural inhibitors of HDAC could be a promising therapeutic target for
treating cancer. The therapeutic potential of natural products is usually
accredited to their bioactive constituents commonly flavonoids and
phenolic acids."”! Natural compounds have been identified to play an
important role in several cancer preventive mechanisms which include
inhibition of oxidation, induction of apoptosis, alteration in the immune
system response, and their consequences at the cellular signaling
system. 1)

Macrotyloma uniflorum Lam. (Verdc.), commonly known as horse
gram, belongs to the family Fabaceae. Conventionally, it has been
widely utilized for the treatment of various diseases including kidney
stones, asthma, leukoderma, urinary discharge, and heart disease."?
It is a potent source of antioxidant-rich food grain.! We investigated
the cytotoxic activity of M. uniflorum along with an HDACi (SAHA),
to evaluate the effects of combination therapy on the human leukemia
cancer cell line (HL-60). We hypothesized that the bioactive components
present in the seeds of M. uniflorum may facilitate the anticancer activity
of HDAC inhibitor (SAHA).

MATERIALS AND METHODS

Chemicals

Follin-Ciocalteu reagent (298%), gallic acid (298%), quercetin (295%),
SAHA (298%), ((3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (MTT) (98%), 4, 6-diamidino-2-phnylindole (DAPI) (=98%),
acridine orange (298%), LC-3B, Alexa fluor-488 conjugated secondary
antibody were purchased from Sigma-Aldrich. BEZ-235 was obtained
from Selleck Chemicals (USA). Fetal Calf Serum, RPMI-1640, pencillin,
phosphate-buffered saline (PBS) were procured from HiMedia
Laboratories. All the other chemicals and reagents used were of analytical
grade.

Fractionated solvent extraction

M. uniflorum seeds were purchased from the local market of
Hyderabad (India). The seeds were identified and authenticated
by Dr. Md. Salik Noorani, Department of Botany, Jamia Hamdard,
New Delhi, India. A voucher specimen (No. DBT-08-06) is deposited
in the herbarium of the Department of Pharmacognosy and
Phytochemistry, Jamia Hamdard. The extraction of seeds was carried
using the protocol by Senawong et al., with slight modifications.!"
Briefly, 50 g of powdered seeds were sequentially macerated with hexane,
ethyl acetate, methanol, and water (500 ml each) on a platform shaker for
48 h. The methanol, ethyl acetate, and hexane extracts were oven-dried at
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37°C, whereas the obtained aqueous extracts were freeze-dried. Finally,
the obtained extracts were weighed, their yield was calculated and stored
at-20°C until used. All the solvents used were of high performance liquid
chromatography grade purchased from HiMedia Laboratories.

Determination of total phenolic content and total
flavonoid content

The Folin Ciocalteau reagent was used to determine the total phenolic
content (TPC) of the extracts as previously reported."” Briefly, 200 WL of
each sample (2 mg/ml) were added to 1 ml of Folin-Ciocalteau reagent
and 1 ml of 7.5% w/v sodium carbonate. The absorbance was measured
after 2 h at 726 nm and levels of TPC were determined in triplicate.
Gallic acid was used as standard and TPC was expressed as gallic acid
equivalents in mg/g of dry weight. The concentration of TPC was
calculated from the calibration plot (¥ =0.0018x-0.0098, R =0.9791).

Total flavonoid content (TFC) was determined using a method based
on the formation of a flavonoid-aluminum complex.!'® The absorbance
of samples (2 mg/ml) was read at 515 nm using ultraviolet (UV)
spectrophotometer and compared with the quercetin calibration curve.
Quercetin was utilized as a standard and the TFC of extracts was
expressed in milligram quercetin/g extract. The analysis was performed
in triplicate and mean values were reported. The concentration of TFC
was calculated from the calibration plot (Y =0.6894x +0.0024, R =0.992).

Maintenance of cell line

The leukemia cell line (HL-60) was procured from the European
Collection of Cell Cultures (ECACC), UK. The cell line was maintained
in RPMI-1640 medium supplemented with 10% fetal bovine serum
and 1% penicillin. Cells were cultured at 37°C in CO, incubator (New
Brunswick, Galaxy 170R, Eppendorf) with internal atmosphere
conditions of 95% humidity and 5% CO, gas.

Cytotoxicity assay

MTT assay was used to assess the effect of seed extracts on cell
proliferation. The cells were seeded 12 h before drug treatment in 96
well plates at a cell density of 1 x 10* cells/well. After 48 h exposure
to different concentrations of extracts (ranging from 6.25 pg/ml to
1000 pg/ml), 20 pl of MTT was added to each well and incubated for
further 4 h. Media was removed by slowly tapping plates on blotting
sheets and then 150 pul DMSO was added to each well. The absorbance
was recorded at the wavelength of 570 nm in the microplate reader and
cytotoxicity was calculated as follows: % Inhibition = 100 — (Test OD/
Non-treated OD) x100).1'7)

Measurement of histone deacetylase activity
against Hela cell nuclear extract

HDAC inhibition was assessed by HDAC fluorometric drug screening
kit procured from Biovision (catalog number K340-100). The assay
was performed according to the manufacturer’s instructions. All the
extracts (water, methanol, ethyl acetate, and hexane) at a concentration
of 400 ug/ml were screened for HDAC inhibition. In addition, the
combination of aqueous extract (400 pg/ml) and SAHA (3.5 uM)
was also screened. SAHA was used as a positive control (20 puM).
Fluorescence was measured using a Spectra Max Gemini XPS microplate
spectrofluorometer (Molecular Devices, Sunnyvale, CA, U. S. A.) with
excitation at 360 nm and emission at 460 nm.

Histone deacetylase isoform specificity

HDAC inhibition activity of the aqueous extract (400 pg/ml) along
with SAHA (3.5 uM) was evaluated against HDAC isoforms after initial
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screening against HeLa nuclear extract. SAHA was used as a positive
control (3.5 uM). Fluorometric HDAC isoform inhibition assay Kkits
from BPS biosciences (BPS Bioscience Inc., USA) measured the HDAC
isoform specificity of aqueous extract along with SAHA. The kits were
used according to instructions from the manufacturer. The fluorescence
was observed at 360 nm of excitation wavelength and 460 nm of emission
wavelength.

Apoptosis assessment by 4,
6-diamidino-2-phnylindole staining

DAPI staining was performed following a standard protocol.!
HL-60 cells were cultured in aqueous extracts of M. uniflorum in 24 well
plates along with different concentrations of SAHA (0.125 uM, 0.5 uM, 1
UM and 3.5 uM) for 48 h. After incubation the cells were washed in PBS,
fixed with 2% paraformaldehyde for 15 min and were treated with 0.2%
triton X-100 in PBS for 15 min at room temperature. Cells after washing
with PBS were stained with DAPI (1 pug/ml) and incubated in dark for
30 min. SAHA was used as control. The cells were then examined and
photographed using a fluorescence microscope.

Detection of DNA damage by the comet assay

The comet assay was performed according to the guidelines proposed
by Singh et al." The slides were analyzed at x40 using computerized
image analysis system (Komet 5.5). The experiment was performed
under dim light to prevent any damage to the DNA that might result
from fluorescent white light.

Autophagy detection by orange acridine assay
using fluorescence microscopy

Autophagy induction was studied by staining cells with orange acridine
dye.? HL-60 cells were seeded into six-well plates and treated for
48 h with various concentrations of SAHA (0.125 uM, 1.0 uM, 2.5 uM
and 3.5 uM) along with aqueous extract. As a positive control, the
BEZ-235 (500nM) was used. The cells were incubated for 15 min with
1 ug/ml acridine orange until the experiment was terminated and
incubated at 37°C. The cells were then extracted and washed with PBS
before analyzing on a fluorescent microscope (Olympus Fluoview FV
1000) before the examination.

Autophagy detection by immunofluorescence
microscope

HL-60 cells were seeded in 6-well plates and treated with aqueous
extract (400 ug/ml) for 48 h in the presence of 3.5 uM of SAHA. After the
incubation cells were washed twice in PBS and then attached to poly-lysine
coated coverslips. The cells were fixed in 4% paraformaldehyde for
15 min at room temperature. Further, the cells were permeabilized for
10 min at room temperature in PBS with 0.1% Triton X-100. To block the
nonspecific binding, sites the cells were treated with 10% bovine serum
albumin. Cells were then incubated with LC-3B diluted 1:500 in PBS at
room temperature for I h. and Alexa Fluor 488 conjugated secondary
antibody diluted 1:500 in PBS for 1 h at room temperature. Cells were
then washed three times in PBS and stained with DAPI and 1 ug/ml in
PBS. The coverslips were placed over glass slides and cells were imagined
by a fluorescent microscope (Olympus Fluoview FV1000) by using a x60
oil immersion objective lens.”!!

Statistical analysis

Statistical differences were determined using one-way analysis of
variance (ANOVA) using Graph Pad Prism 8 (GraphPad Software
Inc., San Diego, USA). The results are presented as means + standard
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deviation (SD) of three independent experiments. Differences were
considered significant at P < 0.05.

RESULTS AND DISCUSSION

Extraction yields

Extraction yield is defined as the weight percentage of the obtained dried
crude extract with respect to the initial amount of the dried powder.
Considerable variations in the percentage yields were found among
the extracts obtained using different solvents. The highest percentage
yield was recorded for water extract (19.71 + 0.08)), while the lowest
yield was observed in the hexane extract (5.46 + 0.07). The percentage
yield in methanol and ethyl acetate was 15.09 + 0.04 and 8.25 + 0.02,
respectively. The findings of this analysis showed that the nature and
polarity of solvent influence the percentage yield of the extract. It was in
line with the report by Do et al., who reported a high yield in Limnophila
aromatic extracts when using polar solvents. Previous studies on other
plant species also showed the yield of samples obtained is higher in polar
solvents than nonpolar which corroborates the results of this study.**!

Total phenol and flavonoid content of Macrotyloma
uniflorum extracts

The results of TPC in M. uniflorum extracts are summarized in
Table 1. Results reveal significant differences between different
extracting solvents (P < 0.05). The aqueous extract had the highest
TPC (311.21 + 2 mg gallic acid/g), whereas hexane extract had the lowest
TPC (34.33 + 1.72 mg gallic acid/g). The TPC results indicated that a
higher solvent polarity yields higher amounts of phenolic compounds. In
other words, results suggested that extraction with low polarity solvents
resulted in a lower content of polyphenols.

The results of TFC in M. uniflorum extracts are summarized in Table 1.
The results showed a similar trend as observed in TPC, with the highest
values observed in aqueous extract and lowest values recorded in hexane
extract. The flavonoid content varied from 19.96 + 1.04 to 89.96 + 4.62 mg
Quercetin/g extract [Table 1]. Tests were carried out in triplicate for both
the assays. One-way ANOVA results revealed that there were significant
differences between the extracts (P < 0.05). The TFC is also influenced
by the polarities of solvent.

The results of the current study showed that different extracts contained
different levels of TPC and TFC. The water extract had significantly
higher phenolic and flavonoid content than other solvents. Results of this
study were in agreement with a study,”! which showed that polar solvent
extracts were rich in phenolic and flavonoid contents. Flavonoids and
phenolic acids are the dominant phenolic compounds present in lentils,
black gram, peas, and common beans.?!!

Polyphenols that include flavonoids, phenolic acids, lignans, and
stilbenes comprise a diverse group of secondary metabolites abundant
in plants, where they play key roles in regulating growth, metabolism,
protecting against UV radiation and cancer.?”! Flavonoids and phenolic

Table 1: Percentage extraction yields and the chemical components analyzed
from Macrotyloma uniflorum seeds using different solvents

Parameters Water Methanol Ethyl Hexane
acetate

Total phenol 311+4.84 273.22+4.32 67.66£3.67 34.33+4.11

content (mg

GAE/g extract)

Total flavonoid 89.96+4.62 87.2+4.21 23.07+4.08 19.96+4.52

content (mg

QE/g extract)

Yield (%) 19.71+0.08 15.09+0.04 8.25+0.02 5.46+0.07
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acids are the dominant phenolic compounds present in lentils, black
gram, peas, and common beans. !

In vitro cytotoxic activity of Macrotyloma uniflorum
extracts

Results revealed no significant cytotoxicity of the extracts toward the
HL-60 cell line. However, the extracts along with different concentrations
of SAHA (0.5 uM, 1.0 uM, 3.5 uM, and 4.0 uM) showed cytotoxicity.
Hexane, ethyl acetate, and methanol extracts proved to be very weak
ligands of HDACs, displaying insignificant inhibition against all the
cancer cell lines tested. The results indicated that the prominent mode
of cell death associated with aqueous extract is due to HDAC inhibition.
Aqueousextractataconcentration of400 ug/mlalongwith SAHA (3.5 uM)
was found to be significantly cytotoxic against HL-60 (100 + 5). We
observed a low concentration of SAHA (3.5 uM) in combination with
aqueous extract is required to cause 100% inhibition [Table 2]. Hence,
in all the further experiments, the concentration of aqueous extract is
taken as 400 ug/ml in combination with SAHA, and the concentration is
expressed with respect to SAHA. Cytotoxicity of aqueous extract along
with SAHA was evaluated at lower concentrations (0.25-4.5 uM) to
determine IC,  values against HL-60 cell line. The combination displayed
IC,, of 0.9 £ 0.2 uM as compared to SAHA alone (1.3 + 0.2 uM). The
values given represent the mean * SDs of three independent experiments
carried out in triplicate.

In vitro histone deacetylase inhibitory activity of the
extracts from Macrotyloma uniflorum seeds

The effect of different extracts at a concentration of 400 ug/ml of M.
uniflorum (aqueous, methanol, ethyl acetate, and hexane), and the
combination of aqueous extract (400 ug/ml) and SAHA (3.5 uM) on
in vitro HDAC activity was examined using HeLa nuclear extract as a
source of the HDAC enzymes. As shown in [Figure 1], among various
polarity extracts tested, the aqueous extract exhibited the most potent
HDAC inhibition (61.12% +2.1%) as compared to the other extracts.

100
80
c Hm SAHA
)
Ig 60 1 SAHA +AE
'.E 40 Water
* g3 Methanol
20+ I Ethyl acetate
0 E2 Hexane

Figure 1: Histone deacetylase inhibition activities of different extracts
of Macrotyloma uniflorum at a concentration of 400png/ml against HelLa
nuclear extracts. Suberoylanilide hydroxamic acid was used as positive
control at a concentration of 20uM concentration. Each value represents
the mean + standard deviation of three experiments, performed in
duplicate. Asterisks (*) denote significant differences (P < 0.05)

Furthermore, the percentage of inhibition by SAHA (77.98% +2.7%) was
enhanced in the presence of aqueous extract (88.28% +1.0%). The values
are the means of three experiments.

After initial screening against HeLa nuclear extract, HDAC inhibition
activity of aqueous extract along with SAHA was evaluated against
HDAC isoforms. Aqueous extract along with SAHA exhibited interesting
HDAC isoform specificity. The combination was found most active
against HDAC isoforms 1, 2, 3 and 8 with IC,, values 150 + 0.42 nM,
457 + 2 nM, 263 + 0.7 nM, and 289 + 1.5 nM, respectively [Table 3].
Aqueous extract along with SAHA was found to be moderately active
against HDAC isoforms 4 and 5 with IC, values in the micromolar range,
while it was found to be least potent against HDAC 9, 10, and 11. These
results indicate that the combination of aqueous extract along with SAHA
is more active towards class I HDACs as compared to other HDACs.

Aqueous extract of Macrotyloma uniflorum induces
formation of apoptotic bodies

The change in nuclear morphology is an essential marker of cell
death. The effect of aqueous extract of M. uniflorum on cell death was
determined by DAPI staining and fluorescence microscopy. Untreated
HL-60 cells appeared round in shape while as nuclei of treated cells
showed alteration in morphology including formation of blebs and
apoptotic bodies [Figure 2]. The changes in morphology of cells were
more prominent at higher concentrations. These results indicate that
aqueous extract induces apoptosis.

Macrotyloma uniflorum induced DNA damage

Induction of DNA damage by aqueous extract was studied in HL-60 cells
using the comet assay. Aqueous extract was found to induce significant
DNA damage in HL-60 [Figure 3]. DNA damage induced by aqueous

Negative 1uMSAHA
AE+0.125 pM AE+0.5 pM AE+1pM AE+3.5 uM

Aqueous extract (AE) along with different concentrations of SAHA

Figure 2: Effect of aqueous extract on nuclear morphology observed
under fluorescence microscope (x200, scale bar: 10 um). The aqueous
extract induced the formation of apoptotic bodies. The data are
representative of three separate sets of experiments

Table 2: Percent growth inhibition of Macrotyloma uniflorum aqueous extract along with different concentrations of SAHA against HL-60 cell line

by (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay

Cancer cell type HL-60

Aqueous extract (400pg/ml) along with different concentration of SAHA Concentration (uM) 4.0 3.5 1.0 0.5
Inhibition (%) 100+6 100+5 65+4 58+6

SAHA alone Inhibition (%) 91+4 6842 50+5 38+2

Each value represents mean=SD of three experiments, performed in duplicate. SAHA:Suberoylanilide Hydroxamic Acid; AE: Aqueous extract; HL: Human leukemia;

SD: Standard deviation
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Table 3: Histone deacetylase inhibition activities (IC, =nM) of combination of Macrotyloma uniflorum seed extract and vorinostat against histone deacetylase

isoforms
Class | Class lla Class Ilb Class IV
HDAC 1 HDAC 2 HDAC 3 HDAC 8 HDAC 4 HDAC5 HDAC9 HDAC 10 HDAC 11
AE + SAHA 151£0.42 457+2 263+0.7 289+1.5 8752+1.2 423242 >10,000 >10,000 >10,000
SAHA 160+1.0 467+0.6 27142 312+0.7 >10,000 2180+2 >10,000 982+1.2 >10,000

The values represent mean+SD of three experiments, performed in duplicate. HDAC: Histone deacetylases; AE: Aqueous extract; SAHA: Suberoylanilide

Hydroxamic Acid (vorinostat); SD: Standard deviation

AE~1.0 M SAHA  AE -3.5 pM SAHA 1.0 pM SAHA

Negative

3.5 pM SAHA

Figure 3: DNA damage induced by Macrotyloma uniflorum aqueous extract in HL-60 cells was studied by the comet assay. The length of the tail depicts the

damage induced by aqueous extract

Red Fluorescence Green Fluorescence Merge

Negative
Negative
Positive Positive
control (Bez control (BEZ
500 nM) 000V
0.125 uM - 0.125 pM AE
SAHA
2.5uM SAHA
2.5uMAE
o
3.5uMSAHA p
E i 3.5uM AE
DNA LC-3B

Negative

h ---
o - - -

Red Fluorescence  Green Fluorescence

Figure 4: (a) HL-60 cells treated with aqueous extract along with suberoylanilide hydroxamic acid (AE) were stained with acridine orange dye and examined
under a fluorescent microscope. It induced the formation of acidic vacuoles in the cytoplasm. (b) HL-60 cells treated with aqueous extract along with
suberoylanilide hydroxamic acid were subjected to immunofluorescent staining and examined under a fluorescent microscope. Aqueous extract caused

punctuated distribution of LC-3B. (magnification x 100, scale bar: 50 um)
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extract along with SAHA was found to be maximum at 3.5 uM
concentration.

Induced autophagy

Generally, autophagy facilitates the suppression of
tumors.””) As with other cytotoxic agents, HDAC inhibitors typically
cause autophagy.® To investigate whether aqueous extract could
induce autophagy, we used acridine orange dye. Interestingly, aqueous
extract along with SAHA caused aggregation of autophagic vacuoles
in the HL-60 cell cytoplasm [Figure 4]. To further validate autophagy
induction by aqueous extract, intracellular distribution of LC-3B was
observed by immunofluorescent microscopy [Figure 4a]. HL-60 cells
treated with aqueous extract punctuated distribution of LC-3B was
seen [Figure 4b], thus, demonstrating that aqueous extract induced
autophagy in HL-60 cells.

It has been reported that the general health benefits of pulses are
associated with macronutrients; however, there is sufficient evidence
to suggest that certain nonnutritional compounds that also play an
important role in maintaining human health.” These nonnutritional
constituents include enzyme inhibitors, phytic acid, lectins, phytosterols,
phenolic compounds, and saponins that make pulses suitable for use in
a wide range of food products.”*” The food and Agriculture Organization
of the United Nations declared 2016 as the International Year of
Pulses to highlight the important nutritional properties and the low
environmental impact of pulse production worldwide.*"! Experimental,
epidemiological, and clinical studies indicate associations between
food legume intake and declining cancer incidence.’>*! Components
especially carotenoids, polyphenols, phytosterols, and dietary fibers have
been shown to reduce the risk of major human chronic diseases such as
cancer, cardiovascular diseases, and Parkinson’s disease.l***!

The natural bioactive compounds can act in synergy with anticancer
drugs.*® SAHA exerts significant anti-cancer activity in a number of
solid and hematological malignancies through increasing the levels of
reactive oxygen species, cell apoptosis, differentiation, growth arrest
and angiogenesis inhibition.””) Nihal et al., reported that the vorinostat
and polyphenolic antioxidant-EGCG (-)-epigallocatechin-3-gallate
combination synergistically inhibits the growth of melanoma cells
by enhancing apoptosis and activating p21, p27 and caspases.®
Combination of Vorinostat and tea polyphenols synergistically enhance
treatment efficacy and reduce the adverse side effects of anticancer drugs
in cancer patients. Our study demonstrated that the combination induced
significant inhibition and apoptosis of HL-60 cells. It is characterized
by membrane blebbing, cytoplasmic condensation, apoptotic body
formation, DNA fragmentation.” Further, the results show that the
extract of M. uniflorum facilitated cell death and autophagy in leukemia.
Taken together, the findings of this study provide the scientific evidence
for the possibility of combining anticancer drugs and natural products
as a promising new combinatorial therapeutic approach against cancer.

CONCLUSION

Our findings demonstrated that the M. uniflorum aqueous extract
along with SAHA enhanced HDAC inhibitory activity, apoptosis, and
autophagy in leukemia cells. M. uniflorum possesses HDAC inhibitory
activity making it more attractive in combination therapy. The findings
of this study provide the scientific evidence for the possibility of
combining anticancer drugs and natural products as a promising new
combinatorial therapeutic approach against cancer. The results of the
present study warrant thorough research on combination therapy
with other anticancer drugs. Also, clinical validation of these results
is required to assess the anticancer activity and to help validate drug
candidates for the treatment.
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