Experimed 2021; 11(3): 156-61

ORIGINAL ARTICLE
ORIJINAL ARASTIRMA

DOI: 10.26650/experimed.2021.913680

Histone Deacetylase, Xanthine Oxidase and Urease
Inhibitory Activities of Eremurus spectabilis

M. Bieb. Extracts

Eremurus spectabilis Bieb. Ekstrelerinin Histon Deasetilaz, Ksantin Oksidaz ve

Ureaz Inhibitér Aktiviteleri

Bertan Boran Bayrak® (¥, Refiye Yanardag'

Department of Chemistry, Faculty of Engineering, Istanbul University-Cerrahpasa, Istanbul, Turkey

ORCID ID: B.B.B. 0000-0002-0700-5096; R.Y. 0000-0003-4185-4363

Cite this article as: Bayrak BB, Yanardag R. Histone deacetylase, xanthine oxidase and urease inhibitory activities of Eremurus spectabilis M. Bieb.

extracts. Experimed 2021; 11(3): 156-61.

ABSTRACT

Objective: Natural ingredients derived from plants (especially ed-
ible ones) continue to be investigated for understanding whether
they have therapeutic/preventive effects on certain ailments, such
as cancer and gastrointestinal disorders. The main goal of the cur-
rent work is to investigate the inhibitory potential of Eremurus (E)
spectabilis M. Bieb. extracts on histone deacetylase (HDAC), xan-
thine oxidase (XO) and urease activities.

Material and Method: Fresh E. spectabilis leaves were obtained
from a local market in Eyup/Istanbul. Inhibitory activities of eth-
anolic and ethyl acetate extracts on HDAC, XO and urease were
examined.

Results: According to our findings, ethanolic and ethyl acetate
extracts of E. spectabilis both have revealed apparent inhibitory
effects against all examined enzymes. Ethanolic extract showed a
better inhibitory effect on HDAC than ethyl acetate extract. On the
other hand, the inhibitory effects of ethyl acetate extract against
both XO and urease were higher than the ethanolic extract.

Conclusion: Consequently, due to the inhibitory effects of the
plant being studied, it might be suggested that it can be used for
medicinal purposes, in raw extract form, or as a source of bioactive
compounds.

Keywords: Eremurus spectabilis, histone deacetylase, xanthine oxi-
dase, urease, inhibitory effect
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Amag: Bitkilerden elde edilen dogal bilesiklerin (6zellikle yenilebilir
olanlar), kanser ve gastrointestinal bozukluklar gibi belirli rahatsiz-
liklar Uizerinde tedavi edici/onleyici etkilerinin olup olmadigi aras-
tinlmaya devam etmektedir. Calismanin temel amaci, Eremurus (E)
spectabilis M. Bieb. ekstrelerinin histon deasetilaz (HDAC), ksantin
oksidaz (XO) ve Uireaz aktiviteleri tizerindeki inhibitor etkilerini aras-
tirmaktir.

Gereg ve Yontem: E. spectabilis'in taze yapraklar, Eytip/istanbul'da-
ki, yerel bir pazardan temin edilmistir. Etanol ve etil asetat ekstreleri-
nin HDAG, XO ve Uireaz tizerindeki inhibitor aktiviteleri incelenmistir.

Bulgular: Elde edilen sonuglara gore, E. spectabilis'in hem etanol
hem de etil asetat ekstrelerinin incelenen tim enzimler lzerinde
belirgin inhibitor etkiye sahip oldugu bulunmustur. Etanol ekstresi,
HDAC Uzerinde etil asetat ekstresinden daha iyi bir inhibisyon et-
kisi gostermistir. Etil asetat ekstresinin ise, hem XO hem de Ureaza
karsi inhibisyon etkisinin, etanol ekstresinden daha yiiksek oldugu
goralmustar.

Sonug: Sonug olarak, incelenen bitkinin gosterdigi inhibitor etkiler
nedeni ile, bu bitkinin tibbi amacla, ham ekstre seklinde veya biyo-
aktif bilesik kaynagdi olarak kullanilabilecegi ileri surilebilir.

Anahtar Kelimeler: Eremurus spectabilis, histon deasetilaz, ksantin
oksidaz, Ureaz, inhibitor etki
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INTRODUCTION

Plants have been used as beneficial healing options to modern
medicine, as well as being consumed by humans as food for
many years. The investigation of the utility of herbs in the treat-
ment of diseases becomes important, due to the possible side
effects and considerable high cost of synthetic drugs (1). The
genus Eremurus (Xanthorrhoeaceae) comprises 62 species and
is widespread in the mountains of Central Asia and the Middle
East (including Turkey) (2,3). Two Eremurus species are grown
naturally in Turkey. One of them is Eremurus (E) cappadocicus J.
Gay ex Baker and the other E. spectabilis which is named "ciris
otu, yabani pirasa, or giillik" between individuals (3). E. specta-
bilis grows naturally in some provinces of the Eastern Anatolian
region of Turkey (4-6). In these regions, the plant is commonly
used as not only a wild edible plant, but also as a medicinal
plant whose leaves and roots are traditionally used to cure
some disorders including diabetes, antihypertension, and ec-
zema (7-9).

Naturally occurring secondary metabolites are found in vege-
tables and fruits include phenolic acids, flavonoids, and their
derivatives. These compounds have a wide range of therapeu-
tic effects (10). Medicinal plants such as E. spectabilis are good
sources of these molecules. This is why they are frequently used
as a potential inhibitor of enzymes (such as histone deacetyl-
ase (HDAC), xanthine oxidase (XO) and urease) which may play
key roles in the overproduction of free radicals, thereby subse-
quently precipitating oxidative stress, cancer and gastrointesti-
nal disorders (11).

HDAC is an enzyme responsible for removing acetyl groups
from N-terminal Net-lysine residues of histone. In contrast,
acetylation of histone is catalyzed by histone acetyltransferase.
The acetylation and deacetylation of histones are strictly well
balanced, this is because acetylation/deacetylation process is
an important post-translational modification of histone. When
an imbalance of the activities of these enzymes favors HDAC,
deacetylation of histone brings about stronger histone-DNA
interactions-a key factor for the regulation of mammalian gene
expression. In addition, aberrant HDAC activity and/or expres-
sion of HDAC can lead to cancer induction/progression (12,13).

Xanthine oxidoreductase (XOR) is an enzyme with multiple
activities as follows: Xanthine dehydrogenase (XDH), nitrite re-
ductase, NADH oxidase and xanthine oxidase (XO). Owing to
its multiple enzymatic activities, XOR has crucial physiological
functions. Notably, increased XO activity is accompanied by an
overproduction of uric acid, and thus hyperuricemia (14). On
the other hand, the increased activity of XO causes the forma-
tion of free radicals (both oxygen-centered and nitrogen-cen-
tered reactive species) that can degenerate or promote cancer
development. More so, elevated levels of plasma XO activities in
patients with certain disease conditions (e.g. cancer, metabolic
disorder, and diabetes) have been reported (15). From this point
of view, scientists have made great efforts to find new molecules
with fewer side effects than the currently used XO inhibitors.
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Urease belongs to a class of hydrolases enzyme that catalyzes
the hydrolyzation of urea into ammonium ion, thereafter car-
bamate and subsequently converted into carbon dioxide. An
apparent rise in urease activity as a consequence of high pH
levels in human brings about various pathophysiological con-
ditions such as gastrointestinal disorders, peptic ulcers, and
gastric cancer as well. In these cases, ureases are accepted as
a key reason for developing the aforementioned disorders ow-
ing to Helicobacter pylori infection (16,17).

There are insufficient reports about the effects of E. spectabi-
lis inhibitory activities against HDAC, XO and urease enzymes.
Therefore, the main goal of this work was to determine the in-
hibition activities of ethanolic and ethyl acetate extracts of E.
spectabilis against the HDAC, XO and urease enzymes.

MATERIAL AND METHOD

Plant Material and Chemicals

Fresh E. spectabilis leaves were obtained from a local market in
Eyup/Istanbul, Turkey. The leaves were washed with distilled
water and dried at room temperature. The dried plant was
stored at —20 °C until required for use. The plant was inspected
by Prof. Dr. Emine Akalin (Faculty of Pharmacy, Istanbul Univer-
sity). Also, it was registered at the Istanbul University Faculty of
Pharmacy Herbarium (ISTE) with the number 93132.

The HDAC (fluorometric assay kit, CS1010-1KT), XO (from bo-
vine milk), and urease (from jack beans) and their respective
substrates were supplied from Sigma-Aldrich (St. Louis, MO). All
of the chemicals used were of analytical grade.

Preparation of Extracts

The ethanolic and ethyl acetate extracts were prepared by re-
fluxing 20 g of dried E. spectabilis leaves with either ethanolic
or ethyl acetate for 2 hours in Soxhlet apparatus. The extracts
were then filtered at room temperature, the solvents were
evaporated under reduced pressure and controlled tempera-
ture (40-50 °C). The ethanolic (87.32 mg/g dry weight) and eth-
yl acetate (87.84 mg/g dry weight) extracts were obtained from
E. spectabilis and they were kept at —20 °C prior to analysis.

In vitro HDAC Inhibitory Activity

HDAC inhibitory activity was evaluated based on the two-
step enzymatic reaction. This was performed by measuring
fluorescence in a fluorimeter plate reader as prescribed by
the commercial assay kit. Valproic acid (VPA) was used as a
standard. The results were expressed as the average of trip-
licate trials.

The percent inhibition of the HDAC was calculated using the
following equation:

HDAC inhibitory activity (%) = [(A-B)/A] x 100

where A represents the activity of the enzyme without an in-
hibitor, and B is the activity of enzyme in the presence of the
extract (or standard inhibitor).
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In vitro XO Inhibitory Activity

XO inhibitory activity was carried out by the spectrophotomet-
ric method of Abdullahi et al. (18). In brief, the reaction medium
comprising of 0.1 M phosphate buffer, (pH 7.50), a sample at
varying concentrations, and XO solution (0.1 U/mL, in the same
buffer) was mixed and allowed to stand at 25°C for 15 min. Xan-
thine solution (150 uM) was pipetted to the reaction medium
and then incubated at 25°C for 15 min. Thereafter 1 N HCl was
added to the mixture. The absorbance of the samples was re-
corded at 410 nm. Allopurinol was used as a standard inhibitor.
The results were expressed as the average of triplicate trials.

The percent inhibition of the XO was calculated using the fol-
lowing equation:

X0 inhibitory activity (%) = [(A-B)/A] x 100

where A represents the activity of the enzyme without an in-
hibitor, and B is the activity of enzyme in the presence of the
extract (or standard inhibitor).

In vitro Urease Inhibitory Activity

Urease inhibitory activity was assayed by the spectrophoto-
metric method developed by Van Slyke and Archibald (19), in
which urea is hydrolyzed over time to yield ammonia and car-
bon dioxide. Briefly, an assay mixture of a total volume of 1.9
mL, containing extract solution (or standard inhibitor), phos-
phate buffer (100 mM, pH 6.8 and containing 500 mM urea),
and urease solution (16 mg/mL) was pre-incubated at room
temperature for 15 min. The reaction solution was mixed with
appropriate volume of phenol-red solution, thereafter incubat-
ed at room temperature for 15 min again. After incubation, the
absorbance was measured at 570 nm. Hydroxyurea was used
as a standard inhibitor. The results were expressed as the aver-
age of triplicate trials.

The percent inhibition of the urease was calculated using the
following equation:

Urease inhibitory activity (%) = [(A-B)/A] x 100
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where A represents the activity of the enzyme without an in-
hibitor, and B is the activity of enzyme in the presence of the
extract (or standard inhibitor).

For HDAC, XO, and urease inhibitory activities, the extract (or
standard) concentration providing half maximum (50%) inhibi-
tions (IC5q) was calculated by regression equations (by plotting
extract solution concentration versus percentage inhibition).
Low IC5, indicates the higher inhibitory potential of the tested
plant extracts.

RESULTS

The inhibition effects of ethanolic and ethyl acetate extracts
of E. spectabilis as well as that of VPA against HDAC activity are
summarized in Table 1. According to the results, ethanolic ex-
tract, ethyl acetate extracts and the standard had an ICs value
in the range of 0.99-101.83 pg/mL. In addition, ethanolic and
ethyl acetate extracts inhibited HDAC in a dose-dependent
manner with 1Cso values of 0.99+0.32 and 8.60+0.49 pg/mL,
respectively. Considering the high inhibitory activities (associ-
ated with the lower IC5, values) these extracts demonstrated
higher inhibitory activity against HDAC in comparison to VPA
(ICs values of 101.83£1.43 pg/mL). The order for inhibitory ef-
fectis as follows: ethanolic extract > ethyl acetate extract > VPA
(Table 1).

The inhibitory activities and ICs, values of ethanolic extracts,
ethyl acetate extracts, and allopurinol on XO are given in Table
2. It was found that the XO inhibition increased in a concentra-
tion-dependent manner for all the extracts and the standard.
At 500 pg/mL of both extracts, it was observed that the ethyl
acetate extract had approximately 1.5 times more inhibition
value (46.16+2.34%) than ethanolic extract (30.18+1.00%).
Meanwhile, at the same concentration, the inhibition value of
the ethyl acetate extract was very close to that of the standard
inhibitor, allopurinol (52.34+1.37%). However, the ethyl acetate
extract had a lower IC5, value than that of ethanolic extract.
On the other hand, the allopurinol had the lowest ICsy value
(403.87£18.32 pg/mL) in comparison to both ethyl acetate

Table 1. HDAC inhibitory activity of E. spectabilis extracts.

Extracts/Standard Concentrations (pg/mL) Inhibition (%)* 1Cso (ng/mL)*
0.05 5.05%+0.35

Ethanolic Extract 0.10 13.09+3.08 0.99+0.32
0.50 28.84+7.69
1.0 9.64+4.51

Ethyl Acetate Extract 2.0 18.48+2.32 8.60+0.49
5.0 31.24+0.73
5.0 8.08+4.04

Valproic Acid 20.0 14.82+2.50 101.83+£1.43
50.0 27.58+1.86

*Mean=SD; SD: Standard deviation; ICso: Concentration providing half maximum (50%) inhibition
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(524.1348.17 pg/mL) and the ethanolic extracts (658.89+5.55
pg/mL) of E. spectabilis. The XO inhibitory activity of E. spectabi-
lis extracts and the standard decreased in the order of: allopuri-
nol > ethyl acetate extract > ethanolic extract (Table 2).

The inhibitory activities and 1C5, values of the ethanolic, ethyl
acetate extracts, and hydroxyurea on urease are presented in Ta-
ble 3. All of the extracts were found to exhibit urease inhibitory
activities. A comparison indicates that ethyl acetate extract had
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approximately 5 times more inhibitory activity than the ethan-
olic extract. The 1C5, value of hydroxyurea (2422.50+102.43 ug/
mL) (used as standard inhibitor) was found to be much higher
than that of both the ethanolic (269.12+14.19 ug/mL) and the
ethyl acetate extracts (47.15+£1.63 pg/mL), respectively (Table
3). The urease inhibitory activity of E. spectabilis extracts and
the standard decreased in the order of: ethyl acetate extract >
ethanolic extract > hydroxyurea (Table 3).

Table 2. XO inhibitory activity of E. spectabilis extracts.

Extracts/Standard Concentrations (ug/mL) Inhibition (%)* 1C50 (ng/mL)*
100 9.26+2.13
250 18.44+2.26
Ethanolic Extract 500 30.18+1.00 658.89+5.55
750 53.46+1.00
1000 83.03+1.81
100 9.62+0.74
250 23.72+2.46
Ethyl Acetate Extract 500 46.16+2.34 524.13+8.17
750 80.45+1.61
1000 88.14+1.23
0.1 5.26+0.93
1 21.78+2.85
Allopurinol 10 40.65%2.08 403.87+18.32
100 47.47+1.14
500 52.34+1.37
*Mean=SD; SD: Standard deviation; ICsy: Concentration providing half maximum (50%) inhibition
Table 3. Urease inhibitory activity of E. spectabilis extracts.
Extracts/Standard Concentrations (ug/mL) Inhibition (%)* 1C50 (mg/mL)*
5 16.97+2.78
10 24.24+1.05
Ethanolic Extract 50 39.39+2.78 269.12+14.19
100 47.88+2.78
500 66.06+2.77
1 21.24+1.72
5 30.11+1.44
Ethyl Acetate Extract 10 35.90+2.16 47.15+1.63
50 53.07+1.86
100 65.82+1.87
250 12.79+1.34
500 25.62+2.72
Hydroxyurea 1000 37.21+£2.68 2422.50+102.43
2500 55.81+£1.90
5000 80.81+3.49

*Mean=SD; SD: Standard deviation; ICso: Concentration providing half maximum (50%) inhibition
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DISCUSSION

A literature search indicates that there are insufficient pub-
lished reports about the effects of E. spectabilis inhibitory ac-
tivities against HDAC, XO and urease. This encouraged us to
undertake an experiment on the inhibition activities of etha-
nolic and ethyl acetate extracts of E. spectabilis against these
enzymes.

HDAC activities/expressions have been shown to be elevated in
cancer patients. More so, overactivity of this enzyme has been
associated not only with cancer progression (due to enhanced
cell proliferation), but also to cancer induction. Therefore, in-
hibition of HDAC is at the center of research and paramount
for the discovery of new and safe molecules with anticancer
properties (20). In our study, both ethanolic and ethyl acetate
extracts of E. spectabilis were found to have much higher HDAC
inhibitory activity than the VPA. On the other hand, it was re-
ported that the anti-radical activity of ethyl acetate extract of E.
spectabilis was better than the methanolic extract, whereas the
phenolic content was higher in the methanolic extract com-
pared to the ethyl acetate extract (21). Plant-based flavonoids
are well known secondary metabolites that having a wide va-
riety of chemical constituents, thus strong antioxidant prop-
erties (mostly due to their polyphenolic structure). Owing to
the capacity of these molecules to block the distortion/diverse
effects of crucial pathways and cellular signalling (especially in
cancer cells), the molecules are potential and promising anti-
carcinogenic agent (13,22). It was revealed that E. spectabilis
is a rich source of isoorientin (a flavonoid compound), a mol-
ecule which affected cell proliferation of neuroblastoma cells
via cell cycle control (23). In the current study, the HDAC inhibi-
tory activities of both extracts may be associated with the high
amounts of phenolic compounds found in E. spectabilis (24). It
might also be due to the involvement of other secondary me-
tabolites of the medicinal plant.

XO is a key rate-limiting enzyme involved in purine metabo-
lism. Increased plasma XO activity is associated with excessive
synthesis of uric acid. This predominantly results in hyperuri-
cemia, excessive formation of free radicals and subsequent
triggering cancer (25,26). In this case, the most important
strategy may be to find out both safe and new molecules for
the inhibition of XO. According to the outcomes of our study,
ethyl acetate extract exhibited a stronger XO inhibitory ac-
tivity than the ethanolic extract. Moreover, it was found that
ethyl acetate extract exhibited similar effects to allopurinol. E.
spectabilis is reported to contain flavonoids such as rutin and
quercetin (27). Thus, both ethanolic and ethyl acetate extracts
inhibited XO activity possibly due to its rutin and quercetin
content of E. spectabilis. In addition, quercetin may have con-
tributed to the inhibitory effect by forming a chelate-complex
with molybdenum in the active center of XO, hence resulting
in a loss of activity (14,28).

The overproduction of ammonia from urea, as a consequence
of high urease activity leads to an increase in pH value. This pro-
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motes excellent conditions for Helicobacter pylori whose over-
growth comes true, hence the progression of some stomach
ailments (for example peptic ulcers, gastritis, arthritis and pos-
sibly gastric cancer) (29). Herein, the examined extracts exhib-
ited a notable inhibitory activity against urease, with ethyl ace-
tate extract of E. spectabilis having a higher effect. The effective
inhibitory activity of ethyl acetate extract can be attributed to
the high content of phenolics and flavonoids of the Eremurus
species (30,31). Meanwhile, it had been reported that phenolic
compounds and flavonoids naturally occurring in fruits/edible
plants such as the Eremurus species (rather than only synthetic
compounds) are promising novel and potent inhibitors against
urease (32).

The limitation of the study is that the in vitro effects of E. spec-
tabilis extract on enzymes were considered, and since many
disease models are required for in vivo effect.

CONCLUSION

According to the present findings, ethanolic and ethyl ace-
tate extracts of E. spectabilis had apparent inhibitory activities
against all examined enzymes. Meanwhile, the ethanolic ex-
tract showed a better inhibitory effect on HDAC than the ethyl
acetate extract. On the other hand, the inhibitory activities of
the ethyl acetate extract against both the XO and urease were
higher than that of the ethanolic extract. The inhibitory effects
exerted by this plant make E. spectabilis an interesting candi-
date for medicinal use, either in the form of crude extracts or as
a source of bioactive compounds.
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