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ABSTRACT

The methanol extracts from different parts of Rheum ribes were subjected to qualitative and quantitative phytochemical and /n vitro
biological activity (antioxidant, anti-urease, anticholinesterase). Qualitative phytochemical tests were performed using standard
analysis methods and these studies revealed the presence of phenolics and tannins. Following this, a quantitative determination
of total phenolics and tannins contents was carried out. The antioxidant activity of the extracts were assayed using DPPH, FRAR
TEAC/ABTS and CUPRAC techniques. In addition, the anti-urease and anticholinesterase activity of the extracts were examined
using indophenol and Ellman methods, respectively. In this study, it was determined that the macerated flowers extract contained
higher total phenolic and tannins contents than the other extracts. According to the results obtained from the antioxidant experi-
ment, the macerated extract of flowers showed the strongest ABTS.+ scavenging and ferric reducing antioxidant power activity. The
macerated leaves and Soxhlet radix extracts exhibited the strongest DPPH. scavenging and cupric reducing antioxidant activity,
respectively. The young shoots extracts obtained using the Soxhlet methods showed the highest anticholinesterase activity. All ex-
tracts obtained from different parts of the plant were found to have very low anti-urease activity when compared to the anti-urease
activity of standard compound. Therefore, methanol extracts from plant’s flowers, leaves and young shoots can be used as a natural
antioxidant and anticholinesterase agent respectively, for the pharmaceutical and food industry in the future.
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INTRODUCTION

Free radicals are produced continuously in our bodies (naturally or due to environmental impacts), and play a role in many diseas-
es (cancer, Parkinson's disease, Alzheimer’s disease, aging etc). Antioxidants are agents that clear free radicals and prevent them
from doing damage. Because of the side effects of synthetic antioxidants, it has been more meaningful to use natural antioxidant
sources such as fruits, vegetables, and grain foods (Baskar et al. 2011). It is widely known today that gastric and duodenal ulcers a
usually caused by Helicobacter pylori. This organism releases urease that converts urea into ammonia and the released ammonia
protects it from the acidic environment of the stomach. For this reason, the natural source compounds that inhibit urease activity
are very important (Amin et al. 2013).

Rheum ribes L. (Rhubarb) belonging to Polygonaceae family is an annual species that is distributed across the temperate
and subtropical regions of the world. This species is grown between 2300 and 2700 altitude in the rocky countryside of
Turkey and known as“Isgin, Iskin, Usgun and Uggun”. The edible parts of the plant are the young shoots and petiols, which
were eaten raw or cooked (Davis and Cullen, 1967; Bulut et al. 2016). Rheum species are valuable to the pharmaceutical
industry due to the presence of phytochemical contents (anthracene derivatives, tannins and phenolic compounds). R.
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ribes’s young shoots and petioles are used against diarrhea
and vomiting. The roots of the plant have been used in the
treatment of diabetes, hypertension, ulcer and diarrhea.
Rheum ribes contains vitamins (A, B1, B2 and C), some ele-
ments (potassium, magnesium and calcium) organic acids
(citric acid and malic acid), anthraquinones (chrysophanol,
physcion and emodin), flavonoid compounds (quercetin,
5- desoxyquercetin, quercetin 3-0-rhamnoside, quercetin
3-0- galactoside and auercetin 3-0-rutinoside), and tan-
nins (Tosun and Kizilay, 2003; Andi¢ et al. 2009; Sindhu et
al. 2010; Shafaghat et al. 2014; Polat et al. 2015; Shahi et al.
2016).

In recent years, the number of studies on plant extracts show-
ing antioxidant, anticholinesterase and anti-urease activity has
increased. In addition, it is known that extraction methods are
very important in biological activities. Therefore, the aim of this
study was to analyse qualitative and quantitative phytochemi-
cals and to determine the antioxidant, anticholinesterase and
anti-urease activities of R.ribes extracts obtained using different
extraction methods.

MATERIAL AND METHODS

Plant material and extract preparation: The R. ribes
was collected on 20" May 2016 from Van-Gurpinar, Turkey
and identified by Dr. Gizem Bulut from Marmara Univer-
sty. The voucher specimen was deposited in the Pharma-
cy Faculty Herbarium (MARE) and the voucher specimen
number was MARE 18817. The young shoots, leaves, radix
and flowers of the plant were cut into small pieces. The
small pieces (10 g) were extracted using the maceration,
Soxhlet and ultrasonic bath methods with a methanol
solvent. After extraction was complete, the samples were
filtered through filter paper, the solvents were evaporat-
ed with a rotary evaporator and the crude extracts were
stored in a refrigerator at 4 °C.

Preliminary qualitative phytochemical analysis: Phyto-
chemical analysis of R. ribes was carried out using standard pro-
cedure to identify the possible bioactive compound(s) (Trease
and Evans, 2002; Sharma and Agarwal, 2015). The qualitative
results are expressed as (+) for the presence and (-) for the ab-
sence of phytochemicals (Table 1).

Table 1. Preliminary qualitative phytochemical
analysis of different parts of R. ribes

Young
Phytochemicals Radix  Flower Leaves shoots
Alkaloids - - - -
Glycosides - - - -
Saponins - - - -
Tannins + + + -
Cardiac glycosides - - - -
Phenols + + + +

+: Presence of the phytochemical, -: absence of the phytochemical
from the extract

Quantitative determination of chemical constituents
Extract yield percentage and total phenolic contents:
The extraction yield was calculated to determine the effective-
ness of the solvents in extracting the active compounds from
the plant material. The total phenolic contents of the 12 dif-
ferent plant extracts were determined using the FCR method
(Ozsoy et al. 2008). The total phenolic contents in the extracts
were given as g gallic acid equivalents/mg extract.

Determination of tannins content: The amount of tannin con-
tained in the different extracts was determined using the Folin-
Ciocalteu method (Vijay and Rajendra, 2014). The tannin contents
in the extracts were expressed as pg tannic acid equivalents in
microgram per milligram of extract (UgTAE/ mg extract).

In vitro evaluation of antioxidant assays

DPPH radical scavenging activity: The free radical scav-
enging ability of 12 different extracts was examined with the
DPPH- method. The results obtained in the DPPH radical ex-
periment were given as IC50 = pg/mL (Wei et al. 2010).

Trolox equivalent antioxidant activity: The ABTS* scav-
enging activity of the different extracts from the plant was
evaluated using the TEAC/ABTS method. The standard curve
was prepared using trolox and the data obtained in the experi-
ment was expressed as mM trolox/mg extract (Re et al. 1999).

Ferric reducing/antioxidant power (FRAP) assay: The fer-
ric reducing/antioxidant power of the different extracts was
evaluated using the FRAP method. The standard curve was
prepared using FeSO,.7H,0 and the data obtained in the ex-
periment was expressed as mM Fe?/mg extract (Benzie and
Strain, 1996).

Cupric reducing antioxidant capacity (CUPRAC): The cu-
pric reducing antioxidant capacity of the different extracts was
evaluated using the CUPRAC method. The CUPRAC values of
the plant extracts were reported as trolox equivalents (mM tro-
lox/mg extract) (Taskin et al. 2017).

In vitro anti-urease activity: In this study, the anti-urease
activities of 12 different extracts obtained from the plant were
evaluated according to the method of Ghous et al, 2010 and
the results were given as a percentage of enzyme inhibition
(Ghous et al. 2010).

Anticholinesterase activity of extracts: Inhibition of cho-
linesterases was evaluated using a 96-well microplate reader
based on the method of Ellman et al. with some modifications
(Ellman et al. 1961). The experiments were performed in tripli-
cate in each case and the results were given as a percentage of
enzyme inhibition. Galantamine was used as a reference.

Statistical analysis

The antioxidant, anticholinesterase and anti-urease experi-
ments were done in triplicate and all the data was shown as
mean+SD. The data was analyzed using the Graphpad Prism
5 program. Statistical differences between the experimen-
tal groups were analyzed using one-way analysis of variance
(ANOVA) followed by Tukey’s Multiple Comparison test. Mean
values were considered statistically significant when p<0.05.



Table 2. Extract yield percentage, total phenolic and total tannins contents of different parts of R.ribes

Extract yield (%) Tannins (ugTAE/mg extract

Total phenolic (ugGAE/mg extract)

Maceration
61.00£0.010°

Soxhlet
109.00+0.005°
140.00+0.018°

Ultrasonic bath

Maceration

Soxhlet
20.46°
17.44°
65.03¢
30.79¢

Maceration Ultrasonic bath

83.00+0.0082

Soxhlet
122.00+0.003°
140.00+0.001°

Ultrasonic bath

Samples
Radix

123.00+0.0032
184.00+0.005°
210.00£0.007¢

18.442
11.82°
55.80¢
19.62¢

5.212

135.00+0.0072
105.00+0.003°
163.00+0.007¢
58.00+0.002¢

Values are mean of triplicate determination (n

229.00+0.005°

10.72°
12.62¢
8.74¢

167.00+0.002°
139.00+0.005¢
53.00+0.004¢

Flowers

178.00+0.014¢

141.00+£0.006°

158.00+0.004¢

67.00+0.001¢
3) + standard deviation

Leaves

ND ND

ND

Young shoots

Means with different superscripts (a-d) are significantly different, p<0.05

GAE-Gallic acid equivalents.

TAE-Tannic acid equivalents

ND: Not determined
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RESULTS AND DISCUSSION

Qualitative phytochemical analysis of R. ribes

The phytochemical screening of different parts of a plant ex-
hibited negative test for alkaloids, glycosides, saponins, cardiac
glycosides (Table 1). Although all the plant’s different parts
showed positive test for phenols, and tannins, only young
shoots showed negative test for tannins. It was known that
the phytochemical compounds (phenols, tannins) that were
qualitatively analyzed in R. ribes were medically important. Tan-
nin-containing drugs have traditionally been used to protect
inflamed surfaces of the mouth and throat. In addition, recent
studies have shown that tannins are effective as antitumor and
anti-HIV agents. Phenols are important compounds of some
medicinal plants, and are used as coloring agents, flavored aro-
matizators and antioxidants (Trease and Evans, 2002; Buzzini
et al. 2008). The phenols and tannins compounds identified in
the methanol extract from R.ribes’ different parts may be re-
sponsible for the biological activities. It is known that R. ribes
contain tannins and phenol compounds (Amiri et al. 2015). The
results of our study are consistent with the literature.

Quantitative phytochemical analysis of R. ribes

Extract yield percentage, total tannins and total pheno-
lic contents: The total phenolic, tannins contents and yield
percentage of methanol extracts from different parts of plant
were analysed and are presented in Table 2. Leaf extracts
obtained using ultrasonic bath and Soxhlet (163.00 ugGAE/
mg extract, 158.00 pgGAE/mg extract) showed higher total
phenolic contents than the macerated leaves extract (139.00
HUgGAE/mg extract), respectively. In addition, it was found that
the flowers extract (167 ugGAE/mg extract) obtained using
the maceration method exhibited the highest total pheno-
lic contents. When compared to all the data obtained in this
study, the young shoots extracts obtained from the three
methods were found to exhibit the lowest total phenolic con-
tents. When the yields percentage of the different extracts
were compared, the leaf extract obtained using the Soxhlet
method was found to have a higher recovery over the other
extracts. The total phenolic contents of the chloroform and
methanol extracts from the roots and stems of R. ribes have
been reported before (Oztiirk et al. 2007). In this studly, it was
found that the roots'’s chloroform extract (48.66+1.23 ug pyro-
catechol equivalent/mg extract) had higher phenolic contents
than the others, while the one containing least phenolics was
the stems's chloroform extract (22.68 +1.10 ug pyrocatechol
equivalent/mg extract). When we compared our study with
data in literature, we found that methanol extract of radix
(83.00 ugGAE/mg extract) showed higher total phenolic con-
tents than radix's chloroform extract (48.66 pg pyrocatechol
equivalent/ mg extract).

The amounts of tannins contained in different parts of the
plant were ascertained in the following order: macerated
flower extract (229.00+0.005 pgTAE/mg extract)>ultrasonic
bath leaves extract (210.00+0.007 ugTAE/mg extract)>Soxhlet
leaves extract (141.00+0.006 pugTAE/mg extract). The results
from the total tannins assay showed that the macerated flow-
ers extract had the highest amount of tannins. According to
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Table 3. Effects of extracting solvents/methods on the antioxidant activity of R. ribes extracts

CUPRAC assay
(mM trolox/mg extract)

FRAP assay
(mM Fe?/mg extract)

ABTS

(mM trolox/mg extract)

DPPH
(IC,,: pg/mL)

Ultrasonic

Ultrasonic

Ultrasonic

Ultrasonic

Soxhlet
0.91+0.02°
0.62+0.07°

Maceration

bath
0.78+0.11a
0.62+0.05b,a

Soxhlet
0.15+0.03°
0.17£0.02°>2
0.22+0.04¢2>
0.16+0.01d,a,b,c

Maceration

bath
0.13+0.08°
0.15£0.04%2
0.15+0.02¢2>

Soxhlet
51.60+0.02 2

Maceration

bath
51.70+0.01°
51.10£0.02>

Soxhlet
36.00+0.02°
23.00+0.02°
20.00£0.02<>

Maceration

bath
28.00+0.01°

Samples
Radix

0.62+0.06°
0.61+0.02%2

0.67+0.02¢c,a,b  0.71+0.02¢20 (.72+0.05°

0.58+0.174abc

48.80+0.2° 0.18+0.1°

75.00+0.022

0.29+0.6°

51.40+0.01 b2

51.90+0.1°

4.80+0.05°

5.00+0.02°

Flowers

0.21+0.2¢2

49.10+0.1%*  50.80+0.03¢>*

51.40+0.03¢2°

3.00+£0.01¢®
98.00+0.03¢

7.00£0.02¢°
144.00+0.09¢

Ascorbic acid  6.00+0.07¢b¢
BHT

Leaves
BHA

0.74£0.01¢¢

0.27+0.07¢

12.70£0.03¢  0.28+£0.08¢  0.14+0.3%=<

12.80+0.4¢

13.10+0.01¢

85.00+0.05¢

Young shoots

6.00£0.01¢

6.00£0.01%0<

1.10£0.12¢

1.62+0.12¢

52.63+0.01e2®

52.63+0.01¢2

52.63+0.01¢°

3) + standard deviation

Values are mean of triplicate determination (n:

Means with different superscripts (a-e) are significantly different, p<0.05

the obtained results, it was determined that young shoots
obtained using all extraction methods did not contain tannin
compounds and also the radix extracts obtained using all ex-
traction methods contained the lowest tannin compounds. To
the best of our knowledge, there have been no reports in lit-
erature on the total tannins contents of methanol extract from
a plant’s different parts. Therefore, for the first time in this study,
the amount of tannins contained in the different parts of plant
was determined and the effects of this compound on biologi-
cal activity were examined.

In vitro antioxidant activity assays: The DPPH: scaveng-
ing activity of different extracts from R. ribes different parts are
shown in Table 3. Ascorbic acid was used as a positive con-
trol. According to the results obtained from the DPPH experi-
ment, the flowers and leaves extracts obtained using the three
extraction methods were very close to each other and had
a stronger DPPH scavenging activity than the other extracts.
Ultrasonic bath (IC, 5.00 ug/mL), maceration (IC, 4.80 pg/mL)
flowers and maceration leaves (IC,  3.00 pg/mlL) extracts exhib-
ited a stronger DPPH radical scavenging activity than ascorbic
acid (IC,;6.00 pg/mL). When comparing extractions methods,
it was found that the maceration and ultrasonic bath methods
were more suitable methods for the DPPH activity of R.ribes. In
addition, the young shoots extracts obtained using the three
extraction methods exhibited the lowest free radical scaveng-
ing activity. The DPPH method was usually applied to measure
the activity of polar compounds. The obtained results showed
that flowers and leaves extracts were rich in polar compounds.
Since these extracts exhibited the highest phenolic contents
and DPPH radical scavenging activity, it was found that there
was a linear relationship between phenolic compounds and
free radical scavenging activity.

The TEAC/ABTS was a widely used method for measuring
the activity of polar and nonpolar compounds in plants. The
maceration extract of flowers (51.90 mM trolox/mg extract)
exhibited the strongest ABTS+* scavenging activity. In addition,
the radix, flowers and leaves extracts obtained using all the
extraction methods showed antioxidant activity close to each
other and BHA, but the young plant shoots exhibited lower
antioxidant activity than BHA and other extracts. When com-
paring extractions methods, it was found that the all extraction
methods were a suitable method for the TEAC/ABTS activity of
this species.

In the ultrasonic bath method, the young shoots extract (0.28
mM Fe?/mg extract) showed a stronger ferric reducing/anti-
oxidant power activity than the other extracts. In the macera-
tion method, the flowers extract (0.29 mM Fe?*/mg) had the
highest FRAP values. In addittion, the leaves extract (0.22 mM
Fe?*/mg extract) obtained using the Soxhlet method showed
a stronger ferric reducing activity than the other extracts. Ac-
cording to the obtained results, the macerated flowers and
ultrasonic bath young shoots extracts were found to have
stronger ferric reducing activity than the other extracts. The
radix extract (0.13 mM Fe?/mg extract) obtained using the
ultrasonic bath method exhibited the lowest ferric reducing/
antioxidant power activity. All the extracts from the plant’s dif-
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Table 4. The anti-urease inhibitory activity of

different parts of R. ribes

Urease inhibition (%)
(12.5 pg/mL)

Samples Ultrasonic bath  Maceration Soxhlet
Radix 2.33+0.12 12.46+1.06>  7.57£0.13°
Flowers 6.61£2.4° 5.76+0.9° 4.33+0.4°
Leaves 17.90+0.5¢ 10.79+0.07¢  16.83+0.4¢
Young shoots NA 9.26+0.7¢ 6.12+1.5¢
Thiourea 78.54+0.60° 78.54+0.60°  78.54+0.60°

Values are mean of triplicate determination (n=3) + standard
deviation

NA: not activity

Means with different superscripts (a-e) are significantly different,
p<0.05

Table 5. The anticholinesterase activity of different
parts of R. ribes

Acetylcholinesterase
inhibition (%)

Samples Ultrasonic bath  Maceration Soxhlet
Radix

(500 pg/mL) 45.97+1.3° 36.05£0.83°  37.43+1.532
Flowers

(500 pg/mL) 71.90+1.14° 65.39+0.25°  61.13+0.76°
Leaves

(500 pg/mL) 64.90+0.35¢ 14.95+£2.33¢  55.32+1.09¢
Young shoots

(200 pg/mL) 84.19+1.82¢ 63.95+£0.5¢  87.98+1.01¢
Galantamine

(500 pg/mL) 93.35+0.06¢

Values are mean of triplicate determination (n=3) + standard
deviation

Means with different superscripts (a-e) are significantly different,
p<0.05

ferent parts had lower FRAP values than BHT compound (1.10
mM Fe*/mg). The results obtained from this study showed
that both maceration and Soxhlet extraction techniques (ex-
cluding ultrasonic bath young shoots extract) was the most
suitable method to get the most powerful ferric reducing/an-
tioxidant activity.

In the ultrasonic bath method, radix (0.78 mM trolox/mg ex-
tract) and leaves (0.67 mM trolox/mg extract) extracts showed
a stronger cupric reducing antioxidant activity than other ex-
tracts, respectively. In the maceration method, the leaves (0.71
mM trolox/mg extract) and radix (0.62 mM trolox/mg extract)
extracts had higher CUPRAC values than the other extracts, re-
spectively. In the Soxhlet method, the radix extract (0.91 mM
trolox/mg extract) exhibited the strongest cupric reducing
antioxidant activity. It was also found that young shoots (0.74
mM trolox/mg extract) and leaves (0.72 mM trolox/mg extract)
extracts showed very close cupric reducing antioxidant results
to each other. According to the results obtained from CUPRAC

in-vitro biological activity of Rheum ribes L. different parts

experimental, the radix extracts obtained using Soxhlet and
ultrasonic bath methods showed the highest cupric reducing
antioxidant activity. When the antioxidant activity of all the ex-
tracts was compared to the standard compound, all extracts
were found to have lower activity than the BHA (1.62 mM tro-
lox/mg) .

Shahi et al. (2016) investigated the antioxidant activity of mac-
eration methanol extract from R. ribes flowers. According to
the results obtained, flowers extracted with the concentration
of 200 ppm and 300 ppm showed a higher inhibitory activ-
ity of free radicals than the BHT compound (Shahi et al. 2016).
When we compared our study with this study, it was found
that parallel to this study, maceration methanol extract from
plant’s flowers (IC, 4.80 ug/mL) exhibited stronger DPPH- scav-
enging activity than ascorbic acid (IC,;6.00 ug/mL). Shafaghat
etal. (2016) investigated the free radical scavenging of Soxhlet
hexane extract and essential oils from plant and plant’s hexane
extract (IC,; 325.00 ug/mL) and essential oils (IC,; 565.00 ug/
mL) showed lower DPPH radical scavenging activity compared
to the synthetic antioxidant of vitamin C (IC; 26.00 pg/mL).
In addition, the plant’s essential oils and hexan extract com-
position were analyzed using GC-GC/MS. The main compo-
nents of the hexane extract were 9-octadecenoic acid(w-9), 9,
12- octadecadienoic acid (linoleic acid or w- 6), hexadecanoic
acid, (palmitic acid) , 1,2-benzenedicarboxylic acid diisooctyl,
dodecane and y- linolenic acid. The germacrene-d, a-pinene,
terpinolene, p-cymene, bicyclogermane and limonene com-
pounds were analysed as major components in the essential
oils of the plant (Shafaghat et al. 2014). The antioxidant ac-
tivities of chloroform and methanol extracts of the roots and
stems of R.ribes have been reported before (Oztiirk et al. 2007).
This study reported that both methanol extracts obtained
using the maceration method showed stronger free radical
scavenging capacity than the corresponding chloroform ex-
tracts, moreover, the stems's methanol extract exhibited bet-
ter activity than BHT. In addition, both roots extracts exhibited
more potent superoxide anion radical scavenging activity than
BHT. Except for the roots's extract, the other three extracts
showed better metal chelating activity than quercetin. Unlike
this study, the antioxidant activity of methanol extracts from
different parts of the plant were examined with DPPH, FRAP,
ABTS/TEAC and CUPRAC methods and it was determined that
the maceration radix extract showed lower DPPH scavenging
activity than ascorbic acid.

Anti-urease inhibitory activity: The results for the assess-
ment of urease inhibitory activity of R. ribes methanol extracts
(12,50 pg/mL) obtained using the three extraction methods
are shown in Table 4. In the ultrasonic bath method, the leaves
extract (17.90%) showed stronger ureae inhibitory activity
than the other extracts. It was also found that the radix extract
(2.33%) showed the lowest anti-urease activity. In addtion, the
young shoots extract didn't show any anti-urease activity. In
the maceration method, the radix (12.46%), leaves (10.79%)
and young shoots (9.26%) extracts exhibited a stronger anti-
urease activity than the flowers extract (5.76%). In the Soxhlet
method, the leaves extract (16.83%) showed the strongest
anti-urease activity. It was also found that the radix (7.57%) and

11
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young shoots (6.12%) extracts showed close anti-urease activ-
ity and that extracts exhibited stronger activity than the flow-
ers extract (4.33%). In this study, among the extracts obtained
from three different extraction methods, the leaves extracts
obtained using the ultrasonic bath and Soxhlet method exhib-
ited the strongest anti-urease activity. When the anti-urease
activities of the extract and standard were compared, it was
found that all the extracts from the plant had lower anti-urease
activity than standard thiourea (78.54%). The anti-urease activ-
ity of the 50% methanol extract of R.ribes roots has been previ-
ously reported (Nabati et al. 2012). This study showed that the
50% methanol extract had a 98.93% anti-urease activity at a
concentration of 10 mg/mL. In our study, the anti-urease activ-
ity of methanol extracts from the radix at a concentration of
12.5 pug/mL was investigated and found that maceration radix
extract had 12.46% anti-urease activity.

Anticholinesterase activity: The results for the assessment
of cholinesterase inhibitory activity of plant’s different extracts
are shown in Table 5. In the ultrasonic bath method, young
shoots (84.19%) and flowers (71.9%) extracts exhibited stron-
ger cholinesterase inhibitory activity than other extracts. In the
maceration method, the young shoots (63.95%) and flowers
(65.39%) extracts exhibited stronger cholinesterase inhibitory
activity than other extracts. It was also found that the leaves
extract (14.95%) had the lowest anticholinesterase activity. In
the Soxhlet method, the young shoots (87.98%) and flowers
(61.13%) extracts exhibited the strongest anticholinesterase
activity. According to the results obtained from activity assay,
the radix extract (37.43%) showed lower anticholinesterase ac-
tivity than the other extracts. As a result of this experiment, it
was found that the young shoots extracts obtained using the
three extraction methods exhibited the strongest anticholin-
esterase activity. It was also found that the young shoots ex-
tracts obtained using the ultrasonic bath (84.19%) and Soxhlet
(87.98%) methods showed close anticholinesterase activity to
the galantamine compound (93.35%). In the present study, the
Soxhlet and ultrasonic bath methods were the most extrac-
tion methods to get the strongest anticholinesterase activity.
In Gholamhoseiniant et al,, the in vitro anticholinesterase activ-
ity of the methanol extract from the rhizomes of the plant was
investigated and it was found that this extract showed 72.4%
activity at a concentration of 8 mg /mL (Gholamhoseiniant et
al. 2009). In another study, it was clearly demonstrated that
the treatment with 50% methanol extract from R.ribes roots
and rhizomes could significantly recover the spatial and pas-
sive avoidance memory disorders caused by the destruction
of the NBM nucleus in male-wistars rats (Zahedi et al. 2015). In
our study, anticholinesterase activities of different parts (radix,
flowers, leaves and young shoots) of the plant were investi-
gated and it was found that these parts (especially the young
shoots) showed significant activity in accordance with the lit-
erature.

CONCLUSION

Rheum ribes is mainly used in medicines and foods in Turkey.
Therefore, it was very important to examine the biological
activities (antioxidant, anti-urease, and anticholinesterase) of

this plant. In this study, the biological activities and chemical
contents of different parts of the plant were qualitatively and
quantitatively determined. In this study, it was determined
that the macerated extract of flowers contained higher total
phenolic and tannins contents than other extracts. Accord-
ing to the results obtained, the macerated flowers extract
showed the strongest ABTS radical scavenging and ferric
reducing activity. The macerated leaves and Soxhlet radix
extracts showed the highest DPPH radical scavenging and
cupric reducing antioxidant activity, respectively. The young
shoots extracts obtained using the Soxhlet methods showed
the highest anticholinesterase activity. All extracts obtained
from different parts of the plant were found to have very low
anti-urease activity when compared to the anti-urease activ-
ity of standard compound. Therefore, the methanol extract
from the plant’s flowers, leaves and young shoots can be
used as a natural antioxidant and anticholinesterase agent
respectively for the pharmaceutical and food industry in the
future.
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