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Abstract

The antioxidant capacity and phenolic composition of Cistanche tinctoria (Orobanchaceae) were
evaluated in the crude, flavonoid, and tannin extracts prepared from air-dried flowers using methanol,
ethyl acetate, and acetone, respectively. The highest extraction yield (11.3 %) was obtained with the
crude extract. The elevated total phenolic (168 = 24 mg GAE/g) and flavonoid (27 = 3 mg QE/g)
contents in the crude extract were revealed. The tannin extract exhibited the highest antioxidant activity
(IC,, 8 £2 ug/mL), but, in terms of antioxidant and antiradical properties, all extracts were significantly less
effective than ascorbic acid. The flavonoid extract demonstrated the greatest hemolysis inhibition (23 %).
The highest absorbance (0.432) was observed for the tannin extract at a concentration of 0.1 mg/mL. Based
on the high-performance liquid chromatography analysis, chlorogenic acid and naringenin were identified
as the major phenolic compounds in the crude extract. The results validate the health benefits of phenolic
compounds in C. tinctoria and highlight further research priorities for its applied and medicinal use.
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AHHOTaAumnA

N3ydeHsl aHTHOKCHIAHTHASI CIIOCOOHOCTh W cocTaB (heHONbHBIX coemmHenuit Cistanche tinctoria
(Orobanchaceae) Ha ocHOBe aHanM3a HEOYUIICHHOTO, (IABOHOMIHOTO M JYOMJIBHOTO 3KCTPAKTOB, IIO-
JY4YEeHHBIX U3 BO3AYIIHO-BBICYLUICHHBIX I[BETKOB C IIOMOLIbIO METaHOJA, ATUJIALETaTa U aleToHa COOT-
BeTcTBeHHO. Hambonbmuii Beixon skctpakta (11.3 %) mocTUrHYT HpW HMCHONb30BaHUM MeTaHona. Ilo-
Ka3aHO BBICOKOE cozepkaHue (eHonbHBIX (168 + 24 Mr-skB. TajJIOBOM KHUCIOTBHI/T) W (IaBOHOWIHBIX
(27 £ 3 Mr-9KB. KBEPIETHHA/T) COEIMHEHNH B HEOUUIIIEHHOM dKCcTpakTe. HanOobIyo aHTHOKCUIAHTHYFO
AKTUBHOCTB TIPOSBHIT TyOWIbHBINA dKeTpakT (IC, 8 £ 2 Mkr/mi). [Ipu 5TOM aHTHOKCHIAHTHBIE U AHTHPAIH-
KaJIbHbIE CBOWCTBA BCEX IKCTPAKTOB OKA3aJIMCh MEHEE BBIPA’KCHBI 110 CPABHEHHUIO C ACKOPOMHOBOI KHCIIO-
Toi. Hanmydiryto ciocoOHOCTb K 3a1ure MeMOpaH 3pUTPOLMTOB OT IIEPEKUCHOIO T'eMOJIN3a MPOAEMOH-
CTpUpOBal (PIAaBOHOUIHBIN SKCTPaKT (23 %). MakcuManbHOE 3HAUeHUe onTHueckoi ruioTHocTH (0.432)
3a)MKCUPOBAHO JJIsl IyOUIIBHOTO AKCTpakTa B KoHIeHTparuu 0.1 mr/mi. MeTonoM BhICOKOA(PPEKTUBHON
KHJIKOCTHOH XpoMaTorpa(uu ycTaHOBJICHO, YTO OCHOBHBIMU (PEHOLHBIME COSTMHEHUSIMHA HEOUHIIIEHHOTO
9KCTPAKTA SIBIISIOTCS XJIOPOT€HOBAs KUCIIOTa M HAapUHTeHUH. [loyueHHbIe pe3ybTaThl CBUIETEIBCTRBYIOT O
BBIP@)KEHHOM TEPAIIEBTHYECKOM ITOTEHIIHAE PEHOIbHBIX cOeqUHEHUH B cocTase C. tinctoria U yKa3blBaloT
Ha MEPCIEeKTUBHOCTD AAJbHEUIINX UCCIACIOBAHUHI NX NPUKIAJHOTO U JIEKAPCTBEHHOTO IPUMEHECHHSI.

KnioueBble cnoBa: Cistanche tinctoria, aHTHOKCHJAQHTHAS aKTUBHOCTh, (DEHOJbHBIC COCIUHCHUS,
(maBoHou b, TaHHMHBI, JDII, remonu3, BOCCTaHOBHUTEIbHAs CIOCOOHOCTH, BBICOKOA(D(PEKTUBHASL
KUJIKOCTHAsT XpoMarorpadus

3akniouyeHne Komurteta no 3tmke. lccienoBanre NpoOBEIEHO B COOTBETCTBUHM C XEIhCHHKCKOM
nexnapanueit 2000 r.

BnaropgapHocTh. PaGoTa BoinosHeHa Ha Oa3e 1abopaTopuu OUOIOTUH, SKOJIOTUH M OXPaHbI 3[0POBbS
VHuBepcutera Oib-Y9I B paMKax YHHBEPCHUTETCKOrO Hay4dHO-oOpasoBarenbHOoro mpoekra (PRFU,
Projet de Recherche Formation Universitaire) DOINO1UN390120220003.
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Introduction

Natural antioxidants have attracted much attention in recent years due to their potential health
benefits for preventing and treating diseases induced by oxidative stress [1].

Oxidative stress, driven by an imbalance between the production of reactive oxygen species
(ROS) and the body’s ability to detoxify these harmful compounds, is implicated in the pathogen-
esis of many chronic diseases, including cardiovascular dysfunction, cancer, and neurodegenera-
tive disorders [2]. Natural oxidants from plants effectively neutralize ROS, thereby mitigating or
averting oxidative damage [3]. Phenolic compounds, such as flavonoids and tannins, are potent
antioxidants, which is attributed to their ability to donate hydrogen atoms or electrons and stabilize
free radicals [4].

Among the wide variety of medicinal plants known for their antioxidant properties, Cistanche
tinctoria (Orobanchaceae) is especially rich in bioactive compounds, particularly phenolics
and flavonoids. This desert parasitic plant is native to North Africa, the Arabian Peninsula, and
Asia [5]. It attaches itself to the roots of its primary host plants (7amarix gallica, Calligonum
comosum, and Pulicaria) and derives nutrients from them for growth.

C. tinctoria has been traditionally utilized not only for its aesthetic and decorative value but
also for its medicinal effects [6] to treat and relieve many ailments such as abdominal pains,
diarrhea, dystonia, bruises, gynecological diseases, delayed lactogenesis, and diabetes [5].

This study aims to explore the antioxidant capacity of C. tinctoria, identify key phenolic com-
pounds in its extracts that reduce oxidative stress, and validate its potential as a source of natural
antioxidants.

1. Material and Methods

1.1. Laboratory equipment used in sample preparation and analysis. A Buchi R-200
rotary evaporator was used for solvent removal during the extraction process. Filtering was
performed with standard filter paper. Absorbance of the samples in the 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) and reducing power assays was measured with a Shimadzu UV-Vis spectro-
photometer (Japan). In the hemolysis and reducing power assays, a centrifuge was employed to
separate the particles suspended in the prepared extracts. High-performance liquid chromatog-
raphy (HPLC) analysis was carried out using a Shimadzu LC 20 AL system (Japan) equipped
with a Hamilton 25 pL universal injector, a Shim-pack VP-ODS C18 analytical column
(4.6 mm x 250 mm, 5 um), and a UV-VIS detector (SPD 20A, Shimadzu, Japan) to determine
and quantify phenolic compounds.

1.2. Plant material. C. tinctoria flowers were collected in the full flowering stage (Fig. 1)
on March 29, 2018 from the Taleb Larbi region in the El-Oued state of Algeria (33°42'27.8" N,
07°18'57.1" E), approximately 60 km along the Tebessa road.

The collected plant material was air-dried in the dark at room temperature for 3 to 4 weeks.
Once dried, it was ground into a fine powder using a mechanical grinder. The obtained powder was
stored at room temperature in airtight containers shielded from bright light until experimentation.

1.3. Preparation of methanolic extract. To prepare a methanolic extract of C. tinctoria,
10 g of the dried plant material were macerated in 150 mL of methanol in the dark at room tem-
perature for 24 h and then filtered through filter paper. The solvent was evaporated to dryness un-
der reduced pressure in a rotary evaporator at 50 °C to obtain the crude extract, which was stored
away from light and protected from moisture intake [7].
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Fig. 1. C. tinctoria plant in full flowering stage, Taleb Larbi region (El-Oued state, Algeria)

1.4. Extraction of flavonoids. To extract flavonoids, the same amount (10 g) of the dried
plant material was macerated in 150 mL of methanol in the dark at room temperature for 24 h. Af-
ter the filtration through filter paper, the solvent was evaporated under reduced pressure in a rotary
evaporator at 50 °C. Then, 150 mL of warm distilled water and 150 mL of ethyl acetate were add-
ed to the methanolic extract, and the mixture was placed in a separatory funnel. The ethyl acetate
phase was collected, evaporated at 50 °C, and used as the flavonoid extract [8].

1.5. Extraction of tannins. Tannins were extracted by macerating 30 g of the C. tinctoria
powder in 60 mL of distilled water and 140 mL of acetone in the dark at room temperature for
72 h. The resulting solution was filtered through filter paper. To remove acetone, the solvent was
evaporated under reduced pressure in a rotary evaporator at 50 °C. Then, to remove lipid-soluble
substances, 150 mL of dichloromethane was added to the remaining solution. The mixture was
allowed to stand in a separatory funnel for about 2 h. The ethyl acetate phase was collected and
evaporated to dryness at 50 °C to obtain the tannin extract [9].

1.6. Determination of total phenolic contents. The total phenolic contents (TPC) of the
crude extract were determined using the Folin—Ciocalteu method with modifications [10]. A mix-
ture containing 0.2 mL of the extract, ] mL of the Folin—Ciocalteu reagent (diluted 1 : 10 with
water), and 0.8 mL of sodium carbonate solution (7.5 %) was incubated for 30 min. The absor-
bance was measured by a spectrophotometer at a wavelength of 765 nm. Gallic acid was used as
a standard, and the TPC content was expressed as mg of gallic acid equivalents (GAE) per gram
of the extract.

1.7. Determination of total flavonoid contents. The total flavonoid contents were mea-
sured using the method adapted from Chouikh et al. [11]. For this purpose, 1 mL of the sample
solution was mixed with 1 mL of aluminum trichloride in methanol (2 %) and incubated at room
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temperature for 10—15 min. The absorbance was measured at a wavelength of 430 nm. Quercetin
was used as a standard, and the flavonoid content was expressed as mg of quercetin equivalents
(QE) per gram of the extract.

1.8. DPPH radical scavenging assay. The DPPH radical scavenging activity was estimated
by the method of Brand-Williams [12] with modifications. Exactly 1 mL of each extract at dif-
ferent concentrations was added to 1 mL of DPPH solution (0.1 mM in methanol). Following the
incubation at room temperature for 10—15 min, the absorbance was measured at a wavelength of
517 nm. Ascorbic acid, a strong antioxidant compound, was used as a standard.

1.9. Hemolysis assay. The hemolysis assay was conducted following the protocol by Choui-
kh et al. [13]. A volume of 40 uL of human erythrocytes was mixed with 2 mL of the plant extract
and incubated at 37 °C for 5 min. Then, 40 uL each of H,O, (30 mM), FeCl, (80 mM), and ascorbic
acid solution (50 mM) were added. After 1 h of incubation at 37 °C, the mixture was centrifuged
at 700 rpm for 10 min, and the absorbance of the supernatant was read at a wavelength of 540 nm.

1.10. Ferric reducing antioxidant power assay. The ferric reducing antioxidant power
(FRAP) assay was performed according to Mesbahi et al. [14]. A mixture of 0.5 mL of the plant
extract, 1.25 mL of phosphate buffer (0.2 M, pH 6.6), and 1.25 mL of potassium ferricyanide
(1 %) was incubated at 50 °C for 20 min. The reaction was stopped by adding 1.25 mL of trichlo-
roacetic acid (10 %), followed by centrifugation at 3000 rpm for 10 min. After the centrifugation,
1 mL of the supernatant was mixed with 0.25 mL of FeCl, (0.1 %) and 1.25 mL of distilled water.
The absorbance was read at a wavelength of 700 nm. Ascorbic acid was used as a positive control.

1.11. High-performance liquid chromatography. The high-performance liquid chroma-
tography (HPLC) analysis was carried out as described by Ben Ali et al. [15]. For this procedure,
20 pL of the crude extract was injected into the HPLC system. The mobile phase solvent was
forced through the column using a high-pressure pump to separate the compounds based on their
polarity. To identify the compounds, present in the sample, chromatograms were generated by a
detector connected to the column and a computer.

2. Results and Discussion

2.1. Determination of extraction yield. Extraction yield is a key metric, which quantifies
the proportion of bioactive components recovered from raw plant material.

In this study, notable differences were revealed in the yields of the crude, flavonoid (ethyl ac-
etate phase), and tannin extracts of C. tinctoria. The crude extract had the highest yield (11.3 %).
The flavonoid extract ranked second (1.3 %). The lowest yield (0.5 %) was obtained for the tannin
extract.

The above differences may be related to a variety of factors, among which is the type and
polarity of the solvent, with ethyl acetate being less polar compared to methanol and thus yield-
ing lower extraction efficiency [16]. Other factors significantly affecting extraction yield values
are sampling conditions, drying and storage methods, extraction techniques such as maceration,
solvent-to-plant material ratio, and extraction duration [17]. The quality of extracted compounds
also depends on environmental stresses altering plant physiology [18]. Of particular importance
is the age of the plant, with older perennial plants characterized by lower yields. In many cases,
the quality and quantity of extracted compounds are determined by climate and the plant’s growth
environment [19].

2.2, Total phenolics and flavonoids and their antioxidant effects. Phenolics and flavo-
noids are the two secondary metabolites commonly found in C. tinctoria and directly contributing
to its antioxidant capacity.
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In the crude C. tinctoria extract, the TPC determined using the Folin—Ciocalteu method was
168 + 24 mg GAE/g DM. The total flavonoid content was 27 + 3 mg QE/g DM. These levels are
considered high.

Generally, elevated levels of phenolics and flavonoids may be related to high solubility of these
compounds in methanol, which is known to inhibit polyphenol oxidase and evaporates quicker
compared to water [20]. They are also influenced by various environmental factors, including sea-
son, sampling dates, soil composition, climate, temperature, light, humidity, and water stress [21],
as well as the plant’s age and growth stage. Pre-extraction drying and selection of an appropriate
extraction method are crucial as well for the recovering of bioactive compounds like phenolics and
flavonoids [22]. With few studies focusing on phenolics and flavonoids contained in C. tinctoria
flowers, our findings fill an important gap existing in the literature.

2.3. Antioxidant activity evaluated by DPPH assay. The antioxidant activity of C. tinc-
toria constituents was determined by calculating IC_  from the DPPH assay with ascorbic acid
as a standard. IC_  was evaluated by plotting the extract concentrations versus DPPH inhibition
(Fig. 2). The inhibitor with lower IC,  was considered more potent under identical testing condi-
tions, as suggested by Johari and Khong [23]. Fig. 2 shows that the tannin extract had the lowest
IC,, value (8 + 2 ug/mL), indicating that it exhibited the most pronounced antiradical activity
among the tested extracts. The crude and flavonoid extracts with the higher IC_ values (23 + 6
and 20 + 6 png/mL, respectively) were less effective in DPPH scavenging. Compared to the plant
extracts, ascorbic acid used as a reference antioxidant exhibited even higher scavenging activity
with IC, of 5+ 1 pg/mL.

30
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=)
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Crude extract Flavonoid Tannin  Ascorbic acid
extract extract
Sample

Fig. 2. IC,  values (ug/mL) of the C. tinctoria extracts and ascorbic acid in DPPH assay

Therefore, higher concentrations of all plant extracts were needed in order to achieve the same
effect as with ascorbic acid. However, in the study by Mahtout et al. [24], the ethyl acetate extract
demonstrated higher DPPH scavenging activity than BHT and ascorbic acid. In our study, the dif-
ferences observed in the DPPH scavenging activity between the plant extracts may be attributed
to the structure, type, and concentration of phenolic compounds [25]. In [26, 27], the antioxidant
strength of plant extracts varied depending on the content of polyphenols, which are strong ROS
scavengers due to the presence of hydroxyl groups on the aromatic ring. The flavonoid content is
of no less significance. The study by Zheng et al. [28] reports that the position of hydroxyl groups
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and their hydrogen-donating ability, along with the presence of a double bond between C2 and
C3 atoms, play a crucial role in the inhibition of radicals [29]. Ascorbic acid, a well-established
antioxidant and radical scavenger [30], was used as a positive standard due to concerns about the
direct determination of the DPPH radical scavenging activity from the calibration curve [31].

2.4. Hemolysis evaluation. The hemolysis assay is a simple and robust screening test to
evaluate the antioxidant activity of compounds by using erythrocytes as a model to study the inter-
actions between oxidants and antioxidants. The membranes of erythrocytes are rich in unsaturated
fatty acids, which are highly sensitive to free radicals. These membranes are also responsible for
oxygen transport to hemoglobin molecules [13]. Lipid oxidation in erythrocyte membranes induc-
es oxidative stress by affecting membrane fluidity and receptor functions, leading to erythrocyte
degeneration [32].

Fig. 3 illustrates the percentage of hemolysis (break down of red blood cells) in the presence of
the plant extracts and ascorbic acid at a concentration of 1 mg/mL. The lowest value was observed
for ascorbic acid (17 %). The crude, flavonoid, and tannin extracts had higher values (34, 23, and
44 %, respectively).
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Crude extract Flavonoid Tannin  Ascorbic acid
extract extract
Sample

Fig. 3. Hemolysis levels with the C. tinctoria extracts and ascorbic acid, 1 mg/mL

In our study, the ability of erythrocytes to resist free radicals in the extracts was monitored
using spectrophotometry. The antioxidant activity of the extracts varied considerably, with signifi-
cant differences from ascorbic acid, which aligns with the results of the DPPH assay. Nevertheless,
the extracts still displayed notable antioxidant potential due to their phenolic compounds, which
protect biofilms from oxidation by free radicals and thus act as antioxidant agents terminating the
chain reaction associated with these reactive metabolites [33].

2.5. Evaluation of reducing power. Reducing power is associated with the ability of a com-
pound to reduce Fe*" to Fe*" and serves as an indicator of its antioxidant activity. During the FRAP
test, the yellow color of the solution changes to various shades of green and blue, depending on
the reducing power. At higher concentrations of a reducing agent, the amount of Fe*" increases,
which is evident from greater absorbance of the sample. Reducing agents act as antioxidants by
breaking the free radical chain through hydrogen atom donation and reacting with certain peroxide
precursors, preventing peroxide formation [34].

As seen from Fig. 4, at a concentration of 0.1 mg/mL, the tannin extract demonstrated the
highest ferric reducing ability compared to all other tested extracts.
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Fig. 4. Reducing power of the C. tinctoria extracts and ascorbic acid, 0.1 mg /mL

Previous studies have shown a direct correlation between the antioxidant capacity and reduc-
ing power of certain plant extracts [35]. In this study, the reducing power of all extracts increased
with concentration, closely correlating with their antioxidant capacity. Thus, the antioxidant prop-
erties of the extracts were enhanced by reducing agents [36]. The FRAP assay was also consistent
with the DPPH assay, suggesting a correlation between the reducing power and the DPPH scav-
enging activity due to similar underlying mechanisms [37].

2.6. High-performance liquid chromatography. To analyze and separate phenolic com-
pounds present in the extracts, a HPLC analysis was performed (Fig. 5, Table). Based on the
chromatogram of the methanolic (crude) extract (Fig. 5), two phenolic compounds can be iden-
tified (chlorogenic acid and naringin). Their concentrations differed significantly (1.152 and
27.46 ng/mg Ext for chlorogenic acid and naringin, respectively).

150000

100000

Intensity, uVv

0 10 20 30 40 50
t, min
Fig. 5. Chromatogram of the methanolic extract of C. tinctoria. 1 — chlorogenic acid, 2 — naringin
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Table. Phenolic compounds in the methanolic extract of C. tinctoria and their concentrations

Compound Retention time, min Concentration, pug /mg Ext

Gallic acid 5.275 —

Chlorogenic acid 13.437 1.152
Vanillic acid 15.562 —
Caffeic acid 16.225 —
Vanillin 21.462 —
p-Coumaric acid 23.911 —
Rutin 28.868 —

Naringin 34.092 27.46
Quercetin 45.018 —

Chlorogenic acid, also known as 5-O-caffeoylquinic acid (5-CQA), is an ester of cinnamic
acids, such as caffeic and quinic acids [38]. It exhibits various bioactive properties, including
antibacterial, antioxidant, and anticarcinogenic [39], as well as donates hydrogen atoms to reduce
free radicals and inhibit oxidation reactions [40]. Naringin, a predominant flavanone glycoside
(flavonoid) that occurs naturally in many plants, has been reported to possess antioxidant and an-
timicrobial activities [41].

Conclusions

The antioxidant capacity and phenolic composition of C. tinctoria extracts (crude, flavonoid,
and tannin) were examined. All extracts exhibited antioxidant activity in the DPPH, hemolysis,
and FRAP assays, with the tannin extract being the most effective. However, they were still less
potent than ascorbic acid used as a reference compound. The HPLC analysis revealed the presence
of two antioxidant phenolic compounds, chlorogenic acid and naringin, in the crude extract. The
antioxidant efficacy of the extracts varied significantly, which may be attributed to the differences
in their phenolic contents and the influence of environmental factors on the plant’s phytochemical
characteristics. The findings provide valuable insights into the potential of C. tinctoria as a natural
source of antioxidants, as well as into the health benefits its offers. The mechanisms underlying the
antioxidant capacity and medicinal value of C. tinctoria set an agenda for future research.

Conflicts of Interest. The authors declare no conflicts of interest.
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