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Abstract 

Background and purpose: In traditional medicine, species of Cleome (known in Persian as alaf-e-mar) are 

used to treat wounds and earaches, as well as for their antihelmintic, carminative, and anti-arthritic properties. 

Flavonoids, among the most significant phytochemicals in this family, hold pharmacological importance, 

mainly due to their ability to scavenge free radicals. 

Experimental approach: Cleome turkmena Bobrov was collected and extracted in methanol. Compounds 

were isolated by open-column and size-exclusion chromatography. Free radical scavenging ability and 

reduction potential of isolated flavonols along with allantoin were determined according to the scavenging of 

the DPPH (diphenyl-picrylhydrazyl) radical and reducing power of Fe3+ assays. A theoretical study of their 

antioxidant capacity was done using density functional theory calculations. 

Findings/Results: Allantoin (compound 1), 2 known flavonol glycosides (compounds 2, 4), and 1 undescribed 

flavonol glycoside (compound 3) were isolated, and their structures were identified using different 

spectroscopic techniques for the first time in this plant. Among them, compound 4, quercitin-3-O-β-D-

glucoside-7-O-α-L-rhamnoside, exhibited the best free radical scavenging and reducing power effects 

compared to the standards. 

Conclusion and implications: All flavone glycosides isolated from Cleome turkmena Bobrov showed 

favorable DPPH radical scavenging and Fe3+ reducing power. 

Keywords: Cleome turkmena Bobrov; Density functional theory; Flavonoids; Quercetin; Radical scavenging. 

INTRODUCTION 

Cleome, from the Cleomaceae family, is 

known for its unpleasant smell and taste. It 

grows in warm regions and comprises 

approximately 600 species, with 17 species 

being native to Iran (1,2). Various species of 

Cleome have been utilized in traditional 

medicine for their medicinal properties, such as 

being antihelmintic, carminative, anti-arthritic, 

and useful in wound treatment. Cleome 

phytochemicals showed various biological 

activities, like antioxidant and wound-healing 

properties (3,4). Additionally, they are 

consumed as vegetables, with their leaves and 

shoots possessing a pungent mustard-like flavor 

(5). The main phytochemicals derived from this 

genus are flavonoids (6). Cembranoid 

diterpenes, triterpenoids, and sesquiterpenes 

are also found in this genus (3,7). Among all 

these bioactive compounds, phenolic 

compounds-specifically flavonoids and 

flavonol glycosides, are more abundant and 

hold greater pharmacological importance than 

the others (8). 
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Quercetin, kaempferol, myricitrin, and rutin 

are the most common flavonoids found in these 

plants, along with their derivatives (2,9,10). 

Flavonoids exist in either glycoside or aglycone 

forms, although glycoside forms are more 

prevalent (11). As a subcategory of flavonoids, 

flavonols help reduce the risk of cardiovascular 

events (12). Many of the pharmacological 

effects of flavonols are attributed to their ability 

to scavenge free radicals (13). In the context, 

quercetin is a powerful agent that neutralizes 

superoxide radicals. How it is dosed, processed, 

and stored plays a crucial role in preserving its 

antioxidant capabilities, which influences the 

effectiveness of quercetin in preventing and 

treating various diseases (14). Kaempferol is 

similar to quercetin and possesses only one 

hydroxy group on ring B, recognized as a potent 

anti-cancer agent by eliminating reactive 

nitrogen and oxygen species and inhibiting key 

intracellular components like nuclear factor 

kappa B (NF-κB), mitogen-activated protein 

kinases (MAPKs), cyclooxygenase-2 (COX-2), 

and sirtuin 1 (SIRT1) (15). Myricetin, a simple 

flavonol, possesses 3 hydroxy groups on ring B 

and has antioxidant properties that enhance the 

antioxidant status in cancer cells, protecting 

against cancer. Additionally, it reduces 

inflammatory cytokines linked to tissue damage 

in myocardial dysfunction (16). 

Reactive oxygen species (ROS) and free 

radicals are generated simultaneously during 

oxidative metabolic processes within the body, 

playing crucial roles in various physiological 

functions, such as cell signaling, immunity, 

redox regulation, tissue balance, and defense 

against infections. Phenolic antioxidants, 

known for their effectiveness in neutralizing 

free radicals and mitigating their harmful 

effects, find applications in both commercial 

and biological fields. Density functional theory 

(DFT) is based on the concept that the total 

energy of a system can be expressed as a 

function of electron density. DFT has gained 

popularity for its speed, accuracy, and 

applicability to large systems in calculating 

molecular properties (17-19). Antioxidants can 

alleviate the detrimental impact of free radicals 

through mechanisms such as single electron 

transfer followed by proton transfer (SET-PT), 

hydrogen atom transfer (HAT), and sequential 

proton loss electron transfer (SPLET). The DFT 

approach involves analyzing the energies of the 

highest-occupied molecular orbital (HOMO) 

and the lowest-unoccupied molecular orbital 

(LUMO) (20,21). 

Many pharmacological effects of the Cleome 

genus are attributed mainly to flavonols. Since 

many plants in this genus have culinary 

applications, investigating their flavonoid 

content can provide valuable insights for 

phytochemical studies (7,22,23). Accordingly, 

this study was conducted to identify the 

structure of the isolated flavone glycosides 

extracted from Cleome turkmena Bobrov. 

Subsequently, their free radical scavenging 

effects were investigated experimentally. 

Finally, a comparative theoretical study was 

conducted using DFT calculations to explore 

their antioxidant properties and mechanisms of 

action. 

 

MATERIALS AND METHODS 

 

Experimental materials and methods 

Plant material 

Cleome turkmena Bobrov was collected in 

August 2013 from Chahchaheh (36°38′N 

60°19′E, altitude 495 m), Northern Khorasan, 

Iran. The plant was identified by Dr. 

Mohammad Reza Joharchi with voucher 

specimen Number 3393. 

 

General experiments and procedures 

Column chromatography was conducted 

using Lichroperp RP-18 (25-40 µm, Merck) 

and Sephadex-LH (Pharmacia in Uppsala, 

Sweden).To prepare Sephadex LH-20, it was 

swollen in methanol and packed into a 45 cm 

long glass column with a 2 cm inner diameter, 

equipped with a Teflon stopcock, and then 

flushed with the same solvent at a 3 cm/h flow 

rate. Thin layer chromatography (TLC) mobile 

phase consists of CHCl3:MeOH:acetic acid 

(77:20:3), along with ceric sulfate-sulfuric acid 

reagent and a natural product reagent (1% 

methanolic diphenylboric acid-ß-ethylamino 

ester). Computational analysis was carried out 

using Hyperchem v07 and Gaussian 09 

software packages. 1H NMR and 13C NMR 

were taken at 400 and 100 MHz, respectively, 

using DMSO-d6. 
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Extraction and isolation 

The dried aerial parts of plant material (4.0 kg) 

were crushed, pulverized, and extracted by 

methanol in a percolator at 3.6 mL/min for 72 h. 

After filtration, the extract was concentrated and 

subjected to reverse chromatography using 

ethanol:water (fraction-1: 10:90; fraction-2: 

30:70; fraction-3: 70:30; fraction-4: 100:0) as 

mobile phase. The fraction-1 contained sugar and 

salt, as well as fraction-2. The fraction-3 

contained nonpolar constituents, which were put 

aside without any workup. The fraction-2 

contained polar components chromatographed on 

a normal column using CHCl3:MeOH:acetic                  

acid (fraction-2-1:80:10:0; fraction-2-2:80:20:0; 

fraction-2-3:70:30:0; fraction-2-4:69:30:1; 

fraction-2-5:65:30:5). TLC profile developed 

using CHCl3:MeOH:acetic acid (77:20:3) as 

mobile phase. Reagents used for TLC 

development were ceric sulfate-sulfuric acid 

reagent and natural product reagent (1% 

methanolic diphenylboric acid-ß-ethylamino 

ester). Spots with yellow color in TLC of 

fractions 2-2, 2-3, and 2-5 contained flavonoid 

content. They were further subjected to a 

polyamide SC6 column using a stepwise gradient 

of methanol:water (40:60; 75:25; 50:50; 75:25; 

75:25; 100:0) as mobile phase. Based on the 

mentioned TLC profile, the flavonoid subfractions 

were purified further on the Sephadex LH-20 

column (2 × 45) using methanol as the mobile 

phase. Finally, fractions 3a2 (8.9 mg), 2e4 (15.1 

mg), 5d1 (8.3 mg), and 5d2 (6.8 mg) were sent for 

spectrophotometric methods. 

 

Diphenyl-picrylhydrazyl radical scavenging assay 

It was assessed for its scavenging ability by 

transferring a hydrogen atom to a diphenyl-

picrylhydrazyl (DPPH) radical structure 

following previously established methods 

(24,25). In summary, 70 µL of a 1 mM 

methanolic solution of DPPH was combined 

with 20 µL of various concentrations of 

samples and ascorbic acid, which served as the 

positive control (at the concentrations of 1, 10, 

25, 50, 100, and 200 µg/mL), in a 96-well plate. 

Methanol was then added to achieve a total 

volume of 0.20 mL. After 30 min, the 

absorbance was measured at 517 nm. The 

radical scavenging activity was quantified as 

the percentage of inhibition using equation (1): 

 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%)  =  (
(𝐴𝑐 −  𝐴𝑠)

𝐴𝑐
)  ×  100               (𝟏) 

where, "Ac" represents the absorbance of the 

control (blank), and "As" represents the 

absorbance of the samples. The EC50 value 

indicates the sample concentration required to 

50% scavenge of DPPH free radicals. 

 
Reducing power assay 

The capacity of compounds to reduce Fe³⁺ 

was examined following the procedure outlined 

by Salmanian et al. (25). In summary, various 

concentrations of the samples (1, 10, 25, 50, 

100, and 200 µg/mL), 50 µL of phosphate 

buffer (0.2 M, pH 6.6), and 50 µL of potassium 

ferricyanide (1% W/V) were combined in                         

a 96-well plate and incubated at 50 ºC for 30 

min. Subsequently, 50 µL of trichloroacetic 

acid (10% V/V) was added, followed by 50 µL 

of deionized water containing Tween 80 (5% 

V/V) and 10 µL of ferric chloride (0.1% W/V). 

The absorbance was then measured at 700 nm. 

The reducing power was calculated using 

equation (2):  

𝑅𝑒𝑑𝑢𝑐𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 (%) = (
𝐴𝑠

𝐴𝑐
)  ×  100                      (𝟐) 

where, "Ac" represents the absorbance of the 

control (blank), and "As" represents the 

absorbance of the samples (25). 

 
Computational methods 

The electron densities of the confirmed 

structures 2, 3, and 4 were determined using the 

DFT employing the B3LYP (Becke, 3-parameter, 

Lee-Yang-Parr) (26). The molecular structures of 

the compounds under investigation, along with free 

radicals, anions, or related radical cations, were all 

optimized using DFT with the B3LYP functional 

and the 6-311++G** basis set in the Gaussian 03 W 

program while accounting for water solvent effects. 

Various electronic properties were computed using 

frontier orbital theory. Using Koopman's theorem, 

the first ionization potential (IP) of a molecular 

system could be estimated as the negative value of 

the HOMO energy, allowing for the determination 

of the electron affinity (EA) as the LUMO energy 

of the system. Parameters such as hardness, IP, EA, 

and softness were derived using equations 1-10 

previously outlined (26).  
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Fig. 1. Structure of compounds studied. 

 

Antioxidant capacity 

The phenolic hydroxy groups exhibit their 

antioxidant capacity primarily through HAT, 

SET-PT, and SPLET mechanisms. The bond 

dissociation enthalpy (BDE), along with HAT, 

IP, proton dissociation enthalpy (PDE) related 

to SET-PT, and electron transfer enthalpy 

(ETE) and proton affinity (PA) for SPLET, 

were computed using equations 1-10 as detailed 

in previous literature based on the electronic 

and thermal enthalpies of the involved 

compounds. Furthermore, spin density 

distribution analysis was utilized to evaluate the 

free radical scavenging potential, where a 

higher delocalization of spin density indicates 

easier radical formation (27). The structure of 

the studied compounds and their corresponding 

numbering system is depicted in Fig. 1, where 

the glycoside substituent on the C3 or C7 

positions of the flavonol ring was replaced by a 

methyl group for computational simplification. 

 

RESULTS 

 

Spectral data of isolated compounds 

Compound 1: allantoin 

Amorphous white powder, UV (MeOH, nm) 

λmax: 205, 254; IR (NaCl) 3419, 3356, 1726, 

1666, 1535, 1421, 1180, 1012 cm-1. δH 5.22 (d, 

J = 8.4 Hz, H-4), 6.96 (d, J = 8.4 Hz, 4-NH-

CO), 5.81 (2H, s, 6-NH2), 8.04 (m, NH-1), 10.9 

(NH-3). δC 173.0 (C6), 156.8(C5), 156.2 (C2), 

61.8(C4). Positive ESI Mass m/z 159 [M+H] +. 

Compound 2: 4'-O-methylquercetin-3-O-β-D-

glucopyranoside 

A pale-yellow powder; UV (MeOH, nm) 

λmax: 257, 355. δH 3.12-3.83 (overlapping 

signals for H-2″, H-3″, H-4″, H-5″), 3.83 (3H, 

singlet, MeO), 5.56 (doublet, J = 7.6 Hz, H-1″), 

6.20 (doublet, J = 2.0 Hz, H-6), 6.44 (doublet, J 

= 2.0 Hz, H-8), 6.91 (doublet, J = 8.4 Hz, H-5′), 

7.48 (doublet of doublets, J = 8.4, 2.0 Hz, H-6′), 

7.94 (doublet, J = 2.0 Hz, H-2'); δC 56.1 (MeO), 

61.0 (C6″), 70.2 (C5″), 74.8 (C4″), 76.8 (C3″), 

77.9 (C2″), 94.2 (C8), 99.2 (C6), 101.2 (C1″), 

104.4 (C10), 113.9 (C2′), 115.7 (C5′), 121.5 

(C1′), 122.5 (C6′), 133.4 (C3), 147.3 (C4′), 

149.9 (C3′), 156.7 (C2), 156.9 (C9), 161.7 (C5), 

164.8 (C7), 177.8 (C4). Negative ion ESI at 477 

[M-H]-, 447 [M-MeO]-, and 315 [M-Glucosyl 

 

Compound 3: 4ʹ-O-methylquercetin-3-O-β-D-

glucopyranoside-7-O-α-L-rhamnopyranoside 

A pale-yellow powder; UV (MeOH, nm) 

λmax: 255, 351. δH 1.11 (doublet, J = 6.4, H-

6″ʹ), 3.12-5.20 (overlapping signals for H-2″-

H-6″ and H-2″ʹ-H-5″ʹ), 3.87 (3H, singlet, 

MeO), 5.56 (broad singlet, H-1″ʹ), 5.59 

(doublet, J = 7.8, H-1″), 6.45 (doublet, J = 2.2 

Hz, H-6), 6.85 (doublet, J = 2.2 Hz, H-8), 6.92 

(doublet, J = 8.4 Hz, H-5′), 7.55 (doublet of 

doublets, J = 8.4, 2.0 Hz, H-6′), 7.95 (doublet, J 

= 2.0 Hz, H-2'); δC 17.9 (C6″′), 60.5 (C6″), 55.6 

(MeO), 69.6 (C5′″), 69.8 (C3ʹ″), 70.0 (C2′″), 

70.2 (C5″), 71.5 (C4′″), 74.3 (C4″), 76.3 (C3″), 

77.5 (C2″), 94.6 (C8), 98.2 (C1″ʹ), 99.3 (C6), 
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100.6 (C1″), 105.6 (C10), 113.4 (C2′), 115.1 

(C5′), 120.9 (C6′), 122.2 (C1′), 133.2 (C3), 

146.9 (C4′), 149.5 (C3′), 155.9 (C2), 156.8 

(C9), 160.8 (C5), 161.5 (C7), 177.5 (C4). 

Negative ESI mass at 623 [M-H]-, 593 [M-

MeO]-, 477 [M-rhamnosyl]-, 325, and 316. 

 

Compound 4: quercitin-3-O-β-D-

glucopyranside-7-O-α-L-rhamnopyranoside 

A pale-yellow powder; UV (MeOH, nm) 

λmax: 257, 356. δH 1.11 (doublet, J = 6.0, H-

6″ʹ), 3.08-5.20 (overlapping signals for H-2″-

H-6″ and H-2″ʹ-H-5″ʹ), 5.48 (doublet, J = 7.2, 

H-1″), 5.55 (broad singlet, H-1″ʹ), 6.43 (d, J = 

2.0 Hz, H-6), 6.79 (d, J = 2.0 Hz, H-8), 6.85 (d, 

J = 8.8 Hz, H-5′), 7.60 (2H, overlapped, H-6′, 

H-2ʹ); δC 17.9 (C6″′), 60.9 (C6″), 69.8 (C5′″), 

69.9 (C3ʹ″), 70.0 (C2′″), 70.1 (C5″), 71.5 

(C4′″), 74.0 (C4″), 76.4 (C3″), 77.6 (C2″), 94.2 

(C8), 98.3 (C1″ʹ), 99.3 (C6), 100.6 (C1″), 105.6 

(C10), 115.2 (C2′), 116.2 (C5′), 121.0 (C6′), 

121.7 (C1′), 133.5 (C3), 144.8 (C4′), 148.6 

(C3′), 155.9 (C2), 156.6 (C9), 160.8 (C5), 161.5 

(C7), 177.5 (C4). Negative ESI mass: 609 [M-

H]-. 

 

DPPH radical scavenging activity 

In this test, the reduction in absorbance value 

and the color shift from purple to yellow 

signified the conversion of the radical form 

(DPPH•) to neutral DPPH. The percentage                  

of DPPH scavenging activity exhibited                        

by compounds 1-4 isolated from C. turkmena 

across concentrations of 1.0 to 200.0 μg/mL is 

illustrated in Fig. 2A.  

The EC50 values (μg/mL) derived from the 

curves depicted in Fig. 2A are compiled in 

Table 1. Data showed that the inhibition 

potential of DPPH radical by isolated 

compounds 1-4 was in the following order: 4 > 

2 > 3 > ascorbic acid > 1. Therefore, the 

antioxidant potential of compounds 2 and 4 was 

found to be better than ascorbic acid. 

 

Reducing power activity 

Figure 2B represents reducing power 

activities of isolated compounds 1-4 from                    

C. turkmena in the concentration range of                   

1.0-200.0 μg/mL. The ranking order for 

reducing power was 4 > 3 > 2 > quercetin > 1. 

The EC50 value of reduction power for 

quercetin was 50.06 μg/mL (28) (Table 2). 

 

DFT calculation results 

The calculated HOMO and LUMO energies 

of compounds 2-4, obtained using the 

B3LYP/6-311G** level in the polarizable 

continuum model (PCM), are presented in 

Table 3. The energy of the HOMO orbital 

(EHOMO) is commonly regarded as a reliable 

indicator of scavenging activity. A less negative 

EHOMO value, approaching zero, suggests 

higher compound instability and an increased 

likelihood of electron dissociation. Despite the 

similar EHOMO values observed across the 

compounds under investigation, the energy gap 

(Egap) between EHOMO and ELUMO was 

also considered to assess the propensity                         

for electron loss and the formation of a                  

radical state. 

 

  
Fig. 2. Antioxidant activities of isolated compounds from Cleome turkmena Bobrov. Data were expressed as mean ± SD. 

(A) DPPH radical scavenging activity and (B) reducing power. DPPH, Diphenyl-picrylhydrazyl. 



Mohammadpour Dehkordi et al. / RPS 2026; 21(1): 64-76 

 

69 

Table 1. EC50 of DPPH scavenging activity of studied structures. Data were expressed as mean ± SD. 

Compound 1 2 3 4 Ascorbic acid 

EC50 (μg/mL) > 200 15.12 ± 0.64 18.65 ± 1.10 4.50 ± 0.84 19.51 ± 0.14 

EC50, Half-maximal effective concentration. 

 
Table 2. EC50 of reducing power activity of the studied structures. Data were expressed as mean ± SD. 

Compound 1 2 3 4 Quercetin 

EC50 (μg/mL) > 200 35.07 ± 2.31 28.21 ± 1.62 18.47 ± 1.21 50.06 

EC50, Half-maximal effective concentration. 

 
Table 3. HOMO and LUMO energy, energy gap, and other descriptors calculated at 298.15 K, PCM, B3LYP/6-311+ 

+G** level of theory (eV), IP, EA, μ, η, and S. 

Structure EHOMO ELUMO Egap IP EA η μ S 

2 -6.107 -2.250 3.860 6.106 2.249 1.929 -4.178 0.260 

3 -6.230 -2.317 3.912 6.230 2.317 1.956 -4.273 0.255 

4 -6.136 -2.254 3.882 6.136 2.254 1.941 -4.195 0.257 

E, Energy; HOMO, highest-occupied molecular orbital; LUMO, lowest-unoccupied molecular orbital; IP, ionization potential; EA, electron 
affinity; μ, electronic chemical potential; η, hardness; S, softness. 

 

 

Compound 2 exhibited the smallest HOMO-

LUMO Egap of all the compounds studied, 

measuring 3.860 eV, whereas compound 3 

displayed the widest Egap at 3.912 eV. 

Parameters such as chemical hardness (η) and 

electronic chemical potential (μ) serve as 

valuable indicators for describing the stability, 

reactivity, and hardness of compounds. The 

reactivity indices were computed using 

equations 1-5, outlined in Table 3. Notably, 

compound 2 showed the lowest η value at 1.929 

eV, while compound 3 presented the highest 

value at 1.956 eV. The results aligned with the 

LUMO-HOMO band gap trends observed 

across all compounds. Furthermore, compound 

2 exhibited the highest μ value of -4.178 eV 

among the compounds, whereas compound 3 

displayed the lowest μ value of -4.273 eV. 

The computational thermochemical data for 

the compounds under investigation at the 

B3LYP level in water media (PCM) using the 

6-311++G(d,p) basis set are outlined in Table 4. 

The presence of phenolic OH groups on the 5, 

7, 4′, and 3′ positions of flavonoid ring 

contributed to their antioxidant properties. 

These compounds could yield 4 distinct 

phenoxide radicals through the cleavage of O-

H bonds at positions C5, C7, C4′, and C3′. 

Compounds 2 and 4 exhibited 3 possible 

options for O-H bond cleavage, while 

compound 3 had 2 alternatives. 

The formation of ArO• is crucial in all 3 

mechanisms, including HAT, SPLET, and 

SET-PT. Therefore, irrespective of the 

particular mechanism involved, the radical 

scavenging or antioxidant effectiveness of 

flavonoids was associated with the stability of 

the generated radicals. To assess this, the 

dispersion of the unpaired electron in ArO• was 

analyzed in Fig. 3.  

Table 4. Calculated energies of different steps of possible mechanisms of scavenging activity (kJ/mol, at 298.15 K, 

PCM, B3LYP/6-311+ +G** level of theory). 

Structure Substituent BDE IP PDE PA ETE 

2 

7-OH 362.72 

535.70 

72.51 139.10 469.11 

5-OH 386.57 96.36 183.21 448.86 

3′-OH 338.66 48.45 171.64 412.52 

3 
5-OH 363.10 

511.88 
96.72 163.59 445.01 

3′-OH 327.91 61.53 157.15 416.25 

4 

5-OH 383.90 

536.39 

93.00 184.10 445.29 

4′-OH 315.77 24.00 124.25 437.02 

3′-OH 339.57 48.67 167.99 417.08 

BDE, Bond dissociation enthalpy; IP, ionization potential; PDE, proton dissociation enthalpy; PA, proton affinity; ETE, electron transfer enthalpy. 
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Fig. 3. The spin density distribution of the radical species of the structures studied. For computational simplification, all 

glycosidic subunits at C3 and C7 positions were replaced by methyl groups. 

 

 

 
Fig. 4. Highest-occupied molecular orbital shapes of anion species of compounds studied. For computational 

simplification, all glycosidic subunits at C3 and C7 positions were replaced by methyl groups. 
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Fig. 5. Resonance of double bonds of anion species formed on C4' and C3' positions of flavonoids. For computational 

simplification, all glycosidic subunits at C3 and C7 positions were replaced by methyl groups. 

 

The investigation of HOMO distribution of 

anion species of studied structures (Fig. 4) 

revealed that anion formation in C4' and C3' 

positions of the ring B of the flavonoid structure 

was preferred over other positions. Also, anion 

formation in C4'-O was more preferred than in 

C5-O. This observation was in accordance with 

the PDE values presented in Table 4. This 

phenomenon was explained by the fact that 

when the anion was formed at position C4', the 

double bonds were displaced, and the 

conjugation of these double bonds continued to 

ring A of the flavonoid structure (Fig. 5). Thus, 

this anionic structure would be more stable than 

the anion structure that formed on the C3' 

position. 

 

DISCUSSION 

 

Compound 1, with the experimental mass of 

159 [M+H]+ and NMR analysis, indicated 

allantoin, which agrees with the literature (29). 

Compound 2 was isolated as a light yellow solid 

and positively responded to a flavonoid natural 

product reagent (1% 2-aminoethyl 

diphenylborinate). The UV spectrum displayed 

absorption peaks at 257 and 355 nm, indicative 

of flavone derivative characteristics. Analysis 

of the NMR spectrum of the aglycone 

components revealed the presence of a single 

conjugated carbonyl carbon [ν max: 1657cm-1; 

δC 177.8; C4], along with a signal at δH 12.62 

ppm corresponding to a chelated hydroxyl 

group (5-OH). Additionally, meta-coupled 

doublets were observed at δH 6.20 (d, J = 2.0 ) 

and 6.44 (d, J = 2.0 ) representing H-6 and H-8, 

respectively. Ortho-coupled proton signals 

were noted at δH 6.91 (d, J = 8.4 ) and 7.48 (dd, 

J = 8.4, 2.0 ) corresponding to H-5' and H-6', as 

well as δ 7.94 (d, J = 2.0) associated with the H-

2' proton. Following the acid hydrolysis of 

compound 2, the aqueous layer was isolated and 

subjected to TLC analysis, which was 

compared with standard sugars. Based on 

chemical shifts, the sugar was identified as 

glucose (30,31). Ultimately, according to 

HMBC correlations, compound 2 was 

identified as 4'-O-methylquercetin-3-O-β-D-

glucopyranoside as reported by Chang et al. 

(32), which was further validated by the 

negative ion ESI showing peaks at 477 [M-H]-

, 447 [M-MeO]-, and 315 [M-Glucosyl]- (Fig. 

1). Compound 3 displayed a UV spectrum and 

aglycone NMR resonances similar to 

compound 2 but differed in having an 

additional 7-O-rhamnosyl moiety. This was 

evident in the NMR signals at δH 5.56 (broad 

singlet, rhamnosyl-H-1ʺʹ), 5.59 (doublet, J = 

7.8, Glucose-H-1ʺ), 3.12-5.2 (overlapping 

signals from glucosyl H-2ʺ-H-6ʺ and rhamnosyl 

H-2ʺʹ-H-5ʺʹ), and 1.11 (doublet, J = 6.4, 

rhamnosyl H-6ʺʹ), indicating the presence of 

one rhamnosyl and one glucosyl in the 

molecule. Compound 3 was identified as 4ʹ-O-

methylquercetin-3-O-β-D-glucopyranoside-7-

O-α-L-rhamnopyranoside, which was 

confirmed by the negative ion ESI showing 

peaks at 623 [M-H]-, 593 [624-MeO]-, 477 

[624-rhamnosyl]-, and 316 [M-glucosyl-

rhamnosyl]- as an undescribed compound. Its 

similar functional isomer, isorhamnetin-3-O-

glucoside-7-O-rhamnoside, was reported 
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before from Hippophaë rhamnoides (33-35). 

Finally, the NMR resonances of compound 4 

resembled those of compound 3, but without the 

methoxy group on C4ʹ, and were identified as 

quercitin-3-O-β-D-glucopyranoside-7-O-α-L-

rhamnopyranoside (36-38). 

The phenolic hydroxyl group is prone to 

homolytic cleavage upon interaction with a 

radical such as DPPH•. Table 4 presents the 

BDE values for the homolytic cleavage of these 

O-H bonds, calculated using Equation 6 as 

previously outlined (26). Lower BDE values 

suggested higher antioxidant activity and 

implied the potential for a HAT antioxidant 

mechanism.  

Typically, BDE values were lower in the 

ring B (C4′-OH and C3′-OH) than in the ring A 

(C5-OH and C7-OH) within the flavonoid 

structure. In compound 2, the most stable 

radical was formed by cleaving the C3′O-H 

bond in ring B, as it had the lowest BDE of 

338.66 kJ/mol, contrasting with the BDE values 

for the C7O-H (362.72 kJ/mol) and C5O-H 

(386.57 kJ/mol) bonds. Similarly, for 

compounds 3 and 4, the easiest O-H bond 

cleavage occurred at the C4′ and C3′ positions 

in ring B. 

It is noteworthy that among the 4 types of 

hydroxyl groups in the analyzed structures, C4′-

OH in the ring B of the flavonoid system (as 

depicted in Fig. 1) exhibited the lowest BDE 

value, indicating its superior capability to 

donate an H-atom during homolytic O-H bond 

cleavage. Consequently, C4′-OH was identified 

as the primary site for potential H-atom 

donation. 

These data agree with the obtained 

experimental EC50 of the DPPH scavenging 

assay (Table 1). Compound 4 exhibited the 

most scavenging activity among all the 

compounds because it contained 2 OH groups 

at C4′ and C3′ in ring B.  

In SET-PT, an electron is moved from the 

antioxidant to the free radical, creating a radical 

cation that subsequently loses a proton. 

Therefore, IP and PDE are crucial factors in 

elucidating the plausibility of SET-PT. 

The IP for the cleavage of the O-H bond was 

determined using equation 7 (26). As indicated 

in Table 4, the IP values for the studied 

compounds followed the order 4, 2, and 3, 

suggesting a preference for ionization of the 

neutral form of compound 3. Generally, a lower 

IP indicates a higher likelihood of ionization 

and facilitates the transfer of electrons between 

free radicals and antioxidants. Based on this 

criterion, the probability of radical cation 

formation from the neutral form was the 

highest, while the formation of a radical cation 

in compound 4 was less probable. However, the 

IP results do not align with the experimental 

findings presented in this study. 

In the subsequent stage of the mechanism, 

the significant parameter, PDE, gauged the 

propensity for deprotonation of the radical 

cations generated in the first step. PDE was 

derived from the enthalpies of the heterolytic 

O-H bond cleavage according to equation 8 

(26). As demonstrated in Table 4, the lowest 

PDE was observed for C4′-OH in molecule 4, 

indicating a greater inclination towards 

deprotonation in all the structures investigated. 

Additionally, the PDE values were lower in the 

ring B(C4′-OH and C3′-OH) compared to the 

ring A(C5-OH and C7-OH). Consequently, the 

PDE results are consistent with the 

experimental data. Compound 4 displayed the 

highest scavenging activity among the 

compounds due to its possessing 2 OH groups 

with lower PDE and a heightened propensity 

for deprotonation at C4′-OH and C3′-OH in 

ring B. 

An alternative pathway for capturing 

radicals, particularly in polar environments, is 

through SPLET. Foti et al. proposed SPLET as 

a potential mechanism for trapping the DPPH 

free radical using flavonoids in polar solvents 

like methanol. Their study suggested that 

flavonoids initially underwent proton loss from 

the corresponding anion form (ArO-) in 

ionizing solvents. Subsequently, in the second 

step, the anion transferred an electron to the 

DPPH free radical, resulting in the formation of 

ArO• (39). 

The PA and ETE values of the compounds 

under investigation, calculated using equations 

9 and 10 (26), were presented in Table 4. The 

first step of the SPLET mechanism required 

more energy than the second step, indicating 

that the first step was the slowest and rate-

determining step. PA signified the index for the 

first step, while ETA described the second step 
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of the potential SPLET mechanism. Among all 

the OH groups in the studied compounds, C4′-

OH in ring B (molecule 4) and C7-OH in ring 

A (molecule 2) exhibited the lowest PA values, 

suggesting a higher likelihood of proton 

transfer from these OH groups. 

The data in Table 4 also displayed ETE 

values for the anion species at potential OH 

positions in a water environment (PCM) for the 

studied compounds. These values suggested 

that releasing an electron from the anion form 

in C3′-OH of ring B, among all the structures 

studied, was slightly more favorable than 

others, while the generation of radicals in C5-

OH of ring A was unlikely. These values 

correlated logically with the experimental 

EC50 values (Table 2) of the DPPH scavenging 

assay. 

In general, the studied compounds exhibited 

PA values lower than their corresponding BDE 

and IP values, suggesting that SPLET is the 

most likely reaction pathway from a 

thermodynamic standpoint in a water 

environment. Conversely, the high BDE values 

indicated that HAT was not the preferred 

mechanism for these molecules in aqueous 

media. These results are consistent with the 

findings of Foti’s study, who advocated                           

for the SPLET mechanism in the interaction of 

DPPH with flavonoids and quercetin in polar 

solvents and concluded that HAT is 

thermodynamically favored in the gaseous 

media (39). A comparison of electronic 

descriptors, reactivity indices, and 

experimental DPPH scavenging outcomes 

showed that these compounds can donate 

electrons to free radicals instead of                    

capturing them, showing their antioxidant 

properties (39). 

A decrease in spin density at the oxygen 

atom of ArO• typically signified an 

improvement in radical scavenging 

effectiveness. As depicted in Fig. 3, the spin 

density predominantly resided on the oxygen 

atom in the C4′-O• radical, resulting in 

relatively limited electron delocalization in ring 

A (C5 and C7-O•) compared to ring B (C4′ and 

C3′-O•). This localization enhanced the 

stability of the C4′-O• radical, thereby reducing 

the bond dissociation energy of the C4′-OH 

group. 

In the context of the Fenton reaction, OH 

radicals were produced from H2O2 in the 

presence of metal ions like ferrous (Fe2+ + H2O2 

→ Fe3+ + OH- + OH•). Flavonoids can chelate 

Fe2+, Fe3+, and Cu2+ ions and quench their 

related metal-catalyzed free radical production. 

In this way, they show an antioxidant capacity. 

Consequently, a lower PA value indicated 

easier deprotonation and metal chelation. Based 

on the PA values obtained (Table 4), it is 

evident that C4′-OH in ring B and C7-OH in 

ring A exhibited the lowest PA values, 

suggesting higher reactivity in interactions with 

metal ions in aqueous environments. These data 

are in agreement with the results for reducing 

power activity. According to the presented EC50 

value for the reducing power activity (Table 2), 

compound 4 exhibited the highest reducing 

power among all the studied structures. It can 

be related to the lowest PA value at the C4′-OH 

position and its catechol structure because of 

the neighborhood of the hydroxyl group, which 

causes the formation of a bidentate ligand and 

the formation of more stable hexagonal 

chelation rings. 

This study agrees with other studies on the 

in vitro antioxidant activity of quercetin and its 

derivatives. Quercetin acts as an antioxidant in 

vitro by neutralizing free radicals and 

protecting human keratinocytes from hydrogen 

peroxide damage. It chelates metal ions such as 

Cu2+ and Fe2+, which helps reduce oxidative 

damage by inhibiting Fe2+-induced lipid 

peroxidation and preventing iron overload, 

especially in alcoholic liver disease (40). 

Additionally, quercetin prevents oxidative 

modification of low-density lipoprotein (LDL) 

and increases LDL receptor expression, thereby 

minimizing LDL oxidative damage (41). In the 

in vivo systems, the antioxidant mechanism of 

quercetin is somewhat different. It primarily 

involves regulating glutathione levels to boost 

antioxidant capacity. It facilitates the 

conversion of superoxide (O2-) to hydrogen 

peroxide (H2O2) via superoxide dismutase 2, 

and glutathione peroxidase, then breaks down 

H2O2 into water, relying on glutathione for 

reducing hydrogen (42). Quercetin enhances 

the expression of antioxidant enzymes like 

glutathione transferase and aldo-keto reductase, 

with levels increasing in proportion to quercetin 
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intake (42). It also upregulates genes associated 

with oxidative stress in vivo and in vitro, 

providing protective effects on granulosa cells 

(43). 

In addition, this study investigated the 

mechanisms of the antioxidant effect using 

DFT calculations. In addition to confirming the 

laboratory effects, this computational and 

theoretical approach helps to analyze the 

electronic structure of the desired compounds 

and provide detailed insight into their reactivity 

and various interactions, including hydrogen, 

hydrophobic, and van der Waals bonds at the 

molecular level. This allows researchers to find 

out how these compounds transfer electrons or 

hydrogen atoms and ultimately neutralize ROS 

or free radicals (44,45). 

 

CONCLUSION 

 

In conclusion, allantoin and 3 known 

flavonol glycosides were isolated from C. 

turkmena Bobrov. Compounds 2, 3, and 4 

demonstrated strong ferric reduction power and 

high scavenging activity against DPPH free 

radicals. Both methodologies indicated that the 

4′-OH group was the most favorable site for 

homolytic and heterolytic O-H bond cleavage 

in an aqueous environment, while the 5-OH 

group was not preferred for neutralizing 

radicals. In aqueous conditions, the SPLET 

mechanism appears to be the energetically 

favored reaction pathway, with the PA of the 

OH groups significantly lower than their 

corresponding BDEs and IPs. This research 

underscores the potential utility of DFT 

(B3LYP) methods in exploring the energetic 

aspects of free radical scavenging by 

flavonoids. Ultimately, it concluded that 

flavonoids exhibited stronger antioxidant 

effects when they contain: a. more phenolic OH 

groups in their structures; b. phenolic OH 

substituents at the C4′ and C7 positions; and c. 

substitutions on the ring B that increase 

conjugated double bonds, facilitating electron 

density delocalization. 
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