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Abstract: This study reports a green, one-step synthesis of reduced graphene oxide (MERCL-rGO) 

using a methanolic extract of Rhus coriaria (L.) leaves (MERCL) as a reducing agent. The successful 

bioreduction was confirmed by comprehensive characterization. UV-Vis spectroscopy showed a 

redshifted absorption peak at 250 nm, while Raman spectra indicated an increased ID/IG ratio (1.08), 

confirming defect generation. XRD and TEM analyses revealed a crystalline, flower plate nanostructure 

with an average size of 9.6 nm. The cytotoxicity of the synthesized MERCL-rGO nanosheets was 

evaluated in MCF-7 breast cancer cells, with a dose-dependent reduction in cell viability and an IC50 

of 212.84 μg/ml. Furthermore, the alkaline comet assay demonstrated significant genotoxicity at the 

IC50 concentration, inducing DNA damage in treated cells. The findings suggest that the 

phytochemicals in the leaf have promising potential as cytotoxic and genotoxic agents against breast 

cancer cells, warranting further investigation for therapeutic applications.  
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1. Introduction 

Cancer remains a leading cause of mortality worldwide, with breast cancer being one 

of the most prevalent and challenging malignancies to treat [1-3]. Breast cancer is a 

heterogeneous disease and occurs due to several factors such as smoking, obesity, alcohol 

consumption, family history, and age [4-6]. Conventional therapies like chemotherapy, while 

effective, often cause severe side effects and face limitations due to drug resistance [7-9]. This 

has spurred the search for novel, more selective therapeutic agents. In this context, 

nanotechnology offers promising platforms, with graphene-based nanomaterials emerging as 

potent tools for cancer therapy, biosensors, drug delivery, and bioimaging [10-14]. Among 

them, reduced graphene oxide (rGO) is particularly attractive due to its high surface area, 

unique electrical properties, and potential for functionalization [15]. rGO is used in various 

cancer treatments, including chemotherapy and photothermal therapy [16,17]. However, 

conventional chemical methods for rGO synthesis often involve toxic reducing agents [18]. 

Consequently, green synthesis using plant extracts as reducing and stabilizing agents has 

gained significant interest as a safe, eco-friendly, and cost-effective alternative [19]. Previous 
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studies have successfully employed various plant extracts for the bioreduction of graphene 

oxide (GO), such as sugarcane bagasse, Kigelia Africana, Verbena officinalis, and Shallots 

[20-23]. Rhus coriaria (L.) (sumac) is a plant known for its high concentration of bioactive 

phytochemicals. While previous work has utilized fruit extract for rGO synthesis [24]. The leaf 

extract presents a distinct and largely unexplored phytochemical profile. Crucially, the 

methanolic extract of Rhus coriaria (L.) leaves (MERCL) is exceptionally rich in essential oils 

and their derivatives, such as oleic acid, in addition to triterpenoids and polyphenols, unlike 

the methanolic extract of Rhus coriaria (L.) fruits, which has a high percentage of essential 

oils, esters, and polyphenols [25]. The essential oils have proven effective as reducing agents 

in green nanosynthesis (nanoparticle synthesis), not just as polyphenols. Furthermore, studies 

have investigated the toxicity of nanosynthesis in cancer treatment, but polyphenols 

consistently highlight their role as reducing agents, particularly in nanomaterials [26–28]. 

Essential oils and their derivatives can act as effective reducing agents via their nucleophilic 

functional groups such as (-OH, -COOH), potentially facilitating GO reduction through 

mechanisms distinct from the purely polyphenol-driven pathways reported for other extracts 

[29,30]. Therefore, a research gap exists in understanding the efficacy and mechanism of GO 

reduction using an essential oil-dominated extract like MERCL, and in evaluating the 

biological activity of the resulting nanomaterial. This study aims to fill this gap by investigating 

the leaf extract of Iraqi Rhus coriaria (L.) as a novel bioreductant for the synthesis of rGO 

nanosheets (MERCL-rGO). We hypothesize that the unique phytochemical composition of 

MERCL will not only efficiently reduce GO but also yield rGO nanosheets with a distinct 

morphology and enhanced bioactivity. The synthesized MERCL-rGO was thoroughly 

characterized and its cytotoxicity and genotoxicity against MCF-7 breast cancer cells were 

evaluated to assess its potential for breast cancer therapy. 

2. Materials and Methods 

2.1. Materials.  

Graphite powder (99.9%), sulpheric acid (H2SO4, 98%), phosphoric acid (H3PO4, 

85%), potassium permanganate (KMnO4, ≥99%), hydrogen peroxide (H2O2, 30%), 

hydrochloric acid (HCl, 37%), and ethanol (C2H5OH, 98%) were used for graphene oxide (GO) 

synthesis. Methanol (CH3OH, 98%) was used for plant extraction. For cell culture and 

bioassays, RPMI-1640 medium, Fetal Bovine Serum (FBS), Trypsin-EDTA, MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), and Dimethyl Sulfoxide (DMSO) 

were procured. The human breast cancer cell line (MCF-7) was obtained from the Iranian 

Biological Resource Center.  

2.2. Methods. 

2.2.1. Rhus coriaria (L.) plant leaves.  

Fresh Iraqi Rhus coriaria (L.) leaves were gathered from Chamchamal city in 

Sulaymaniyah governorate of Iraq in August 2021, and categorized at the Department of 

Biology, Faculty of Science, University of Thi-Qar, Iraq, on the basis of a literature review 

[31]. The leaves were separated from other plant remains, rinsed twice with water to remove 

dust, and then rinsed again with deionized water to ensure no contaminants remained. Keep the 
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leaves at room temperature and away from light once they have dried for three days. Dried 

leaves were processed into a fine powder using a blender and kept at 4°C until required. 

2.2.2. Iraqi Rhus coriaria (L.) leaves extract preparation. 

A modified method [32] was used to create Rhus coriaria (L.) leaves methanolic extract 

(MERCL-rGO). Using a Buncher funnel to separate the extract from the solid material, 10 g of 

leaf powder was combined with 100 mL 70% methanol and agitated at 40°C for 30 minutes. 

The filter was mixed and dried at 40°C using a rotary evaporator. The material residue or dry 

powder is kept while being used. 

2.2.3. Graphene oxide (GO) preparation. 

By using the improved Hummer process [33], graphene oxide is produced. Using a 

stirrer, combine 40 mL of H3PO4 (15.18 M) with 360 mL of H2SO4 (18.4 M) in a 1:9 ratio. 

Add 3 g of graphite powder to the mixture, then gradually stir in 18 g of KMnO4 until the 

liquid turns dark green. The reaction mixture was placed in an ice bath with salt and agitated 

for 12 hours, with the temperature monitored with a thermometer to maintain 50°C. The 

reaction was poured into 400 mL of ice and 3 mL of 30% H2O2 after cooling to room 

temperature, yielding a yellow-colored solution. Following that, it was sieved and put through 

a polyester fabric filter. The liquid is poured into a sieve, filtered through the sieve, and then 

passed through a polyester cloth placed on top of the sieve. The precipitating material was then 

rinsed twice in 200 mL each of water, 30% HCl, and ethanol. Next, the filtrate was centrifuged 

(4000 rpm for 4 hours) while the supernatant was decanted away. The substance was gathered, 

coagulated with 200 mL of ether, and filtered through (Whatman no.1) filter paper. The 

finished product was vacuum-dried for an entire night at room temperature. 

2.2.4. Bioreduction of reduced graphene oxide (MERCL-rGO). 

Reduced graphene oxide was created from the methanolic extract of Rhus coriaria (L.) 

leaves (MERCL-rGO) [34], 100 mL of distilled water with 0.04 g of graphene oxide dissolved 

in it, to create the yellowish-brown reaction mixture.  

 
Figure 1. Schematic illustration of the green synthesis of MERCL-rGO by using the methanolic extract of Iraqi 

Rhus coriaria (L.) (MERC) and its subsequent biological evaluation against MCF-7 breast cancer cells. Where 

MERCL-rGO (Methanolic extract of Iraqi Rhus coriaria (L.)- reduced graphene oxide). 
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Mix 0.01 g of each dried extract of Rhus coriaria (L.) leaves with the GO solution. For 

40 minutes, the reaction mixture is sonicated. The combination was reacted in a water bath at 

95°C for 12 hours. GO's yellowish-brown color changed to black, demonstrating the effective 

removal of oxygen groups from GO. In order to achieve excellent, dried MERCL-rGO, the 

black color mixture was centrifuged at 10000 rpm for 10 minutes. The precipitated product was 

then rinsed with deionized water and vacuumed. The biosynthesized MERCL-rGO was stored 

in a vial for future characterization and biomedical application research. A schematic of the 

overall synthesis and testing workflow is presented in Figure 1. 

2.2.5. Characterization.  

The samples of graphene oxide (GO) and biosynthesized (MERCL-rGO) were 

characterized using several instruments. UV-Vis spectroscopy was identified on a UV-1900 

device (Shimadzu, Japan). Fourier transform infrared (FTIR) spectroscopy was performed over 

a wavenumber range of (4000-400) cm-1 using an IRAffinity-1800 spectrometer (Shimizu, 

Japan). X-ray diffraction (XRD) analysis was conducted using a PW173 diffractometer 

(PHILIPS, Holland). Raman spectroscopy was carried out on a TahranN1-541 device 

(TESCAN, Iran). Surface morphology was examined via field emission scanning electron 

microscopy (FESEM) using a MIRA III microscope (TESCAN, Czech), while transmission 

electron microscopy (TEM) was performed using a Libra 120 instrument (CarZeiss, Germany). 

Finally, gas chromatography-mass spectrometry (GC/MS) analysis was conducted on an 

Agilent 7820A system (USA).  

2.2.6. MTT assay.  

With few modifications, the MTT assay [35] was used to assess the MERCL-rGO 

cytotoxicity. The cell line (MCF-7) was grown at a density of 1x105 cells/well on a 96-well 

plate for 24 hours under ideal conditions (37°C, 5% CO2 in a humidified incubator). After 

removing the growth medium (10% FBS), the cells were given two washes in phosphate buffer 

saline (PBS). The cells were then cultured for 72 hours in fresh maintenance RPMI media (10% 

FBS) with (12.5, 25, 50, 100, and 200 μg/mL) of MERCL-rGO. Each concentration was tested 

in three independent wells (n=3) to ensure reproducibility, with column elution buffer serving 

as the control. Each well received a 10 μL addition of freshly made 5 mg/mL MTT in PBS, 

which was then incubated for 4 hours. The media was taken out, and 100 μL/well of DMSO 

was added. To make the formazan crystals more soluble, plates were gently shaken (formazan 

dyes are purple, crystalline compounds generated by the reduction of tetrazolium salts via 

mitochondrial enzymes in viable cells). A microplate reader was used to measure the 

absorbance at 545 nm. The optical absorbance of the treatment groups was expressed as a 

percentage of the control group's mean absorbance, which was set to 100%. Half-maximal 

inhibitory concentration (IC50) and the percentage of cell toxicity were estimated. 

2.2.7. DNA fragmentation protocol.  

The alkaline comet assay [36], with some modification, was used to measure DNA 

damage. In 25 cm2 flasks, the MCF-7 cell line was grown for 24 hours at 37°C with 5% CO2. 

They were then given MERCL-rGO treatment for 48 hours at IC50 concentration (37°C, 5% 

CO2). Trypsinization, centrifugation, and two rinses in Mg- and Ca-free, ice-cold PBS were 

performed on the cells before they were centrifuged (1000 rpm, 5 minutes) in fresh culture 
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media. Low-melting-point agarose (Type VII) was used to treat the cells (1x104) before they 

were transferred to a glass slide that had already been covered with high-melting-point agarose 

(Type I). The slides were then submerged for 60 minutes at 4°C in a lysis solution made up of 

2.5 M NaCl, 100 mM EDTA, 10 mM Tris, and 1% Triton X-100. After cell lysis in the 

solidified agarose, DNA was unraveled by an alkaline process. After the cells were lysed in the 

agarose that had solidified, DNA was unraveled using an alkaline solution. The slides were 

then washed for 30 minutes at 4°C in electrophoresis buffer (TBE) (300 mM NaOH and 1 mM 

EDTA, pH > 13). Then, electrophoresis was performed for 20 minutes at 4°C with a voltage of 

1.0 V/cm and a 490 mA intensity. It was stained using the EtBr (0.5 g/mL) technique. In this 

test, DNA migration distance gauges the degree of DNA damage under a certain circumstance. 

Comet slides were electrophoretically separated and then fixed in 100% alcohol for 10 minutes 

after being rinsed in 0.4 M Tris-HCl (pH 7.5). Each slide was counted for 100 nuclei, and the 

percentage of cells with and without DNA damage was calculated. The cells were separated 

into two groups for the count: those with undamaged DNA and those with damaged DNA. The 

DNA damage was documented using a fluorescence microscope. It is split into the following 

five classes based on tail size: Class 1 has no tail, Class 2 has a tail that is shorter than the 

diameter of the head (nucleus), Class 3 has a tail that is 1-2 times the diameter of the head, and 

Class 4 has a tail that is longer.  

3. Results and Discussion 

3.1. UV-Vis spectroscopy of MERCL-rGO. 

The successful bioreduction of GO to MERCL-rGO using the methanolic extract of 

Iraqi Rhus coriaria (L.) leaves (MERCL) was confirmed through a series of spectroscopic 

analyses. The UV-Vis absorption spectrum of graphite, GO, and MERCL-rGO is displayed in 

Figure 2. It shows an absorbance peak at 282 nm for the graphite sample, which represents the 

electronic transition (π-π*) of the aromatic C=C bonds [37]. Following oxidation, the UV-Vis 

spectra of GO showed an absorption peak at 226 nm, corresponding to (π-π*) transition of the 

aromatic C=C bonds, and a shoulder at 296 nm attributed to the (n-π*) transitions of aromatic 

C=O bonds [38]. After bioreduction, the spectrum of MERCL-rGO exhibited a notable red 

shift of this peak to 250 nm. This shift is a classic indicator of the restoration of the conjugated 

carbon network within graphene, which aligns with reports for plant-based rGO synthesis, such 

as the shift from 230 nm to 270 nm observed using Clinacanthus nutans [39] and Ocimum 

sanctum L. [40]. This shift confirmed the bioreduction of GO to MERCL-rGO successfully. 

 
Figure 2. UV-Vis spectrum of MERCL-rGO, GO, and graphite. 
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3.2. FTIR spectra of MERCL-rGO. 

The results of the FTIR measurements performed on the three samples. The carbon 

structure of graphite was revealed in the FTIR spectra by a low-intensity peak at 1639 cm-1, 

which indicated the stretching vibration of the (C=C) bond. The FTIR spectrum of GO 

displayed prominent bands at (3360 cm-1 -1454 cm-1), representing the stretching vibration and 

bending vibration of the hydroxyl group (-OH), respectively [41,42]. Additionally, the spectra 

appeared peaks at (2920 cm-1-2850 cm-1), 1739 cm-11620 cm-1, 1222 cm-1, and 1053 cm-1, 

which are attributed to -CH bond stretching vibration, the carbonyl group (C=O), stretching of 

the C=C bond, the C-O of the alkoxy and epoxy bonds, respectively [43,44], in the MERCL-

rGO spectrum. The peaks at 3387 cm-1 and 1381 cm-1 indicated the stretching and bending 

vibrations of the (-OH) group, respectively. The persistence of a broad (–OH) band can be 

attributed to the phytomolecules from the MERCL extract adsorbed on the rGO surface, which 

also contribute to its stabilization. In this spectrum, the intensity of the C=O band at 1739 cm-

1 disappeared significantly, indicating the removal of oxygen-containing functional groups 

[45]. The decrease in intensity of the carbonyl band is more pronounced than in rGO 

synthesised using Citrullus colocynthis [46]. Additionally, the stretching vibration of the C=C 

band was indicated by the peak at 1612 cm-1. The peaks at 1234 cm-1 and 1099 cm-1 were 

attributed to the vibration of the epoxy and alkoxy groups, respectively [47]. Suggesting a high 

reduction efficiency for MERCL, as shown in Figure 3. 

 
Figure 3. FTIR spectroscopy of Graphite, GO, and MERCL-rGO. 

3.3. XRD of MERCL-rGO. 

The XRD spectrum was used to investigate the crystalline structure and interlayer 

spacing (d-spacing). As presented in Figure 4, graphite showed a sharp peak at 26.68° (d-

spacing = 0.334 nm) [48]. Upon oxidation, this peak shifted to 11.42° in the GO spectra, 

corresponding to an increased d-spacing of 0.789 nm due to the intercalation of water 

molecules and the formation of oxygen groups between the layers of graphite [49,50]. After 

bioreduction, the MERCL-rGO pattern displayed a number of peaks and a broad peak at 27.21°, 

indicating a restored graphitic structure with a reduced d-spacing of 0.3276 nm [51]. The d-

spacing of MERCL-rGO is closer to graphite than to GO, confirming the effective removal of 

intercalated oxygen moieties. This value is comparable to, or slightly lower than, other bio-

reduced rGO reports, such as rGO from Zanthoxylum acanthopodium (d-space = 0.36 nm) [52]. 

Suggesting efficient layer stacking in our synthesized material. The crystal size (D) of graphite, 

GO, and MERCL-rGO was calculated by Scherrer's equation as shown in eq. (1), 28.90 nm, 
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10.42 nm, and 40.37 nm, respectively. Further categorization within the results can be achieved 

using subsections where necessary.  

 

D= 
𝑲 𝝀

𝜷 𝐜𝐨𝐬 𝜽
                      (1) 

 

Where D= Crystal size, nm; K = Constant equal, 0.9; λ= wavelength, 0.154 nm; β= 

FWHM (Full width at half maximum intensity), radians; θ= Bragg angle. 

   
(a) (b) (c) 

Figure 4. XRD spectra of (a) graphite; (b) GO; (c) MERCL-rGO.  

3.4. Raman spectroscopy of MERCL-rGO.  

To analyze the significant structural variations caused by the chemical transformations 

of graphite, GO, and MERCL-rGO, these transformations were identified using Raman 

spectroscopy. Figure 5 shows Raman spectra of three samples: graphite, GO, and MERCL-

rGO. The Raman spectrum of graphite pattern showed three bands: the D-band at1330 cm-1 

(associated with structural defects or loss of translation symmetry (A1g) and disordered sp³ 

carbon), the G-band at 1576 cm-1 (related to the in-plane vibration of sp²-hybridized carbon 

and reflected the first-order scattering of the E2g mode), and 2D at 2688 cm-1 (refered to the 

rearrangement of the graphite's structural framework along the axis), respectively [53]. After 

oxidation, the Raman spectrum of GO showed the D-band and G band at 1353 cm-1 and 1597 

cm-1, respectively. In contrast to these, the MERCL-rGO Raman spectra showed the D and G 

bands at 1330 cm-1 and 1590 cm-1, respectively [54]. The intensity ratio of these bands (ID/IG) 

is a key metric for defect density; the intensity ratio (ID/IG) increased from 0.84 for GO to 1.08 

for MERCL-rGO. This increase in the (ID/IG) ratio is a direct consequence of the reduction 

process. While the creation of new, smaller graphitic domains during the removal of oxygen 

functional groups introduces more defects and edges, it also restores sp2 clusters. The net effect 

is often an increase in overall defect density relative to the pre-reduction GO, consistent with 

successful bioreduction reported in other studies [55]. This higher defect density in MERCL-

rGO could provide more active sites for biomolecular interactions, potentially influencing its 

biological activity. 
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Figure 5. Raman spectra of graphite, GO, and MERCL-rGO. 

3.5. FESEM of MERCL-rGO. 

The surface morphology of GO and MERCL-rGO was examined using FESEM. The 

FESEM image of GO shows Figure 6a, which revealed a characteristic wrinkled, sheet-like 

morphology with a smooth, way surface because the intercalation of the oxygen functional 

groups (epoxy, carboxylic, and hydroxyl) on the surface GO by oxidation resulted in the sheets 

becoming more free to move when the measurement was zoomed in to a small nanoscale that 

revealed the thickness at the range of (14.11-30.59 nm) [56]. In contrast, the MERCL-rGO 

image (Figure 6b) shows a unique, distinct flower-plate nanostructure, with petals ranging in 

size from 15.3 to 62.6 nm. This novel morphology suggests that the phytochemicals in MERL 

not only reduce GO but also direct its assembly into a specific architecture during the synthesis 

process [57]. 

  
(a) (b) 

Figure 6. FESEM images of (a) GO; (b) MERCL-rGO. 

3.6. TEM of MERCL-rGO. 

TEM analysis provided further insight into the nanostructure. TEM image of GO 

(Figure 7a) appeared as thin sheets, transparent, and folded layers with a measured thickness 

of approximately 15.54 nm [58]. TEM image of MERCL-rGO (Figure 7b) revealed a layer 

with a maximum thickness of 9.2 nm. This supports the idea that rGO forms from a thin layer. 

It was found that MERCL-rGO has a lower thickness and fewer folds than GO and MERCL-
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rGO, typical of a single graphene sheet that has been thoroughly exfoliated [59], and is superior 

for biological applications. 

  
(a) (b) 

Figure 7. TEM images of (a) GO; (b) MERCL-rGO. 

3.7. Iraqi Rhus coriaria (L.) leaves methanolic extract GC/MS analysis. 

The resultant extract was analyzed using GC/MS. The GC/MS spectrum of the 

methanolic extract (MERCL) Figure 8 revealed 30 phytochemical compounds, which 

summarized in a streamlined Table 1 focusing on the major constituents of essential oils 

(44.32%), Table 2 represented compounds of essential oils esters (28.18%), Table 3 included 

compounds of triterpenoids (14.89%), Table 4 explained constituents of phytosterols (4.87%), 

Table 5 showed compounds of alcohols (4.02%), other significant classes included polyphenols 

(1.13%), aldehydes (1.04%), cyclic amide (0,88%), and peroxides (0.68%), in Table 6, Table 

7, and Table 8, respectively, which represent the constituets of the major phytochemicals in the 

methanolic extract (MERCL). Further categorization within the results can be achieved using 

subsections where necessary.  

 
Figure 8. GC/MS chromatogram of a methanolic extract of Rhus coriaria (L.) leaves.  

Table 1. The phytochemical compounds of essential oils (44.32%) in MERCL were identified by GC/MS. 

NO. 
Reaction 

time (min) 
Area (%) 

Compound 

identified 

Molecular 

formula 

Molecular weight 

(g/mol) 
Structural 

1 22.031 31.76 Oleic acid C18H34O2 282.5 
 

2 19.928 7.08 n-Hexadecanoic acid C16H32O2 256.43 
 

3 22.291 4.46 Octadecanoic acid C18H36O2 284.5 
 

4 22.776 0.58 
9,12-octadecadienoic 

acid (Z,Z) 
C18H32O2 280.46 

 

5 24.438 0.44 
9-Octadecenoic acid 

(E) 
C18H34O2 282.46 
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Table 2. The phytochemical compounds of essential oils esters (28.18%) in MERCL were identified by GC/MS. 

NO. 
Reaction time 

(min) 
Area (%) Compound identified 

Molecular 

formula 

Molecular 

weight (g/mol) 
Structural 

1 21.559 7.40 
9-Octadecanoic acid, 

methyl ester(E) 
C19H36O2 296.48 

 

2 21.476 6.38 
9,12-Octadecadienoic acid 

(Z,Z)-, methyl ester 
C19H34O2 294.47 

 

3 19.487 3.79 
Hexadecanoic acid, methyl 

ester 
C17H34O2 270.45 

 

4 22.533 3.67 
9,12-Octadecadienoic acid, 

methyl ester 
C19H34O2 294.47 

 

5 21.633 3.17 
11-Octadecenoic acid, 

methyl ester 
C19H36O2 296.49 

 

6 22.958 2.02 2-Chloroethyl linoleate C20H35Cl2O 342.9 
 

7 27.424 0.72 

9-Octadecenoic acid (Z),2-

hydroxy-1-(hydroxymethyl) 

ethyl ester 

C21H40O4 356.5 

 

8 4.600 0.51 
Acetic acid, hydroxy, ethyl 

ester 
C4H8O3 104.10 

 

Table 3. The phytochemical compounds of triterpenoids (14.89%) in MERCL were identified by GC/MS. 

NO. 
Reaction 

time (min) 
Area (%) Compound identified 

Molecular 

formula 

Molecular 

weight (g/mol) 
Structural 

1 29.475 7.68 

2,2,4a,6a,9,12b,14a-Octamethyl-

1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,12,12a 

12b,13,14,14a,14b-eicosahydropicene 

C30H50 410 

 

2 32.44 4.41 β Amyrin C30H50O 426.7 

 

3 30.946 2.80 Lupeol C30H50O 426.7 

 

Table 4. The phytochemical compounds of phytosterols ( 4.87%) in MERCL were identified by GC/MS. 

NO. 
Reaction 

time (min) 
Area (%) Compound identified 

Molecular 

formula 

Molecular 

weight (g/mol) 
Structural 

1 28.70 1.93 β-Sitosterol C29H50O 414.7 

 

2 32.054 1.09 
C(14a)-Homo-27-nor-14.beta.-

gammaceran-3.alpha.-ol 
C28H48O4 428.7 

 

3 31.379 0.99 3,20-Allopregnanedione C21H32O2 316.48 

 

4 27.060 0.86 Stigmasterol C29H48O 421.702 

 

Table 5. The phytochemical compounds of alcohols ( 4.02%) in MERCL were identified by GC/MS. 

NO. 
Reaction 

time (min) 
Area (%) Compound identified 

Molecular 

formula 

Molecular 

weight (g/mol) 
Structural 

1 27.718 1.78 
2-methyl-Z,Z-3,13-

octadecadienol 
C19H36O 280.5 

 

2 28.402 1.73 Cedran-diol, (8S,14) C15H26O2 238.36 
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3 25.537 0.53 
1-(2-methyl-allyl)-1,2,3,4-

tetrahydronaphythyalen-2-ol 
C14H18O 202.29 

 

Table 6. The phytochemical compounds of polyphenols (1.13%) in MERCL were identified by GC/MS. 

NO. 
Reaction 

time (min) 
Area (%) 

Compound 

identified 

Molecular 

formula 

Molecular 

weight (g/mol) 
Structural 

1 7.672 0.43 Gallic acid C7H6O5 170.12 

 

2 12.441 0.7 1,2,3-Benzenentriol C6H6O3 126.11 

 

Table 7. The phytochemical compounds of aldehydes (1.04%) in MERCL were identified by GC/MS. 

NO. 
Reaction 

time (min) 
Area (%) Compound identified 

Molecular 

formula 

Molecular 

weight (g/mol) 
Structural 

1 25.052 0.56 9-Octadecenal (Z)  C18H34O 266.5 

 

2 23.209 0.48 
Cyclopropaneoctanal-2-

octyl 
C19H36O 280.5 

 

Table 8. The phytochemical compounds of cyclic amide (0.88%) and peroxide (0.68%) in MERCL were 

identified by GC/MS. 

NO. 
Reaction 

time (min) 

Area 

(%) 
Compound identified 

Molecular 

formula 

Molecular weight 

(g/mol) 
Structural 

1 10.407 0.88 Caprolactam C6H11NO 113.16 

 

2 3.864 0.68 Hydroperoxide, pentyl C5H12O2 104.15 
 

The presence of these bioactive compounds, particularly those bearing active functional 

groups (-OH, -COOH), is crucial for reducing and stabilizing GO. Oleic acid, along with 

polyphenols such as gallic acid, likely acts as the primary reducing agent, facilitating the 

conversion of GO to rGO via nucleophilic reactions with epoxy and carbonyl groups, as 

illustrated in the proposed mechanism (Figure 9).  

 
Figure 9. Mechanism proposed for the production of rGO using the key constituents of the leaves of Iraqi Rhus 

coriaria (L.).  
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3.8. Cytotoxicity of MERCL-rGO. 

The anticancer potential of MERCL-rGO was evaluated against MCF-7 breast cancer 

cells. The MTT assay revealed a dose-dependent decrease in cell viability upon treatment with 

MERCL-rGO for 72 hours, shown in Figure 10. The cell viability dropped from 91.94% at 

12.5μg/mL to 56.05% at 200 μg/mL. The half-maximal inhibitory concentration (IC₅₀) was 

calculated to be 212.8 µg/ml. Nevertheless, this dose-dependent trend is clear and aligns with 

the known cytotoxicity of the graphene family, which can induce cell death by compromising 

membrane integrity, inhibiting cell adhesion, and inducing oxidative stress [60,61]. The 

observed activity can also be synergistically enhanced by the bioactive phytochemicals from 

MERCL, such as triterpenoids and polyphenols, which are known for their anticancer 

properties [62,63]. 

 
Figure 10. MERCL-rGO's ability to prevent the spread of MCF-7. 

3.10. Genotoxicity of MERCL-rGO. 

To investigate the mechanism of cell death, the genotoxic effect of MERCL-rGO was 

assessed using the alkaline comet assay. The comparison between (a) untreated control cells, 

which exhibit intact nuclei with no DNA migration, and (b) cells treated with MERCL-rGO at 

the IC50 concentration is represented in Figure 11. The treated cells displayed clear comet 

formations with elongated tails, indicative of significant DNA strand breaks. This genotoxicity 

is likely indirect, mediated by the generation of reactive oxygen species (ROS) upon MERCL-

rGO's cellular internalization. ROS can cause oxidative damage to DNA, leading to single- and 

double-strand breaks that ultimately trigger apoptosis or other cell death pathways [64]. The 

finding that MERCL-rGO causes DNA damage provides a crucial mechanistic insight into its 

cytotoxic action and underscores its potential as a genotoxic agent for cancer therapy. This 

work reveals genotoxic effects of MERCL-rGO via the comet assay, linking DNA damage to 

phytochemical-driven ROS generation. Notably, the IC50 (212.84 µg/ml) is lower than 

chemically synthesized rGO (e.g., 350 µg/mL), Krętowski and Cechowska-Pasko [65], 

suggesting synergy between rGO’s physical properties and MERCL’s bioactive compounds. 

The proposed mechanism of rGO's effect on cancer cells, as shown in Figure 12, is that rGO 

attacks and penetrates the cell membrane, generating ROS that are key to DNA damage, 

mitochondrial dysfunction, protein damage, and ultimately cell death. The ultra-thin layered 

morphology (FESEM/TEM) and retained oxygen groups (FTIR) of MERCL-rGO facilitate 

membrane interaction and drug-loading potential. This contrasts with aggregates formed by 

chemical reduction Gul et al. [66], highlighting MERCL’s role in stabilizing nanostructures. 
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(a) (b) 

Figure 11. Comet assay of MERCL-rGO effect on MCF-7 cells: (a) untreated (control); (b) treated with 

MERCL-rGO. 

 
Figure 12. Anticancer activity proposed mechanism of reduced graphene oxide (rGO). 

4. Conclusions 

This study demonstrates a novel, eco-friendly route to synthesize reduced graphene 

oxide (rGO) using a methanolic extract of Rhus coriaria (L.) leaves (MERCL). The key finding 

of this work is the formation of a unique flower-plate nanostructure (MERCL-rGO), 

characterized by an ultra-thin, multi-layered morphology with an average size of approximately 

9.6 nm. Comprehensive characterization confirmed the effective phytochemical-mediated 

reduction of GO, as evidenced by the restoration of the sp² carbon network and a significant 

increase in structural defect density (ID/IG = 1.08). The high abundance of essential oils, 

particularly oleic acid (31.76%), in MERCL is proposed as a critical factor driving the 

reduction process, suggesting a distinct mechanism compared to the polyphenol-dominated 

pathways commonly reported. The scientific contribution of this work is threefold: First, it 

establishes MERCL as an efficient reducing agent for the first time, highlighting the 

underexplored potential of essential oil-rich plant extracts in nanomaterial synthesis. Second, 

it yields a uniquely structured rGO nanomaterial with potential advantages for biomedical 

applications due to its high surface area and distinctive morphology. Third, it provides initial 

evidence of the dual cytotoxic and genotoxic effects of MERCL-rGO against MCF-7 breast 

cancer cells, with an IC₅₀ of 212.8 µg/mL, linking its bioactivity to DNA damage induction. 

However, this study has several limitations that must be acknowledged. The research is 

confined to in vitro models, and the proposed reduction mechanism, while supported by 
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phytochemical data, requires further experimental validation, such as reactive oxygen species 

(ROS) generation and specific cell death pathways, to constrain a definitive mechanistic 

conclusion. 
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