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Abstract 

The air dried leaves of Laurus nobilis cultivated in Egypt were extracted by petroleum ether followed by methylene chloride 

then ethyl acetate and finally methanol. The preliminary cytotoxic screening of these extracts against Hep-G2 using vinblastine 

sulfate (IC50= 2.93 μg/ml) as standard showed that petroleum ether, methylene chloride and ethyl acetate extracts exhibited 

strong cytotoxic activity (IC50= 10.6, 5.96 and 3.80 μg/ml, respectively) while the methanolic extract showed moderate activity 

(IC50= 23.2 μg/ml). Bio-guided chromatographic isolation of L. nobilis extracts resulted in isolation of five compounds identified 

as 1-tricosanol (1), reynosin (2), protocatechuic acid (3), vincetoxicoside B (4) and vitexin (5). The chemical structures have 

been established on the basis of physical, chemical and spectroscopic methods (UV, IR, MS, 1H-NMR and 13C-NMRand HSQC) 

in addition to comparison with literature data and /or authentic samples. Reynosin (2) showed the most potent cytotoxic activity 

against Hep-G2 (IC50= 4.98 μg/ml) among other isolated compounds, while vitexin (5) showed the lowest activity (IC50= 219 

μg/ml). Other compounds showed moderate to weak activity. The isolated compounds were docked to caspase3 to reveal their 

possible cytotoxic mechanism of action on the enzymatic level. Protein fraction obtained after 0.5 hr hydrolysis with papain 

showed moderate cytotoxic activity (IC50= 200 μg/ml) and that obtained after 3.5 hr hydrolysis exhibited strong antioxidant 

action (45 % inhibition at a concentration of 200 μg/ml using DPPH assay).  

Keywords: Laurus nobilis; Cytotoxicity; Hep-G2; Reynosin; Molecular modeling; Protein hydrolysis; Antioxidant. 
  

1. Introduction 

Liver cancer is the fourth leading cause of death 

among other cancer types with percentage of 8.2%. It 

is responsible for 782,000 deaths annually in 2018. 

Egypt has the second highest rate of liver cancer after 

Mongolia in 2018 with 32.2/100,000 Age-

standardized rate (ASR) in both sexes. The most 

common type of liver cancer is hepatocellular 

carcinoma (HCC) [1]. Many predisposing risk factors 

for HCC are present including chronic infection with 

hepatitis B virus (HBV) or hepatitis C virus (HCV), 

aflatoxin contaminated foodstuffs, metabolic diseases, 

heavy alcohol intake, obesity, smoking, and type 2 

diabetes [2-4].  

Nature is a rich source of biological and 

chemical diversity. The unique and complex structures 

of natural products cannot be obtained easily by 

chemical synthesis. At present, scientists show 

considerable interest among the discovery of new 

potential anticancer agents from plants [5, 6]. Laurus 

nobilis Linn. also known as sweet bay leaf, true bay 

and bay laurel, is a small aromatic evergreen tree of 

Lauraceae family. The plant is native to the 

Mediterranean region, Asia and it is cultivated in 

Algeria, Morocco, Turkey, Italy, Portugal, Spain and 

Russia [7]. Historically, Laurus leaves were 

considered as symbol for honor, victory and peace. 

Ancient Greek and Romans used laurel wreaths to 

crown their heroes and victors [8, 9]. Many studies on 

L. nobilis revealed the presence of sesquiterpenoids 

[10], flavonoids and flavonoidal glycosides [11], 

anthocyanins and proanthocyanidines [12, 13], 

phenolics [14], norisoprenoids [15], tocopherols [16], 

fixed oils [17], alkaloids [18], organic acids [19] and 

sugars [20]. 

  Laurus nobilis showed wide variety of 

biological activities including antimicrobial [21], 

antifungal [22], analgesic and anti-inflammatory [23], 

antioxidant [24], neuroprotective [25] and 

cardioprotective [26] activity. Also, different extracts 
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and oil of L. nobilis exhibited cytotoxic activity 

against breast cancer cells [27], leukemia cells [28-

30], human neuroblastoma [31], cervical epithelial 

carcinoma [32] and colon carcinoma [33]. 

In the light of the previous information, we aimed 

in the present study for bio-guided isolation of L. 

nobilis active constituents that have cytotoxic activity 

against hepatocellular carcinoma (Hep-

G2).Organization of the manuscript 

2. Experimental 

2.1.  Plant material 

The dried leaves of Laurus nobilis Linn. were 

collected from El-Orman Botanical Garden, Giza, 

Egypt on April 2016. The plant was kindly identified 

by Mrs. Traes Labib, general manager and head of 

specialists for plant taxonomy in El-Orman Botanical 

Garden, Giza, Egypt. A voucher specimen (with 

number L.no.1) was kept in the Pharmacognosy 

Department, Faculty of Pharmacy, Zagazig 

University, Zagazig, Egypt.  

 

2.2. Spectroscopic and Chromatographic analyses  

  

  UV spectra was measured in methanol by 

Shimadzu U.V.-1700 Spectrophotometer (Japan); IR 

was carried out on: FT/IR- 6100 type A (Jasko, 

Germany); EI-MS was performed by Shimadzu MS-

QP5050-A, 70 ev; 1H-NMR and 13C-NMR spectra 

were recorded in CDCl3, CD3OD and DMSO at 400 

and at 100 MHz, respectively using Bruker 

(Switzerland) spectrometer; Chemical shifts were 

given in ppm with the TMS as internal standard. Silica 

gel (Merck 60 - 230 mesh) and sephadex LH-20 

(Fluka, Germany) were used for column 

chromatography, silica gel coated aluminum plates 

(Merck 60 F254, Germany) and precoated cellulose 

sheets (Merck) were used for TLC. Developed 

chromatograms were visualized under UV light, 

spraying with anisaldehyde/sulphuric acid reagent 

followed by heating at 100°C for 10 min. The solvents 

used in this work, ammonium hydroxide, sulphuric 

acid, ferric chloride and glacial acetic acid were of the 

analytical grade. Reference compounds including 

sterols, flavonoids and sugars were obtained from 

Department of Pharmacogonosy, Faculty of 

Pharmacy, Zagazig University.  

 

For the TLC analysis, the following solvent systems 

were used:   

System I:    petroleum ether: methylene chloride: 

methanol (5:5:0.25)  

System II:    methylene chloride: methanol (9.5:0.5) 

System III:    petroleum ether: methylene chloride: 

methanol (15:15:1)  

System IV:    ethyl acetate: formic acid: glacial acetic 

acid: water (10:1.1:1.1:2.7)  

 

2.3. Extraction, preliminary cytotoxic study and bio-

guided isolation  

  Air dried powdered leaves of L. nobilis (5 kg) 

were successively extracted with four different 

organic solvents, petroleum ether followed by 

methylene chloride then ethyl acetate and finally 

methanol. The different extracts were individually 

dried over anhydrous sodium sulphate and freed from 

the solvent by evaporation under reduced pressure to 

afford 52 g, 7 g, 15 g and 50 g, respectively. About 10 

mg sample from each extract was tested for the 

cytotoxicity against Hep-G2 cell line using cell 

viability assay test and vinblastine sulfate (IC50= 2.93 

μg/ml) as standard.  

About 15 g of petroleum ether soluble fraction was 

subjected to column chromatography over silica gel 

(370 g; 3x100 cm). The elution started with petroleum 

ether and the polarity was increased gradually with 

methylene chloride. Column fractions eluted with 50% 

methylene chloride in petroleum ether and 100% 

methylene chloride afforded compounds 1 (25 mg).  

 In addition, about 7 g of methylene chloride 

soluble fraction was subjected to column 

chromatography over silica gel (175 g; 3x50 cm). The 

elution started with petroleum ether and the polarity 

was increased gradually with methylene chloride then 

methanol. Column fractions eluted with 100% 

methylene chloride were combined and concentrated 

to afford compound 2 (42 mg) after crystallization 

from methylene chloride-methanol mixture.  

  Moreover, the methanol extract was 

suspended in water and fractionated against methylene 

chloride and ethyl acetate, about 10 g of this ethyl 

acetate soluble fraction was subjected to column 

chromatography over silica gel (250 g; 3x70 cm). The 

column elution started with methylene chloride and 

the polarity was increased gradually with ethyl acetate 

then methanol. Column fractions eluted with 50% 

ethyl acetate in methylene chloride (0.9 g) was re-

chromatographed over Sephadex LH-20 and eluted 

with methanol to give compound 3 (15 mg). Column 

fractions eluted with 75% ethyl acetate in methylene 

chloride and 100% ethyl acetate were subjected to 

frequent crystallization from methanol to yield 

compound 4 (23 mg) and compound 5 (20 mg), 

respectively.  

 

2.4. Protein extraction, precipitation and purification 

About, 30g of dried powdered leaves of L. 

nobilis were defatted using methylene chloride (0.25 

L x5). The defatted dry powder was dispersed in 

distilled water 10% (w/v) and the pH adjusted to 7 with 

1N sodium hydroxide and kept in constant stirring for 

5 hours at 25 ̊ C. Then the contents were filtered and 

centrifuged at 10000 xg for 15 min at 4 ̊C. The crude 

supernatant was further treated with ammonium 
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sulphate for protein precipitation, with various 

saturation limits from 20 to 80%. The precipitated 

protein obtained using 80% saturation ammonium 

sulphate was centrifuged at 15000 xg for 15 min at 

4 ̊C. Supernatant was decanted and the obtained 

precipitate was reconstituted in distilled water and the 

pH adjusted to 7 with 1N sodium hydroxide. The 

reconstituted pellets were dispensed into dialysis bag 

for purification. The dialysis bag is with one end 

closed and the other end were clamped with clamps 

while keeping sufficient space above the sample and 

placed in a beaker containing more than ten times 

volume of distilled water. Occasional shaking was 

used to improve solute exchange. The distilled water 

was changed once in four hours for 24 h [34, 35]. After 

the purification process, the protein solution was 

lyophilized and stored at -20 C̊ for further use. 

 

2.5. Enzymatic hydrolysis of isolated protein  

 Lyophilized protein isolated from L. nobilis 

was dissolved in 0.1M Na2HPO4-NaH2PO4 buffer pH 

6.0 (100 g L-1) and hydrolyzed by treatment with 

papain (E/S ratio of 1:200 (w/w)) at 37 °C and pH 6.0. 

The hydrolysis was allowed to proceed for 3.5 h, and 

the degree of hydrolysis was determined according to 

previously published method [36] at 30 minutes time 

intervals. At the end of the hydrolysis, the enzyme was 

inactivated by heating in a boiling water bath for 15 

min. Hydrolysate was clarified by centrifugation at 

4000 xg for 30 min at 4 °C to remove insoluble 

substrate fragments, and the supernatant was 

lyophilized and frozen at -20°C until further use.  

 

2.6. Cytotoxic activity 

  Cytotoxicity of L. nobilis extracts, fractions, 

isolated compounds and hydrolyzed protein fractions 

were assessed using cell viability assay as reported 

before [37, 38]. The cells of Hep-G2 were seeded in 

96-well plate at a cell concentration of 1×104 cells per 

well in 100µl of growth medium (Dulbecco’s 

modified Eagle’s medium (DMEM) supplemented 

with 10% heat-inactivated fetal bovine serum, 1% L-

glutamine, HEPES buffer and 50µg/ml gentamycin). 

After 24 h of seeding, fresh media containing different 

concentrations of the tested samples (Two-fold serial 

dilutions dispensed into 96-well and incubated at 37ºC 

in a humidified incubator with 5% CO2 for a period of 

48 h) were added. Three wells were used for each 

concentration of the tested samples. Control cells were 

incubated without any tested samples and with or 

without DMSO. The little percentage of DMSO 

present in the wells (maximal 0.1%) was found not to 

affect the experiment. The incubation was continued 

for 24 h and after that, media were aspirated and 

crystal violet solution (1%) was added to each well for 

at least 30 minutes. The excess stain was removed and 

glacial acetic acid (30%) was then added to all wells, 

mixed thoroughly, and then the optical density (OD) 

was measured with the microplate reader (SunRise, 

TECAN, Inc, USA) to determine the number of viable 

cells and the percentage of viability was calculated as:  

Cell viability% = [1- (ODsample/ODcontrol)] x100% 

Treated samples were compared with the cell control 

in the absence of the tested compounds. All 

experiments were carried out in triplicate. The cell 

cytotoxic effect of each tested compound was 

calculated.  The relation between surviving cells and 

drug concentration was plotted to get the survival 

curve of tumor cell line after treatment with the 

specified compound. The 50% inhibitory 

concentration (IC50) was estimated from graphic plots 

of the dose response curve for each concentration 

using Graphpad Prism software (San Diego, CA. 

USA). Vinblastine sulfate (IC50 = 2.93 µg/ml) was 

used as standard. 

2.7. Molecular docking study 

Molecular docking of isolated compounds from L. 

nobilis leaves extracts was performed using Molecular 

Operating Environment 2009 (MOE) as previously 

described [39]. Shortly, the compounds were 

constructed in 3D structure and their energies were 

minimized and saved to MDB file. Caspase3 X-ray 

crystallographic structure coded as 2J30 was 

downloaded from the Protein Data Bank (R.P.D. 

Bank, RCSB PDB: Homepage, 2020. 

https://www.rcsb.org/. The downloaded protein 

structure was protonated, corrections were done 

automatically for missed connections and their types 

and the potential was fixed for receptor and its atoms. 

The enzyme’s active site was determined relying on 

co-downloaded natural ligand and using surfaces and 

maps. The constructed database of the isolated 

compounds was docked against caspase3 using 

triangle matcher for placement; London dG with ten 

retains for scores and forcefield for refinement. 

Energy, root-mean square deviation (rmsd) and 

formed interactions (bonds) were examined to select 

between the resulted poses.  

 

2.8. Antioxidant activity of protein hydrolysate  

  The antioxidant activity of L. nobilis protein 

hydrolysates obtained after 0.5, 1, 1.5, 2, 2.5, 3 and 3.5 

hr was evaluated using DPPH free radical scavenging 

activity method as reported before [40] with slight 

modification to select the highest activity hydrolysate. 

A 95% ethanolic solution of DPPH radicals was 

freshly prepared at a concentration of 200 μg/ml and 

stored at 10°C in the dark. For evaluation, one 

milliliter of each hydrolysate fraction was mixed with 

3 ml of 0.15 mM DPPH (in 95% ethanol) and the 

mixture was then shaken vigorously using a mixer. 

After that, the reaction mixture was incubated for 30 

min in the darkness at room temperature and the 

absorbance measurements for the resulting solutions 

were recorded with a UV-260 visible 
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spectrophotometer (Shimadzu, Kyoto, Japan) at 517 

nm. Ethanol was used as a control. The radical 

scavenging capacity of the samples was measured as a 

decrease in the absorbance of DPPH radical and it was 

calculated using the following equation:  
% 𝐷𝑃𝑃𝐻 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔

=
𝐴𝑏𝑠. 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠. 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠. 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥 100 

 

3. Results and discussion  

3.1. Preliminary cytotoxic screening and bio-guided 

isolation and characterization of Hep-G2 cytotoxic 

compounds  

Cytotoxic screening of L. nobilis leaves extracts (Fig. 

2 and Table 1) against Hep-G2 showed that petroleum 

ether, methylene chloride and ethyl acetate extracts 

had strong cytotoxic activity (IC50= 10.60, 5.96, 3.80 

μg/ml, respectively), while methanolic extract showed 

moderate activity (IC50= 23.2 μg/ml) compared to 

vinblastine sulfate (IC50 = 2.93 µg/ml) as a standard. 

The extracts that showed strong cytotoxic activity 

were subjected to further investigation and bio-guided 

chromatographic isolation resulting in isolation of 5 

compounds. The chemical structures of the isolated 

compounds are shown in Fig. 1. 

Compound 1 was isolated from the petroleum ether 

extract and eluted by 50% methylene chloride in 

petroleum ether. The IR spectrum showed absorption 

bands for hydroxyl group (3424 cm-1) and long 

aliphatic chain (722 cm-1). ES-MS showed 

characteristic mass fragments at m/z 322 (M+-H2O) 

and 209 [M+-H2O- (CH2)7-CH3]. Other fragments 

appeared at m/z 153, 125 and 97 are a result of 

subsequent loss of CH2 groups. The 1H-NMR showed 

two triplet signals at δH 3.65 ppm (2H, J = 6.8, 6.4 Hz) 

corresponding to the CH2 adjacent to the hydroxyl 

group and at δH 0.89 ppm (3H, J = 7.2, 6.4 Hz) assigned 

for the terminal C-23 methyl group. The other 

methylene protons appeared at δH 1.28-1.56 ppm. The 
13C-NMR spectra showed signal for the C-1 adjacent 

to the hydroxyl group at δC 63.12 ppm. The terminal 

methyl group appeared at δC 14.12 ppm. Other 

methylene carbons appeared in the range of δC 22.7-

32.83 ppm. On the basis of the above discussion, and 

by comparison with the previously reported data [41-

43], compound 1 was confirmed to be 1-tricosanol 

(C23H48O). To our knowledge, this is the first report on 

isolation of 1-tricosanol from Laurus nobilis. 

 
Figure 1: Chemical structures of isolated compounds from L. nobilis leaves’ extracts. 
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Table 1: The IC50 (µg/ml) of L. nobilis extracts, isolated compounds and hydrolyzed protein 

fractions. 
 

Tested material IC50 (µg/ml) Tested material IC50 (µg/ml) 

Petroleum ether extract 10.60 protein fraction 1 (0 time) < 500 

Methylene chloride extract 5.96 protein fraction 2 (0.5 h) 200 

Ethyl acetate extract 3.80 protein fraction 3 (1.0 h) < 500 

Methanol extract 23.20 protein fraction 4 (1.5 h) < 500 

Compound 1 35.20 protein fraction 5 (2.0 h) < 500 

Compound 2 4.98 protein fraction 6 (2.5 h) < 500 

Compound 3 96.30 protein fraction 7 (3.0 h) < 500 

Compound 4 111 protein fraction 8 (3.5 h) < 500 

Compound 5 219   
 

 

Table 2: UV data from spectral analysis of compounds 4 and 5. 

Shifting reagent Compound 4 Compound 5 

Band II Band I Band II Band I 

MeOH 257 349, 327 (sh) 270 329 

MeOH + NaOMe 270 394 279, 228 (sh) 392 

MeOH + AlCl3 273 414 271 341, 304 (sh) 

MeOH + AlCl3 + HCl 269 400, 356 (sh) 276 340, 303 (sh) 

MeOH + NaOAc 259 348 275 340 

MeOH + NaOAc + Boric acid 261 364 270 337, 300 (sh) 
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Figure 2: Percentage of cell viability of Hep-G2 cells treated with different concentrations of L. nobilis 

extracts. 
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Compound 2 was separated from methylene chloride 

extract and eluted by 100% methylene chloride. The 

ES-MS spectrum showed a molecular ion peak [M]+ at 

m/z 248 (C15H20O3) along with other important mass 

fractions at m/z 230 (M+-H2O) and 215 (M+-H2O-

CH3). The IR spectrum showed characteristic 

absorption bands at 3354 (hydroxyl group), 1898 (C-

H bending), 1771 (C=O of γ-lactone) and 1646 cm-1 

(C=C stretching). The 1H-NMR showed four 

downfield signals corresponding to two exocyclic 

methylene groups, two protons on CH2-13 resonate at 

δH 6.09 and 5.41 ppm (br s each) and the other protons 

(CH2-15) resonate at δH 4.99 and 4.86 ppm (both 1 H, 

s). Also, a sharp singlet appeared at δH 0.82 ppm 

corresponding to the methyl group on C-14. The 

proton on C-1 appeared with a downfield shift at δH 

3.51 ppm (1H, dd, J=11.02, 11.6 Hz) due to its direct 

attachment with a hydroxyl group. The 13C-NMR 

spectrum showed a total of fifteen signals. The 

carbonyl appeared at δC 170.78 ppm along with other 

signals at δC 139.36 ppm (C-11), 117.22 ppm (CH2-

13), 79.71 ppm (CH-6) and 49.72 ppm (CH-7). These 

signals in conjunction with the characteristic 

methylene proton resonances at δH 6.09 ppm (1 H, br 

s) and 5.41 ppm (1 H, br s) in the 1 H-NMR spectrum 

suggest the presence of a γ-lactone moiety with an 

exocyclic methylene group. Moreover, olefinic carbon 

signals at δC 142.59 ppm (C-4) and 110.80 ppm (CH2-

15), together with proton resonances at δH 4.99 ppm 

and 4.86 ppm (both 1 H, s), were indicative of another 

exo-double bond. This spectroscopic data showed that 

compound 2 possesses a bicyclic carbon skeleton, 

possibly eudesmane sesquiterpene skeleton. On the 

basis of the above discussion, and by comparison with 

the previously reported data [50-52], compound 2 was 

proved to be reynosin. To our knowledge, this is the 

first report of isolation of reynosin from L. nobilis 

growing in Egypt. 

Compound 3 was isolated from ethyl acetate extract 

after purifying fractions eluted by 50% ethyl acetate in 

methylene chloride over Sephadex LH-20. It gave 

yellow colour with ammonium hydroxide, brown 

charring with 50% aqueous sulphuric acid and green 

colour with ferric chloride (T.S.). The ES-MS 

spectrum showed a molecular ion peak [M]+ at m/z 154 

(C7H6O4). The 1H-NMR exhibited three aromatic 

proton signals at different chemical shifts and splitting 

suggesting that they are not magnetically equivalent. 

Two of them appeared at δH 7.43 (1H, br s, H-2) and 

7.41 ppm (1H, dd, J= 8.0, 2.0 Hz, H6) suggesting that 

they are subjected to the deshielding effect of 

carboxylic group. The other aromatic signal appeared 

at δH 6.79 (1H, d, J= 8.0 Hz, H-5). All that supported 

the 3,4- di-hydroxyl substitution. The 13C-NMR 

spectra of this compound showed seven different, non-

equivalent carbon signals at δC 169.03, 150.08, 144.65, 

122.49, 121.89, 116.34 and 114.36 corresponding to 

C=O, C-4, C-3, C-6, C-1, C-2 and C-5, respectively. 

On the basis of the above discussion, and by 

comparison with the previously reported data [53-55], 

compound 3 was proved to be protocatechuic acid. To 

our knowledge, this is the first report of isolation of 

protocatechuic acid from the Egyptian L. nobilis. 

Compound 4 was eluted from the ethyl acetate 

extract’s column using 75% ethyl acetate in methylene 

chloride. It coloured yellow with dilute solution of 

alkalies and bluish green with neutral ferric chloride. 

A yellow colour develops after addition of few drops 

of 0.01 M AlCl3. Compound 5 tested positive with 

Molisch’s reagent and reduced Fehling’s solution after 

acid hydrolysis [56]. All that suggested the presence 

of flavonoidal glycoside skeleton. the UV spectral 

analysis in methanol (Table 2) showed two absorption 

bands at 349 nm and 257 nm indicating its flavonol 

skeleton [57]. The presence of free hydroxyl group at 

C-4' was confirmed by bathochromic shift after the 

addition of NaOMe. The presence of ortho-

dihydroxylation and free hydroxyl groups at C-3 and 

C-5 was confirmed after addition of AlCl3 followed by 

HCl. ES-MS showed characteristic mass fragment at 

m/z 302 (M+-sugar) in addition to other fragments at 

m/z 153 and 137 that are corresponding to ring A and 

ring B with two hydroxyl groups, respectively. In 1H-

NMR (Table 3), three signals appeared at δH 7.36 (1H, 

d, J= 1.6 Hz, H-2'), 7.32 (1H, dd, J=8.4, 1.6 Hz, H-6') 

and at 6.92 (1H, d, J= 8.4 Hz, H-5') that are 

characteristic for ABX system of B-ring. Other two 

doublet signals appeared in the aromatic region at δH 

6.22 (1H, J=1.2 Hz, H-6) and at 6.39 (1H, J=1.6 Hz, 

H-8) suggesting a 5, 7, di-substituted A ring. The 

glycosidic nature was confirmed by the one anomeric 

proton signal at δ 5.37 (1H, br s) and a doublet at 0.96 

(3H, d, J= 6.4 Hz) suggesting the presence of methyl 

hexose as one sugar unit. The 13C-NMR (Table 4) 

exhibited 21 carbon signals. These signals include one 

carbonyl at δC 178.26 (C-4) characteristic for the 

flavonol skeleton [58], nine quaternary carbons at δC 

104.62, 121.59, 136.05, 145.03, 148.41, 157.14, 

157.92, 161.82 and 164.51 (C-10, C-1 ̀, C-3, C-3 ̀, C-

4 ̀, C-2, C-9, C-5 and C-7, respectively) and one 

methyl at δC 16.25 (C-6 ̀ ̀). The sugar carbons ranged 

from δC 70.51-71.87 ppm. In HSQC, the anomeric 

proton (H-1'') was easily assigned because its peak at 

5.37 ppm was attached directly to 13C peak at 102.15 

ppm. Moreover, the doublet proton signal resonates at 

δH 0.96 is directly attached to carbon atom at δC 16.25 

ppm which confirmed the presence of methyl hexose 

(rhamnose) as one sugar unit. These data are in 

file:///C:/Users/fujitsu/Downloads/Laurus%20nobilis%20cytotoxic%20constituents.docx%23_41mghml
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agreement with previously reported data [59-62], 

compound 4 was proved to be quercetin-7-O-

rhamnoside (syn. vincetoxicoside B). To our 

knowledge, this is the first report of isolation of 

vincetoxicoside B from Laurus nobilis. 

Compound 5 was isolated from the ethyl acetate 

extract and eluted with 100% ethyl acetate. It 

dissolved in dilute solution of alkalies with the 

production of intense yellow colour, while upon 

addition of neutral ferric chloride solution, it gave 

bluish green colour. Also it developed yellow colour 

after addition of few drops of AlCl3 suggesting the 

presence of flavonoidal skeleton. The UV spectral 

analysis in methanol (Table 2) showed two absorption 

bands at 329 nm and 270 nm indicating its flavone 

skeleton [57]. Bathochromic shift after addition of 

NaOMe, AlCl3 and NaOAc indicated the presence of 

free hydroxyl groups at C-4', C-5 and C-7, 

respectively. In ES-MS, fragments appeared at m/z 

324 and 312 is characteristic for the fragmentation of 

8-C glycosides [63]. The presence of fragments at m/z 

165 and 163 confirmed the C- glycosidic linkage of 

ring A. Fragment appeared at m/z 152 confirmed the 

presence of two hydroxyl groups at ring A, while mass 

fragment at m/z 118 confirmed the presence of one 

hydroxyl group in ring B. In 1H-NMR (Table 3), two 

doublet signals appeared at δH 8.02 (2H, J= 8.0 Hz, H-

2',6') and at 6.88 (2H, J= 8.0 Hz, H-3',5') that are 

characteristic for AB system of ring B. Also, one 

singlet signal in the aromatic region at δH 6.27 (1H, H-

6) confirmed a 5, 7, 8-trisubstituted A ring. The 

flavone skeleton was confirmed through the presence 

of the singlet signal localized at 6.78 ppm assigned for 

H-3 olefinic proton. One anomeric proton signal 

appeared at δH 4.67 (1H, d, J= 9.6 Hz) with other 

signals at δ 3.26-4.60 integrated for six protons of the 

sugar moiety. The 13C-NMR (Table 4) spectra 

revealed the presence of 21 carbon signals, including 

one carbonyl at δC 182.04 (C-4) characteristic for the 

flavone skeleton [58]. Another eight non-protonated 

carbons at δC 103.9, 104.6, 121.6, 155.99, 160.38, 

161.14, 162.64 and 163.93 (C-10, C-8, C-1 ̀, C-9, C-5, 

C-4 ̀, C-7 and C-2 respectively). In HSQC, anomeric 

proton of sugar moiety (H-1'') was easily assigned 

because its doublet peak at 4.69 ppm was attached 

directly to 13C peak at 73.51 ppm. The C-6 ̀ ̀ signal of 

glucose appeared at δC 61.27 ppm and the rest of sugar 

carbons ranged from δC 61.83-81.84.  The attachment 

of sugar is confirmed by the downfield shift of 13C 

signal of C-8 (10.52 ppm) compared to apigenin [58]. 

On the basis of the above discussion, and by 

comparison with the previously reported data [63-65], 

compound 5 was proved to be apigenin-8-C-glucoside 

(syn. vitexin). To our knowledge, this is the first report 

of isolation of vitexin from Laurus nobilis growing in 

Egypt. 

Table 3: 1H-NMR data of compounds 4 and 5. 
Compounds 

H-No. 4 5 

2 -- -- 

3 -- 6.78 (1H, s) 

4 -- -- 

5 -- -- 

6 6.22 (1H, d, J=1.2 Hz) 6.27 (1H, s) 

7 -- -- 

8 6.39 (1H, d, J=1.6 Hz) -- 

9 -- -- 

10 -- -- 

1' -- -- 

2' 7.36 (1H, d, J=1.6 Hz) 8.02 (1H, d, J=8.0 Hz) 

3' -- 6.88 (1H, d, J=8.0 Hz) 

4' -- -- 

5' 6.92 (1H, d, J=8.4 Hz) 6.88 (1H, d, J=8.0 Hz) 

6' 7.32 (1H, dd, J=8.4, 1.6 Hz) 8.02 (1H, d, J=8.0 Hz) 

3`-OCH3 -- -- 

Glu-1`` -- 4.67 (1H, d, J=9.6 Hz) 

2`` -- 3.26-4.60 (6H, m) 

3`` -- 

4`` -- 

5`` -- 

6`` -- 

Rha-1 ̀ ̀` 5.37 (1H, br s) -- 

2 ̀ ̀` 4.24 (1H, s) -- 

3 ̀ ̀` 3.35-3.78 (3H, m) -- 

4 ̀ ̀` -- 

5 ̀ ̀` -- 

CH3-rha 0.95 (3H, d, J=6.4 Hz) -- 
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3.2. Isolated compounds and protein hydrolysate Hep-

G2 cytotoxicity 

The cytotoxic activity (Table 1) of L. nobilis 

extracts’ isolated compounds and hydrolyzed protein 

fractions were tested against Hep-G2 cell using 

vinblastine sulfate (IC50= 2.93 μg/ml) as standard. The 

IC50 values are represented in (Table 1). According to 

the American National Cancer Institute (ANCI), the 

modified criteria to consider a crude fraction 

promising for further study [66, 67] are: IC50 ≤ 20 

μg/ml is highly active, IC50 = 21 - 200 μg/ml is 

moderately active, IC50 = 201 – 500 μg/ml is weakly 

active and IC50 > 501 μg/ml is inactive. Thus, ethyl 

acetate extract was the most potent with IC50=3.8 

μg/ml, followed by methylene chloride and petroleum 

ether extracts (IC50 =5.96 μg/ml and 10.6 μg/ml, 

respectively), while methanol extract has moderate 

activity (IC50<  20 μg/ml). Percentage of cell viability 

of Hep-G2 cells treated with different concentrations 

of L. nobilis extracts are shown in Fig. 2. 

Among the five isolated compounds tested against 

Hep-G2, reynosin (2) showed the highest cytotoxic 

activity with with IC50 value of 4.98 μg/ml. 1- 

Tricosanol (1) and protocatechuic acid (3) showed 

intermediate activity with IC50 values of 35.2 and 96.3 

μg/ml, respectively. On the other hand, vitexin (5) 

showed the lowest cytotoxic activity (IC50= 219 

µg/ml). Percentage of cell viability of Hep-G2 cells 

treated with different concentrations of L. nobilis 

isolated compounds are shown in Fig. 3. These results 

showed that reynosin, isolated from the methylene 

chloride extract exhibited higher cytotoxic activity 

than the extract (IC50= 4.98 and 5.96 μg/ml, 

respectively). On the other hand, compounds isolated 

from the petroleum ether and ethyl acetate extracts 

showed lower cytotoxic activity than their original 

extracts suggesting that the high cytotoxic activity of 

these extracts is attributed to the synergism between 

their components.  

All of the protein fractions obtained after the 

enzymatic hydrolysis were screened for their cytotoxic 

activity against Hep-G2 and we found that fraction 

obtained 0.5 h after hydrolysis showed intermediate 

cytotoxic activity with IC50 value of 200 μg/ml. Other 

fractions were inactive (IC50< 500 μg/ml). Percentage 

of cell viability of Hep-G2 cells treated with different 

hydrolysates of L. nobilis proteins are shown in Fig. 4. 

3.3. Molecular docking of isolated compounds against 

caspase3 and their cytotoxicity against Hep-G2 

Caspasae3 is considered as a main enzyme in 

apoptosis process of cancer cells including Hep-G2 

[68]. In this molecular modeling study, we aimed to 

highlight the site of interaction of the isolated 

compounds with caspase3 to initiate apoptosis of Hep-

G2. The results reflected the ability of the isolated 

compounds to interact with caspase3 active site via 

formation of different kinds of bonds, like hydrogen 

bonds, arene-arene hydrophobic and arene-cation 

interactions, with amino acids responsible for 

caspase3 activity (Table 5, Fig. 5). From the docking 

results, it was clear that Arg207 is the most essential 

amino acid for activity which is in agreement with 

natural ligand binding site. 

3.4. Protein hydrolysate antioxidant activity 

The antioxidant activity of the hydrolyzed 

protein fractions (Fig. 6) showed that there is a direct 

relationship between the hydrolysis time, degree of 

hydrolysis and the antioxidant activity. Fraction 

obtained after 3.5 hr hydrolysis showed the highest 

antioxidant activity (45 % inhibition at a concentration 

of 200 μg/ml using DPPH assay). 
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Table 4: 13C-NMR data of compounds 4 and 5. 

Compounds 

C-No. 4 5 

2 157.1 163.9 

3 136.1 102.3 

4 178.3 182.2 

5 161.8 160.5 

6 98.4 98.1 

7 164.5 162.4 

8 93.3 104.5 

9 157.9 156.0 

10 104.6 103.8 

1' 121.6 121.5 

2' 115.6 128.9 

3' 145.0 115.8 

4' 148.4 161.1 

5' 115.0 115.8 

6' 121.5 128.9 

3`-OCH3 -- -- 

Glu-1`` -- 73.5 

2`` -- 70.9 

3`` -- 78.8 

4`` -- 70.5 

5`` -- 81.5 

6`` -- 61.4 

Rha-1 ̀ ̀` 102.2 -- 

2 ̀ ̀` 70.6 -- 

3 ̀ ̀` 70.7 -- 

4 ̀ ̀` 71.9 -- 

5 ̀ ̀` 70.5 -- 

CH3-rha 16.3 -- 
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Figure 3: Percentage of cell viability of Hep-G2 cells treated with different concentrations of L. nobilis 

isolated compounds. 



 N. Nagah et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 5 (2021) 

 

 

2740 

0 time 0.5 hr 

1 hr 1.5 hr 

2 hr 2.5 hr 

 

3 hr 3.5 hrs 

Figure 4: Percentage of cell viability of Hep-G2 cells treated with different concentrations of hydrolyzed 

protein fractions from L. nobilis leaves.  
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Compound Three dimensional Two dimensional 

Reynosin 

 

 

Vincetoxicoside 

B 

 

 

Vitexin 

 

 

Figure 5: Representative examples for molecular docking of L. nobilis isolated compounds to Caspase3 using MOE. 

Figure 6: Antioxidant activity of L. nobilis leaves protein hydrolysates estimated by DPPH assay (% inhibition) at 

different degree of hydrolysis.
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Table 5: Molecular docking of isolated compounds from Laurus nobilis leaves extracts to Caspase3. 

Compound Score Amino acid interactions 

1-tricosanol  -18.3654 Arg207 

reynosin -12.0415 Arg207 

protocatechuic acid -15.4604 Ser205, Arg207 

vincetoxicoside B -18.3651 His121, Arg207, Asn208, Phe250 

vitexin -18.4608 Arg207, Phe256 

 

4. Conclusion  

  From the aforementioned study, we can say 

that Laurus nobilis leaves are potential source of Hep-

G2 cytotoxic active compounds. Reynosin exhibited 

the most potent cytotoxic activity (IC50= 4.98 μg/ml) 

in comparison with standard vinblastine sulfate (IC50= 

2.93 μg/ml), while vitexin exhibited the lowest activity 

(IC50= 219 μg/ml). The promising cytotoxic results of 

reynosin make it a good candidate for further study 

and investigation as a treatment for hepatocellular 

carcinoma. Even other compounds that exhibited 

moderate cytotoxic activity against Hep-G2 could be 

tested against other types of cancer cells. Moreover, L. 

nobilis proteins showed moderate cytotoxic action 

against Hep-G2 (IC50= 200 μg/ml) and strong 

antioxidant activity (45 % inhibition). 

. 

5. Conflicts of interest 

There are no conflicts to declare 

6. Acknowledgment 

Authors are thankful to Mrs. Traes Labib, 

general manager and head of specialists for plant 

taxonomy in El-Orman Botanical Garden, Giza, Egypt 

for identification of the plant. 

7. References 

1. Bray F., Ferlay J., Soerjomataram I., Siegel R.L., 

Torre L.A., et al., Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries. CA 

Cancer J Clin, 68(6), 394-424 (2018). 

2. Raoul J.L., Natural history of hepatocellular 

carcinoma and current treatment options. Semin 

Nucl Med, 38(2), S13-18 (2008). 

3. Okuda K., Hepatocellular carcinoma. J Hepatol, 

32(1 Suppl), 225-237 (2000). 

4. Bruix J., Llovet J.M., Hepatitis B virus and 

hepatocellular carcinoma. J Hepatol, 39 (Suppl 1), 

S59-63 (2003). 

5. Cordell G.A., Beecher C.W., Pezzuto J.M., Can 

ethnopharmacology contribute to the development 

of new anticancer drugs?. J Ethnopharmacol, 32(1-

3), 117-133 (1991). 

6. Heinrich M., Bremner P., Ethnobotany and 

ethnopharmacy - their role for anti-cancer drug 

development. Current Drug Targets, 7(3), 239-245 

(2006). 

7. Serebrynaya F.K., Nasuhova N.M., Konovalov 

D.A., Morphological and anatomical study of the 

leaves of Laurus nobilis L. (Lauraceae), growing in 

the introduction of the northern Caucasus region 

(Russia). Pharmacognosy Journal, 9(4), 519-522 

(2017). 

8. Lanzara P., Pizzetti M., Schuler S., "Simon & 

Schuster's Guide to Trees". New York, Simon & 

Schuster Inc (1978). 

9. Charles D.J., "Bay" In antioxidant properties of 

spices, herbs and other sources. New York, 

Springer Science and Buiseness Media, 181-187 

(2013). 

10. Turk A., Ahn J.H., Jo Y.H., Song J.Y., Khalife 

H.K., NF-κB inhibitory sesquiterpene lactones 

from Lebanese Laurus nobilis. Phytochemistry 

Letters, 30, 120-123 (2019). 

11. Hegazi N.M., Chemistry and biology of phenolics 

isolated from leaves and wood of Laurus nobilis 

(Lauraceae) and from the peels of Punica 

granatum (Punicaceae). Egypt, Ain Shams 

University, Faculty of pharmacy (2014). 

12. Alejo-Armijo A., Tello-Abolafia A., Salido S., 

Altarejos J., Phenolic compounds in laurel wood: a 

new source of proanthocyanidins. Journal of Wood 

Chemistry and Technology, 1-18 (2019). 

13. Longo L., Vasapollo G., Anthocyanins from bay 

(Laurus nobilis L.) berries. Journal of Agricultural 

and Food Chemistry, 53(20), 8063-8067 (2005). 

14. Vallverdú-Queralt A., Regueiro J., Martínez-

Huélamo M., Rinaldi-Alvarenga J.F., Leal L.N., A 

comprehensive study on the phenolic profile of 

widely used culinary herbs and spices: Rosemary, 

thyme, oregano, cinnamon, cumin and bay. Food 

Chemistry, 154, 299-307 (2014). 

15. De Marino S., Borbone N., Zollo F., Ianaro A., Di 

Meglio P., Megastigmane and phenolic 

components from Laurus nobilis L. leaves and 

their inhibitory effects on nitric oxide production. 



 LAURUS NOBILIS HEP-G2 CYTOTOXIC CONSTITUENTS..... 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 5 (2021) 

 

2743 

Journal of Agricultural and Food Chemistry, 

52(25), 7525-7531, (2004). 

16. Uluata S., Ozdemir N., Antioxidant activities and 

oxidative stabilities of some unconventional oil 

seeds. Journal of the American Oil Chemists' 

Society, 89(4), 551-559, (2012). 

17. Hafizoǧlu H., Reunanen M., Studies on the 

components of Lauras nobilis from Turkey with 

special reference to laurel berry fat. Fett 

Wissenschaft Technologie, 95(8), 304-308, (1993). 

18. Pech B., Bruneton J., Alkaloids of Laurus nobilis. 

Journal of Natural Products, 45(5), 560-563, 

(1982). 

19. Dias M.I., Barros L., Duenas M., Alves R.C., 

Oliveira M.B., Nutritional and antioxidant 

contributions of Laurus nobilis L. leaves: would be 

more suitable a wild or a cultivated sample?. Food 

Chemistry, 156, 339-346, (2014). 

20. Pereira C., Barros L., Ferreira I.C., A comparison 

of the nutritional contribution of thirty-nine 

aromatic plants used as condiments and/or herbal 

infusions. Plant Foods for Human Nutrition, 70(2), 

176-183, (2015). 

21. Saleh E.A., Al-Hawary I.I., Elnajar M.M., 

Antibacterial and anti-oxidant activities of laurel 

oil against Staphylococcus aureus and 

Pseudomonas fluorescence in Oreochromis 

niloticus fillets. Slovenian Veterinary Research, 

56, 313-319, (2019). 

22. Aumeeruddy-Elalfi Z., Gurib-Fakim A., 

Mahomoodally F., Antimicrobial, antibiotic 

potentiating activity and phytochemical profile of 

essential oils from exotic and endemic medicinal 

plants of Mauritius. Industrial Crops and Products, 

71, 197-204, (2015). 

23. Lee E.H., Shin J.H., Kim S.S., Lee H., Yang S.R., 

Laurus nobilis leaf extract controls inflammation 

by suppressing NLRP3 inflammasome activation. 

Journal of Cellular Physiology, 234(5), 6854-

6864, (2019). 

24. Taroq A., El Kamari F., Aouam I., El Atki Y., 

Lyoussi B., Antioxidant activities and total 

phenolic and flavonoid content variations of leaf 

extracts of laurus nobilis l. From Morocco. Asian 

Journal of Pharmaceutical and Clinical Research, 

11(12), 540-543, (2018). 

25. Pacifico S., Gallicchio M., Lorenz P., Duckstein 

S.M., Potenza N., Neuroprotective potential of 

Laurus nobilis antioxidant polyphenol enriched 

leaf extracts. Chemical Research Toxicology, 

27(4), 611-626, (2014). 

26. Lee S., Chung S.C., Lee S.H., Park W., Oh I., 

Acylated kaempferol glycosides from Laurus 

nobilis leaves and their inhibitory effects on 

Na+/K+-adenosine triphosphatase. Biological & 

Pharmaceutical Bulletin, 35(3), 428-432, (2012). 

27. Abu-Dahab R., Kasabri V., Afifi F.U., Evaluation 

of the volatile oil composition and antiproliferative 

activity of Laurus nobilis L.(Lauraceae) on breast 

cancer cell line models. Records of Natural 

Products, 8(2), 136-147, (2014). 

28. Moteki H., Hibasami H., Yamada Y., Katsuzaki 

H., Imai K., Specific induction of apoptosis by 1,8-

cineole in two human leukemia cell lines, but not a 

in human stomach cancer cell line. Oncology 

Reports, 9(4), 757-760, (2002). 

29. Saab A.M., Guerrini A., Zeino M., Wiench B., 

Rossi D., Laurus nobilis L. seed extract reveals 

collateral sensitivity in multidrug-resistant p-

glycoprotein-expressing tumor cells. Nutrition and 

Cancer, 67(4), 664-675, (2015). 

30. Saeed M.E.M., Meyer M., Hussein A., Efferth T., 

Cytotoxicity of South-African medicinal plants 

towards sensitive and multidrug-resistant cancer 

cells. Journal of Ethnopharmacology, 186, 209-

223, (2016). 

31. Pacifico S., Gallicchio M., Lorenz P., Potenza N., 

Galasso S., et al., Apolar Laurus nobilis leaf 

extracts induce cytotoxicity and apoptosis towards 

three nervous system cell lines. Food and 

Chemistry Toxicology, 62, 628-637, (2013). 

32. Berrington D., Lall N., Anticancer activity of 

certain herbs and spices on the cervical epithelial 

carcinoma (HeLa) cell line. Evidence Based 

Complementary and Alternative Medicine, (2012). 

33. Inês M., Barreira J., Calhelha R., Queiroz M.J., 

Oliveira M., Two-dimensional PCA highlights the 

differentiated antitumor and antimicrobial activity 

of methanolic and aqueous extracts of Laurus 

nobilis L. from different origins. BioMed Research 

International, (2014). 

34. Thomas A.S., Saravanakumar R., Gupta P.V., 

Evaluation of cytotoxic activity of protein extracts 

from the leaves of Morinda pubescens on human 

cancer cell lines. Revista Brasileira de 

Farmacognosia, 27(1), 99-104 (2017). 

35. Wingfield P., Protein precipitation using 

ammonium sulfate. Current protocols in protein 

science, 13(1), A.3F.1-A.3F.8 (2001). 

36. Otte J., Abdel-Hamid M., Osman A., Comparative 

assessment of peptide concentration in milk protein 

hydrolysates and fractions. International Journal 

of Dairy Science, 10, 228-235 (2015). 

37. Mosmann T., Rapid colorimetric assay for cellular 

growth and survival: application to proliferation 

and cytotoxicity assays. Journal of Immunological 

Methods, 65(1-2), 55-63 (1983). 

38. Gomha S.M., Riyadh S.M., Mahmmoud E.A., 

Elaasser M.M., Synthesis and anticancer activities 

of thiazoles, 1, 3-thiazines, and thiazolidine using 



 N. Nagah et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 5 (2021) 

 

 

2744 

chitosan-grafted-poly (vinylpyridine) as basic 

catalyst. Heterocycles, 91(6), 1227-1243 (2015). 

39. Sayed A.M., Khattab A.R., AboulMagd A.M., 

Hassan H.M., Rateb M.E., Nature as a treasure 

trove of potential anti-SARS-CoV drug leads: a 

structural/mechanistic rationale. RSC Advances, 

10, 19790-19802 (2020). 

40. Ramadan M.F., Osman A.M.O., El-Akad H.M., 

Total antioxidant potential of juices and beverages 

screening by DPPH in vitro assay. 

Wilssenschaftliche Verlagsgesellschaft Stuttgart, 

104, 235-239, (2008). 

41. Peshin T., Kar H., Isolation and characterization of 

β-Sitosterol-3-O-β-D-glucoside from the extract of 

the flowers of Viola odorata. Journal of 

Pharmaceutical Research International, 1-8. 

(2017). 

42. Sultana S., Ali M., Mir S.R., Chemical constituents 

from the leaves of Adenanthera pavonina and 

Erythrina variegata and roots of Heliotropium 

eichwaldii. International Journal of Advances in 

Pharmacy Medicine and Bioallied Sciences, 5(4), 

217-224, (2017). 

43. Singla C., Ali M., Antidandruff activity and 

chemical constituents of the leaves of Betula 

cylindrostachya Lindl. ex Wall. Journal of 

Medicinal Plants Studies, 6(4), 189-193, (2018). 

44. Pretsch E., Bühlmann P., Affolter C., "Structure 

Determination of Organic Compounds: Tables of 

Spectral Data". Berlin, Heidelberg, New York, 

Springer-Verlag, (2000). 

45. Goad J.L., Akihisa T., "Analysis of sterols", 1 st ed, 

Chapman & Hall, London, Weinheim, New York, 

Tokyo, Melbourne, Madras, (1997). 

46. Sarunya C., Nipon T., Duang B., Pichai P., Sukon 

P., Stanol synthesis from palm oil distillate. Chiang 

Mai Journal of Science, 33, 109-116, (2006). 

47. Govindarajan P., Sarada D., Isolation and 

characterization of stigmasterol and β-sitosterol 

from Acacia nilotica (L.) delile ssp indica (benth.) 

brenan. Journal of Pharmceutical Research, 4, 

3601-3602, (2011). 

48. Lukitaningsih E., Phytosterol content in 

Bengkoang (Pachyrhizus Erosus). Pharmacon: 

Jurnal Farmasi Indonesia UMS, 13(2), 47-54, 

(2012). 

49. Pierre L.L., Moses M.N., Isolation and 

characterisation of stigmasterol and β-sitosterol 

from Odontonema strictum (acanthaceae). Journal 

of Innovations in Pharmaceuticals and Biological 

Sciences, 2(1), 88-95, (2015). 

50. Fang F., Sang S., Chen K.Y., Gosslau A., Ho C.-

T., Isolation and identification of cytotoxic 

compounds from Bay leaf (Laurus nobilis). Food 

Chemistry, 93(3), 497-501, (2005). 

51. Al-Attas A.A., El-Shaer N.S., Mohamed G.A., 

Ibrahim S.R., Esmat A., Anti-inflammatory 

sesquiterpenes from Costus speciosus rhizomes. 

Journal of Ethnopharmacology, 176, 365-374, 

(2015). 

52. Coronado-Aceves E.W., Velázquez C., Robles-

Zepeda R.E., Jiménez-Estrada M., Hernández-

Martínez J., Reynosin and santamarine: two 

sesquiterpene lactones from Ambrosia 

confertiflora with bactericidal activity against 

clinical strains of Mycobacterium tuberculosis. 

Pharmaceutical Biology, 54(11), 2623-2628, 

(2016). 

53. An L., Guan S., Shi G., Bao Y., Duan Y., 

Protocatechuic acid from Alpinia oxyphylla against 

MPP+-induced neurotoxicity in PC12 cells. Food 

and Chemical Toxicology, 44(3), 436-443, (2006). 

54. Gutzeit D., Wray V., Winterhalter P., Jerz G., 

Preparative isolation and purification of flavonoids 

and protocatechuic acid from sea buckthorn juice 

concentrate (Hippophaë rhamnoides L. ssp. 

rhamnoides) by High-Speed Counter-Current 

Chromatography. Chromatographia, 65(1), 1-7, 

(2007). 

55. He D., Gu D., Huang Y., Ayupbek A., Yang Y., 

Separation and purification of phenolic acids and 

myricetin from black currant by high-speed 

countercurrent chromatography. Journal of Liquid 

Chromatography & Related Technologies, 32(20), 

3077-3088, (2009). 

56. Trease G.E., Evans W.C., "Trease and Evans' 

pharmacognosy", 15 ed. Edinburgh, London, New 

York, Toronto, WB Saunders, (2002). 

57. Mabry T.J., Markham K.R., Thomas M.B., "The 

systematic identification of flavonoids". Berlin 

Heidlberg, Germany, Springer, (1970). 

58. Harborne J.B., Mabry T.J., "The Flavonoids: 

Advances in Research". London, New York, 

Chapman and Hall, (1982). 

59. Ishiguro K., Nagata S., Fukumoto H., Yamaki M., 

Takagi S., A flavanonol rhamnoside from 

Hypericum japonicum. Phytochemistry, 30(9), 

3152-3153, (1991). 

60. Donia A., Alqasoumi S.I., Awaad A.S., Cracker L., 

Antioxidant activity of Convolvulus hystrix Vahl 

and its chemical constituents. Pakistan Journal of 

Pharmaceutical Sciences, 24, 143-147, (2011). 

61. Chen G., Liu M., Yu M., Zheng C., Wei S. Study 

on the chemical constituents and anti-HBV activity 

of Hypericum japonica. MATEC Web of 

Conferences, EDP Sciences, (2016). 

62. Yang Y.X., An M.M., Jin Y.S., Chen H.S., 

Chemical constituents from the rhizome of 



 LAURUS NOBILIS HEP-G2 CYTOTOXIC CONSTITUENTS..... 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 5 (2021) 

 

2745 

Polygonum paleaceum and their antifungal 

activity. Journal of Asian Natural Products 

Research, 19(1), 47-52, (2017). 

63. Waridel P., Wolfender J.L., Ndjoko K., Hobby 

K.R., Major H.J., Evaluation of quadrupole time-

of-flight tandem mass spectrometry and ion-trap 

multiple-stage mass spectrometry for the 

differentiation of C-glycosidic flavonoid isomers. 

Journal of Chromatography A, 926(1), 29-41, 

(2001). 

64. Colombo R., Yariwake J., McCullagh M., Study of 

C- and O-glycosylflavones in sugarcane extracts 

using liquid chromatography - Exact mass 

measurement mass spectrometry. Journal of 

Brazazilian Chemical Society, 19, 483-490, 

(2008). 

65. Chen G., Dai C., Wang T., Jiang C., Han C., A new 

flavonol from the stem-bark of Premna fulva. 

ARKIVOC: Free Online Journal of Organic 

Chemistry, 2, 179-185, (2010). 

66. Geran R., Protocols for screening chemical agents 

and natural products against animal tumors and 

other biological systems. Cancer chemotherapy 

reports, 3, 17-27 (1972). 

67. Srisawat T., Chumkaew P., Heed-Chim W., 

Sukpondma Y., Kanokwiroon K., Phytochemical 

screening and cytotoxicity of crude extracts of 

Vatica diospyroides Symington Type LS. Tropical 

Journal of Pharmaceutical Research, 12(1), 71-76, 

(2013). 

68. Dong N., Liu X., Zhao T., Wang L., Li H., 

Apoptosis-inducing effects and growth inhibitory 

of a novel chalcone, in human hepatic cancer cells 

and lung cancer cells. Biomedicine & 

Pharmacotherapy, 105, 195-203, (2018). 
 


