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Abstract: Osthole, 7-methoxy-8-(3-methyl-2-butenyl) - 2H-1-Benzopyran-2-one, is an active constituent of Cnidium 
monnieri genus and apiaceae family. The anticancer effect of osthole has been reported due to osthole may inhibit the 
growth, invasion and metastasis of cancer cells Aim: Preparation of osthole from different citrus fruit plant sources and 
evaluates its cytotoxic effect on lung cancer. Methods: osthole from different cultivar of citrus fruits was extracted in 
reflux by using petroleum ether and acetone, the solvent was evaporated and then precipitates and dried then crystallized. 
Osthole structure was characterized by IR and GC-MS. Lung cancer cells A549was treated with different concentration of 
osthole, cell proliferation was measured by MTT assay.  Results: Osthole was extracted from lemon (citrus limon), 
grapefruit (Citrus paradise) and orange (Citrus sinensis) plant sources The  highest concentration of osthole exist in 
grapefruit The IR spectrum grapefruit osthole with the peaks at 1747 cm-1 (coumarinic carbonyl), 1048cm-1 (C-O 
streaching) and 1439 cm-1 (aromatic C=C) confirms the skeleton of osthole. The grapefruit osthole showed well separated 
peaks with retention times16.56 identical with the osthole standard solution. The IC50 value of grapefruit osthole was 46 
µg/ ml against lung cancer cell line after 48 hrs treatment. Conclusion: our findings suggest the osthole exist in citrus fruit 
as lemon, grape fruit, orange practically free of osthole. Osthole has therapeutic application in human lung cancer. 
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Introduction: 

     Lung cancer is one of the most commonly 
diagnosed cancers and the leading cause of death in the 
world, non-small cell lung cancer accounts for 
approximately 85% of all cases, small cell lung cancer 
accounts about 15% (Parkin et al., 2002; Jemal et al., 
2008).Despite advances in diagnostic and therapeutic, 
the survival rate in many countries is generally less than 
15% (Erridge et al., 2007). In order to improve the 
survival rate, intensive efforts have been made to find 
new anticancer agents, and many attentions have been 
drawn to herbal medicines owing to their wide range of 
biological activities, low toxicity and side effects 
(Carter et al., 2008; Hsu et al., 2009). 

 Osthole, 7-methoxy-8-(3-methyl-2-butenyl) - 
2H-1-Benzopyran-2-one (figure 1), is a bioactive simple 
coumarin derivative extracted from many medicinal 
plants such as Cnidium monnieri (L.) Cusson, has long 
been used in traditional Chinese medicine for the 
treatment of eczema, cutaneous pruritus, trichomonas 
vaginalis infection, and sexual dysfunction (Dien et al., 
2012). osthole has many medicinal application including 
anti-inflammatory, anti-oxidant, anti-osteoporotic (Du et 
al., 2015), anti-bacterial, and anti-allergic effects (Cai et 
al., 1991; Hideaki et al., 2002; Zimecki et al., 2009; 
Ming et al., 2011). Furthermore, accumulating evidence 
indicates that osthole possesses anti-tumor effects by 
inhibiting tumor cell growth and inducing apoptosis 
(Yang et al., 2003; Riviere et al., 2006 Chou et al., 

2007; Xu et al., 2011).It has been reported that osthole 
was able to inhibit the migration and invasion of breast 
cancer cells (Yang et al., 2010). However, the effects of 
osthole on hepatocellular carcinoma (HCC) remain 
unknown. The molecular mechanism of osthole’s anti-
tumor effect was not yet clearly known. It has been 
shown that osthole-induced G2/M arrest and apoptosis in 
lung cancer A549 cells were associated with the 
inhibition of Cyclin B1, p-Cdc2 and p-Akt expressions 
and upregulation of the Bax/Bcl-2 ratios (Xu et al., 
2011).Osthole could also downregulate fatty acid 
synthase (FASN) expression. Furthermore, osthole has 
been shown to effectively inhibit (matrix 
metalloproteinase-2 promoter) MMP-2 promoter and 
enzyme activity, which might be one of the causes that 
lead to the inhibition of migration and invasion of breast 
cancer cells by osthole (Yang et al., 2010; Duan et al., 
2016). More studies are needed to fully address the 
molecular mechanisms of the anti-tumor effects of 
osthole. In this study we evaluate the prescence of 
osthole in some citrus fruits and detect its cytotoxic 
effect on lung cancer. 
Material and methods: 
1. Plant materials:  

Grapefruit (Citrus paradise), lemon (citrus limon) 
and orange (Citrus sinensis) were purchased from tanta 
market ( Egypt).  
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2. Chemicals: 

 (3-(4,5-dimethylthiazol-2-yl)-2,5 
diphenyltetrazolium bromide)) (MTT), Dimethyl 
Sulfoxide (DMSO) and Standard osthole were purchased 
from Sigma Chemical Co. (St. Louis, Mo, U. S. A.).All 
other chemicals used were of high grade. 

3. Extraction and isolation of osthole: 

Extraction of osthole from citrus fruit according to 
(YU et al., 2002) method with some modifications, 
Dried citrus fruits were ground and dafatted twice by 
petroleum ether. the defatted samples were extracted by 
acetone in heated reflux,extracted liquid was filterated 
and evaporated to obtain yellow residue.this residue 
dried and recrystallized in diluted ethanol, a light yellow 
acicular crystals were obtained. 
4. FTIR analysis: 

     light yellow acicular crystals were blended with 
potassium bromide. A JNS-CO Spectrum System 4100 
LE FTIR spectrometer (Japan) was used for the analysis 
in the range between 4000 cm−1 and 400 cm−1 at a 
resolution of 4 cm−1 (Liu et al., 2010). 
 5. GC-MS analysis and conditions: 

     Gas chromatography combined with mass 
spectrometry (GC-MS) was used for identification of the 
components. The analysis was performed on Focus GC, 
DSQII (thermo Scientific, USA) a Thermo-TR.5MS 
column, 30m x 250μm x 0.25μm. Inlet temperature was 
250 °C. Oven temperature was initially held at 50°C for 
1 min, then increased to 150 °C at 30°C /min for 2 min, 
then increased to 280°C at 10°C /min and held for 5 min. 
The injection volume was 1μl (splitless). Detection was 
operated under full-scan and selected ion monitoring 
(SIM) mode (Sajjadi et al., 2009; Mahier et al., 2010). 
 
6. Determination of cytotoxic effect of grapefruit 
osthole: 

6.1 Cell line and culture conditions: 

 The human lung cancer cell line A549 was 
obtained from the institution Serum and Vaccine, (Cairo) 
and maintained in DEMEM supplemented with 10% 
FBS, 100 U/ml penicillin, and 100 μg/ ml streptomycin 
at 37°C in a humidified atmosphere of 5% CO2 (Xu et 
al., 2011). 

6.2 MTT Assay: 

Cell proliferation was measured using the MTT 
assay. A549 cells were plated at a density of 1 × 104cells 
per well in 96-well plates overnight and then treated 
with different concentrations of Osthole (0, 10, 20, 40, 
60, 80and 100μg/ml). After 48 h treatment, 20 μl of 
MTT solution (2 mg/ml in PBS) were added to each well 
and the cells were cultured for another 4 h at 37°C. Then 
the medium was totally removed and 150 μl DMSO was 
added to solubilize MTT formazan crystals. Finally, the 
plates were shaken and the optical density was 
determined at 570 nm (OD570) using a ELISA plate 
reader (Yang et al., 2010). 

 
 
 
 

Results: 

Grapefruit, orange and lemon osthole were extracted 
by acetone in reflux to give light yellow crystals. The 
light yellow crystals isolated from Grapefruit and lemon 
with melting point of 83-85 °C, with the peaks at 1747 
cm-1 (coumarinic carbonyl), 1048cm-1 (C-O stretching) 
and 1600 cm-1 (aromatic C=C) confirms the skeleton of 
osthole but orange extract not contain on C=O bond so 
orange free of osthole Fig. (2). The grapefruit extract 
showed well separated peaks with retention times16.56 
identical with the osthole standard solution with 
molecular weight 244 Fig. (3). After analyzing the light 
yellow crystals by IR and GC-MS the structure of 
osthole were confirmed in Grapefruit and lemon whereas 
orange was practically free of this compound. 
 In addition, the results showed that grapefruit osthole 
inhibited the proliferation of lung cancer cells in vitro 
when the cells were treated with different concentrations 
of grapefruit osthole for 48 h then the inhibition rate was 
evaluated by MTT assay. The IC50 value was 46 µg/ ml 
as shown in Fig. (4).  
 

 
Fig (2): FTIR of extracted osthole from different citrus 

fruits    compared to standard 

  



Hamed A. Abosharaf*  Cytotoxic effect of citrus fruits osthole in lung cancer  

  

140 
 

Fig (3): GC-MS chromatogram of grapefruit extract. The 
arrow shows the peak of osthole 

 
Fig (4): Effect of osthole on human cancer A549 cells 
growth. P*< 0.001 versus control group. 

Discussion:   

  Osthole, is an active constituent of Cnidium 
monnieri (L.) Cusson, extracted from many medicinal 
plants and herbs such as Cnidium monnieri and 
Angelica pubescens (YU et al., 2002). Our study 
indicated that osthole exist in some citrus fruits and 
confirmed by IR and GC-MS. IR the peaks at 1747 cm-1 
(coumarinic carbonyl), 1048cm-1 (C-O stretching) and 
1439 cm-1 (aromatic C=C) confirms the skeleton of 
osthole. Osthole has been shown to have comprehensive 
and wider applications as anti-hepatitis, anti-oxidation, 
anti-inflammatory, anti-microbacterial, and antiallergic 
effects (Dien et al., 2012). Furthermore, the anticancer 
effect of Osthole has been reported in a few papers. 
Both in vitro and in vivo studies showed that Osthole 
possessed an anticancer effect by inhibiting human 
cancer cells growth and inducing apoptosis (Okamoto 
et al., 2005). It is reported that Osthole is able to inhibit 
the migration and invasion of breast cancer cells (Yang 
et al., 2010). In our study we showed that osthole has 
anti proliferating effect on human cancer cells. The 
induction of cell cycle arrest and apoptosis are common 
mechanisms proposed for the cytotoxic effects of 
anticancer-drug extracted from herbal medicine (Xavier 
et al., 2009).Cell cycle arrest can trigger proliferation 
inhibition and apoptosis in cancer cells (Chao et al., 
2004).During cell cycle, the G2/M checkpoint is a 
potential target for cancer therapy. It prevents DNA-
damaged cells from entering mitosis and allows for the 
repair of DNA that was damaged in late S or G 2 phases 
prior to mitosis (Wang et al., 2009).The G2/M 
checkpoint is controlled by Cdc2 and Cyclin B1 (Dash 
and El-Deiry, 2005), and some anticancer-drugs could 
induce G2/M arrest through down-regulating the 
expressions of Cyclin B1 and Cdc2 (Yang et al., 2009). 

     This study showed that citrus fruits as grapefruit and 
lemon contain osthole whereas orange free of osthole, 
and show the effect of osthole extracted from grapefruit 
on proliferation of human lung cancer A549 cell. The 
results indicated that osthole has anticancer effect so 
osthole may be a good compound for developing 
anticancer drugs. 

 

 

Conclusion: 

  Our study demonstrated that osthole present in 
grapefruit and lemon. Osthole inhibited the growth of 
human lung cancer A549 cells our findings suggest that 
Osthole may have a therapeutic application in the 
treatment of human lung cancer. 

References 

Cai, J., Yu, B., Xu, G. and Wu, J. (1991): Studies on 
the quality of fructus Cnidii– comparison of 
antibacterial action. Zhongguo Zhong Yao Za 
Zhi. 16: 451–453. 

Carter, B.Z., Mak, D.H., Schober, W.D., Dietrich, 
M.F., Pinilla, C., Vassilev, L.T., Reed, J.C. and 
Andreeff, M. (2008): Triptolide sensitizes AML 
cells to TRAIL-induced apoptosis via decrease of 
XIAP and p53-mediated increase of DR5. Blood. 
111:3742-3750. 

Chao, J.I., Kuo, P.C. and Hsu, T.S. (2004): Down-
regulation of survivin in nitric oxideinduced cell 
growth inhibition and apoptosis of the human 
lung carcinoma cells. J Biol Chem. 279:20267-
20276. 

Chou, S.Y., Hsu, H.C., Wang, K., T., Wang, M.C. and 
Wang, C.C. (2007): Antitumor effects of Osthole 
from Cnidium monnieri: an in vitro and in vivo 
study. Phytother Res. 21: 226–230. 

Dash, B.C. and El-Deiry, W.S. (2005): 
Phosphorylation of p21 in G2/M promotes cyclin 
BCdc2 kinase activity. Mol Cell Biol. 25:3364-
3387. 

Dien, P.H., Nhan, N. T., LeThuy, H. T. and Quang, D. 
N. (2012):  Main constituents from the seeds of 
Vietnamese Cnidium monnieri and cytotoxic 
activity Nat. Prod. Res. 26:2107–2111. 

Du, G.,, Song, Y., Wei, L., Li, L., Wang, X., Xu, 
Q., Zhan, H., Cao, Y., Zheng, Y. and Ding, 
D.(2015): Osthole Inhibits Proliferation and 
Induces Catabolism in Rat Chondrocytes and 
Cartilage Tissue. Cell Physiol 
Biochem. 36(6):2480-93. 

Duan, J., Yang, Y., Liu, H., Dou, P.C. and Tan, 
S.Y.(2016): Osthole ameliorates acute myocardial 
infarction in rats by decreasing the expression of 
inflammatory-related cytokines, diminishing 
MMP-2 expression and activating p-ERK. Int J 
Mol Med. 37(1):207-216. 

Erridge S.C., Moller, H., Price, A. and Brewster, D. 
(2007): International comparisons of survival 
from lung cancer: pitfalls and warnings. Nat Clin 
Pract Oncol. 4:570-577. 

Hideaki, N.T., Yasuko, I. and Kubo, M. (2002): Anti-
allergic Effects of Cnidii Monnieri Fructus (Dried 
Fruits of Cnidium monnieri) and Its Major 
Component Osthol. Biol Pharm Bull. 25: 809–
812. 

0 20 40 60 80 100
0

20

40

60

80

100

IC
50

=46µg/ml

 

%
 v

ia
b
ili

ty

concentration of Grapefruit osthole (µg/ml)



Hamed A. Abosharaf*  Cytotoxic effect of citrus fruits osthole in lung cancer  

  

141 
 

Hsu, S.C., Ou C.C., Chuang, T.C., Li J.W., Lee, Y.J., 
Wang, V., Liu J.Y., Chen, C.S., Lin, S.C. and 
Kao, M.C. (2009): Ganoderma tsugae extract 
inhibits expression of epidermal growth factor 
receptor and angiogenesis in human epidermoid 
carcinoma cells: In vitro and in vivo. Cancer Lett. 
281:108-116. 

Jemal A., Siegel R., Ward E., Hao, Y., Xu J., Murray 
T. and Thun, M.J. (2008): Cancer statistics. CA 
Cancer J Clin. 58:71-96. 

Liu, H., Lo, Y., Tsai, T. and Cham, T. (2010): 
Physicochemical Characterizations of 
Ostholehydroxypropyl- β-cyclodextrin Inclusion 
Complexes with High-Pressure Homogenization 
Method. J. Food Drug Anal. 18(6):391-397. 

Mahier, A.T.J., Al-Doush, I.I., Al-Sheikh, A.K., Al-
Tufail, M. and Bogusz, M.J. (2010): Standardized 
GC-MS (EI) procedure for monitoring the 
detection and identification performance applied 
to herbal remedies. Accred Qual Assur. 15(12); 
659-664. 

Ming, L.G., Zhou, J., Cheng, G.Z., Ma, H.P. and 
Chen, K.M. (2011): Osthol, a Coumarin Isolated 
from Common Cnidium Fruit, Enhances the 
Differentiation and Maturation of Osteoblasts in 
vitro. Pharmacology. 88: 33–43. 

Okamoto, T., Kobayashi, T., Yoshida, S.( 2005): 
Chemical aspects of coumarin compounds for the 
prevention of hepatocellular carcinomas. Curr 
Med Chem Anticancer Agents. 5:47-51. 

Parkin, D.M., Bray, F., Ferlay, J. and Pisani, P. 
(2002): Global cancer statistics. CA Cancer J 
Clin. 55:74-108. 

Riviere, C., Goossens, L., Pommery, N., Fourneau, C. 
and Delelis, A.(2006): Antiproliferative effects of 
isopentenylated coumarins isolated from 
Phellolophium madagascariense Baker. Nat. Prod. 
Res. 20: 909–916. 

Sajjadi, S.E., Zeinvand, H., and Shokoohinia, Y. 
(2009): Isolation and identification of osthol from 
the fruits and essential oil composition of the 

leaves of Prangos asperula Boiss. Res. Pharm.Sci. 
4(1): 19-23 

Wang, Y., Ji, P., Liu, J., Broaddus, R.R., Xue, F. and 
Zhang, W. (2009): Centrosome associated 
regulators of the G (2)/M checkpoint as targets for 
cancer therapy. Mol Cancer. 8:8. 

Xavier, C.P., Lima, C.F., Preto, A., Seruca, R., 
Fernandes-Ferreira, M. and Pereira- Wilson, C. 
(2009): Luteolin, quercetin and ursolic acid are 
potent inhibitors of proliferation and inducers of 
apoptosis in both KRAS and BRAF mutated 
human colorectal cancer cells. Cancer Lett. 
281:162-170. 

Xu, X., Zhang, Y., Qu, D., Jiang, T. and Li, S. (2011): 
Osthole induces G2/M arrest and apoptosis in 
lung cancer A549 cells by modulating PI3K/Akt 
pathway. J Exp Clin Cancer Res.. 30: 33. 

Yang, C.J., Wang, C.S., Hung, J.Y., Huang, H.W., 
Chia, Y.C., Wang, P.H., Weng, C.F. and Huang, 
M.S. (2009): Pyrogallol induces G2-M arrest in 
human lung cancer cells and inhibits tumor 
growth in an animal model. Lung Cancer. 66:162-
168. 

Yang, D., Gu, T., Wang, T., Tang, Q. and Ma, C. 
(2010): Effects of osthole on migration and 
invasion in breast cancer cells. Biosci Biotechnol 
Biochem. 74: 1430–1434. 

Yang, L.L., Wang, M., Chen, L.G. and Wang, C.C. 
(2003): Cytotoxic activity of coumarins from the 
fruits of Cnidium monnieri on leukemia cell lines. 
Planta Med. 69: 1091–1095. 

YU, C., Chen, I. and Cham, T. (2002): isolation and 
gas chromatography method for determination of 
osthole from cnidii fructus.  J Food Drug Anal. 
10: 154-158. 

Zimecki, M., Artym, J., Cisowski, W., Mazol, I. and 
Wlodarczyk, M. (2009): Immunomodulatory and 
anti-inflammatory activity of selected osthole 
derivatives. Z Naturforsch C. 64: 361–368. 

 

 
 

سرطان الرئهالسمى الثول الموالح على لتأثير ا  

 حامد عادل ابراهيم ابوشرف

اجامعة طنط –كلية العلوم  - قسم الكيمياء  

وهذه الماده كانت  أون)- 2- بينزوبيوران-1- هيدرو2- بيوتيل-2- ميثيل-3(-8- ميزوكسى- 7 االوثول فى العائلة الخيميه واالسم العلمى  لها توجد مادة
مستخدمه كعالج صينى قديم فاستخدمت فى عالج االمراض الجلديه مثل االكزيما وعالج االمراض الجنسيه وفى بعض االبحاث القليله ثبت ان 

لساملالوثول يعالج االمراض السرطانيه. تهدف هذه الدراسه الى عزل االثول  من مصادر نباتيه مختلفه (الموالح) وتقييم النشاط ا  االوثول
الموجود فى اعلى مصدر. فى هذه الدراسه تم استخالص االثول من الموالح مثل الجريب فروت والليمون والبرتقال باستخدام البتروليم ايثر 

 . باالضافه الى ذلك تمHPLC و GS- MS و FTIRواالسيتون. االثول  المستخلص من الجريب فروت تم  التاكد من وجوده باستخدام تقنيه 
. لقد اوضحت نتائج تحليل MTTتقييم التاثيرالسام لالثول  المستخلص من الجريب فروت على خاليا سرطان الرئه البشريه باستخدام تحليل 

IR  الى وجود رابطه بينC=O   وبين 1- سم1747عندC=C  وبين 1- سم1439عندO-C وذلك فى الجريب فروت   1 - سم1048عند طول
ه والليمون ولكن البرتقال خالى من االثول. باالضافه الى ذلك لقد اوضحت النتائج ان حضانه خاليا سرطان الرئه البشريه مع تركيزات مختلف

من هذه  %50و ساعه ادى الى تقليل حيويه هذه الخاليا حيث ان تركيز اثول الجريب فروت على تثبيط نم 48من اثول الجريب فروت لمده 
ميكروجرام لكل مل. ويمكن من هذه الدراسه ان نستنتج ان اثول الجريب فروت يثبط نمو خاليا سرطان الرئه لذلك من الممكن  46الخاليا هو 

 .ان يكون له تطبيقات عالجيه فى المستقبل


