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Abstract:  Camptothecin, topoisomerase I-DNA inhibitor, has been evaluated in methanolic extract of various 

parts of Nothapodytes nimmoniana (J. Graham) Mabberly (Family Icacinaceae) collected in the month of 

February from different regions (Mahabaleshwar and Patan regions of Maharashtra state and Sirsi region of 

Karnataka state) of Western Ghats, India, using high performance liquid chromatography. Quantification was 

performed with the regression analysis and the method was validated as per International Conference of 

Harmonization (ICH) guidelines. In regard to various plant parts, maximum concentration of camptothecin was 

found in root (2.62%) collected from Mahabaleshwar, Patan (1.21%) and Sirsi (0.88%) regions followed by stem 

collected from Patan (1.45%), Sirsi (0.70%) and Mahabaleshwar (0.43%) regions. The lowest concentration of 

camptothecin was found in leaves collected from Sirsi (0.29) region, followed by Patan (0.37) and 

Mahabaleshwar (0.70%) region. Fruits collected from Mahabaleshwar region contain maximum concentration of 

camptothecin (0.63%) whereas fruits from Patan region contain minimum concentration of camptothecin 

(0.36%). There was a 2-fold higher concentration of camptothecin observed in roots from Mahabaleshwar region 

than roots from Sirsi and Patan region. So it is evident that geographical and climatic conditions have remarkable 

influence in the content of camptothecin in N. nimmoniana.  
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1. Introduction 

Nothapodytes nimmoniana (J. Graham) Mabberly (Syn. Nothapodytes foetida (Wight) 

Sleumer or Mappia foetida Meirs, vern. “Narkya”/ "Kalagur", Family Icacinaceae) is a small tree 

distributed in Western Peninsula from Konkan Southward i.e. Nilgiris, Anamalis, Pullneys, North 

Kanara and Konkan Ghats, broadly the Western Ghats of India, a global biodiversity hot spot. This 
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tree is also distributed in the warmer regions of the Indian subcontinent, Sri Lanka, Myanmar and 

Thailand [1].  

Camptothecin, a monoterpene indole alkaloid, was first discovered in the Chinese deciduous 

tree, Camptotheca acuminata [2]. The alkaloid has been reported from several plant species 

(Ophiorrhiza species, Ervatamia heyneana, Merrilliodendron megacarpum), with by far the highest 

yield found in Nothapodytes nimmoniana [3].  

Camptothecin is regarded as one of the most promising anticancer drug of the twenty first 

century [4]. The cellular target of camptothecin is DNA topoisomerase I and numerous analogs have 

been synthesized as potential therapeutic agents [5]. CPT inhibits the replication of Human Immuno 

Deficiency Virus (HIV) in vitro and is also shown to be effective in the complete remission of lung, 

breast, uterine and cervical cancer [6-8]. The molecular and cytotoxic effects of camptothecin on 

Plasmodium falciparum proven that it is an interesting target for new anti-malarial drug development 

[9].  

Looking to the enormous demand for camptothecin worldwide, there has been an 

indiscriminate extraction of trees from many parts of India, especially from the Western Ghats, a 

megadiversity forest range along the western coast of India.  The continuous production of anti-cancer, 

anti-AIDS and other life saving drugs requires repeated collection of plant materials and consequently 

this leads to the serious problem of depletion of natural sources. Thus, N. nimmoniana has been 

classified as a ‘vulnerable’ species and considerable efforts are in progress to map its populations in 

India [10, 11]. Recently, several independent groups have addressed the need to conserve the species, 

to chemically characterize populations, to identify populations or individuals with high camptothecin 

yields and to explore the possibilities of identifying high yielding individuals for the development of 

in vitro production systems [12-15]. Generally the concentration of the active constituent present in 

the herbals may vary due to many factors like, time and period of collection, geographical and climatic 

conditions. Many times even the absence of active constituents may be observed with same plant 

collected from different region, which was difficult to assess earlier. Recent developments in 

analytical techniques made this task easier to identify and quantify the active constituents in the 

herbals [16-18].  

High performance liquid chromatography (HPLC) is an advanced form of liquid 

chromatography used in separating the complex mixture of molecules encountered in chemical and 

biological systems, in order to understand better the role of individual molecules. HPLC is basically a 

highly improved form of column chromatography. Instead of a solvent being allowed to drip through a 

column under gravity, it is forced through under high pressures of up to 400 atmospheres. That makes 

it much faster. It also allows you to use a very much smaller particle size for the column packing 

material which gives a much greater surface area for interactions between the stationary phase and the 

molecules flowing past it. This allows a much better separation of the components of the mixture. The 

advantages of HPLC over other forms of liquid chromatography are several. It allows analysis to be 

done in a shorter time and achieves a higher degree of resolution, that is, the separation of constituents 

is more complete. In addition, it allows stationary columns to be reused a number of times without 

requiring that they be regenerated, and the results of analysis are more highly reproducible (± 1%). A 

further advantage of HPLC is that it permits both instrumentation and quantitation to be automated 

and highly sensitive [19-22]. Several methods have been described for the measurement of 

camptothecin and its analogue (topotecan and irinotecan) using total fluorescence analysis, HPLC 

using ultraviolet detection or fluorescence with thin layer chromatography. For the detection and 

estimation of camptothecin concentration in biological fluids a sensitive HPLC method has been 

developed method in which the best mobile phase was methanol−10 mM phosphate (75:25 v/v, pH 4) 

[23]. 

The present study was aimed to determine the concentrations of medicinally important 

alkaloid camptothecin in various parts of N. nimmoniana collected from different regions of Western 

Ghats using HPLC analysis. 
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2. Materials and Methods 
 

2.1. Plant Material  

 
Plant materials of N. nimmoniana were collected from the local areas of Mahabaleshwar, 

Patan region of Maharashtra state and Sirsi region of Karnataka state, India, in February. The samples 

were authenticated by Chief Botanist, Botanical Survey of India (BSI) and voucher specimen 

(NNASP1) was kept at departmental herbarium of BSI. Drug materials were stored at room 

temperature in an air tight container. 

 

2.2 Chemicals 

All chemicals used were of analytical grade. Reference standard of camptothecin            

(purity 95% w/w) was purchased from Hi media (Mumbai, India). Solvents were purchased from 

Merck, Mumbai, India.  

 

2.3 High performance liquid chromatography 

Quantification of camptothecin was performed by following the method of Fulzele and 

Satdive [24]. Isocratic analytical HPLC assay was performed on a Jasco 900 instrument and 20 µL of 

supernatant extracts was loaded onto ODS (5 µm; Inertsil) column (150×4.6 mm). Acetonitrile: water 

(45:55) was used as mobile phase at a flow rate of 1 mL/min and camptothecin was detected at                 

360 nm by UV detector (UV-975, Jasco). The peak areas corresponding to camptothecin were 

integrated by comparison with external standard calibration curves.  

 

2.4 Preparation of standard solution of Camptothecin 
 

A stock solution of camptothecin was prepared by dissolving 5 mg of standard in chloroform-

methanol mixture (3:1), and making up the volume to 5 mL with methanol. From this stock solution, 

standard solutions of 10 µg/mL to 50 µg/mL were prepared by transferring aliquots (0.1 to 0.5 mL) of 

stock solution to 10 mL volumetric flasks and adjusting the volume with methanol. 

 

2.5 Calibration curve for camptothecin  
 

20 µL of standard solutions of camptothecin was injected in triplicate in column. The peaks 

were detected at 360 nm. Calibration curves of camptothecin were prepared by plotting peak area vs. 

concentration.  

 

2.6 Sample preparation and extraction 
 

Whole plant materials of N. nimmoniana were collected from different regions, thoroughly 

washed, segregated into different parts (roots, stems, leaves and fruits) and dried at 55ºC in an air 

dryer for 48 h. Dried plant parts were powdered separately with Wiley mill (Model 4276-M, Thomas 

Scientific, USA) to pass 20 mesh sieve and stored in sealed plastic bags. 500 mg of the various 

powders were taken in 5 mL volumetric flask, mixed with 5 mL of MeOH and vortexed for 2 min 

followed by sonication (33 MHz, Roop Telesonic, India) at room temperature for 5 min. The process 

was repeated thrice for complete extraction. After sonication, methanolic extracts were combined and 

evaporated to dryness in vacuo. For determination of camptothecin content, the concentrate was 
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transferred into polypropylene micro-centrifuge tubes, mixed with HPLC grade MeOH (1 mL), 

vortexed for 20s followed by centrifugation at 5000 rpm for 10 min. 20 µL of the clear supernatant 

was applied directly onto HPLC column. 

 

3. Statistical Analysis 
 

Analysis of variance (One-way ANOVA) was performed to test the significance of differences 

between means obtained among the treatments in each experiment at the 5% level of significance 

(p<0.05). 

 

4. Results and Discussion 

For the analysis of raw herbal materials and herbal preparations, HPLC is superior to other 

instrumental analytical techniques because it is simple, fast, sensitive and automated technique with 

higher degree of resolution. The HPLC technique is, therefore suggested for the determination of 

camptothecin in N. nimmoniana. The HPLC chromatograms of different extracts of N. nimmoniana 

shown similar retention time for the compounds (4.0 min) (Figure 1a). The method was validated and 

the standard deviation proved that the accuracy and reproducibility was found to be satisfactory for the 

quantitative assay.  

The concentration of camptothecin in methanolic extracts of N. nimmoniana was calculated by 

the regression equation (Correlation coefficient r2 = 0.998, y =113140× + 453.5).  HPLC analysis of 

camptothecin in of N. nimmoniana root collected from Western Ghats illustrated in Figure 1b. The 

maximum concentration of camptothecin was found in roots collected from Mahabaleshwar region 

(2.62%) followed by roots collected from Patan (1.21%) and Sirsi (0.88%) region whereas the 

minimum concentration of camptothecin was found in leaves collected from Sirsi (0.29%) region. The 

pattern of compound accumulation in fruits collected from Mahabaleshwar region (0.63%) was higher 

as compared to Sirsi region (0.38%) and Patan (0.36%). Stems collected from Patan region (1.45% 

w/w) showed higher amount of it than Sirsi (0.70% w/w) and Mahabaleshwar region (0.43% w/w). 

There was more than 2-fold higher concentration of camptothecin observed in roots collected from 

Mahabaleshwar region than roots collected from Sirsi and Patan region (Figure 2). Among different 

sources of it, N. nimmoniana has been reported to contain much higher content of camptothecin [25]. 

Govindachari and Vishwanathan (1972) reported 0.06-0.1% camptothecin from N. nimmoniana [3] 

whereas lower yield of it was found to be 0.005 % in Camptotheca acuminata and 0.00013% in 

Ervatamia heyneana [26, 27].  N. nimmoniana trees cultivated in north-western agro-climatic region 

of Jammu, India, accumulated 0.1% dry weight camptothecin in roots and seeds, whereas bark 

produced lower concentrations of camptothecin [28]. The root bark (0.33%) of N. nimmoniana yielded 

the highest camptothecin content followed by stem bark (0.23%) whereas leaves yielded the lowest 

camptothecin content (0.081%) [12]. The mean camptothecin content of root bark of male trees of              

N. nimmoniana (0.605%) from Ulvi region was significantly greater than that for the male trees in 

Sirsi (0.339%) and Joida (0.135%) region of Karnataka state [12].  

 Several factors such as worldwide changes in seasonal patterns, weather events, temperature 

changes, biotic and abiotic stresses may affect the production of secondary metabolites in plants               

[29-31]. The samples of five oat cultivars located in different parts of Norway during 1985-1990 were 

shown considerable differences in deoxynivalenol (DON) content. The mean DON concentration was 

found to be highest in 1988 and 1989. These years were both characterized by heavy rainfall. The 

lowest DON concentration was found in 1987 and 1990, two years with drought weather [32]. Solar 

radiation (UV radiation), not only mutate but also induce the de novo synthesis of many secondary 

metabolites and UV-B exposure causes temporary changes in phenolic content in plant epidermal cells 

[33-37]. Azadirachtin content in the seeds of Azadirachta indica varied from 200 to 16,000 ppm             

(µg/g of the seed kernel). The highest content of azadirachtin was recorded in the neem tree 
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populations growing in the southern part of India [38]. The results of the present study showed that 

concentration of camptothecin was affected by geographical origin and climatic conditions.  

 

                             a) 

 

     b) 

 

Figure 1.  a) HPLC chromatogram of camptothecin authentic sample. 

b) HPLC chromatogram of root of N. nimmoniana collected 

     from Sirsi spiked with camptothecin. 
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Figure 2. HPLC analysis of camptothecin in different parts of N. nimmoniana collected from 

                different regions of Western Ghats. 

 

Acknowledgements 

The authors are thankful to Department of Biotechnology, Ministry of Science and 

Technology, New Delhi, for funding RGYI research project to Dr. Namdeo and Senior Research 

Fellowship to Mr. Ajay Sharma. Authors are also thankful to Prof. Dr. S. S. Kadam, Vice-Chancellor, 

Bharati Vidyapeeth University, Pune for providing all the necessary facilities. 

 

References 

[1] H.C. Gowda, R. Vasudeva, P.M. Georgi, R. Umashaanker and K.N. Ganeshaiah (2002). Breeding types 

in Nothapodytes nimmoniana Graham. Curr. Sci. 83, 1077-1078 

 [2]  M.E. Wall and M.C. Wani (1968). Plant antitumor agents II: The structure of two new alkaloids from 

Camptotheca acuminata. J. Org. Chem. 34, 1364-1367. 

[3] T.R. Govindachari and N. Viswanathan (1972). Alkaloids of Mappia foetida. Phytochemistry 11,             

3529-3531. 

[4] A. Lorence and L.N. Craig (2004). Camptothecin, over four decades of surprising findings. 

Phytochemistry 65, 2731-2841. 

[5] M.E. Wall and M.C. Wani (1995). Camptothecin and analogs. From discovery to clinic. CRC Press, 

Boca Raton, pp. 21-41. 

[6] E. Priel, S.D. Showalter and D.G. Blair (1991). Inhibition of human immunodeficiency virus (HIV-l) 

replication in vitro by non-cytotoxic doses of camptothecin. A topoisomerase inhibitor. Aids Res. 

Human Retrovir. 7, 65-72. 



Namdeo et al., Rec. Nat. Prod. (2010) 4:1 64-71 

 

 

 

70 

[7] A. Takeuchi, K. Dohashi, S. Fujimoto, K. Tanaka, M. Suzuki, Y. Terashima, K. Hasumi, K. Akiya, Y. 

Negishi, T. Tamaya, O. Tanizawa, T. Sugawa, T. Umesaki, M. Hashimoto, A. Yajima, H. Yakamizawa, 

T. Sonoda, Y. Takada, Y. Tomoda and T. Taguchi (1991). A late phase II study of CPT-II in uterine, 

cervical cancer and ovarian cancer. Jpn. J. Cancer Chemother. 18, 1661-1689. 

[8] M. Potmesil (1994). Camptothecin from bench research to hospital. Cancer Res. 54, 1431-1439. 

[9] A.F. Bodley, J.N. Cumming and T.A. Shapiro (1998). Effect of camptothecin, a topoisomerase I 

inhibitor, on Plasmodium falciparum. Biochem. Pharmacol. 55, 709-711. 

[10] R. Kumar and D.K. Ved (2000). 100 Red listed medicinal plants of conservation concern in Southern 

India. FRLHT, Bangalore, pp. 261-263. 

[11] D.K. Ved (1997). Trade in medicinal plants, the state of our ignorance. Amruth 1, 2-8. 

[12] B.V. Padmanabha, M. Chandrashekar, B.T. Ramesha, G.H.C. Hombe, R.P. Gunaga, S. Suhas, R. 

Vasudeva, K.N. Ganeshaiah and R. Umashaanker (2006). Patterns of accumulation of camptothecin, an 

anti-cancer alkaloid in Nothapodytes nimmoniana Graham, in the Western Ghats, India: Implications 

for identifying high yielding sources of the alkaloid. Curr. Sci. 90, 1-10.  

[13] V. Ciddi and M.L. Shuler (2000). Camptothecin from callus cultures of Nothapodytes foetida. Biotech. 

Lett. 22, 129-132. 

[14] S.R. Thengane, D.K. Kulkarni, V.A. Shrikhande, S.P. Joshi, K.B. Sonawane and K.V. Krishnamurthy 

(2003). Influence of medium composition on callus induction and camptothecin(s) accumulation in 

Nothapodytes foetida. Plant Cell Tiss. Org. Cult. 72, 247-251. 

[15] D.P. Fulzele and R.K. Satdive (2003). Somatic embryogenesis, plant regeneration and the evaluation of 

the camptothecin content in Nothapodytes foetida. Soc. In vitro Biol. 39, 212-216. 

[16] A.R. Bilia (2002). Ginkgo biloba L. Fitoterapia 73, 276-279. 

[17]  P.J. Houghton (1998). Establishing identification criteria for botanicals. Drug Info. J. 32, 401-411. 

[18]  D.M. Marcus and A.P. Grollman (2002). Botanical medicines – The need for new regulations. N. Engl. 

J. Med. 347, 2073-2076.  

[19] A.S. Silva, R.B. Dequiros, J.L. Hernandez and P.P. Losada (2004). Comparison between high 

performance liquid chromatography and gas chromatography methods for fatty acid identification and 

quantification in potato crisps. J. Chromatogr. 1032, 7-15. 

[20] B.N. Damyanova (1997). Reversed phase high performance liquid chromatography: general principles 

and application to the analysis of fatty acids and triacylglycerols. In: Advances in lipid methodology. 

Oily Press, Dundee, pp. 193-251. 

[21] C.S. Horvath, B.A. Preiss and S.R. Lipsky (1967). "Fast liquid chromatography. Investigation of 

operating parameters and the separation of nucleotides on pellicular ion exchangers". Anal. Chem. 39, 

1422-1428. 

[22] I.D. Wilson, R. Plumb, J. Granger, H. Major, R. Williams and E.M. Lenz (2005). HPLC-MS based 

methods for the study of metabonomics. J. Chromatogr. B 817, 67–76. 

[23]   L. Zufıa, A. Aldaz and J. Giraldez (2001). Separation methods for camptothecin and related 

compounds. J. Chromatogr. B 764, 141-159. 

[24] D.P. Fulzele and R.K. Satdive (2005). Distribution of anticancer drug camptothecin in Nothapodytes 

foetida. Fitoterapia 76, 643-648. 

[25]  K.Y. Ku and T.C. Tang (1980).  Several botanical sources of camptothecin: An antitumor alkaloids. 

Zhong Cao Yao 11, 476-479. 

 [26] M.E. Wall, M.C. Wani, C.E. Cook, K.H. Palmer, A.T. Mcphail and G.A. Sim (1966). Plant anti-tumor 

agents-I. The isolation and structure of CPT, a novel alkaloidal leukemia and tumor inhibitor from 

Camptotheca acuminata. J. Am. Chem. Soc. 88, 3888-3890. 

[27]  S.P. Gunasekera, M.M. Badawi, G.A. Cordell and N.R. Farnsworth (1979). Plant anticancer agents X. 

Isolation of camptothecin and 9-methoxycamptothecin from Ervatamia heyneana. J. Nat. Prod. 42, 

475-477. 

[28] S.C. Puri, G. Handa, R.K. Gupta, T.N. Srivastava, P. Somal and S.N. Sharma (1999). Quantitation of 

CPT in Nothapodytes foetida. J. Indian Chem. Soc. 76, 370-371. 

[29] R.A. Dixon and N. Paiva (1995). Stressed induced phenyl propanoid metabolism. Plant Cell 7,               

1085-1097. 

[30] C. Cavaliere (2009). The effects of climate change on medicinal and aromatic plants. Herbal Gram 81, 

44-57. 



Determination of camptothecin from N. nimmoniana  

 

 

71 

[31] W.C. Evans (1996). Principles related to the commercial production, quality and standardization of 

natural products. Trease and Evans Pharmacognosy. WB Saunders Company, Nottingham, pp. 59-68.  

 [32] W. Langseth, R. Hie and M. Gullord (1995). The Influence of cultivars, location and climate on 

deoxynivalenol contamination in Norwegian Oats 1985-1990. Plant Soil Sci. 45, 63-67. 

[33] J.W. Mcclure (1975). Physiology and function of flavonoids. Academic Press, New York,                           

pp. 970-1055. 

[34] E. Wellmann (1983). UV radiation in photomorphogenesis. In Encyclopedia of plant physiology. 

Springer Verlag, Berlin, pp. 745-756. 

[35] J. Li, T.M. Lee, R.G. Amundson and R.L. Last (1993). Arabidopsis flavonoid mutants are 

hypersensitive to UV-B irradiation. Plant Cell 5, 171-179. 

[36] L. Liu, D.C. Gitz and J.W. Mcclure (1995). Effects of UV-B on flavonoids, ferulic acid, growth and 

photosynthesis in barley primary leaves. Physiol. Plant 93, 725-733. 

[37] D.P. Ormrod, L.G. Landry and P.L. Conklin (1995). Short term UV-B radiation and ozone exposure 

effects on aromatic secondary metabolite accumulation and shoot growth of flavonoid deficient 

Arabidopsis mutants. Physiol. Plant 93, 602-610. 

[38] N. Kaushik, G. Singh, U.K. Tomar, S.N. Naik, S. Vir, S.S. Bisla, K.K. Sharma, S.K. Banerjee and                

P. Thakkar (2007). Regional and habitat variability in azadirachtin content of Indian neem (Azadirachta 

indica). Curr. Sci. 92, 1400-1406. 

  

 

 
© 2010 Reproduction is free for scientific studies 

 

 


