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Introduction
Plants are always considered as a treasure trove of medicinal 

compounds to alleviate the human ailments [1]. Even the advent 
of industrialization and discovery of synthetic pharmacological 
chemicals, the interest on natural products as a source for potential 
therapeutic chemical entities has not been diminished. Nature 
still serves as the only source for many complex natural chemical 
compounds because the inability to synthetically produce them in the 
laboratory. Many natural products form the basic lead molecules for 
the synthesis of derivatives which are of pharmaceutical significance. 
Therefore, the search for novel compounds against various illnesses is 
always a hot topic of biomedical research [2-5]. During such a drug 
discovery research program set up by National Cancer Institute (NCI), 
two natural products were identified as potent anticancer compounds, 
named camptothecin and taxol [6,7]. These compounds, because of 
their unique mode of action, became promising lead molecules for 
treating different forms of malignancies in later years. In this mini 
review, a short history of isolation of camptothecin, its mode of action 
at molecular level, mechanisms of resistance to camptothecin and 
alternative sources of its isolation are discussed.

Camptothecin

Camptothecin, (C20H10N2O4; molecular weight: 348.352 g/
mol; IUPAC name: (S)-4-ethyl-4-hydroxy-1H-pyrano[3',4':6,7]
indolizino[1,2-b]quinoline-3,14-(4H,12H)-dione) is a cytotoxic 
monoterpenoid indole alkaloid and structurally a planar 
heteropentacyclic ring, that includes a pyrrolo [3,4-beta]-quinoline 
moiety (rings A, B and C), conjugated pyridone moiety (ring D) and 
one chiral center at position 20 within the alpha-hydroxy lactone ring 
with (S) configuration (the E-ring) (Figure 1). The planar structure is 
believed to contribute to the inhibition of topoisomerase function [8].

A historical account on discovery of camptothecin

In 1955, National Cancer Institute (NCI) created a Cancer 
Chemotherapy National Service Center (CCNSC) for the evaluation 
for anticancer efficacy of potential compounds submitted by drug 
companies and institutions. Initially, CCNSC was screening chemically 
known structures and by 1960 they started to screen natural products 
of unknown chemical ingredients from plant and animal origin. The 
NCI plant program was led by Jonathan Hartwell, an eminent organic 
chemist, and he later compiled the documents of traditional use of 
plants to treat cancer from ancient forms of medical practices from 
Egypt, China, Greece and Rome [9-12].

The United States Department of Agriculture (USDA) was 
providing plants to NCI for anticancer screening. At Wisconsin Alumni 
Research Foundation, the plants were extracted and sent to different 

laboratories to evaluate their potential to kill cancer cells. The samples 
were initially screened for their cytotoxic effects in KB (oral epidermoid 
carcinoma) cell culture, a cell line from a human cancer. They were also 
tested in three tumor xenograft mouse models for S-180, a sarcoma; 
CA-755, an adenocarcinoma; and L1210, a lymphoid leukemia. Those 
crude extracts showed anticancer properties were then fractionated 
for isolating the active compounds at three different laboratories. One 
among them was newly established Research Triangle Institute (RTI), 
North Carolina. Manroe E. Wall was leading the Natural Product 
Laboratory in RTI. Of thousand ethanolic plant extracts screened by 
NCI for anticancer efficacy, extract of Camptotheca acuminata, a tree 
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Figure 1: Chemical Structure ofCamptothecin.

Na
tu

ra
l P

ro
du

cts Chemistry &
Research

ISSN: 2329-6836

mailto:vrvineesh@gmail.com


Volume 3 • Issue 3 • 1000175Nat Prod Chem Res
ISSN: 2329-6836 NPCR, an open access journal

Citation: Raveendran VV (2015) Camptothecin-Discovery, Clinical Perspectives and Biotechnology. Nat Prod Chem Res 3: 175. doi:10.4172/2329-
6836.1000175

Page 2 of 7

native to China, showed very potent cytotoxic activity in L1210 mouse 
leukemia cell assay, to which not any other plant extracts were active. 
Different fractions of crude extracts of C. acuminata were studied for 
life prolongation in mice harboring L1210 leukemia, and KB in vitro 
assay. Wall was ambitious to identify the active compound responsible 
for anticancer activity in the extract of C. acuminata. By this activity 
based fractionation strategy, they finally isolated the pure compound 
responsible for killing L1210 leukemic cells, and they termed this 
compound as camptothecin in 1966. This newly identified indole 
alkaloid was not only active against L1210, but also found to be cytotoxic 
against p338 leukemic cells [6]. Keith Palmer and Harold Taylor did 
the original isolation of camptothecin at RTI, and Ed Cook worked 
on determining its structure. By the instruction of Wall, Wani made 
a camptothecin derivative and sent to Andrew McPhail and George 
Sim at the University of Illinois who reported the tentative structure 
of camptothecin. This remarkable achievement was published in 1966 
in the Journal of the American Chemical Society, the first paper Wall, 
Wani and colleagues published on a natural product with anticancer 
potential [6].

Identification of mode of action of camptothecin
Preliminary works of Moore BG [13], Kessel D [14,15], Bosmann 

HB [16], Horwitz, SB [17,18] and others have established that the 
synthesis of macromolecules such as RNA, DNA and protein are 
inhibited by camptothecin in tumor or dividing mammalian cells. The 
inhibition over DNA synthesis was transient when the drug is removed. 
But prolonged incubation could lead to irreversible suppression of DNA 
synthesis. Also camptothecin was not able to bind with isolated DNA 
when incubate them together. But, when intact cells were incubated 
with camptothecin for a short term, it induced rapid but reversible 
fragmentation of cellular DNA. The longer the incubation, more the 
damage of DNA that leads to cell death. However camptothecin was 
found to be ineffective to block the effects of purified RNA and DNA 
polymerases. Later studies by Hsiang confirmed topoisomerase 1, not 
topoisomerase 2, is the molecular target of camptothecin [19-21].

Topoisomerases (topo) are enzymes that relieve the torsional strain 
associated with the unwinding of  DNA while replication or transcription 
[22]. There are two main forms of topoisomerases called topoisomerase 
1 and topoisomerase 2 based on whether they cut single or both strands 
of DNA. During DNA replication or transcription in cells, topo1 
forms covalent complex with DNA and this complex act as a target for 
camptothecin or its derivatives to form a topo1-camptothecin-DNA 
ternary complex [22,23]. It is suggested that camptothecin inhibiting 
the religation step of cleavage/religation reaction during the process of 
replication or transcription. X-ray crystallographic structure of DNA-
topo1 complexes is well-studied [24,25], and crystallization of a topo1-
camptothecin-DNA ternary complex has provided some light into the 
molecular interaction among these three units in the ternary complex 
[22]. The mechanism of camptothecin-induced cell death is dependent 
on synthetic phase (S-phase) of cell cycle [22,26]. A replication fork 
collision model has been proposed to explain S-phase dependent 
cytotoxicity induced by camptothecin, since the reversible ternary 
complex cannot induce cell death itself. But, when the separation of 
DNA advances and replication fork collide with topo1-camptothecin-
DNA ternary complex, strand break is induced and drives cell death 
[22]. There are three biochemical events have been noted after 
replication fork collision, (a) the formation of double strand breaks, 
(b) irreversible arrest of replication fork and (c) the formation of top1-
linked DNA break at the site of collision. The relative contributions of 
each of these events to cell death are not well-understood yet [27-29].

Interfacial inhibitor concept

Certain small molecular natural products can interfere a biological 
function that otherwise progress without inhibition as the result of 
macromolecular assemblage [30]. For example, DNA replication is a 
complex biological process required the concerted and fast moving 
action of different macromolecules including DNA, topoisomerases, 
and polymerases. Interfacial inhibitors intrude to bind with high 
selectivity to a binding site within macromolecular complexes. As in 
the case of camptothecin, it intrudes into the macromolecular assembly 
of DNA and topoisomerase 1 that essentially stalls the kinetics of 
untwisting of DNA during replication. This type of inhibition 
introduced by small molecules sneaked into the interface between 
two or more macromolecules is referred as interfacial inhibition [31]. 
The interaction of camptothecin with Topo1 enzyme is established 
by Hydrogen bonding that is depicted in (Figure 2). Camptothecin 
establish bonding with DNA by π-π electron interactions between the 
heterocyclic ring system of the drug and the nucleotide bases flanking 
the cleavage site which hinders the rotation of the DNA [32,33]. This 
interference inhibit strand passage or torsion release. When replication 
fork advances and collide with Topo I-camptothecin-DNA complex, 
result in double stand breaks and DNA damage which ultimately leads 
to cell death. Besides camptothecin, several other natural products 
including forskolin, tubulin inhibitors and immunophilins target 
protein interfaces [31].

Clinically useful derivatives of camptothecin

Although identified in 1958 and soon commenced anticancer 
clinical trials, further endeavors with camptothecin were discontinued 
pertained to its poor water solubility along with off-target toxicities 
such as myelosuppression, diarrhea and hemorrhagic cystitis [34]. 
The interest in this compound was rekindled after Topo1 was found 
the molecular target for camptothecin. Chemical derivatives created 
by modifying rings of camptothecin improved the pharmacokinetics 
and toxicity profiles of the parent compound. Currently two derivatives 
of camptothecin approved by food and drug administration (FDA) for 
clinical practice are topotecan and irinotecan. Topotecan is commercially 
known as Hycamtin® that used as second-line chemotherapeutic drug 
for cervical, ovarian, and small cell lung cancer. Irinotecan is sold in the 
brand name of Camptosar® for the treatment of metastatic colorectal 
cancer. Besides these FDA-approved camptothecin derivatives, there 
is a line of candidate molecules of same class under investigational 
category.

 
Figure 2: Chemical Interaction of Camptothecin with Topo 1.
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Topotecan

 It is a water soluble derivative of camptothecin with substitutions 
in ring A; an alkylamine at position 9 and a hydroxyl at position 10 
(Figure 3a). Followed the promising results obtained from phase 
I trial with topotecan [35], a dose of 1.5 mg/m2/day was selected for 
phase II/III evaluation. This regimen has been shown to have activity 
in recurrent ovarian cancer [36], relapsed small cell lung cancer [37], 
non-small cell lung cancer [38,39], and breast cancer [40]. Topotecan 
has been found effective in combinatorial treatment with pegylated 
liposomal doxorubicin in brain tumor [41], platinum resistant ovarian 
and peritoneal cancer [42,43].

Irinotecan

 During development, it was known as CPT-11. It has a bipiperidine 
carboxylic acid side chain at position 10 of ring A and an ethylene group 
at position 7 of rings B (Figure 3b). The active form of irinotecan is a 
hydrolytic product, SN-38. This is then inactivated by glucuronidation 
by uridine diphosphate glucoronosyltransferase 1A1 (UGT1A1). 
Irinotecan is a very active chemotherapeutic agent used for the treatment 
of several malignancies, including colorectal cancer, gastroesophageal 
tumors, lung cancer, breast cancer, ovarian cancer, and primary brain 
tumors. It used as a component in combinatorial regimen FOLFIRI 
which contains infusional 5-fluorouracil and leucovorin also.

Etirinotecan pegol, a conjugate of Irinotecan

 The 7-ethyl 10-hydroxy camptothecin is the active metabolite of 
irinotecan and this metabolite causes the treatment-associated diarrhea 
and neutropenia. In order to overcome this drug related adverse effects, 
certain modifications are being utilized. In pegylation, the active 
compound is linked to one or more molecules of polyethylene glycol 
(PEG) which covers the active compound and imparts more solubility, 
retention and bioavailability [44].

In phase I study, etirinotecan pegol for 3 dosing schedules (58-245 
mg/m2) at 3 times every 4 weeks, or 1 time every 14 days, or 21 days 
were infused into patients with refractory malignant solid tumors. 
Substantial anticancer activity was observed despite manageable 
gastrointestinal disorders. The maximum tolerable dose suggested for 
phase II study was 145 mg/m2 every 14 days and 21 days [45].

In a phase II, patients with platinum resistant refractory ovarian 
carcinoma were received 145 mg/m2 etirinotecan pegol every 14 
days or 21 days. The treatment continued until clinical goal achieved 
or adverse events are reported. Both schedules provided significant 

objective response rate and progression free survival, being once in 21 
day schedule was slightly superior to 14 day schedule [46].

Analogues of camptothecin under clinical investigation
Rubitecan

 In rubitecan, hydrogen is replaced by a nitro group at position 
9 of the ring A of camptothecin (Figure 3c). Preclinical studies using 
human cancer xenografts in nude mice with maximum tolerable dose 
of rubitecan has shown 100% growth inhibition of 30/30 tumors tested 
and in 24/30 in their total disappearance. These 30 tumors comprised all 
the most common human cancers: lung, colorectal, breast, pancreatic, 
ovarian, prostate, stomach, melanoma and leukemia [47]. Despite this 
promising preclinical success, treatment with rubitecan has exhibited 
disappointing results in small phase I/II trials against a number of solid 
tumors [48-50] with the exception of pancreatic cancer [51]. Results of 
clinical trials in the next few years should determine whether rubitecan 
can find a role in cancer therapy.

Exatecan 

It is a completely synthetic analogue of camptothecin (Figure 
3d). This compound has increased aqueous solubility, greater tumor 
efficacy, and toxicity is manageable. In preclinical studies, exatecan 
was found active against multiple cancer cell lines and human breast, 
gastric, renal colon, ovarian, cervical and lung xenografts models 
in mice. As p-glycoprotein multidrug transporter pump does not 
recognize exatecan, contribute to its activity, at least in part. It is equally 
effective in both human lung cancer PC-6 and the cell variant that over 
expresses P-glycoprotein. However, phase I/II studies have not provided 
significant activity in many forms of human cancers [52-56]. But in 
some clinical trials, as in previously untreated metastatic gastric cancer 
and biliary tract cancer, modest or minimal improvement was noted 
[57,58]. No clinical studies have published with exatecan since 2007.

FL118, a novel structurally similar analogue of camptothecin

Although FL118 (Figure 4) shows structural similarity to topotecan 
and irinotecan, this was not synthesized using camptothecin as 
template. It was found out through a high-throughput screening 
of compound libraries for inhibition of survivin, an antiapoptotic 
protein [59]. The effectiveness of FL118 at nanomolar concentration, 
compared to SN-38 at 1µM concentration, to inhibit topoisomerase 
1 is p53 independent. But in colorectal cancer cells expressing wild 
type p53, FL118 activates p53 signaling by specifically inhibiting p53 
polyubiquitination and monoubiquitination by Mdm2-MdmX E3 
complex formation, which leads to senescence. But even if MdmX is 
overexpressed in these cells, FL118 can alternatively induce apoptosis 
in a p53-independent mechanism [60]. In addition, FL118 not only 
inhibit antiapoptotic proteins like survivin, XIAP, cIAP2 and Mcl-1 
while inducing the expression of pro-apoptotic proteins Bax and Bim. 
FL118 exhibits superior antitumor efficacy in mouse bearing human 
tumor xenograft compared to irinotecan, topotecan, doxorubicin, 
5-FU, gemcitabine, docetaxel, oxaliplatin, cytoxan and cisplatin. One 
of the reasons for the resistance to irinotecan and topotecan is the 
overexpression of efflux pump ABCG2. Interestingly, FL118 is not an 
ABCG2 substrate, which fails the cancer cells to efflux FL118. Recently, 
intravenous administration of a Tween-80 free formulation of FL118 
was found to be much more effective in eliminating human tumor 
xenografts in mice which make it a safer candidate for clinical trials. 
Taken into consideration, the molecular targets and superior antitumor 
activity place FL118 a promising candidate for clinical trials [61]. 

            Figure 3: Derivatives of Camptothecin.
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The third mechanism is the alteration in the cellular response to 
topo1-camptothecin-DNA ternary complex. A variety of proteins 
involved in DNA replication, cell cycle checkpoints, or DNA repair 
are implicated in camptothecin sensitivity. Examples are Chk1, ATM, 
ATR, RAD9, Dpb11p, MSH2 [26,79-82]; and their absence or loss of 
function can increase the camptothecin sensitivity. Also pro-apoptotic 
proteins like p53, Bax and anti-apoptotic Bcl-2 levels were altered in 
camptothecin resistant cancers [83-85].

Natural Sources and Biotechnological Efforts to Produce 
Camptothecin

The original source of camptothecin was C. acuminata and 
the increased demand of camptothecin as a lead molecule for the 
production of anticancer-derivatives persuaded researchers to explore 
novel sources for a sustainable production. Young leaves are the largest 
source of camptothecin (4-5 mg/g dry weight) from C. acuminata 
compared to other parts [86]. Later Govindachari and Viswanathan 
reported that Nothopodytes foetida (Mapia foetida) is a promotable 
source of camptothecin in large quantities [87]. Now the presence of 
camptothecin has been recognized in many non-related angiosperms 
as well as an endophytic fungus, LY357 [88]. Various species of 
Ophiorrhiza, such as O. pumila, O. rugosa, and O. liukiuensis have been 
identified as natural sources of camptothecin [89-92].

The dependence on natural flora for camptothecin in fact 
threatens their existence and it becomes inevitable to find sustainable 
alternatives. In vitro plant cell and tissue cultures have been utilized 
as a sustainable source of drug leads. Biotechnological methods offer 
development of medicinal plants in vitro as well as bioreactors for the 
production of natural products for the preparation of pharmaceuticals. 
The initial attempt to produce camptothecin from cell suspension 
cultures of C. acuminata was reported by Sakata in 1974 [93]. However 
a satisfactory level of production of camptothecin was not achieved by 
this method. But the shoot cultures of C. acuminata compared to cell 
suspension found to produce higher amounts of camptothecin [94]. 
Later, in this aspect Roja and Heble established in vitro cultures of N. 
foetida and confirmed the presence of camptothecin by HPLC methods 
[95]. Recently, plant biotechnologists have turned their interest to 
establishing shoot and root cultures of different species of Ophiorrhiza 
for a continuous source of camptothecin.

Shoot and root cultures of Ophiorrhiza species for 
camptothecin

The identification that different species of Ophiorrhiza produce 
camptothecin, propelled endeavors to establish tissue cultures and 
micro-propagation of these herbaceous plants for an alternate source 
of camptothecin. In 2001, Saito et al., established hairy root cultures 
of O. pumila transformed by Agrobacterium rhizogens strain 15834. 
Transformation increased growth rate of roots and treatment of these 
roots with elicitors, such as yeast extract, salicylic acid or methyl 
jasmonate, and precursor feeding with tryptophan or secologanin 
positively affected the camptothecin production [96]. Cloning and 
characterization of cDNAs encoding strictosidine synthase (STR) and 
tryptophan decarboxylase (TDC), two key enzymes in the biosynthesis 
of terpenoid indole alkaloid, in hairy roots provided evidence for 
their role in camptothecin biosynthesis. The high expression of STR 
and TDC cDNA observed in hairy roots, roots and stems were closely 
correlated with STR protein accumulation as observed by immunoblot 
analysis. Plant stress compounds like salicylic acid repressed expression 
of STR and TDC, suggesting coordinate regulation of these genes for 
camptothecin biosynthesis [97].

Mechanisms of Resistance to Anticancer Properties of 
Camptothecins

Because of the unique mode of action of topo1 poisoning, a broad-
spectrum of cancers is being treated by camptothecin derivatives 
such as topotecan, irinotecan, 9-aminocamptothecin or exatecan. 
Despite the fact that it is widely used anticancer drug, the acquired 
clinical resistance towards treatment is the challenge faced by health 
care professionals. This drug resistance can have it origin from 
either pharmacological modification of drug in tumor environment 
or entirely due to overexpression of proteins related to tumor cell 
survival [62-68]. Yeast and mammalian cell culture models suggest 
the mechanism of resistance may be related to lesser accumulation 
of drug, because of changes in the expression of proteins of cellular 
drug uptake, or metabolism, or efflux. The other mechanisms may be 
alteration in topoisomerase I, or a different response to cleavable topo1-
camptothecin-DNA complex. Here we review the above mentioned 
mechanisms briefly [63].

The efficacy of drug is dependent upon the balance between 
active cellular uptake, metabolism and efflux mechanisms. In case of 
oral formulations of camptothecin, both active and passive transport 
mechanisms are involved in intestinal absorption. The overexpression 
or activity of p-glycoprotein (P-gp), or multidrug-resistance-associated 
protein (MRP) in the intestinal epithelia can limit the oral absorption 
of camptothecin-11 [69]. The active form of camptothecin-11 is 
SN-38 which in turn formed by the action of carboxylesterase 
[70]. The alteration of this enzyme can decrease the sensitivity of 
camptothecin to cancer cells. Furthermore, glucuronidation of SN-38 
by liver glucuronidases can increase the efflux which is associated with 
resistance to colon, breast and lung cancer cells [71-73]. Another efflux 
protein which involved in camptothecin resistance is BCRP [72], but 
some derivatives of camptothecin, for example lipophilic 7-modified 
camptothecin, are not a substrate for this protein [74].

The second mechanism proposed for camptothecin resistance 
was mutations in topo1 [75]. Different point mutations, especially 
near the site of catalytic tyrosine position at 723, and sites which bind 
with DNA and are in close vicinity of intercalated camptothecin are 
also implicated in drug resistance [22]. Interactions of topo1 and other 
proteins like nucleolin can affect camptothecin sensitivity [76]. The 
function of nucleolin is to bind to topo-1 and recruit to nucleolus for 
transcription. The absence of nucleolin can diffusely scatter topo1 in 
nucleus than in a localized distribution in nucleolus [77,78]. Also in 
camptothecin resistant cells, SUMO (small ubiquitin-like modifier) 
can modify topo1 and reduce the interaction of topo1-DNA, thereby 
minimizing the topo1 mediated DNA damage by camptothecin [76].

Figure 4: FL118.
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There are two other species of Ophiorrhiza, O. rugosa and O. alata 
were transfected to produce hairy roots. In O. rugosa, A. rhizogens strain 
LBA9402 was used to transfect. These roots when exposed to light, 
spontaneous regeneration of shoots were observed. The quantitation of 
camptothecin revealed that hairy roots contain 0.009% of dry weight; 
and shoots contain 0.012% of dry weight. In O. alata, A. rhizogens 
TISTR 1450 was used to transfect nodal explants in half strength 
Murashige and Skoog medium. HPLC analysis revealed camptothecin 
content was 0.079% of dry weight in these hairy roots of O. alata.

Recently, a metabolic engineering strategy was adopted to enhance 
the camptothecin content in hairy roots of O. pumila. STR and geraniol 
10-hydroxylase (GH) genes were isolated from Catharanthus roseus 
introduced into hairy roots of O. pumila, either singly or together. 
When the genes are over-expressed individually, the GH increased 
camptothecin content better than STR. In contrast, simultaneous 
expression of both genes synergistically increased camptothecin 
production. This opens new avenues of creation of transgenic plants 
those produce superior amounts of camptothecin without violating 
natural flora [98].

Summary
Camptothecin was originally discovered as an anticancer 

compound. Soon it was found that, besides the anticancer activity, 
camptothecin derivatives exhibit potent anti-HIV efficacy also [99]. 
Many investigational derivatives of camptothecin are now in clinical 
trials including exatecan and rubitecan, which will potentially increase 
demand for these drugs in the future. In 2008 alone, the annual trade 
of irinotecan and topotecan together had reached 2.2 billion US 
dollars [100]. The annual production of camptothecin throughout the 
world is only 600 kg, which cannot meet the demand estimated to be 
approximately 3000 kg/year in the international market. Although, 
tremendous research efforts are being made to enhance the in vitro 
production of camptothecin, unfortunately none of the methods 
has come out of the laboratory for a commercial scale production. 
This underscores more efforts are required for the identification of 
economically feasible methods which can successfully substitute or 
append to the current camptothecin production line.

References

1. Briskin DP (2000) Medicinal plants and phytomedicines. Linking plant 
biochemistry and physiology to human health. Plant Physiol 124: 507-514. 

2. Brown DG, T Lister, TL May-Dracka (2014) New natural products as new leads 
for antibacterial drug discovery. Bioorg Med Chem Lett 24: 413-418. 

3. Pohlit AM, Souza Lima RB, Frausin G, Rocha e Silva LF, Pinto Lopes SC, et 
al. (2013) Amazonian plant natural products: perspectives for discovery of new 
antimalarial drug leads. Molecules 18: 9219-9240. 

4. Vasilevich NI, Kombarov RV, Genis DV, Kirpichenok MA (2012) Lessons from 
natural products chemistry can offer novel approaches for synthetic chemistry 
in drug discovery. J Med Chem 55: 7003-7009.

5. Mondal S, Bandyopadhyay S, Ghosh MK, Mukhopadhyay S, Roy S, et al. 
(2012) Natural products: promising resources for cancer drug discovery. 
Anticancer Agents Med Chem 12: 49-75.

6. Wall ME, MC Wani, CE Cook, KH Palmer, AT McPhail, et al. (1996) Plant 
antitumor agents. I. The isolation and structure of camptothecin, a novel 
alkaloidal leukemia and tumor inhibitor from Camptotheca acuminata. J Am 
Chem Soc 88: 3888-3890. 

7. Wani MC, Taylor HL, Wall ME, Coggon P, McPhail AT, et al. (1971) Plant 
antitumor agents. VI. Isolation and structure of taxol, a novel antileukemic and 
antitumor agent from Taxus brevifolia. J Am Chem Soc 93: 2325-2327.

8. Lu AJ, Zhang ZS, Zheng MY, Zou HJ, Luo XM, et al. (2007) 3D-QSAR study of 
20 (S)-camptothecin analogs. Acta Pharmacol Sin 2: 307-314. 

9. Hartwell JL (1970) Plants used against cancer. A survey. Lloydia 33: 288-392. 

10. Hartwell JL (1970) Plants used against cancer. A survey. Lloydia 33: 97-194.

11. Perdue RE Jr, Abbott BJ, Hartwell JL (1970) Screening plants for antitumor 
activity. II. A comparison of two methods of sampling herbaceous plants. 
Lloydia 33: 1-6.

12. Pettit GR, Day JF, Hartwell JL, Wood HB (1970) Antineoplastic components of 
marine animals. Nature 227: 962-963. 

13. Moore BG, Schwartz HS, Hodo H (1970) Inhibition of Macromolecule Synthesis 
in LI210 Ascites Tumor Cells. Journal of Cellular Biology 47(144A). 

14. Kessel D (1971) Some determinants of camptothecin responsiveness in 
leukemia L1210 cells. Cancer Res 31: 883-887. 

15. Kessel D (1971) Effects of camptothecin on RNA synthesis in leukemia L1210 
cells. Biochim Biophys Acta 246: 225-232. 

16. Bosmann HB (1970) Camptothecin inhibits macromolecular synthesis in 
mammalian cells but not in isolated mitochondria of E. coli. Biochem Biophys 
Res Commun 41: 1412-1420. 

17. Horwitz SB, Chang CK, Grollman AP (1971) Studies on Camptothecin. I. 
Effects on Nucleic Acid and Protein Synthesis. Mol Pharmacol 7: 632-644. 

18. Horwitz SB, Chang CK, Grollman AP (1972) Grollman, Antiviral action of 
camptothecin. Antimicrob Agents Chemother 2: 395-401.

19. Hsiang YH, Hertzberg R, Hecht S, Liu LF (1985) Camptothecin induces protein-
linked DNA breaks via mammalian DNA topoisomerase I. J Biol Chem 260: 
14873-14878.

20. Hsiang YH, Liu LF, Wall ME, Wani MC, Nicholas AW (1989) DNA topoisomerase 
I-mediated DNA cleavage and cytotoxicity of camptothecin analogues. Cancer 
Res 49: 4385-4389. 

21. Hsiang YH, LF Liu (1988) Identification of mammalian DNA topoisomerase I 
as an intracellular target of the anticancer drug camptothecin. Cancer Res 48: 
1722-1726. 

22. Pommier Y (2006) Topoisomerase I inhibitors: camptothecins and beyond. Nat 
Rev Cancer 6: 789-802.

23. Pommier Y, Kohlhagen G, Kohn KW, Leteurtre F, Wani MC (1995) Interaction of 
an alkylating camptothecin derivative with a DNA base at topoisomerase I-DNA 
cleavage sites. Proc Natl Acad Sci U S A 92: 8861-8865.

24. Zhang ZB, Cheng B, Tse-Dinh YC (2011) Crystal structure of a covalent 
intermediate in DNA cleavage and rejoining by Escherichia coli DNA 
topoisomerase I. Proc Natl Acad Sci U S A 108: 6939-6944.

25. Redinbo MR, Stewart L, Kuhn P, Champoux JJ, Hol WG (1998) Crystal 
structures of human topoisomerase I in covalent and noncovalent complexes 
with DNA. Science 279: 1504-1513.

26. Cliby WA, Lewis KA, Lilly KK, Kaufmann SH (2002) S Phase and G2 Arrests 
Induced by Topoisomerase I Poisons Are Dependent on ATR Kinase Function. 
J Biol Chem 277: 1599-1606. 

27. Liu LF, Desai SD, Li TK, Mao Y, Sun M, et al. (2000) Mechanism of action of 
camptothecin. Ann N Y Acad Sci 922: 1-10.

28. Liu LF, Duann P, Lin CT, D'Arpa P, Wu J (1996) Mechanism of action of 
camptothecin. Ann N Y Acad Sci 803: 44-49.

29. Gallo RC, Whang-Peng J, Adamson RH (1971) Studies on the antitumor 
activity, mechanism of action, and cell cycle effects of camptothecin. J Natl 
Cancer Inst 46: 789-795.

30. Pommier Y, Marchand C (2005) Interfacial inhibitors of protein-nucleic acid 
interactions. Curr Med Chem Anticancer Agents 5: 421-429.

31. Pommier Y, Marchand C (2012) Interfacial inhibitors: targeting macromolecular 
complexes. Nat Rev Drug Discov 11: 25-36.

32. Marchand C, Antony S, Kohn KW, Cushman M, Ioanoviciu A, et al. (2006) A 
novel norindenoisoquinoline structure reveals a common interfacial inhibitor 
paradigm for ternary trapping of the topoisomerase I-DNA covalent complex. 
Mol Cancer Ther 5: 287-295. 

33. Koster DA, Palle K, Bot ES, Bjornsti MA, Dekker NH (2007) Antitumour drugs 
impede DNA uncoiling by topoisomerase I. Nature 448: 213-217.

34. Muggia FM, Creaven PJ, Hansen HH, Cohen MH, Selawry OS (1972) Phase 
I clinical trial of weekly and daily treatment with camptothecin (NSC-100880): 
correlation with preclinical studies. Cancer Chemother Rep 56: 515-521. 

http://www.plantphysiol.org/content/124/2/507.full
http://www.plantphysiol.org/content/124/2/507.full
http://www.sciencedirect.com/science/article/pii/S0960894X13014315
http://www.sciencedirect.com/science/article/pii/S0960894X13014315
http://www.mdpi.com/1420-3049/18/8/9219
http://www.mdpi.com/1420-3049/18/8/9219
http://www.mdpi.com/1420-3049/18/8/9219
http://www.ncbi.nlm.nih.gov/pubmed/22712563
http://www.ncbi.nlm.nih.gov/pubmed/22712563
http://www.ncbi.nlm.nih.gov/pubmed/22712563
http://www.ncbi.nlm.nih.gov/pubmed/21707502
http://www.ncbi.nlm.nih.gov/pubmed/21707502
http://www.ncbi.nlm.nih.gov/pubmed/21707502
http://pubs.acs.org/doi/abs/10.1021/ja00968a057
http://pubs.acs.org/doi/abs/10.1021/ja00968a057
http://pubs.acs.org/doi/abs/10.1021/ja00968a057
http://pubs.acs.org/doi/abs/10.1021/ja00968a057
http://pubs.acs.org/doi/abs/10.1021/ja00738a045
http://pubs.acs.org/doi/abs/10.1021/ja00738a045
http://pubs.acs.org/doi/abs/10.1021/ja00738a045
http://www.ncbi.nlm.nih.gov/pubmed/17241535
http://www.ncbi.nlm.nih.gov/pubmed/17241535
http://www.ncbi.nlm.nih.gov/pubmed/4938272
http://www.ncbi.nlm.nih.gov/pubmed/5520302
http://www.ncbi.nlm.nih.gov/pubmed/5520302
http://www.ncbi.nlm.nih.gov/pubmed/5520302
http://www.ncbi.nlm.nih.gov/pubmed/5120286
http://www.ncbi.nlm.nih.gov/pubmed/5120286
http://www.ncbi.nlm.nih.gov/pubmed/5167295
http://www.ncbi.nlm.nih.gov/pubmed/5167295
http://www.ncbi.nlm.nih.gov/pubmed/4992220
http://www.ncbi.nlm.nih.gov/pubmed/4992220
http://www.ncbi.nlm.nih.gov/pubmed/4992220
http://www.ncbi.nlm.nih.gov/pubmed/4948241
http://www.ncbi.nlm.nih.gov/pubmed/4948241
http://www.ncbi.nlm.nih.gov/pubmed/4363789
http://www.ncbi.nlm.nih.gov/pubmed/4363789
http://www.ncbi.nlm.nih.gov/pubmed/2997227
http://www.ncbi.nlm.nih.gov/pubmed/2997227
http://www.ncbi.nlm.nih.gov/pubmed/2997227
http://www.ncbi.nlm.nih.gov/pubmed/2545341
http://www.ncbi.nlm.nih.gov/pubmed/2545341
http://www.ncbi.nlm.nih.gov/pubmed/2545341
http://www.ncbi.nlm.nih.gov/pubmed/2832051
http://www.ncbi.nlm.nih.gov/pubmed/2832051
http://www.ncbi.nlm.nih.gov/pubmed/2832051
http://www.ncbi.nlm.nih.gov/pubmed/16990856
http://www.ncbi.nlm.nih.gov/pubmed/16990856
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC41067/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC41067/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC41067/
http://www.ncbi.nlm.nih.gov/pubmed/21482796
http://www.ncbi.nlm.nih.gov/pubmed/21482796
http://www.ncbi.nlm.nih.gov/pubmed/21482796
http://www.ncbi.nlm.nih.gov/pubmed/9488644
http://www.ncbi.nlm.nih.gov/pubmed/9488644
http://www.ncbi.nlm.nih.gov/pubmed/9488644
http://www.ncbi.nlm.nih.gov/pubmed/11700302
http://www.ncbi.nlm.nih.gov/pubmed/11700302
http://www.ncbi.nlm.nih.gov/pubmed/11700302
http://www.ncbi.nlm.nih.gov/pubmed/11193884
http://www.ncbi.nlm.nih.gov/pubmed/11193884
http://www.ncbi.nlm.nih.gov/pubmed/8993499
http://www.ncbi.nlm.nih.gov/pubmed/8993499
http://www.ncbi.nlm.nih.gov/pubmed/4995657
http://www.ncbi.nlm.nih.gov/pubmed/4995657
http://www.ncbi.nlm.nih.gov/pubmed/4995657
http://www.ncbi.nlm.nih.gov/pubmed/16101492
http://www.ncbi.nlm.nih.gov/pubmed/16101492
http://www.ncbi.nlm.nih.gov/pubmed/22173432
http://www.ncbi.nlm.nih.gov/pubmed/22173432
http://www.ncbi.nlm.nih.gov/pubmed/16505102
http://www.ncbi.nlm.nih.gov/pubmed/16505102
http://www.ncbi.nlm.nih.gov/pubmed/16505102
http://www.ncbi.nlm.nih.gov/pubmed/16505102
http://www.ncbi.nlm.nih.gov/pubmed/17589503
http://www.ncbi.nlm.nih.gov/pubmed/17589503
http://www.ncbi.nlm.nih.gov/pubmed/5081595
http://www.ncbi.nlm.nih.gov/pubmed/5081595
http://www.ncbi.nlm.nih.gov/pubmed/5081595


Volume 3 • Issue 3 • 1000175Nat Prod Chem Res
ISSN: 2329-6836 NPCR, an open access journal

Citation: Raveendran VV (2015) Camptothecin-Discovery, Clinical Perspectives and Biotechnology. Nat Prod Chem Res 3: 175. doi:10.4172/2329-
6836.1000175

Page 6 of 7

55. Royce ME, Rowinsky EK, Hoff PM, Coyle J, DeJager R, et al. (2004) A phase 
II study of intravenous exatecan mesylate (DX-8951f) administered daily for 
five days every three weeks to patients with metastatic adenocarcinoma of the 
colon or rectum. Invest New Drugs 22: 53-61.

56. Verschraegen CF, Kudelka AP, Hu W, Vincent M, Kavanagh JJ, et al. (2004) A 
phase II study of intravenous exatecan mesylate (DX-8951f) administered daily 
for 5 days every 3 weeks to patients with advanced ovarian, tubal or peritoneal 
cancer resistant to platinum, taxane and topotecan. Cancer Chemother 
Pharmacol 53: 1-7.

57. Ajani JA, Takimoto C, Becerra CR, Silva A, Baez L, et al. (2005) A phase II 
clinical and pharmacokinetic study of intravenous exatecan mesylate (DX-
8951f) in patients with untreated metastatic gastric cancer. Invest New Drugs 
23: 479-484.

58. Abou-Alfa GK, Rowinsky EK, Patt YZ, Schwartz GK, Kelsen DP, et al. (2005) 
A Phase II study of intravenous exatecan administered daily for 5 days, every 
3 weeks to patients with biliary tract cancers. Am J Clin Oncol 28: 334-339.

59. Ling X, Cao S, Cheng Q, Keefe JT, Rustum YM, et al. (2012) A novel small 
molecule FL118 that selectively inhibits survivin, Mcl-1, XIAP and cIAP2 in 
a p53-independent manner, shows superior antitumor activity. PLoS One 7: 
e45571.

60. Ling X, Xu C, Fan C, Zhong K, Li F, et al. (2014) FL118 induces p53-dependent 
senescence in colorectal cancer cells by promoting degradation of MdmX. 
Cancer Res 74: 7487-7497. 

61. Li F (2014) Anticancer drug FL118 is more than a survivin inhibitor: where is the 
Achilles' heel of cancer?.Am J Cancer Res 4: 304-311.

62. Vadlapatla RK, Vadlapudi AD, Pal D (2013) Mitra AK Mechanisms of drug 
resistance in cancer chemotherapy: coordinated role and regulation of efflux 
transporters and metabolizing enzymes. Curr Pharm Des 19: 7126-7140.

63. Beretta GL, Gatti L, Perego P, Zaffaroni N (2013) Camptothecin resistance in 
cancer: insights into the molecular mechanisms of a DNA-damaging drug. Curr 
Med Chem 20: 1541-1565.

64. Lei T, Srinivasan S, Tang Y, Manchanda R, Nagesetti A, et al. (2011) Comparing 
cellular uptake and cytotoxicity of targeted drug carriers in cancer cell lines with 
different drug resistance mechanisms. Nanomedicine 7: 324-332.

65. Wilson TR, Johnston PG, Longley DB (2009) Anti-apoptotic mechanisms of 
drug resistance in cancer. Curr Cancer Drug Targets 9: 307-319. 

66. O'Driscoll L (2009) Mechanisms of drug sensitivity and resistance in cancer. 
Curr Cancer Drug Targets 9: 250-251. 

67. Luqmani YA (2005) Mechanisms of drug resistance in cancer chemotherapy. 
Med Princ Pract 14 Suppl 1: 35-48. 

68. Gottesman MM (2002) Mechanisms of cancer drug resistance. Annu Rev Med 
53: 615-627.

69. Luo FR, Paranjpe PV, Guo A, Rubin E, Sinko P (2002) Intestinal transport of 
irinotecan in Caco-2 cells and MDCK II cells overexpressing efflux transporters 
Pgp, cMOAT, and MRP1. Drug Metab Dispos 30: 763-770.

70. Khanna R, Morton CL, Danks MK, Potter PM (2000) Proficient metabolism of 
irinotecan by a human intestinal carboxylesterase. Cancer Res 60: 4725-4728.

71. Cummings J, Boyd G, Ethell BT, Macpherson JS, Burchell B, et al. (2002) 
Enhanced clearance of topoisomerase I inhibitors from human colon cancer 
cells by glucuronidation. Biochem Pharmacol 63: 607-613.

72. Brangi M, Litman T, Ciotti M, Nishiyama K, Kohlhagen G, et al. (1999) 
Camptothecin resistance: role of the ATP-binding cassette (ABC), mitoxantrone-
resistance half-transporter (MXR), and potential for glucuronidation in MXR-
expressing cells. Cancer Res 59: 5938-5946.

73. Takahashi T, Fujiwara Y, Yamakido M, Katoh O, Watanabe H, et al. (1997) The 
role of glucuronidation in 7-ethyl-10-hydroxycamptothecin resistance in vitro. 
Jpn J Cancer Res 88: 1211-1217.

74. Perego P, De Cesare M, De Isabella P, Carenini N, Beggiolin G, et al. (2011) 
A novel 7-modified camptothecin analog overcomes breast cancer resistance 
protein-associated resistance in a mitoxantrone-selected colon carcinoma cell 
line. Cancer Res 61: 6034-6037.

75. Tsurutani J, Nitta T, Hirashima T, Komiya T, Uejima H, et al. (2002) Point 
mutations in the topoisomerase I gene in patients with non-small cell lung 
cancer treated with irinotecan. Lung Cancer 35: 299-304.

76. Mo YY, Yu Y, Shen Z, Beck WT (2002) Nucleolar delocalization of human 
topoisomerase I in response to topotecan correlates with sumoylation of the 
protein. J Biol Chem 277: 2958-2964.

35. Rowinsky EK, Grochow LB, Hendricks CB, Ettinger DS, Forastiere AA, et al. 
(1992) Phase I and pharmacologic study of topotecan: a novel topoisomerase 
I inhibitor. J Clin Oncol 10: 647-656.

36. ten Bokkel Huinink W, Gore M, Carmichael J, Gordon A, Malfetano J, et al. 
(1997) Topotecan versus paclitaxel for the treatment of recurrent epithelial 
ovarian cancer. J Clin Oncol 15: 2183-2193.

37. Perez-Soler R, Glisson BS, Lee JS, Fossella FV, Murphy WK, et al. (1996) 
Treatment of patients with small-cell lung cancer refractory to etoposide and 
cisplatin with the topoisomerase I poison topotecan. J Clin Oncol 14: 2785-2790.

38. Gonzalez EE, Villanueva N, Fra J, Berros JP, Jimenez P, et al. (2011) Activity 
of topotecan given intravenously for 5 days every three weeks in patients with 
advanced non-small cell lung cancer pretreated with platinum and taxanes: a 
phase II study. Invest New Drugs 29: 1459-1464.

39. Perez-Soler R, Fossella FV, Glisson BS, Lee JS, Murphy WK, et al. (1996) 
Phase II study of topotecan in patients with advanced non-small-cell lung 
cancer previously untreated with chemotherapy. J Clin Oncol 14: 503-513.

40. Fleming GF, Kugler JW, Hoffman PC, Ansari R, Bitran JD, et al. (1998) Phase 
II trial of paclitaxel and topotecan with granulocyte colony-stimulating factor 
support in stage IV breast cancer. J Clin Oncol 16: 2032-2037.

41. Wagner S, Peters O, Fels C, Janssen G, Liebeskind AK, et al. (2008) Pegylated-
liposomal doxorubicin and oral topotecan in eight children with relapsed high-
grade malignant brain tumors. J Neurooncol 86: 175-181.

42. Garcia AA, Roman L, Muderspach L, O'meara A, Facio G, et al. (2005) Phase 
I clinical trial of topotecan and pegylated liposomal doxorubicin. Cancer Invest 
23: 665-670.

43. Rose PG, Smrekar M, Haba P, Fusco N, Rodriguez MA (2008) phase I study of 
oral topotecan and pegylated liposomal doxorubicin (doxil) in platinum-resistant 
ovarian and peritoneal cancer. Am J Clin Oncol 31: 476-480.

44. Nielsen DL, Brünner N(2013) Etirinotecan pegol: an option for late-stage breast 
cancer?. Lancet Oncol 14: 1149-1151.

45. Jameson GS, Hamm JT, Weiss GJ, Alemany C, Anthony S, et al. (2013) A 
multicenter, phase I, dose-escalation study to assess the safety, tolerability, and 
pharmacokinetics of etirinotecan pegol in patients with refractory solid tumors. 
Clin Cancer Res 19: 268-278.

46. Vergote IB, Garcia A, Micha J, Pippitt C, Bendell J, et al. (2013) Randomized 
multicenter phase II trial comparing two schedules of etirinotecan pegol (NKTR-
102) in women with recurrent platinum-resistant/refractory epithelial ovarian 
cancer. J Clin Oncol 31: 4060-4066.

47. Giovanella BC, Stehlin JS, Hinz HR, Kozielski AJ, Harris NJ, et al. (2002) 
Preclinical evaluation of the anticancer activity and toxicity of 9-nitro-20(S)-
camptothecin (Rubitecan). Int J Oncol 20: 81-88.

48. Patel H, Stoller R, Auber M, Potter D, Cai C (2006) Phase II study of rubitecan, 
an oral camptothecin in patients with advanced colorectal cancer who have 
failed previous 5-fluorouracil based chemotherapy. Invest New Drugs 24: 359-363.

49. Chedid S, Rivera E, Frye DK, Ibrahim N, Esteva F, et al. (2006) Minimal clinical 
benefit of single agent Orathecin (Rubitecan) in heavily pretreated metastatic 
breast cancer. Cancer Chemother Pharmacol 57: 540-544.

50. Baka S, Ranson M, Lorigan P, Danson S, Linton K, et al. (2005) A phase II trial 
with RFS2000 (rubitecan) in patients with advanced non-small cell lung cancer. 
Eur J Cancer 41: 1547-1550.

51. Burris HA, Rivkin S, Reynolds R, Harris J, Wax A, et al.(2005) Phase II trial of 
oral rubitecan in previously treated pancreatic cancer patients. Oncologist 10: 
183-190.

52. Reichardt P, Nielsen OS, Bauer S, Hartmann JT, Schöffski P, et al. (2007) 
Exatecan in pretreated adult patients with advanced soft tissue sarcoma: 
results of a phase II--study of the EORTC Soft Tissue and Bone Sarcoma 
Group. Eur J Cancer 43: 1017-1022.

53. Abou-Alfa GK, Letourneau R, Harker G, Modiano M, Hurwitz H, et al. (2006) 
Randomized phase III study of exatecan and gemcitabine compared with 
gemcitabine alone in untreated advanced pancreatic cancer. J Clin Oncol 24: 
4441-4447.

54. Esteva FJ, Rivera E, Cristofanilli M, Valero V, Royce M, et al. (2003) A Phase 
II study of intravenous exatecan mesylate (DX-8951f) administered daily for 5 
days every 3 weeks to patients with metastatic breast carcinoma. Cancer 98: 
900-907.

http://www.ncbi.nlm.nih.gov/pubmed/14707494
http://www.ncbi.nlm.nih.gov/pubmed/14707494
http://www.ncbi.nlm.nih.gov/pubmed/14707494
http://www.ncbi.nlm.nih.gov/pubmed/14707494
http://www.ncbi.nlm.nih.gov/pubmed/14586557
http://www.ncbi.nlm.nih.gov/pubmed/14586557
http://www.ncbi.nlm.nih.gov/pubmed/14586557
http://www.ncbi.nlm.nih.gov/pubmed/14586557
http://www.ncbi.nlm.nih.gov/pubmed/14586557
http://www.ncbi.nlm.nih.gov/pubmed/16133799
http://www.ncbi.nlm.nih.gov/pubmed/16133799
http://www.ncbi.nlm.nih.gov/pubmed/16133799
http://www.ncbi.nlm.nih.gov/pubmed/16133799
http://www.ncbi.nlm.nih.gov/pubmed/16062073
http://www.ncbi.nlm.nih.gov/pubmed/16062073
http://www.ncbi.nlm.nih.gov/pubmed/16062073
http://www.ncbi.nlm.nih.gov/pubmed/23029106
http://www.ncbi.nlm.nih.gov/pubmed/23029106
http://www.ncbi.nlm.nih.gov/pubmed/23029106
http://www.ncbi.nlm.nih.gov/pubmed/23029106
http://www.ncbi.nlm.nih.gov/pubmed/25512388
http://www.ncbi.nlm.nih.gov/pubmed/25512388
http://www.ncbi.nlm.nih.gov/pubmed/25512388
http://www.ncbi.nlm.nih.gov/pubmed/23829373
http://www.ncbi.nlm.nih.gov/pubmed/23829373
http://www.ncbi.nlm.nih.gov/pubmed/23829373
http://www.ncbi.nlm.nih.gov/pubmed/23432590
http://www.ncbi.nlm.nih.gov/pubmed/23432590
http://www.ncbi.nlm.nih.gov/pubmed/23432590
http://www.ncbi.nlm.nih.gov/pubmed/21094277
http://www.ncbi.nlm.nih.gov/pubmed/21094277
http://www.ncbi.nlm.nih.gov/pubmed/21094277
http://www.ncbi.nlm.nih.gov/pubmed/19442051
http://www.ncbi.nlm.nih.gov/pubmed/19442051
https://www.docphin.com/research/article-detail/4694447/PubMedID-19442046/Mechanisms-of-drug-sensitivity-and-resistance-in-cancer
https://www.docphin.com/research/article-detail/4694447/PubMedID-19442046/Mechanisms-of-drug-sensitivity-and-resistance-in-cancer
http://www.ncbi.nlm.nih.gov/pubmed/16103712
http://www.ncbi.nlm.nih.gov/pubmed/16103712
http://www.ncbi.nlm.nih.gov/pubmed/11818492
http://www.ncbi.nlm.nih.gov/pubmed/11818492
http://www.ncbi.nlm.nih.gov/pubmed/12065434
http://www.ncbi.nlm.nih.gov/pubmed/12065434
http://www.ncbi.nlm.nih.gov/pubmed/12065434
http://www.ncbi.nlm.nih.gov/pubmed/10987276
http://www.ncbi.nlm.nih.gov/pubmed/10987276
http://www.ncbi.nlm.nih.gov/pubmed/11992628
http://www.ncbi.nlm.nih.gov/pubmed/11992628
http://www.ncbi.nlm.nih.gov/pubmed/11992628
http://www.ncbi.nlm.nih.gov/pubmed/10606239
http://www.ncbi.nlm.nih.gov/pubmed/10606239
http://www.ncbi.nlm.nih.gov/pubmed/10606239
http://www.ncbi.nlm.nih.gov/pubmed/10606239
http://www.ncbi.nlm.nih.gov/pubmed/9473740
http://www.ncbi.nlm.nih.gov/pubmed/9473740
http://www.ncbi.nlm.nih.gov/pubmed/9473740
http://www.ncbi.nlm.nih.gov/pubmed/11507048
http://www.ncbi.nlm.nih.gov/pubmed/11507048
http://www.ncbi.nlm.nih.gov/pubmed/11507048
http://www.ncbi.nlm.nih.gov/pubmed/11507048
http://www.ncbi.nlm.nih.gov/pubmed/11844605
http://www.ncbi.nlm.nih.gov/pubmed/11844605
http://www.ncbi.nlm.nih.gov/pubmed/11844605
http://www.ncbi.nlm.nih.gov/pubmed/11709553
http://www.ncbi.nlm.nih.gov/pubmed/11709553
http://www.ncbi.nlm.nih.gov/pubmed/11709553
http://www.ncbi.nlm.nih.gov/pubmed/1312588
http://www.ncbi.nlm.nih.gov/pubmed/1312588
http://www.ncbi.nlm.nih.gov/pubmed/1312588
http://www.ncbi.nlm.nih.gov/pubmed/9196130
http://www.ncbi.nlm.nih.gov/pubmed/9196130
http://www.ncbi.nlm.nih.gov/pubmed/9196130
http://www.ncbi.nlm.nih.gov/pubmed/8874340
http://www.ncbi.nlm.nih.gov/pubmed/8874340
http://www.ncbi.nlm.nih.gov/pubmed/8874340
http://www.ncbi.nlm.nih.gov/pubmed/20464446
http://www.ncbi.nlm.nih.gov/pubmed/20464446
http://www.ncbi.nlm.nih.gov/pubmed/20464446
http://www.ncbi.nlm.nih.gov/pubmed/20464446
http://www.ncbi.nlm.nih.gov/pubmed/8636764
http://www.ncbi.nlm.nih.gov/pubmed/8636764
http://www.ncbi.nlm.nih.gov/pubmed/8636764
http://www.ncbi.nlm.nih.gov/pubmed/9626200
http://www.ncbi.nlm.nih.gov/pubmed/9626200
http://www.ncbi.nlm.nih.gov/pubmed/9626200
http://www.ncbi.nlm.nih.gov/pubmed/17641821
http://www.ncbi.nlm.nih.gov/pubmed/17641821
http://www.ncbi.nlm.nih.gov/pubmed/17641821
http://www.ncbi.nlm.nih.gov/pubmed/16377584
http://www.ncbi.nlm.nih.gov/pubmed/16377584
http://www.ncbi.nlm.nih.gov/pubmed/16377584
http://www.ncbi.nlm.nih.gov/pubmed/18838885
http://www.ncbi.nlm.nih.gov/pubmed/18838885
http://www.ncbi.nlm.nih.gov/pubmed/18838885
http://www.ncbi.nlm.nih.gov/pubmed/24095297
http://www.ncbi.nlm.nih.gov/pubmed/24095297
http://www.ncbi.nlm.nih.gov/pubmed/23136196
http://www.ncbi.nlm.nih.gov/pubmed/23136196
http://www.ncbi.nlm.nih.gov/pubmed/23136196
http://www.ncbi.nlm.nih.gov/pubmed/23136196
http://jco.ascopubs.org/content/31/32/4060.full.pdf
http://jco.ascopubs.org/content/31/32/4060.full.pdf
http://jco.ascopubs.org/content/31/32/4060.full.pdf
http://jco.ascopubs.org/content/31/32/4060.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11743646
http://www.ncbi.nlm.nih.gov/pubmed/11743646
http://www.ncbi.nlm.nih.gov/pubmed/11743646
http://www.ncbi.nlm.nih.gov/pubmed/16525767
http://www.ncbi.nlm.nih.gov/pubmed/16525767
http://www.ncbi.nlm.nih.gov/pubmed/16525767
http://www.researchgate.net/publication/7572198_Minimal_clinical_benefit_of_single_agent_Orathecin_(Rubitecan)_in_heavily_pretreated_metastatic_breast_cancer
http://www.researchgate.net/publication/7572198_Minimal_clinical_benefit_of_single_agent_Orathecin_(Rubitecan)_in_heavily_pretreated_metastatic_breast_cancer
http://www.researchgate.net/publication/7572198_Minimal_clinical_benefit_of_single_agent_Orathecin_(Rubitecan)_in_heavily_pretreated_metastatic_breast_cancer
http://www.ncbi.nlm.nih.gov/pubmed/16026691
http://www.ncbi.nlm.nih.gov/pubmed/16026691
http://www.ncbi.nlm.nih.gov/pubmed/16026691
http://www.ncbi.nlm.nih.gov/pubmed/15793221
http://www.ncbi.nlm.nih.gov/pubmed/15793221
http://www.ncbi.nlm.nih.gov/pubmed/15793221
http://www.ncbi.nlm.nih.gov/pubmed/17336054
http://www.ncbi.nlm.nih.gov/pubmed/17336054
http://www.ncbi.nlm.nih.gov/pubmed/17336054
http://www.ncbi.nlm.nih.gov/pubmed/17336054
http://www.ncbi.nlm.nih.gov/pubmed/16983112
http://www.ncbi.nlm.nih.gov/pubmed/16983112
http://www.ncbi.nlm.nih.gov/pubmed/16983112
http://www.ncbi.nlm.nih.gov/pubmed/16983112
http://www.ncbi.nlm.nih.gov/pubmed/12942555
http://www.ncbi.nlm.nih.gov/pubmed/12942555
http://www.ncbi.nlm.nih.gov/pubmed/12942555
http://www.ncbi.nlm.nih.gov/pubmed/12942555


Volume 3 • Issue 3 • 1000175Nat Prod Chem Res
ISSN: 2329-6836 NPCR, an open access journal

Citation: Raveendran VV (2015) Camptothecin-Discovery, Clinical Perspectives and Biotechnology. Nat Prod Chem Res 3: 175. doi:10.4172/2329-
6836.1000175

Page 7 of 7

77. Bharti AK, Olson MO, Kufe DW, Rubin EH (1996) Identification of a nucleolin 
binding site in human topoisomerase I. J Biol Chem 271: 1993-1997.

78. Edwards TK, Saleem A, Shaman JA, Dennis T, Gerigk C, et al. (2000) Role for 
nucleolin/Nsr1 in the cellular localization of topoisomerase I. J Biol Chem 275:
36181-36188.

79. Wan S, Capasso H, Walworth NC (1999) The topoisomerase I poison
camptothecin generates a Chk1-dependent DNA damage checkpoint signal in
fission yeast. Yeast 15: 821-828.

80. Wang H, Wang X, Zhou XY, Chen DJ, Li GC, et al. (2002) Ku affects the
ataxia and Rad 3-related/CHK1-dependent S phase checkpoint response after 
camptothecin treatment. Cancer Res 62: 2483-2487. 

81. Reid RJ, Fiorani P, Sugawara M, Bjornsti MA (1999) CDC45 and DPB11 are
required for processive DNA replication and resistance to DNA topoisomerase
I-mediated DNA damage. Proc Natl Acad Sci U S A 96: 11440-11445.

82. Pichierri P, Franchitto A, Piergentili R, Colussi C, Palitti F (2001) Hypersensitivity 
to camptothecin in MSH2 deficient cells is correlated with a role for MSH2 
protein in recombinational repair. Carcinogenesis 22: 1781-1787.

83. Reinhold WC, Kouros-Mehr H, Kohn KW, Maunakea AK, Lababidi S, et al.
(2003) Apoptotic susceptibility of cancer cells selected for camptothecin
resistance: gene expression profiling, functional analysis, and molecular 
interaction mapping. Cancer Res 63: 1000-1011. 

84. Nieves-Neira W, Pommier Y (1999) Apoptotic response to camptothecin and
7-hydroxystaurosporine (UCN-01) in the 8 human breast cancer cell lines of the 
NCI Anticancer Drug Screen: multifactorial relationships with topoisomerase I,
protein kinase C, Bcl-2, p53, MDM-2 and caspase pathways. Int J Cancer 82:
396-404.

85. Zhang XW, Xu B (2000) Differential regulation of P53, c-Myc, Bcl-2, Bax and
AFP protein expression, and caspase activity during 10-hydroxycamptothecin-
induced apoptosis in Hep G2 cells. Anticancer Drugs 11: 747-756.

86. Lorence A, Nessler CL (2004) Camptothecin, over four decades of surprising
findings. Phytochemistry 65: 2735-2749.

87. Govindachari TR, Viswanathan N (1972) Alkaloids of Mappia foetida.
Phytochemistry 11: 3529-3531.

88. Pu X, Qu X, Chen F, Bao J, Zhang G, et al. (2013) Camptothecin-producing
endophytic fungus Trichoderma atroviride LY357: isolation, identification, 
and fermentation conditions optimization for camptothecin production. Appl
Microbiol Biotechnol 97: 9365-9375.

89. Aimi N, Nishimura M, Miwa A, Hoshino H, Sakai SI, et al. (1989) Pumiloside
and deoxypumiloside; plausible intermediates of camptothecin biosynthesis.
Tetrahedron Letters 30: 4991-4994.

90. Vineesh VR, Jelly CL, Fijesh PV, Jaimsha VK, Padikkala J (2007) Effect of
N 6-Benzyl amino purine and Naphthalene acetic acid on camptothecin
production through in vitro propagation of Ophiorrhiza rugosa Wall. var.
decumbens (Gardn. ex Thw.) Deb & Mondal. Nat Prod Rad 6: 405-409.

91. Vineesh VR, Jelly CL, Fijesh PV, Jaimsha VK, Padikkala J (2007) In vitro
production of camptothecin (an anticancer drug) through albino plants of
Ophiorrhiza rugosa var. decumbens. Current Science 92: 1216-1218.

92. Asano T, Sudo H, Yamazaki M, Saito K (2009) Camptothecin production by in
vitro cultures and plant regeneration in Ophiorrhiza species. Methods Mol Biol
547: 337-345.

93. Sakatoa k, Tanakaa H, Mukaia N, Misawaa M (1974) Isolation and identification 
of camptothecin from cells of Camptotheca acuminata;suspension cultures.
Agricultural and biological chemistry 38: 217-218.

94. Sudo H, Hasegawa Y, Matsunga J (1991) Production of camptothecin. P Jpn
Pat 03: 628. 

95. Roja G, Heble MR (1994) The quinoline alakoloids camptothecin and
methoxycamptothecin from tissue culture and mature trees of Nothopodytes
foetida. Phytochemistry 36: 65-66.

96. Saito K, Sudo H, Yamazaki M, Koseki-Nakamura M, Kitajima M, et al. (2001)
Feasible production of camptothecin by hairy root culture of Ophiorrhiza pumila. 
Plant Cell Rep 20: 267-271.

97. Yamazaki Y, Sudo H, Yamazaki M, Aimi N, Saito K (2003) Camptothecin
Biosynthetic Genes in Hairy Roots of Ophiorrhiza pumila: Cloning,
Characterization and Differential Expression in Tissues and by Stress
Compounds. Plant Cell Physiol 44: 395-403.

98. Cui L, Ni X, Ji Q, Teng X, Yang Y, et al. (2015) Co-overexpression of geraniol-
10-hydroxylase and strictosidine synthase improves anti-cancer drug
camptothecin accumulation in Ophiorrhiza pumila. Sci Rep. 

99. Priel E, Showalter SD, Blair DG (1991) Inhibition of human immunodeficiency 
virus (HIV-1) replication in vitro by noncytotoxic doses of camptothecin, a
topoisomerase I inhibitor. AIDS Res Hum Retroviruses 7: 65-72.

100. Lu Y, Wang H, Wang W, Qian Z, Li L, et al. (2009) Molecular characterization
and expression analysis of a new cDNA encoding strictosidine synthase from
Ophiorrhiza japonica. Mol Biol Rep 36: 1845-1852.

http://www.ncbi.nlm.nih.gov/pubmed/8567649
http://www.ncbi.nlm.nih.gov/pubmed/8567649
http://www.ncbi.nlm.nih.gov/pubmed/10967121
http://www.ncbi.nlm.nih.gov/pubmed/10967121
http://www.ncbi.nlm.nih.gov/pubmed/10967121
http://www.ncbi.nlm.nih.gov/pubmed/10407262
http://www.ncbi.nlm.nih.gov/pubmed/10407262
http://www.ncbi.nlm.nih.gov/pubmed/10407262
http://www.ncbi.nlm.nih.gov/pubmed/11980637
http://www.ncbi.nlm.nih.gov/pubmed/11980637
http://www.ncbi.nlm.nih.gov/pubmed/11980637
http://www.ncbi.nlm.nih.gov/pubmed/10500195
http://www.ncbi.nlm.nih.gov/pubmed/10500195
http://www.ncbi.nlm.nih.gov/pubmed/10500195
http://www.ncbi.nlm.nih.gov/pubmed/11698339
http://www.ncbi.nlm.nih.gov/pubmed/11698339
http://www.ncbi.nlm.nih.gov/pubmed/11698339
http://www.ncbi.nlm.nih.gov/pubmed/12615715
http://www.ncbi.nlm.nih.gov/pubmed/12615715
http://www.ncbi.nlm.nih.gov/pubmed/12615715
http://www.ncbi.nlm.nih.gov/pubmed/12615715
http://www.ncbi.nlm.nih.gov/pubmed/10399957
http://www.ncbi.nlm.nih.gov/pubmed/10399957
http://www.ncbi.nlm.nih.gov/pubmed/10399957
http://www.ncbi.nlm.nih.gov/pubmed/10399957
http://www.ncbi.nlm.nih.gov/pubmed/10399957
http://www.ncbi.nlm.nih.gov/pubmed/15474560
http://www.ncbi.nlm.nih.gov/pubmed/15474560
http://www.sciencedirect.com/science/article/pii/S0031942200898520
http://www.sciencedirect.com/science/article/pii/S0031942200898520
http://www.ncbi.nlm.nih.gov/pubmed/23949997
http://www.ncbi.nlm.nih.gov/pubmed/23949997
http://www.ncbi.nlm.nih.gov/pubmed/23949997
http://www.ncbi.nlm.nih.gov/pubmed/23949997
http://www.sciencedirect.com/science/article/pii/S0040403901805633
http://www.sciencedirect.com/science/article/pii/S0040403901805633
http://www.sciencedirect.com/science/article/pii/S0040403901805633
http://nopr.niscair.res.in/bitstream/123456789/7894/1/NPR 6(5) 405-409.pdf
http://nopr.niscair.res.in/bitstream/123456789/7894/1/NPR 6(5) 405-409.pdf
http://nopr.niscair.res.in/bitstream/123456789/7894/1/NPR 6(5) 405-409.pdf
http://nopr.niscair.res.in/bitstream/123456789/7894/1/NPR 6(5) 405-409.pdf
http://www.researchgate.net/publication/215651974_In_vitro_production_of_camptothecin_(an_anticancer_drug)_from_mutant_albino_plants_of_Ophiorrhiza_rugosa_var._decumbens
http://www.researchgate.net/publication/215651974_In_vitro_production_of_camptothecin_(an_anticancer_drug)_from_mutant_albino_plants_of_Ophiorrhiza_rugosa_var._decumbens
http://www.researchgate.net/publication/215651974_In_vitro_production_of_camptothecin_(an_anticancer_drug)_from_mutant_albino_plants_of_Ophiorrhiza_rugosa_var._decumbens
http://www.ncbi.nlm.nih.gov/pubmed/19521857
http://www.ncbi.nlm.nih.gov/pubmed/19521857
http://www.ncbi.nlm.nih.gov/pubmed/19521857
http://www.tandfonline.com/doi/abs/10.1080/00021369.1974.10861136
http://www.tandfonline.com/doi/abs/10.1080/00021369.1974.10861136
http://www.tandfonline.com/doi/abs/10.1080/00021369.1974.10861136
http://link.springer.com/article/10.1007%2Fs002990100320
http://link.springer.com/article/10.1007%2Fs002990100320
http://link.springer.com/article/10.1007%2Fs002990100320
http://www.ncbi.nlm.nih.gov/pubmed/12721380
http://www.ncbi.nlm.nih.gov/pubmed/12721380
http://www.ncbi.nlm.nih.gov/pubmed/12721380
http://www.ncbi.nlm.nih.gov/pubmed/12721380
http://www.nature.com/srep/2015/150204/srep08227/full/srep08227.html
http://www.nature.com/srep/2015/150204/srep08227/full/srep08227.html
http://www.nature.com/srep/2015/150204/srep08227/full/srep08227.html
http://www.ncbi.nlm.nih.gov/pubmed/1707642
http://www.ncbi.nlm.nih.gov/pubmed/1707642
http://www.ncbi.nlm.nih.gov/pubmed/1707642

	Title
	Corresponding author
	Abstract 
	Introduction
	Camptothecin
	A historical account on discovery of camptothecin
	Identification of mode of action of camptothecin
	Interfacial inhibitor concept
	Clinically useful derivatives of camptothecin
	Topotecan
	Irinotecan
	Etirinotecan pegol, a conjugate of Irinotecan

	Analogues of camptothecin under clinical investigation
	Rubitecan
	Exatecan 

	FL118, a novel structurally similar analogue of camptothecin

	Mechanisms of Resistance to Anticancer Properties of Camptothecins
	Natural Sources and Biotechnological Efforts to Produce Camptothecin
	Shoot and root cultures of Ophiorrhiza species for camptothecin

	Summary
	Figure 1
	Figure 2
	Figure 3
	References

