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S u m m a r y. The article reviews the history of the research on 
anticancer drugs of plant origin. The procedures that enable 
the isolation of such compounds as vinblastine, vincristine 
or paclitaxel are presented. The procedures are based on the 
fractionation of plant extracts and the estimation of biological 
activity of the obtained fractions. In most cases, the chroma-
tographic techniques are used to separate biologically active 
compounds. 
K e y w o r d s: podophyllotoxin, vinblastine and vincristine, 
camptothecin, paclitaxel, combretastatin, jerantinines A-G.

INTRODUCTION

Neoplastic diseases are one of the biggest prob-
lems of the modern medicine. Surgery, radiotherapy, 
chemotherapy as well as molecularly targeted thera-
pies and immunotherapies are currently being used in 
the treatment of advanced cancers. Traditional chem-
otherapy based on cytostatic drugs is still a key meth-
od for pharmacological treatment of cancer diseases. 
Despite their high toxicity, cytostatic drugs are very 
effective; hence, there is a constant need to search for 
new compounds exhibiting cytostatic activity in plant 
and animal organisms. The most important discover-
ies in this Þ eld include the isolation and identiÞ cation 
of the structure of paclitaxel, vinblastine, vincristine, 
camptothecin, podophyllotoxin, combretastatin, sap-
onin OSW-1, and jerantinines A-G.

This paper presents the history of research on 
anticancer drugs of plant origin. Special attention is 
paid to the research methods that contributed to the 
isolation of active compounds from plant material.

From prehistory to the second half of the 20th 
century

The Edwin Smith Papyrus contained notes on 
cancer treatment (16th-17th century BC). However, 
the author of the papyrus did not present a positive 
prognosis for people affected with neoplastic diseas-
es. Later, Hippocrates of Kos (ca. 460-370 BC), the 
father of medicine, did not recommend the applica-
tion of treatment to cancer patients. He even noted 
that untreated patients lived longer. Hippocrates 
believed that cancer was the result of an excess of 
�black bile� in the body, and his theory has survived 
nearly 2,000 years. (Barrow and Mark, 1972). Peda-
nius Dioscorides, living at the beginning of our era 
(ca. 40-90 AD), cured cancer patients with red clo-
ver (Trifolium pratense L.) and autumn crocus (Col-
chicum autumnale L.). Ibn Sina, commonly known 
as Avicenna, expanded the range of anticancer drugs 
by including poet�s narcissus (Narcissus poeticus 
L.), exploding cucumber (Ecballium elaterium (L.) 
A. Rich.), nettle (Urtica sp.), common Þ gwort (Scro-
phularia nodosa L.), belladonna (Atropa belladonna 
L.), and castor bean (Ricinus communis L.) (Wiec-
zorek et al., 2006; Eltoraim and Ivan 1979).

With the exception of the Caliphate, science 
did not develop as dynamically in the Middle Ages 
as during Greek and Roman Antiquity. A great break-
through in the development of drug science was 
achieved by the research by Paracelsus (1493-1541), 
who claimed that the task of alchemy is to Þ nd novel 
drugs that can be extracted from plants by appropri-
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ate chemical treatment. Paracelsus�s postulates were 
implemented by Friedrich Sertürner, who isolated 
morphine with simple chemical methods in 1804. It 
was the Þ rst known pure-form plant compound with 
strong biological activity. Sertürner�s discovery not 
only helped in the treatment of severe aches, includ-
ing cancer pain, but also encouraged the isolation of 
pure compounds from plants. A real breakthrough in 
this Þ eld of research was provided by the investi-
gations conducted by Mikhail Semyonovich Tsvet 
(1872-1919), who was the Þ rst to separate plant 
dyes in chalk-Þ lled columns, thereby becoming the 
inventor of chromatography. This technique facili-
tated effective, rapid, and efÞ cient isolation of active 
compounds from plant materials. It can be argued 
that no cytostatics would currently be available in 
oncology without Tsvet�s discovery.

Podophyllotoxin 
The Þ rst work on isolation of active com-

pounds from Podophyllum peltatum L. was carried 
out by Podwyssotzki in 1861. By crystallisation, he 
obtained picropodophyllin, which he erroneously 
called podophyllotoxin (Fig. 1) (Imbert, 1998). 

F i g u r e 1. Podophyllotoxin

Podophyllotoxin isolated 20 years later was the 
Þ rst pure-form compound with antimitotic activity 
(Wieczorek et al., 2006; Stoll et al., 1954). Isolation of 

the compound was challenging due to the lack of ap-
propriate analytical techniques. There were no chro-
matographic techniques at that time and all isolations 
were performed with the classical chemical methods. 
The structure of podophyllotoxin was identiÞ ed by 
Borsche and Niemann (1932). It was later modiÞ ed 
by Schrecker and Hartwell (1956). After the veriÞ ca-
tion of its structure, synthesis of the compound was 
carried out and etoposide (VP-16 compound) was 
synthesized in 1966 (Kuhn and Wartburg 1967). The 
activity of podophyllotoxin is based on the reversible 
binding to tubulin, while etoposide and teniposide in-
hibit topoisomerase II which mediates the cleavage of 
DNA. Etoposide is an effective cytostatic agent used 
until today in the treatment of lung cancer, especially 
in combination with platinum compounds in patients 
with small-cell lung cancer (Cragg et al., 2016).

Vinblastine and Vincristine
In 1951, Robert Noble received a letter con-

taining Catharanthus roseus (L.) G. Don., leaves 
from his brother. The leaves were provided by a Ja-
maican patient, who claimed that they were used in 
traditional medicine as an antidiabetic drug. Inves-
tigations conducted together with Charles Thomas 
Beer demonstrated that extracts of the leaves were 
characterised by high cytotoxicity. The researchers 
treated the C. roseus leaves with a mixture of eth-
anol, water, and acetic acid. They evaporated the 
extract to dryness and suspended in a 2% aqueous 
HCl solution (pH 4). They centrifuged the non-dis-
solved fraction and determined its biological activ-
ity. It appeared to be low. Therefore, they extracted 
the supernatant obtained during centrifugation with 
benzene. After the extraction, the researchers as-
sessed the activities of the resulting fractions. The 
aqueous fraction turned out to have high cytotoxic 
activity. It was alkalised (pH 7) and extracted again 
with benzene. The benzene extract contained a pure 
alkaloid fraction and exhibited potent cytotoxic ac-
tivity. The next step was chromatographic isolation 
of pure vinblastine (Fig. 2A) (Noble et al., 1958).

               
F i g u r e 2. Vinblastine (A) and vincristine (B)
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Vincristine (Fig. 2B) was another alkaloid 
isolated from C. roseus that exhibited cytotoxic 
activity, and as it turned out later, vinblastine and 
vincristine destroy microtubules, which arrests the 
cells in metaphase stage and their subsequent death 
(Cragg et al., 2016). The compound was isolated by 
Gordon H. Svoboda from Lilly Research Labora-
tories (Farnsworth 1988). Vincristine and vinblas-
tine are commonly applied in oncological therapies 
in combination with other cytostatics as well as 
in monotherapy. They have also become starting 
compounds for the synthesis of many derivatives, 
e.g. vinorelbine, vindesine, vinß unine, and anhy-
drovinblastine.

Camptothecin
In the 40s of the 20th century, Monroe Wall, 

who worked for the USDA ERRL in Philadelphia, 
searched for plant materials that could be important 
to the military industry. Doctor Wall archived sam-
ples of ethanol extracts, which were later used for 
the isolation of camptothecin (Fig. 3).

F i g u r e 3. Camptothecin

In 1957, Jonathan Hartwell from the Cancer 
Chemotherapy National Service Center persuaded 
doctor Wall to send samples of 1,000 archived 
plant extracts to the NCI, where their activity was 
assessed. One of them, i.e. the Camptotheca acumi-
nata Decne extract, exhibited particularly interest-
ing properties. However, the USDA did not support 
the search for anticancer drugs. Therefore, in 1960, 
Monroe Wall moved to the Research Triangle In-
stitute, and in collaboration with Mansukh Wani 
started work on the isolation of an active compound 
from 20 kg of C. acuminata bark and wood in 1963. 
Both investigators adopted a research strategy em-
ployed by the discoverers of vinblastine. They 
repeatedly fractionated the C. acuminata wood 
and bark extract with conventional chemical tech-
niques, each time estimating the cytotoxic activity 
of the fractions. In the Þ nal stage of the investiga-
tions, they employed silica gel chromatography to 
isolate pure camptothecin. Next, they determined 
the structure of this compound using X-ray analy-
sis. Camptothecin, as a cytotoxic quinoline alkaloid 

which inhibits topoisomerase I, has been currently 
used in cancer chemotherapy (e.g. topotecan in the 
treatment of small-cell lung cancer and irinotecan 
in the treatment of colorectal cancer) (Wall et al., 
1966; Oberlies and Kroll 2004).

Paclitaxel
Parallel to the work on the isolation of camp-

tothecin, Wall and Wani started research on active 
compounds contained in Taxus brevifolia Nutt. 
They fractionated an alcohol extract from the bark 
of the tree with the liquid-liquid separation method. 
They puriÞ ed chloroform fraction, characterised by 
the highest cytotoxic activity, with the chromato-
graphic technique using Florisil, Sephadex LH-20, 
and silica gel adsorbents. This complex puriÞ ca-
tion process yielded crystalline paclitaxel (Fig. 4) 
(Wani et al., 1971). 

F i g u r e 4. Paclitaxel

Due to its complexity, determination of the 
structure of this compound proved to be extremely 
difÞ cult. Dr Wall claimed that the research on pa-
clitaxel should even be suspended, and other plant 
compounds should be explored. Nevertheless, dr 
Wani determined the structure of the alkaloid using 
X-ray analysis. Paclitaxel and its semi-synthetic 
analogue � docetaxel that work by interfering with 
cell division (by binding with the mitotic spindle 
microtubule), are commonly used in chemotherapy 
of breast, prostate, gastric, head and neck, and lung 
cancers.

Saponin osw-1
In 1992, Kubo et al. isolated saponins from 

Ornithogalum saundersiae Baker bulbs, which ex-
hibited higher cytotoxicity than paclitaxel and cis-
platin and low toxicity towards normal cells. Sapo-
nin OSW-1 (Fig. 5) appeared to be the most active 
compound in all the saponin family. 
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F i g u r e 5. Saponin OSW-1

To isolate it, the researchers extracted 16.2 
kg of Ornithogalum bulbs with boiling MeOH. The 
extract obtained in this way was evaporated to dry-
ness, and the residue was extracted with n-butanol. 
The solution was fractionated repeatedly with the 
silica gel chromatography method. Ultimately, mil-
ligrams of several saponins were obtained. The 
investigators determined the structure of the com-
pounds with mass spectrometry and NMR tech-
niques (Kubo et al., 1992; Kuroda et al., 2001).

Combretastatin
In the late 80s of the 20th century, George 

Pettit et al. isolated and determined the structure 
of several compounds called combretastatins (Fig. 
6). They were extracting 77 kg of timber from an 
African tree Combretum caffrum (Eckl. & Zeyh.) 
Kuntze with 320 litres of a methylene chloride and 
methanol mixture (1:1) for 11 days. They frac-
tionated the extract with the liquid-liquid separa-
tion technique using hexane and a methanol-water 
mixture (9:1). Each fraction was analysed for its 
biological activity. Finally, 827.9 g of a CH

2
Cl

2
 ex-

tract of the most potent activity was obtained. The 
extract was subjected to multistep puriÞ cation with 
column chromatography with Sephadex LH-20 and 
silica gel adsorbents. The chromatographic separa-
tion yielded 0.7 g of combretastatin A-1 and 39.6 
mg of combretastatin B-1. The structures of these 
compounds were established with mass spectrom-
etry and NMR techniques (Pettit et al., 1987).

F i g u r e 6. Combretastatin

Combretastatins are promising compounds 
binding to the colchicine domain in the microtu-
bules. Their semisynthetic derivatives such as com-
bretastatin phosphate A-4, are currently undergoing 
phase II clinical trials in the treatment of thyroid 
cancer or Phase III clinical trials in the treatment 
of cervical, colorectal cancer, non-small cell lung 
cancer, ovarian and prostate cancer (Rogalska et 
al., 2015).

Jerantinines A-G
In 2008, a research team from Malaysia 

and Japan isolated and determined the structure 
of seven new indole alkaloids from a Malaysian 
plant Tabernaemontana corymbosa Roxb. ex Wall. 
The investigators fractionated ethanol extract from 
the leaves of the plant with column chromatogra-
phy followed by multiple re-chromatography with 
centrifugal thin layer chromatography. As a result, 
a kilogram of leaves yielded milligrams and micro-
grams of different alkaloids. The structure of these 
compounds was identiÞ ed with mass spectrometry 
and NMR techniques (Lim et al., 2008). 

The cytotoxicity of jerantinines (Fig. 7) is 
currently being investigated in many in vitro stud-
ies. Similar to vinca alkaloids, jerantinine, which 
is a potent inhibitor of microtubule polymerisation, 
proved to be cytotoxic towards vincristine-resistant 
tumour cells (Rogalska et al., 2015). Jerantinine 
B has been shown to exhibit high cytotoxicity to-
wards breast lung, pancreas, or intestine cancer cell 
lines (Qazzaz et al., 2016).

F i g u r e 7. Jarantinines
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Alkaloids from Chelidonium majus
Ukrain is known as a plant derived semi-

synthetic product which consists of trimers of che-
lidonine (Fig. 8A) alkylated with thiophosphoric 
acid and other alkaloids from Chelidonium majus 
L. Ukrain was developed in 1978 by Dr. Wassil J. 
Nowicky, director of the Ukrainian Anti-Cancer 
Institute of Vienna, Austria. In 2004 and 2006, No-
wicky was nominated for the Nobel Prize in Chem-
istry. The researchers found that the most important 
components of Chelidonium include chelidonine, 
sanguinarine (Fig. 8B), chelerythrine (Fig. 8C), 
protopine (Fig. 8D) and allocryptopine (Fig. 8E) 
(Habermehl et al., 2006). The antitumor activity of 
Ukrain was based on the differences between oxy-
gen consumption in healthy and tumor cells (ex-
periment with normal liver cells and Ehrlich ascetic 
tumor cells). Studies have shown increased oxygen 
consumption in tumor cells at the beginning, which 
then droped to zero, while oxygen consumption in 
healthy cells returned to normal and stayed undam-
aged (Nowicky 1985).

F i g u r e 8. Alkaloids Chelidonium majus: chelidonine 
(A), sanguinarine (B), chelerithrine (C), protopine (D) 

and allocryptopine (E).

Cytotoxic properties of Ukrain are used in 
the treatment of colorectal, bladder, pancreatic and 
breast cancers (Capistrano et al., 2015). Ukraine is 
not approved for medicinal purposes in the EU and 
USA (derivatives of thiophosphoric acid can cause 

severe liver damage), but it is used as a standard 
anticancer agent in Mexico and United Arab Emir-
ates. Dr Wassil Nowicky has submitted complaints 
to the European Court of Human Rights on account 
of �unlawful rejection of an approval application�.

CONCLUSIONS

The intensive search for plant compounds 
that exhibit anti-tumour activity was initiated in 
the 50s and 60s of the 20th century. To date, cancer 
chemotherapy has been primarily based on the ap-
plication of plant-originated compounds and their 
analogues. However, due to the serious side effects 
and limited effectiveness of such therapies, mo-
lecularly targeted therapy and immunotherapy are 
gaining popularity. However, it should be empha-
sised that the discovery of such compounds as pa-
clitaxel or vinca alkaloids has saved many patients� 
lives. This would not have been possible without 
the use of appropriate procedures and analytical 
techniques, mostly based on fractionation of cyto-

toxic plant extracts and puriÞ cation of the 
most active fractions. The fractionation 
procedure has usually been performed 
with the conventional chemical meth-
ods, e.g. liquid-liquid extraction, and 
pure plant metabolites have been isolated 
with chromatographic techniques. This 
approach is substantially different from 
the procedures adopted by phytochem-
ists, who Þ rst isolate pure compounds 
from plants, determine their structure, 
and then evaluate their biological activ-
ity. However, screening of many plant 
extracts and search for active compounds 
after identiÞ cation of the activity of the 
whole extract seems to be considerably 
more efÞ cient.
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