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ABSTRACT.-A reversed-phase liquid chromatographic system has been developed 
for the separation and quantitation of podophyllotoxin and related lignans from crude 
plant extracts. This method should prove valuable in screening plant extracts for 
anticancer agents. 

The largest and most successful plant screening program in recent years has 
been that developed by the U. S. Kational Cancer Institute to discover nev  anti- 
cancer agents from microbial and plant sources (1, 2). In  this program, plants 
are selected for detailed investigation on the basis of the antileukemic activity 
and cytotoxicity of their crude extracts (3, 4);  thus a plant which happens to 
contain the same active constituents as other plants which have previously been 
investigated is likely to be selected for detailed study. Since the fractionation 
of a plant and the isolation of its active anticancer constituents is a lengthy and 
expensive process, it would be highly desirable if an assay procedure could be 
developed to test for the presence of known active agents. In this way a plant 
suspected to contain a known active compound on the basis of botanical or other 
evidence could be tested for the presence of this agent prior to the initiation of 
a full-fledged fractionation study, and the study could be avoided if the test 
proved positive. 

The lignan podophyllotoxin (2) and related compounds have consistently 
shown activity in both in aioo (PS) and in d r o  (KB) screens of the Xational 
Cancer Institute. Thus podophyllotoxin itself has been known to have anticancer 
properties for many years ( 5 ) ,  and related compounds such as desoxypodophyllo- 
toxin (.E), a-peltatin (l), and P-peltatin (3), have also long been known to be 
active ( 5 ) .  In  recent years various related compounds have been isolated and 
found to be active, such as P-peltatin-A methyl ether (6), which shows activity 
in both the WA16 tumor system (6) and the KB cell culture system (7). I n  

34 



JAS-FEB 19811 CAIRSES ET AL. : HPLC OF PODOPHTLLOTOXIXS 35 

addition, aryl tetrahydrofuran lignans such as burseran (7) have been reported 
as possessing cytotoxicity (S, 9), although the related compound yatein (5 )  (10-1 1) 
does not show activity (1 2). 

The lignan desoxypodoph>-llotosin is of particular interest, since it has been 
reported to occur in a wide variety of plants and because its strong cytotoxicity 
(EDjo 0.0026 pg ml in the I iB  cell culture (13) ) means that any plant yielding a 
crude extract containing at least O.lcc of it will give a positive response in the 
I iB  pre-screen of the Sational Cancer Institute. In recent years desoxypodo- 
phyllotosin has keen isolated as the active cytotoxic constituent of a number of 
plants, including Jzciiiperzis phoeiiicea (71, Cal l i t r i s  pre iss i i  (12): Libocedrzis 
decwret i s  (14); Jzrriiperzrs bermiidiaiia (151, Bursera  morelerisis ( l a ) ,  B zirsera 
nricrophylla ( l i ) .  Cal l i t r i s  coltrmellaris ( lg ) ,  and H y p t i s  tometitosa (19). The 
widespread distribution and high activity of this lignan make it desirable to have 
a rapid test for it in crude plant extracts. Previous methods for the analysis 
of the podophyllotoxins by thin-layer chromatograph>- (20) have been useful 
but not entirely definitive, and an hplc method was thus selected as the method 
of choice for this determination. 

E X P E R I N E S T A L  
~ . J L I . T I C . % L  LIQCID CHP,OJl.%TOC.R.APHI-.-LiqUid chromatographic separations were per- 

formed on the apparatus previously described ('21). The column used, a prepacked LiChrosorb 
RP-8 column 25 em long and with a 4.0 mm internal diameter, was obtained from RICB, Inc., 
and was used with a precoliimn packed with C,,-Corasil obtained from iVaters Associates. 
Sample injection %-as by a six-port valve, and the injector and column were maintained at 
ambient temperature. Alcetonitrile (Fisher certified A.C.S., catalog A-21') was distilled in 
glass before use, and distilled water was redistilled in glass before use. solvent composition 
CH,CK, 10 : HzO, ,60 (v V J  was i!sed,in most of the work described in this paper, and the flow 
rate was 2.0 ml min. Sample injections were typically 10 pl of a 0 .17  solution for piire com- 
pounds and proportionately more concentrated for complex mixtures. Detection n-as by u v  
absorption a t  2% nm on a Pharmacia Model 110 uv detector. 

ISOLATIOS or DESOSTPODOPHYLLOTOSIS I-ROM dzisfrocedrzis chi/ensis.--.l partiall). purified 
fraction obtained from -4zrstrocedrus chilettsis (D. Don) Florin and Boutelje (Cupressaceae) 122) 
was subjected to  preparative liquid chromatography on a 0.T s 50 cm Partisil 10 ODS column 
with C H d X ,  50 : HzO, 50 (v v )  as solvent. The peak corresponding to  desosypodophyllotosin 
as determined by the analytical runs described below was collected, and the solvent was re- 
moved by evaporation in vacuo. The isolated material had spectral data ipmr and ir) identical 
with those of an authentic reference sample of desoq-podophyllotoxin. 

RESULTS ASD DISCUSSIOS 
Of several solvent system-column packing combinations investigated. the 

simple system acetonitrile-water, 50 :50 or 40 :60, on a Lichrosorb RP-8 column 
proved convenient and satisfactory, and the separation of a standard mixture 
of eight lignans with the 40:60 system is shown in fig. 1. With the exception 
of the burseran-sesamin mixture, all the test compounds were well separated 
with this system. An alternate system consisting of chloroform-hexane. 1 :1, on 
a silica gel column gave poorer separations of the test compounds. Retention 
volumes and capacity factors for the lignans are given in table 1. 

Quantitative estimation of the amount of lignan present could also be obtained 
with this system. Thus with a 3 mm pathlength uv detector operating at 254 
nm. a water-acetonitrile, 50:50 solvent system. a sensitivity of 0.08 a4VFS, and 
a flon- rate of 2.0 ml min. the peak height per microgram of sample injected was 
14 mm with podophyllotoxin, 8.2 mm with desoxypodophyllotoxin, and 4.6 mm 
with sesamin, with correlation coefficients of 0.996, 0.997, and 0.992, respectively. 
The technique can thus easily detect and quantitate quantities of lignan in the 
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FIG. 1. Separation of a mixture of lOpg each 
of various lignans under the condi- 
tions described in the text; sensi- 
t ivity 0.08 AUFS. Compound iden- 
tification: 1, a-peltatin; 2, podo- 
phyllotoxin; 3, ppeltatin;  4,  de- 
soxypodophyllotoxin; 5,  yatein; 6, 
j3-peltatin-A methyl ether; 7,  bur- 
seran; 8, sesamin. 

FIG. 2. Chromatogram of a fraction de- 
rived from Austrocedrus chilensis as 
described in the text. Overlay: 
Same fractionspiked with authentic 
desoxypododphyllotoxin. 

nanogram range, particularly if longer pathlength detectors and more sensitive 
settings are used. 

The ultimate usefulness of the method, however, is in detecting the presence 
of cytotoxic lignans in new plant samples. Since desoxypodophyllotoxin is one 
of the more common lignans, it was selected for the initial study. 

The plant Austrocedrus chi lens is  was selected for investigation since it was 
known to contain desoxypodophyllotoxin from independent studies ( 2 2 ) .  A 10 g 
sample of A .  chi lens is  was extracted with ethanol, the ethanol extract was evapo- 
rated, and the residue (1.6 g) was dissolved in chloroform. Addition to a short 
column of silica gel with elution by chloroform gave a crude fraction (0.107 g) ) 
which was dissolved in 10 ml acetonitrile. Injection of a 50 pl aliquot of the 
solution yielded the chromatogram shown in figure 2 .  The presence of desoxypodo- 
phyllotoxin in the crude fraction is clearly indicated, and it can be calculated 

T ~ B L E  1. Retention volumes and capacity factors of lignans." 

Capacity 
factor 

a-Pelt a t  in. . . . . . . . . . . . . . . . . . . . .  
Podophyllotoxin, . . . . . . . . . . . . . .  
&Pelt a t  in. . . . . . . . . . . . . . . . . . . . . .  
Desoxypodophyllotoxin . . . . . . .  
Yatein. . . . . . . . . . . . . . . . . . . . . . .  
&Pel tat in-A-me thy1 ether . . . . . . .  
Burseran. . . . . . . . . . . . . . . . . . . . . . .  
Sesamin . . . . . . . . . . . . . . . . . . . . . . .  

5.6 
8 . 0  
9 . 2  

19.6 
24.6 
26.4 
32.8 
33.8 

1.1 
2.0 
2 .4  
6 .3  
8.1 
8 . 8  
11.1 
11.5 

"System: Water-acetonitrile, 60:40, on LiChrosorb RP-8, 
4.6 mm x 25 cm. 
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that the plant investigated contained a total of 0.h mg desoxypodophyllotoxirl in  
the original 10 g sample. Isolation of desoxypodopliyllotoxin, either by classical 
chromatographic techniques ( 2 2 )  or b!. preparative liquid clirom:ttogr:ipliy :IS 

described in the experimental section. yielded materid in amounts corresponding 
approximately to this figure. ical tecliniques yielded 0 nig of pure 
desosypodophj-llotosin from 1000 E; of plant mnteiinl, but much loss of materinl 
occurred during crystallization, and it is estimated tlint the t o t d  amount of 
podophyllotoxin obtained was closer to 50 mg. The amount isolated directly by 
preparative liquid chromatography \\-as not measured. 

I t  should be emphasized that the technique described can only suggest the 
presence of a known lignan in a plant extract. In all cases, direct proof of the 
presence of a suspected compound should be obtained, either by isolation and 
comparison x i th  an authentic sample, or by spectroscopic methods before fr:ic- 
tionat ion is discontinued. This procedure will prevent the possibility of mis- 
identifications of inactive compounds having the same chromatographic properties 
as active compounds. 

C O ~ C L U S I O N  
The procedure described represents a rapid and effective method for detecting 

the presence of desoxypodophyllotosin and other lignans in crude plant extracts. 
Final proof of the presence of a particular lignan will, of course, always depend 
on its isolation and characterization, but the procedure described will serve to 
accelerate this process significantly in many cases. 
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