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SUMMARY 

A rapid and convenient high-performance liquid chromatographic procedure for the 
analysis of the clinically useful anticancer agents VP 16-213 and VM 26 is described_ The 
drus, which are semi-synthetic derivritives of the natuti product podophyllotoxin, are 
extracted from plasma with chloro:?orm. The extract;s are evaporated to dryness, 
reconstituted in methanol, and ehromatographed on a .zeversed-phase microparticle C,, 
column using isocratic elution with a mixture of methanol--water (6O:dQ). Each drug is 
used as the interuel standard for the ot=ier. Qua&it&ion to 500 ng/ml (0.85 nmale/ml) 
plasma is based on peak height ratios using W detection at 254 nm. Patient plasma 
concentration versus time data agree well with previously published data obtained using 
rzdiolahelkd drug. 

?kvestig&ous into the nature of the hydroxy acid met&olite of VP 16-213, carried out 
using paired-ion cbmmatography with tetrabutylammorlium bromide and fluorescence 
detection, are described. Also, a unique separation of VP :L6-213 and a possible metabolite, 
the isomer, pbro VP 16-213, is described. 

*Resent address: Depsxtment of Pharmacology, Mayo Clinic, Rochester, Minn. 55901, 
U.S.A-‘ 
**To whom correspondence shwid be addressed_ 
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INTRODUCTION 

VP 16-213 and VM 26 (Fig. I), two semisynthetic derivatives [I] of the 
natural pmductpodophylIotoxin,are crurentfyundergoingpmmisingcti~ 
evdwkion 2s anticancer agerxk !a:. The phammcokinetic behmiorofthese 
chugs in patients has been extensivlzly investigzded by Creaven and Allen 
[3-5i and P&or et al. [S] using triti&ed VP 16-213 and VM 26. In the 
studies, the biti&& drags were extra.cm with chloroform &om biological 
fkids and subjected ti scintillation counting. A simple, rapid, rouke aud non- 
radioactive assay for these drugs in pJ%sma was required for further clinical 
investigation of the pharmacokinetics and metabolism of these drugs. This has 
heen accomplished using reversed-phase high-performance liquid chromati- 
graphy (HPLC) on a microparticle Cl8 column. 

Pekor et al, 161 and Allen et al. [7] have reported that VP 16-213 is 
extensively metiolized to a chloroform insoluble hydroxy acid (Fig, 2). They 
i&at& this acid and chamcterized it by the mass spectrwn of the 
permethylated derivative. This metaholite was further investigated by again 
utilizing reversed-phase HPLC. Since the tram-hydroxy acid of VP 16-213 
has not been synthetized, studies proceeded with the easily synthetized ck- 
hydroxy acid. Since the hydroxy acid was poorly retained on the reversed- 

CH30 mu3 
vta 245 OH 

f?=CH3 VP 16-213 

F&. l.StructuresofW16-213andVM26. 

Cis f Trams-Hydroxy acid Cis (Picro) Hydcoxy acid 

Eg_ 2_Chemicelinterconv~nsofthelaetoneringofthenaturalproductpadophyllotoxi~ 
aadofderiv~ivessuchasVP16-213aad~26(alltmns~aftones). 
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phase CIJ column, paired-ion &Lomatagraphy was applied to the analysis. 
Fluorescent detection m ~;8lployed to achieve specificity and sensitivity 
of analysis. Initial isals.%~~ of the presumed hydroxy-acid metaholite of VP 
16-213 &om plasn~~? -. by neutral adsorption on m-4 resin. 

Reports have appeared in the literam ES] suggesting that podophyl.lot0xi.n 
undergoes epimerization in viva to the much less biologically active picropodo- 
phy~otoxin (Fig. 2). This possibility for VP .16-213 was investigated. This 
necessitated the development of a separation of VP 16-213 from picro VP 
16-213, S&paration of VP 16-213 tid its picro isomer could not be achieved 
on a reversed-phase Cl* column but was effected on a reversed-phase micro- 
par&icle phenyl column. 

VP 16-213 and VM 26 were a generous gift from Drs. H. Fried& and H. 
StZhelin (Sandoz, Basle, Switzerland). P&o VP 16-213 and picro VP 16-213 
hydroxy acid were synthesized as described below. Stock solutions (1 mg/ml) 
were made up in methanol and stored in a refrigerator at 5” for no longer than 
one week 

Methanol distilled in glass was obtained from Burdick and Jackson Labs. 
(Muskegon, Mich., U.S.A.). Water was used as obtained from the building 
puxified water system. Ethyl acetate and chloroform, CHROM-AR grade were 
pruchased from Mallinckrodt (St. Louis, MO., U.S.A). Tetra-n-butylammonium 
bromide X grade was ob+&ed through Scientific Products (McGaw Park, Ill., 
U.S.A.) tirn Eastman Chemicals (Rochester. N.Y., U.S.A.). C&c ammonium 
&fate and 85% phosphoric acid were obtained from Fischer Scientific 
(Chicago, Ill., U.S.A.). xGD-4 resin was supplied by Supelco (BelIefonte, Pa., 
U.S.A). Precoated thin-layer chromatography (TLC) plates of silica gel (0.25 
mm) on glass with fluorescent indicator were obtained from EM Laboratories 
(Elmsford, N.Y., U.S.A.). Extractions were carried out in 16 X 125 mm culture 
tubes with PTFE-lined caps (Scientific Products). All glassware was routinely 
washed in chromic acid. 

Appamtus 
A Waters Assoc. (Ktord, Mass., U.S.A.) Model ALC 202 high-pressure 

liquid chromatograph equipped with a UV detector at 254 nm and a Model 
U6K injector was used. Fluorescence detection was accomplished by running 
the column effluent through a 35+.tl flow cell (Aminco, Silver Springs: Md., 
U.S.A.) inse&d in the cell holder of an Aminco-Bowman SPF spectrofluoro- 
meter. Analyses of VP 16-213 and its acid metabolite and of VM 26 were 
performed using a 30 cm X 3.9 mm ID. column prepacked with PBondapak 
Cl8 (10 pm) from Waters Assoc. An identical column prepacked with 
PBondapak Phenyl (10 pm, with a phenyl group chemically bonded to 
lrPorasiI at 16% by weight) &on Waters Assoc. was use&to analyze picro VP 
16-213. 
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Analyses -were perforxed with a flow-rate of 1.0-1.2 ml/m.& at au inlet 
pressure of 1600-2200 p.s.i_ For the analysis of VP 16-213 tid VM 26, the 
solvent wss methanol-xvater (60:40) alihough this ratio was &err slightly 
(e.g., to 58:42) depending on Cla cohunn performance. The separation of picro 
VP 16-213 and VP 16-213 on the phenyl cohunn was achieved u&g 
methanol-water (50:50). Paired-ion chromatography of the VP 16-213 
hydroxy acids was accompIi&ed by dissolving tetra+butykunmonium bromide 
to the appropriate molar&y directly in the mobile phase. Au solvents were 
clarified with a 0.5_Ctm MF-Millipore filter (Mill&ore Corporation, Bedford, 
Mass., U.S.A.). Injection volume was generally 20 ~1. 

Separafion of I?+? 16-213, pica VP 16-213 and pica W-16-213 hydrowy acid 
by thin-layer chmmatogmphy 

The compounds were spotted in methanol and the TLC plates were 
developed in ethyl acetate. The spots were dark under short-wave UV light and 
were also visualized with a 1% solution of ceric ammonium sulfate in 85% 
Iphosphoric acid (w/w). The reagent was diluted 50/50 volume for vobume with 
water to facilitate spraying. The RF values were: VP l&213,0.57 (light red); 
pkro VP 16-213, 0.49 (light orange-red); picro VP 16-213 hydroxy acid, 
origin to 0.03 (light red)_ 

Synthesis of picrv VP 16-213 
Picro VP 16-213 was synthesized by using a modification of a known 

procedure for the conversion of podophyllotoxin to picropodophyllotoxin [9]. 
16 mg of VP 16-213, 2.5 ml of 18 ic9 sodium acetate and 3.75 ml of ethanol 
were heated together with &&ring for 2.5 h at 75”. The reaction medium was 
about pH 9. The ethanol was removed with a nitrogen stream and the pH was 
adjusted to 6 with 1 N HCI. The product was extracted with 10 ml of chloro- 
form and the extract volume was reduced to about 0.5 ml. The product was then 
nmcipitated with &ethyl ether. The ethersbloroform layer was decanted and 
reduced in volume by slow evaporation to produce more product as fine 
needles (m.p. 219-212”). The product was pure by TLC and HPLC and its 
mass spedrum exhibited all of the major ions found in the mass spectrum of 
VP 16-213. Particularly diagnostic were m/z 588 (Mt) and m/z 382 (CIIHIsO,; 
the aglycone fragment and base peak). 

Synthesis of picro VF 16-213 hydroxy acid 
To 10 mg of VP 16-213 and 1 ml of water were added ez&ly two equiv- 

alents of accurately standardized 0.1 N NaOH. TIze mixture, pH about 12, was 
heated with stirring at 45” for 50 min. A&r cooling to room temperature, two 
equivalents of accurately standardized 0.1 N HCL were added, causing a 
precipitate to form. The mixture was immediately lyophilized and the residue 
was repeatedly swirled with 24 portions of ethyl acetate until most of the 
product had been taken up. As the combined extra&s were reduced in wohune 
with a nitrogen stream, the product crystallized out (m.p. 182~186”, 
decomposition). 

The product was pure by TLC and HPLC and was very polar as suggested by 



215 

ifs low Rp and low retention on the reversed-phase column. Its retention time 
could be increased by using paired-ion chromatography at pH 7 with tetra-u- 
butylammonium bromide, indicating that it wzs acidic. The Carbonyl stretching_ 
&equency had &if&i tirn 1775 cm-’ (k&one) to 1710 cm-l _ The mass 
spectrum showed no mekular ion but the base peak for the aglycone fragment 
appeared at m/z 400, indicating successful hydrolysis of the la&one ring.’ 
Permethyktion [IO] shifted the aglycone fi.ent base peak to m/z 442, 
which would be expected for the hydroxy acid. The permethylated product 
also revealed m/z 676 (Mt), m/z 645 (M- CE&O) and m/z 644 (M-C&OH) 
Under acidic conditions the underivatized product recyclized to picro VP 
16-213, These observations are consistent with the product being picro VP 
16-213 hydroxy acid (c&acid). 

Calibration arid an&y& of W 16-213 from piusma 
To 1 ml of plasma in a culture tube were added 10 ~1 of VM 26 solution 

(1 mg/ml) as internal standard. The sample was extracted with 5 ml of chloro- 
form by gentle rocking for 15 min. Following brief centrifugation. 
approximately 4.5 ml of the chloroform layer were transferred to a conical 
centrifuge tube and evaporated to dryness at 40” with a nitrogen stream. 
Methanol (50 ~1) was added and the tube was sealed and vortexed. The samples 
were centrifuged 5-10 min to precipitate any particulate matter and 20 ~1 
of supernatant were injected onto the HPLC system with the PEondapak C18 
column. A calibration curve from 0.5 to 30 pg/ml was established by analyzing 
spiked samples in triplicate and plotting peak height ratios of VP L6-213:VM 
26, after subtraction of background values, versus plasma concentration of VP 
16-213. Patient samples were analyzed similarly by splitting the collected 
plasma sample (usually about 2 -3 ml) and carrying out duplicate analyses 
using the zero time sample as background. 

Analysti for pica, VP 16-213 hydroxy acid 
Before use, XAD-4 resin (46-80 mesh) was extensively washed with 1 N 

NaOH, water, acetone, chloroform, methanol, I N HCl, water and methanol, 
respectively. XAD-4 columns were poured in methanol into disposable pipettes 
with methanol-washed glass-wool plugs. The resin was then rinsed with 10 ml 
of methanol and then 20 ml water. The columns were stored in water and were 
not allowed to run dry. 

To 1 ml of plasma in a centrifuge tube were added 1.5 ml of methanol to 
precipitate proteins. The sample was vortexed and then centrifuged for IO min 
at high speed in a clinical centrifuge. The supematant was decanted into a test 
tube and the volume was reduced to less than 0.5 ml with a nitrogen stream at 
40”. The sample was then diluted by addition of 1 ml of water and =cas loaded 
onto the XAD-4 column. After rinsing with 20 ml of water, the compound was 
eluted with 3 ml of methanol into a conical centrifuge tube. The sample was 
blown dry at 40” with nitrogen, reconstituted in 50 ~1 of methanol, sealed, 
vortexed, centrifuged and injected (20 ~1) on the HLPC system. 

Analyst5 for picro VP 16-213 
Picro VP 16-213 was extract& from spiked plasma with chloroform, as with 



VP 16-213. (siinical samples were analyzed on a @xx&xpak Phenyl cohunn to 
determine whether any discernable amount of picro ~VP X6-213 was present. 

The separation and a~Aysis of V? 16-213 and VM 26 are illustrated in Fig. 
3B, a chromatogram of a patient plasma extract 2 h after infusion of VP 
16-213. VM 26 was added as the internal .stanM. The two compounds are 
well resolved, appearing with retention times of 5 min and 7.5 min for VP 
16513 and VM 26, respectivelg. The plasma k&ground a% this sensitivity 
is low (Fig. 3A). Both compounds are essentially qw.antitittiely extr-s-scked by 
this method. 

The- calibration cwve from 30 pg/ml of plasma to the practical limit of 
detection of VP 16-213, 500 ng/ml(O.85 nmole/ml) by least squares analysis 
gave a linear correlation coefficient of 3 = 0.9998. The calcllIated sample 
estimate of the coefficient of variation was on the order of 2.5% for ewh set of 
data values used to establish the standard cuwe. 

The an;rlvsk of VP 16-213 &I the plasma of a 30-year oId man with testicufarr 
carcinoma is shown iJ1 Fig. 4. The paBent received a constant i-v_ infusion of 
170 mg VP 16-213 over one-half hour. The patient was also receiving cycle- 
phosphamide and cis pktinum. The profile over 24 h agrees well with typical 
curves obtained by Allen and Creaven [4] and Pelsor et ti. [S] using radio- 
labeuedanrg. 

1.............I...,,....r.. 
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Fig. 3. HPIX W traces of patient plasma samples treated by the chloroform extraction 
procedure. (A) Pre-infusion ckumztagmm; (B) 2-h past-infusion chromatogram with 10 
&ml VM 26 as internal standard. Chromatographic conditicms: 30 cm x 3.9 mm ED. 
column with rsBon&pek c,, (LO pm): solvent, methanol+s&er (60:40); flow-rate, I.0 
ml/min at en inlet pressure of ca 1600 p.s_i. Pe&s I 1 = VP 16-213 (4.5 &g/ml); 2 = V?sI 26 
(10 flgfml). 

Fig_ 4. Post-infusion plasma decay curve of VP 16-213 for a patient receiving the drug. Each 
point represents the average of two separate determinations from l-ml plasma samples. 
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The described assay for VP 16-213 is directly ap&able to VM 26. For the 
analysjs of VM 26, VP 16-213 is used as the internal standard. The use of these 
drugs as cqmplementary internal standards is possible since the d_rup are nod at 
present used in combination. 

Some relevant transformations of VP 16-213, which are analogous TV known 
reactions of podophyllotoxin 1111, are summarized in Fig. 2. Reaction 
conditions to produce these analogs of VP 16-213 were modifications of sin&~ 
reactions of podophyllotoxin. The tmns-hydroxy acid cannot be produced by 
d&e& alkaline bydroQ@s, since the compound rapidly epimerizes via the 
enoh& to the c&la&me and is then opened to the cis-hydroxy acid, i.e., the 
hydrolyzed picro compound. Picro VP 16-213 may be selectively produced at 
pH 9. However, although the trans-hydroxy acid of podophyllotoxin has been 
synthetized j12], no synthesis of the trots-hydroxy acid of VP 16-213 has 
been reported to date. Work therefore proceeded with the ct?+hydroxy acid. 
At acidic pH values this compound rapidly recyclizes to picro VP 16-213. 
Therefore, pHcontrolled extraction was not feasible. Thus, XAD-4 resin was 
used to adsorb the acid &om plasma since neutral or mildly basic conditions 
were required. Recovery was greater than 90%. The resin required extensive 
cleaning, and the C18 column was used to monitor the cleaning process. Even 
so, many W absorbing interferences were adsorbed fnm plasma by the resin 
and subsequently eluted with methanol. Ion-pairing did not selectively move 
the acid away from the W interferences. Therefore, fluorescence detection 
was examined. 

Podophyllotoxins possess native fluorescence [13]. Picro VP 16-213 
hydmxy acid can be excited at approximately 292 nm to fluoresce at 329 nm. 
By running the effluent from the HPLC system through a flowcell inserted in 
the block of a typical spectrophotofluorometer, specificity for this acid was 
obtained. Because of the arrangement of the fluorescence detection system, 
the ultimate sensitivities available from fluorescence detection of this 
compound were not obtained, but low-microgram levels were easily measured. 
Paired-ion chromatography was aLso used at pH of about 6-7 to increase the 
retention time of the acid by adding tetrabutylamrnonium counter cation do 
the mobile phase. This helped to remove the acid from fluorescent 
interferences. A chromatogram of about 2 &g/ml of -dartI picro VP 16-213 
cis-hydroq acid is illustrated in Fig. 5B (broken trace), along with an extracted 
patient plasma sample obtained 2 h after infusion of VP 16-213. Background 
interferences (Fig. 5A) are low. Of interest is the observation that the picro VP 
16-213 hydroxy acid standard has an ion-paired retention time of 5 min. 
whereas the metiolite has a &e&on time of only 4 min. Because the metab- 
0lit-e exhibited ion-pairing properties and its retention time does not match that 
of the cis-hydrow acid (picro hydroxy acid), this constitutes indirect evidence 
that it may indeed be the tmtzs-hydroxy acid. This implies that the hydrolysis 
may be enzqmdidy directed by, for example, an e&erase. Assuming that the 
flUOreSCence response of the cls-hydroxy acid is comparable to that of the 
trtms-hydroxy acid, and taking into account the 90% recovery from the XAD-4 
extraction, the level of the hydroxy acid represented by the chromatogram of 
Fig. 5 is about l-2 pg/ml of plasma. This agrees with the levels predicted by 
the pharmacokinetic model reported by Allen and Creaven [4] and Pelsor et al. 
[6j - This metabolism is currently being investigated fur&her. 
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Time (mins) 

pig. 5. EiPLc ffuoredcence traces of patient plasma samples treated by XAD-4 exkaction 
procedute. (A) %4nfusion chromztogrsm; (B) 2 h post VP X-213 i&u&on cbromafogram. 
Chmmirtognphic conditions: 30 cm x 3.9 mm LD. column with &Bondapak C,, (10 pm); 
solvent, methanol--water (5051) with 0.5 mM tetm-n-butytarnmonium bromide at 1.0 
ml/min gL as.t inlet pressure of cs 2000 ps.i. Peaks: I= met&o&e of VP 16-213, presumed 
to be the tmrtb-hydroxy arid compound: 2 = standard (2 PglmI) picro VP 16-213 hydroxy 
acid (cis-hydroxy acid) run separately under the same conditions- 

The fIu0 rescence of these compounds can te appkd not only to the aw&sis 
of the main metabolite but aIs to the analysis of the parent drug% The 
chloroform extra&S of plasma are fairIy clean with respect to UV detection and 
extremely clean with respect to fluorescence detection. Therefore, it is not 
anticipated that background fluorescence will limit the ultimate sensitivity of 
detection greatly_ Since with a W detector 10 ng of VP 16-213 is eesily seen 
on injection of pure compound, there is reason to expect that qw&%&ion to 
at lee& this level with a dedicated flow<& in a guorometric detector designed 
for efficient light colkction would be possible. ‘L’his would then allow the 
analysis of these drugs in other biological fkids, such as cerebrospinnal fInid, 
and tissue, where iower levels are encountered. It would also allow the analysis 
of the clmugs in smslkr w?kcted vohmxs of plasma. 

The separation of VP X6-213 and picro VP 16-213,~ obtained using a 
~Bondapak Pbenyl reversed-phase cohmm, is shown in Fig_ 6. The separation 
of thae two components was not possible on a reversed-phase Cl8 cohmm. In 
view of the scatter& reports 181 on the production of picropodophyhotoxin 
under biological conditions, the possibility of picro YP 16-213 being produced 
as a metabobte of VP 16813 was mvest&W_~ 

VP 16-213 and picro VP X6-213 are both very soluble in chloroform and 
have very similar chromatogmphic properties. Creaven and ABen [3] checked the 
plvity of radiolabekd VP 16-213 extraded by &Iorofonn &om patient pk=. 
u&.ng several TLC systems. However, ~they did not use the TLC syskm .which 
we have found to separate the two compdnek (see ExperimexxM). -her, 
they did not explicitly address the question of picro VP 162l3 as a potential 
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metabolize, at least in their publications. A &ght possibiMy existed then that 
the pbacokinetic data they derived were based on scintiBation counting of 
VP -16-213 and- p&o VP. 16-213. combined. Likewise, the assay on a C18 
column would have b&n unre&&le because these two components aze not 
separated in this system. However, to date, no picm VP 16-213 has been 
detaeted in-c&&al plasxzia sampIes. 

In the event that VP 16-213 and VM 26 are ever used in combination 
therapy, as recently suggested jI4, 151, the separation of picro VP 16-213 
from-e 16-213 
intemaI Stan- 
COlUlXlR. 

wiuheusefol since the picro compound can be used as the 
and the assay can be conducted on a reversed-phase phenyl 

Trans-Lactoae VP 16-213 

Cis-Lactone Picro VP 16-2 13 

1: l I * 

0 51015 
Time (min) 

Fig. 6. HPLC sepation of VP 16-213 (tmns-la&one) and pier0 V3? 16-213 (cis-kictone). 
Chromafographic conditions: 30 cm x 3.9 mm I.D. column with pBondapak Phenyl; 
solvent, methanol-vmter (5050); flow-rate, 1.2 ml/lain at an inlet pressure of ca 2000 
p.s.i. Peaks: 1 = picro VP 16-213 hydroxy acid; 2 = VP 16-213; 3 = picro VP 16-213. 

CONCLUSION 

A rapid, practical assay is repo&ed for the analysis of the promising anti- 
cancer wenti VP 16-213 and VM 26. The assay is based on isocratic reversed- 
phase microparticle Cl8 HPLC of chloroform extracts of plasma. Each drug 
functions as tL* internal standard for the other. 

The acid m&aL~Iite of VP 16-213 appears to be the trwz.s-hydroxy acid, 
although more deZi&ive work is still needed. 

P&o VP 16-21.8, a potential metabolite based on Iiterature precedent, is 
apparently not pn..~ced in vivo. 

Finally, the anaIytic& potential of using detection of the native fluorescence 
of these podophyUotoxin derivatives is demonstrated. - 
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