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Hycanthone, l- { [ 2(diethylamino)ethyl] amino p-(hydroxymethyl)-thio- 
xanthen-9sne (Fig. 1) is widely used in the treatment of schistosomiasis Cl]. 
Hycanthone has activity against mnrine leukemias L-1210 and P-388 and rat 
Walker 256 carcinosarcoma 12, 3] and has been studied as a potential anti- 
cancer drug in man 14, 5]_ Hycanthone is a major metabohte of lucanthone, 
l-([2-(diethykmino)ethyl] amino 34-(methyl)-thioxanthen-g-one [I, 61, a drug 
with radiosensitizing properties in vitro 17, S] and in vivo 191. The radiosensi- 
tizing effects of lucanthone are rapidly reversed when it is removed and expo- 
sure to the drug for several hours is necessary to produce the optimal effect 
[6] _ Hycanthone has been reported to enhance the effects of radiation on 
mammary tumors in mice [lo] and it is currently being evahzated as a radio- 
sensitizing ‘agent in man. Metabolic st&ies have been conducted using radio- 
actively labelled hycanthone [ll] and plasma and tissue levels of solvent ex- 
tractable radioactivity reported following the administration of radioactively 

CH20H 

Fig. 1. Kycanthone structure. 
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labelled hycanthone to monkeys and rats [12] _ Plasma levels of non&belled 
hycanthone determined by a normal-phase high-performance liquid chromato- 
graphic (HPLC) procedure have been reported in man [S] but the method was 
not adapted for use with an internalstandard and does not resolve hycanthone 
metaboiites. We report a simple reversed-phase HPLC assay for hycanthone and 
its lipophilic metabolites. This assay. has been used to measure the time course 
of the disappearance of hycanthone from plasma and tissues in the mouse. 

E,X.l?ERRUENTAL 

Aninmi studies 
Male BDFl mice weighing between 25 aud 30 g were injected iutraperito- 

neally (i.p.) with an aqueous solution of hycanthone methanesulfonate 2t a 

dose of 80 mg hycenthone base per kg body weight (343 mg/m2). Groups of six 
mice were killed at different times by decapitation and blood collected into 
hepariuized tubes. The different organs were removed and immediately frozen 
with crushed dry ice. Tisues were homogenized in 4 volumes water at 4OC 
using a Polytron homogenizer (Brinkman Instruments, Westbury, NY, U.S.A.). 

Prepamtion of samples 
Portions (0.5 ml) of plasma or of tissue homogenate (4 ml) were extracted 

with 8 ml chloroform. The efficiency of extmction of hycanthone was 93%. 
The chloroform extract was dried with sodium sulfate and taken to dryness 
under nitrogen. The residue was dissolved in 100 r.tl acetonitrile and 50 ~1 in- 
jected into the HPLC system. With plasma and most tissues an internal standard 
of 10 pg hycanthone acid was employed. Analysis was, however, always con- 
ducted with and without an internal standard. Standard curves were prepared 
for each tissue. 

High-performance liquid chromafogmphy 
Hycanthone and non-polar metabolites were separated by reversed-phase 

HPLC on a 25cm C2-bonded LiChrosorb RP-2 column, IO-pm particle size 
(Merck, Darmstadt, G.F.R.), under isocratic conditions with 50% 0.01 N 
sodium acetate buffer (pH 4.0) in acetonitrile (Burdick and Jackson Labs., 
Muskegon, MI, U.S.A.) as the mobile phase at a flow-rate of 2 ml/mm. More re- 
producible results were obtained if, after each separation, the column was 
flushed with 100% acetonitrile for 10 min. The eluting compounds were de- 
tected at 257 nm with a reference wavelength of 520 run. A Hewlett-Packard 
1084B liquid chromatograph and variable-wavelength detector were employed. 
The outPut from the detector was fed into a Hewlett-Packard ‘79850B liquid 
chromatograph terminal, and peak areas integrated. 

Hycanthone monomethanesulfonate, lucenthone, hycanthone acid (I- { C2- 
(diethylamino)ethyl] amino)-+carboxy-thioxautheu-g-one) and hycauthone 
N-oxide (1-C ]Z-(diethylamino-N+xide)ethyl] ammo]-4hyriroxymethyl_tE_io- 
xanthen-g-one) were supplied by Sterling Winthrop Research Institute 
(Rensselaer, NY, U.S.A.). 
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EtBEXJLTSANDDISCUSSION ’ 

The normal-phase HPLC section ..of hycanthone previously repOrted from 
this i!abomry 151 could not be adapted to an wy- with the h&ernAskn- 
dtxrds available since it fGkd to resolve hycenthone and~kanthone~while the 
more polar hycanthcme Ndtide aud hycwthone. acid -gave bmad knresolved 
peaks, AlI of these compotmdswe?te WeEse~M by rtiv4qhase ISPLC on 
a C&onded support (Fig. 2). Hycanthone bound so tightly to a C&onded 
support that it could not be eMed with 100% txcebnitrile. The mcacecim for 
the extra&ion of hycanthone &om plasma is simpler than that previously re- 
ported [5]. _A.ll of the compounds had ztn absorption maxim- at 257 run 
which was chosen as the wavelength for detection, Hycanthonk acid was 
chosen, for convenience, as the internal .sk&ard rather than the slo&ly eMing 
lucanthone. Although hycanthone acid ws a possible -metabolite jt was not 
presene in the plasma or in tissues other than the Ever and gastrointestinal Gract. 
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Fig_ 2_ chmnatograms if A, mouse plasma to &kb had beer; added 5 rg/ml eack of hycan- 
thone (K-I); hycsntbone acid (HA); hytlanthoue N-oxide (HNO); and lucanthzone (L); B, 
mcbuse Edney ktomogenate 100 min after the i-p. administration of .hycanthone 80 m&kg;- 
X, uniderkified metabolite. 
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Ali samples were .zo&inely assayed with and without added hycanthone acid. 
The acid was used as en internal standard only when it was not detected in the 
tissue. under study. Using hycanthone acid as an internal standard in $asma, 
the assag was linear up to 100 pg hycanthone per ml Fd had a lower limit of 
dete&abiWq of 50 ng/ml. The coefficient of variation of the assay was 6.4%. 

Following i.p. administ&ion, h~~anthone was rapidly absorbed and disap- 
peared from the plasma in a biphasic mmer (Fig. 3) with a distributive half- 
life (f%F) of 19 min, a postdistributive half-life (tW) of 56 min, and a steady 
state volume of dktribution (Vss) of 43,888 mg per kg body weight. The con- 
centrations of hycanthone in the tisues studied were always higher than in 
plasma but fell with about the same half-life as the plasma hycanthone (Table 
I). This suggests a reversible binding of hycanthone to &es within the tissues. 
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Fii. 3. Plasma and tissue levels of hycanthone a, p!asma; 0, liver; A, lung; and 0, gas&o- 
intestinal tract. Each point represents a pooled sample from 6 mice administered hycanthone 
i-p. at a dose of 80 ng per kg body weight. 

Hycanthone binds reversibly with high affinity to double stranded DNA by 
intercalation [13] but it may also bind to other macromolecules. Hycanthone 
has been reported to be an $.kylating agent and to bind covalently to tissue 
macromolecules [la], although this has not been found by all workers‘ [Xl. 
Hycanthone boung covalenkly to fissue marcromolecules would not be de- 
tected by solvent extraction. 

‘Iksues can be divided intO three types depending on the time course of-tee 
appearance and disappearance of hycanthone. Examples are shown in Fig. 3. In 
liver, epididimal fat pad and brain the peak levels of hycanthone occur within 
15 min of administration. in hmg, kidney s.nd heart muscle the peak levels of 
hycanthone are n_$ reach4 until 30 min. The ratio of peak tissue concentra- 
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PkUZ2l 4.9 
Eidney 89.4 
LYng 89.2 
Fat pad 47.x 
Bain 42.8 
Liver 32.4 
Heart 
Gastmin~innl tract § 

11.2 
47.0 

- 56 
21-1 42 
21.0 38 
9.7 34 
5.8 35 
6.7 47 
2.6 51 

44.3 80 

*V&~es are the mean of 3 detencinations on pooled samples from 6 mice. 
f"ThepksmaconcentzAiolrem_doyedw~sthatatthetimeofthe peaktissueconcentra- 

tion. 

ftfThis~presentsthepostdis~~~ti~half-life(t4j;B). 

5 Induding contents. The peak concentration is much delayed (see Fig. 3). 

tions of hycanthone to the plasma hycanthone concentrations are shown in 
Table I. In the gastrointe&inaI tract, which includes the intestines, caecum and 
colon together with their contents, there was a delayed rise in the level of 
hycanthone. This can be attributed to a biliary excretion, which in most species 
is the major route of elimination for hycanthone and its metabolites [II] _ 

Hycanthone metaholites were present in several tissues. This is in contrast to 
previous animal studies conducted with radioactiveIy IabeIIed hycanthone in 
which only liver axd bile were found to contain metaboliks 191. Hycanthone 
N-oxide was detected in kidney (Fig. 2), liver, lung, and gastrointestinal tract, 
and at low levels in pkrsma. Hycanthone acid was present in liver and gastro- 
intestimd tract, An rrnidentified metabohte with a retention time of 14 min was 
present in Liver and in smaher quantities in kidney (Fig. 2), lung, and heart. A 
second unidentified metaboIite with a retention time of 20 min was found only 
in the gastrointestinaI tract. These unidentified peaks may represent either the 
sulfoxide or deethylated metabolites which have been found in rat bile and 
Iiver [ll, 121 or the suzfone which has been found in mouse bile ll.63. 

CLinical studies with lucanthone suggest that the gastroidestinal tract is 
prticukly sensitive to the enhancing effects of the thioxanthenones on radia- 
tion Cl?] _ This could be due to high levels of hycanthone or its metabohtes in 
the gstroidestind tract. It could also re&ct a dependence of intestinal stem 
cells on an abihty to repair SubIethaI radiation damage 1183 - A majer effect of 
hycanthone is to prevent the accumuIation and repair of sublethal radiation 
damage IS] _ The effect of different concentrations of -hycanthone and its 
metabolites in various &sues oc the radiosen&izing properties of bycanthone 
remain to be determined. 
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