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Abstract: A specific, sensitive and fully automated coupled-column LC method for the determination of the anthracycline 
cytostatic epirubicin and four metabolites in the biological materials human plasma, liver homogenate and liver tumour 
homogenate has been developed. System-integrated sample processing was achieved using a new restricted access silica 
precolumn packing. This porous Alkyl-Diol Silica (ADS) was specially designed for the direct and repetitive injection of 
proteinaceous samples. It consists of a hydrophilic and electroneutral external particle surface (glyceryl-residues) and a 
hydrophobic reversed-phase internal surface (butyryl-, octanoyl- or octadecyl-residues). These bimodal chromatographic 
properties allow retention of low molecular analytes by classical RP-chromatography exclusively at the lipophilic pore 
surface. Macromolecular constituents of the sample matrix (e.g. proteins) are size-excluded by 5 nm pores and 
quantitatively eliminated in the interstitial void volume. On-line analysis was performed by coupling a C4-AIkyl-Diol 
precolumn (20 x 4 mm i.d., particle size 25 ~.m) and a LiChrospher RP Select B analytical column (250 × 4 mm i.d., 
particle size 5 ixm) via an electrically driven six-port valve. Separation of the parent compound and its metabolites was 
achieved with a mobile phase consisting of water (0.1% triethylamine, v/v, pH 2.0 adjusted with trichloroacetic acid)- 
acetonitrile (70:30, v/v) at a flow rate of 1 ml min -1. The analytes were detected using their natural fluorescence 
(excitation 445 nm, emission 560 nm). The method described is used for the determination of pharmacokinetics of 
epirubicin and its metabolites in order to evaluate and optimize treatment regimen of liver cancer chemoembolization 
therapy. 
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Introduction 

E p i r u b i c i n  be longs  to the  fami ly  of  an th ra -  
cyc l ine  cy tos ta t ics  which  a re  used  agains t  a 
b r o a d  s p e c t r u m  of  cance r  d iseases .  I t  was first  
syn thes i zed  in 1975 by A r c a m o n e  et al. [1] by  
e p i m e r i z a t i o n  of  the  hyd roxy l  g r o u p  in the  4 ' -  
pos i t i on  o f  the  a m i n o  sugar  m o i e t y  of  doxo-  
rub ic in  ( a d r i a m y c i n ) ,  the  bes t  k n o w n  an th ra -  
cycl ine .  T h e  s t ruc tu res  of  ep i rub ic in ,  its me ta -  
bo l i t e s  a n d  d o x o r u b i c i n  a re  p r e s e n t e d  in Fig.  1. 

E p i r u b i c i n  and  d o x o r u b i c i n  are  the  mos t  
u t i l i zed  cy to tox ic  agen t s  for  sys temic  chemo-  
t h e r a p y  of  p r i m a r y  h e p a t o c e l l u l a r  c a r c i n o m a  
( H C C ) .  H C C  is one  of  the  wors t  types  o f  
c ance r  as it is usual ly  i n o p e r a b l e  at d iagnos is  
a n d  is a r ap id ly  fa ta l  d i sease  wi th  a m e d i a n  
surv iva l  t ime  of  a p p r o x i m a t e l y  2 m o n t h s  for  

u n t r e a t e d  pa t ien t s .  Mos t  o t h e r  an t ineop las t i c  
d rugs  o r  the i r  c o m b i n a t i o n s  have  p r o v e d  to be  
ineffec t ive .  M o r e o v e r ,  even  the  an th racyc l ines  
g e n e r a l l y  p r o v i d e  ob j ec t i ve  r e sponse  ra te  of  
on ly  1 0 - 1 5 % ,  and  adver se  effects  l ike alo-  
pec ia ,  m y e l o s u p p r e s s i o n  and  myoc a rd i a l  
d a m a g e  o f t en  r equ i r e  t e r m i n a t i o n  of  t h e r a p y  
[2]. T h e r e f o r e ,  a l t e rna t ives  to  sys temic  t rea t -  
m e n t  in o r d e r  to  inc rease  t h e r a p e u t i c  eff icacy,  
r educe  s ide-ef fec ts  and  i m p r o v e  life qual i ty  a re  
be ing  t r ied .  O n e  p romis ing  effor t  is loco-  
r eg iona l  c h e m o t h e r a p y  of  the  l iver  by  t rans-  
c a t h e t e r  a r t e r i a l  c h e m o e m b o l i z a t i o n  ( T A C E ) .  
A d m i n i s t r a t i o n  o f  a mix tu re  of  the  cy tos ta t ic  
wi th  an e mbo l i z ing  agen t  l eads  to the  r educ t ion  
of  the  hepa t i c  a r te r ia l  b l o o d  flow. Thus  the  
local  d rug  c o n c e n t r a t i o n  and  the con tac t  t ime  
of  the  cy tos ta t i c  wi th  the  t a rge t  o rgan  are  

* Presented at the Fifth International Symposium on Pharmaceutical and Biomedical Analysis, Stockholm, Sweden, 
September 1994. 
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Figure 1 
Structures of doxorubicin, epirubicin and its metabolites. 
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augmented. As hepatic tumours are supplied 
by 80% with blood from the hepatic artery, 
occlusion of this feeding vessel results in 
tumour ischaemia and improved drug exposure 
within the target region while reducing 
systemic drug availability and, therefore, 
preventing toxic side-effects. Two different 
embolizing agents (Lipiodol ® and Spherex ®) 
were examined. Monitoring of epirubicin 
plasma levels and evaluation of the pharmaco- 
kinetic data obtained allowed judgement of the 
efficiency of locoregional treatment in com- 
parison to systemic drug application. 

Various LC methods have been applied to 
determine epirubicin and its metabolites in 
biological fluids [3-14]. All of them involve 
time consuming and error-prone sample pre- 
treatment steps such as liquid-liquid and 
manual or semi-automated solid-phase extrac- 
tion to remove the protein matrix which 
otherwise adsorbs to the silica packings of the 
analytical columns used. Consequently, an 
increase in back pressure, a loss of column 
performance and finally column deterioration 
occur. 

LC-integrated sample processing of complex 
biological matrices (plasma, serum, tissue 
homogenates, urine) can be achieved by 
coupling a sample processing precolumn to an 
analytical column as described e.g. in [15-21]. 
The precolumn eliminates the destructive 
macromolecular matrix compounds while 

extracting the analytes of interest. Special 
packing materials referred to as restricted 
access supports have been designed during the 
last decade [22-25] for the direct injection of 
untreated biological samples. Recently, our 
group introduced a new family of restricted 
access supports for bioanalytical LC, the 
Alkyl-Diol Silica (ADS) materials [26, 27]. 
These internal-surface reversed-phase supports 
have the ability to extract and enrich hydro- 
phobic analytes by classical RP-chromatog- 
r a p h y  (C4-  , C 8- or Cls-partitioning chromatog- 
raphy) exclusively at the internal surface while 
size-excluding macromolecules by 5-nm pores 
in the interstitial void volume. This paper 
describes the application of C4-ADS in a fully 
automated coupled-column LC-system for the 
analysis of epirubicin in different biological 
materials. 

Materials  and Methods  

Reagents and standard solutions 
All anthracyclines were kindly donated by 

Farmitalia Carlo Erba (Freiburg, Germany). 
Methanol, acetonitrile, water (all HPLC- 
grade) and triethylamine, trichloroacetic acid, 
orthophosphoric acid (85%, v/v) and 
potassium dihydrogen phosphate (all analytical 
grade) were obtained from E. Merck 
(Darmstadt, Germany). 
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Stock solutions of epirubicin and metabolites 
in methanol were prepared,  aliquoted and 
stored at -20°C,  protected from light. Work- 
ing standards of all anthracyclines were derived 
from the stock solutions by diluting aliquots 
with aqueous buffered solution (potassium 
dihydrogen phosphate 10 mM, pH 2.0 
adjusted with ortho-phosphoric acid), covering 
the following concentration ranges: epirubicin 
3.1-414.4 ng ml-~; epirubicinol 4.1-205.8 ng 
ml-1; epirubicin-aglycon 2.8-140.7 ng ml-1; 
epirubicinol-aglycon 3.2-161.5 ng ml- ~; 
7-deoxy-epirubicinol-aglycon 4.0-207.9 ng 
ml-1; and stored at 4°C, protected from light. 
At pH 2.0, no adsorption of the anthracyclines 
on glassware and polypropylene tubes, as 
described for other  pH values [29, 30], was 
observed. All working standards were stable 
under  these storage conditions for at least 2 
months. 

Sampling 
Human blood (2 ml) was collected into 

EDTA- tubes  (Primavette,  B. Braun 
Melsungen, Germany)  from the vena cephalica 
of patients and centrifuged immediately for 5 
min at 4000g. The plasma fraction obtained 
was stored at -20°C until analysis. At this 
temperature  samples were stable for a period 
of at least 1 month. 

For  analysis, plasma was allowed to thaw at 
room temperature ,  centrifuged again for 3 min 
(4000g) and an aliquot transferred into an 
autosampler glass vial. Vials were thermo- 
stated at 4°C by the autosampler sample rack. 

Human  tumour and liver tissue were 
weighed, homogenized for about 2 min by an 
UltraTurrax T25 homogenizer  (Janke und 
Kunkel,  Staufen, Germany)  at 13 500 rpm in a 
1:5 (weight:volume) ratio with wate r -  
methanol  (95:5, v/v). After  centrifugation for 2 
min at 3200g, the supernatant was transferred 
to another  tube, centrifuged again for 2 min at 
4000g. The resulting supernatant was diluted in 
a 1:10 (weight:volume) ratio with the wate r -  
methanol  mixture above and analysed as 
described for plasma samples. 

Apparatus 
The chromatographic system (instrumental 

set-up see Fig. 2) consisted of an E. Merck 
(Darmstadt,  Germany)  model L-6200 gradient 
pump (P1), a L-6200A gradient pump (P2), an 
AS-2000 autosampler (AS), a F-1050 fluor- 
escence detector  (FD),  a D-2500 integrator, a 
Krannich (G6ttingen, Germany)  model ELV 
7000 automatic switching valve (ASV), an 
analytical column LiChrospher 60 RP-Select 
B, 5 Ixm, 250 x 4 mm i.d. (E. Merck, Darm- 
stadt, Germany)  (AC) and a dry-packed pre- 

A B 

Figure 2 
Instrumental set-up and flow diagram for coupled-column analysis. (A) Valve position for precolumn loading step 
(LOAD); (B) valve position for transfer step (INJECT). W = waste, P = pump, AS = autosampler, ASV = automatic 
switching valve, PC = precolumn, AC = analytical column, FD = fluorescence detector. 
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column C4-Alkyl-Diol Silica, 25 txm, 20 × 
4 mm i.d. (PC). 

Alkyl-Diol Silica (ADS) 
Alkyl-Diol Silica is a new family of chem- 

ically and enzymatically modified precolumn 
packing materials for bioanalytical LC belong- 
ing to the group of restricted access supports 
[26-28]. In accordance with the internal- 
surface reversed-phase materials introduced by 
Pinkerton et al. in 1985 [31], ADS is charac- 
terized by bimodal chromatographic prop- 
erties, i.e. different bonded phases at the 
external (particle) and internal (pore) surface. 
The external bonded phase (glycerylpropyl- 
groups) is hydrophilic, electroneutral and non- 
adsorptive towards proteins, whereas the n- 
alkyl chains at the internal surface allow 
classical RP-chromatography of small solutes 
by hydrophobic interactions. As the pore size 
of ADS is 5 nm, the molecular weight cut-off 
of ADS is approximately 15000 Dalton. Thus 
macromolecules such as proteins (e.g. 
albumin: Mr ~ 65 000 Dalton) are size- 
excluded and quantitatively eliminated in the 
interstitial void volume. 

An ADS precolumn (25 x 4 mm i.d.) 
packed with the octanoyl-derivatized material 
was previously shown to tolerate over 200 
analysis cycles (500 Ixl plasma samples) [27]. 

Chromatography 
The sample (injection volume: 50 Ixl) is 

loaded to the Ca-ADS precolumn by pump 1 
which delivers eluent A (water-methanol ,  
95:5, v/v) at a flow rate of 1 ml min 1. A 
mobile phase of acetonitr i le-water  (0.1% tri- 
ethylamine,  v/v, pH 2.0 adjusted with tri- 
chloroacetic acid), 30:70, v/v, was delivered by 
pump 2 at a flow rate of 1 ml min -~ (eluent B). 
Analytes were detected by their natural fluor- 
escence with the excitation and emission 
wavelengths set at 445 and 560 rim, 
respectively. 

Calibration 
The working 

metabolites were analysed in the coupled- 
column mode to obtain the calibration curve by 
calculating the peak areas. When linearity was 
confirmed an external three-point calibration 
was used for quantification of drug concen- 
trations in the plasma samples. 

Chemoembolization 
T A C E  was performed and epirubicin levels 

were monitored for a total of 19 patients with 
primary HCC (33 chemoembolizations). 
Embolizing materials were either Lipiodol ® 
Ultra-Fluid (Byk Gulden, Konstanz, 
Germany) ,  an iodized poppyseed oil (iod 
content  480mg ml -])  usually used as a 
lymphographic contrast medium, or Spherex ® 
(Kabi Pharmacia, Erlangen, Germany) ,  a 
sterile suspension of degradable starch micro- 
spheres (DSM) with a mean particle diameter 
of 45 ixm. Epirubicin (Farmorubicin ®, 
Farmitalia Carlo Erba,  Freiburg, Germany)  
was administered as a standardized dose of 
1 mg kg -~ body weight either as an aqueous 
suspension with Spherex (ratios ranging from 
1:5 to 1:10, w/w) or as a W/O-emulsion with 
Lipiodol. For the latter, epirubicin, dissolved 
in 1 ml aqua ad injectabilia, was emulsified in a 
10:1 ratio (mg substance/ml oil). Mixtures were 
selectively injected in the arteria hepatica 
dextra and sinistra via a catheter inserted into 
the femoral artery by Seldinger's method. 
Blood samples were drawn at 0, 15, 30, 45, 60 
min and 3, 5, 15, 21, 27, 39, 45 and 63 h after 
injection. Pharmacokinetic data were calcu- 
lated from epirubicin and metabolites plasma 
levels by means of the computer  program 
RSTRIP  II, version 2.02 (MicroMath Scientific 
Software, Salt Lake City, USA).  

Results and Discussion 

Analysis cycle 
The coupled-column analysis cycle of the 

determination of epirubicin and its metabolites 
can be subdivided into three different phases 
(Table 1). 

standards of epirubicin and 

Table 1 
Timetable for switching-valve positions 

Sample loading. The sample (standard sol- 

Time 
(min) Position Precolumn Analytical column 

0.0-10.0 LOAD Sample loading (Re)conditioning 
10.0-15.0 INJECT Transfer Transfer, separation 
15.0-25.0 LOAD Recondi t ioning Separation 
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ution, plasma or supernatant of tissue homo- 
genates) is loaded with eluent A via the 
autosampler through valve positions 6-1 onto 
the C4-ADS precolumn. While quantitatively 
eliminating the sample matrix (proteins and 
other interfering compounds which are not 
retained by the butyryl-ligands under the 
selected conditions) for a duration of 10 min, 
the anthracyclines are simultaneously enriched 
on top of the precolumn by hydrophobic 
partitioning. During this precolumn sample 
processing step, the analytical column is equi- 
librated with eluent B delivered by pump 2. 

Analyte(s) transfer. Switching the automatic 
valve into position INJECT, eluent B is 
delivered through valve connections 3-4 to the 
precolumn (backflush mode). The retained 
anthracyclines are eluted from the precolumn 
and transferred in a narrow elution band 
through valve positions 1-2 to the analytical 
column. After 5 min the valve is switched back 
into position LOAD. 

Separation. While the analytes are separated 
on the analytical column under isocratic con- 
ditions by eluent B, the precolumn is recon- 
ditioned with eluent A for the next sample 
injection. As the second sample can be loaded 

onto the precolumn and extracted simul- 
taneously to the first sample being separated 
on the analytical column, analysis cycles can be 
shortened. Thus sample throughput is 
increased by 30%. 

In Fig. 3 chromatograms of an aqueous 
standard solution of epirubicin and meta- 
bolites, a human plasma blank and a plasma 
sample of a patient 15 min after chemoembol- 
ization are shown. 

Validation 
The coupled-column method was validated 

with respect to the following parameters. 

Linearity. Good linearity between peak 
areas and concentrations in plasma samples 
spiked with known amounts of epirubicin and 
metabolites (ranges see Table 2) was obtained 
(r = 0.999). 

Recovery. The recoveries of epirubicin from 
spiked plasma samples were calculated by 
comparing peak areas in the chromatograms of 
the samples with those of aqueous solutions 
(buffer pH 2.0) with identical concentrations. 
Recoveries ranged from 98 to 106% (Table 3). 
These values demonstrate the excellent 
efficiency of the ADS precolumn. Such high 
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Figure 3 
Coupled-column analysis of epirubicin and metabolites (1 = epirubicin, 2 = epirubicinol, 3 = epirubicin-aglycon, 4 = 
epirubicinol-aglycon, 5 = 7-deoxy-epirubicinol-aglycon). (A) 50 ILl of  aqueous standard solution (1, 2, 3, 4, 5 = 12.4, 
16.4, 11.2, 12.8, 16.0 ng ml-1); (B) 50 I-d of human plasma; (C) 50 Ixl of patient 's plasma 15 min after chemoembolization 
(1, 2, 3, 4, 5 = 40.6, 3.8, 5.3, 2.8, 7.1 ng ml-l) .  
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Table 2 
Linearity (injection volume: 50 IM) 

Range 
(ng ml -I) r 

Epirubicin 0.5-620 0.9995 
Epirubicinol 0~5-205 0.9993 
Epirubicin-aglycon 0.5-410 0.9997 
Epirubicinol-aglycon 2.4-480 0.9989 
7-Deoxy-epirubicinol-aglycon 2.0-800 0.9995 

Table 3 
Recovery of epirubicin from plasma samples (injection 
volume: 50 txl) 

Conc. epirubicin Recovery RSD (n = 5) 
(ng ml -~) (%) (%) 

9.69 102.6 4.6 
19.38 103.8 1.4 
38.75 103.8 1.4 
77.50 98.3 1.7 

155.00 105.9 0.7 

yields have not been achieved with the sample 
preparation procedures reported earlier [3, 4, 
6, 9, 12, 13]. 

As the recovery from plasma is quantitative, 
addition of an internal standard to control the 
analyte recovery is not necessary. 

Precision. The within-day precision of the 
method, as indicated by the relative standard 
deviations (RSDs), was studied by repeating 
the analysis of three plasma samples spiked 
with varying amounts of epirubicin and meta- 
bolites ten times within one day. The day-to- 
day RSD was calculated from the daily mean of 

duplicate analyses of plasma samples contain- 
ing the analytes at the same concentrations as 
for the within-day study, analysed over ten 
consecutive days. All RSD values were less 
than 4% for all compounds (Table 4) except 
for the within-day RSD for 7-deoxy-epirubi- 
cinol-aglycon. Within-day RSD did not 
remarkably differ from day-to-day RSD. 

Limit of detection~limit of  quantification. The 
limits of detection (LOD) and quantification 
(LOQ) of the method for the parent drug and 
metabolites were determined according to [32] 
and are shown in Table 5. Additionally, LOQ 
values were experimentally proven by analysis 
of spiked plasma samples containing the LOQ 
amounts of the anthracyclines (Table 5). 

Comparison of  peak area in coupled-column 
and single-column mode. In order to control 
the accuracy of the coupled-column system, 
aqueous solutions of 7 different concentrations 
(0.5-434 ng ml -t) of epirubicin were analysed 
in duplicate via the coupled-column mode and 
via direct injection onto the analytical column. 
The linear regression equation of peak areas 
for single-column vs coupled-column mode was 
y = 1.034 x -920.85 (r = 0.9999), whereby 
areas ranged from 11 000 to 6.8 x 106. 

Pharmacokinetics 
Monitoring epirubicin plasma levels re- 

vealed that a certain amount of the cytostatic 
reached the circulation because the blood flow 
of the hepatic artery did not stop immediately 

Table 4 
Within-day and day-to-day precision (injection volume: 50 ~1) 

RSD within-day 
(n = lO) (%) 

RSD day-to-day 
(n = 10) (%) 

Epirubicin 1.43 1.11 
Epirubicinol 2.42 2.52 
Epirubicin-aglycon 1.27 1.66 
Epirubicinol-aglycon 3.49 3.71 
7-Deoxy-epirubicinol-aglycon 6.80 3.76 

Table 5 
Limits of detection/limits of quantification (injection volume: 50 txl) 

LOD 
(pg on column) 

LOQ 
(pg on column) 

RSD (n = 10) 
(%) 

Epirubicin 25 
Epirubicinol 23 
Epirubicin-aglycon 31 
Epirubicinol-aglycon 65 
7-Deoxy-epirubicinol-aglycon 93 

50 
51 
53 

120 
200 

3.2 
7.5 
9.2 

13.1 
9.6 
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after administration of the chemoembolizing 103 
mixture. In most cases, a triexponential 
decrease in the plasma levels of the unaltered 
drug with a long terminal plasma half-life was 
observed as described for i.v.-bolus injection 102 
of epirubicin [33]. This disposition is inter- 
preted in terms of the classical multicompart- -~ 
ment model,  the high-capacity deep compart- 
ment of which is responsible for the slow 101- 
elimination of the drug. In accordance with the 
literature [34], large intra- and interindividual 
differences could be seen in the mean Cm~x- and 100 
AUC-values of all 19 patients receiving 0.00 
Lipiodol. : 

(A) 

t I I I 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 

hours 

¢max = 456.1 + 367.2 ng m1-1 (n = 22) 102 

AUC[t0 ~ t®] = 482.4 + 
258.6 ng m1-1 h -1 (n = 16). 

The 4'-glucuronide conjugates of epirubicin 
and epirubicinol can also be analysed under the 
conditions presented in this paper. As none of 
the patients showed significant concentrations 
of these metabolites at any time after treat- 
ment they were not taken into account for 
method validation and study evaluation. 

In 24 of 26 evaluable metabolite profiles 
epirubicin-aglycon and not epirubicinol as 
reported [35] was found to be the main 
metabolite. Calculated curves fit closely to 
experimental drug concentrations within the 
time interval investigated (0 to about 70 h). 
Representative plasma profiles of parent drug 
and metabolites are shown in Fig. 4. 

In order to examine the properties of both 
Lipiodol and Spherex, nine patients out of the 
collective received two to four T A C E  treat- 
ments, alternatingly in iodized oil or in DSM 
(22 chemoembolizations in total). Mean Cm~x- 
and AUC-values are presented below. 

Lipiodol: Cmax ----  420.5 _ 312.4 ng ml -l  

AUC[t0 ~ t=] = 421.5 + 
282.4 ng m1-1 h -1 (n = 11) 

Spherex: ¢max = 1018.55 + 679.4 ng m1-1 

AUC[t0 ~ t=] = 476.3 + 
179.1 ng ml -] h -] (n = 11). 

Comparing the AUC-values after chemo- 
embolization with those after i.v.-infusion 
therapy (1305 ng m1-1 h -1) [36] shows that 

o 
_~ I01 

0.00 

• __z__ 3 i ( a )  ~ i 

?>. . . . . .  4". i i 

",4 i 
", i i 

"~ i 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 

hours 

Figure 4 
Plasma profiles of  epirubicin and metaboli tes after chemo-  
embolization.  Transcatheter  injection of a mixture of  
52 mg epirubicin in 5.2 ml Lipiodol. (A) Kinetics of 
epirubicin; (B) kinetics of  metaboli tes  (2 = epirubicinol, 
3 = epirubicin-aglycon, 4 = epirubicinol-aglycon, 5 = 7- 
deoxy-epirubicinol-aglycon).  

T A C E  reduces the systemic availability of 
epirubicin. 

The oily contrast medium Lipiodol has been 
reported to be selectively incorporated in liver 
tumour cells [37-39]. Therefore ,  it might 
function as a targeting agent for cytocoxic 
drugs to their site of action, thus increasing 
drug concentration in the tumour cell and 
improving efficacy of antineoplastic treatment.  

In our study, seven patients had a lower 
Lipiodol-cmax than Spherex-Cmax. In one of the 
two remaining cases, Lipiodol-cmax exceeded 
Spherex-Cma×, but in comparison to the other 
patients Spherex-Cmax was also elevated. The 
high Cm~×-values in both treatments were due 
to arteriovenous shunts as documented by 
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angiography. Through these shunts the epi- 
rubicin-formulation in part reached the venous 
system and therefore the circulation. The 
inverse ratio of Cmax-values is explained by the 
faster occlusion of Spherex because of its 
particulate structure. 

The key point of chemoembolization 
therapy is to make the anticancer drug 
selectively retainable at a high concentration in 
tumour tissue for a long time. From normal 
liver parenchyma Lipiodol is removed within 
several days [40] by the reticulo-endothelial 
system (e.g. Kupffer cells) which lacks in 
tumour cells. Examination of liver tissue and 
liver tumour tissue of the same patient being 
resected 8 weeks after Lipiodol-chemoembol- 
ization revealed that epirubicin was still 
present in the tumour tissue [2.5 ng m1-1 
protein; c.f. Fig. 5] but not in the normal liver 
tissue. This fact suggests that the cytostatic is 
stored for a longer time in the tumour due to 
the presence and carrier effect of Lipiodol. The 
corresponding chromatograms are presented in 
Fig. 5. 

Conclusions 

Analytical method 
This paper describes the application of the 

novel precolumn packings Alkyl-Diol Silica for 
LC-integrated sample processing in a coupled- 
column HPLC system. The method allows the 
direct and repetitive injection of untreated 
biological samples as well as the separation and 
trace analysis (lower ppb level) of drugs and 
their metabolites on a routine basis. No 
manual sample pretreatment steps except for 
centrifugation are required and the contact 
time with the biological fluid and thus danger 
of contamination (e.g. HCC patients often are 
hepatitis-B positive) is minimized. Compared 
to the conventional methods described, pre- 
cision as well as accuracy are improved and an 
internal standard is no longer necessary. 
Finally, the chromatographic properties of 
the C4-ADS precolumn packing allow the 
performance of at least 500 analysis cycles 
when injecting and processing 50-1xl plasma 
samples. 

(A) 

I I 

(B) 

I I I I I I  I 
5 10 

(c) 

I I I I I I  
5 10 mln 

Figure 5 
Coupled-column analysis of liver tissue 8 weeks after LipiodoI-TACE. (A) 50 p.l of aqueous epirubicin standard solution 
(31.0 ng ml-1); (B) 50 ixl liver homogenate supernatant (protein 2.07 mg ml- ') ;  (C) 50 p.l tumor homOgenate 
supernatant (protein 1.34 mg ml -x, epirubicin: 2.5 ng mg -1 protein). 
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T h e r a p y  o p t i m i z a t i o n  

A s  s h o w n  by the  p h a r m a c o k i n e t i c  da t a ,  a 

l o w e r  s y s t e m i c  e p i r u b i c i n  p l a s m a  l eve l  is 

p r e s e n t  ( l o w e r  Cmax-values) w h e n  a p p l y i n g  
L i p i o d o l  i n s t e a d  o f  S p h e r e x  as t he  o c c l u s i v e  
a g e n t .  T h i s  fac t  a n d  t h e  p r e s e n c e  o f  e p i r u b i c i n  

in t u m o u r  t i s sue  e v e n  8 w e e k s  a f t e r  L i p i o d o l -  

c h e m o e m b o l i z a t i o n  sugges t  t h a t  L i p i o d o l  

s e r v e s  as a c a r r i e r  fo r  t h e  u p t a k e  o f  e p i r u b i c i n  

in t h e  t u m o u r  cel l  a n d  causes  a p r o l o n g e d  

r e s i d e n c e  t i m e  o f  t h e  cy to s t a t i c  in t h e  t u m o u r  

c o m p a r e d  to  n o r m a l  l i ve r  t i s sue .  T h i s  d r u g  

t a r g e t i n g  e f f e c t  f a v o u r s  L i p i o d o l  as o c c l u s i v e  

a g e n t  fo r  c h e m o e m b o l i z a t i o n  t h e r a p y  o f  H C C .  
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