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Simultaneous determination of N, N-di (n-butyl)doxorubicin-14-valerate
and its 8 urinary metabolites by HPLC

HAN Guo-Zhu!, Ramskrishnan SESHADRI

(Depurtment of Medicinal Chemistry, College of

Pharmacy, The University of Tennessee-Memphis, Memphis TN 38163 , USA)

AIM:: To develop an HPLC assay for simul-
taneous determination of ADZ202 and its
metabolites and to examine metabolites of
ADZ02 in urine of rats. METHODS ; Reverse-
phase HPLC with fluorescence detection and
gradient elutionusing a Waters Chromato-
graph equipped with a 710 B WIFP autosam-
pler, a power Mate SX plus computer, C,
Nova-pak™ (4 pm) 5 mm X 10 cm radial com-
pression column connected with a guard
micro-column, and a Waters 991 photodicde
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array detector for online observation of UV
spectrum of related fraction. RESULTS: De-
tection limit was 1— 3 ng for AD202 and 1—3
ng for its metabolites per injection. After iv
AD202 20 mg-kg™', only 4.9 ¥ dose as total
anthracyeline fluorescence signal was recov-
ered in urine over 72 h. The predominant
urinary metabolites were AD285 ( desacyl
AD202 3 and AD284 ( N-mono-debutyl
AD285)., Six minor metabolites
aglycones and 13-keto reductive product were

including

identified and 3 as-yet unknown metabaolites
were seen. Enzymatic and acid-hydrolysis
failed to reveal the presence of glucuronides in
urine. CONCLUSION: The sample analysis

technigues developed in this study proved to
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be very efficient, sensitive, and specific, a to-
tal of 11 compounds achieved resolution with
detection limit of 2 ng and no interference
from matrix. Urine sample can be injected di-
rectly into chromatograph without any extrac-
tion, making sample analysis simple and time-

Saving.

KEY WORDS N, N-di{n-butyl)doxorubicin-
l4-valerate; high pressure liguid chromato-
graphy ; fluorescence; pharmaccokinetics

Since doxorubicin (Dox, adriamycin), an
anthracycline antineoplastic drug, was intro-
duced into clinic use, there bas been a great
interest in search for Dox analogs having high
therapeutic index,

N, N-Di{n-butylYdoxorubicin-14-valerate
(ADz202) is one of lipophilic N-alkyl-substi-
tuted Dox congeners synthesized in our labora-
tory, which showed therapeutic superiority to
Dox in wive murine tumor system and ability
to bypass multidrug resistance in vitro™ 2.
But its quantitation and metabolic fate have
not been reported to date. This study was un-
dertaken (1) to develop an HPLC assay for
simultaneous determination of AD202 and its
metabolites and (2) to examine metabolites of
AD202 in urine of rats. the chemiral struc-
tures of AD202 and possible major biotrans-
formation products are presented in Fig 1.

MATERIALS AND METHODS

Chemlcals and enzymes AD202, Dox, N -monc
(a-butyl }-doxorubicin-14-valerate (AD1%4). N-mono
{n-buryl)-doxorubicin {ADZ84), N, N-di (n-buryl)-
doxorubicin { AD285), N-mone (2-butyl )-13-dihydro-
doxorubicin ¢ AD294). N, MN-di(n-butyl )-13-dihydro-
doxorubicin { AD295), Adrimycinone ¢ AD8). and 7-
deoxy-13-dihydro-adriamycinone { AD151) were syn-
thesized and used as their corresponding hydrochloride
salts in our lab (>>99 % chemical puriry by reverse
phase HPLC). For iv injection, AD202 was dissolved

.
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Fig 1. AD 202 and possible major metabolites.

in appropriate volume of NCI Diluent 12 [cremophor
EL (polyethoxylated castor oil); ethanol, 1;1 by vol-
ume ; Pharmaceutical Kesources Branch. Division of
Cancer Treatment, National Cancer Institute, Bethes-
da MD] and diluted with 4 volumes of €. § %] saline.
B-Glucuronidase (type B-1, 624 Q00 units -g~" solid)
was purchased from Sigma Chemical Co (5t Louis
MO}, Other chemical reagents are of analytical grade.
Drug administration and sampling procedures
Sprague-Dawley rats. ¥, n="7. weighing 25745 42 g
under momentary methoxyfluorane aneschesia were in-
jected ADZ02 (20 mg kg™ ) as single bolus via caudal
vein and then returned to imdividual metabolic cages.
At scheduled times urine samples were collected and
immediately put in freezer at —70C pending analysis.
Urint¢ analysis
were directly injected into the column after centrifuga-

Urine samples (usually 10 ul)

tion (1100 g, 10 min) without any extraction. In ad-
dition . where appropriate, selected urine samples were
diluted with distilled water or subjected to bulk extrac-
tion with solid phase C,, Sep-Paks™ ( Waters Assori-
ates » Milford MA)Y wo enrich the minor metabolites.
The separation of AD20Z and its metabolites in
the urtne were achieved by reverse-phase HPLC using
a Waters Chromatograph equipped with a 710 B WIFP
autesampler (Waters Associates), a power Mate SX
plus computer, Cy; Nova-pak™4¢ pm 5 mm X 10 cm ra-
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dial compression column { Waters Associates) connect-
ed with a guard micro-column (7 pm particles 3. 2 mm
» 15 mm Milford, MA), and a Waters 991 Photodi-
ode array detector for on-line ohservation of UV spec-
trum of related Iraction. The mobile phase composed
of pH 4. 0 ammonium formate bufler 4. 05 mol - L™’
(A) and acetonitrile (B) at 2 flow rate of 1 mL
~min~', consisting initially of 70 % A/320 % B and
then changed in a linear gradient manner gver 5 min to
a composition of 20 % A/80 % B. This composition
was maintained for 5 min, then returned back to initial
condition (70 % A/30 % B, total run time 15 min) in
linear gradient manner. The eluate was monitored by a
flow fluorometer (Model FS 9708, Schoeffel Instru-
ments, Kamsay NJ) set at A, 482 nm and equipped
with 8 Aw550 nm cut—off filter. Each tun of determina-
tion of urine samples was accompanied by 5 difllerent
concentrations of ADZ202 standard. ADZ202 and
metabolites were quantified by external standard
method, ie. reference to the calibration curve con-
structed daily for AD20Z by plotiing peak area os
concentration of AD202. The amount of metabolites
were expressed as eguivalents of AD202.

Fluoresence signals of AD202 and metabolites
were identified by their retention time (1, } relative to
authentic standards and by co-chromatography of urine
samples with reference compounds, and where neces-
sary were {urther conlirmed by normal phase HPLC of
urine or eluate ¢collected from reverse-phase HPLC and
subsequently enriched by sclid phase extraction on
Sep-Pak column.

The normal-phase HPLC was performed on a2 Wa-
ters chromatograph equipped with 2 mode} 650 solvent
programmers model 745 Data Module and s Partisil
PXS10/25 PAC Waters column. Mobile phase consist-
ed of CHCL (C)> and CHCI;-MeOH-glacial acetic acid-
warer (850/150/50/15 by volume, D), delivered at
flow rate of 2. 5 ML »min™" in linear gradient manner.
ie. initially 90 ¥ C/10 ¥ D, at 10 min 0 % C /100 %
D, and thereaiter isocratically delivered until 15 min.

Enzymatic and acidic detection of conjugates
Urine samples 300 gL foliowing alkalinization with 1
mlL pH 8. 5 Tris buffer 0, 05 mol *L ™" was extracted
twice with 3 volumes of EtoAc/propanol (9/1). The
resulting agueous phase was incubated™ with 0. 5 mg
8 glucuronidase (100 units~mL~’ final} at pH 5.2, at
37C lor 0.5, 4. 8, 22, and 48 h or with HC] 0. 1 mol

-L7! in methanocl at 100 C for 48 h . Appropriate incu-
bation without added enzyme and HCl was carried out
as control. The supernatants alter centrifugation of

incubation Pproduct were subjected to HPLC
analysis,

=
RESULTS

On the reverse phase chromatograms
AD202 and its 8 expected metabolites Dox,
AD294, AD151. ADs, AD284., ADZ295,
AD285, and ADI194 yielded good separation
from each other except 2 aglycones ADS and
ADI151 which were extremely similar in chem-
ical structures. ADZ202 and its metabolites
were {ree of matrix interference (Fig 2).

The normal phase chromatogram were
fully resolved with retention times of 3.10,
5.07, 6.12, 7. 44, 8. 73. 9. 43, 10. 95, and
12. 77 min for AD38, AD151. AD154, AD285,
AD2Z84. AD295, AD294, and Dox, respec-
tively.

The detection limits of the assay were
found to be 2 ng per injection of AD202 and
1-3 ng per injection of related metabolites at
signal-to-noise ratic of 3. A good linearity
(r > 0. 998) was obtained in the range of

FZ‘SOO ng (21 10, 50, 200, aﬂd 500 ngi;

n =3 each) for AD202 and metabolites. By
calculating the ratio of peak area obtained for
urine sample spiked with standards to those
acquired for equal amounts of respective stan-
dards in methanol the recoveries were found to
be 100, 2+3.0, 98.9+2.8, 99.5+3.2, 96. 8
+3.5 % for 10, 50, 200, 500 ng AD202, re-
spectively,» and > 95 % for metabolites. The
intraday coelliciency of variation {CV) ranged
from 1.5 % to 7. 0 ¥ at injections of 10, 50,
200, and 500 ng of AD202 (5 determinations
each), indicating a high reproducibility of this
method.

Urinary drug elimination was only 4.9
+1.6 % of the injected dose over 72 h on the
total anthracycline fluorescence basis (Fig 3).
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Fig 2.

Reverse-phase HPLC chrematograms. A) standards In MeQH corresponding to 200 ng of hydrochloride

form each. B) Rat blank urine sample (100 pL.). CE2D) Rat urine samples taken during 0—4 b and 24— 36 h.

respectively after iv AD202 20 mg kg .

AD202 was undetectable in urine from 6
out of 7 rats. Only one rat showed AD202 ex-
cretion (0. 002 %) in urine only in the earljest
sampling titne (4 h). Predominant metabolites
in urine were AD285 and AD284 (Fig 2 C, D,
and Fig 3) accounting for 2. 2+0.7 and 1. 9+
0. 7 Y of injected dose or 45+ 13 and 35+
14 % of total metabolites excreted in urine.
respectively. Other minor metabolites included
aglycones ( AD151 and ADS8), AD235,
AD294. and Dox representing 0. 24 + 0. 08,
0.154+0.07, 0. 0440, 05, and 0. 0440, 05 ¥
of dose. Three as-yet uncharacterized metabo-
lites (U1, U2. U3) with r, of 2, 78, &. 25,
6. 68 min. accounting for 0. 324 0. 24 % of

dose were seen.

The maximum elimination rate of total
anthracyclines, AD285, and AD284 reached at
8, 8, and 12 h respectively, subsequently
falling off sharply, and AD284 excreted in
urine in a lower rate than AD285 in early 12 h.
Thereafter AD284 excretion rate exceeded that
of AD285 (Fig 2C and D) where the ratio of
AD285 to AD284 reduced from 3:1 at 0-4 h to
1:4 at 24-36 h. By calculation'¥’ the excretion
rate constant {and half-life} of total anthracy-
clines. AD285 . and AD284 were 0.046 +
0.011 h™'(15+4 h), 0,036+0.010h" (1945
h}, and 0. 05040, 012 h=7(13. 9+2. 8 h).

The urine sample contained a high polar
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DISCUSSION
] T - — r—————— . .
0 20 40 60 8o The sample analysis techniques developed
Time/h . . « .
in this study proved to be very efficient, sensi-
Fig 3. Cumulative urine excretion of AD2D2 metabo-  tive, and specific, a total of 11 compounds

lites over 72 h after iv AD20Z 20 mg -kg™'.

product of which z.(1. 78 min) on the reverse-
phase HPLC system was shorter than Dox (z,
3. 28) (Fig 2C, D). This product was not ex-
tractable with EtoAc/Propanol and thus resid-
ed in the aqueous phase. After enzymatic and
acidic hydrolysis of aqueous phase. no differ-
ences in chromatograms between the treated
and control samples were seen, indicating that
there were no conjugates of anthracyclines in
the urine. This was further supported by spec-
trogram determined by photodiode array detec-
peak
(2.1. 78 min) was lacking 1n peak absorbance
at 485 nm which is a characteristic of AD202
and other anthracyclines (Fig 4).

tor. Urinary polar chromatographic

achieved resolution with detection limit of 1—
3 ng per injection and no interference from ma-
trix. The isocratic elution and UV detection
were tried , but failed to succeed in separation
of metabolites and elimination of interference
from endogenous substances. With use of {lu-
orescence detector and gradient elution, urine
sarple can be injected directly into chromato-
graph without any extraction, making sample
analysis simple and time-saving.

MNo or extremely negligible quantity of
parent drug were seen in urine but as many as
8 fluorescent metabolites were detected indi-
cating that AD202 underwent extensive bio-
Based on the detected
metabolic products. the AD202 metabolism is
most likely to involve the following at least 4

wransformation.

different reactions {in order of importance),
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(1) hydrolysis of ester group to desacyl-
AD202 ie AD285 (2} N-debutylization of
aminosugar moiety giving rise to mono and di-
debuty]l products. eg, AD284 and Dox. re-
spectively. (3) deglycosidation, yielding agly-
cones such as AD8 (adriamycinone ) and
AD151 ( 7-deoxy-13-dihydro-adriamycinone 3
{4} reduction of C-13 keto group to a sec-
ondary alcoholic group. the product being
AD?225. No AD194 was detected in urine, it
follows that the ester-hydrolysis outweighs by
far greatly debutylization due to abundant es-
terase in plasma and other tissues. Only about
4 % of administered dose were recovered in
urine as anthracycline-related metabolites.
This implies that AD202 may have other ex-
cretory routes such as biliary excretion. which
has proved to be principally responsible for
elimination of Dox and other Dox-related an-
thracyclines, and/or metabolic pathways such
as anthracycline ring cleavage to non-anthra-
cycline metabalites without fluorenscene®™’.

Contrary to AD201 [N, N-di (n-propyl?
doxorubicin-14-valerate 7 but in common
with AD198 (N-benzyldoxorubicin-14- valer-
ate )™, D202 does not elicit any glucuronide
conjugate. This may be related to steric hin-
drance effect of the amino nitrogen sub-
stituent. However, all three of Dox analogs
are subjected to sequential N-dealkylation. in
this manner removing any hindrance. To clari-
fy this metabolic difference, much more work
need to be done.

It is evident that urine samples contained
a more polar material than Dox. Our prelimi-
nary analysis demonstrated that this unknown
product was neither conjugate no anthracy-
cline-related metabolites, It seemed rescnable
to assume that the product may be an endoge-
nous substance which was formed and excreted
in urine under effect of xenobiotic AD202.

- -
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