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mhlw.go.jp/topics/bukyoku/iyaku/yakkyoku/)

2) BUMEE, EERWMZE39, 741-759 (2008)

3) /MEEHE, PHARMA TECH JAPAN 27 1519-1534
(2011)

BIGKIERAERLICL B EH O (EHEERAERC)

1.80% 53 5 8% (Preparations for Oral Administration)
1.1.88#] (Tablets) : O S5-§ 5 —E DORIRD E T D ELH|
1.1.1. OfER AR EESE (Orally Disintegrating Tablets/Orodispersible Tablets) : I T B2 A

WZEB IR S TR T & B e

1.1.2.9 27 7 V§E (Chewable Tablets) : MHI L CHRA 5§
1.1.3. %78t (Effervescent Tablets) : /K CTEBIZHIM L 2285 W I 580 585
1.1.4.47# 8¢ (Dispersible Tablets) : KIZ4-#k U CIRA S % 4]
1.1.5.%M$E (Soluble Tablets) : KICHEHE L TR T % 44 '
1.2. 47 7 VE (Capsules) : BO®E T3, # T ENICTHETAIIH T VERTHORE L 7-8

#l

1.3. 585 #) (Granules) : BO¥R5T A RR IR L 7~ 81
1.3.1. 581385 (Effervescent Granules) : K TEBIZHIB L A5 B L4583 % Bl

1.4.%3# (Powders) : #O#5F 2 KIROHH

1.5.#0%#! (Liquids and Solutions for Oral Administration) : #5545, WRITHEEMED

& B K 75 o VAR OB

1.5.1.2 Y % ¥ V# (Blixirs) : HBRROHEEOH B8 ) — Vi & HEREZIOROEDHH
1.5.2.%%%%| (Suspensions) : AR % Bl3S 2 RqE L 7B LA
1.5.3. 7% (Emulsion) : BRI % I3 E 2 34b L 0w
1.5.4.J €+ —7#| (Lemonades) : HERK OBEBRD 3 % 1581 72 UK O FR A
1.6.> 0 v 7#| (Syrups) : BO®KE T4, ¥ LI HKA 2 & 0HEEO S 2 HRIEAE (Yay

THAD) ORA|

1.6.1.> v v 7H#| (Preparations for Syrups) : K&EMZ B & &, Yoy 7H & %5 HEIRY

1B AR D B

1.7.8%0€ ) —#| (Jellies for Oral Administration) : B 5T 5, WEHEOZVEE L7 LIk

D EH|

2. ORI E R 9 % 8% (Preparations for Oro-mucosal Application)
2.1. 0= 4] (Tablets for Oro-mucosal Application) - IFERNIZEH T 5 —EDRIROE T 0 BiH|
2.1.1. ba—F%#| (Troches/Lozenges) : LIBEA TH 4 IZIEMIIZAE S, O, WHEZED

RFTZ B A DR SEH

2.1.2.7%5 T4 (Sublingual Tablets) : HZIHD %2 F T THELPICEM S, TIREFED S RIS

5 CIE A SEA

2.1.3.7%y #)VEE (Buccal Tablets) : AXIH D% FH L OB TR A ICIBM &, TIHEREE
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BIRIL S 5 CEF $e#)
2.1.4 3% %€ (Mucoadhesive Tablets) : TBERSIEICf % S & TH 2 DFEH A
2.1.5. %7 %] (Medicated Chewing Gums) : BAMNC X 0, ARIES % B 5 5 DREA SeAl
2.2 CIERA A7 L —%#| (Sprays for Oro-mucosal Application) : CHEMICEE T 5, BWMRST THEIX
BHRIR, (EERER—A MRR L LTHEZT 531
2.3 O EEH (Semi-solid Preparations for Oro-mucosal Application) : DEEFEEICBH T 5 7
Y —uFK, A NVEIOEIERER
2.4.&W# (Preparations for Gargles) : [IfE, WHEEZ & O BATICER T 2 KO EH]

3EEC X V153 5 HHA (Preparations for Injection)
3.1.7E54%1 (Injections) : BT, FMARIIIME % EOANMALE - BFEICERERES TS, &6, B,

RRBTE L B, JUIBRERE L QHBEE L THY 2 BROEERA

3.1.1.85##| (Parenteral Infusions) : BRI 5§ %, #Fl, 100mLEL EDESH

3.1.2. B ARESH (Implants/Pellets) : BEICb A2 BB SOMEEXEHE LT, KT,
BHAANL SICHEDAAFOREERWT, NEFMCL ) ERTLERE S VIROES
#I

3.1.3. B 7R 5% (Prolonged Release Injections) : BHIZ b7z 2 F3RSOBME X ENE LT,
AN EERT A S

4 FBW RV B85 (Preparations for Dialysis)
4.1 B RE (Dialysis Agents) : JEEEN I MEETICHW A ERE L THRER T 2 ERED
)
4.1.1.]8EZEWHEA| (Peritoneal Dialysis Agents) : JEIEBENT ITH W 2 EHE OEHT HA
4.1.2. mEEFEF (Hemodialysis Agents) : MBI 5 EH HH]

5. 883 - Mil#EH 3 5 8% (Preparations for Inhalation)
5.1.% A%l (Inhalations) : BRSO Z 7V — Ve LTRAL, REXEMIEE T 5 8HA.
5.1.1. A K#| (Dry Powder Inhalers) : RABD—ZE & 25 L) BN/, BEETFD
I7 V=& LTRAT %8
5.1.2. W A##A| (Inhalation Solutions) : A7 F 4 ¥ LI & V#EAT 5 WIKROBAH
5.1.3.I A7 V' —V#H (Metered-Dose Inhalers) : BEHCHTA LIZEFHI L KIZ, —FED
BERES%EFET 5 EBEHERNRAH ’

6. BiZ#Hk5¢ 5 %8#] (Preparations for Ophthalmic Application)
6.1.Z8R#] (Ophthalmic Preparations) : #&EEZ4 CORMBICER T4, WK, JUIHEKRBEHEL
CITFMIRE L CA W A B O 88
6.2.BBEE#| (Ophthalmic Ointments) : #EFE % &K ORMERICEA T 2 FEF O EERA

7. B2 57 5 8% (Preparations for Otic Application)
7.1. 5 E#| (Ear Preparations) : AE IR EICHET 5, IR, FEB IHEBERES L 3H
BRE L CHY BR8]

8. BIZEH T 5 8% (Preparations for Nasal Application)
8.1. 5 5% (Nasal Preparations) : & X BREEICRE§ 2 2H]
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8.1.1. HE#HEH (Nasal Dry Powder Inhalers) : S 5-3 A HAnR O m &3]
8.1.2. H5W#|l (Nasal Solutions) : BIEICIRG T AWK, ITHRGEHRE L THBRREL T
)z IRV AR =N--¥ il

9. EHEIZ@E AT 5 8%] (Preparations for Rectal Application)
9.1.4%] (Suppositories for Rectal Application) : ERHNIZEHET 5, {KRIZX > THERMT 55, X
BRI A CEE LIS 5 2 LI VARG 2 BT 5 —E 0RO FEF O RHA
9.2. B FEFEA (Semi-solid Preparations for Rectal Application) : L& B I ALFIPIZ A
TB57—LF, FVEIREHR
9.3. 7% (Enemas for Rectal Application) : JLFI% & L CEA T 5 TR T FEF 2 77 VAR o B

10 JE 12 @B § 5 8% (Preparations for Vaginal Application)
10.1.J#4%% (Tablets for Vaginal Use) : JEIZHEH T A, KIEAWCHEBXRSHTAILICLIVEAE
RS & BT 5 —EORIROE R O RH|
- 10.2. A 4:#] (Suppositories for Vaginal Use) : EIZEMAT 2, FRIC L o TERMT 54, Ik
IR A WCBRE LSBT AZ LI I W ADRS it T 5 — xﬁoﬁf/alk@#[fﬁf/@%%ﬂ

11. 58 7% EVEH§ A 8%] (Preparations for Cutaneous Application) ,
11.1. 4 B ERA (Solid Dosage Forms for Cutaneous Apphcatlon) BB @EEZET) 3N,
BA IATHCAR § % BT O BH|
11.1.1. #LEE3H) (Powders for Cutaneous Application) : 3 IKD4H BIEH] ‘
11.2. 4V A %) (Liquids and Solutions for Cutaneous Application) : FE (BEHE % &T) XIIMic
WA B AR O BHF
11.2.1.9 = #* ¥ }#l (Liniments) : EEIZT D AA THV 5 HCIRIUZTRIR DS A
11.2.2. v —3 3 »#| (Lotions) : ARIELS % KM O WA B i?Lﬂiz’aL( I SRS
7= 41
11.3. 2 7L —#l (Sprays for Cutaneous Application) : &I S % HFIK, #HEIK, @K, id~—
A MRREE UTEBICHEE T 5 8]
11.3.1. B 7 V' —V#] (Aerosols for Cutaneous Application) : 2T TA LIoILA A
TITEMEH A L FHICERRS 2 EHETHAT L —F|
11.3.2. K> 7 A7 L —%#| (Pump Sprays for Cutaneous Application) : K ¥ 72X ) F#HN
DENRS R EHETHAT L —H|
11.4.8%#] (Ointments) : BRCBATT 5, HRIHA % ERBEHRLIEH K A 7 2 T 00 B
11.5. 27 Y — 2% (Creams) : HEICEM T 5, KAME O3l RENZFAL L 72 EE RO RA
11.6. 7 VA (Gels) : EEICEA T 5 7 VRO R
11.7. 8543 %] (Patches) : BZJE IZBEfH§ 5 BLA
11.7.1.5—7#] (Tapes/Plasters) : (F& A EKZET R WEHZ Hv 5 BETH
11.7.2.7% 7#) (Cataplasms/Gel Patches) : 7k % & tr3#1 % F v 2 B4 #
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Doxorubicin is an anti-cancer drug with a wide therapeutic range. However, it and its metabolites cause
severe side effects, limiting its clinical use. Therefore, measuring the plasma concentration of doxorubicin
and its metabolites is important to study the dosing regimen of doxorubicin. We developed a rapid and sensi-
tive method by ultra-high-performance liquid chromatography with fluorescent detection for measuring the
plasma concentration of doxorubicin and its metabolites in small volumes (around 10xL), enabling repeated
measurements from the same mouse. The sensitivity of 7-deoxydoxorubicinolone, a major metabolite of doxo-
rubicin, increased about 5 times than those ever reported using conventional HPLC, and the run time was
within 3min. The area under the curve (AUC,_,,,) of doxorubicin was 5.9ug h/mL similar to the value of
4.16 ugh/mL obtained previously using a conventional HPLC method. This method would provide informa-
tion that could be used to refine the therapeutic approach to doxorubicin use.

Key words

The anthracycline doxorubicin is one of the most widely
used anticancer agents, and it has a broad spectrum of ac-
tivity against a variety of malignancies.»® New formulation
technologies to enhance the effectiveness and safety of this
anticancer drug are currently being developed. For instance,
long-circulating and sterically stabilized liposomes containing
doxorubicin can markedly increase tumor-specific deposi-
tion of drugs and have been approved as clinical products.?
However, the clinical use of doxorubicin is limited by the
side effect of cumulative, dose-dependent, irreversible chronic
cardiomyopathy caused by doxorubicin itself and its metabo-
lites, and optimal dose schedules remain a matter of debate.”
Therefore, measuring the plasma concentration of doxorubicin
and its metabolites is important to study the dosing regimen of
doxorubicin.

Mice are very useful small laboratory animals for nonclini-
cal research and are often used for pharmacokinetic, phar-
macological, or drug formulation studies of doxorubicin.>™"
Blood collection from the tail vein is becoming popular from
the perspective of animal protection, but it has the limitation
of small sample volumes. Therefore, it is often difficult to per-
form repeat investigations in the same animal to assess time-
dependent changes in plasma concentrations, and many mice
have to be killed for whole blood collection at each time point.

In a previous study, we succeeded in developing a method
for measuring intracellular concentrations of doxorubicin
and its metabolites by using ultra-high-performance liquid
chromatography (UHPLC).® The resolution, sensitivity, and
speed of analysis dramatically increased with the use of 2-um

" particles in the stationary phase, high linear velocities for
the mobile phase, and instrumentation that operates at higher
pressures than those used in HPLC.>~'? Specifically, the quan-
titation limit of doxorubicin was about 2 times lower than the
limit ever reported using conventional HPLC, and run time
was shorten from 20min to within 3min,'>® Because of the
high sensitivity of our method and the small sample volumes
(around 104L) required, in the current study we were able to
measure changes in the concentration of doxorubicin and its
metabolites over time in a single mouse, thereby diminish-

*To whom correspondence should be addressed.

e-mail: kumikato@nihs.go.jp

doxorubicin; metabolite; pharmacokinetics

ing the number of animals needed. This method would also
have clinical utility, because the reduction of sample volumes
and analytical times would decrease the burden of therapeutic
drug monitoring (TDM) for patients.

Experimental

Drugs and Chemicals Doxorubicin hydrochloride, dau-
norubicin hydrochloride, and verapamil were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Doxorubicinol hydrochloride, and 7-deoxydoxorubicinolone
were purchased from Toronto Research Chemicals Inc. (North
York, Canada). Doxorubicinolone was synthesized from doxo-
rubicinol by acidic hydrolysis (0.58 HCI) at 50°C for 24h,
and then extracted with chloroform by a liquid-liquid extrac-
tion method." Stock solution of each chemical was prepared
by weighing separately. The primary stock solution of each
chemical was prepared in methanol at 0.35 or 0.1 mg/mL and
stored at —80°C. The standard solutions for validation data
were obtained by mixing each chemical with mouse blank
plasma.

Preparation of Mouse Plasma Samples for HPLC
Doxorubicin was administered at 10mg/kg by tail vein injec-
tion into female Balb/c mice purchased from CLEA Japan,
Inc. (Tokyo, Japan). Blood was collected from the tail vein
into heparinized capillaries 10, 20, 40, and 60min and 2, 6,
and 24h after doxorubicin administration. Plasma obtained
from the blood sample (about 10xL) was mixed with saline,
50% methanel, and ZnSO, (final concentration: 400mg/mL)
and centrifuged at 15000g for 10min in a microcentrifuge
(Model 3740, Kubota Corp., Tokyo, Japan); the supernatants
were then collected. Plasma and saline volumes were adjusted
so that the concentration of each compound was within the
calibration curve range. A 15-uL aliquot of each supernatant
was mixed with 5uL of the internal standard (daunorubi-
cin, 10ug/mL in methanol), 22.54L ice-cold methanol, and
7.5uL Milli-Q water, and filtered through a 0.20-um filter
(Millex-LG, Millipore Corp., Tokyo, Japan). The filtrates were
transferred to autosampler vials before UHPLC analysis. All
experimental procedures were approved by the institutional

© 2012 The Pharmaceutical Society of Japan
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animal care and use committee,

HPLC Conditions High-throughput quantification of
doxorubicin and its metabolites was performed in a Hitachi
LaChrom ULTRA system equipped with an L-2160U pump,
an L-2200U automated sample injector, an L-2300 thermostat-
ted column compartment, and an L-2485U fluorescence detec-
tor (Hitachi, Tokyo, Japan).¥

Samples were analyzed on a Capcell Pak C18 IF column
(2.0X50mm; particle size, 2ym; Shiseido Corp., Tokyo,
Japan). The mobile phase consisted of a mixture of 50 mm so-
dium phosphate buffer (pH 2.0) and acetonitrile (65:27, v/v).
The mobile phase was delivered at a rate of 3004L/min, and

OH

Vol. 60, No. 3

the column temperature was maintained at 25°C. The fluores-
cence detector was operated at an excitation wavelength of
470nm and an emission wavelength of 590 nm.

Pharmacokinetics  Analysis Pharmacokinetics  were
analyzed by noncompartmental analysis using Phoenix
WinNonlin V6.1 software (Pharsight Corporation, CA,
U.S.A).

Results and Discussion

Doxorubicin is mainly metabolized in liver, and the esti-
mated metabolic pathway was shown in Fig. la. According to
a report where human metabolism of doxorubicin was studied
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0 deglycosidation
e e
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E. . deglycosidation 2
doxorubicin doxorubicinol
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Fig. 1. Schematic Showing the Chemical Structures of Doxorubicin and Its Metabolites (a) and the Chemical Structure of Daunorubicin, the Internal

Standard (b)
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Table 1. Linearity of Doxorubicinone and Its Metabolites

93

Slope

Intercept

Mean S.D.

Precision (%)

Mean S.D.

Doxorubicinol
Doxorubicin
Doxorubicinolone
7-Deoxydoxorubicinolone

1271
12.16
10.89
14.07

0.22
0.19
0.22
0.31

173
1.56
2.04
220

1.000
1.000.
0.999
0.999

0.0012
—0.0009
0.0029
0.0049

0.0062
0.0026
0.0073
0.0069

Precision (%): expressed as % R.S.D. (S.D./mean)Xx100.

Table 2. Detection Limit and Quantification Limit of Doxorubicin and Its Metabolites

Doxorubicinol

Doxorubicine

Doxorubicinolone 7-Deoxydoxorubicinolone

38
12.8

Detection limit (pg)

Quantification limit (pg) 1

49
6.4

6.4
214

74
245
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Fig. 2. Chromatograms of (a) Mouse Plasma and (b) Mouse Plasma

Spiked with Doxorubicin and Its Metabolites

The chromatographic conditions are described in Experimental. AU; Arbitrary
units. 1, doxorubicinol; 2, doxorubicin; 3, doxorubicinolone; 4, daunorubicin (inter-
nal standard); 5, 7-deoxydoxorubicinolone.

by isolating and identifying urinary metabolites, the metabo-
lites retained doxorubicin’s specific fluorescence properties.'®
Therefore, in this report, we used the fluorescent detection
condition optimized for doxorubicin. Although the metabolites
in human urine contained sulfate and glucuronide conjugates,
which conjugate reactions also occur in liver, these conjugates
were not detected in mouse plasma in our study. When a stan-
dard solution of doxorubicin, doxorubicinol, doxorubicinolone,
7-deoxydoxorubicinolone, and an internal standard (daunoru-

bicin (Fig. 1b)) was analyzed, all compounds were separated
within 3min with good resolution (Fig. 2). The chromatogram
of mouse plasma demonstrates the lack of chromatographic in-
terference from endogenous plasma components (Fig. 2a). In a
chromatogram of plasma spiked with doxorubicin and its me-
tabolites at a concentration of 20ng/mL, no interfering peaks
were observed, and doxorubicin, the three metabolites, and the
internal standard were well separated (Fig. 2b). These results
show that the specificity of this method. We created calibra-
tion plots for doxorubicin and its metabolites. The plasma cali-
bration curve was constructed using six calibration standards
(2.5—100ng/mL). The plots of relative peak area to IS versus
concentration were linear over a wide range of concentrations
(r*=0.999—1.000) (Table 1). The detection limit and quantifi-
cation limit were 3.8—7.4pg and 12.8—24.5pg injected com-
pounds, respectively (signal to noise ratio, 3:1 for detection
limits and 10:1 for quantitation limit). These values were 5
times lower than the limits ever reported using conventional
HPLC!>13119 (Table 2).

We next tested the recovery of doxorubicin and its metabo-
lites from mouse plasma spiked with each compound. The re-
covery rate was satisfactory, and the values for doxorubicinol,
doxorubicin, doxorubicinolone, and 7-deoxydoxorubicinolone
were 102.7, 92.6, 94.7, 96.7%, respectively (n=3). Tables 3
and 4 shows the accuracy and precision data for intra- and
inter-day plasma samples. The assay values on both occasions
(intra- and inter-day) were found to be within the accepted
variable limits.2?

The predicted concentrations for each analyte deviated
within *=15% of the nominal concentrations in a series of
stability test; in-injector (20h), bench top (6h), repeated three
freeze/thaw cycles and at —80°C for at least 2 weeks (Table
5). Although 7-deoxydoxorubicinolone was slightly unstable
under in-injector (20h; 91.24%), other compounds were stable
at any storage conditions.

We then used the validated method described above for
the simultaneous detection of doxorubicin and its metabolites
in mouse plasma after intravenous administration of doxo-
rubicin. Doxorubicin and its metabolites doxorubicinol and
7-deoxydoxorubicinolone were detected in the plasma sample.
Although doxorubicinolone has been also reported to be pro-
duced by NADP-dependent cytochrome P450 reductase, !
it was not detected in this study (Fig. 3). Doxorubicinol
is produced by cytosolic carbonyl reductase through the
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Table 3. Intra-Day Assay Precision and Accuracy for Doxorubicin and Its Metabolites in Mouse Plasma

. Doxorubicinol Doxorubicin Doxorubicinolone 7-Deoxydoxorubicinolone
ng/m i
Mean S.D. Precision  Accuracy Mean S.D. Precision  Accuracy Mean S.D. Precision  Accuracy Mean S.D. Precision  Accuracy
5 512 0.41 8.08 102.45 498 0.15 3.03 99.56 4.82 0.61 12.73 96.30 4.70 0.44 942 93.90
25 25.16 1.40 5.55 100.63 25.46 0.88 3.47 101.84 23.56 1.39 592 94.24 25.75 1.25 4.84 102.99
100 99.78 0.94 0.94 99.78 99.55 0.99 1.00 99.55 99.49 1.21 1.22 99.49 99.47 1.13 114 99.47
Precision (%): expressed as % R.S.D. (8.D./mean)X 100. Accuracy (%): calculated as (mean determined concentration/nominal concentration)X 100.
Table 4. Inter-Day Assay Precision and Accuracy for Doxorubicin and Its Metabolites in Mouse Plasma
y Doxorubicinol Doxorubicin Doxorubicinolone 7-Deoxydoxorubicinolone
ng/mL
Mean S.D. Precision  Accuracy Mean S.D. Precision  Accuracy Mean S.D. Precision  Accuracy Mean S.D. Precision  Accuracy
5 5.13 0.16 3.04 102.51 5.35 0.49 9.18 107.05 5.31 0.35 6.55 106.18 4.95 0.11 2.25 98.95
25 2431 0.68 2.81 97.24 23.74 0.38 1.59 94.96 24.84 0.42 - 1.69 99.34 24.56 0.37 1.52 98.24
100 99.83 0.48 0.48 99.83 100.11 113 1.13 100.11 100.39 032 032 100.39 99.83 0.44 0.44 99.83

— 9LT —

Table 5. Stability Data in Mouse Plasma

Precision (%): expressed as % R.S.D. (S.D./mean)X100. Accuracy (%): calculated as (mean determined concentration/nominal concentration)X100.

Doxorubicinol Doxorubicin Doxorubicinolone 7-Deoxydoxorubicinolone
Mean S.D. Precision Accuracy  Mean S.D. Precision Accuracy  Mean S.D. Precision Accuracy  Mean S.D. Precision Accuracy

Sng/mL

20h (in-injector) 5.00 0.068 1.37 100.06 5.22 0.072 1.37 104.30 5.19 0.058 1.12 103.86 4.56 0.074 1.62 91.24

6h (bench-top) 5.19 0.10 2.01 103.71 5.43 0.11 2.08 108.66 5.22 0.11 2.01 104.38 4.92 0.073 1.48 98.39

2 weeks at —80°C 472 0.12 243 94.36 5.23 0.14 2.62 104.54 5.21 0.082 1.58 104.20 4.98 0.092 1.84 99.59

3rd freeze-thaw 4.80 0.17 3.49 96.00 5.16 0.18 3.51 103.23 5.01 0.22 448 100.19 497 0.154 3.09 99.42
50ng/mL

20h {in-injector) 51.27 1.48 2.89 102.53 54.10 2.07 3.82 108.20 47.08 1.54 328 94.16 50.69 1.77 3.49 101.38

6h (bench-top) 53.78 2.90 5.39 107.55 52.12 2.76 5.30 104.25 49.66 227 4.56 99.32 54.33 2.36 433 108.66

2 weeks at ~80°C 4775 0.54 113 95.49 48.10 0.47 0.97 96.21 49.04 0.35 0.71 98.08 47.99 0.44 0.91 95.98

3rd freeze-thaw 52.09 0.81 1.56 104.18 51.04 0.81 1.59 102.08 48.68 0.95 - 1.96 97.37 51.52 0.86 1.68 103.04

Precision (%): expressed as % R.S.D. (S.D./mean)X100. Accuracy (%): calculated as (mean determined concentration/nominal concentration) X100.
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Fig. 3. Chromatogram of Mouse Plasma Obtained after Intravenous
Administration of Doxorubicin

Doxorubicin (10mg/kg) was administered by tail vein injection. Blood was re-
moved from the tail vein after 10min (a) and 6h (b) of administration, and plasma
was prepared as described in Experimental. 1, doxorubicinol; 2, doxorubicin; 4,
daunorubicin (internal standard); 5,7-deoxydoxorubicinolone.

NADPH-dependent aldo-keto reduction of a carbonyl moiety
in doxorubicin'?; deglycosidation at the daunosamine sugar
in doxorubicin or doxorubicinol produces 7-deoxydoxoru-
bicinolone'**” (Fig. 1a). The major metabolites we detected
were coincident with those reported previously.?? We also
examined the time course of changes in the concentrations of
doxorubicin and its metabolites (Fig. 4a). After an initial rapid
decrease, the doxorubicin concentration decreased slowly, and
the plasma concentration of doxorubicin was 74.2ng/mL (6h)
and 61.1ng/mL (24h) (n=3). The persistence of doxorubicin
indicates that doxorubicin comes back very slowly from some
distributed tissues or circulates for a relatively long time by
binding to plasma proteins.'”

The area under the curve (4UC,_,,,) and C_,, of doxoru-
bicin was 5.9ugh/mL and 10.0ug/mL, respectively, similar to
the value of 4.16 ugh/mL, and 5.4,g/mL obtained previously
using a conventional HPLC method.” In addition, our method
enabled us to trace the change in doxorubicin concentration
over time in a single mouse (Fig. 4b); this had previously
been difficult to do because of the small sample volumes. This
property will allow us to minimize the number of animals
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Fig. 4. Changes in Plasma Concentration over Time

Blood was collected from tail veins 10, 20, or 30min or 1, 2, 6, or 24h after
administration of doxorubicin, and the drug concentrations in the plasma were
measured. (Averaged results from 3 mice (a) and result of one mouse (b)) Main
graph, doxorubicin. Inset, metabolites (squares: doxorubicinol; triangles: 7-deoxy-
doxorubicinolone).

needed for pharmacokinetic analyses. Furthermore, in a clini-
cal setting, the small blood sample volumes and fast analytical
time would reduce the impact of TDM on patients.

Conclusions

Qur results show that the method we developed using
UHPLC provides rapid analysis using very small plasma
samples. The method is sensitive enough to evaluate changes
in the concentrations of doxorubicin and its metabolites in a
single mouse; this will result in the use of smaller numbers of
animals, which is good for animal protection. In clinical appli-
cations, this method could also decrease the burden of TDM
for patients. We predict that it will greatly facilitate studies of
doxorubicin pharmacokinetics and clarify the effect of doxo-
rubicin metabolism on therapeutic outcome.
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