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A stability-indicating reversed-phase high performance liquid 
chrmtographic method was developed for the detection of mitoxantrone HC1 
and i ts  degradation products under accelerated degradation conditions. The 
degradation kinetics of mitoxantrone HC1 i n  aqueous solution over a pH range 
of 1.18 to 7.20 and its s tabi l i ty  i n  propylene glycol- or polyethylene glycol 
400-based solutions were investigated. The observed rate constants were shown 
to follow apparent first-order kinetics in a l l  cases. The pH-rate profile 
shows that maximum s tabi l i ty  of mitoxantrone HC1 w a s  obtained a t  pH 4.01. No 
general acid or  base catalysis frcin acetate or  phosphate buffer species w a s  
observed. The catalysis ra te  

were determined to  be 3.72 x 10  min ; by.hydrogey ion water and hy 

constants of mitoxantrone affected by different ionic strength systems. 
Irradiation with 254 nm W light a t  25 ? 0.5OC was found when canpared with the 
light-protected controls. Incorporation of nonaqueous propylene glycol or  
polyethylene glycol in  the pH 4.01 mitoxantrone solution shows an increase i n  
its s tabi l i ty  a t  50 2 0.5OC. 

on the protonated mitoxantrone q p s e a  

respectively. The degradation rate 5.64 x 10- min-l and 1.108 x 

INTRODUCTION 

Mitoxantrone HC1 1,4-dihydroxy-5-8-bis((((2-hydro~y ethy1)amino)ethyl) 
t ' v i r a l ,  amino)-9,lO-anthracenedione dihydrcchloride was found to possess 

antibacterial, im-nunmulatory and substantial a n t i t m r  ac t iv i t7 - l6  . It is 
now believed that the antiturror activity of mitoxantrone is due to its 
interaction with DNA topoiscanerase 11. Topoisomerase I1 is an enzyme responsible 
DNA helix supercoling which ultimately leads t o  ce l l  death. 

mitoxantrone HC1 aqueous solution. The purpose of this investigation were to 
(1) develop a rapid, prescise and reliable high-performance liquid 
chromatographic method which would show stability-indicating capability and 
(2) determine the degradation l inetics of mitoxantrone kinetics of mitoxantrone 

HC1 i n  various pH buffer solution and nonaqueous : water systems under controlled 
conditions. 

However, as yet, no informtion concerning the chemical s tabi l i ty  of 
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1896 WANG, LIANG, AND TU 

Materials : 

Mitoxantrone was obtained f m  Dr.Pong Cheng (National Defense Medical 
Center, Taipei, Taiwan, R.O.C.). The pentobarbital s o d i u m  used as an in te rna l  
standard was  received f r an  Tokyo Chemical (Tokyo, Japan). 1-heptanesulfonic 
acid sodium w a s  from Sigma Chemical (Louis MO). Sodium phosphate, msnobasic; 
Acetic acid and Sodium acetate were franWak0 Pure Chemical (Tokyo, Japan). 
sodium phosphate,dlbasic; Acetonitri le;  Amonium A c e t a t e ;  Potassium Chloride; 
Sodium hydroxide and Hydrochloric acid were f r an  E.Merck (Damtat ,  F.R. 
Germany). A l l  materials were used as received. 

Kinetic Studies : 

Seven buffer solutions of varying buffer species with constant concentra- 
t i on  (0.M) a t  fixed ionic strength (I=0.5) were prepared a t  each spec i f ic  pH 
(pH 1.18-2.11 hydrochloric acid, pH 3.43-4.03 acetate buffer and pH 5.54-7.20 
phospahte buffer).  Thi mitoxantrone was dissolved by the above buffer solutions 
to achieve the concentration of 1.0 mg/ml.  Three d i f f e ren t  concentrations (0.05, 
0.1 and 0.2M) of buffer species a t  each pH of the above solutions ~ - _ r g  prepared 
a t  constant ionic strength (I=0.5) a t jus ted  by potassium chloride .The  
solutions were then sealed i n  type I g lass  ampules and stored i n  a dark oven 
maintained a t  50 +O.l°C f o r  up to 90 hours. Samples were r m v e d  from the oven 
a t  each time interval and stored inmediately i n  a - 2 8 C  freezer u n t i l  analyzed. 
Samples were remsved f m  the freezer, equilibrated to roan temperature, and 
mixed i n  a vortex mixer p r io r  to assay. The pH values were checked (Vision 6071, 
JENCO Electron LTD,CA) f o r  each sample to detect any s igni f icant  chanqe of pH 
a t  each designated time. Concentrations of mitoxantrone were determined i n  
triplicate by the stabil i ty-indicating reversible h i g h - p e r f o m c e  liquid 
chrcpnatographic (HPLC) method. Appropriate d i lu t ions  of the samples were made 
before in jec t ing  i n t o  the HPLC t o  insure that the analytical  concentrations were 
within the linear ramge of detection. 

Hiqh - performance Liquid Chrmtoqraphic Analysis : 

The instnnentwas equipped w i t h  a dual p i s ton  pump (rrcdel LC-6AI Schimdzu, 
Kyoto, Japan) set a t  242 run, and a NOVA PAK C18 COLUMN (3.9 mn x 15 cm w i t h  5 pm 
packing, Waters Associates). The mobile phase containinq 25% acetonitrile(V/V) 
and 75% 0.2M m n i u m  acetate a t  pH 4.0 including 5 um 1-heptanesulfonic acid 
sodium salt .  The flow rate of the m b i l e  phase wasmaintained a t  0.8 ml/min. The 
absorbance of mitoxantrone and its degradation products were recorded using a 
strip-chart  recorder (Model SCI-6Af Schimadzu, Kyoto, Japan) a t  a chart speed of 
0.3 cm/min. The l inea r i ty  of the ca l ibra t ion  curve of peak area ratio versus 
concentration (mg/mll f o r  the analytical  range between 0.005 to  0.015 mg/ml was 
excellent, w i t h  a correlation coef f ic ien t  (r) of 0.994 (Y=138.96X-0.0574). The 
within-day and between-day precision of this HPIC method a t  a mitoxantrone 
concentration of 0.01 mg/ml was 0.10 and 1.18% (n=4) , respectively. The 
concentration of mitoxantrone was determined by the method of peak area ratio. 
The init ial  concentration was designated as loo%,  and a l l  subsequent concentra- 
t ions  were expressed a s  a percentage of the i n i t i a l  concentration. The s t ab i l i t y -  
indicating nature of t h i s  assay id  depicted by the chromatograms (Figure 1) 
where samples of mitoxantrone (1.0 mg/ml in pH 2.11 hydrochloric acid solution 
was degraded a t  50% f o r  96 hours. The degradation products eluted separately 
and were detected without apparent interference with the peak of in te res t .  The 
re la t ive  retention times of mitoxantrone and the in te rna l  standard were 3.5 and 
11.2 minutes, respectively. The homgeneity of mitoxantrone peak w a s  examined 
by collecting the eluted mitoxantrone peak from several injections and perfominq 
a diode array (model SPD-MCA, S h h d z u ,  Tokyo, Japan) spectral overlay analysis 
h the W range of 191.0 nm to 401.0 nm. N o  difference (curve P i t  0.99) i n  the 
W spectral  between the eluted and pure drug samples suggests the absence of any 
degrade o r  exogenous impurities e lu t ing  under the  peak of in te res t .  The 
sens i t i v i ty  of the reported produces was 50 ng/ml. 
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STABILITY OF MIXTOXANTRONE HCI 1897 

B B 

FIGURE 1 

HPIC chromatogram of mitoxantrone HC1 ( l . h g / m l )  i n  pH 2.11 hydrochloric acid 
soluti?n (8) inmdia te ly  a f t 5 r  preparation, and (B) a f t e r  96 hours of storage 
a t  50 -0.5 C. Key: (A) mitoxantrone HC1; (B) pentobarbital sodium; and (C) 
degradation product. 

Buffer Effect Studies : 

Three buffer solutions of d i f fe ren t  t o t a l  buffer concentrations (0.05,O.l 
and 0.2M) and constant ionic strength (I=0.5) were used to study the ca ta ly t i c  
e f f ec t  of buffer speciesoon the degradation of mitoxantrone a t  each species pH 
and temperature (50'0.5 C). A c e t a t e  buffer a t  pH 3.43,4.01 and phosphate buffer 
a t  pH 5.54, 6.81 and 7.20 were evaluated. The f i n a l  concentration of mitoxan- 
trone was 1 . 0  mg/ml. 

Sa l t  e f f e c t  Studies : 

To test the  e f f ec t  of ionic strength on the degradation of  mitoxantrone 
(1.0 mg/ml), buffer solutions of various t o t a l  ion ic  strength (1=0.1,0.3,0.5, 
0.7 and 0.9) with constant buffer species concentration a t  fixed pH were 
prepared. A s t a b i l i t y  study of these solutions a t  50f 0.5OC w a s  conducted. A 
pH 3.11 acetate buffer and a pH 7.20 phosphate buffer,  both w i t h  0.M total 
buffer concentration, were studied. 

Temperature Effect Studies : 

Solutions of 1 .0  mg/ml of mitoxantrone in 0.M acetate buffer a t  pH 4.01 
and constant ionic strength (1~0.5) were prepared. TQe temperatqre dependence 
of+t!hg degradation of mitoxantrone w a s  studied a t  40- 0.5OC, 60-  0.5OC and 
70- 0.5 C. 

Solvent Effect Studies : 

Solutions of 1.0 mg/ml of mitoxantrone in d i f f e ren t  propylene glycol : water 
or polyehylene glycol 400 : water systems were prepared. All solutions were 
buffered to pH 4.01 with a 0.M acetate buffer a t  constant ionic strygth (1=0.5). 
lhese solutions were then stored i n  a constant temperature oven a t  50 - 0.PC. 

Photolysis : 

A solution of mitoxantrone a t  a concentration of 1.0 mg/ml i n  the pH 4.01 
acetate buffer solution a t  a constant ionic strength (I=0.5) and total buffer 
concentration (0.M) were prepared. The solution was placed under a 254 nm W 
l igh t  of 150 pw/cm in tens i ty  a t  a distance of 30 an. A control group wrapped 
w i t h  ahminum f o i l  to protect the solution from W irridationowas also studied 
under the same conditions. Th? experiment w a s  done a t  25t 0.5 C. 
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FIGURE 2 

Psedo first-order degradation kinetics of mipxantrone HC1 in various buffer 
solutions (0.1M) of different pH a t  50-0.5 C and I=0.5. 
Key : (Q)pH 1.18 : ( A  )pH 2.11  ; ( *  )pH 3.43; (0)pH 4.03; (L)pH 5.54 

( 0  )pH 6.81; (0)pH 7.20. 

RESULTS AND DISCUSSION 

Order of Reaction and Observed R a t e  Constants : 

Figure 2 i l lust ra tes  typic81 plots of the s tab i l i ty  of mitoxmtrone HC1 in 
different pH buffers a t  50-0.5 C. The r e su l t s  indicate that the degradation of 
mitoxantrone HC1 i n  aqueous sglution fo l lms  apparent first-order kinetics 9&-25 
constant pH, temperature, ionic strength, and buffer species concentrations 
The rate constants were obtained from the slopes of the semilog plot by s ta t i s t ica l  
regression w i t h  correlation coefficients (r) greater than 0.98. 

Effect of Buffer Concentration : 

N o  significant difference w a s  observed (Table 1) for the degradation rate 
constants of mitoxantrone HC1 under three different concentrations (0.05,O.l 
and 0.2M) of the same buffer species (acetate, phosphate) a t  each species pH 
solution over the range of 3.43 to 7.20. The general acid-base catalysis of 
acetate and o hate buffers on the degradation of mitoxantroneHC1 was not 
significant 'kpgq;however, rate cmstants a t  zero buffer concentration were 
still determbed a t  each pH by extrapolation from the data. 

pH-Rate Profile : 

A pH-rate profile of mitoxantrone HC1 a t  zero buffer concentration was 
obtained by plotting the logarithmic rate  constants Tersu8pH of solutions a t  
constant ionic strength of 0.5 and temperature of 50-0.5 C(Figure 3). A t  
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STABILITY OF MIXTOXANTRONE HCI 1899 

TABLE 1 

Degradation R a t e  Constart of Mitoxantrone HC1 i n  Different Buffer Species 
Concentrations (0.05,O.l and 0.2M) of Various+pH Solution under Constant Ionic 
Strength (I=O. 5) and Storage Temperature (50 - 0.5%) Conditions. 

0.05 M 0.1 M 0.2 M 
+ 3.43 0.78857 0.0017 0.7246: 0.0020 0.7586: 0.0015 

4.01 0.56235 0.0031 0.5608- 0.0027 0.61662 0.0035 
5.54 1.0476+ 0.0029 1.02372 0.0030 1.0471t 0.0013 
6.81 1.7378- 0.0057 1.73802 0.0041 1.7418: 0.0065 
7.20 2.13792 0,0047 2.45512 0.0036 2.10222 0.0016 

*man - s .d. (n=3) 
i 

-3.5 

-3.6 

-3.7 

-3.8 

Y 8 -3.6 
4 

-4 

-4.1 

-4 2 

-4.3 
0 2 4 6 

PH 

FIGURE 3 

8 

The pH-rate p ro f i l e  of mitoxantrone HC1 i n  aqueous so luyon  p d e r  zero buffer 
concentration and constant ionic strength (I=0.5) a t  50 - 0.5 C. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1900 WANG, LIANG, AND TU 

TABLE 2 
Degradation R a t e  Constants of Mitoxantrone HC1 i n  Different  Ionic  Species 

concentrations (0.1,0.3,0.5,0.7) of  pH 3.11 acetate so lu t ions  under Constant 
Buffer S x c i e s  Concentration (0.  lM) and Storage Temperature (50 * 0. P C )  conditions. 

Ionic  Strength 
1 - 1  

\ l I  
0 .1  0.2399+0.0031 
0.3 0.5539f0.0017 
0.5 0.6128 f 0.0014 
0.7 0.6732f0.0021 

+ * m a n  - s .d .  (n=3) 

TABLE 3 
Degradation Rate Constants of mitoxantrone H X  i n  Different  Ionic  Species 

Concentrations (0.3,0.5,0.7,0.9) of  pH 7.20 phosphate so lu t ion  under constant  
Buffer Species Concentration (0. lM) and Storase Temerature  (50 5 0.  P C )  conditions. 

Ion ic  Strength Qbs x lo3 (lllh-lr 
(1) 

0.3 0.5046; 0.0014 
0.5 0.4646r 0.0017 
0.7 0.4351- 0.0025 
0.9 0.3711 2 0.0011 

+ * man- s.d. (n=3) 

pH< 4.03, the degradation of mitoxantrone HC1 is described p r h r i l y  by the  
c a t a l y t i c  e f f e c t  of  spec i f i c  acid. A t  p3 4.03, the pH independence region, it 
was primari ly  due to the ca t a lys i s  of water. A t  pH>4.03, ca t a lys i s  of hydroxyl 
ion became predominant. A general hypothetical rate equation f o r  mitoxantrone 
HC1 degradation a s  a funct ion of pH can be wr i t t en  as follows : 

where Kobs is the overa l l  observed r a t e  constant: KO is the water ca t a lys i s  
rate constant; KH+ is the  spec i f i c  ac id  c a t a l y s i s  rate constant and K ~ H -  
is  the  specific base+catalysis-rate  constant, and n,m are the  order  

react ion w i t h  respect to  [H 1 and [OH 1 according to eq . l . , a  p l o t  of Kobs aga ins t  
hydrogen ion concentration should y i e ld  a slope of KH+ and an in te rcept  of 
s t rong ac id  solut ions.  The K, and KH+ w a s  determined to be K, = 5.64 X lo-' min-l, 
KH = 3.72 X 
agains t  hydrogen ion concentration should y i e ld  KOH-= 1.108 X 
value of n and m w a s  detrermined to b i  0.35 and 0.3009. 

E f f e c t  of Salt  Concentration : 

in 

+ 
min-'. A t  high pH so lu t ion  (pH4.03-7-20), a plot of ( Kobs - K o) 

m i n - l  .The 

The resu l t s  of d i f f e ren t  ion ic  strength of mitox$intvne HC1 i n  the  pH 3.11 
ace ta te  and pH 7.20 phosphate buffer  solut ions a t  50 -0 .5  C a r e  l i s t e d  i n  Table 
2,3. It  was observed that the degradation ra 
affected by d i f f e ren t  ion ic  s t rength  systems 

Effec t  of Temperature : 

constants  of mitoxantrone HC1 
. $?I 

The temperature dependence of t he  degradation of  the degradation r a t e  of 
mitoxantrone HC1 (l.Gmg/ml) i n  pH 4.01 acetate buffer  (0.lM) a t  constant ion ic  
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STABILITY OF MIXTOXANTRONE HCI 1901 

Y 

4 

-4 8 

- 4.0 

-4.2 

-4.4 

- 4 . 6  

FIGURE 4 

Arrhenius  plot of the degradat ion of mitoxantrone HCl(1.0 q / m l )  in pH 4 .01  
acetate b u f f e r  (0 .1  M) s o l u t i o n  and a t  c o n s t a n t  i o n i c  s t r e n g t h  of 0.5. 

TABLE 4 
S t a b i l i t y  of Mitoxantrone HC1 in Polyethyleqe G 1  col 400 or propylene 

glycol : water So lven t  Systems a t  pH 4.01 and 50 - O.$C. 

Kobs (hr-’)* 
Solven t  Ratio 

propylene g l y c o l  : water PEG 400 : w a t e r  + 
20 : 80 0.0933: 0+.0016 0.08287 T 0.0021 
40 : 60 0.007121j0.0006 0.06878- 0.0003 

80 : 20 0.001353-0.0004 ** 
60 : 40 0.005435i0.0007 ** 

* rneanfs.d.  (n=3); ** n o t  determined 

TABLE 5 
E f f e c t  of W l igh t  on the S t a b i l i t .  of Mitoxantrone HC1 i n  pH 4.01 acetate 

Buf fe r  S o l u t i o n  (0.lM) a t  I=0.5 and 25-0.5OC. 
* 

% Remaining 
Time (hr) 

l i gh t -p ro tec t ed  l i q h t - e m s e d  
42 9 7 . 9 3 ~ 4 . 0 1  96.07 i 3 . 2 3  

186 89.27 T2.71 60.18T0.98 
235 86.09 T2.83 5 5 . 8 9 ~ 3 . 2 8  
378 78.99 - 2.71 52.14 - 1.32 

* mean 2 s.d. (n=3) 
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1902 WANG, LIANG, AND TU 

strength (I=0.5) was determined by plotting the log of degradation rate versus 
l/temperature, as seen in Figure 4. The energy of c$jtjvation in this solution 
was determined to be 13.4 kcal/mle from the slope 

Effect of NOM~UEOUS Solvents : 

The effects of nonaq’umus solvents on the degradation of mitoxantrone HC1 
using different ratios of propylene glycol : Water or polyethylene glycol : 
water as the media are listed in Table 4. The degradation rate constants decreased 
when the content of either propylene glycol or polyethylene glycol in the solution 
was increased. The reaction mschanism of mitoxantrone HC1 degradation in solutions 
containing propylene glycol or polyethylene glycol is not yet knm; however, the 
stabilization of mitoxantrone HC1 degradation might be possible due to canplicated 
factors such as dielectric constants, surface tension, viscosity, c ‘vity 

Effect of W light : 

Table 5 shows the data for the stability of mitoxptrone HC1 (l.Omg/ml) in 
pH 4.01, 0.m acetate buffer solution at I=O.5 and 25 - 0.5OC under W (r=254nm) 
irradiation and light-protected conditions. W irradiation effect did accelerate 
the degradation processes of mitoxantrone HC1 in the light-exposed sample in 
comparison with the same experimental condition. 

oxfficient of mitoxantrone HC1 and its reansition products, etc 3P,f3 . 
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