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degradation kinetics of 7-N-( ~-hydro~phenyl)~ito~ycin C 

Abstract 

The degradation kinetics of 7-N-(p-hydroxyphcnyl)mitomycin C in the prcsencc of cyclodcxtrin have been 
investigated over the pH region 0.3-I I. Dcgradatinn mixtures wcrc analyscd by means of UV-Vis spcctrometry and 
high-pcrformancc liquid chromatography with UV dctcction. The degradation kinetics have been modcllcd using a 
non-linear curve-fitting computer program. 
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1. Introduction 

In a previous study (Beijnen et al., 1988) the 
degradation of the mitomycin C analogue, 7-N- 
( p-hydroxyphcnyl)mitomycin C (M-83) (Fig. I), 
an investigational antitumour agent, in aqueous 
solution was investigated. In both acidic and alka- 
line media M-83 showed fairly rapid degradation, 
while the pH of maximum stability was around 
7.5. The solubility of M-83 in water is limited, 
which hampers the therapeutic use of high doses 
of the compound. Increase in solubility can he 
effected, for example, by the use of co-solvent, 
miceIle formation or complexation. Each of these 
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techniques may also influence the stability of the 
compound. In recent years much research has 
been focused on the use of cyclodextrins as com- 
plcxing agents for cytostatic drugs, such as mito- 
mycins and the influences of these agents on the 
stability of the guest molecules (Bekcrs et al., 
1989, 1991a). For the nlitomycins, y-cyclodextrin 
iy-CyDf proved to be the most effective compiex- 
ing compound, as expressed in terms of increase 
in solubility and stability of the guest molecule. 
Recently, a general model for the interpretation 
of the degradation of compounds in the presence 
of Iigands was developed Wan der Houwen et al., 
1991). In the present study the degradation kinet- 
ics of M-83 in the presence of y-CyD as compIex- 
ing agent were investigated and interpreted, using 
this model. 

017R-5173/93/$(17.00 I I993 Elsrvier Science B.V. All rights reserved 
ssnl 037x-5 17319?)EO3RO-R 



2. Experimental 

M-83 was ;I gift from Dr K. Shirahata. Kyowa 
Hakko Kogyo Chemical Co. (Tokyo, Japan). y- 
CyD came from Nihon Shokukin Kako Co. Ltd 
(Tokyo, Japan) and was used as received. All 
other chemicals were of analytical grade and 
&ionized water was used throughout. 

For the kinetic experiments the following 
aqueous buffer solutions were used: H,,/pH 0..3- 
3, perchloric acid; pH 3-6, acetate (0.01 M); pH 

6-8, phosphate (0.01 M); pH 8-11. carbonate 
(0.01 Ml. pH values between 1 and I I wcrc 
measured at the temperature of study with a 
suitable pH meter (Mctrohm, E512. Titriskop. 
Herisau, Switzerland). pH values below 1 wcrc 
calculated using the Hammett acidity function 
(Bates, 1973). A ~(~nst~lnt ionic strength (g = 0.3). 
adjusted with sodium chloride. was maintained 
for each degradation solution, except for the so- 
lutions where the hydrogen ion concentration ex- 
ceeded 0.3 M. For the clegradation studies whcrc 
the influence of y-CyD was investigated. various 
~~rn~~unts of Y-CyD wcrc added to the buffer 
solutions and the pH was adjusted to the desired 
value. The buffer/y-CyD solutions were always 
prepared freshly bcforc use. No significant 
changes in pH were observed throughout the 
degradation reactions. 

All kinetic degradation espcriments were pcr- 
formed in the dark at 25°C. At pH < 3.8 degrada- 

tions were followed by monitoring the decrease in 
absorbance at 385 IIIII. Degradations at pH > 3.X 
were followed by the described st~~bility-in~ii~~lt- 
ing hi~h-perf(~rniaIl~~ liquid ~flr(~rn~~togr~~pliy 
(HPLC) method (Boijncn et al. I%-%). 'I'hc clcgru- 

dation reactions were initiated by adding IO ~1 ot 
:I methanolic stock solution of M-83 to 7.5 ml 
preheated buffer, resulting in an initial conccn- 
t&on of 6 x ltl-’ M. In experiments where the 
y-CyD influences on the M-8.1 degradation wcrc 
studied the y-CvI> concentrations varied from 0 
to S X IO ’ M. It appears that in alkaline medium 
the presence of oxygen rcsultcd in irreproducihlc 
degradation proecsscs. This difficulty could bc 
~lil~linat~~l by using boiling water and purging the 
buffer/y-CyD solutions with nitrogen. After :I& 
dition of M-83 the test tubes wcrc closed ~~ncler ;I 

nitrogen atmosphere. At appropri;itc intervals 
samples were taken and directly analyscd ~OI- the 
content of undegradcd M-83. 

a I’erkin Elmer Lambda 5 UV-Vis spcctropho- 
tome&r (Pcrkin Elmer, Oak Brook. IL. U.S.A.). 
Absorbance ni~~~sLir~ni~lits were pcrformcd with 
:I Shimadzu UV- 140 Doubtc Beam Spectropho- 
tomcter equipped with an AW-130 Thcr- 
mostatcd C’cll-positioner (Shimadzu (‘orp.. Ky- 
oto. Japan). 

The conditions and equipment of the HPL(’ 
assay were identical to those described in an 
earlier report by Beijncn et al. (108X). 

3. Results 

The degradati~)n of M-83 in the prcsencc 01 
y-CyD follows the same mechanism as that of the 
free compound in aqueous solution. as indicated 
by the occurrence of ;I pseudo-first order pattern 
in acidic and alkaline solution and the appenr- 



ante of identical degradation products. Both the 
spectrophotometric and the HPLC assays are not 
influenced by the presence of the ligand or the 
occurrence of unexpected interfering degradation 
products. The stability-indicating properties of 
both assays, consequently, are equal for the in- 
cluded and the free M-83. In Table 1 a summary 
is given of the degradation rate constants, kc,,,,, 
for M-83 at various pH values and [y-CyD]. The 
data from Table 1 indicate a tendency to a de- 
crcasc in kOhs on inclusion of M-83 in r-CyD, 
cspccially at pH > 2. In the region pH < 2 this 
influence diminishes. These results are in agree- 
ment with those obtained for mitomycin C and 
demonstrate that on protonation of the aziridine 
function in M-83 the stabilizing effect of y-CyD 

disappears. Using the data of Table I attempts 
have been made to calculate the values for the 
specific reaction constants, acid dissociation con- 
stants and ligand binding constants, using the 
theoretical model described earlier (Van der 
Houwen et al.. 1991) 

3.2. Culculutiorl of rate constants und equilibrium 
constants 

M-83 has been shown to be subject to three 
succesive protolytic equilibria (Beijnen et al. 
1988). Therefore, the relation between kc,,,\ and 
the macro reaction constants, acid dissociation 

constants and ligand binding constants is given by 
Eq. 1 Wan der Houwen et al., 1991). 

t ((M,‘; + [L] .M,L)/[H+]‘--‘) 

k 
1-U 

+ [L] . k K,. K,L 
j = 0 

(1) 
The constants for the degradation reactions of 

the free M-83 are combined in the macro reac- 
tion constants M,F according to Eq. 2-7, those 
for the degradation reactions of the complexed 
M-83 in the macro reaction constants M,‘- accord- 
ing to Eq. S-13. 
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I I I 0 
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Table I 
Degradation rate constants, k<+,, (s ‘). for M-83 at various pH and [y-CyD] at 25°C 

H,,/PH [y-CyDl GW 

0 5x10 3 1 x lo-’ 2 x lo- 4x10 2 x x 1om2 

0.3 2.0 x lo-’ 3.5 x IV3 2.4 x lo-- 2.2 x lo-’ 2.1 x lo- 1 
0.X 2.1 x IO 3 I.9 x to 3 1.1, x IO 3 1.8 x lo-? 1.7 x 1w3 
1.3 1.7x10 3 1.6 x lo- 3 l.hXlO 3 I.6 x loml 1.5 x 1w3 
1.x 1.x x 1om3 1.6 x 1w3 1.4 x 1v3 1.3x10 3 1.2 x IOF 

2.8 8.0 x lo-” 5.1 x 1omA 4.2 x 1w” 3.4 x lomJ 2.x x 10-J 

3.8 13x10 a 6.9X10 5 5.2 x IO i 3.9 x loml 3.1 x 1om5 
4.8 1.3x10 i 6.7 x 10 /l 4.4 x 10 -6 3.4 x lo-” 2.x x lo-” 
6. I 5.4 x lo-’ 3.6 x 1or’ 2.8 x 1or’ 2.7 x IO -’ 2.4~10 ’ 

6.8 l.‘XlO ’ 9.8 x 10-n 1.7 x IO ’ 1.h x 10-7 1.3 x 10-7 
8.0 2.6 x IO ’ I.OX 10 ’ 9.2 x IO ’ x.x x lo-s 7.6 x 1or” 

9.0 1.1 x lo-’ 5.4 x 10 _(’ 3.3 x 1or” 2.x x 10 h 2.4 x 10m ” 

IO.0 5.2 x IO -4 2.h x 10 J 6.4X10 i 5.0 x 10 i 1.7 x 1ori 

11.0 2.2 x lo-3 6.2 x lomJ 3.3 x loo-” 2.0 x 10 4 2.lXlO i 



M;- = K;- . k;l . K, K, Table Z 

+ Kk. kiq, ’ K, + K,; . k;;;‘. K,, ( 10) 

Ml-=K; .k:_~.K,.K,.K,+KL.k~l.K,‘K, 

Macro reaction constants. acid dissociation constant\ and 

l&and hinding constants at 25°C 

+ K;-. k;‘;‘. K, . K, 

M;- = K; kiqi. K, . K2 K, 

(11) 

+ K;-. k;‘;’ . K, . K, KL (12) 

M,‘- = K,L . k;;;’ .K;K,.K2’K, ( 13) 

The subscripts O-3 of the reaction constants 
refer to the successive deprotonation steps. the 
subscript 0 indicating the fully protonated species. 
The superscripts H, S and OH refer to the pro- 
ton, solvent and hydroxyl catalyzed reactions, re- 
spectively. The subscript 1 is used to indicate the 
reaction constants of the complexed species. The 
successive protolytic dissociation constants are re- 
ferred to as K,. the ligand binding constants of 
the successive species as K,’ 

nbc. no significant contribution: --. no calculation poasihle. 

model Eq. 16 and 17. 

k 
k:ih, +’ IL1 

,111, = 

Eq. 1 was used as a model equation for the 
calculation of the macro reaction constants, the 
acid dissociation constants and the ligand binding 
constants in two successive steps. The constants 
M,’ and the macro dissociation constants were 
calculated by non-linear regression with Eq. 14 as 
model equation from the observed rate constants 
in the absence of cyclodextrin. The values are 
listed in Table 3. 

1 + H [l.] 

rri 1 
.4 = C ( M,L/[~ ‘1’ ‘) 

, --II 

i: ((M,~J~[H+]‘-‘$ 
k = ‘-:’ 

‘lh’ c j;~of)/w+lf 
( 14) 

4. Discussion I-0 

The values obtained correspond well with those 
reported in a previous study (Beijnen et al.. 198X). 
The values were subsequently substituted into 
Eq. 1 as the model equation for the second 
non-linear regression calculation. This approach 
is less laborious than the alternative of calculat- 
ing the constants A and B with model Eq. 15 
from degradation rate measurements at fixed pH 
and varying cyclodextrin concentrations and fit- 
ting the calculated constants A and R with the 

The binding of a degrading substance to lig- 
ands influences the log k,,,,,-pH profile in two 
different ways. Firstly, it causes a shift of any 
inflection point to lower or higher pH values 
depending on the values of the binding constants 
of subsequent species of the solute and the ligand 
concentration. Secondly, it results in a shift to 
lower or higher values of the observed rate con- 
stant. The latter effect is quantitatively dcscribcd 
by Eq. 15-17. 

( 15) 

( 17) 



The complex binding constants can be calcu- 
lated from both effects. By using linear regression 
with Eq. 1 as a model equation both effects are 
taken into account at the same time. This is a 
more straightforward approach than that used for 
the computation of the complex stability constant 
of mitomycin C and y-cyclodextrin Wan der 
Houwen et al., 1993). The calculated value of the 
complex binding constant of M-83 is not very 
precise. This is due to the fact that the change in 
reaction rate on increasing the ligand concentra- 
tion is relatively small (and therefore subject to a 

relatively large experimental error) and to the 
fact that the inflection points are shifted from pH 
values of 2.7 and 9.5 to 1.7 and 10.5, respectively. 
Determination of the inflection points requires a 
number of measurements of degradation rates at 
a range of pH values under 1.7 and a range of pH 
values above 10.5, respectively. At these pH ex- 
tremes the degradation is very rapid and difficult 
to reproduce accurately. This is particularly diffi- 
cult at pH values above 10 where traces of oxygen 
can enhance degradation. Moreover, the shift of 
the inflection point of pH 9.5 to 10.5 is obscured 
by the occurrence of an inflection point due to 
the second deprotonation step. No reliable values 
for the ligand binding constants of the deproto- 
nated species of M-83 can therefore be obtained 
from the shape of the curve. The equilibrium 
complexation constant of the uncharged species 
of M-83 to y-cyclodextrin was found to be 1.3 x 

lo-‘. The binding constant determined for the 
fully protonated species was found to be low and 
hardly significant. This is in accordance with the 
hydrophobic character of the inclusion of drugs in 
the cavity of cyclodextrins (Bekers et al., 1YYlb). 
The calculated macro reaction constants indicate 
that the log kohs- pH profile for the degradation 
of M-83 in the absence of cyclodextrin is mainly 
determined by the macro reaction constants M,F 
and Mf (Fig. 2). In the presence of cyclodextrin 
there is also some contribution of M,‘- and Mt 

(Fig. 3). The calculated values are given in Table 
2. The effect of ligand binding on the overall 
degradation rate profile is shown in Fig. 4. The 
contribution of the degradation of the ligand 
bound species to the overall degradation rate, as 
indicated by the contribution of the macro reac- 
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Fig. 2. Contribution of the macro reaction constants to the 

overall rate profile of M-83 at zero ligand concentration. 
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PH 
Fig. 3. Contribution of the macro reaction constants to the 

overall rate profile of M-83 at l&and concentration XX 

IO ’ M. 



-9+-T-1-m+ 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

PH 
Fig. 4. Degradation rate profile of M4.I for ligand concrntra- 

tionh of 0 and K x IO ’ M y-cyclodextrin. 

tion constant M:-, suggests that the reaction cen- 
ter for this degradation reaction might be located 
outside the conical hole of the cyclod~xtrin 
molecule. This would indicate that the M-X.? 
molecule is hound to cyclodextrin with the hy- 
droxyphenyl group and the chinoid part in the 
conical hole and the aziridine group outside it, 
~~~rmitting the f~rl~~ti(~n of mitosene degradation 
products at low pH. At higher pH the reaction 
product is mitomycin. The center for this reaction 
is the chinoid structure. Tho fact that no signifi- 
cant contribution of the macroreaction constant 

n/l:- could bc found (which can be expected to he 
correlated which the f(~rrn~tio~l of mitomy~iI1 at 
higher pH values) is in accordance with the as- 
sumption for the orientation of the included M-U. 

5. Conclusions 

The addition of M83 increases the stability of 
M-X.3 over a large pH range (Fig. 41, anaIogous to 
the result found for MMC (Bekers et al., 19Yla). 
The macro reaction constants associated with the 

complcxcd M-83 suggest that M-X.3 is bound with 
the hydroxyphenyl group located in the conical 
hole of the cyclodcxtrin molecule. The obscrvcd 
pH degradation profile is in accordance with the 
general equation dcvcloped for such profiles. 
However, the precision of the calculated values 
for the constants in the equation is limited by the 
large number of constants involved. When all 
constants arc calculated from observed degrada- 
tion rates the error in each estimated constant 
adds to the error in the estimation of the other 
constants. The precision of the calculation thcrc- 
fort decrcascs as the number of constants in- 
creases. For more prccisc mcasurcmcnt of tha 
macro reaction constants, known precise values 
of protolytic dissociation constants and complex 
binding constants obtained by independent meth- 
ods arc a prerequisite. The lack of stability 01 
substances such as M-83 makes it very difficult to 
obtain such information by the traditional mcth- 
ttds which justifies the approach used in this 
study. 
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