Bull. Pharm. Sci. Assiut Iniverastty
vol. 2, PP. 11-25

STUDIES ON SOME FACTORS AFFECTING THE STABILITY O
RIFAMPICIN IN SOLUTION

S.A. Ibrahim, A.A. Kassem, I.A. Attia, and S.I. Mohamed
Department of Pharmaceutics , Faculty of Pharmacy

University of Assiut, Assiut , Egypt.

Rifampicin stability in relation to a number of
factors namely; solvent type, pH value, type of buff-
ering system, tonic strength and storage temperature
was tnvestigated. Kinetic treatment of the obtained
data revealed first order pattern for rifampicin deg -
radation. The degradation rate constant varied acco-
rding to the type of the solvent, the pH of the solu-
tion, the type of the buffering components, the ionic
gtrength and the storage temperature. Degradation
wag accelerated in solvents of higher dielectric con-
stants in contrast to those of lower dielectriec cons-
tants. The pH for minimal degradation was found to
be pH 6. Rifampicin degradation proceeded at minimal
rate in presence of ascorbate buffer compared to for-
mate, acetate, phosphate, Sorensens phosphate and

- MeIlvaine's citrie acid-phosphate buffering systems .
The calculated activation energy (Ea) and frequency
factors of rifamprein was 15.47 K. cal/mol and 2.16 X

(¢ -
10° day ! regpectively

Rifampicin or rifampin is an antibiotic with a broad anti-

- bacterial spectrum which has been recommended for use in the tre-
atment bf pulmonary tuberculosis and the treatment of asymptoma-
tic carriers of Neisseria meningitidisz. Rifampicin moleculeg’g
contains numerous function groups and linkages which form sus-
ceptible centers for degradation through oxidative and hydrolytic
pathwigs. However, reports on the stability of rifampicin are
scarce =7 and not complete. It has been reported that rifampicin
undergoes rapid degradation in aqueous solution with the forma-
tion of 3-formyl rifamycin SV in acidic pH and rifampicin quin-
one at pH value above neutrality3’6’7. Berzas reported the for-

mation of two degradation products other than rifampicin~quinone

and 3-formyl rifamyicin SV which were separated as yellow and
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orange brown compounds on TLC from degraded sample of rifampicin
solution. 25-deacetyl rifampicin was reported to he formed as the

major metabolic product of rifampicin in humang.

The objective of the work hereby presented is to investigate
the stability of rifampicin in relation to a number of factors
namely solvent type, pH value, type of buffering system ionic
strength and ambient temperature. It is assumed that information
gained from this investigation will be highly valuable in predic-

ting the stability of rifampicin in pharmaceutical formulations.

EXPERIMENTAL

Materials

Rifampicin powder (1000 mcg/mg), provided by Lepetit labor-
atory. Analytical or pharmaceutical grade of; dimethylformamide,
acetone, chloroform, ethyl acetate, methanol, benzene, hydrochlo-
ric acid,‘sodium hydroxide, ascorbic acid, acetic acid, citric
acid oxalic acid disodium hydrogen phosphate, potassium dihydro-
gen phosphate, sodium chloride, ethylene diaminetetraacetic acid

disodium saltpand urea., Chromatographic papers (Whatman No. 1).

Eguigment -

Circulating hot air oveet thermostatically controlled (+ 1°C),

'Spectrophotometer (Spectromom 204).,
' pH meter (pH-meter Titrimetre U9N, Selea Lyon).

Procedure ¢

2 mg/ml rifampicin solution is prepared in the appropriate

testing liquid. The solution is then filtered, distributed into
ampoules (2ml. capacity), sealed and stored in constant tempe-
rature hot air oven at the appropriate temperature., Duplicate

gamples are withdrown at the begining of the experiment and at

appropriate time interva’ and assayed for intact rifampicin app-

lying the previously developed paper chromatographic stability

| . " * ¢ » 9
"indicating assay of rifampicin .
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The testing liquids investigated include:

(A) Formamide, dimethylformamide, acetone, chloroform, ethylacetate, methanol

and benzene,.

(B) Water containing 207 v/v dimethylformamide, adjusted by the use of 0.1 N
HC1 or 0.1 N NaOH to pH values of ; 3,4,5,6,7,8,9 and 10

(C) Water containing 20% v/v dimethylformamide and adjusted to pH 6 using 0.1
N HCl and/or 0.1 N NaOH and to ionic strength values of 0.4, 0.8, 1.2 and
1.6 using sodium chloride. |

(D) 20%Z v/v dimethylformamide in each of; ascorbate, acetate, formate, S¢fens—;
en's phosphate'JO s MclIlvaine's citric acid phosphatelo andrphulpahatelz
buffers at pH 6. The'ascorbate,.acetate, and formate buffers were prepared
by titrating 0.2 molar of sodium hydroxide against 0.2 molar of the corre-

sponding acid until pH 6 was achieved.

RESULTS AND DISCUSSIONS

The stability of rifampicin solution in different solvents is illustrated in
Figure 1. The solvents were chosen to represent a wideispectrumfo£~polarity or
dielectric constant 12. The figure depicts that the degradation of rifampicin
in all the tested solvents proceeds according to first-order reaction kinetic
However, the degradation rate differs according to the type of the solvent. Table
I presents the calculated first-order reaction rate constants and half-life timeg
of rifampicin degradation in the various solvents. It is obvious from both Figure
1 and Table I that the degradation of rifampicin is more rapid in dimethylformam=
ide followed in order by; formamide, methanol, 1,2 propylene glycol, ﬁaatom,

'-ethyl acetate, chloroform, and the slowest degradation-rate'aecurréd in benzene.
It cdﬁldlbg”observed that degradation of rifampicin is more accelerated in sol-
vents of higher dielectric const&nt in contrast to that in solvents of lower
dielectric constant and the arrangement of solvents according to their effect on
the reaction rate constant of rifampicin degradation could be demonstrated to

“have sameé pattern of arrangement according to their dielectric constants. This
indicates that the degradation rate of rifampicin could be correlated to the di-

electric constant:of the solvent,

Figure 2 illustrates the stability of rifampicin in aqueous solutions contai-
ning 20% dimethylformamide and adjusted to different pH values. It is obvious

from this figure that the degradation of rifampicin in these solutions follows
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first order kinetics and the degradation rate is dependent on the specific

pH- of the golution. Figure 3 illustrates the pH-rate pro-
file of rifampicin degradation. It is obvious from both figures,
2 and 3?that rifampicin degradation is catalyzed by both hydrogen
and hydroxyl ions. The pH of minimal degradation appears to be

PH 6, while extremg PH values on both sides are associated with

excesgive rifampicin.

in Figure 4, The buffering sysfems used comprise, ascorbate |,
acetate, formate, McIlvaine's citric acid phosphaté, S¢rensen's
phosphate and phosphate buffers. It could be observed from this
figure that the first order degradation rate of rifampicin 1is
quite affected by the composition of the bﬁffering system used
in the preparation of the solution. Table II presents the reac-
tion rate constants and half-life times for rifampicin degrada-
tion. It 'is quite apparent that rifampicin degradation proceeds
with comparatively rapid rate in McIlvaine's citric acid-phos~-
phate followed in order by Sgrensen's phosphate, phosphate, acet-
- ate, formate and finally ascorbate buffer-ﬁhich shpwed " the
slowedt degradation rate. . However, it is worthy to note that
the degradation rate in the control solution in which the pH was
| adjusted merely with sodium hydroxide and/of hydrochloric acid,
was much slower compared to all solutions with the buffering 8ys-
tems tested., This could be attributed to the comparatively high
ionic strength in buffered solutions which resulted in accelera-
ted rifampicin degradation.

The variable pattern of stability of rifampicin solutions in
relation to the type of the buffering system could be attributed
to a specific effect of the buffering components and/or the effect
of i1onic strength of the buffering solution which could be shown
to be different among the buffering systems used.

As it was reported that rifampicin molecule is a zwitter ion
that is it can be positively or negatively:charged according to
the pH of the solution, it was expected that the ionic strengtﬁ

of the solution could influence the degradation rate of such charg-

ed molecule. To varify this assumption, sodium chloride was used
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to ddjust rifampicin solutions to various ionic strengths and the
stability was then follwed up. Figure 5 illustrates the effect of
ionic strength in the solution upon the stability of rifampicin.
Table III presents the first order reaction rate constants and
half-life times of rifampicih degradation in relation to the ionic
strength of the solution. It is quite apparent from Figure 5 and
Table III that the ionic strength in the solution markedly affects
the degradation rate of rifampiciﬁ. Increasing the 1i1onic strength
in the solution resulted in an acceleration of rifampicin degrada-
tion.

The stability of rifampicin in solution in relation to the
storage temperature is illustrated in Figure 6. The first order
reaction rate constants and half-1ife times of rifampicin'degrad—
ation in solution of pH 6 upon storage at different temperatures
‘are presented in Table IV, It is obvious from both the-figureznul
the table that rifampicin degradation is accelerated as the té m-
perature of storage is increased. This indicates that the degra-
dation of rifampicin is an endothermic reaction. Applying the

Arrhenius equation on the obtained data, it was possible to cal-

culate the activation energy(Ea) and the frequency factor for ri-
fampicin degradation and were found to be 15.47 K Cal./m01_1 and

2.16x109 day respectively,
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Table I: Degradation Rate Constants and Half-Lives of Rifampicin

llllllllllllllllll

SOLVENT K(day_l) t 1/2 (day)
Benzene 710X10 97.60
'Chloroform 8191(10-5 84.61
Ethyl acetate ' ' 914%X10°° 75.82
Acetone 1405X10"° 49,32
Propylene Glycol ' 2164x10'5 | 32.02
Me thanol 2465X10°° 28,11
Formamide ' 393&x10“: 17.59

Dimethylformamide 6015X10

llllllllllllll

11.52

Table II : Degradation Rate Constants and Half-Lives of Rifampi-
cin in Solutions at pH 6 in Presence of Different

lllllllllllllllll
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Component | K(day) -t ;/2‘(dqy)
Blank 3680X10™° 18,83
Ascorbate Buffer 4513X10-5 15.35

 Pormate Buffer 6162X10"° 11.24
Acetate Buffer 79821{10_5 8.68
Phosphate Buffer 9574X10 > 7.23 |
Sfrensen's Buffer 12588%10"° 5.50

. McIlvaine's Buffer  14435X10 °  4.80
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Table III : Degradation Rate Constants and Half-Lives of Rifampi-

cin Solutions at pH 6 in Presence of Different Molar

Concentrations of Sodium Chloride and Stored at &00

of sodtum chloride K (day °) t % (day)
0.0 3182 X 10°° 21.77
0.4 10248 X 10> 6.76
0.8 13638 X 10" ° 5.08
1.2 16319 X 10 ° 4,24
1.6 19653 X 10> 3.52

Table IV 1 Degradation Rate Constants and Half-Lives of Rifampi-

cin in Solutions at pH 6 Stored at Different Tempera-

ture 8,
ﬁﬁifhmwicin golution , =1
. 8tored at | | K ‘d“y. ) t.* (dqy)
50 1623 X 10> 42.68
15° 2386 X 10°° = 29.02
40° 3417 X 10> 20.27

70° 30081 X 10~° . 2.30

rrrrr
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