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The estability of isoniazid in solutions at
varitous pH values in the range of 4-8 was
followed up. It wae found that degradation
of tsoniazid at the various pH-values pro-
ceeds agcording to first order kinetics.
The degradation rate constant is pH depen-
dent. pH 5.65 was found to be pH of maximum
stability. Physical stability of the solu-
tionsg did not appear in consistance with
the chemical stability. Comparing the sta-
bility of isoniazid in various buffer sys-
teme, namely, Walpol's acetate, Clark and
Lub's phthalate, Sérensen's phosphate, Mo-
Ilvaine's citriec acid-phosphate and Sé¢ren-
sen's citrate ut pH 5.5 reveals that ison-
taz1id 18 most astable in Walpole's acetate
followed in order by Clark and Lub's phos-
phate, Sérensen'’s phosphate,Mcilvaine’s
ettriz acid-phosphate and finally Sérense-
n's citrate.

Isoniazid; isonicotinic acid hydrazide, is the most potent
and selective of the known tuberculostatic antibacterial agen-
t;, and it 1is regarded as the most effective agent in the therapy
6£ tuberculosis{.*In gpite of the fact that any change in the
structure of isoniazid leads to a decrease of potency and in
se 2 , proper attention to the stabiiity

behavior of this drug has not been given. Winder3 studied the
deéqmposition of isoniazid in presence of oxygen and found that

‘the rate of degradation is slow at pH 6 and rapid at pH 8 and
i cataiyzed by hemin and some metallic ions specially mangane-
se. Vulterin4 reported that alkaline solutions of isoniazid
Heéomposed rapidly while acidic solutions are comparatively more
stable. Kakemi et'al§ studied the base-catalyzed degradation of
isoniazid and reported a difference in the degradation'pattern
of isoniazid according to whether the degradation takes place

under aerobic or anaerobic conditions.
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So, it was decided in these laboratories to intitiate a
thorough investigation involving the different factors that
could affect the stability of isoniazid in solutions. The effact
of pH-value and the type of buffering systems on the stability

~pattern of isonizid upon autoclaving and storage form the bubji
ect matter in this communication. ' |

- EXPERIMENTAL

Materials:

Pharmaceutical or analYtical grade of isoniazid, sodium ace-
tate, disodium hydrogen-phdaphate, potassium dihyd:ogen phosph~ -
ate,agotassium'bibhthalatei1sudium'hydroxidei'citfic acid, acetic

~acid aﬁd methanol. 2—Hethy1-3—ﬁitropyridyl-ﬁ-daronaldehyde was

6

synthesized according to a repoféﬂ‘method and_purified by recr-
_ ;

ystallization from petrolium ether to produce an analytical grade.
~Equipment:

pH~-Meter (pH~Meter Titrimeter U9 N, Solea lyon).
.Spectophotoﬁe;e; (Specktromon 204). .
Circulafingﬁhot air incubator thermbstatically controled
(+ 1°) |
Proceddre:
"Effect of 2H-vdlue:

- Solutions containing 12 w/v isoniazid in McIlvaine's citric
' ' 7

acid~phosphate huffer at_pH-valuea covering the range of 4 to 8
were prepared., The: solutions were filtered and filled in colouri"..
ess neutral—glass'ampouleg, 5 ml each. The ampoules were sealed
by fusion and sterilized Ly autoclaving at 116° for 30 minutes
and then stored at 70° (+ 19). The;isoniazid content of the dif-
ferent solutions was estimated before and after autoclaving as
.well-'as after storage fof appropriate time intervals at 70°.
The isoniazid was analyzed accOrding to a recently developed st~
#bility indicating colorimetric procedure_using 2-methyl=3~nitr-

0pyridine-6-carboxaldehydeg.

e ——— .
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Effect of buffer systems:
Solutions containing 17 isoniazid in five different buffer
systems of similar pH-value (pH 5.5) were prepared. The inves-

tigated buffers were Walpole's acetate7, Clark and Lub's phtha'latez.,

S¢rensen's phosphate7,s¢rensen's citrate and McIlvaine's citric
acid-phosphate . The solutions were filtered, filled into 5 ml
colourless-glass ampoules sterilized and then stored at 70°

(+ 1°) . The isoniazid content of the different solutions was
estimated before and after autoclaving as well as periodically

/’
during storage at 70°,

" RESULTS AND DISCUSSION

1- Effect of pH:

Sterilizing isonazid solutions by autoclaving seems. not to be
ﬁithout;a deleteriéus[effect towards their stability. A pH-depén-
dent loss of potency takes place duting autoclaQing‘(Table'I).
"The highest loss in potency takes place at pH~values bélOW's and
‘above 7. At the pH range of 5 to 7, isoniazid solutions arée rather

more stable during autoclaving.

The degradation of isoniazid in the iuﬁestigated solutions
during storage at 70° takes place acco%ding to first—-order reac-
tion k{neticsh(Fig. 1);*However,*atth%‘pH-valuea 4, 4.5, 7.5and
8, fﬁé degradatioh rate is not constaﬁt throughout the whole sto-
rage period. At‘pﬁ'& and 4,5, the degradation rate proceeds fas-
ter during the first two weeks of storage than during the latter

periods of storage. Simillarly the degradation rate at pH -/ and 8

are faster during the first three weeks than during the latter

periods of storage.

It is -worthy to note that the change in the degradation rate
of isoniazid duringistorage is‘observéd on1y at the pH—-values
below 5 and above 7, where the degrhdation‘of the drug proceeds at
remhrkably high velocity compared to that at pH 5-7. This change
iﬁ the degradation rate during storage can be attributed to one

(a )

or both of the following postulations:’ Accumulation of the degratation
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products in relatively high concentration might afford a sta-

bilizing effect towards the drug. A more or less similar beha-
| | . . 9 . . _
vior was reportegd by kakemi et al regarding the degradatioun

G)

of isonicotinic dcid hydrazide sodium methanesulfonate., It 1is

ap——

reported'by kakemi et al Sthat there is a difference 1in the
pattern of degradatlon of isoniazid according to whether the
degradation takes place under aerobic or under anaeroblc cond-
itlon; Under aeroblc condition degradatlon results in the for-
matlan of 1sonicot1n1c acid, 1sonicotinamide and 1,2 diisonic-
-otinoyl hydrazine in addltlon to other unldentlfled produzts,
whlle under anaeroblc condltlon the degradatlon results princ-
1pally in 1son1cot1n1c ac1d and 1,2- d1180n1C0t1n0y1 hydrazine.
Thus, under the experlmental condltlon the degradation of iso-
n1321d in the sealed ampoule durlng the initial periods of storage
pfaceeds under aeroblc condition due to the presence of oxygen
dissolved. in the solutlon and in the head space of the ampoule and
as this amount. of oxygen in sealed. ampoule 1s llmltEd it will
be totally consumed after certain time and the degradation will then proc-
eed as. undgr anaroblc conditlon and the degradation rate will
be thus slowed

" Table IT presents the observed first-order degradation rate
congtant in rela.t‘:ion to*pH-value. It is quite npparent from this
table that the degradatlon rate constant for isoniazid in solut-
1ouu at pH 4 and 4.5 dur1ng the first two weeks of storage(k )is
four timas the value f*or the rate ﬂonstant(kz) dur1ng the next ten
weeks of storage. On the other hand, the degradatlon r%;e const-
ant of isoniazid at pH 7.5 and 8 during the first three weeks of
storage kl in two t;meggthe k~value during the next nine weeks.

It isiobvioua from Table II that the degradation rate of ig~-
onledid is hlghly dependent on the pH value of the solution, the
highest k-values are observed at the pH ranges of 4 to 5 and 7 to
8. A plot of long K as a function of PH of the solution in the range of pH 5
tp'? (Fig.2) reveals a minimum k-value and hence optimum stability
fgr isoniazid at pH 5,65, Below this optimum pH, the logarithm of
the.degradation rate constant for isoniazid increases linearly

with decreasing the pH-valuc., Above pH >.65, log k increases reg-

ularly as a function of the pH.
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Table III presents the colc-ur change of isoniazid solut-
ions upon storage at 70°%, 1t 18 clear from the table that all
"solutions suffered from progressive colour change to variable
extent during storage, except thosge solutions at pH values 7.5
and 8 which remained colourless throught the storage time (12weeks).
The most prominent colour change was observed in solutions at
pH-values of 4.5, where the solutren turned brownish orange to
orange in colour. Solutions of pH-values of 5 to 7 exhibited
a cplour change to pale yellow or yellow. It could be observed
that although there is a parallism between the extent of
degradation as indicated by'the chemical assay and the extenwt
of discolouration in solutions of pH-values below 5 a reverse
correlation was observed in solutions of pH-values above 5, that
is solutions which showed excessive degradation by the chemical
assay, solutions of pH-values 7.5 and 8, remained colourless,
This could indicate that there is certain difference in the pat-
tern of isoniazid degradacion in acid and alkaline solutiohs . This
also precludee the popular use of the extent of colour change

as an index of the extent of isoniazid degradation.

It is also worthy co mention that in addition to the excess-
ive discolouration experienced with solutions of pH-values 4.0
and 4.5, it was observed that these solutions, starting after the
third week of storage, exhibit brownish crystal separation upon
removing from the ihtub&tor and stending at room temperature for

24 hours.The period required for this type of crystallization in

the sealed empoules at room temperature 18 progressively decrea—
sed as the incubation perlod at 70° is increased. Startlng after
the seventh week of storage it was further observed that crystal-
lization ceased to occur and instead a precipitate is rapidly
separated upon opening the sealed ampoules. These phenomena of

crystallization and precipitation are still under further inves-

tigation .

2-Effect of buffer systems:

Table IV comprises the value of the percentage loss in potency

of isoniazid in the investigated buffer solutions at pH 5,5 during
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autoclaving. Isoniazid solutions 1n Walpole's acetate, Sérensen's
ciltrate and McIlGaine's citric acid-phosphate buffer system are

more stable during autoclaving than solutions in Clark and Lub's

phthalate and S¢rensen's phosphate buffers.
Plotting thelogatithm of the percentage retained isoniazid
in the investigatéd huffer solutions as a function of storage
time reveals a flrst-order degradation reaction (Fig.3). Table
V., presents the the first—-order degradatlon rate constants k of
ison1a21d in the various buffer systems. It could be observed
from Flg. 3 that the degradatlon rate of 1son1az1d in S9rensen's
cltrate buffer solutlon is lowered after the eight week of storage-

Ihe degradation rate constant for the drug 1n this buffer during

the first 8 weeks of storage (K,) is two times that durlng the latt--
er storage period k2’ Table V . The change in the degradation
_rate takes place'only 1n the S¢rensen'’s citrate solution in which
the degradation of 1son1a21d proceeds at a remarkably higher rate
fcompared to that in the other buffer systems, Thls could be int-
erpretted on similar b3313 as prev1ously mentioned under effect
of pH

‘Table V also reveals that the stability of isoniazid in the
Walhole! acétate, Clark and Lub's ﬁhthalate and S¢rensen's phos-
phate buffer systems .ig much greater than in McIlvaine's citric
acid-phgaphate and S¢rensen 8 citrate buffers. The Walpole's ace-
tate buffer affords the highest stablllzlng action for isoniazid
followed by the Clark and Lub's phthalate buffet which is better
than the s¢rensen's phosphat buffer. The differnce in the BtayllltY pat-

tern of isoniazid 1n_thelvar10us buffering systems can be attri-
buted to alspecific-"effect of the buffer”comphnents and or the
effect of the 1onic strength which is not equal in the various
" buffer systems used. Walpole's buffer being of the lowest ionic

. - p,
strength of the tested buffering systemb.showed:the least extent

of i1soniazid degradation., However, further investigation of the

effect of ionic strength will be presented in a next communication.
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’Table VI presents the colour changes of isoniazid solutions
in the various buffering systems upon storage at 70°, From this
table, it could be observed that the least discolouration occurs
in Walpole s acetate and Clark and Lub's phthalate buffers. These
buffers also showed the least extent of degradation as indicated

by the chemical assay. However, - isoniazid solution in Clark and

Lub's phthalate buffer exhibits the crystal separationafter tea

weeks: of storage.
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Table I ¢ Effect of pH on the Stability of Isoniazid Solutions

During Autoclaving .

pH - Value Teontazid Loss
%

.0 7.56
4,5 4,29

: 1.26
5.5 3,21
6.0 1.86
6.5 2,97
7.0 - 3.51
7.5 4.80
8.0 5.01

“Table II "Effect of pH on Degradation Rate Constants (K) of

Isoniazid in Solutions Kept at 70°.

Tr

L

pH - Value . . . K Week™!

F o
e b N R,

4.0 K, 0.1819
K, 0.0428

4.5 ‘K, 0.0852
K, 0.0290

5.0 . 0.0303
5.5 - 0.0186
6.0 0.0196
6.5 0.0288
7.0 . ‘ 0.0441
7.5 K, 0.7791
K, 0.0484

8,0 K, 0.1113
.......................... K, 0.0473




Table IITI : Colour Change of Isoniazid Solutions at Different ﬁml4mwcmmx Upon Autoclaving and mnonmmm at 70°
p |
Storage 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
Time
o
o

Before aut- pale pale tint colourless colourless colourless c¢colourless colourless colourless

oclaving yvellow yellow yellow

After aut- yellow moderate very pale o " " " " "

oclaving vellow vellow
1 Week straw moderate pale - faint faint " " " '

yellow . straw yellow yellow yelloz
ygtlow |
2 Weeks orange straw yellow pale . very pale very pale " " "
yellow yellow yellow yellow
3 Weeks brownish heavy straw wm llow moderate pale pale " "
orange m_mmwﬂ yellow yellow yellow yellow
N—. Emmw g " ON.MH#.W@ ,.-- 11 " " | " [} "
m zmm_.h S " L ] | " " " 1" " 1" "
m zmmwm " 14 " " " " " " | "
ﬂ ﬂ@@.—.ﬂ g " " " 0N " " " " ] | _
m zmmﬁﬂm 14} " " " " " ] | " "
9 Weeks " " " " ’" " " " "
10 ﬂm_mﬁu " " " " " " " 1] "

lllllllllllllllllllllllllllllllllllllllllllllllllll

x McIlvaine citric mamalv#omm_._—mnm buffer is used allover.
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table IV ¢ Effect of Buffer Systems (pH 5.5) on the Stability of

Isoniazid Solutions During Autoclaving.

Buffer System  _ ITeonirazid Loss %
Walpole's acetate = = 0,51
Clark and Lub's phthalate 2.62
S¢rensen’'s phosphate - _ 2.01
McIlvaine's citric acid-phosphate . 1.15
S¢rensen's-ci¢rate ) - o 1.02

_ N P L

--------------

Buffer System - - | | o ) . K Qeek .

:

Walpole's acetate .= - I - 0,00806
Ciark and Lub's phthalaie © 0.0092
Sprensen's phosphate | . - 0.0115
McIlvaine's citric acid-phosphafe 0.0184
Sérensen'p citrate ° '.Kl 0.0271
K, 0.012%

2

L
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Table VI ¢ Colour Change of Isoniazid in Various Buffer Systems (pH 5.5) Upon

Autoclaving and Storage at 70°

[ g

’ !
Storage Walpole's Clark and Sprensen®s MeItvaine ‘s Sprengen’'s
. Lub's pht~- ' eittrie—-actd :
time | acetate late phosphate phosphate eitrate
before auto~ colourless colourless colourless colourless colourless
oclaving |
after gut- very faint pale yellow very aaint very faint very faint
oclaving yellew yellow yellow yellow
. 1 week - pale yellow yellow pale yellow moderate moderate
yellow yellow
2 weeks ' ' " - pale yellow'  yellow yellow
3 weeks _ h " moderate yellow yellow
yellow
4 weeks " " " | " "
5 weeks " " L " "
6 weeks | " | ' " " "
/ week s " ' " " "
8 weeks " L " - " 8
10 week s " " . ' straw straw
yellow yéllow

12 week 8 | ' " " '" " "

lllllllllllllllllllll
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Log Percentage Retained Isoniazd

0O 2 A 6 8 10 12
~ Time (Weeks)

Fig(1) Effect of pH on the Stability of Isoniazid Solutions
- Kept at 70"
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Fig(2) Degradation Rate Constant for lsoniazid

as a Function of PH
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1:8
O Ve 4 6 8 I0 I2

Time ( Weeks )

Pig.( 3 ) Stability of Isoniasid in Various Buffer
SBystems

| Bufferx §yaten
O~———— Walpole s acetate
- — — — (Clark & I',ub'a phthalate
@&——.-—— Sorensen 8 phosphate
A—..— EoIlvaine s eitric acid-phocphate
Ak————- Sﬁrenuen.a citrate
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