CHAPTER I

INTRODUCTION

Chemical stabildity is one of the mest important properties
to indicate and éssure dig dntegrity of the strength, identity,
quality, bioavailability and purity of pharmaceutical products.

It is well known that stapility of & drug depends on several
factors including physical, chemicel and bioclogical factors which
resulted in product difference between manufacturers, dosage

forms and formulations, At .is invalid to use the stability data
of raw material or of one preparation to assure the others,
Therefore, it is required for all manufactures fo, conduct stability
testing progrem and place appropriate expiration dating on certain
labile drugs. Wevertheless, some local pharmaceutical mamufacturers
do not conductiappropriate stability testing of théir own products
on actual markebing conditions of storage. Products that should
bear expiration date\ are sometimes omitted lor dated as raw material

which is unacceptable,

In 1978, Saisorn, et al. (1) reported a survey on stability
of vitamin C in oral liquid preparations obtained from retailed
drug store in Thailand., They showed that vitamin C stability in

most products had very short half-life but carried no expiration



date on the label. Besides, there were significant differences

in specific rate constants among several formlations.

The purpose of this investigation was to demonstrate a
systematic kinetic approach to the formulation and development
of stable products., Stabilization of multivitamin in oral liquid
preparations has been often encounterad Ly pharmacists. This problem
was then selected as a modél for the study, It has been demonstrated
that vitemin C is mostelabdlée among all other ingredients in the
product and, thus its $tability would indicate the product's

shelf-life {(2).
The approach was outlined as follows 3

1 . Selection of a suitable coﬁbination of vitamins in
the formula

2 . Preformulation studies on the effeets of various
vehicles, antioxidanis, chelating agents, suspénding agents,
flavors, presexvitives and) pHion)both chemical stability and
physical appeavance of vitamin C in the oral liguid multivitamin
formulations.

3/, Based on information from 2 , several possible
formulations would be derivea and evaluated for their stability.

/i . EBvaluation of each formulation by accelerated stability
testing method., The theoretical predicted_shelf-life would be
compared to the value obtained for the corresponding preparation

under actual room temperature conditions of storage.



Tt is anticipated that such approach would yield a stable
nultivitamin formula and the accelerated stability tesiing may be
proved valusble as a simple method for shelf-life prediction.

Tt is also hoped to provide pharmacisss, (primarily in the
pharmaceutical industry). the é.pplication of theoretical chemical
kinetics to assess and.eontroi drig and dosage form stability for

the design and development of ‘their products,
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1. Stability

Stability is defined as the extent to which a product
retains the same properties and characteristics within specified

1imits - throughodt its period of storage andluse (3).

The stability characteristics of drugs are hasically
classified into five types with certain criteria for accepted

stability as shown'dn.Table 1 (3).

Bibant' (4) |suggested that either chemical or physical
stability might be the limiting factor of the shelf-life. Any
slight changes in physical appearance such as color fading, odor,
or cloudy can czuse the patient or consumer lose confidence in
the product (5). Unfortunately most physical measurable method

is less accurate and precise,



Table 1 Criteria for accepted stability

Type of stability

Conditions maintained throughout the

shelf=life of the . drug product

Chemical

Each active ingredient retains its chemical
integrity and labeled potency within the

limits specified in the monograph definition

Physisal

The original physical preperties, including
appearances, palatability, uniformity,

dissolution, ‘and suspendability are retained

o

Microbiological

Sterility or resistance to microbial growth
is-—retained according to,the specified
requirements. Antimicrobial agents that
are present retained effectiveness within

the specified limits

Therapeutic

Thetherapeutic-effect) remains-unchanged ,

Toxicologicsl

No significant increase in toxicity occurs,




When the drug goes through chemical changes, generally
by oxidation, reduction, hydrolysis and racemization (6), sensitive
anglytical methodology could be developed to follow both the drug
and its degradation products, Therefore, chemical stability is

an acceptable method to assess the drugsproducts shelf-life,

Although therazpeutic and toxicological stability are
most desired for the pmeduct o assure its efficacy and safety,
there are biological wariations and anglytieal problems that make

it impractical (7).
2e Vitamin C

2.1 Stagbility of Vitamin €

Vitamin C is an unsaturated ¢yélic lactone. It is
stable in dried state, but unstable in agueous sciution, The
degradation of vitamin C occurs under both aerobic and anaerobic
conditions giving,different decompositien productse. Under aerobic
conditions, vitamin C is oxddized to dehydroascorbic acid, followed
by hydrolysistand oxidetion:toygive diketogulonie jacid-and|oxalic
acid (8-10), Under anaerobic conditions, it umdergoes dehydration
and hydrolysis to give furfural and carbondioxide. The pH-rate
profiles for_bofh aerobic and anaercbic degradation show maxima
arowd pH 4 (near pK1), Maximum stability occurs near pH 3 and
pH 6, The rate of anserobic decomposition at pH 6 is about 20

times faster than aerobic conditions (11).



Aerobic decomposition

Oxidation rate is dependent on pH, heat, light, oxidative

enzymes, metal ions especially by C-*a)f"2 and Fe+3 and some of oxidative

products (11)
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Thé| kineticlscheme has been postulated (12) to explain the

observed pH-rate profile
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where HZA and HA” are undissociated and monodissociated ascorbic

acid, and HZA.HA" is a complex of undissociated ascorbic acid

and monohydrogen ascorbate.

The rate equation for the proceeding scheme is

rate = k, [Ba7 1) [HAHET) s 2, (B8]

Angerobic decomposition

The dehydration eacgtion in acidic media is faster than
in basic media due to hydmbgen ion catalysis (11). Vitamin C
is decarboxylated when heated in agueous solution under anaerobic

condition (13-16) and metal ions mey be catalysts(17-21).
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The kinetic scheme has been postulated (11,14) below
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The rate equation is

rate = k(B Al (B + k, [HA] +x [H A7)
+ 3, (™} [roa) + e Sfmam ) + kg {47)
The experimental results of degradation of wvitamin C

under both aerobic_and anaerobic conditions_are apparent .first-order

reaction ahd the rate equation is

rate| = k LATJ

where [AT] is thg total concentration of vitamin C.

It has been reported that the rate of anaerobic
decomposition of vitamin C was faster than the aerobic degradation
and in many liquid pharmaceutical preparations appeared to follow

largely the non-oxidative route (22).



2.2 Tactors effecting vitamin € stability

2.2.1 Concentration

The initial concenitration of vitamin C in
solution has affected the rate of decompositione. Bandelin and
Tuschhoff (23), and Finholt, et al. (14) found that higher i;rliti.al
concentration of vitamin“€C was degraded faster than lower, which

followed a first-order reaection.
2.2.24 Vehicle

Vitamin C is wvery unstable in aqueous
solution, its shelf-1life can be prolonged by appropriate choice of
vehicle (11). Bandelin and Tuschhoff '(23, 24), Bartilucci and Foss
(25) and Giral (26) studied effects of several wvehicles on the
stability of vitamin €4 It was found that addition. of sugar and
certain polyhydric alcchol compounds sué.h as glycerin, propylene
glycol, sorbitol and alcohol resulted in a defipite stabilizing
effect on vitamin C," “The protective action of all’ compounds
afforded in-the-same-amount of approximately 50 % concentration,

The mixture of vehicle containing some of glycerin and/or sorbitol,
propylene glycol was better in retarding the decomposition of vitamin C
than the single vehicle. Sudeb, et al. (27) found that in all the
formulations containing ascorbic acid alone or combined with other
vitaming, the wvehicle mixture of 60 % sorbitol, 20 % propylene glycol

and 20 % glycerin was superior to the other mixture wvehicle,
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Uprety (28, 29) suggested some fruit juice
of apple, lime and pine apple to be used in vehicle mixture of
glycerol and sorbitol that prefered natural palatable and protection

effect even with or without antioxidant,
2.2.3 Metal jons

Sudeb, et al. (27) and Gupta (30) reported
that the maximum catalytic.effects of metal ions on the degradation
of vitamin C was produéed #y £’ foliowed by Te*e, K nile Mg'Z,

Nat?, Co*? and Ca*? nad' 1iftle effect,

Nixon and Chawla (31) showed that the rate
of oxidation of vitamin C increased rapidly with increasing catalyst

concentration but not linearity proportion was observed,

Finholt, et al. (22) Teported that all
active metals had the highest catalytic effect at pH 4-6 and the
difference in catalytic activity of mefallic ion depended on their

relative tendencies "to 'form complex with vitamin! C,

2244 | Chelating agents

Kassem, et al. (32, 33) studied the effect
of chelating agents and autoclaving on vitamin C injection, It was
reported that the stabilizing effect of chelating agents was in the
following decreasing order 1 - N;hydroxyl ethyl ethylene diamine

tetraacetic acid (HEDTA) > diethylene triamine pentaacetic
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acid (DIPA) >  sodium diethyldithiocarbamate ™ disodium EDTA >

dimercaptopropanol > B-hydroxyguinoline > propyl gallate.

Gladkikh, et al, (34) found that unithiol
(2,3-dimercapto propane sodium sulfonate), an antioxidant and
chelating agent, was a better stabilizer for vitamin C than

metabisulfite, cysteine and disodium EDTA,

242 Serinidioxidants

Uprety, et al. (28, 29) pointed that
cysteine hydrochloride had stabilizing effect on vitamin C while

potassium metabisulfite gave slightly protection.
2.2,6 Surfsctants

Aqueous solutions of muitivitamin
preparations containing oil-soluble vitamin A and D have been prepared
in recent years by using nonionic surfactants as solubilizer,
Therefore, the effect of various types of non-ionic surfactants on

the stability of yvitamin C'was' extensively studied.

Blaug and Hajratwala (35) observed that
polysorbate 80 and polyoxaslkal had different stability effect on
vitamin C. Tt might be related to difference in aggregating number
and size of the micelles formed, making vitamin C adsorbed on the
surfactant molecules, Therefore, it was more susceptible to

oxidation attack through surface catalysis or formation of associated

complex,
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Nixon and chawla (31) found that large
increase in viscosity of polysorbate 20 has a negligible effect on

the oxidation rate of vitamin C.

2.2.7 Suspending agzents

Syninetic and natural suspending agents
including methylcellulose, carboxymethylicellulose, pectin, and
tragacanth were shown t0 hawe/ no protective effect but seemed to
accelerate degradation of vitamin & (23). Increased viscosity by

adding syspending agent did not retard the rate of decomposition.

2.2.8 = lavoring agents

Trivedi and Patal (36) reported the effect
of flavoring agents omn the stability of vitaimin Ci | The following

decomposition order was observed :
vanillin 3; raspberry :p chenry :> chocolate:}x pine apple :> banana

The destruction rate increased with inereasing in concentration of

flavor

2429 Ionic strength

Finholt, et al. (14) observed no primary

salt effect at pH range 1.7 to 10.2 on the stability of vitamin C,
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2,2.10 Amino acids

Sudeb,et al. (27) found that the amino
acids methionine, tryptophan, Jeucine, valine, phenyl alanine,
asperagine, lysine, histidine, arginine, cysteine, glutamic acid
and glutathion had neg 2pprecisble influences on stabilizing

vitamin C.
224117 JLOther vitamins

Stdeb, et al o (27) reported that thiamine
hydrochloride, panthénol, eéyanocobalamine, folic acid, pyridoxine
hydrochloride , vitamin A palmitate, miboflavin, inositol and
calciferol had no appreciable effect on the degradation of vitamin C
while calcium pantothenate, nicotinamide, menadione, thiamine
monomitrate and ribeflavine 5' phosphate decreased its degradation

rate,

Girsl (26) found that B-vitamins hed also
protected vitamin C even in the presence of destructive, effect of

metals,

Fox and Paterson (37) suggested that the
addition of B-complex vitamin to syrups of vitamin C seemed to
produce a stabilizing effect, which might bc due to. imteraction of
vitemin € with some of the vitamin such as niacinamide to form

undissociated compound.
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2.2.12 pH

The pH-rate profile of vitamin C in various
conditions was investigated. The degradation in both aercbic and
anaerobic showed maximum around pH 4 bub minimum around pH 6 and pH 3
(11). Uprety, et al. (28) suggested thalwitamin C could be
stabilized at approximately pi+3 in the presence of some antioxidants

and metal binders,
R.2.13 Buffer

The oxidaticon of vitamin C is both specific
and general acid-base catalyses. Finholt, et al. (14) studied the
catalytic effects of various buffers at different pH in anaerobic
conditions and found that phosphate buffer has catalytic effect at
pH 2 to 3, oxalate buffér at pH 3.7 to 4, acetate buffer at pH 4 to 6
and borate buffer at pH & to 8.5. Giral (26) recommended that citric

acid should be used to proteect vitamin Cpat all pH,
3. Formilation

Vitamin ' C In'ordl 1igquid muitivitamin-preparation has
been found to be easily degraded (1). However, its shelf-life can be
prolonged by appropriate formulation (11). In order to modify or improve
the formulation, many pharmaceutical additives should be considered by
appropriate selection of vehicle, stabilizer, preservative, antioxidant,

chelating agent and flavoring agent etc.
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Ismaiel and Ismaiel (38) reported that the formulation
containing sorbitol (42 % W/V), saccharin sodium (0.25 % W/V), citric
acid (0.1 - 0.2 % W/V), sodium edetate and essence of banana or apple
was palatable and had only slight discoloration and negligible loss

in vitamin C,

Zord and Lazzeretti (39) reported that the disagreeable
odor of multivitemin preparaticn developed during storage could be
eliminated by adding polyvimylpyrrolidinene. In addition, it was

also a satisfactory chemical stabilizer for the active ingredients,

4o Stability sthay 006158

Prior to 1950, physical changes was used to indicate
the stability of pharmaceutical products. By this mean, it had to
use much experience to justify the stability, but the methodology was
deficient scientific precesses. Higuchi, et al. {40, 41) have
recommended the scientifically designed and well-piammed kinetic study
of the stability incdluding| reaétich| fate condtants 4nd the heat of
activation. Recently, computer has been introduced to analyze the
resulting data which Speed up‘data processing for establishing a

reliable expiration date.,

The stability study may be determined by classical method
or by accelerated thermodegrasdation method but the classical method,
by aging in actusl normal storage conditions, has some disadvantages

of time-consuming, unsuitable for formilation deveiOpment, economic

1 1809125%
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loss and eventually loss competitive marketing producis, Therefore,
Higuchi and Garrett (40-43) have brought the principles of chemical
kinetic to evaluate drug stability at higher-temperature and extrapolate
to actual normal storage or any lower-temperature degradation by using
Arrhenius relation. This method has been proved to be reliable and
entirely appropriate for assessment and eontrol of drug stability in

formulation and dosage forms (40-45).

The heats of aetivation of vitamin C in various conditions
of pH, temperatures; amd metal catalysis, was found teo fall in the
renge of 10-~30 kcal/mold (14, /12, 13, 15, 35, 46, 47) which is suitable
for stability studies by using accelerated thermodegradation method

(50, 51).

Theoretical GConcept

Order of reac¥ion and specifiuc rate conswant

Order of reaction is determined by graphical method of
concentration-time profile, .The characteristic. plot.of a zero-order
reaction is a stpaight 1line and of a first order is exponentially
decline curye which~can be linearized) by logarithm geneentration-time

plot (50, 51).

In a zero order reaction, the rate of decreasing concentration

is independent of concentration, i.e.

- Q-Q = k (Eq. 1)
dt
and upon integration,
C = € =~ kt
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In a first order reaction, the rate of decreasing concentraticn

is dependent on concentration of one component, i.e.

at
(pt // i
1 dc = =k } dt
/; C e
C o
0
tht-lnC = J=- kt
O
In G, 4 AnfC =kt (Bq. 3)

Where Gt is the concentration remaining at time t
C_ is the initial concentration
k is the specific rate constant, in a unit time-1

t s the degrafed time

The specific rate constant.(k) is detexmined from the slope of the

straight line.

Arthening weliationship

The influence of temperature on reaction rate was proposed by

Arrhenius as :

- £ Ha (Eq.. l,_)
RT
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Where k dis the specific rate constant of degradation
A is the frequency factor as a constant
AHHa is the heat of activation
R is the gas constant (1.987 calories degree_1 mol-T)

T is the degree kelvin ( C + 272)

mk = - (éﬁli.&_).*l + 5K (Eq. 5)

A plot of In kewersus 1 yields a siraight line and slope is
i¥

- OHa . The heat offactivation is calculated from the préduct of
slopz and the gas constant, It représents the energy that reacting
molecules must acquire in order to undergo reaction, The higher the
value for the heat of activation, the more temperature-dependent is
the reaction. Since the Arrhienius plet is linear, it is possible to
predict the rate (k) Bt reoom temperstureor-at-atly lower temperature

by extrapolation., Onge the k value is obtained, it can be used to

estimate the shelf-lifeg

When thetheat of activation is known, it is possible to
predict the specifil rate)constant at dlower témpérature)from the rate
obtained at one elevated temperature study by using the integrated

equation of Arrhenius relation (Equation 6).

d1n k = _AHa

dt ET2

Integration between the limits k. and k2 and T1 and T

1 2
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112_ _ D Ha ( 2 1) {Eq. 6)
k T T

where k1 is the rate constant at T1

k2 is the rate constant at T2

Shelf-life
Shelf-1ife (tgo) isdefined as the time required for the-
product to decrease its concentration from 100 % to 90 % of the labeled

amount at normal storggé temperature (51)., The shelf-life of a first-

order reaction can be calculated by rearranging eguation (Eq.3).

t = 1n CO - in G

t
k
and, top= 1n 100 l-c in 90 = 0-112_45 (Eg. 7)

The 95 % confidence limit of o0 obtained from the 95 %

confidence interval of k.

In order to prolong the shelf-life of vitamin C, an increasing
initial concéntration|is consideredl | The initiagl @dncerPration over
a hundred percent of labeled amount; is called overage which has been

generally permitted not more than 30 % of the lebel claimed.

The shelfw-life of an overage can be calculated by :

Shelf-life = 1n 130 - 1n 90 = 0,3677 (Eq. 8)
k k
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