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ABSTRACT:

The kinetics of photolysis of ascorbic acid in aqueous solution on UV irradiation has been studied in the
pH range 1-11 and the apparent first—order rate constants for the degradation reactions have been determined.
The k—pH profile for the photolysis in the acid range is represented by a sigmoid curve indicating the
gradual ionization of the molecule (AH,) to ascorbyl anion (AH"). Ascorbic acid shows maximum stability
around pH 5-6 due to the lowest rate of oxidation reduction of the mono—anion form. The rate of photolysis
isincreased up to sevenfold at pH 10.0, compared to that at pH 5.0, due to an increasein the redox potentias
with pH leading to faster oxidation of the anionic species to dehydroascorbic acid in the alkaline range.
The rate is very slow in the pH range 1-2 due to the existence of the non—ionized form. The apparent
first—order rate constants for the photolysis of ascorbic acid at pH 1-11 range from 0.057—3.948x107 min™.
A scheme for the sequence of reactions involved in the photolysis of ascorbic acid is presented.
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INTRODUCTION:

Ascorbic acid (AH)(1) (Fig. 1) is an essential
micronutrient and performs important metabolic o oH © OH
functions in humans'™. It is sensitive to air and

light**and is degraded by chemical or Photooxidation.

The stability of ascorbic acid has been studiedin ~ HO OH o 0

total parenteral nutrition (TPN) solutions™’, infusion n 2
solutions'®“?, plant material****, biological
fluids™*®and milk*>*. Attempts have been made to

stabilize ascorbic acid by the use of various agents 9 oH OH

in agueous solutions™**°, vitamin preparations™®®, o

cosmetic preparations™®, food products™ ¢” and es o H

and by chemical derivatization® °.An important 3

consideration in the stability of AH, in TPN solutions OH

is the generation of hydrogen peroxide in the 3)

presence of light™". This may result from the _

oxidation of ascorbyl anion by molecular Fig. 1.

oxygen’®®and may further be involved in the Chemical structures of ascorbic acid (1),
degradation of AH,2®. The kinetics and mechanism dehydroascorbic acid (2) and 2,

of oxidation reactions of AH, have been studied by
several workersg* %2 77 79,8495

* Corresponding Author Email: zubair_ana@hotmail.com

3-diketogulonic acid (3).



Vol. 22, No. 1, January - June, 2019

AH; is a well-known antioxidant and acts as an
inhibitor of Photooxidation of a number of drugs
and biological compounds by quenching the singlet
oxygen®*° The singlet oxygen (*O) is highly
reactive, electrophilic and non-radical specie. It can
be produced from triplet oxygen (30,) by
photosensitization in the presence of light**. The
oxidation reactions mediated by 'O, are very rapid
due to the low activation energy required and the
reaction rates are much greater than those causes by
0,2, AH,also plays an important role in inhibiting
the photosensitization processes and thus protects
the substrates from degradation® >’ In view of
the biochemical importance, photosensitivity and
extensive use of AH; in liquid vitamin preparations
/ TPN solutions’ and its high susceptibility to
oxidation, the present work has been undertaken to
study the photolysis of the vitamin over awiderange
of pH and to determine the rate—pH profile to
ascertain the range of optimum stability for liquid
preparations. The k—pH profiles for the photolysis
of cyanocobalamin™®*?°, riboflavin*'? folic
acid'?® AH. in the presence of nicotinamide™ and
for the hydrolysis of 7,8-dimethy 1,10-
(formylmethyl) isoalloxazine (major intermediate
in the photolysis of riboflavin)™ have been reported.
The object of thiswork isto conduct adetailed study
of the photolysis of AH, in awide pH range on UV
irradiation, identification of the photoproducts
formed, and determination of the rate constants,
study of rate—pH profile and proposal of a mode of
AH; photodegradation reactions.

MATERIALSAND METHODS:

AH; and dehydroascorbic acid (DHA) (2) (Fig. 1)
were obtained from Sigma Chemical Co. 2, 3-
diketogulonic acid (DKA) (3) (Fig. 1) was prepared
by the method of Homann and Gaffron™. All reagents
and solvents were of the purest form available from
BDH/Merck. The following buffer systems were
used throughout the study:

KCI-HCI, pH 1.0-2.0;

Citric acid—NaHPO,, pH 2.5-8.0;
NaB,O7-HCI, pH 8.5-9.0;
NaB,O7-NaOH, pH 9.5-10.5;
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Na,HPO,-NaOH, pH 11.0;
The ionic strength was 0.002 M in each case.

Photolysis:

A10™ M agueous solution of AH, (200 ml) at an
appropriate pH, contained in a250 ml beaker (Pyrex),
was placed in awater bath maintained at 251°C and
irradiated with a Philips 15 W TUV tube (51.3%
emission at 265nm, absorption maximaof AH, at pH
4-11) fixed horizontally at a distance of 25 cm from
the center of the beaker. The solution was in free
equilibrium with air and samples were withdrawn at
appropriate intervals for thin-layer chromatographic
examination and spectrometric assay.

Thin-Layer Chromatography (TLC):

The photolyzed solutions of AH,were subjected to

TLC using 250-im silica gel GFs4 plates using the

following solvent systems:

A) Acetic acid—acetone—methanol-benzene
(5:5:20:70, vIvIvIv)*,

B) Ethanol-10% acetic acid (90:10, v/v)*?’;

C) Acetonitrile-butyl nitrile—water
(66:32:2,vIVIv)'%,

The spots were detected under UV light (254 nm)

(AH,) or by spraying with a 3% aqueous phenyl

hydrazine hydrochloride solution (DHA, DKA).

Spectral M easurements:

All spectral measurements on freshly prepared AH,
and the photolyzed solutions were carried out on a
Shimadzu UV-240 spectrometer using quartz cells
of 10mm pathlength.

Light Intensity M easurements:

The intensity of the Philips 15 W TUV tube was
determined by potassium ferrioxal ate actinometry*®
as3.100.16x10* quanta s™.

Assay Method

A 5ml aiquot of the photolyzed solution was placed
in a20 ml beaker and the pH was adjusted to 2.0
with 0.1-1.0 M HCI or NaOH solution. The solution
was quantitatively transferred to a 10 ml volumetric
flask and made up to volume with 0.2 M KCI-HCI
buffers (pH 2.0). The absorbance of the solution

-  ©
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was measured at the maximum at 243 nm and the
concentration of AH, was determined using 9980
M~ cm™ as the value of molar absorptivity at the
analytical wavelength.

RESULTSAND DISCUSSION:

Photoproducts of Ascorbic Acid

The photolysis of AHin agueous solution leads to
the formation of degradation products which have
been identified by TLC using solvent systemsA, B
and C. The following products were identified on
comparison of their R; values and spot color with
those of the authentic compounds.

pH 1-8: DHA

pH 8-11: DHA, and DKA.

DHA is obtained by the Photooxidation of AH,and
DKA by the hydrolysis of DHA. The formation of
these products has been observed in the
photooxidation’ *¥*3 chemical oxidation™***, and
biotransformation™® **142 of AH,. In the presence
of light, DHA is converted to the hydrated bi-cyclic
hemiketal form at pH 2'*. Ascorbate free radicals
have been detected in the transition metal-dependent
oxidation of AH, by ESR**.

Assay of AH;

AH, exhibits absorption maxima at 243 nm (pH 2)
and 265 nm(pH 4-10)" 84 Spectrometric methods
have been used for the assay of AH, in aqueous
solutions at 244 nm (pH ~2)®, 245 nm(pH 3.5)%,
265 (pH 7)*®, 275 nm (pH 4.1 and 7.0)'*, 265 nm
(pH 7)*8, 245 nm (pH ~2)*°, and 265 nm (pH ~7)*.
DHA and DKA do not significantly absorb in this
region™***?and, therefore, do not interfere with the
assay of AH; in photolyzed solutions.

In the present study, the photolysis reactions of AH,
have been carried out at 10 M concentration and
the assays have been performed at 243 nm after
suitable dilution of thedegraded solutions
(2.0-5.0x10° M) at pH 2.0 (0.2 KCI-HCI buffer).
The validity of Beer’'s law relation in the
concentration range used was confirmed prior to the
assay. The calibration datafor AH, at the analytical
wavelength are presented in Table 1. The correlation
coefficient (R?=0.999) indicates a good linear
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relationship over the concentration range employed.
The value of molar absorptivity a 243 nm determined
from the slope of the calibration curveisin good
agreement with those reported by Davies et al.™*
and Sweetman’. The method has been found
satisfactory for the assay of AH, in degraded solutions
and has been applied to evaluate the kinetics of
photolysis reactions.

Table 1. Cdlibration data for ascorbic acid showing
linear regression analysis (n = 5)

Parameter Value
Amax 243 nm
Concentration range (M x 107) 2.0-8.0
Slope 9980
SE of slope 1.502
I ntercept 0.002
Correlation coefficient (R?) 0.9999

3.3.Spectral Characteristics of Photolyzed
Solutions

A typical set of absorption spectra of AH- solution
photolyzed at pH 6.0 isshown in Fig. 2. Thereisa
gradual loss of absorbance at 265nm, with time, due
to oxidation of the molecule to DHA which does
not absorb in this region. Similar spectral changes
are observed on the photolysis of AH- throughout
the pH range 1-11. However, the magnitude of these
changes varies with pH and the loss of absorbance
for a fixed interval of time increases with pH
indicating the increase in the rate of photolysis.

200 300 400
Wavelength (nm)

Fig. 2. Spectral changes during the photolysis of
8x10™° M ascorbic acid at pH 6.0. Irradiation time:
0 to 360 min.

°o—
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Redox and Acid—Based Equilibria of AH2
The redox and acid-based equilibria of AH,** are
shown in Fig. 3.It is evident that a number of ionic
and non-ionic species, depending upon the pH of
the medium, are involved in the oxidation—eduction
of AH, and may play an important role in the
photolysis of the molecule. A reaction scheme
showing the participation of some of these species

Aﬂ
2e [|0.59V | 047V 2el|0.14V
1 +
2 i 4
All, =<K -0 AR == 11341 A
074V
-=
. -H' , -;
e —_— A
an pK, =045 024V o
Fig. 3. Redox and acid-based equilibria of

ascorbic acid.

Rate—pH Profile of AH,

The philosophy and types of kinetic pH profiles have
been discussed by Carstensen™. The mgjor goals of
apH profile are to determine the optimal pH range
and to select the best buffer system for a liquid
formulation. Several workers have studied the rate—pH
profiles of the oxidation of AH,in the pH range 2-7%
52, and 71154157 however, the kinetics of Photooxidation
of AH, in aqueous solution has not been reported. In
view of the sensitivity of AH, to oxidation, it is
necessary to study the photochemica behavior of the
vitamin in aqueous solutions to determine the pH
range of optimum stability.

The chemical oxidation of AH.in agueous solution
is pHdependent and proceeds by afirst-order reaction™
121 The maximum rate of oxidation has been
observed at pH 4 near the pKa, (4.1)’0fAH; and the
minimum rateat pH 5-6intheacid  region® ™,
In thisregion, the molecule exists mostly in the mono-
anion form and the delocalization of the electrons
rendersit relatively stable towards redox reactions™.
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The oxidation of AH, involves mainly the participation
of ionized form and therate of oxidation varieslinearly
with the concentration of the mono-anionic species”.
The oxidation steps of AH, reaction have been studied
by voltcoulmetry™®.

The k—pH profile for the photolysis of AH, at pH
1-11isshownin Fig. 4 and the rates are reported in
Table 2. The reaction in the pH range 1-6 is
represented by asigmoid curve indicating the gradual
ionization of the molecule (pKa, 4.1)” with pH and
the reactions of the fractions of un-dissociated AH-
and monohydrate ascorbate anion (AH") present in
the pH range. Thus the AH™ species appears to be
more susceptible to Photooxidation than the AH,
molecule. The behavior of AH, on Photooxidation
in the acid region is similar to that observed for the
chemical oxidation of AH, by molecular oxygen®
and involves the interaction of AH, with singlet
oxygen. The AHspecies (predominant in the pH
range 4.2—7.0, 55.7-99.9%) is more reactive
towardssinglet oxygen than its protonated form, the
AH, molecule, as suggested by Bisby et al.’®® and,
therefore, the rate of Photooxidation is higher in the
pH range above pH 4.1 corresponding to the pK,, of
AH.. A seven-fold increase in the rate at pH 10.0
compared to that at pH 5.0 has been observed. The
gradual further increase in the rate of Photooxidation
in the pH range 7-10 is consistent with existence of
AH™ species in the solution. Above pH 10, the rate
of Photooxidation slows down due to gradual
deprotonation of AH speciesto give A% (DHA) species
(PKa, 11.6) which does not appear to undergo any
photochemical change. Below pH 2, the rate of
oxidation is very slow due to the existence of the
moleculein the un-dissociated form (99.9%, pH 1.0).

1.00 _a-e

350

300

2.50

oo

k= 10% (min-t)

1.50

o z 4 & 8 10 12
H

Fig. 4.k—pH profile for the photolysis of ascorbic
acid in agueous solution.
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The Photooxidation of AH.is aso influenced by its
redox potentials which vary with ph. The greater
photo stability of AH, at pH 5-6, compared to that
at pH 10, isduetoitslower rate of oxidation—eduction
intheacid range (E pH 5.0 =+0.127 V). Theincrease
in the rate of Photooxidation, with pH, isdueto a
corresponding increase in the redox potentias (E pH
7.0 = +0.058 V)™ of AH, which is similar to the
photolysis behavior of riboflavin a pH 5-6, compared
to that at pH 10.0*" %2, Since the ionization as well
as the redox potentials of AH.is function of pH, the
rate of Photooxidation depends upon the species
present and its redox behavior at particular pH.

Table 2. Apparent first-order rate constants for the
photolysis of ascorbic acid at pH 1.0-11.0

pH kx10? (min™) R?
10 0.057 0.999
2.0 0.085 0.998
3.0 0.155 0.999
4.0 0.345 0.998
5.0 0.534 0.998
6.0 0.755 0.999
7.0 0.917 0.999
8.0 1.049 0.999
8.5 1.300 0.998
9.0 1.671 0.998
9.5 2.929 0.999
10.0 3.765 0.999
10.5 3.920 0.998
11.0 3.948 0.998

Primary Photochemical Reactions in the
Oxidation of AH>

Severa schemes have been proposed for the chemical
and Photooxidation of AH.under different conditions.
A reaction scheme based on general photochemical
principles for the important reactions involved in
the Photooxidation of AH; is presented below:
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’AH, hv, ky 'AH,

'AH, k> Products
1AH2 iSC, k3 3AAHZ

SAH, ks Products
AH hv, ks ’ 'AH

'AH™ T’ Products
'"AH™ ky > SAH™

SAH™ kg Products
SAH™ + "AH, ko 4 AH«~ + AH:
2 AH* k1o A +AH,
‘AH, + °0, ki > AH, + 'O,
AH + 102 k1> SAH + 302
AH: + '0, ki3 ’ AHOO*
AHOO - k4 A + HO,*
AHOO: + °AH, Ko ' AH+ + AHOOH
AHOOH ke A + H,0,

secondary reaction

According to thisreaction scheme, the ground state
AH; species (°AH,, °AH) are excited to the lowest
singlet state (*AH,, *AH) by the absorption of a
quantum of UV light [1,5]. These excited states may
directly be converted to photoproducts[2,6] or may
undergo intersystem crossing (isc) to form the excited
triplet states [3,7]. The excited triplet may then
degrade to photoproducts [4,8]. The triplet
monoascorbate ion ((AH) may react with the ground
state AH, (°AH>) to form a monoascorbate anion
radical (AH") and a monoascorbate radical (AHs)
[9]. The two AHs species may lead to one oxidized
and one reduced AH, species[10]. AH triplet (CAH,)
may react with molecular oxygen (°0,) to yield
singlet oxygen (*O) [11] which may be quenched
by the monoascorbate anion (AH") to form the
excited triplet state (3AH,) [12] or by the monovalent
ascorbate radica to form an oxidized radica (AHOO)
[13]. The oxidized radical (AHOO) may react with
ground state °AH, to form the monoascorbate radical
(HA") and AHOOH [14]. AHOOH may be converted
chemicaly to dehydroascorbic acid (A) and hydrogen
peroxide [15]. Hydrogen peroxide may again react
with the AH, triplet to form the oxidized species
(A) [16].

CONCLUSION:

The photolysis of AH, in agueous solution at pH
1-11 by UV radiation may be represented by a
sigmoid curve. The main species involved in the

o—
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photolysisis the monohydrogen ascorbate anion and
the optimum stability is exhibited in the pH range
5-6, the region most suitable for the formulation of
pharmaceutical preparations. The increase in the
rateof photolysis, with pH, isdueto an increasein
the redox potentials of AH, and the speciesinvolved.
The monohydrogen ascorbate anion of AH is much
more susceptible to photolysis than the non—ionized
molecule (pH 1-2) and the rate is slowed down in
the pH range 10-11 due to the gradual formation of
ascorbate anion. The photolysis of AH; in the pH
range 1-11 isafunction of the ionization and redox
potentials of AH..

FUNDING:
None mentioned.

CONFLICT OF INTEREST:
The authors declare no conflict of interest.

ETHICAL APPROVAL.:
Not applicable

REFERENCES:

1. SelbPA, Tolbert BM. Ascorbic Acid: Chemistry,
Metabolism and Uses, Advances in Chemistry
Series 200, American Chemical Society,
Washington DC, USA, 1982.

2. Packer KJ, Fuchs J., Eds. Vitamin C in Health
and Diseases, Marcel & Dekker, New York,
USA, 1997.

3. Davey MW, Montagu MV, Inze D, Sanmartin
M, KanellisA, Smirnoff N, Benzie |J, Strain 1,
Favell D, Fletcher J. Plant L-ascorbic acid:
chemistry, function, metabolism, bioavailability
and effects of processing. J Sci Food Agric.
2000; 80:825-860.

4. Rucker RB. Vitamins: overview and metabolic
functions, In: Gershwin E, German B, Keen CL.
Eds., Nutrition and Immunol ogy-Principles and
Practice, Humana Press, Totowa, NJ, USA, 2000;
Chap. 7.

5. Johnston CS, Steinberg FM, Rucker RB.
Ascorbic acid, In: Zempleni J, Rucker RB,
McCormick DB, Suttie JW., Eds., Handbook of
Vitamins, 4th ed., CRC Press, New York, USA,

10.

11

12.

13.

14.

15.

16.

17.

18.

Bagai J. Health Sci.

2007; Chap. 15.

Connors KA, Amidon GL, StellaVJ. Chemical
Stability of Pharmaceuticals: A Handbook for
Pharmacists, 2nd Ed., Wiley, New York, USA,
1986; pp. 208-220.

Sweetman SC., Ed. Martindale: The Complete
Drug Reference, 36th ed. Pharmaceutical Press,
London, UK, 2009; Electronic version.
British Pharmacopoeia, Her Mgjesty* s Stationary
Office, London, UK, 2016; Electronic version.
Allwood MC. Factors influencing the stability
of ascorbic acid in total parenteral nutrition
infusions. J Clin Pharm Ther. 1984; 9:75-85.
Allwood MC. Compatibility and stability of
TPN mixturesin big bags. J Clin Pharm Ther.
1984; 9:181-198.

Allwood MC, Kearney MC. Compatibility and
stability of additives in parenteral nutrition
admixtures. Nutr. 1998; 14:697-706.
Nordfjeld K, Pedersen JL, Rasmussen M, Jensen
VG. Storage of mixtures for total parenteral
nutrition 111. Stability of vitamins in TPN
mixtures. J Clin Pharm Ther. 1984; 9:293-301.
GuptaDV. Stability of vitaminsin total parenteral
nutrient solutions. Is J Hosp Pharm. 1986;
43:2132-2138?

Yamaoka K, NakajimaY, Okinaga S. Variation
by combination of hyperalimentation with fat
emulsion. Jap JHosp Pharm. 1987; 13:211-215.
Kearney MC, Allwood MC, Martin H, Neal T,
Hardy G. Theinfluence of amino acid source on
the stability of ascorbic acid in TPN mixtures.
Nutr. 1998; 14:173-178.

Park KJ, Park HJ, Lee SW, Park KH, Cho NC.
Stability of TPN solution with or without shield
package. ASHP Midyear Clinical Meeting.
1999; 34:80.

Silvers KM, Sluis KB, Darlow BA, McGill F,
Stocker R, Winterbourne CC. Limiting light-
induced lipid peroxidation and vitamin loss in
infant parenteral nutrition by adding multivitamin
preparationsto Intralipid. Acta Paediatrica. 2001;
90:242-249.

Kassem MA, Kassem AA, Ammar HO. Studies
on the stability of injectable L-ascorbic acid
solutions. |. Effect of pH, solvent, light and

-



Vol. 22, No. 1, January - June, 2019

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

container. Pharm Acta Helv. 1969; 44.:611-623.
Sattar A, Alexander JC. Light-induced
degradation of vitamins |. Kinetic studies on
riboflavin decomposition in solution. Can Inst
Food Sci Technol J. 1977; 10:61-64.
Terao M, Marui E, Tanaka K, Nakao Y. Studies
on the formulation and admixture of parenteral
preparations. |. Degradation of ascorbic acid and
cyanocobalamin by sodium bisulfite added to
ascorbic acid injection. J Pharm Soc Japan. 1980;
100:81-87.

Yamaji A, Oshima K, Ohnishi N, Kishi H,
Hiraoka E. Stability of ascorbic acid in infusion
solutions. J Nippon Hosp Pharm Assoc. 1981,
6:251-256.

DeRitter E. Vitamins in pharmaceutical
formulations. J Pharm Sci. 1982; 71:1073-1096.
Buxton PC, Conduit SM, Hathaway J. Stability
of parentrovitein infuson fluids. Br JIntravenous
Ther. 1983; 4:5-12.

Dahl GB, Jeppsson RI, Tengborn HJ. Vitamin
gtability inaTPN mixture stored in an EVA plagtic
bag. J Clin Pharm Ther. 1986; 11:271-279.
Smith JL, Canham JE, Wells PA. Effect of
phototherapy light, sodium bisulfite, and pH
on vitamin stability in total parenteral nutrition
admixtures. JParenter Enteral Nutr. 1988;
12:394-402.

Smith JL, Canham JE, Kirkland WD, Wells PA.
Effect of Intralipid, amino acids, container,
temperature, and duration of storage on vitamin
stability in total parenteral nutrition admixtures.
J Parenter Enteral Nutr. 1988; 12:478-483.
Martens HJ. Stability of water soluble vitamins
invariousinfusion bags. Krankenhauspharmazie.
1989; 10:359-361.

Zhou WS, J MZ, Huang ZL. Stability of ascorbic
acid in glucose infusions. Chin Pharm Bull.
1989; 24:288-289.

Bode AM, Cunningham L, Rose RC.
Spontaneous decay of oxidized ascorbic acid
(dehydro-L-ascorbic acid) evaluated by high-
pressure liquid chromatography. Clin Chem.
1990; 36:1807-1809.

Szucsova S, Sykora J. Stability of celaskon
injection preparation in infusion mixtures. Part

31

32.

33.

34.

35.

36.

37.

39.

40.

41.

Bagai J. Health Sci.

I. Farmaceuticky Obzor. 1992; 61:109-112.
Szucsova S, Sykora J. Stability of Celaskon
injection preparation in infusion mixtures. Part
[1. Farmaceuticky Obzor. 1992; 61:207-214.
Halkiewicz A, Barteczko I, Janicki S.
Physicochemical interactions of isotonic
theophylline solution and some injection drugs
on an intravenous admixture. Farmacia Polska.
1993; 49:11-15.

Ishikawa T, Shimeno Y, lekushi M, FukudaT.
Stability of ascorbic acid in infusion solution.
Part 2. Effect of some meta ionson the producing
hydrogen peroxide in some infusion solutions
added to Otsuka MV and Multamin. Japan J
Hosp Pharm. 1995; 21:203-214.

Ishikawa T, Shimeno Y, Okamoto T, Lekushi
M, FukudaT. 1994. Stability of ascorbic acid in
infusion solution. Part 1. Producing hydrogen
peroxidein M.V.I., Sohvitaand Neolamin multi-
added infusion solution. Jpn J Hosp Pharm.
1994, 20:61-72.

Shattuck KE, Bhatia J, Grinnell C, Rassin DK.
The effectsof light exposure onthein vitro hepatic
response to an amino acid-vitamin solution. J
Parenter Enteral Nutr. 1995; 19:398-402.
Gomis PM, Miguélez SS, Navarro JG, Estenoz
JA, del Rey Alegre E, Moreno JV, Vaero MZ,
Ledn MS. Stability of vitamins in parenteral
nutrition: a comparison of multi-layer and uni-
layer bags. Nutr Hosp. 1996; 11:259-264.
Pass water RA, Olson DM. Method and
composition to reduce cancer incidence. US
Patent 6,090,414, 2000.

. Gibbons E, Allwood MC, Neal T, Hardy G.

Degradation of dehydroascorbic acid in parenteral
nutrition mixtures. J Pharm Biomed Anal. 2001;
25:605-611.

Margolis SA. The stability of ascorbic acid
in autosampler vials. Clin Chem. 2001; 47:
1465-1469.

Chessex P, Lavoie JC, Rouleau T, Brochu P, St-
Louis P, Levy E, Alvarez F. Photo oxidation of
parenteral multivitaminsinduces hepatic statuses
in aneonatal guinea pig model of intravenous
nutrition. Pediatr Res. 2002; 52:958-963.
Dupertuis YM, Morch A, Fathi M, Sierro C,

®o—



42.

43.

Genton L, Kyle UG, Pichard C. Physical
characteristics of total parenteral nutrition bags
significantly affect the stability of vitamins C
and B1: a controlled prospective study. JPEN.
2002; 26:310-316.

Balet A, CardonaD, Jane S, Molins-Pujol AM,
Sanchez Quesada JL, Gich I, Mangues MA.
Effects of multilayered bags vs ethylvinyl-acetate
bags on oxidation of parenteral nutrition. J
Parenter Enteral Nutr. 2004;28:85-91.
Mahanom H, Azizah AH, Dzulkifly MH. Effect
of different drying methods on concentrations
of several phytochemicalsin herbal preparation
of 8 medicinal plants leaves. Maaysian J Sci.
1999; 5:47-54.

44.Uddin MS, Hawlader MN, Zhou L. Kinetics

45,

46.

47.

48.

49.

50.

5l

52.

of ascorbic acid degradation in dried
kiwifruits during storage. Drying Technol.
2001; 19:437-446.

Lovstad RA. Copper catalyzed oxidation of
ascorbate (vitamin C). Inhibitory effect of
catalase, superoxide dismutase, serum proteins
(ceruloplasmin, albumin, apotransferrin) and
amino acids. Int J Biochem. 1987; 19:309-313.
Lovstad RA. A kinetic study on the copper-
albumin catalyzed oxidation of ascorbate.
Biometals. 2002; 15:351-355.

Giangiacomo A, Olesen PR, Ortwerth BJ.
Ascorbic acid and glucose oxidation by
ultraviolet A-generated oxygen free radicals.
Invest Ophthalmol Vis Sci. 1996; 37:1549-1556.
Erb C, Nau-Staudt K, Flammer J, Nau W.
Ascorbic acid as a free radical scavenger in
porcine and bovine agueous humour. Ophthalmic
Res. 2004; 36:38-42.

Sattar A, deMan M, Furia TE. Photooxidation
of milk and milk products: A review. Crit Rev
Food Sci Nutr. 1975; 7:13-37.

Sattar A, Alexander JC. Light-induced
degradation of vitamins |. Kinetic studies on
riboflavin decomposition in solution. Can Inst
Food Sci Technol J. 1977; 10:61-64.
Hegenauer J, Saltman P, Ludwig D. Degradation
of ascorbic acid (vitamin C) iniron-supplemented
cows' milk. J Diary Sci. 1979; 62:1037-1040.
Blaug SM, Hajratwala B. Kinetics of aerobic

53.

4.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

oxidation of ascorbic acid. J Pharm Sci. 1972;
61:556-562.

Asker AF, Canady D, Cobb C. Influence of DL-
methionine on the photo stability of ascorbic
acid solutions. Drug Dev. Int Pharm. 1985;
11:2109-2125.

Hochstein P, Sevanian A, Davies KJ. The
stabilization of ascorbic acid by uric acid. Adv
Exp Med Biol. 1986; 195:325-327.

Roth HJ, Eger K, Troschutz R. Pharmaceutical
Chemistry, Vol. 2, Drug Analysis, Ellis
Horvvood, New York, USA, 1991, Chap.4.
Kassem MA, Kassem AA, Ammar HO. Stability
of injectable L-ascorbic acid solutions. 111.
Effect of metal-complexing agents. Pharm Acta
Helv.1972; 47:89-97.

Miyake N, KiM M, Kurata T. Stabilization of
L-Ascorbic acid by superoxide dismutase and
catalase. Biosci Biotechnol Biochem. 1999;
63:54-57.

O'Brian 1G, Desmarchelier FIM, Yonglin R.
Stable acidic oil-in-water type emulsions and
compositions containing them. US Patent
6,001,383, 1999.

uddin MS, Hawlader MN, Zhu HJ.
Microencapsulation of ascorbic acid: effect of
process variables on product characteristics.
Journal of Microencapsul. 2001 1; 18:199-2009.
Akers MJ. Excipient-drug interactions in
parenteral formulations. J Pharm Sci. 2002;
91:2283-2300.

Kaplan DL, Moloney SJ, Troy WR, Dickens
MS, Pennell SR. A new stabilized ascorbic acid
solution: Percutaneous absorption and effect on
relative collagen synthesis. J Cutaneous Aging
Cosm Dermatol. 1988; 1:88-92.

Gallarate M, Carlotti ME, TrottaM, Bovo S. On
the gtability of ascorbic acidin emulsified systems
for topical and cosmetic use. Int J Pharm. 1999,
188:233-241.

Reisch MS. Pure and sweet. Chem Eng News.
2001; 79:23-28.

Yang JH, Lee SY, Han YS, Park KC, Choy JH.
Efficient transdermal penetration and improved
stability of L-ascorbic acid encapsulated in an
inorganic Nano capsule. Bull Korean Chem Soc.

- -



Vol. 22, No. 1, January - June, 2019

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

2003; 24:499-503.

Eshun K, He Q. Aloe Vera: avauableingredient
for the food, pharmaceutical and cosmetic
industries-a review. Crit Rev Food Sci Nutr.
2004; 44:91-96.

Lee JS, Kim JW, Han SH, Chang IS, Kang HH,
Lee OS, Oh SG, Suh KD. The stabilization of
L-ascorbic acid in agueous solution and water-
in-oil-in-water double emulsion by controlling
pH and electrolyte concentration. Int J Cosm
Sci. 2004; 26:2-17.

FerreiraSL, BanderaML, LemosVA, dos Santos
HC, Costa AS, de Jesus DS. Sensitive
spectrometric determination of ascorbic acid in
fruit juices and pharmaceutical formulations
using 2-(5-bromo-2-pyridylazo)-5-
diethylaminophenol (Br-PADAP). Fresenius' J
Ana Chem. 1997; 357:1174-1178.

Campos DC, SantosAS, Wolkoff DB, MataVM,
Cabral LM, Couri S. Cashew apple juice
stabilization by microfiltration. Desalination.
2002; 148:61-65.

KernV, Martinkova L. Glycosides in medicine
“The role of glycosidic residue in biological
activity”. Curr Med Chem. 2001; 8:1303-1328.
Macauley S, McNell B, Harvey LM. The genus
Gluconobacter and its applications in
biotechnology. Crit Rev Biotechnol. 2001;
21:1-25.

Laborie S, Lavoie JC, Chessex P. Paradoxical
role of ascorbic acid and riboflavin in solutions
of total parenteral nutrition: implication in
photoinduced peroxide generation. Pediatr Res.
1998; 43:601-606.

Laborie S, Lavoie JC, Pineault M, Chessex P.
Protecting solutions of parenteral nutrition from
peroxidation. J Parenter Enteral Nutr. 1999;
23:104-108.

Laborie S, Lavoie JC, Pineault M, Chessex P.
Contribution of multivitamins, air, and light in
the generation of peroxidesin adult and neonata
parenteral nutrition solutions. Annl Pharmacother.
2000;34:440-445.

Laborie S, Lavoie JC, Rouleau T, Chessex P.
Multivitamin solutions for enteral
supplementation: A source of peroxides. Nultr.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Bagai J. Health Sci.

2002; 18:470-473.

Chessex P, Lavoie JC, Rouleau T, Brochu P, St-
Louis P, Lévy E, Alvarez F. Photooxidation of
parenteral multivitaminsinduces hepatic statuses
in aneonatal guinea pig model of intravenous
nutrition. Pediatr Res. 2002; 52:958-963.
Homann P, Gaffron H. Photochemistry and
metal catalysis: studies on aflavin sensitized:
oxidation of ascorbate. Photochem Photobiol.
1964; 3:499-5109.

Khan MT, Martell AE. Metal ion and metal
chelate catalyzed oxidation of ascorbic acid by
molecular oxygen. |. Cupric and ferric ion
catalyzed oxidation. JAm Chem Soc. 1967,
89:4176-4185.

Mushran SP, Agrawal MC. Mechanistic studies
on oxidation of ascorbic-Acid. J Sci Ind Res.
1977;36:274-283.

Hughes DE. Irreversible reaction kinetics of the
aerobic oxidation of ascorbic acid. Anal Chem.
1985; 57:555-558.

Rochette AD, Silva E, Birlouez-Aragon I,
Mancini M, EdwardsAM, Morliere P. Riboflavin
photodegradation and photosensitizing effects
are highly dependent on oxygen and ascorbate
concentrations. Photochem Photobiol. 2000;
72:815-820.

Deutsch JC. Ascorbic acid oxidation by hydrogen
peroxide. Anal Biochem. 1998; 255:1-7.
Deutsch JC. Spontaneous hydrolysis and
dehydration of dehydroascorbic acid in agueous
solution. Anal Biochem. 1998; 260:223-229.
Deutsch JC. Oxygen-accepting antioxidants
which arise during ascorbate oxidation. Anal
Biochem. 1998; 265:238-245.

Ogata Y, Kosugi Y. Solvent effect on the
autoxidation of L-ascorbic acid. Tetrahedron.
1969; 25:1055-1062.

OgataY, Kosugi Y, Morimoto T. Kinetics of the
cupric salt-catalyzed autoxidation of L-ascorbic
acid in agueous solutions. Tetrahedron. 1968;
24:4057-4066.

Fessenden RW, Verma NC. A time-resolved
electron spins resonance study of the oxidation
of ascorbic acid by hydroxyl radical. Biophys
J. 1978; 24:93-101.

o—



Vol. 22, No. 1, January - June, 2019

87. Martinez P, Zuluaga J, Uribe D, Van Eldik R.
Oxidation of L-ascorbic acid by trisoxdatoferrate
(I1) in aqueous solution. Kinetic and
spectroscopic evidence for the formation of an
intermediate species. Inorganica Chim Acta.
1987; 136:11-16.

88. Kwon BM, Foote CS, Khan SI. Photo
oxygenation of ascorbic acid derivatives and
model compounds. J Am Chem Soc. 1989;
111:1854-1860.

89. Bansch B, Martinez P, Zuluaga J, Uribe D,
Vaneldik R. Kinetics and mechanism of the
oxidation of |-ascorbic-acid by hexacyanoiron
(1) in acidic agueous-solution-application of
high-pressure techniques.Z Phys Chem.
1991;170:59-71.

90. Rao PS, Rao GK, Ramakrishna K, Rambabu G,
Satyanarayana A. Kinetics of some electron-
transfer reactions of iron (111)-2, 2'-bipyridyl
complex. Micellar effect of sodium dodecyl
sulphate. Int J Chem Kinetics. 1997; 29:171-
179.

91.Fornaro A, Coichev N. L-ascorbic acid:
complication and redox reactions with some
transition metal ions. Quim Nova. 1998;
21:642-650.

92. Sprinz H, Beckert D, Bred O. Reactions of H
OH radicalswith ascorbic acid. A pulseradalysis
Fourier Transform ESR study. J Radioanal Nucl
Chem. 1998; 232:39-41.

93. Rg] CR, Ohsaka T. Simultaneous detection of
ascorbic acid and dopamine at gold electrode
modified with a self-assembled monolayer of
cystamine. Electrochem. 1999; 67:1175-1177.

94. Njus D, Wigle M, Kelley PM, Kipp BH,
Schlegel HB. Mechanism of ascorbic acid
oxidation by cytochrome b 561. Biochem. 2001;
40:11905-11911.

95. David IG, Diaconu M, Radu GL, David V.
Investigation of the some electron transfer
bioprocesses by voltammetric techniques.
Romanian Biotechnol Lett. 2002; 7:603-624.

96.Koch E. Zur photosensibilisierten
sauerstofflbertragung: Untersuchung der
terminationsschritte durch belichtungen bel tiefen
temperaturen. Tetrahedron. 1968; 24:6295-6318.

Bagai J. Health Sci.

97. Bodannes RS, Chan PC. Ascorbic acid as a
scavenger of singlet oxygen. FEBS L etters. 1979;
105:195-196.

98.Rooney ML. Ascorbic acid as a
Photooxidation inhibitor. Photochem
Photobiol. 1983; 38:619-621.

99. Chou PT, Khan AU. L-ascorbic acid quenching
of singlet delta molecular oxygen in agueous
media: generalized antioxidant property of
vitamin C. Biochem Biophys Res Commun.
1983; 115:932-937.

100.Kwon BM, Foote CS. Chemistry of singlet
oxygen. 50. Hydro peroxide intermediatesin the
photo oxygenation of ascorbic acid. JAm Chem
Soc. 1988; 110:6582-6583.

101.Frei B, Stocker R, England L, Ames BN.
Ascorbate: the most effective antioxidant in
human blood plasma. Adv Exp Med Biol. 1990;
264:155-163.

102.Scurlock R, Rougee M, Bensasson RV. Redox
properties of phenols, their relationshipsto singlet
oxygen quenching and to their inhibitory effects
on benzo (a) pyrene-induced neoplasia. Free
Radical Res Commun. 1990; 8:251-258.

103.Jung MY, Kim SK, Kim SY. Riboflavin-
sensitized Photooxidation of ascorbic acid:
kinetics and amino acid effects. Food Chem.
1995; 53:397-403.

104.Woodall AA, Ames BN. Diet and oxidation
damage to DNA: The importance of ascorbate
as anantioxidant. In: Parker L, Fuches J, Eds.,
Vitamin C in Health and Disease, Dekker, New
York, USA, 1997, pp. 193-203.

105.Bisby RH, Morgan CG, Hamblett I, Gorman
AA. Quenching of singlet oxygen by Trolox
C, ascorbate, and amino acids: effects of pH
and temperature. J Phys Chem A. 1999;
103:7454-7459.

106.Carr AC, Frel B. Toward a new recommended
dietary allowance for vitamin C based on
antioxidant and health effects in humans. Am J
Clin Nutr. 1999; 69:1086-1107.

107.Car AC, Frel B. Vitamin C and cardiovascular
diseases, In: Cadenas P, Packer I(Eds.),
Handbook of Antioxidant, Academic Press, New
York, USA, 2002, pp. 7-165.

- ®



Vol. 22, No. 1, January - June, 2019

108.Kommuru TR, Ashraf M, Khan MA, REDDY
IK. Stability and bioequivalence studies of
two marketed formulations of coenzyme Q10
in beagle dogs. Chem Pharm Bull. 1999;
47:1024-1028.

109.Khopde SM, Priyadarsini KI, Mohan H,
Gawandi VB, Satav JG, Yakhmi JV, Banavaliker
MM, Biyani MK, Mittal JP. Characterizing the
antioxidant activity of amla (Phyllanthus
emblica) extract. Curr Sci. 2001:185-190.

110.Wong PY, Kitts DD. Factors influencing
ultraviolet and el ectron beam irradiation-induced
freeradical damage of ascorbic acid. Food Chem.
2001; 74:75-84.

111.Min DB, Boff JM. Chemistry and reaction of
singlet oxygen in foods. Compr Rev Food Sci
Food Saf. 2002; 1:58-72.

112.Bradley DG, Min DB. Singlet oxygen
oxidation of foods. Crit Rev Food Sci Nutr.
1992; 31:211-236.

113.Kim H, Kirschenbaum LJ, Rosenthal |, Riesz
P. Photosensitized formation of ascorbate radicals
by riboflavin: an ESR study. Photochem
Photobiol. 1993; 57:777-784.

114.de La Rochette A, Birlouez-Aragon |, SilvaE,
Morliere P. Advanced glycation endproducts as
UVA photosensitizers of tryptophan and ascorbic
acid: consequencesfor thelens. Biochim Biophys
Acta. 2003; 1621:235-241.

115.Roberts JE, Kukielczak BM, Hu DN, Miller
DS, Bilks P, Sik RH, Motten AG, Chignell CF.
Therole of AzE in prevention or enhancement
of light damage in human retinal pigment
epithelial cells. Photochem Photobiol. 2002;
75:184-190.

116.SilvaE, JopiaM, EdwardsAM, Lemp E, Dela
Fuente JR, Lissi E. Protective effect of boldo
and tea infusions on the visible light-mediated
pro-oxidant effects of vitamin By, riboflavin.
Photochem Photobiol. 2002; 75:585-590.

117.Moison RM, Rijnkels IM, Podda E, Righele F,
Tomasello F, Caffieri S, Beijersbergen van
Henegouwen GM. Topically applied vitamin C
and cysteine derivatives protect against UVA-
induced photodegradation of suprofen in ex vivo
pigskin. Photochem Photobiol. 2003; 77:343-348.

Bagai J. Health Sci.

118.Ahmad I, Hussain W, Fareedi AA. Photolysis
of cyanocobalamin in agueous solution. JPharm
Biomed Anal. 1992; 10:9-15.

119.Ahmad I, Ansari IA, Ismail T. Effect of
nicotinamide on the photolysis of
cyanocobalamin in agueous solution. J Pharm
Biomed Anal. 2003; 31:369-374.

120.Ahmad |, Hafeez A, Akhter N, Vaid FH, Qadeer
K. Effect of riboflavin on the photolysis of
cyanocobalamin in agueous solution. Open Ana
Chem J. 2012; 6:22-27.

121.Ahmad I, Fasihullah Q, Noor A, Ansari 1A, Ali
QN. Photolysis of riboflavin in aqueous sol ution:
akinetic study. Int JPharm. 2004; 280:199-208.

122.Ahmad I, Ahmed S, Sheraz MA, Anwar Z,
Qadeer K, Noor A, Evstigneev MP. Effect of
nicotinamide on the photolysis of riboflavinin
aqueous solution. Sci Pharm. 2015; 84:289-303.

123.Akhtar MJ, Khan MA, Ahmad I.
Photodegradation of folic acid in agueous solution.
J Pharm Biomed Anal. 1999; 19:269-275.

124.Ahmad I, Mobeen MF, Sheraz MA, Ahmed S,
Anwar Z, Shaikh RS, Hussain I, Ali SM.
Photochemical interaction of ascorbic acid and
nicotinamide in aqueous solution: A kinetic
study. J Photochem Photobiol B: Biol. 2018;
182:115-121.

125.Ahmad I, MirzaT, Igbal K, Ahmed S, Sheraz
MA, Vaid FH. Effect of pH, buffer, and viscosity
on the photolysis of formylmethylflavin: akinetic
study. Aust J Chem. 2013; 66:579-585.

126.Ganshirt H, Malzacher A. Separation of severd
vitamins of the B group and C by
chromatography. Naturwiss. 1960; 47:279-280.

127.Bolliger HR, Konig A. Vitamins including
carotenoids, chlorophylls and biologically active
quinines,In: Stahl E (Ed.), Thin-Layer
Chromatography, Springer-Verlag, Berlin,
Germany, 1969; pp. 304-306.

128.Katsui G. Vitamins. In: Macek K, Ed.,
Pharmaceutical Applications of Thin-Layer and
Paper Chromatography, Elsevier, London, 1972,
Chap. 10.

129.Hatchard CG, Parker CA. A new sensitive
chemical actinometer-11. Potassium ferrioxalate
as astandard chemical actinometer. Proc Royal

o



Vol. 22, No. 1, January - June, 2019

Soc Lond. 1956; 235:518-536.

130.Rozanowska M, Bober A, Burke JM, SarnaT.
Therole of retinal pigment epithelium melanin
in photoinduced oxidation of ascorbate.
Photochem Photobiol. 1997; 65:472-479.

131.Lavoie JC, Chessex P, Rouleau T, Migneault
D, Comte B. Light-induced byproducts of vitamin
C in multivitamin solutions. Clin Chem. 2004;
50:135-140.

132.FedorovaOS, Lim DB, Berdnikov VM. Cataytic
oxidation of ascorbic acid by molecular oxygen
in agueous pyridine in the presence of Co 2,
Ni 2+, Mn?* and Zn** ions. React Kinet Catal
Lett. 1978; 8:371-375.

133.Deutsch JC. Ascorbic acid oxidation by hydrogen
peroxide. Anal Biochem. 1998; 255:1-7.

134.Deutsch JC. Spontaneous hydrolysis and
dehydration of dehydroascorbic acid in agueous
solution. Anal Biochem. 1998; 260:223-229.

135.Deutsch JC. Oxygen-accepting antioxidants
which arise during ascorbate oxidation. Anal
Biochem. 1998; 265:238-245.

136.Koshiishi I, Mamura, Imanari T. Bicarbonate
promotes a cleavage of lactone ring of dehydro
ascorbate. Biochim Biophys Acta. 1998;
1379:257-263.

137.Bhattacharya AK, Mondal AB, Dash AC,
Brahma GS, Banerjee R. Kinetics of oxidation
of hydrogen peroxide and ascorbic acid by a
tribridged manganese (1V, IV) dimer in feebly
acidic media. Can J Chem. 1999; 77:451-458.

138.Lykkesfeldt J. Determination of ascorbic acid
and dehydroascorbic acid in biological samples
by high-performance liquid chromatography
using subtraction methods: reliable reduction
with tris [2-carboxyethyl] phosphine
hydrochloride. Ana Biochem. 2000; 282:89-93.

139.Lune J, Blake DR. The determination of
dehydroascorbic acid and ascorbic acid in the
serum and synovial fluid of patients with
rheumatoid arthritis (RA). Free Radic Res
Commun. 1985; 1:31-39.

140.Dhariwa KR, Hartzell WO, Levine M. Ascorbic
acid and dehydroascorbic acid measurementsin
human plasmaand serum. Am J Clin Nutr. 1991;
54:712-716.

Bagai J. Health Sci.

141.Dabrowski K, Hinterleitner S. Applications of
a simultaneous assay of ascorbic acid,
dehydroascorbic acid and ascorbic sulphate in
biological materias. Analyst. 1989; 114:83-87.

142.Saxena P, Saxena AK, Monnier VM. High
galactose levels in vitro and in vivo impair
ascorbate regeneration and increase ascorbate-
mediated glycation in cultured rat lens. Exp Eye
Res. 1996; 63:535-545.

143.Pastore P, Rizzetto T, Curcuruto O, Cin MD,
Zaramella A, Marton D. Characterization of
dehydroascorbic acid solutions by liquid
chromatography/mass spectrometry. Rapid
Commun Mass Spectrom. 2001, 15:2051-2057.

144.Van der Zee J, Van den Broek PJ. Determination
of the ascorbate frees radical concentration in
mixtures of ascorbate and dehydro ascorbate.
Free Radic Biol Med. 1998; 25:282-286.

145.Moffat AC, Osselton MD, Widdop B. Clarke's
Analysis of Drugs and Poison, 3rd ed.,
Pharmaceutical Press, London, UK, 2013;
p. 923.

146.Hashmi MH. Assay of Vitamins in
Pharmaceutical Preparations, Wiley, New York,
USA, 1973; Chap.13.

147.Heelis PF, Parsons BJ, Phillips GO, McKellar
JF. The flavin sensitizedPhotooxidation of
ascorbic acid: a continuous and flash photolysis
study. Photochem Photobiol. 1981; 33:7-13.

148.Al-MeshalA, Hassan MMA. Ascorbic acid. In:
Florey K(Ed.), Analytical Profiles of Drug
Substances, Vol. 11, Academic press, New York,
USA, 1982; pp. 45-78.

149.Verma KK, Jain A, Verma A, Chaurasia A.
Spectrometric determination of ascorbic acid in
pharmaceuticals by background correction and
flow injection. Analyst. 1991; 116:641-645.

150.Pelletier O. Ascorbic acid,In: Augustin J, Klein
P, Becker D, Venugopal PB (Eds.), Methods of
Vitamin Assay, Wiley, New York, USA, 1985,
pp. 304-307.

151.DaviesMB, Austin J, Partridg, DA. Vitamin C.
It's Chemistry and Biochemistry, The Royal
Society of Chemistry, Cambridge, UK, 1991,
pp. 36,117.

152.Rumsey SC, Levine M. Vitamin C, In: Song

-



Vol. 22, No. 1, January - June, 2019

WO, Beecher GR, Eitenmiller RR (Eds.), Modem
Analytical Methodologies in Fat- and Water-
soluble Vitamins, Wiley, New York, USA, 2000,
Chap.13.

153.Carstensen JT. Drug Stability Principles and
Practices, Marcel & Dekker, New York, USA,
1990; Chap. 2.

154.Finholt P, Paulssen RB, Higuchi T. Rate of
anaerobic degradation of ascorbic acid in aqueous
solution. J Pharm Sci. 1963; 52:948-954.

155.Garrett ER. 1967. Kinetics and mechanismsin
stability of drugs, In: Bean HS, Beckett AH,
Carless JE (Eds.), Advances in Pharmaceutical
Sciences, Vol. 2, Academic Press, London, UK,
1967; Chap. 1.

156.Rogers AR, Yacomeni JA. The effect of pH on
the aerobic degradation of ascorbic acid solutions.
J Pharm Pharmacol. 1971; 23:218S.

157.MouraT, Gaudy D, Jacob M, Cassanas G. pH
influence on the stability of ascorbic acid
Spray-drying solutions. Pharm ActaHelv. 1994,
69:77-80.

158.Racz |. Drug Formulation, Wiley, New York,
USA, 1989; pp. 121-122.

159.Fessenden RW, Verma NC. A time-resolved
electron spins resonance study of the oxidation
of ascorbic acid by hydroxyl radical. Biophys
J. 1978; 24:93-101.

160.0rlicky J, Gmucova K, Thurzo |, Pavlések J.
Monitoring of oxidation steps of ascorbic acid
redox reaction by Kkinetics-sensitive
voltcoulometry in unsupported and supported
aqueous solutions and real samples. Anal Sci.
2003; 19:505-500.

161.Fasman GD, Ed. Handbook of Biochemistry
and Molecular Biology, 3rd Ed., Physical
Chemical Data, Vol. 1, CRC Press, Ohio, USA,
1976; pp.122-130.

162.Sinko PJ. Chemical kinetics and stability. In:
Martin's Physical Pharmacy and Pharmaceutical
Sciences, 5th ed., Lippincott Williams & Wilkins,
Philadelphia, USA, 2006; pp. 413-416.

Bagai J. Health Sci.



