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Photolysis of cyanocobalamin in aqueous solution
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Abstract: Cyanocobalamin is photolysed in aqueous solution to produce hydroxocobalamin. The kinetics of photolysis
has been studied at pH 1-12 using a newly developed spectrophotometric method for the simultaneous determination of
the two compounds at 550 and 525 nm or 361 and 351 nm. Cyanocobalamin follows zero-order kinetics at the pH values
studied and the rate is catalysed by both hydrogen and hydroxyl ions. The log k~pH profile indicates that cyanocobalamin
has maximum stability near pH 7. The cationic species appears to be more susceptible to photolysis than the neutral form.

The rate constant for the reaction at pH 1 is 1.32 X 1077 mol 1! min™' compared with 0.050 x 1077 mol I”! min~

pH 7.
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Introduction

Cyanocobalamin (vitamin B;;) is a haemo-
poietic vitamin [1] and is extensively used in
the form of injectable preparations either
alone or as a component of vitamin B-complex.
Aqueous solutions of cyanocobalamin lose
microbial activity on exposure to light [2].
Decomposition is mainly caused by light of
short wavelengths [3]. The photochemical con-
version of cyanocobalamin to hydroxocobal-
amin (B;,,) takes place readily in acidic sol-
utions [4-6] and may be represented [7-9] as
follows:

Light
[Co* cN] B
Cyanocobalamin

{Co** OH] + CN~
Hydroxocobalamin

+
[Co* OH]
Hydroxocobalamin

[Co* OH,]" CIF
OH™; pK, = 7.8 Aquocobalamin

— Irreversible oxidation products.

In the photolysis process CN™ is expelled
with its full complement of electrons and is
replaced by a H,O molecule without any
change in the valency of the cobalt. This
reaction is probably initiated by the absorption
of light causing w—=* transition within the
corrin ring [10]. The quantum yield for the
photolysis of B,, is approximately 107% [11].

The light-induced conversion of B, has been
considered as a pH-dependent reaction [4];
however, there is a lack of information on the
effect of pH over a wide range on the rate of
photolysis.

One of the major problems in the study of
the photolysis of vitamin B, has been the non-
availability of specific assay procedures. The
official By, assay methods in the BP [12] and
USP [13] are based on the measurement of
absorbance at 361 nm and are thus incapable
of distinction between B> and B, in the raw
material and in degraded solutions. Multi-
component spectrophotometric methods have
been applied to the assay of B, in vitamin
mixtures [14], other vitamins [15, 16] and
degradation products [17-21]. Vitamin B,,, in
the presence of By, has been assayed by
various spectrophotometric methods [5, 7, 22—
24], which are time consuming and give only
approximate results. The use of 361 nm to
follow the kinetics of photolysis [11] may lead
to unreliable data due to interference from
Biap.

In the present work a two-component
spectrophotometric method has been devel-
oped for the simultaneous assay of B, and
Bs, in aqueous solutions. The method is
specific and reliable for photodegradation
studies and has been used to investigate the
effect of pH on the rate of photolysis of B;,
[25].
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Simultaneous spectrophotometric determi-
nations rest on the assumption that the sub-
stances concerned contribute additively to the
total absorbance at an analytical wavelength.
In the assay of a two-component system [26,
27], absorbance (A) measurements are made
at two suitably selected wavelengths, A, and \,
and if the light path remains constant, two
simultaneous equations may be written:

ANy = kY CL+ kY G (1)
A}\z = k}l\z C] + k}z\: C2, (2)

where k}' and k}' are the molar absorptivities
of components 1 and 2 at A;; k}* and k¥ are
the molar absorptivities of components 1 and 2
at \,; and C; and C, are the concentrations of
components 1 and 2. The equations are solved
to obtain the concentration of each com-
ponent

k3 Ay, — k3 Ay,

= 3
VTR - K kY 3
k;\l A)\ - I()l\2 A)\

G = 2 : 4

S O T “
Experimental

Materials
Cyanocobalamin and hydroxocobalamin

(Eur. P.) were obtained from Fluka (Switzer-
land) and their purity was confirmed by thin-
layer chromatography (TLC). All solvents and
reagents were analytical grade or of the purest
form available from BDH/Merck. The follow-
ing buffer systems were employed: potassium
chloride—hydrochloric acid, pH 1.0-2.0; citric
acid—disodium hydrogen phosphate, pH 2.5—
8.0; citric acid—disodium hydrogen phosphate—
boric acid, pH 8.5-12.0; the ionic strength was
0.05 M in each case.

Photolysis

A 7 X 107> M aqueous solution of cyano-
cobalamin (200 ml) was prepared at the re-
quired pH (1.0-12.0) and put into a 250-ml
Pyrex flask. The flask was placed in a radiation
chamber and irradiated with Philips HPLN
125 W high-pressure mercury-vapour fluor-
escent lamp (emission at 405, 436, 545 and
578 nm). The distance between the light source
and the centre of the flask was 30 cm. The
temperature of the solution during irradiation
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was maintained at 25 + 1°C. Sampies were
withdrawn at appropriate intervals for TLC
and spectrophotometric assay. Control sol-
utions wrapped in aluminium foil were placed
in the dark and assayed for cyanocobalamin
content at the end of photolysis.

Light intensity measurement

The intensity of the 125 W fluorescent lamp
was determined by potassium ferrioxalate
actinometry [28] as 1.14 £ 0.10 x 10" quanta
g !

Thin-layer chromatography

TLC of the photolysed solutions was carried
out on 250-pm silica gel GF,s4 plates using the
solvent systems: A, 1-butanol-acetic acid-
0.066 M potassium dihydrogen phosphate—
methanol (36:18:36:10, v/v/v/iv) [29]; and B,
methanol-water (95:5, v/v) [30]. The spots
were located visually (red colour) or under UV
light.

Spectral measurements

The UV and visible absorption spectra of
cyanocobalamin solutions during irradiation
were measured with a Shimadzu UV-240 re-
cording spectrophotometer using matched cells
of 10-mm pathlength.

Assay method

A 5-ml aliquot of the photolysed solution
was placed in a 10-ml volumetric flask, diluted
to volume with acetate buffer (pH 4.0) and the
absorbance measured at 361 and 351 nm or 550
and 525 nm. The concentrations of cyano-
cobalamin and hydroxocobalamin were deter-
mined by a two-component assay by solving
simultaneous equations (see Introduction).

The assay procedure was carried out in a
dark room under subdued light.

Results and Discussion

Assay of cyanocobalamin

Chromatographic examination of the photo-
lysed solutions of cyanocobalamin indicated
the presence of hydroxocobalamin as the only
photoproduct which is formed by the liberation
of cyanide ion and contains the corrin nucleus.
In solvent systems (A) and (B), B, and B,
have R; values of 0.46 and 0.26, and 0.42 and
0.05, respectively. The spectral characteristics
of By, in the UV and visible regions are
similar to those of B;; and, therefore, inter-
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ference in the BP assay of By, [12] may be
expected. This can be overcome by the use of a
specific method that accounts for the presence
of B, in degraded solutions.

A comparison of the absorption spectra of
By, and By, at pH 4.0 (or 7.0) (Fig. 1)
indicated that there is a sufficient distinction
between the absorption maxima of the two
compounds (i.e. 361 and 351 nm or 550 and
525 nm) for analytical purposes. These wave-
lengths could provide maximum specificity and
sensitivity to the proposed method and a two-
component mixture of By, and B;,, can be
conveniently assayed. The accuracy of the
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analysis depends in part upon the choice of the
two wavelengths. Factors influencing the
choice of wavelengths and methods of optimiz-
ing wavelength selection in a two-component
assay have been discussed in detail [31-33].
The molar absorptivities of B;, and Bjy,
determined at pH 4.0 (acetate buffer) are given
in Table 1, and the values are in agreement
with those previously reported [11, 12, 34-37].
The validity of Beer’s law for By, and By,
alone and in mixtures, was confirmed at the
analytical wavelengths. Statistical data for the
calibration curves are presented in Table 2.
The correlation coefficient values (r = 0.9999)

201

Absorbance

250 350

450 550 650
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Figure 1

Absorption spectra of cyanocobalamin (B2, 6.7 x 1075 M) and hydroxocobalamin (B,,, 6.0 X 1075 M) at pH 4.0

(acetate buffer).

Table 1

Molar absorptivities (M™' cm™' x 107%)* of cyanocobalamin and hydroxocobalamin at

pH 4.0 (acetate buffer)

Compound 351 nm 361 nm 525 nm 550 nm
Cyanocobalamin 17.3 28.0 7.6 8.7
Hydroxocobalamin 25.6 17.4 8.5 4.9

*Each value is a mean of three to five determinations.

Table 2

Calibration data for cyanocobalamin and hydroxocobalamin showing linear regression analysis*

Cyanocobalamin

Hydroxocobalamin

Amax (DM} 361
Concentration range (M X 10°) 1.0-5.0
Slope 28048.74
SE (=) of slope 2.039
Intercept 0.0051

Correlation coefficient (r) 0.9999

550 351 525
1.0-5.0 1.0-5.0 1.0-5.0
8663.96 25578.57 8463.45
1.408 2.147 1.602
0.00026 0.0047 0.00015
0.9999 0.9999 0.9999

* Values represent five determinations of each compound.
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indicate a good linear relationship over the
concentration range employed.

Since concentration level is not a serious
problem in the assay of B, in vitamin prep-
arations, either set of wavelengths could be
used to achieve reliable results with almost the
same degree of reproducibility. However,
sharp peaks exist at 361 nm (B;;) and 351 nm
(B2p) and there is a relatively small difference
(10 nm) between these two absorption
maxima. Moreover, the higher sensitivity at
those wavelengths to UV absorbing impurities
and interfering substances, including other
vitamins, and the relatively greater standard
error (SE) in measurements (Table 2) suggest
that 550 and 525 nm are preferable for the
analytical work.

The absorption spectra of By, and By, are
affected by pH fluctuations [6, 24] and, there-
fore, it is necessary to choose a pH value
appropriate for the assay of the mixture. B,y is
readily formed between pH 3.5 and 6.5 [5] and
the pure substance is assayed at about pH 4
according to the BP method [12]. Thus pH 4.0
(acetate buffer) was finally chosen for the two-
component assay and all photolysed solutions
were adjusted to this pH before absorption
measurements to minimize analytical errors.

In order to test the reproducibility of the
assay method, several synthetic mixtures con-
taining different proportions of By, and By,
were prepared and assayed for the two com-
ponents under the proposed conditions. The
results of By, and B ,, assay in mixtures at 550
and 525 nm over the concentration range 1-
5 X 107> M are given in Table 3. Judged from
the recovery of the two compounds, the repro-
ducibility of the method appears to be within
+3% indicating that the method is reliable for
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the assay of B;, as well as B, in vitamin
preparations or photolysed solutions. It is
specific, rapid and convenient for following the
kinetics of photolysis reactions. The method
applied to the assay of By, and By in
photolysed solutions produced an almost con-
stant molar balance, with time, with respect to
the initial concentration of cyanocobalamin,
indicating the validity of the analytical data.

Photolysis of cyanocobalamin

Aqueous solutions of B, exhibit absorption
maxima at 361 and 550 nm. Exposure of B,
solutions to light results in a decrease of
absorbance at both the absorption maxima. It
is accompanied by a gradual hypsochromic
shift and an ultimate increase in absorbance
near 351 and 525 nm, which correspond to the
absorption maxima of B, (Fig. 1). These
spectral changes include the appearance of
isosbestic points near 294, 326, 355, 449 and
533 nm, which confirm the presence of only
two absorbing species in the solution, i.e. By,
and By, as shown by the TLC results.

These spectral variations indicate the photo-
lytic transformation of the B, molecule to
B2, The magnitude of this change, depicted
by the degree of spectral variations, depends
upon factors such as pH and light intensity. A
typical set of absorption spectra determined for
the photolysis of B, at pH 1.0 is shown in Fig.
2. The spectrum of the photolysed solution
after irradiation for 6 h almost corresponds to
the absorption spectrum of By, under the
same conditions. At pH 4.5, variations in the
spectra indicate the relatively slow conversion
of B, to B,4,. The spectral change at pH 7.0 is
much slower and the loss in absorbance at

Table 3
Analyses of synthetic mixtures of cyanocobalamin and hydroxocobalamin®
Cyanocobalamin Hydroxocobalamin

Added Found Recovery RSD Added Found Recovery RSD
M x 10%) (M x 10%) (%) (%) (M x 10%) (M x 10%) (%) (%)
5.316 5.289 99.5 0.46 1.202 1.183 98.4 0.69
4.652 4.633 99.6 0.23 1.803 1.779 98.7 0.17
4.320 4.335 100.3 0.48 2.103 2.064 98.1 2.18
3.987 4.029 101.1 0.56 2.403 2.380 99.0 0.20
3.655 3.634 99.4 0.46 2.704 2.682 99.2 0.80
3.323 3.271 98.6 0.35 3.004 2.960 98.5 1.21
2.658 2.653 99.8 1.21 3.605 3.648 101.2 0.89
1.994 2.019 101.2 2.35 4.206 4.241 100.8 0.78
1.661 1.660 100.1 0.77 4.507 4.545 100.8 0.10
1.329 1.305 98.2 1.20 4.807 4.882 101.6 0.64

*Values expressed as a mean of three to five determinations.
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Figure 2

Spectral changes during the photolysis of 7 X 107> M cyanocobalamin at pH 1.0 (measurement at 1:1 dilution, pH 4.0

acetate buffer). Irradiation time: 0, 1, 2,3, 4, 5,6 h.

361 nm is about one-eighth that at pH 1.0 and
nearly half that at pH 4.5 for the same period.

In order to determine the rate of photolysis
at various pH values, the analytical data
obtained in terms of the molar concentrations
of By, were treated for compliance with zero-,
first- and second-order reactions. It was found
that the data are best fitted to zero-order

Concentration x105 M

1 1 s i

0 60 220 180 240 300 360 420

- 1

Time { minutes)

Figure 3

Zero-order plots for the photolysis of cyanocobalamin: pH
1.0 (O), pH 2.0 (@), pH 3.0 (O), pH 4.0 (W), pH 5.0 (A),
pH 6.0 (A).

kinetics, in agreement with the observations of
Vogler et al. [11] for the photolysis of B, in
aqueous solution. The concentration versus
time graphs for some typical reactions are
shown in Fig. 3, and the zero-order rate
constants are reported in Table 4. The mag-
nitude of the standard error of rate constants
indicates the reliability of the kinetic data. The
control solutions stored in the dark showed
negligible change in B,, content.

Effect of pH on photolysis
The photolysis of B, was carried out in the
pH range 1.0-12.0 using buffered solutions of

Table 4
Zero-order rate constants for the photolysis of cyano-
cobalamin at pH 1.0-12.0

k x 107* k x 107
pH (mol 17" min™") pH (mol I”! min™")
1.0 1.316 * 0.00567 5.75 0.100 £ 0.00139
1.5 1.193 * 0.00446 6.0 0.071 + 0.00134
2.0 1.093 + 0.00620 6.5 0.055 + 0.00116
2.5 1.017 % 0.00357 7.0 0.050 + 0.00109
3.0 0.946 + 0.00703 7.5 0.044 + 0.00114
35 0.884 * 0.00765 8.0 0.042 + 0.00107
3.75 0.833 £ 0.00695 8.5 0.039 + 0.00102
4.0 0.775 £ 0.00581 9.0 0.048 + 0.00121
4.25 0.697 £ 0.00561 9.5 0.063 + 0.00137
4.5 0.550 + 0.00556 10.0 0.073 + 0.00123
4.75 0.395 + 0.00484 10.5 0.104 + 0.00153
5.0 0.299 + 0.00414 11.0 0.131 + 0.00176
5.25 0.229 + 0.00338 11.5 0.205 £ 0.00285
5.5 0.158 * 0.00212 12.0 0.338 + 0.00421

*Mean + SE, n = 3-4.
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Figure 4
Log k-pH profile for the photolysis of cyanocobalamin.

constant ionic strength (0.05 M) to minimize
any salt effects. The log k—pH profile (Fig. 4)
indicates a slow change in rate at pH 1-4
followed by a fast decrease in the pH range
4.5-6.5, an almost constant rate in the region
6.5-8.5 and a gradual increase from pH 9 to 12.
Thus the rate of photolysis appears to be
catalysed by both hydrogen and hydroxyl ions.

B, is a polyacidic base with six weakly basic
amide groups and a pK, of 3.3 [38]. In the acid
region the molecule exists as a cation. It is
evident from the ionization behaviour of By,
(i.e. the 5,6-dimethylbenzimidazole moiety)
that the molecule exists 99.5% in the proton-
ated form at pH 1.0 and 99.9% in the neutral
form at pH 7.0. The values of the zero-order
rate constants follow the same order and
decrease from 1.32 X 107" mol 1" min~' at pH
1.0 to 0.050 X 1077 mol 1! min™! at pH 7.0.
Thus, the ionized species of By, appears to be
more susceptible to photoactivation than the
non-ionized species. The rate of reaction is
almost independent of pH over the range 6-9,
at which Bj, exhibits maximum stability.
Above pH 9 an increase in the rate of
photolysis may result from a contribution due
to the hydrolysis of amide groups [39]. The
major deactivating reaction of B, under basic
conditions is the cyclization of the c-acetamide
function to give a fused lactam on ring B [8,
40]. Amide cyclization and amide hydrolysis in
acidic and basic media also contribute to the
overall stability of By, solutions. The effect of

pH on the heat-catalysed degradation of B,
has been reported [41] and cyanocobalamin
appears to be stabilized by phosphate ions in
the pH range 3-7.

The present study is in agreement with the
observations of Veer et al. [4] that a pH lower
than 6 favours the photodegradation of By, to
B2, and that the destruction of B;, at pH 4.0
on light exposure is much greater than that at
pH 6.9 [S]. The official requirements for the
pH of B, injections are between 3.8 and 5.5
[12] and 4.5-7.0 [13]. Since By, is highly sensi-
tive to light in the pH region lower than 6 (Fig.
4), it is advisable to formulate the injections at
pH 6-7 to improve the photostability of cyano-
cobalamin and to preserve its activity.

Acknowledgement — The authors wish to express their
sincere thanks to Dr A.K. Davies of the Department of
Chemistry and Applied Chemistry, University of Salford,
Salford M5 4WT, UK for helpful suggestions.

References

[1] A.C. Moffat, J.V. Jackson, M.S. Moss and B.
Widdop (Eds), Clarke’s Isolation and Identification of
Drugs, 2nd edn, p. 496. Pharmaceutical Press,
London (1986).

[2] T.J. Macek, Am. J. Pharm. 132, 433-455 (1960).

[3] L.J. DeMerre and S. Wilson, J. Am. Pharm. Assoc.,
Sci. Ed. 45, 129-134 (1956).

[4] W.L.C. Veer, J.H. Edethausen, H.G. Wijmenga and
J. Lens, Biochim. Biophys. Acta 6, 225-228 (1950).

[5] N. Baxter, J. Horsford, F. Wokes, F.W. Norris and
S.J.G. Fernandes, J. Pharm. Pharmacol. 5, 723-736
(1953).

[6] J. Bayer, Pharmazie 19, 602-605 (1964).



PHOTOLYSIS OF CYANOCOBALAMIN

[7] E.L. Smith, J.L. Martin, R.J. Gregory and W.H.C.
Shaw, Analyst 87, 183-186 (1962).

[8] K.A. Connors, G.L. Amidon and V.J. Stella, Chem-
ical Stability of Pharmaceuticals, 2nd edn, pp. 377-
384. Wiley, New York (1986).

[9] G.C. Hayward, H.A.O. Hill, J.M. Pratt, N.J.
Vanston and R.J.P. Williams, J. Chem. Soc. 6485—
6493 (1965).

[10] J.M. Pratt, Inorganic Chemistry of Vitamin B,,, p.
258. Academic Press, New York (1972).

[11] A. Vogler, R. Hirschmann, H. Otto and H. Kunkely,
Ber. Bunsenges. Physik. Chem. 80, 420-424 (1976).

[12] British Pharmacopoeia, p. 163. Her Majesty’s
Stationery Office, London (1988).

[13} The United States Pharmacopeia 22nd rev., p. 363.
United States Pharmacopeial Convention, Inc.,
Rockville, MD (1990).

[14] G. Machek and F. Lorenz, Sci. Pharm. 31, 17-26
(1963).

[15] G. Machek and F. Lorenz, Sci. Pharm. 30, 25-37
(1962).

[16] G. Machek and F. Lorenz, Sci. Pharm. 32, 185-201
(1964).

[17] 1. Ahmad, A.E. Beg and S.M.S. Zoha, J. Sci. Univ.
Kar. 2, 84-91 (1973).

[18] I. Ahmad, H.D.C. Rapson, P.F. Heelis and G.O.
Phillips, J. Org. Chem. 45, 731-733 (1980).

{19] P.F. Heelis, G.O. Phillips, I. Ahmad and H.D.C.
Rapson, Photobiochem. Photobiophys. 1, 125-130
(1980).

[20] 1. Ahmad and H.D.C. Rapson, J. Pharm. Biomed.
Anal. 8, 217-223 (1990).

[21] I. Ahmad and Q. Fasihullah, Pak. J. Pharm. Sci. 4,
21-26 (1991).

[22] J.G. Heathcote and P.J. Duff, Analyst 79, 727-731
(1954).

[23] P. Dewitt and S. Muck, Boll. Chim. Farm. 112, 422—
426 (1973).

[24] P. Horvarth and G. Szepesi, Acta Pharm. Hung. 48,
199-203 (1978).

[25] W. Hussain, M. Pharm. Thesis, University of
Karachi, Karachi (1987).

[26] A.F. Fell, in Clarke’s Isolation and ldentification of

15

Drugs, 2nd edn (A.C. Moffat, J.V. Jackson, M.S.
Moss and B. Widdop, Eds), p. 228. Pharmaceutical
Press, London (1986).

[27} H.H. Willard, L.L. Merritt Jr, J.A. Dean and F.A.
Settle Jr, Instrumental Methods of Analysis, 6th edn,
pp- 77-78. D. Van Nostrand Co., New York (1981).

[28] C.G. Hatchard and C.A. Parker, Proc. Roy. Soc.
(Lond.) A235, 518-536 (1956).

[29] L. Cima and R. Mantovan, Farmaco (Pavia), Ed.
Prat. 17, 473-481 (1962).

[30] M. Covello and O. Schettino, Farmaco (Pavia), Ed.
Prat. 19, 38-51 (1964).

[31] A.L. Glenn, J. Pharm. Pharmac. 12, 595-608 (1960).

[32] E.I. Stearns, The Practice of Absorption Spectro-
photometry, pp. 131-135. Wiley-Interscience, New
York (1969).

[33] A. Knowles and C. Burgess (Eds), Practical
Absorption Spectrometry, pp. 167-168. Chapman and
Hall, London (1984).

[34] H.A. Barker, R.D. Smyth, H. Weissbach, A. Munch-
Petersen, J.I. Toohey, J.N. Ladd, B.E. Volcani and
R.M. Wilson, J. Biol. Chem. 235, 181-190 (1960}).

[35] P. George, D.H. Irvine and S.C. Glauser, Ann. New
York Acad. Sci. 88, 393-415 (1960).

[36] J.A. Hill, J.M. Pratt and R.J.P. Williams, J. Chem.
Soc. 5149-5153 (1964).

[37] W. Friedrich, in Biochemisches Taschenbuch, 2nd
edn (H.M. Rauen, Ed.), p. 708. Springer, Berlin
(1964).

[38] J.A. Hill, J.]M. Pratt and R.J.P. Williams, J. Theor.
Biol. 3, 423-445 (1962).

[39] R.M.C. Dawson, D.C. Elliott, W.H. Elliott and
K.M. Jones (Eds), Data for Biochemical Research,
3rd edn, p. 120. Clarendon Press, Oxford (1986).

[40} J. Kirschbaum, in Analytical Profiles of Drug Sub-
stances (K. Florey, Ed.), Vol. 10, pp. 183-288.
Academic Press, New York (1981) (and references
cited therein).

[41] H.W. Loy, J.F. Haggerty and O.L. Kline, J. Assoc.
Off. Agr. Chemists 35, 169-174 (1952).

[Received for review 22 March 1991;
revised manuscript received 20 September 1991]



