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Determination of vitamin BIZ in pharmaceutical preparations 
by electrothermal atomic absorption spectrometry 

MARINA IVANO VSKA A meth od for the determinat ion of cyanocobalamine (vi
TR AJCE STAFILOV' tamin B12) in diffe ren t pharmaceu tical preparations by
KlRO STOJANQSKI 

electrotherm al atomic absorption spec trometry, is p ro
posed. The sa mples to be analyzed we re dissolved eitherInstitute of Chemistry 
in distilled wa ter in ultrasonic ba th or wi th acidificati on FaCIlity of Science 
by hyd rochloric acid : From the obtained result s of cobalt University »51. Kiril and Metodij« 
concen tra tion, the amo un t of vitami n B 12 was calcula ted . POB 162, 91001 Skopje, Macedonia 
The proced ure was ve rified by a me thod of s tand ard ad
ditions and by comparing wi th a rIP Le technique. The 
precision of the me thod, as a relative sta ndard deviati on , 
was in the rilnge from 3 to 5.5%. The de tection limit for 
cobalt in the pharmaceutical p rep arati on, calculated as 
3crof the blank, was 0.001 lJ.g g-l (i.e. 0.025 lJ.g g-l of vita
min B121 . 
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Vitamin 812, cyanocobalamine (C63HssCoN 140 14P), p lays an important ro le in hu
man metabolism. Different types of pha rmaceuticals are of interest as preparations su it
able for the preven tion and trea tment of vitamin 812 deficiency. 

Th e cya nocoba lamine has been assayed by di fferent physico-chemical (1- 19) and 
biological (20-22) methods. It has been usually determined by sp ectro met ric (1-11), chro
m at ograp hi c (12- 19) or microbiological (20- 22) p roce dures. The m icrobiological method 
is very sensit ive. However, it requires highly diluted solution wh ich cons iderably re
duces th e accuracy. 

Several methods have been reported for the determination of vi tam in 812 by flame 
atomic absorp tio n spectrometry (4-9) or elec tro the rmal atomic absorp tio n spectrom etry 
(10-11 ). Th e app lication of th e a tomic absorp tion spectrometry is based on the ind irec t 
measurement of th e vitamin th rough determin ation of coba lt. Flam e AAS has been ap
p lied in th e samples in which the conten t of vitamin 812 is re la tively hi gh . Diaz (6) used 
p re-mix air acetyl ene flam e atomic abs orp tion sp ectrom et ry in the determinati on of 812
Moudrou and 8res (5) carried out th e analysis of vitamin 812 by previous mineralization 
of the pharmaceutical tablets with su lfuric acid. They found that th e presence of NaCl, 
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Na2S0 4/ NaCH3COO or calcium gluconate decreases th e absorbance of cobalt. The re
fore/ they carried out the analysis in the presence of isobuty lic acid for increasing the 
sensiti vity. For the same reason / Suzuki et at. (8) ad ded 75% of satur ated oxine solution 
for the vitamin B12 assay in some cobalt containing proteins. 

The electrothermal atomic absorption sp ectrometry has been used for the determi
nation of low concentrations of vitamin B12 in pharmaceutical and vitamin preparations 
(10/ 11). The method of Peck et at. (10) involves the use of flam eless atom ic absorption 
spec trometry. He also op timized the parameters which may affect the precision an d ac
curacy for coba lt. With this technique / a calib ration graph was obtained using aqueous 
standa rds of coba lt salt. Recently/ a new method was reported by Akatsuka and Atsuya 
(11) for analysis of vitamin BI2 as cobalt in pharmaceutical samp les with solid sampling 
techn ique by electro thermal atomic absor p tion spec trome try. 

In this work we sugg es t a modification of the Peck 's method (10) for the determi
nation of vitami n B12 as coba lt by electrothe rma l atomic abso rption sp ectrometry. This 
modification includes a simple sample preparation / application of vitamin B12 standards 
for calibration and improved ins trum ental parameters and technique. The method is 
ve rified by stan dard addition s method and by comparing wi th a HPLC techn ique (18/ 
19/ 25). By this metho d/ ve ry low concentra tions of vitamin B12 in d ifferent pha rmac eu
tical and vitamin preparation s can be determined . 

EXPERIM ENTAL 

Instrumentation 

A Perkin-Elmer Model 703 and Model 1100B atomic abs orpti on spectrophotometers 
equipped with a deuterium ba ckground corrector/ HGA-400 an d HGA-700 graphi te fur
naces. A cobalt ho llow cathode lam p was used as a source and backgroun d correction 
was applied thr ou gh the cour se of analys is. Pyro lytically coa ted graphite tubes w ith 
pl atforms we re used . Operat ion conditions for coba lt determinat ion were established by 
exten sive testing and they are given in Table I. 

A Perkin-Elmer high performance liquid chromatograph Model 250 wi th binary 
pump/ LC-235 dio de array detector and Vyd ac pha rma ceu tical column (C18) were used. 
The samples were int rod uced in the column by sample loop injecto r with an effective 
vo lume of 20 ul. , The Omega software pa ckage V2.50 was used for data handling and 
sto rage. Th e operation condi tion s and the program for the .H.PLC determination of vi
tam in BI2 are given elsewhere (18/ 19/25). 

Reagents and samples 

All reag ents we re of an alytical grade. Stock solu tion of vitamin B12 was prepared 
by dissolving the approp ria te amount of crystalline vit amin BI2J p.a. (E. Merck/ 
Darmstadt, German y). The conc entration of vitamin BI2 was 0.1 g L-l, correspon ding to 
a cobalt concentration of 0.004 g L-I , and from th is solution othe r diluted solut ions were 
prepared. 
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Table I. lnslrumentnl parameters for cobalt determination by 
electrothermal atomic absorptio1l spectrometry 

Wavelen gth (nm) 240.7 
Spectral band pass (nm) 0.2 
Lamp current (rnA) 20 
Calibration mode absorbance, peak heigh t 
Background correction deuteri um arc lamp 

Gra phi te furnace 

Dry 

Temperature (0C) 120 
Time (s) 20 
Ramp time (s) . 10 

Char 

Temperature (0C) 1300 
Time (s) 20 
Ram p time (s) 15 

Atomize 

Temperat ure (0C) 2600 
Time (s) 5 
Ramp time (s) 0 

Cleaning 

Temperature (0C) 2650 
Time (s) 5 
Ram p time (s) 1 

Gas argon 

Th e invest igat ed samples are from di fferent pharmaceutical companies: Krka (Novo 
Mesto, Slovenia), Galenika (Belgrade, Yugoslavia) , Alkal oid (Skopje, Macedonia) an d Vi
taminka (Prilep, Macedonia) . 

Procedures 

Dep endin g on the vi tamin B12 concentr ation in the corresp onding pha rmaceu tical 
samples (tablets, injections, powde r), different amo unts were taken for an alysis. In the 
analysis of tablets, two tablets of each type w ere dissolved in 2 mL od di still ed water 
in an ult rasonic bath and the solutions were centrifuge d . The samples can be dis solve d 
in 2 mL HCl solution (1 mol L-1) as well. The solutions were then filter ed and us ed for 

. ana lysis. Th e am ount of powder samples for analysis was 5 to 10 g and they were 
treated in a similar way like the tabl ets using 5 mL of the solvent. The sto ck solution of 
Bn (0.1 g L-1) wa s prepared by disso lving crys talline vi tami n B12 (Merck) in d istill ed 
wa te r and the standard solu tions we re then prep ared from it. These solutions (20 ~L) 

were applied in th e graphite tube (AAS) and in the sample loop (HP LC). 
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RESULTS AND DISCUSSION 

Vitamin B12 is presen t in di fferen t pharmaceutical and vita min preparations, so lid 
(tab lets, powder) or liqui d (injections) . Its concentration can be very low : below 1 ~g pe r 
tabl et or below 1 J1.g in a 10 g of multivi tamin powder sa mpl e. It has been found that 
vitamin 812 in the ana lyzed pharmaceutical preparati ons can be completely d issolved in 
dis tilled wa ter usin g ult rason ic ba th . Na mely, the und isso lved so lid was analyzed and 
no traces of coba lt were fou nd . 

The op timal cha rring temp era tu re was fou nd by extensive testing; loss of coba lt was 
not observe d in this step (Fig. 1). The charring temperat ure applied by Peck (10) was 
m uch lower than the one we used and those given in the literature (20). 

0.06,-------- - ------- - ------, 

0.05 

A 0.0 4 

0.03 

002 L-___'_____---'-_ _ ___'________'~__~L_

600 800 1000 1200 1400 1600 Fig. 1. Determination of optimal 
T/· C charr ing temp erature. 

Usually, in pharm aceut ical or vi tamin preparations wi th vita min B12, calcium pan
tot enate is added both as vi tamin and as a stabilizing comp onent for vi ta min B}2- Be
cause of that, the possible influence of calcium pantotenate on the cobalt determination 
was investig ated. Series of solut ions wi th same con centration of coba lt and different con
centrations of calcium pantotenate were prepared . It was found that , even w hen calcium 
pa ntotena te is p resent in very high concentrations (up to 50 mg per tab let) its interfer
ence effect is practica lly negligible (no changes in cobalt absorbance were noticed). 

To ver ify th is procedure, vi tamin 812 was de termined in several pharmaceuti cal 
(table ts) and vi tamin preparations . Some of the samp les were prepa red with standard 
add ition s of vi tamin B12 an d treated in the same manner. The results of the determina
tion of vi tamin 812 (as cobalt) are given in Tables II and III. It can be seen that the res ults 
obtained by the standard addition method are satisfactory (recovery from 95.49 to 103.3 %). 

The determination of v itamin B12 in som e pharmaceutical preparati ons was also 
performed using the HPLC technique (18,19,25). The results obtained with both th e 
AAS and HPLC technique are in good agreement and they are given in Table IV together 
w ith the relative deviation of the HPLC results to the AAS results. 
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Table II. Con ten t of B12 in pharmnceutical sampl es (tablets) obtain ed by 
standard addition method determi ned by ETAA S 

Prep arat ion Content of B12 (ug) per tablet Recover y 
sample No. Added calculated fou nd (%) 

B-complex tablets - Krka 

1 2.18 
2 0.5 2.62 2.66 99.2 
3 1.0 3.18 3.19 100.3 
4 2.0 4.18 4.24 101.4 

B-complex tablets - BEVIPLEX - Calenik a 

1 1.02 
2 2.97 3.99 3.81 95.5 
3 5.95 6.97 6.92 99.3 

Table Ill . Concen lration of B 12 in pharmaceu tical samp les obtained by standard 
addi tion met hod determined btl ETAAS 

Pre para tion Con centra tion of Bl2 (/lg g-l) Recove ry 
sample No . Added calculated found (%) 

Multivitamin prepara tion - DUOVlT - Krka 

1 
2 
3 

0.1 
0.2 

0.225 
0.325 

0.125 
0.224 
0.324 

99.5 
99.7 

Mul tivitamin prepara tion - MAKROVIT - Krka 

1 
2 
3 
4 

0.10 
0.20 
0.30 

0.195 
0.295 
0.395 

0.095 
0.188 
0.290 
0.408 

96.4 
98.3 

103.3 

Multivitamin preparation - CEVITANA Orange - Vitarninka, PriIep 

1 Q~ 

2 Qlli Q~ Q~ 101.3 
3 0.297 0.359 0.352 98.1 
4 0.595 0.657 0.669 101.8 

Multivitamin preparation - CEVITANA Lemon - Vitarninka, Prilep 

1 QlO 
2 0.149 0.259 0.255 98.7 
3 0.295 0.395 0.386 97.7 
4 0.595 0.695 0.680 97.8 

A calibration curve wa s constructe d in th e range of 0-20 ng cobalt or 0-500 ng vi
tam in B12 and was found to be linear over thi s range. It is importan t to note that the 
calibration curve should be made using the absorban ce va lue from the de termination of 
cobalt from the solutions of vitamin Bu not from th e cobalt sa lts so lution . Na me ly, it 
was found that the absorba nce of cobalt is higher if th e sol ution is prepared from vita
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Table l\f. AAS and HPLC resu lts of determination of vitamin B12 

Pharmaceutical A (AAS) B (HPLC) B-A . 100 
preparation IJ.g per tablet IJ.g per table t A 

MAKROVIT 1.091 1.104 1.19
 
DUOV IT 1.038 1.051 1.25
 

min E12. This can be expl ain ed by the effect of the presence of compoun ds w ith high 
carbon content on absorbance (23, 24). 

The s tandard de viat ion (c) for 1 ng of cobalt is 0.05. A relative s tanda rd d eviat ion 
for th is method is from 3.5 to 5.0% (11 = 9). Th e detection limi t for cobalt in the pha rma
ceutical preparati ons, calculat ed as 2cr of the blank, is 0.001 I-lg g-l. This corresp onds to 
0.025 I-lg g-l of vitamin Bn 
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SAZE T AK 

Odredivanje vitamina B12 u farmaceutskim pripravcima elektrotermickom 
atomsko-apsorpci jsk om spektrometri jom 

MARIN A IVANOVSKA, TRAJCE STAFfLOV i KIRO STOJAJ'JOSKI 

Predlozena je metoda od redivanja cijanokobalamina (vitamina BIZ) u razlicitim far
maceutskim pripravc ima elektro terrnickom atomsko-apsorpcijsko m spektrome trijom . 
Uzor ci se otope u destiliranoj vo di Hi klorovodicnoj kiselini i sadrzaj vit amina Bl2 se 
izracuna iz izmjerenih koncentracija kob alta. Relativna standa rdna devijacija odre
divanja jest 3 do 5.5%, a granica de tekcije kobalta jest 0.001 Ilg g- 1 (tj. 0.025 Ilg g- 1 vi
tamina Bl2). 
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