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QQuuaannttiittaattiivvee ddeetteerrmmiinnaattiioonn ooff ddiissuullffiirraamm--ccoonnttaaiinniinngg pphhaarrmmaa--
cceeuuttiiccaallss bbyy IIRR ssppeeccttrroossccooppyy aanndd hhiigghh pprreessssuurree lliiqquuiidd cchhrroommaa--

ttooggrraapphhyy mmeetthhooddss
SSuummmmaarryy :: In this study, Infrared (IR) spectroscopic and high
pressure liquid chromatographic (HPLC) methods are described
for quantitative determination of disulfiram (DSF) in solid dosa-
ge form. IR spectroscopic method (KBr disc technique) was used
and dehydrocholic acid (DHCA) as internal standard. The spe-
cific absorption bands at 914 and 1705 cm-1 were chosen for
DSF and DHCA respectively. Beer’s Law was obeyed in the con-
centration range of 0.4-1.2% w/w in KBr. At 914 cm-1, regres-
sion equation was found  to be  y=0.2267x + 0.1287
(r=0.9976)
In HPLC method, DSF and Mefrusid (MFD) (internal standard)
were separated by isocratic system in that mobile phase consis-
ted of  methanol-phosphate buffer (pH=3±0.1) (80:20 v/v).
Flow-rate was 0.7 ml.min-1  and Luna  5 µ.C18 (250 x 4.6 mm)
was used as stationary phase. Linear concentration was obta-
ined as 1-4 mcg. mL-1. The regression equation was found to be
y= 5.1504x - 0.272 (r= 0.9989)
KKeeyywwoorrddss:: Disulfiram, IR, HPLC, quantitative determina-

tion.
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DDiissuullffiirraamm iiççeerreenn iillaaççllaarrddaa IIRR ssppeekkttrroosskkooppiissii vvee yyüükksseekk bbaass››nnççll››
ss››vv›› kkrroommoottooggrraaffiissii yyöönntteemmii iillee nniicceell ççaall››flflmmaallaarr

ÖÖzzeett:: : Bu çal›flmada IR spektroskopisi ve yüksek bas›nçl› s›v› kro-
motografisi yöntemi ile disulfiram (DSF) içeren kat› dozaj formla-
r›nda nicel çal›flmalar yap›lm›flt›r. IR spektroskopisi yönteminde KBr
tablet tekni¤i kullan›lm›fl, internal standart olarak dehidrokolik asit
(DHKA) seçilmifltir. Seçilen spesifik absorbsiyon pikleri DSF ve
DHKA için s›ras› ile 914 ve 1705 cm-1 dir. Beer yasas›na göre li-
near konsantrasyon aral›¤› KBr içinde %0.4-1.3 a/a d›r. 914 cm-
1 de DSF için saptanan regresyon denklemi y=0.2267x + 0.1287
(r=0.9976) d›r.
Yüksek bas›nçl› s›v› kromatografisinde DSF ve Mefrusid (MFD) (in-
ternal standart) Luna 5 µ.C18 (250 x 4,6 mm) kolon sistemi ve me-
tanol-fosfat tamponu (80:20 h/h) (pH=3±0.1) sistemi kullan›la-
rak ayr›lm›fllard›r. Ölçümler 0.7 ml ak›fl h›z›nda gerçeklefltirilmifltir.
Linear konsantrasyon aral›¤› 1-4 mcg. mL-1 olup elde edilen reg-
resyon denklemi y= 5.1504x – 0.272 (r= 0.9989) d›r
AAnnaahhttaarr kkeelliimmeelleerr:: Disülfiram, IR, YBSK, Kantitatif analiz.

IINNTTRROODDUUCCTTIIOONN

Disulfiram (DSF) (tetraethyl thiuram disulfide) is
used in the treatment of chronic alcoholism. 

DSF produces a sensitivity to alcohol which results
in a highly unpleasant reaction when the patient
under treatment ingests even small amounts of alco-
hol DSF blocks the oxidation of alcohol at the
acetaldehyde stage. During alcohol metabolism fol-
lowing DSF intake, the concentration of acetalde-
hyde occurring in the blood may be 5 to 10 times

higher than that found during metabolism of the
same amount of alcohol alone1,2.

In previous studies, thin-layer chromatography

(TLC)3, volumetric titration)4, potentiometry)5, spec-

trophotometry)6,7, atomic absorption spectropho-
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tometry)8, mass spectrophotometry)9, high perfor-

mance liquid choromatography10-15 and gas-liquid

chromatography16 were reported for quantitative

determination of DSF in body fluids and pharma-

ceutical dosage forms.

Infrared (IR) spectroscopic method for the determi-

nation of DSF in solid dosage form is suggested for

the first time in this paper. The objective of this

study was to develop methods for the quantification

of DSF-containing dosage form.

MMAATTEERRIIAALLSS AANNDD MMEETTHHOODDSS

MMaatteerriiaallss

AAppppaarraattuuss

- IR Spectrophotometer, Bruker Vector 22. IR (Opus

Spectroscopy Software, Version-2) 

- HPLC System consisted of Hewlett-Packard Co.

Ltd. 1050 series delivery pump system equipped

with 1050 UV-VIS detector. Peak areas were inte-

grated automatically by a 3396  multimode integra-

tor.

RReeaaggeenntt aanndd SSoolluuttiioonnss

Disulfiram was generously supplied by Nobel ‹laç

Sanayi, ‹stanbul-Turkey. Mefrusid (MFD, internal

standard for HPLC) was provided by Bayer ‹laç

Sanayi, ‹stanbul-Turkey. Potassium bromide (IR

spectroscopy grade) and dehydrocholic acid

(DHCA, internal standard for IR) were obtained

from Sigma Chemical Co., U.S.A. Methanol and

water for gradient grade HPLC were purchased

from Merck Co., Germany. Antabus tabletsR (Batch

No: 1M003, produced by Nobel ‹laç Sanayi, ‹stan-

bul-Turkey containing 500 mg DSF) were purchased

from local pharmacies in Ankara-Turkey.

MMeetthhooddss

IIRR SSppeeccttrroopphhoottoommeettrriicc MMeetthhoodd

KKBBrr DDiisscc TTeecchhnniiqquuee

SSttoocckk SSoolluuttiioonnss

The stock solution of DSF (2 mg.mL-1) and the stock
solution DHCA (1 mg.mL-1) were prepared in chlo-
roform. These solutions were stable for a week at
4°C.

CCaalliibbrraattiioonn PPrroocceedduurree

1 - 1 - 2 - 2.5 - 2.5 ml of solution DSF and 1.5 - 1 - 1.5
- 2 - 1.5 ml of solution  DHCA were drawn and
poured into a 500 mg KBr powder and were
weighed with a precision of 0.1 mg in porcelain
dishes separately. In this way a series of synthetic
standard   mixtures   of    DSF   and   DHCA- (2-
1.5mg),   (2-1mg),   (4-1.5mg),  (5-2mg), (5-1.5mg)-
were quantitatively transferred in dishes separately.
Chloroform was evaporated under the nitrogen gas.
The remaining dry powder was mixed through with
agat pestle, and homogeneous fine powder was
obtained. After this form for each mixture approxi-
mately 125 mg of discs were prepared and
employed for quantitative measurement. For this
purpose absorption bands at 914 cm-1 for DSF and
1705 cm-1 for DHCA were used.

PPrreeppaarraattiioonn ooff SSaammpplleess

Ten tablets were weighed and powdered in a mor-
tar. An accurately weighed portion of the powder
equivalent to about 100 mg DSF was transferred to a
volumetric flask and then 35 ml was extracted with
chloroform for 15 min. The extract was filtered into
a 50 ml volumetric flask and 50 mg DHCA was
added and adjusted to 50 ml with chloroform. 2 ml
of this solution was transferred on 500 mg accurate-
ly weighed KBr in porcelain dish. The remaining
part of the procedure was continued as in KBr disc
technique.
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HHPPLLCC MMeetthhoodd

SSttoocckk SSoolluuttiioonnss

The stock solutions of DSF (0.015mg.mL-1) and

Mefrusid (MFD) Internal St. 0.1mg.mL-1 were pre-

pared in methanol. These  solutions  were  stable  for

a  week  at 4ºC.

CChhrroommaattooggrraapphhiicc CCoonnddiittiioonn

Chromatographic separation was carried out on

Luna 5 µ.C18.(250x4.6 mm) column. DSF and DHCA

were separated by gradient system with mobile

phase consisting of phosphate buffer*-methanol

(20:80 v/v); the phosphate buffer was adjusted to

pH=3±0.1 with o-phosphoric acid.

The mobile phase was prepared daily and filtered

through an Alltech 47 mm, 0.45 mm membrane and

degassed for 15 mins in an ultrasonic bath before

use. The flow-rate was 0.7 ml.min-1 and the detector

was set at 275 nm. The injection volumes were 20 µL.

All assays were performed at ambient temperature.

CCaalliibbrraattiioonn PPrroocceedduurree

Standard solutions of DSF were contained    within

concentration    range (1.5-4.5 mcg.mL-1); internal

standard (MFD) concentration was fixed at 10

mcg.mL-1 for every mixture. All appropriate dilu-

tions were prepared with methanol. 20 µL volume of

each synthetic sample was injected and all applica-

tions were repeated three times. The peak height

ratios of active substances to internal standard were

plotted against the corresponding concentration of

DSF.

PPrreeppaarraattiioonn ooff SSaammpplleess

Ten tablets were weighed and powdered. A portion

of the powder equivalent to about 50 mg DSF was

weighed accurately, transferred into a 50 mL volu-

metric flask and stirred with 40 ml methanol on a

magnetic stirrer for 20 mins. The solution was fil-

tered and diluted with methanol. 1.5 ml of this solu-

tion was taken into a 50 ml volumetric flask and

adjusted with methanol (ml. 30 mcg.mL-1) 2 ml of

this solution and 2.5 ml internal standard solution

(250 mcg.mL-1) were taken into a 25 ml volumetric

flask and diluted with methanol. 20 µL of the sam-

ple solution was injected into a column.

RREESSUULLTTSS AANNDD DDIISSCCUUSSSSIIOONN 

IR spectroscopy is an analytical method used most-

ly for the structural elucidation and purity control of

newly synthesized compounds and chemical sub-

stances. Less frequently it is used for the quantita-

tive determination of drugs17-22.

In this study, disc technique was used and absorp-

tion bands at 914 and 1705 cm-1 were chosen for DSF

and DHCA, respectively. Specific absorption bands

at 1705 cm-1 and 914 cm-1 were described as car-

bonyl of keton and -HC=N- groups respectively23.

Internal standard was used in order to eliminate

some unforeseen defaults that  originated from the

application of the method. For this purpose, DHCA

was especially chosen as the internal standard with

the absorption band at 1705 cm-1 where no absorp-

tion is available for DSF. On the other hand the inter-

nal standard has no absorption band at 914 cm-1

where DSF has absorption.

FABAD J. Pharm. Sci., 28, 193-200, 2003

* Dissolve 68g monobasic potassium phosphate in 1000 mL of water.



Figure 2. IR spectrum of DSF and DHCA in KBr

Figure 3. IR spectrum of commercial tablet (AntabusR)

containing DHCA in KBr

In IR spectroscopy, the linear concentration range
was obtained at 0.8-2% w/w in KBr, a very narrow
range. Because in this study more attention had to
be paid to keep constant PB and P0 points between
80-20 % as transmittance values which were used for
DSF and DHCA. Especially when the P0 point is
under 20% transmittance, any small error for the
determination of this point significantly affects  the
results.

In this study, the sensitive addition of DSF and
DHCA with their low concentration of KBr was real-
ized as follows: stock solutions of DSF and the inter-
nal standard were prepared in chloroform, and
exact volumes of these solutions were transferred to
a porcelain dish under the nitrogen gas.

Quantitative determination is based on the concen-
tration-absorption relationship of Beer’s Law. PB
and P0 points of the absorption peaks are assigned
with base-line technique16. The regression equation
was formed using the DSF/DHCA concentration
ratio as (x) values and the ratio of Log PB – Log P0 of
DSF and Log PB – Log P0 of DHCA values (y). 
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TTaabbllee--11 Log PB-Po values and ratios were found for DSF-DHCA in synthetic mixtures
DSF DHCA

914 cm-1 1705 cm-1

SSM Weight Conc Conc X=CDSF/CDHCA y=TDSF/TDHCA
(mg) (mg) PB-P0 Log PB-Log P0 (mg) PB-P0 Log PB-Log P0

ST1 124 0.4925 74.1-48.2 0.1867 0.3694 71.2-26.6 0.4274 1.333 0.4368
ST2 124.6 0.4954 74.1-44.6 0.2204 0.2477 72.6-29.8 0.3862 2.0 0.5707
ST3 125.2 1.222 72.7-35.2 0.3141 0.4888 74.1-25.9 0.4565 2.5 0.6881
ST4 123.9 0.9907 76.9-45.9 0.2439 0.3709 74.3-34.5 0.3294 2.666 0.7404
ST5 124.5 1.229 82.6-43.9 0.2398 0.3687 74.9-40.1 0.2713 3.333 0.8839
CDSF = DSF conc. in KBr disc TDSF = Log PB-Log Po values of DSF
CDHCA = DHCA conc. in KBr disc TDHCA = Log PB-Log Po values of DHCA
SSM: Synthetic standard mixture

TTaabbllee--22 Statistical analysis of calibration graphs in the determination of DSF  using proposed methods
PPaarraammeetteerrss IIRR HHPPLLCC
Linearity Range 0.8-2 % mg 1-4 mcg.mL-1

Limit of  Detection (LOD) 0.15 % mg 0.1 mcg.mL-1

Limit of quantitation (LOQ) 0.35 % mg 0.4 mcg.mL-1

Regression equation*
Slope (a) 0.2267 5.1504
Intercept (b) 0.1287 -0.272
Correlation Coefficient (r) 0.9976 0.9985

* y= ax+b where (x) is concentration ratio of DSF to DHCA or MFD
y=Absorbance ratio of DSF to DHCA (for IR) and peak high ratio of  DSF to MFD (for HPLC)
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At 914 cm-1, regression equation was found to be
y= 0.2267x + 0.1287 (r=0.9976).

The second procedure in this study was the applica-
tion of HPLC for the determination of DSF. In order
to effect the simultaneous elution of DSF and MFD
internal standard peaks under isocratic conditions
of mobile phase composition were optimized active
compound and internal standard were eluted form-
ing well shaped symmetrical single peaks well sep-
arated from the solvent front.

FFiigguurree 44.. HPLC chromatogram of DSF containing com-

mercial sample

I-  DSF (3mcg.mL-1) in methanol (tr=11.4 min) 

II- MFD (10 mcg.mL-1) in methanol (tr=5.08 min)

The elution orders were DSF (tr= 11.4 min) and MFD
(tr= 5.08 min) at a flow-rate of 0.7 mL.min. Optimum

separation was realized using methanol-phosphate
buffer (80:20 v/v) (pH=3±0.1). Detection was carri-
ed out using a UV dedector at 275 nm. A linear rela-
tionship in the range of 1-4 mcg.mL-1 was obtained.
Regression equation was found to be y= 5.1504x –
0.272 (r= 0.9985). 

Recovery experiments were conducted to determine
the accuracy of the proposed methods. The mean
recovery and relative standard deviation were
found to be 101.3% and 2.1% for IR spectroscopic
method and 100.2% and 1.58% for HPLC method,
indicating good reproducibility  of  these  methods
(Table 4). 

The inter-day precision (repeatability) and accuracy
were studied by analyzing repeatedly (for IR n = 3,
for HPLC n = 5) in the laboratory on the same day
three different concentration levels of DSF. The re-
sults are given in Table 5. Notice that the inter-day
assay RSD% values were satisfactory (IR spectros-
copy ~ 3, HPLC ~ 1.5).

FABAD J. Pharm. Sci., 28, 193-200, 2003

Table-3 Recovery results of synthetic mixtures by the proposed methods
IR HPLC Official method***

Synthetic Authentic Recovery Authentic Recovery Authentic Recovery
Sample % mcg.mL-1 % mcg.mL-1 %

Added Found
%mg %mg Added Found Conc. Found

1 0.4925 0.4834 98.15 1.5 1.494 99.6 10 9.92 99.2
2 0.4954 0.5068 102.30 1.8 1.82 101.7 15 15.1 100.07
3 1.222 1.186 97.1 2.4 2.37 98.9 20 19.92 99.6
4 0.9907 1.0194 102.9 3.0 3.02 100.7 25 25.45 101.8
5 1.229 1.2382 100.75 3.6 3.65 101.3 30 30.15 100.5

Mean (X) 100.3 100.4 100.4
RSD % 2.6 1.21 1.01
Confidence
intervals X ± 2.45 X ± 1.15 X ± 0.964
P=0.05
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The suggested methods of IR and HPLC were com-
pared with the official method (colorimetric) in
British Pharmacopoeia 1999 for DSF. These results
are given in Tables 3 and 4.

The results obtained for DSF tablet were compared
with Student’s t test and Fisher F test statistically.

Ökçelik, Atay

TTaabbllee –– 44 The results of percentage recovery values in synthetic samples of  DSF by two methods (n = 5)

IR Spectroscopic Method                                   HPLC Method
Synthetic Sample Found Recovery Found Recovery

500 mg (mg) % (mg) %
1 499.6 99.9 498.1 99.6
2 503.1 100.6 497.6 99.5
3 509.9 100.2 502.5 100.5
4 506.0 101.2 500.7 100.1
5 514.2 102.8 506.4 101.3

Mean (X) 506.5 101.3 501.1 100.2
SD 10.6 2.12 8.72 1.57

RSD% 2.1 2.1 1.74 1.58
Confidence intervals

p = 0.05
X ± 11.2 X ± 2.2 X ± 8.72 X ± 1.61

TTaabbllee –– 55 Inter-day precision and accuracy for the determination of DSF (n = 5)

IR Spectroscopic Method                                                                              HPLC Method
Precision                    Accuracy                                                          Precision                    Accuracy

Added Found Added Found
mg % mg % SD RSD % Bias* mcg.mL-1 mg % SD RSD % Bias*
0.4 0.392 0.0084           2.15    -2 1.5 1.491 0.017            1.15 -0.6
0.8 0.806 0.01               1.48         0.75 3 2.982 0.04              1.32 -0.6
1.0 1.04 0.03               2.88 6 4.5 4.605 0.107            1.56 2.33

*Bias = (Found – Added / Added) x 100

TTaabbllee--66 Assay results of commercial samples (AntabusR tablet) with the proposed methods
Amount Found**

IR HPLC Official method***
Sample* mg % mg % mg %

1 509.5 101.9 503.5 100.7 483 99.6
2 491 98.2 495.5 99.1 493.5 98.7
3 489.5 97.9 482.5 96.5 490.5 98.1
4 482.5 96.5 494.5 98.9 487.5 97.5
5 483.0 96.6 486.5 97.3 490.5 98.1

Mean (X) 491.1 98.2 492.5 98.5 489 98.4
SD 10.96 8.2 3.97

RSD % 2,23 1.66 0.811
Confidence

intervals X ± 10.5 X ± 7.83 X ± 3.8
P=0.05

*   Amount labelled 500 mg DSF per tablet
** Results obtained are the three determinations for each sample
*** British Pharmacopoeia 1999
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These results showed that the differences between
the results of the methods were statistically insignif-
icant.

Table-7 Statistical comparison of results in proposed
methods 

Student’s t test Fisher F test
IR – HPLC 0.246 1.7
IR – UV*** 0.423 7.62
HPLC – UV*** 0.871 4.27

n(10-2=8) p=0.05
ttheoretical value 1.86  
Ftheoretical value 6.39 

CCOONNCCLLUUSSIIOONN

In the literature, no IR spectroscopic method for DSF
quantitative determination has been reported. In
this study, application of the IR spectroscopic
method for the determination of DSF is proposed for
the first time. The suggested method can be used as
an alternative method in solid dosage form contain-
ing DSF as the active compound. A simple and
stable isocratic HPLC assay was also developed for
the analysis of DSF in commercial samples.
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