
(6) J. B. Vaughn, J. Pharm. Sci., 58,469(1969). 
(7) A. W. Archer and E. A. Haugar, J. Pharm. Pharmacol., 12, 

ceutics, Brooklyn College of Pharmacy, Long Island University, 
Brooklyn, NY 11216 

751 (1960). Accepted for publication February 4,1975. 
Presented in part a t  the APhA Academy of Pharmaceutical Sci- 

ences national meeting, New Orleans, November 1974. ACKNOWLEDGMENTS AND ADDRESSES 

Received November 6, 1974, from the Department of Pharma- To whom inquiries should be directed. 

High-speed Liquid Chromatographic Analysis of 
Sulfasalazine (Salicy lazosulfapyridine) 

LYLE D. BIGHLEY *= and J. PATRICK McDONNELLt 

Abstract 0 A high-speed liquid chromatographic method for anal- 
ysis of sulfasalazine (salicylazosulfapyridine) in bulk powder and 
tablet dosage form is presented. Analysis is accomplished with a 
reverse-phase partition column and 10% 2-propanol in pH 7.7 
phosphate buffer as the mobile phase. The method of analysis uti- 
lizes a simple, one-step, solubilization procedure with dimethyl- 
formamide, addition of an internal standard, and chromatography. 
The method is specific for sulfasalazine in the presence of starting 
materials, degradation products, or by-products from its manufac- 
ture. 

Keyphrases Sulfasalazine-high-speed liquid chromatographic 
analysis, bulk powder and tablet dosage form Salicylazosulfa- 
pyridine-high-speed liquid chromatographic analysis, bulk pow- 
der and tablet dosage form High-speed liquid chromatography- 
analysis, sulfasalazine bulk and tablet forms 

Several analytical methods have been reported for 
the determination of sulfasalazine {salicylazosulfapy- 
ridine, 5- [p-(2-pyridylsulfamoyl)phenylazo]salicylic 
acid) (I). These methods include spectrophotometry 
(l), titration with titanium trichloride (l), polarogra- 
phy (21, and nonaqueous potentiometric titration (2). 
However, most of these methods fail to determine 
this compound selectively in the presence of its by- 
products of synthesis or degradation products. Con- 
versely, a chromatographic method would be expect- 
ed to provide simple, rapid, and specific separation 
and quantitation of this compound in the presence of 
its impurities. 

Although GC has not been investigated, its use for 
the underivatized I probably would be unsuccessful 
since this compound was thermally labile when 
subjected to differential thermal analysis'. TLC, al- 
though specific, has the disadvantage of potentially 
long analysis times and requires a number of mani- 
pulative steps which may adversely affect precision. 
For example, a relative standard deviation of 2 4 %  
resulted just from spotting and chromatography (3) .  
(Quantitation in these experiments was effected di- 
rectly on the plate with a densitometer.) Consequent- 
ly, even larger errors would be expected in the overall 
assay if the compound is removed from the TLC 

Table I-Column Packing Materials 

Col- 
umn Packing Column Dimensions 

a Neutral aluminaa, 100-200 1 m X 0.3 cm 0.d. 

b Ether stationary phase 1 m x 0.3 cm 0.d. 

c Strong anion-exchange 0.6 m x 0.3 cm 0.d. 

d Spherical siliceous particles 0.6 m X 0.3 cm 0.d. 

e Diphenyldichlorosilane sta- 0.6 m X 0.3 cm 0.d. 

mesh 

chemically bonded o n  a 
controlled porous surfaceb 

resin coated on  a con- 
trolled porous surfacec 

with a controlled porous 
surfaced 

tionary phase chemically 
bonded o n  a controlled 
porous surfacee 

stationary phase chem- 
ically bonded o n  a con- 
trolled porous surfacef 

f Octadecyltrichlorosilane 1.2 m x 0.3 cm 0.d. 

OAG-7, Bio Rad. bpermaphase ETH, duPont. CZipax SAX, duPont. 
d Corasil 11, Waters Associates. eCorasil/phenyl, Waters Associates. 
fCorasil/C,,, Waters Associates. 

plate and eluted from the adsorbent prior to quanti- 
tation. 

The present study was undertaken because high- 
speed liquid chromatography (HSLC) appears to 
offer several advantages (4) for the analysis of I that 
other methods do not possess. For example, it can be 
used for thermally labile compounds, the precision is 
good, and the method is specific and rapid. This 
technique has been successfully utilized to assay I in 
tablet dosage forms as well as the bulk chemical. 

EXPERIMENTAL 

Apparatus-A liquid chromatograph2 equipped with a UV pho- 
tometric detector (254-nm radiation using a low pressure mercury 
source) was used. The UV detector can operate a t  a sensitivity of 
0.02 absorbance unit full scale (aufs). 

Columns-The packing materials shown in Table I were used in 
precision-bore stainless steel columns. With the exception of Col- 
umns d, e, and f, which were purchased commercially, the columns 

1 Unpublished data. * Model ALC 202, Waters Associates. 
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Table II4hromatographic Behavior of Sulfasalazine 

Adjusted Flow 
Column Retentionb Rate, 
Packinga Mobile Phase Time, min mllmin 

a 
b 
b 
C 

C 
C 

d 
d 

e 

e 
e 

e 

f 
f 
f 

f 

f 

f 
f 

f 

f 

f 

Heptane 
5% CH,CN in water 
7% CH,CN in water 
pH 9.2 borate buffer + 

pH 7.7 phosphate buffer 
DH 4.1 citrate buffer + 

0.1 M NaNO, 

0.1 M NaNO, 
CHCl, 
CHCl -CH ,CN-n-butan- 

01 (360:16:15) 
10% 2-propanol in pH 7.7 

phosphate buffer 
5% CH,CN in water 
19% 2-propanol in pH 7.7 

phosphate buffer 
15% 2-propanol in pH 7.7 

phosphate buffer 
5% CH.CN in water 
lO%-CI#,CN in water 
5% 2-propanol in pH 7.7 

phosphate buffer 
15% 2-propanol in pH 7.7 

phosphate buffer 
10% 2-propanol in pH 6.5 

DhosDhate buffer 
16% 2-propanol in  water 
10% CH OH in pH 7.7 

phosphate buffer 
5% CH.OH in water + 

0.1 M ammonium 
carbonate 

10% %-propano1 in pH 7.7 
phosphate buffer 

5% CH,OH in water 

>15.oc 1.0 
0.6 2.0 
0.6 2.0 

> 28.4C 1 .o 
> 2 4 . l C  1.5 
> 1 5 . 3 C  1.0 

> 1 6 . 3 C  1.0 
> 1 0 . 3 C  1.0 

2.8 1 .o 
0.0 1.0 
0.0 1.0 

1.3 1.0 

24.1 2.0 
3.4 1.5 

31.9 1.5 

0.6 1.5 

3.1 1.5 

0.0 1.5 
> 1 6 . 3 C  1.5 

>15.6C 1.0 

3.2 1.5 

>23.4C 1.0 

aSee Table 1. bTimes measured from the leading edge of solvent 
peak to the peak maximum. C Retention times were greater than 
these values, but the exact times were not determined. 

were dry packed using the tap fill method of Kirkland (5). All col- 
umns were operated at ambient room temperature. 

Mobile Phases-The mobile phases employed are listed in 
Table 11. The phosphate and citrate buffers were prepared by the 
addition of 2.5 N sodium hydroxide to 0.01 M monobasic sodium 
phosphate and citric acid (monohydrate), respectively. The pH 9.2 
borate buffer (0.01 M) was prepared by dissolving sodium tetrabo- 
rate decahydrate in distilled water. 

Materials-The following were used: ~ulfasalazine~, salicylic 
acid3, ~ulfapyridine~, pr~pylparaben~, monobasic sodium phos- 
phate5, heptane5, n-butyl alcohol5, methanol6, acetonitrile6, sodi- 
um nitrate6, sodium tetraborate decahydrate6, ammonium carbon- 
ate6, 2-propano16, sulfanilic acid7, dimethylf~rmamide~, chloro- 
form7, 2-amin~pyridine~, citric acid USP (m~nohydrate)~, and 
commercially available I tabletslOJ1. 

Analysis of Bulk Chemical-Znternol Standard Solution- 
Weigh accurately approximately 125 mg of propylparaben and 
quantitatively transfer to a 25-ml volumetric flask with the aid of 
dimethylformamide. Dilute to volume with dimethylformamide 
and mix well. 

Sample Solution-Accurately weigh approximately 50 mg of I 
and quantitatively transfer to a 50-ml volumetric flask with the aid 
of dimethylformamide. Add 10 ml of the internal standard solu- 
tion, dilute to volume with dimethylformamide, and mix well. 

Standard Solution-Prepare concurrently a standard solution, 
containing an amount of internal standard identical to the sample 

Salsbury Laboratories. * White Label, Eastman. 
Analytical reagent, Mallinckrodt. 
Certifwd ACS, Fisher. 
C. P., J. T. Baker. 
Reilly Tar and Chemical. 

9 Mallinckrodt. 
lo Rowel1 Laboratories. 

Pharmacia Laboratories. 

Table 111-Individual Retention Times for Several 
Possible Impurities of Sulfasalazine 

Compound Adjusted Retention Timen, min 

Impurity 1 b  
Impurity 26 
2-Aminopgridine 
Sulfapyridine 
Impurity 3 b  
Sulfanilic acid 
Impurity 4 b  
Salicylic acid 

0.0 
0.0 
1.8 
0.0 
8.9 
0.0 
4.7 
0.0 

aTime measured from the leading edge of solvent peak to the peak 
maximum. b Isolated but unidentified compounds. 

solution, and a reference lot of I in approximately the same quanti- 
ty as the sample solution. 

Liquid Chromatography-Inject alternately 5 pl of the sample 
and standard solutions with a 10-p1 syringe12, using the stop-flow 
technique. Operational parameters for the liquid chromatographic 
separations are listed with the appropriate figures. 

Quantitation-Quantitation was accomplished either by mea- 
surement of peak heights or of peak areas with a planimeter. The 

MINUTES 
Figure 1-Typical chromatogram of sulfusalazine. Chromatogra- 
phy conditions were: Column f; solvent, 10% 2-propanol in pH 7.7 
phosphate buffer; chart speed, 30.48 cm (12 in.)/hr; flow, 1.5 ml/ 
min; detector sensitivity, 0.16 aufs; and sample size, 5 p l .  

l2 Hamilton 701 NWG. 

1550 / Journal of Pharmaceutical Sciences 



1 
3 

4 

c 
0 
Q) 
c .- - 

I 1 I 

5 10 15 
MINUTES 

I 1 I 

5 10 15 
MINUTES 

Figure $--Separation of a synthetic mixture containing sulfa- 
salazine and some possible impurities. Key: peak I ,  impurities 1 
and 2, sulfapyridine, sulfanilic acid, and salicylic acid; peak 2, 2- 
aminopyridine; peak 3, sulfasalazine; peak 4,  impurity 4; and 
peak 5, impurity 3. Chromatography conditions were the same as 
in Fig. 1 .  

percentage of I in the sample was determined by: 

where P = peak height or peak area, W = weight, subscript 1 = I 
in sample, subscript 2 = internal standard in sample, subscript 3 = 
I in standard, and subscript 4 = internal standard in standard. 

Since the weight of the internal standard is identical in the sam- 
ple and standard solutions, this term can be deleted from Eq. 1. In 
addition, this equation can be simplified by using the ratio of the 
peak area (or peak height) of Ilpeak area (or peak height) of pro- 
pylparaben for both standard and sample, Rsample = P11P2 and 
R s a  = Pa/Pd..Then it can be shown that: 

Analysis of Tablets-Place one tablet (label claim 500 mg of I) 
in a beaker, add approximately 20 ml of dimethylformamide, and 
crush the tablet with a stirring rod. Quantitatively transfer the 
contents of the beaker to a 100-ml volumetric flask and rinse the 
beaker with three additional portions of dimethylformamide. Di- 
lute to volume with dimethylformamide and mix well. 

Pipet 10 ml of this solution into a 50-ml volumetric flask, add 10 
ml of the internal standard solution previously described, and di- 
lute to volume with dimethylformamide. Alternate 5-pl injections 

of the standard solution with the tablet formulation solution. The 
standard solution is prepared as described under Analysis of Bulk 
Chemical. 

Quantitation is done as described under Analysis of Bulk Chem- 
ical. Since the weight of internal standard is identical for the tab- 
let formulation and the standard solution, the equation is: 

where D = dilution factor, i.e., 10 with this dilution; subscript 1 = 
I in tablet; subscript 2 = internal standard in tablet solution; sub- 
script 3 = I in standard; subscript 4 = internal standard in stan- 
dard; Raunpie = P1IP2; R a ~  = P3/P4; and the other symbols have 
the same meaning as before. 

RESULTS AND DISCUSSION 

Initially, the chromatographic behavior of I was studied as a 
function of several column packing and mobile phase combina- 
tions; the adjusted retention times relative to  the dimethylform- 
amide peak for these systems are presented in Table 11. Studies 
were not continued with those packing and mobile phase combina- 
tions giving long retention times. With the other systems, it be- 
came evident that an adjusted retention time for I of approximate- 

c 
0 
Q) 

c .-. - 

1 
3 

4 

5 10 15 20 I MINUTES 

Figure 3-Separation of a synthetic mixture containing sulfa- 
salazine, some possible impurities, and an internal standard. Key: 
peak 1 ,  impurities 1 and 2, sulfapyridine, sulfanilic acid, and sal- 
icylic acid; peak 2, 2-aminopyridine; peak 3, sulfasalazine; peak 
4,  impurity 4; peak 5, impurity 3; and peak 6, propylparaben. 
Chromatography conditions were the same as in Fig. 1 ,  except the 
flow rate was increased to 3 mllmin after 15 min. 
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Figure 4-Linearity of detector response to sulfasalazine. 

ly 3 min was necessary, since certain known impurities which may 
be present in I elute at, or immediately after, the solvent front. 
Consequently, only four column packing and mobile phase combi- 
nations met this requirement: Column e or f with 10% 2-propanol 
in pH 7.7 phosphate buffer, and Column f with either 10% acetoni- 
trile i; water or 10% 2-propanol in pH 6.5 phosphate buffer (Table 
I). 

Of these four systems, only Column f with 10% 2-propanol in pH 
7.7 phosphate buffer was satisfactory. When this system was used 
with the conditions shown in Fig. 1, I has an adjusted retention 

18 - 
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14 - 
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3- 
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i 
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CL 
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Figure 5-Linearity of detector response to propylparaben. 

Table IV-Precision Study for Sulfasalazine Using Peak 
Height Measurements 

Individual 
Sample Assays, % 

Average of 
Duplicate 
Assays, % 

1 A 93.3 
B 948.9 
Average 

2 A 99.1 
B 97.4 
Average 

3 A 92.8 
B 98.7 
Average 

4 A 95.1 
B 95.9. 
Average 

5 A 97.6 
B 96.5 
Average 

6 A 92.1 
B 92.5 

94.1 

98.3 

95.8 

95.5 

97.0 

Average 92.3 
Mean individual 95.49 Mean duplicate 95.49 

assay, % assays,% 
SD, % 2.44 SD, % 2.11 
RSD, % 2.55 RSD, % 2.21 

time of approximately 3.2 min. The other three systems were un- 
desirable for various reasons. For example, Column f with 10% ace- 
tonitrile in water was unacceptable because certain by-products 
from synthesis had the same retention time as I or were not eluted. 
When 10% 2-propanol in pH 6.5 phosphate buffer was used with 
this packing, the peak width broadened slightly. Similarly, Column 
e in combination with 10% 2-propanol in pH 7.7 phosphate buffer 
resulted in a broadening of the I peak. 

Further studies were undertaken with Column f and 10% 2-pro- 
panol in pH 7.7 phosphate buffer to determine if this system 
would resolve I from various structurally related compounds which 
could be present as impurities under normal circumstances. Ad- 
justed individual retention times for several possible degradation 
products, starting materials, and by-products of synthesis were 
found to be sufficiently different from the retention time of I 
(Table 111). Consequently, a synthetic mixture was prepared by 
dissolving approximately equal amounts of I and these compounds 

Table V-Precision Study for Sulfasalazine Using Peak 
Area Measurements 

Individual 
Sample Assays, % 

~ 

Average of 
Duplicate 
Assays, % 

1 A 93.2 
B 94.7 
Average 

B 89.30 
2 A 95.6 

Average 
3 A 93.9 

B 92.7 
Average 

4 A 95.1 
B 97.1 
Average 

5 A 96.6 
B 93.9 
Average 

6 A 96.8 
B 97.8 
Average 

Mean individual 94.7 
assay, % 

SD, % 
RSD, % 

2.36 
2.49 

94.0 

92.5 

93.3 

96.1 

95.3 

97.3 
Mean duplicate 94.8 

assays,-% 
SD, % 1.81 

1.91 RSD, % 

aThe mean individual assay, standard deviation, and relative stan- 
dard deviation calculated with Sample 2B removed ( Z  score = -2.29, 
p < 0.02) are 95.2, 1.70, and 1.79%, respectively. 
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Table VI-Analysis of Commercial Tablet 
Formulations of Sulfasalazinea 

Using Peak Areas Found, mg 

Product B 496 
Product A 498.5 

ULabel claim: 500 mg of sulfasalazine. 

in dimethylformamide. A chromatogram of this mixture is shown 
in Fig. 2. Although baseline separation was not achieved, separa- 
tion of I was adequate to  permit quantitation even in the presence 
of these large amounts of impurities. 

The specificity of this HSLC system was further confirmed by 
repeatedly injecting a sample of approximately 85% pure I and col- 
lecting the effluent when the peak with an adjusted retention time 
of 3.2 min appeared. When this effluent was subjected to TLC, 
using the solvent system of Kiger and Kiger (6), only I was found 
in the trapped samples. Plates that were sprayed with a solution 
containing 4-dimethylaminocinnamaldehyde and titanium trichlo- 
ride (7) also only showed one spot. 

Quantitative analysis of I samples was accomplished by the in- 
ternal standard technique, using propylparaben as the internal 
standard. This compound was selected because it could be sepa- 
rated from the impurities shown in Fig. 2. Since these impurities 
elute immediately before and after the I peak, the compound se- 
lected as the internal standard had to have a relatively long reten- 
tion time; and propylparaben was the only compound tested that 
met this requirement. Figure 3 shows the synthetic mixture con- 
taining propylparaben. The flow rate was increased from 1.5 to 3 
ml/min after 15 min to hasten the elution of the propylparaben. 
The change in flow rate at this time permits elution of the impuri- 
ties without overlapping either the I or propylparaben. 

The UV detector response to I and propylparaben is linear over 
the concentration ranges used in this study. Plots of absorbance 
peak heights or areas versus concentration are shown in Figs. 4 
and 5. 

The precision of the HSLC method was determined by compar- 
ing the results obtained on six subsamples of I taken from one lot 
of bulk chemical. Peak heights are shown in Table IV, and peak 
areas are shown in Table V. Values For each injection and the aver- 
age of duplicate injections are shown for each analysis. The stan- 
dard deviation and relative standard deviation were calculated for 
individual and duplicate injections and are consistent with values 
reported for the liquid chromatographic analysis of other com- 
pounds (all). 

The precision of measurement of peak areas probably could 
have been further improved in this study if integration were done 
with either a mechanical or electronic integrator. However, since a 
planimeter was used, precision of area measurements was maxi- 
mized by increasing the recorder chart speed so that the peak area 
could be determined more precisely. 

It is evident from the precision studies that either peak height or 
area can be used for quantitative analysis. However, if peak 

heights are used, the time at  which the flow rate is increased from 
1.5 to 3 ml/min must be closely regulated to prevent band spread- 
ing, which results from increased retention time. Use of peak areas 
would not require such close attention with respect to the time at 
which the flow rate was changed because the area of the propylpar- 
aben should remain the same even if some band spreading does 
occur, provided resolution remains adequate for accurate quantita- 
tion. Since the propylparaben is well resolved from I and other 
possible impurities, slight band spreading would not be a problem. 

Two commercially available tablet formulations were examined 
for their I content to determine the feasibility of this method for 
tablet dosage forms. Preliminary results (Table VI) indicate that 
this procedure is applicable. Tablet excipients did not interfere 
with the analysis and need not be separated from I prior to liquid 
chromatography. 

Since dimethylformamide was used as the solvent for I in the 
assay procedure and since solutions were occasionally prepared 
several hours prior to injection, it was desirable to determine 
whether this solvent degrades I. Therefore, a sample of I was dis- 
solved in dimethylformamide and subjected to thermal stress a t  
80° for 196 hr. No degradation was observed when this solution 
was analyzed by TLC and HSLC. 
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