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Abstract 0 The colorimetric method of Porter and Silber, originally 
developed for assaying cortisone and related corticosteroids, was adapted 
to  the assay of prednisolone in the presence and absence of a surfactant, 
octoxynol9. Optimal conditions for the colorimetric reaction between 
prednisolone and acidified phenylhydrazine solution were 30 min at 50°C. 
The slight interference of octoxynol9 with the absorbance of the yellow 
prednisolone-phenylhydrazine complex a t  410 nm was corrected by 
adding an equal surfactant concentration to the blank. When freshly 
prepared acidified phenylhydrazine solutions were used, the colorimetric 
method had a sensitivity of 0.2 pg/mL and a precision of 0.1 pg/mL. Its 
averaged relative standard deviation was 3.7% in the prednisolone con- 
centration range of 10-300 pg/mL. 

Keyphrases 0 Prednisolone-colorimetric assay, application to disso- 
lution, effect of octoxynol9 Colorimetry-assay of prednisolone, ap- 
plication to dissolution, effect of octoxynol9 0 Dissolution-predniso- 
lone, colorimetric assay, effect of octoxynol9 

Surfactants such as octoxynol9 NF enhance the disso- 
lution rate of prednisolone from tablets. To study the ef- 
fects of surfactants on the in uitro dissolution of prednis- 
olone from different tablet formulations, a sensitive ana- 
lytical method was required to determine the amount of 
dissolved prednisolone in the dissolution medium as a 
function of time. In the present application, a tablet con- 
taining 25 mg of prednisolone was dissolved in 900 mL of 
a 0.1 M HCl dissolution medium. At  4 and 100% dissolu- 
tion, the concentrations of dissolved prednisolone in the 
dissolution medium correspond to 1 and 28 pg/mL, re- 
spectively. The analytical method should have a minimum 
sensitivity of 1 pg/mL to afford an accurate assay of the 
amount of dissolved prednisolone in the dissolution me- 
dium even at  the beginning of a dissolution run. 

The colorimetric assay of Porter and Silber (1) for the 
determination of cortisone and related 17,21-dihydroxy- 
20-ketosteroids in adrenal extracts has a sensitivity of 1 
pg/mL, suitable for the present study. It is based on the 
development of a yellow color by the reaction between the 
steroid and an acidified phenylhydrazine reagent in a 
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Figure 1-Absorption spectra of thp yellou; prednisolone-phenylhy- 
drazine complex (A)  and of an octoxynol9-phenylhydrazine solution 
(R)  . 

methanolic medium. Peterson e t  al. (2) developed a pro- 
cedure for assaying hydrocortisone based on the Porter- 
Silber method. Since prednisolone and hydrocortisone 
have similar chemical structures, D'Arcy et al. (3) and Is- 
bister et al. (4) used the Peterson procedure for the 
bioassay of prednisolone in plasma. These investigators 
made no attempt to develop specific reaction conditions 
appropriate for prednisolone. The present investigation 
shows that, at  least for prednisolone, the age of the acidi- 
fied phenylhydrazine solution as well as reaction time and 
temperature are crucial to the rate and extent of color 
development. Improper conditions resulted in poor re- 
producibility and led to considerable errors. 

Direct spectrophotometric determination of predniso- 
lone by UV absorption (5,6) is not sensitive enough for in 
uitro dissolution testing. Radioimmunoassay (5) is com- 
plicated and requires special handling. Because a fast and 
accurate assay was required for studying the release 
characteristics of prednisolone from tablets in the presence 
and absence of octoxynol9, the Porter-Silber method was 
specifically adapted to prednisolone. Optimum conditions 
for the rate of color development, stability and intensity 
of color, and sensitivity and accuracy of the assay were 
investigated. 

EXPERIMENTAL 

Materials-The following tableting ingredients were employed. Two 
grades of prednisolone were used as received: anhydrous coarse powders' 
A and B, and anhydrous and micronized2. Most of the work, especially 
the tableting, dissolution, and deflocculation studies, was done with the 
anhydrous and micronized sample, and the other two coarser samples 
were merely included as additional sources of prednisolone to verify that 
the analytical method was independent of the origin of the steroid. 
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Figure 2-Decrease in absorbance of the yellou! prednisolone-phen- 
ylhydrazine complex at 410 nm with the age of the acidified phen- 
ylhydrazine solution. Prednisoione concentration = 150 p g / m L .  

Coarse powder A supplied by Sigma Chemical Co.. St. Louis, Mo.. and coarse 
powder B supplied by The Up'ohn Co , Kalamazoo, Mich. * Schering Corp , Hloomfie/d. N.J. ' 
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Table I-Formulations of Prednisolone Tablets 

Weight of Ingredients, mg 
Formulation Formulation 

Ingredients" I I1 

Microcrystalline cellulose 75 75 
Octoxynol9 - 

Spray-dried lactose 100 100 

Magnesium stearate 5 5 

35 

Prednisolone 25 25 

Spray-dried lactose 295 260 
Listed in the order of mixing. 

Magnesium stearate3 and spray-dried lactose4 were USP grade. Octox- 
ynol g5 and microcrystalline cellulose6 were NF grade. The ACS-grade 
reagents used for the colorimetric assay were phenylhydrazine hydro- 
chloride, anhydrous methanol, hydrochloric acid, and sulfuric acid. 
Double-distilled water was used throughout the experiments. 

Equipment-Absorbances were measured with a double-beam grating 
spectrophotometer7 equipped with a synchronized chart recorder8 and 
1-cm quartz cells. A t  an input voltage span of 1 mV, an absorbance value 
of 0.001 f 0.0005 can be read directly from the chart. The temperatures 
for the colorimetric reaction were maintained within f0.5"C. 

Prednisolone tablets were prepared with a single-punch tablet pressg. 
Membrane filters1° were used to remove the undissolved tableting in- 
gredients from the dissolution medium. The filters consisted of a mixture 
of cellulose nitrate and cellulose acetate and had two different porosities, 
0.1 and 0.22 pm". 

Reagents-Sulfuric acid a t  68.7% w/w was prepared by diluting 1.63 
parts by volume of concentrated sulfuric acid (93% w/w) with 1 part by 
volume of water. Porter and Silber investigated the effect of the sulfuric 
acid concentration on the cortisone acetate assay over a wide range and 
found that the concentration used for this study, 68.7% w/w, gave the best 
results. Acidified phenylhydrazine solution was prepared by dissolving 
65 mg of phenylhydrazine hydrochloride in 100 mL of the 68.7% w/w 
sulfuric acid. Stock solutions of prednisolone were prepared in methanol 
at  10,13.5,15,20,28,30,60,90,150,210, and 300 pg/mL. A stock solution 
of 0.4% w/v octoxynol9 was prepared in 0.1 M HC1 and diluted to 0.004, 
0.01, and 0.05% w/v as required. 

Prednisolone Tablets-Tablets containing 25 mg of prednisolone 
were prepared according to formulations I and 11, as shown in Table I. 
Octoxynol9 was excluded from the first formulation; 35 mg of octoxynol 
9 was absorbed into the microcrystalline cellulose and incorporated into 
the second formulation. Several batches of 10 tablets each were prepared 
for each formulation using the following procedure. The tableting in- 
gredients were triturated in a mortar and pestle. Compression at  10,000 
psi on a single-punch tablet press yielded flat-faced cylindrical tablets 
with an average diameter of 12.8 mm, an average thickness of 2.8 mm, 
and an average tablet weight of 500 mg. 

Dissolution-Individual prednisolone tablets were dissolved in 900 
mL of 0.1 M HCl at  37°C using the USP XIX dissolution apparatus (7) 
and a 40-mesh metal basket rotated a t  100 rpm. Five-milliliter aliquots 
of the dissolution medium containing dissolved prednisolone were 
withdrawn at  appropriate time intervals and filtered through a 0.1-pm 
filter membrane that had been prewashed with 0.1 M HC1. 

Prednisolone Assay-The accuracy of the Porter-Silber method 
applied to the assay of prednisolone was investigated as follows. The test 
solution consisted of 1 mL of a methanol solution containing a known 
amount of dissolved prednisolone and 8 mL of acidified phenylhydrazine 
solution placed in a stoppered test tube. The blank solution consisted 
of 1 mL of the dissolution medium and 8 mL of the acidified phenylhy- 
drazine solution. Both solutions were heated for 20 min at  60°C (I), at  
which time the former developed a yellow color. After cooling to room 
temperature, the absorbance of the test solution was measured against 
the blank solution at 410 nm using 1-cm cells. Figure 1 shows a typical 

Impalpable powder; Mallinckrodt Inc., St.  Louis, Mo. 
4 Manufactured by Foremost Dairies Inc. and supplied by SmithKline Beckman 

Triton X-100; Rohm and Haas Co., Philadelphia, Pa. 
6 Avicel type PH-101; FMC Corp., Philadelphia, Pa. 
7 Coleman Model 124; Perkin-Elmer Corp., Norwalk, Conn. 

Coleman Model 165; Perkin-Elmer Corp., Norwalk, Conn. 
9 Carver Laboratorv Press. Model C: Fred S. Carver Inc.. Menomonee Falls. 
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0.8 "OI  

PR EDN ISOLONE CONCENTRATION, bg/m L 

Figure 3-Effect o f  aging the  acidified phenylhydrazine solution on 
the relation between absorbance and prednisolone concentration. Key: 
(0) 0.5 h;  (A) 6 h;  (0) 96 h aging. 

absorption spectrum for the yellow prednisolone-phenylhydrazine 
complex, in which the maximum absorbance (Al l  occurred a t  410 nm. 
This wavelength agrees well with the one reported by Porter and Silber 
for the phenylhydrazine complexes of cortisone and related compounds 
(1). 

To correct for the absorbance due to the interaction between sulfuric 
acid and prednisolone in the absence of phenylhydrazine, a similar 
measurement was made omitting the phenylhydrazine solution from the 
reaction mixture. In this case, the absorbance (Az) of a mixture of 1 mL 
of the methanol solution containing dissolved prednisolone and 8 mL of 
68.7% w/w sulfuric acid was measured at  410 nm against a blank of 1 mL 
of the dissolution medium and 8 mL of the sulfuric acid solution. Both 
solutions were heated for 20 min at  60°C prior to the measurement. 
Subtracting the second absorbance (Az) from the uncorrected absorbance 
(Al) gave the correct absorbance for prednisolone solutions free from the 
interaction between sulfuric acid and prednisolone. Absorbance A2 varied 
with each test sample and generally amounted to 5-1576 of the uncor- 
rected value. 

RESULTS AND DISCUSSION 

The adaptation of the Porter-Silber method to prednisolone and the 
optimization of the reaction conditions for maximum reproducibility and 
accuracy are discussed below. 

Stability of the Acidified Phenylhydrazine Solution-Inconsistent 
results in preliminary experiments suggested that the acidified phen- 
ylhydrazine solution was unstable. The effect of aging of this solution on 
the absorbance of the colored complex with prednisolone was investi- 
gated. 

A master batch of acidified phenylhydrazine solution was stored a t  
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Figure 4-Variation i n  absorbance of the  prednisolone-phenylhy- 
drazine complex at 410 nm with reaction time at different temperatures, 
Prednisolone concentration = 150 pg/mL. Key: (A) 40°C; (0) 50°C; (0) 

lo Fitted with Swinnex adaptors and Millipore membranes; Millipore Corp., 
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Figure 5-Variation in absorbance of the prednisolone-phenylhy- 
drazine complex with prednisolone concentration obtained with the 
standard procedure. Key: (0) anhydrous prednisolone coarse powder 
A; (A) anhydrous prednisolone coarse powder R; (0) micronized 
prednisolone. The broken lines represent the 95% confidence limits for 
the calculated absorbance. 

room temperature in the dark. Eight-milliliter aliquots were withdrawn 
immediately after the solution was prepared and after intervals of 0.5, 
2,4,6, and 96 h. They were reacted with 1-mL volumes of prednisolone 
solution containing 150 pg/mL of dissolved prednisolone as described 
above. Corrected absorbance values at  410 nm are plotted against the age 
ofthe acidified phenylhydrazine solution in Fig. 2. A rapid initial decrease 
in absorbance is followed by a gradual leveling off. 

Aging of the acidified phenylhydrazine solution for 96 h or more sta- 
bilized the absorbance of the yellow complex. However, it also reduced 
the molar absorptivity, or the slope of the Beer's-law plot, by -40% (Fig. 
3). The data of Fig. 3 were obtained by treating 1-mL aliquots of pred- 
nisolone solutions containing the indicated concentrations with 8-mL 
aliquots of acidified phenylhydrazine solutions aged 0.6, and 24 h, re- 
spectively. Because of the high sensitivity required, subsequent pred- 
nisolone assays were performed within 1 h after the phenylhydrazine 
solution was prepared. 

Dependence of Absorbance of the Yellow Complex on Reaction 
Time and Temperature-Porter and Silber reported that the absorb- 
ance values for the yellow complex of cortisone a t  410 nm were repro- 
ducible when the colorimetric reaction was carried out at  6OoC for 20 min. 
However, preliminary experiments suggested that the absorbance values 
for the prednisolone-phenylhydrazine complex were poorly reproducible 
under these reaction conditions. The influence of reaction time and 
temperature on the absorbance of the yellow complex was investi- 
gated. 

One-milliliter aliquots of a 15O-pg/mL prednisolone solution were 
reacted with 8-mL portions of freshly prepared acidified phenylhydrazine 
solutions a t  4O0C, 5OoC, and 6OOC. Absorbance values of the yellow 
complex were measured at  410 nm after 5,10,15,20,40, and 60 min for 
each temperature. The solutions were cooled to ambient temperature 
in a water bath before absorbance measurements. Figure 4 shows that 
the absorbance peaked a t  different reaction times for the three reaction 
temperatures. Lowering the reaction temperature reduced the reaction 
rate so that the peak value occurred after a longer reaction time. For 
example, as the reaction temperature was lowered from 6OoC to 40% 
the time required to reach maximum absorbance increased from 10 to 
40 min. The peak was broader a t  the lower temperatures, indicating that 
these absorbance values are more reproducible than those obtained at  
higher temperatures. While the maximum absorption occurred a t  410 
nm for the three temperatures, the absorbance at  410 nm was consider- 
ably stronger at  the two lower temperatures. 

Selection of Standard Reaction Conditions-Of the three experi- 
mental conditions required to attain maximum absorbance (50 min a t  
4OoC, 30 min at 50°C, and 10 min a t  60"C), the intermediate conditions 

Table  11-Reproducibility of the  Prednisolone Assay 

Prednisolone 
Concentration, Average 

P d m L  Absorbance N a  SD SE RSD,% 
~~ 

10.0 0.046 2 0.001 0.001 2.2 
13.5 0.057 4 0.002 0.001 3.5 
15.0 0.063 4 0.003 0.002 4.8 
20.0 0.096 2 0.006 0.004 6.3 
28.0 0.128 2 0.003 0.002 2.3 
30.0 0.142 4 0.006 0.003 4.2 
60.0 0.283 3 0.006 0.004 2.1 
90.0 0.406 4 0.019 0.010 4.7 

150.0 0.683 6 0.044 0.018 6.4 
210.0 0.957 5 0.015 0.007 1.6 
300.0 1.344 4 0.038 0.019 2.8 

a Number of determinations. 

were selected as the best compromise between reproducibility and re- 
action time. Subsequent colorimetric reactions were conducted a t  5OoC 
for 30 min. 

Beer's Law Plot-The prednisolone assay for dissolution studies 
requires the use of a Beer's-law plot that correlates the absorbance of the 
prednisolone-phenylhydrazine complex with the prednisolone concen- 
tration. This plot was obtained by measuring the absorbance values of 
the yellow complex a t  410 nm using prednisolone solutions of 11 different 
concentration levels in the range of 10-300 Wg/mL. A total of 40 mea- 
surements were made, 14 with micronized prednisolone, 12 with the an- 
hydrous prednisolone coarse powder A, and 14 with coarse powder B. 
Prednisolone samples from three suppliers were used to ensure that the 
results were independent of the source of the steroid. 

The Beer's-law plot in Fig. 5 shows that the absorbance of the yellow 
complex is directly proportional to the prednisolone concentration up 
to a t  least 300 pg/mL. The absorbance values are independent of the 
source of prednisolone. The plot may be represented by the linear re- 
gression equation: 

A = 0.0045C (Eq. 1) 

where A is the absorbance a t  410 nm, C is the prednisolone concentration 
in pg/mL, and 0.0045 is the slope. The absorptivity of prednisolone cal- 
culated from the slope is 0.0045 mL/pgcm. I t  is equivalent to a molar 
absorptivity of 1622 L/mol.cm. The standard error for the slope of the 
regression line, SE,, and the standard error of regression, SEAC, were 
O.ooOo2 and 0.21, respectively (8,9). The broken lines in Fig. 5 represent 
the 95% confidence limits for the calculated absorbance (9). The equa- 
tions used for the linear regression analysis are given in the Appendix. 

Reproducibility of the  Prednisolone Assay-The standard devia- 
tion (SD) ,  standard error ( S E ) ,  and relative standard deviation (RSD)  
were calculated for each prednisolone concentration. Table I1 shows that 
the relative standard deviation varied randomly with the prednisolone 
concentration, ranging from 1.6 to 6.4% in the concentration range of 
10-300 pg/mL. An average relative standard deviation (RSD)  was cal- 
culated for the entire concentration range using Eq. 2: 

i=n  
RSD 

(Eq. 2) 

where RSD, is the relative standard deviation a t  concentration C, and 
n is the number ofconcentration levels used in the study. A value of 3.7% 
was obtained for RSD for concentrations ranging from 10 to 300 pg/mL. 
These statistics indicate that the measured absorbance is reproducible 
within f 4 %  for an entire dissolution run. 

Sensitivity of the Prednisolone Assay-With an input voltage span 
of 1 mV for the recorder, an absorbance value of 0.001 f 0.0005 can be 
determined directly from the chart. This is equivalent to a prednisolone 
concentration of 0.2 f 0.1 pg/mL according to Eq. 1. The sensitivity of 
the assay is, therefore, a t  least 0.2 pg/mL, which is equivalent to 0.7% 
dissolution for a 26-mg tablet dissolving in 900 mI, of dissolution medium. 
I t  far exceeds the required sensitivity of 1 pg/mL. 

Dissolution Studies in the Absence of Octoxynol 9-When the 
dissolution experiment did not involve octoxynol 9, the test solution 
consisted of a 1-mL aliquot of the filtered dissolution sample and 8 mL 
of the freshly prepared acidified phenylhydrazine solution. The blank 
solution consisted of 1 mL of the dissolution medium and 8 mL of the 
phenylhydrazine solution. The absorbance of the prednisolone-phen- 
ylhydrazine complex was measured at 410 nm against the blank solution 

, = = I  RSD = - 
n 
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Table 111-Accuracy of the Prednisolone Assay in the Absence 
of Octoxynol9 

Observed Prednisolone Content, 
Tablet mg/tableta 

A 25.2 24.9 
B 25.1 25.2 
C 24.8 25.1 
Mean 25.05 
N 6 
SE 0.07 
RSD 0.7% 

a Two determinations for each tablet. 

using the standard reaction conditions and corrected for interference due 
to the interaction between prednisolone and sulfuric acid. The amount 
of dissolved prednisolone in the dissolution sample was calculated using 
Eq. 1. Results of the dissolution studies are reported in a separate pub- 
lication (10). 

Dissolution Studies in the Presence of Octoxynol9-Preliminary 
experiments showed that 1 mL of a 0.0039% w/v octoxynol9 solution and 
8 mL of the acidified phenylhydrazine solution reacted at  the standard 
conditions to develop a pale yellow color. The absorption spectrum for 
the reaction mixture is shown in Fig. 1. Three samples of the octoxynol 
9-phenylhydrazine solution gave absorbance values at 410 nm ranging 
from 0.002 to 0.004. 

Therefore, in dissolution studies where the surfactant was present in 
the dissolution medium the following procedure was employed to com- 
pensate for the slight interference of octoxynol9 on the absorbance of 
the prednisolone-phenylhydrazine complex. The test solution consisted 
of a 1-mL aliquot of the filtered dissolution sample containing octoxynol 
9 and the dissolved prednisolone plus an 8-mL portion of the acidified 
phenylhydrazine solution. The blank solution consisted of 1 mL of the 
0.1 M HCI dissolution medium containing a quantity of the surfactant 
equal to the amount present in the test solution plus 8 mL of the acidified 
phenylhydrazine solution. The absorbance of the test solution was 
measured against this blank using the standard conditions and corrected 
for interference due to the prednisolone-sulfuric acid interaction. 

In tablets containing octoxynol9 (formulation II), the surfactant dis- 
solved rapidly during prednisolone dissolution (10). Its concentration 
in the dissolution medium increased from 0 initially to a maximum of 
0.0039% w/v at the complete release of the 35 mg of octoxynol9 in the 
dissolution medium (900 mL). The faint yellow color produced by the 
interaction between octoxynol9 in the filtered dissolution medium and 
phenylh ydrazine remained essentially constant during an entire disso- 
lution rmi: its absorbance was 0.003 at the time corresponding to the first 
prednisolone assay and 0.004 when all the prednisolone was dissolved. 

In another experiment, conducted in the absence of prednisolone, an 
equal amount of the surfactant was added to the dissolution medium 
rather than incorporated into the tablets. Thus, the surfactant concen- 
tration remained constant at 0.0039% w/v throughout the entire disso- 
lution run. The absorbance of this filtered dissolution medium when 
treated with the phenylhydrazine solution was 0.003 f 0.001, comparable 
with the values obtained in the experiment where 35 mg of octoxynol9 
was incorporated into the tablets. Therefore, the absorbance due to the 
interference of octoxjnol9 with phenylhydrazine was essentially constant 
throughout a dissolution run regardless of whether the 35 mg of octoxynol 
9 was originally incorporated into the tablet or added to the dissolution 
medium. A constant absorbance correction of 0.003 was made for both 
situations. 

Accuracy of the Prednisolone Assay in Dissolution Studies-The 
accuracy of the prednisolone assay in the absence of octoxynol9 was in- 
vestigated by the following procedure. Three prednisolone tablets of 
formulation I were triturated individually with 10 mL of methanol to 
ensure the complete dissolution of the 25 mg of prednisolone incorporated 
into the tablet. Each mixture was diluted to 1 L with 0.1 M HCl, resulting 
in a final prednisolone concentration of 25 pg/mL. Each suspension was 
filtered individually through a 0.22-pm membrane that had been pre- 
washed with a 5-mL portion of the 0.1 M HCI dissolution medium. 
Prednisolone assays were performed in duplicate for each filtrate as de- 
scribed above. The amount of dissolved prednisolone in the filtrate was 
calculated by means of Eq. 1. 

The results of the prednisolone assays, summarized in Table 111, shows 
that the experimental values of the drug content of the three tablets are 
in good agreement. The relative standard deviation was a mere 0.7%. The 
observed prednisolone contents are identical with the actual value of 25 

mg per tablet. Therefore, the colorimetric assay has high accuracy and 
precision. 

Nature of the Colored Complex-It is of interest to  consider the 
chemical nature of the yellow color obtained by the reaction of prednis- 
olone with phenylhydrazine. The reaction probably involves the following 
three steps: 

1. The carbonyl group on C-3 reacts with one molecule of phen- 
ylhydrazine to form the phenylhydrazone. 

2. The Mattox rearrangement involving the hydroxyl groups at C-17 
and C-21 and the carbonyl group at (2-20 produces the 17 p-glyoxd (C-20 
and C-21 contain carbonyl groups, while the C-17 hydroxyl group is 
lost). 

3. The carbonyl group at  C-21 reacts with one .molecule of phen- 
ylhydrazine to form a second phenylhydrazone. 

The yellow pigment is thus the 20-keto-3,21-diphenylhydrazone 
(11). 

APPENDIX 

Slope m of the regression line is given by: 

i=n 
L Ci2 

i = I  

(Eq. 3) 

where Ci is the prednisolone concentration in pg/mL, Ai is the absorbance 
of the yellow prednisolone-phenylhydrazine complex obtained at this 
concentration, and n is the number of concentration levels of predniso- 
lone solution used for the regression analysis (8,9). 

The standard error of regression SEAC is calculated by means of 

The standard error, SE,, of the slope of the regression line is calculated 
by means of the equation: 

(Eq. 5) 

The linear regression equation (Eq. 1) is used to calculate the ab- 
sorbance Ak for a known prednisolone concentration ck. The 95% con- 
fidence limits for the calculated absorbance, Ah, at a specific value of 
prednisolone concentration, c k  , are calculated using: 

Absorbance = A k  f t1.b SEA,k (Eq. 6) 

where ti.$ is the 5% point of a two-tailed t distribution with n - 1 degrees 
of freedom, and SEA,k is a modified form of Eq. 6.12.1 in Ref. 9: 

1f2 

(Eq. 7) (c - Ck)’ 

X (c - Ci)’ 
SEA,k = SEAC [ 4- ::: ] 

where is the mean of all Ci values. 
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Abstract  fl The rate of reduction was determined for a variety of azo 
dyes using the rat hepatic azoreductase enzyme system. In decreasing 
order, the rates of reduction for the a m  dyes expressed as nmol of ar- 
ylamine product formedlmin/0.25 g of liver were amaranth (33.2), azo- 
sulfamide (32.5) ,  orange C (12.4), 1,2-dimethyl-4-p-(carboxypheny- 
lam)-5-hydroxyhenzene (CPA) (9.27), hrilliant crystal scarlet (8.00). 
sulfachrysoidine (7.27), and Sudan I (1.03). A comparison of the partition 
coefficient with its rate of reduction indicated that the water-soluble azo 
dyes were reduced more rapidly than the lipid-soluble ones. Furthermore, 
higher rates of reduction were observed for those dyes containing elec- 
tron-withdrawing groups on the aromatic rings. 

Keyphrases Azoreductase-rat hepatic activity, relationship to  azo 
dye structure, amaranth, azosulfamide, orange G, 1,2-dimethyl-4-p- 
(carboxyphenylazo)-5-hydroxyhenzene, brilliant crystal scarlet, sulfa- 
chrysoidine, Sudan I 0 Azo dyes-relationship between structure and 
rat hepatic azoreductase activity, amaranth, azosulfamide, orange G, 
1,2-dimethyl-4-p-(carboxyphenyl~oj-~-hydroxybenzene, brilliant crystal 
scarlet, sulfachrysoidine, Sudan I 

The azo dyes and pigments form a large group of syn- 
thetic colorants used in many dye applications including 
foods, cosmetics, and pharmaceuticals. The chromophoric 
system consists of the azo group (N=N-) in association 
with one or more aromatic system. Monoazo, diazo, triazo, 
and polyazo dyes contain one, two, three, or more azo 
groups, respectively, yielding a large range of‘ colors in- 
cluding reds, oranges, and purples (1). 

In mammals, several enzyme systems are capable of 
reducing the azo bond including the liver (2-7) and the GI 
flora (4,8-10). These azoreductase enzyme systems reduce 
a variety of azo dye substrates and do not appear to have 
a strict structural requirement other than the azo bond (2, 
4,lO).  A number of azo dyes, such as dimethylaminoazo- 
benzene (butter yellow), amaranth, and others have car- 
cinogenic or suspected carcinogenic activity (4). This toxic 
activity may be due to the parent compound, which con- 
tains the intact azo bond, or to the resulting arylamine. 
Although the mechanism of the reduction of the azo bond 
has been studied (2, 3, 5 ,  11, 12) only a few papers have 
compared chemical structure with the rates of reduction 
of the azo bond (2, 13). The  objective of this study was to 
investigate the relationship of the structure of selected azo 
dyes to the rate of reduction to the corresponding amine 
by the rat  hepatic azoreductase enzyme system. The  rat 
hepatic azoreductase enzyme system obtained from the 

10,000 X g supernatant fraction of liver homogenates was 
chosen since the mechanism of azo bond reduction by this 
enzyme preparation has been characterized by a number 
of investigators (2 ,3 ,5-7,  11, 12). 

EXPERIMENTAL 
Reagents and  Chemicals-Azo dyes including brilliant crystal 

scarlet’, orange GI ,  Sudan I] ,  amaranth’, sulfachrysoidine’, azosulfam- 
ide2, and 1,2-dimethyl-4-(carboxyphenylazo)-5-hydroxyhenzene~ (CPA) 
were checked‘for chemical purity by either ‘IW on silica gel plates (n- 
hutyl alcohol-acetic acid-water, 6: 13)  or ascending paper chromatog- 
raphy (n-hutyl alcohol-acetic acid-water 1235). Cation-exchange4 and 
anion-exchange4 resins were washed with several volumes of distilled 
water prior to use. NADPj, glu~ose-6-phosphate-~, and n i c~ t inamide~ ,  
as well as other reagents and solvents, were used without further purifi- 
cation. 

Parti t ion Coefficient--A partition coefficient, K ,  in n-octanol-0.05 
M phosphate buffer (pH 7.4) was determined for each a m  dye in duplicate 
a t  room temperature. For water-soluble dyes, 1 mI, of an aqueous dye 
solution (-10 pmol) was placed in an extraction tube containing 4 mL 
of 0.05 M phosphate buffer (pH 7.4). To this sample was added 5 mL of 
n-octanol previously saturated with distilled water. Lipid-soluble dyes 
were initially dissolved in the water-saturated 1-octanol and added to 
5 mL of 0.05 M phosphate buffer (pH 7.4). Each sample was shaken, al- 
lowed to stand for a few minutes, and centrifuged. The distribution of 
the dye in each phase a t  equilibrium was obtained from absorbance of 
the dye in a spectrophotometerfi a t  an appropriate wavelength. The 
partition coefficient. for each dye was calculated with respect to a standard 
curve or from the absorbance of the aqueous nr lipid phase before and 
after equilihration. 

Preparation of Liver Homogenates-Male alhino Charles River CD 
rats (180-220 g) were used for all studies. Rats were weighed and then 
sacrificed by decapitation. Each liver was excised and immediately rinsed 
with ice-cold 1.15% KCI (isotonic). The livers were trimmed, weighed, 
and homogenized in three volumes of 1.157k KCI using a polytef pestle 
and glass mortar. All subsequent procedures were performed at  4OC. The 
tissue homogenates were centrifuged at 10,OOOXg for 15 min in a refrig- 
erated centrifuge. The  10,OoOXg liver supernatant containing the mi- 
crosomal enzymes and soluble fraction was filtered through gauze. Ap- 
proximately 15 mI, of the 10,oNlXg liver supernatant was placed in 50-mL 
glass ampules and shell-frozen in dry ice-acetone. This enzyme prepa- 
ration is stable at  dry ice temperature for a week or more. Previous studies 
have shown that lyophilization of this preparation stabilized the enzymes 
for as long as 6 months with no apparent loss of activity (14). 

I Aldrich Chemical Co., Milwaukee, Wis. 
2 Sterling-Winthrop Resrarct  Institute. Rensselaer, N.Y. 
:’ ICN Nutritional Biochemicn, Cleveland. Ohio. 
1 Cation exchange resin (AC5i)W-X8. ‘100-400 mesh) and anion exchange resin 

i’S,i ma Chemical Co.. St. I.ouis. Mo. 
( A f i L X ? ,  20@400 mesh); Rio-Rad Labs, Richmond, Valif. 

(,$/<is; Herkman Instruments, Inc.. Irvitie. ( M f .  
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