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Numerous adequate technics for the deter-
mination of fairly large amounts of inorganic
sulfate in biologic material have been avail-
able for many years(1-3). However, the low
concentration of inorganic sulfate in the
plasma (2-3 mg % as SO} ) has rendered most
of these methods inadequate for use with
relatively small amounts of plasma (i.e. one
to 2 cc). The basic technic which has ap-
peared most applicable to the analysis of
small quantities of inorganic sulfate in bio-
logic fluids is benzidine precipitation of the
sulfate(4). Benzidine, a weak organic base,
forms stable salts with strong mineral acids.
The sulfate is insoluble in the presence of ex-
cess benzidine in acid solution and particu-
larly in the presence of organic solvents such
as acetone and alcohol(4). The optimum
conditions necessary for the precipitation of
benzidine sulfate have been extensively
studied(4-6). The benzidine sulfate must be
quantitatively determined either titrametri-
cally(7) or colorimetrically(8). In the for-
mer, the benzidine sulfate is titrated with
NaOH by the following reaction: C;.Hg
(NHQ)Q HQSO4 —+— 2NaOH — ClgHg (NHQ)Q
—+ Na.SO; + 2Hs0. According to Peters
(4) the free benzidine is so weak a base
that it is not alkaline to phenolphthalin or
phenolred. The H,SO, combined with it may
be titrated as the free acid. This procedure,
although accurate, requires titrating at
100°C. Letonoff and Reinhold(9) made a
notable advance in the colorimetric determin-
ation of benzidine by using sodium B naph-
thoquinone-4-sulfonate as a color reagent.
With benzidine in alkaline solution this com-
pound develops a red brown color which
changes to red on addition of acetone. How-
ever, the spectral characteristics and stability
of the final color were not adequately studied.

* Supported in part by U. S. Public Health Service
Grant A-625.

The precipitate of benzidine sulfate, once
formed, must be separated and washed free
of excess benzidine. As emphasized recently
by Dodson and Spencer(6), considerable
losses of the precipitate may occur during
these steps. There is a tendency for the pre-
cipitate to break away during decantation re-
gardless of the type of centrifuge tube used;
this they prevented by adding small amounts
of powdered glass as a rough surface on which
the precipitate could be packed down. The
benzidine sulfate has usually been precipi-
tated from an acetone or ethanol solution and
subsequently washed with either of these sol-
vents. In the present study it was found that
small but consistent losses of the benzidine
sulfate precipitate occurred when washed with
either acetone or ethanol. This could be pre-
vented by washing with a mixture of 24
ethanol and 15 ethyl ether. Benzidine sulfate
is considerably more insoluble in ethyl ether
than in either acetone or alcohol.

By utilizing powdered glass(6), washing
the precipitate with an ethanol-ether mixture
and employing the color reagent, sodium g
naphthoquinone-4-sulfonate(9) an improved
technic for the measurement of small amounts
of inorganic sulfate (10 or more pg) was ob-
tained.

Materials and methods. Reagents. 1. Hy0,
redistilled; 2. Ethanol, 95%, redistilled over
NaOH pellets; 3. Benzidine, (Fisher Scien-
tific Co., B-259), 1 g in 100 ml redistilled
ethanol, preserved in dark bottle; 4. Tri-
chloroacetic acid, 20%, redistilled with 208
mg BaCLs in 2 ml H,0/200 g trichloroacetic
acid (analytical reagent); 5. Sodium borate,
(Fisher Scientific Co. S-248), 1 g in 100 ml
of 0.1 N NaOH, stored in pyrex bottle. 6.
Sodium sulfate, anhydrous, A. R., 1.4788 g/l
of water to give a 100 mg % SO, solution. 7.
Benzidine hydrochloride, purified according
to Letonoff and Reinhold(9), 0.1606 g
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benzidine hydrochloride are placed in 200 ml
volumetric flask, dissolved in about 50 ml
water at 50°C, cooled to room temperature,
diluted to mark and stored in the cold; 8.
Sodium 1, 2-naphthoquinone-4-sulfonate (S.
N.S.) (Eastman-Kodak 1372), purified: 2 g
of crude compound are dissolved in minimum
amount of boiling water, filtered through
heated funnel, salted out with absolute
ethanol, by adding ethanol drop wise to fil-
trate, filtered by suction on Biichner funnel,
washed with absolute ethanol, dried with
ether and stored in dark bottle. The solution
must be freshly prepared each time by dis-
solving 150 mg in 100 ml water;? 9. Ether,
A.R.; 10. Acetone, A.R.; 11. Powdered glass,
washed, (Fisher Scientific Co. S-248) 15 ml
heavy wall centrifuge tubes are used. All
glassware should be rinsed with dilute nitric
acid.

Procedure. All urine and serum samples
are diluted to give a concentration of 20-140
ug SO; per cc. To 2 ml of the diluted sample
are added 2 m! of water and 4 ml of 20%
trichloroacetic acid. Samples are mixed, al-
lowed to stand for 10 minutes and centrifuged
for 10 minutes. From the supernatant fluid
2 ml aliquots are withdrawn and introduced
into centrifuge tubes. To each of these tubes
5 ml of 1% benzidine solution is added. The
mixtures are stirred and stirring rods washed
with small amounts of ethanol. Centrifuge
tubes are covered with parafilm and placed in
ice-bath overnight. On following dayt 3 to
5 mg of glass powder is added to each tube
and precipitated benzidine sulfate is sepa-
rated by centrifugation at 2250 rpm for 15
minutes. The supernatant fluid is decanted,
with care taken not to loosen any of the pre-
cipitate. The tubes are drained, inverted on
filter paper, 5 to 10 minutes and mouths of

1 In the present study, in contrast to Letonoff(9), a
definite fall in optical density of standards was noted
if fresh reagent was not prepared with each set of
analyses. However, as the optical density of the
standards and unknowns are lowered by proportional
amount no error is introduced by using S.N.S. pre-
viously prepared and stored in the cold (4°C).

1 Complete precipitation will occur within 3 hours;
leaving samples overnight is 2 matter of convenience.
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tubes are then wiped with tissue paper. The
outsides of tubes are washed with acetone by
medicine dropper. After draining for 1 min-
ute, the insides of the inverted tubes are
rinsed with ethanol and tubes are drained for
5 minutes. The mouths of tubes are again
wiped with tissue paper and tubes are placed
upright. Ten ml of an alcohol-ether mixture
(1:2) is added to each tube and the precipi-
tate suspended by a stirring rod. Care is
taken to break the precipitate completely in
order to dissolve all excess benzidine. The
glass rods are washed with the same alcohol-
ether mixture and tubes are centrifuged at
moderately high speeds for 15 minutes. The
supernatant fluid is decanted and tubes
drained for 5 minutes. The tubes are then
wiped and washed inside and outside as be-
fore. One ml of sodium borate solution is
then added, the precipitate is resuspended and
the tubes placed into a water-bath with occa-
sionally stirring at about 60°C until the pre-
cipitate completely dissolves. To each tube
10 ml of water and 1 ml of thé color reagent
(sodium 1:2 naphthoquinone-4-sulfonate)
are added and allowed to stand for 5 to 6
minutes. Two ml of acetone are then added
to each tube and the solutions are mixed, cen-
trifuged and supernatant fluid is poured into
colorimeter tubes. Care is exercised that
identical numbers of minutes elapse between
addition of color reagent and of the acetone
to each tube. The optical density of the so-
lutions is determined in the Coleman Junior
Colorimeter at 490 mg. All analyses were
done in triplicate or quadruplicate.

Standards. Stock standard benzidine hy-
drochloride is diluted 30 fold. To 7 centri-
fuge tubes 1 to 7 ml of this diluted standard
solution is added and the volumes made up
to 10 m! with water. A blank tube containing
10 ml of water is prepared with each deter-
mination. To all tubes sodium borate, color
reagent and acetone are added as outlined be-
fore.

Results.  Characteristics of benzidine-
sodium B mnaphthogquinone-4-sulfonate (S.N.
S.) complex. Fig. 1 illustrates the absorp-
tion spectrum of final color compound. Maxi-
mum optical density occurs at 490 mpu. It is
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FIG. 1. Absorption spectrum for final henzidine-
A naphthoquinone-4-sulfonate compound as deter-
mined on Coleman Junior Spectrophotometer,

of interest that this wave length also repre-
sents the optimum length for the color devel-
oped by interaction of this reagent and amino
acids{10). the amine groups of benzidine
combining with the SN.S. to give the ob-
served color. At this wave length, the stand-
ard curve follows Beer’'s law quite closely be-
tween zero and 30 ug of sulfate (the benzidine
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hydrochloride equivalent to these amounts of
SO;). Rarely at 50 ug, and invariably above
this level the curve deviates from a straight
line as illustrated in Fig. 2. Therefore for
maximum accuracy the precipitate of benzi-
dine sulfate should be equivalent to 50 y of
sulfate or less. Although the slope of this
curve is readily reproducible small varjations
in optical density of the standards from one
analysis to the next necessitates that a set of
standards be run simultaneously with the un-
knowns. Maximum color development occurs
in 5 to 6 minutes and this is stable for at least
2 hours if room temperature is relatively con-
stant. After 2 hours optical density decreases
slowly and proportionally in all samples.

Recovery of benzidine sulfate from stand-
ard solutions, urine and serum. In Table 1
are listed recoveries of sulfate from solutions
of known concentration. The mean recovery
for this series was 98.8% (range 94-104)
however, recoveries below 97% were seen
only with the sample containing 10 y of sul-
fate. Sulfate added to serum and urine was
quantitatively recovered (Table II). The
mean recovery from serum was 100.5%
(range 97-102) and from urine 99.0% (range
97-104). Duplicate determinations on fresh
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FIG. 2. Calibration curve for benzidine-g naphthoquinone-4-sulfonate compound at 490 mu.



INORGANIC SULFATE IN BioLocic FLuIDs

TABLE I. Analysis of Pure Sulfate Solutions.
Five determinations® in each solution.

Sulfate,t ——Found—— %
ug Mean Range variation
10 10.1 9.4-10.4 94-104
20 19.7  19.4-20.0 97-100
30 30.1  29.0-30.4 98-103
40 39.7  39.0-40.0 99-100
50 40.9  49.2-52.0 98-104
60 59.5  58.0-62.0 97-103
70 69.5  68.0-70.7 97-101

* Each determination done in triplicate.
t Sulfate present in initial aliquot of solution.

or frozen serum and urine were reproducible
within a range of + 2.5%. If, however,
serum or urine were stored at 4-5°C in the
unfrozen state for 24 hours or longer an in-
crease in concentration of inorganic sulfate
was almost always noted, probably as a con-
sequence of some degeneration of organic sul-
fates in these biologic fluids.

The mean concentration of inorganic sul-
fate in the sera of 15 normal subjects was
2.84 mg % (range 2.23-3.90). These values
are comparable to those obtained by other in-
vestigators using benzidine or other technic
(1,3,11).

It has been reported that inorganic phos-
phates in concentrations found in human

TABLE II. Recovery of Sulfate Added to Serum

and Urine.

~—Total—— %o of

Added  Ex- expected

sulfate, pected, Found, SO re-

Serum ug ug e covered

“w
1(15.4)*  15.0 304 310 102
” 30.0 45.4 46.4 102
” 30.0 45.4 44.2 97
2 (30.0) 15.0 45.0 46.0 102
” 15.0 45.0 44.0 98
" 30.0 60.0 60.2 100
3 (41.6) 3.3 449 45.0 101
” 6.6 48.2 49.4 102
TUrine

1(112)* 300 412 398 97
2 (22.5) 20.0 42.5 41.5 98
? 15.0 37.5 37.3 100
3 (21.6) 22.5 441 44.8 102
” 15.0 36.6 38.0 104
4 (16.0) 22.5 38.5 38.0 99
5 (32.0) 22.5 54.5 55.7 102
” 15.0 47.0 47.6 101
6 ( 9.6) 7.5 17.1 16.7 98
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urine are coprecipitated as benzidine salts and
must be removed prior to precipitating inor-
ganic sulfate(5,7). With the present technic,
however, urinary inorganic phosphates in con-
centrations up to 150 mg % did not interfere
with sulfate precipitation. This was investi-
gated by determining urinary sulfates before
and after precipitation of phosphate as mag-
nesium ammonium phosphate(12).§

The reproducibility and accuracy of the
present method was equal to or better than
other procedures utilizing larger quantities of
plasma or serum(1,2,3,7,13). However, it
must be stressed that, kike all procedures re-
quiring quantitative recovery of a small pre-
cipitate, utmost care is essential.

Summary. 1) An improved method for the
determinatjon of inorganic sulfate in biologic
fluid has been presented.

2) The results compare favorably with
other methods requiring larger quantities of
serum or plasma.

§ Powdered calcium hydroxide(4) was found un-
suitable as an agent to precipitate phosphate because
varying amounts of sulfate were found to be copreci-
pitated with calcium phosphate. '

# Qulfate present in initial aliquot of serum and
urine. i
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