points in the molecule. To settle this
question, one sample of periodate-
oxidized wheat starch (1 C=O per 18
A.G.U.s) and one of periodate-oxidized
waxy maize starch (1 C=Q per 22
A.GU.s) were pasted in hot water,
cooled, an equal volume of carbonate-
bicarbonate buffer (pH=9.5) added,
making the final concentrations 1 and
29, starch, respectively. Both solu-
tions were then put in a thermostatic
bath at 27° C. for 2 weeks, and their
intrinsic viscosities periodically meas-
ured; the starch concentrations were
measured at the same time to correct
for any retrogradation effects. Parallel
experiments in the absence of buffer
(pH = 6.5) were also run. No attempt
was made to exclude atmospheric
oxygen. The corrected intrinsic vis-
cosities of all starch solutions, both
buffered and unbuffered, remained un-
changed throughout the entire 2 weeks’
period. It may thus be presumed that
no degradation had taken place.
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A Stable Reagent for the Liebermann-Burchard

Reaction

Application to Rapid Serum Cholesterol Determination

T. C. HUANG, C. P. CHEN, VERNA WEFLER, and ALAN RAFTERY
Research Department, Timken Mercy Hospital, Canton, Ohio

» Measurement of total serum cho-
lesterol is a valuable test in the study
of lipide metabolism, It requires a
stable reagent for cholesterol color
development and a simple procedure
for the routine determination. A rea-
gent for the Liebermann-Burchard re-
action is described, which is stable for
2 weeks at room temperature and 4
weeks or longer under refrigeration,
in contrast to 24 hours' stability of the
ordinary acetic anhydride~sulfuric acid
reagent. This reagent is also useful
for rapid serum cholesterol determina-
tion. Only one reagent and one step
are required.

HE current methods of choice for
the determination of serum cho-
lesterol are based upon the Liebermann-

Burchard reaction (3, 8). However,
the acetic anhydride-sulfuric acid mix-
ture for the final color development is
not stable. Most methods, such as
those of Schoenheimer and Sperry (10)
and Bloor (), require many steps for
precipitation, washing, and dissolving.
Pearson, Stern, and MecGavack (9)
simplified the serum cholesterol assay
by using excess heat generated during
the addition of sulfuric acid to dissolve
the precipitate from the serum. That
method still required p-toluenesulfonic
acid and many steps for an ordinary
assay. Currently there are reports of
use of two reagents for rapid serum
cholesterol determination. However,
the final color remains stable for only a
minute or two, and the results average
109% or more higher than the con-
ventional method (4, 6). Qur experi-
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ment was directed to finding a single
reagent which would be stable for the
Liebermann-Burchard reaction and also
useful for routine serum cholesterol de-
termination.

METHOD

Reagents, Acetic Anhydride-Sul-
furic Acid Mixture. A mixture con-
taining 309, glacial acetic acid, 60%
acetic anhydride, and 109, sulfuric
acid by volume was prepared in ice
water according to the directions of
Schoenheimer and Sperry (10). An-
hydrous sodium sulfate was added to
the mixture to a concentration of 2%,.

Cholesterol Standard (2 mg. per ml.),
200 mg. of cholesterol (alecohol) dis-
solved in 100 ml. of acetic acid.

Procedure for Color Development.
To each of three 25-ml. Erlenmeyer
flasks (or 15 X 125 mm. screw-cap
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test tubes) labeled as blank, un-
known, and standard, add 5 ml. of
the acetic anhydride-sulfuric acid
mixture. Then add 0.2 ml. of dis-
tilled water, 0.2 ml. of untreated
unknown serum, and 0.2 ml. of stand-
ard slowly (3 to 5 seconds) along the
edges of the corresponding flasks.
Mix by gentle swirling and let stand at
room temperature or in a water bath
(21° to 25° C.) for 20 minutes. The
precipitate undissolved after mixing will
be dissolved on standing. Read at 550
or 610 mu on a Beckman or Coleman
spectrophotometer and calculate the un-
known according to Beer’s law.

EXPERIMENTAL RESULTS AND DISCUSSIONS

Conditions for Reagent Prepara-
tion. An attempt to preserve the
reagent under partial vacuum was
not effective. A mixture of lower than
109, sulfuric acid stayed colorless for
months but lost its activity as the
3.3% level in the ordinary method.
Concentrations of sulfuric acid over
109 discolored quickly and resulted
in a violent reaction during color de-
velopment. A high level of 109, but
without sodium sulfate was less stable
and resulted in an unstable final color
which was obvious to the naked eye.
Two per cent anhydrous sodium sulfate
in the reagent was the optimum amount.
This reagent was stable more than 2
weeks at room temperature. A brown-
ish color in the solution indicated
reagent deterioration and it is advisable
to refrigerate the solution. We re-
moved the reagent from cool storage an

Table I. Comparison of Absorbances
by Schoenheimer and Sperry's and Our
Method

(Average of 5 determinations)

Wave Length
les- 550 Mu 610 Mu

terol, Schoen- Schoen-

Mg. heimer’s Present heimer’s Present

‘78 m(()ethod method me(;chod me(t)hod
0

Cho-

80= 0.06 0.07 0.11 0.12
160¢ 0.12 0.14 0.22 0.23
240  0.18 0.20 0.33 0.3
320 0.24 0.25 0.45 0.45

a Significant difference between two
methods at these levels according to group
comparison of Snedecor (11).
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Cholestercl absorbance af different wave

0.4 mg. of cholestero!
0.2-ml. standard

hour before using and refrigerated
afterward. No indication of decreasing
activity in the reagent was observed
after more than 4 weeks. Acetic acid
was a better solvent than chloroform in
our method.

Choice of Wave Length. Accord-
ing to Hawk, Oser, and Summerson (§),
the maximum sensitivity is not the chief
consideration in the selection of the
proper wave length for analytical work;
hence a wave length which gave the
widest range between unknowns was
chosen. The present method had the
widest absorbance range at 550 and
610 myu (Figure 1). We preferred 550
rather than 610 mu for routine work
because 610 required a wider slit width
and there was more interference.

Interferences. Because free hemo-
globin and bilirubin are the common
color substances in serum, they were
tested for their interference in cho-
lesterol determination. Free hemo-
globin was prepared according to
Block, Durrum, and Zweig (I). c.p.
Bilirubin  (Nutritional  Biochemical
Corp., Cleveland 28, Ohio) was used for
the test. In our trial we observed that
50 mg. 9% hemoglobin gave no reading
at 550 mu and less than 0.01 at 610 my.
The 50 mg. 9% level of hemoglobin is
5 and 10 times higher than the normal
gerum content. Therefore, hemoglobin
caused little interference under ordinary
conditions, Nevertheless, precaution
should be used with hemolyzed blood.

Table ll. Comparison of Cholestercl Determinations by Pearson’s and Our Method
in Routine Laboratory Work

Number
Sample Comparison
Control 34
Unknown 58

Pearson’s Present
Method, Mg. %, Method, Mg. %
215.2 = 2 214.8 = 0.8
238.6 = 9.4 246.9 == 9.4¢

s Serum blank used in Pearson’s work, but not in ours.
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Bilirubin interfered at 550 and 610
mu. However, no reading was ob-
tained at the normal level of 0.05 mg.
%. A reading of 0.01 was obtained if
the level was raised to 5.0 mg., 10 times
higher than the normal value. This
could be corrected easily by subtracting
a serum blank prepared by diluting 0.2
ml. of unknown serum with 5 ml. of
acetic acid (95%). The requirement for
such a serum blank correction is not
clinically significant in routine work,
because a reading of 0.01 will give 5to 8
mg. 9% of cholesterol in the normal cho-
lesterol curve between 150 and 250 mg.
of cholesterol.

Comparison with Other Methods.
SCHOENHEIMER AND SPERRY. C.P.
Cholesterol was used for this com-
parison. The absorbances of the
various concentrations of cholesterol
by the S8choenheimer and Sperry and
the present method are shown in
Table I. The absorbance from the
present mixture gave a slightly higher
reading than that of Schoenheimer
and Sperry. This means that the
present reagent resulted in a larger
difference between the unknowns and
would be a better solution.

The color development from the
present method reached its maximum
within 20 minutes and was stable 20
minutes thereafter, while the conven-
tional method needs at least 30 minutes
to develop and was stable only 10
minutes. Another advantage of the
method was the less critical tempera-
ture fuctuation. There was no dif-
ference in readings between 21° and
25° C. in our method.

Pearson ef al. The two methods are
compared in Table II. The total serum
cholesterol of the control from the two
methods was similar. The unknown
readings in Pearson’s method were
slightly lower than those of our method.



However, Fisher’s test did not give any
significant difference (11).

Lawry et al. (7). The results of total
serum cholesterol by the present method
were also compared with those of Lawry
et al. Venous blood from 300 normal
persons of different ages and sexes was
studied. To avoid personal deviation,
one technician was responsible for all de-
terminations. The results obtained by
the present method were similar to
those of Lawry et al. (Table III).
The data for men between 50 and 59
and women between 60 and 69 were
higher than those of Lawry el al,
probably because of the sampling dif-
ference. Males counsistently had higher
values than females until the sixth
decade. The level rose with age in both
sexes. The male reached the maximum
at 50 to 60, but the female continued to
rise.
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Bile Acids as Conjugates

Extraction with Ethyl Acetate

SAMUEL J. LEVIN, C. G. JOHNSTON,! and A. J. BOYLE
Department of Chemistry and Surgery, Wayne State University, Detroit 2, Mich,

» Because of the recent evidence
indicating a radical change in the state
of conjugation of bile acids in liver
disease as well as the continved
interest in these compounds because
they are the main cholesterol metab-
olites, the determination of the bile
acids has assumed great importance.
Most analytical methods currently used
are not suvitable because they require
a hydrolysis step. The process causes
gross losses and makes it impossible to
obtain information concerning the state
of conjugation. This paper presents a
procedure for the rapid separation
of the glycine and taurine conjugates
of cholic and deoxycholic acids, and
their spectrophotometric determina-
tion. Representative specimens of
animal and human gall bladder bile
have been analyzed and values for
the four conjugates are presented.

THE bile acids, 24-carbon carboxylic
acids of the cholane series, are
found conjugated with glycine and
taurine in the bile of most vertebrates
and all mammals (6). The commonly
occurring bile acids are the conjugates
of cholic (3,7,12-trihydroxy-), deoxy-
cholic (3,12-dihydroxy-), and chenode-
oxycholic acids (3,7-dihydroxycholanic
acid). Recent studies have shown a
drastic change in the proportions of
conjugates in bile from patients suf-
fering from liver and biliary disease
(15).

Most procedures for the estimation of
these compounds in bile have in common
a hydrolysis step. This has been neces-
sary because of the difficulties involved
in the extraction and subsequent separa-
tion of the conjugates owing to the great
hydrophilic properties of these com-
pounds. It has been repeatedly recog-
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Several

nized that hydrolysis caused a structural
alteration of the bile acid molecule,
which results in large errors in the sub-
sequent spectrophotometric results (7,
9). The hydrolytic step, however, does .
obviate the exacting and tedious
countercurrent () and chromato-
graphic (Z3) methods, which are un-
suitable for rapid clinical procedures.

This paper describes a relatively rapid
process for the separation and sub-
sequent spectrophotometric estimation
of the conjugates of cholic and deoxy-
cholic acids in bile.

METHODS AND MATERIALS

Purification and Separation of Con-
jugates. REAGENTs. Reagent grade
absolute ethyl alcohol, ether, hexane,

1 Deceased June 3, 1960.
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