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The cephalin-cholesterol flocculation reaction of
Hanger (1) has been found to be an extremely
useful test in routine clinical work because of its
simplicity and the very small number of false posi-
tive reactions in normal cases. Although positive
reactions have been obtained in such diseases as
malaria, pneumonia, septicemia, infectious mono-
nucleosis, etc. (1-3), the test has found its widest
application in the study of liver disease. A posi-
tive reaction in most cases indicates parenchymal
cell injury and the test has been found most use-
ful in the early diagnosis of liver disease (4, 5).
Since the degree of flocculation of the cephalin-
cholesterol emulsion by the patient’s serum paral-
lels the severity of the disease, serial determina-
tions of this test have been found useful as an aid
in the prognosis of various diseases (1, 4, 6). At
the present time, results are expressed in a quali-
tative manner, 4.e., 0 to 4 +, and since negative
values are often obtained before the jaundice has
completely subsided, the test is of little diagnostic
value late in the course of the disease (7).

Investigation of the flocculated material from
positive cases has shown it to be a complex com-
posed of a protein material, i.e., gamma globulin,
attached to the cephalin-cholesterol emulsion (8).
The probability of alpha and beta globulin from
hepatitis sera also taking part in this reaction has
recently been mentioned in the literature (9).
The probable mechanism of the cephalin-choles-
terol reaction including the inhibiting role of the
albumin fraction has been described by Moore et al.
(10) and is based on experimental studies made
with electrophoretically separated fractions of
normal and diseased human sera.

All the previous investigators have been con-
cerned mainly with the nature of the protein part
of the complex. The present investigation deals

1 Published with permission of the Chief Medical Di-
rector, Department of Medicine and Surgery, Veterans
Administration, who assumes no responsibility for the
opinions expressed or conclusions drawn by the author.

with the quantitative determination of the choles-
terol content of the centrifuged material after the
completion of the usual qualitative test.

PROCEDURE

The cephalin-cholesterol emulsion was prepared from
the commercial product supplied by the Difco Labora-
tories, Inc,, Detroit, Michigan, Lot No. 388716. The
emulsion was prepared and the test run exactly as de-
scribed by Hanger (1) except that the centrifuge tubes
were kept in a dark closet as suggested by Neefe and
Reinhold (11). Readings were made after 24 hours’
standing and listed as 0, *=, +, ++, +++, and ++++,
using Hanger’s criteria of reading the results. No read-
ings were made after 48 hours’ standing as it was found
that the sensitivity of the emulsion was such that about
10 per cent of the normal sera run gave + or ++ read-
ings at that time (12). A saline blank, a known normal
serum and a known ++-++ serum were set up with
each run.

After the completion of the qualitative test, the centri-
fuge tubes containing the samples were centrifuged at
3000 r.p.m. for exactly 15 minutes and the supernatant
fluid was carefully poured off so as not to disturb the
precipitate. The lips of the inverted tubes were allowed
to drain on a piece of filter paper for a few seconds, the
top inside surface of the tube wiped carefully with a
clean piece of filter paper, and the tubes replaced upright
in the rack. Approximately 0.1 ml. of distilled water
was added to each centrifuge tube, followed by 4.5 ml.
of acetic anhydride-dioxane mixture. The tubes were
then placed in a boiling water bath and heated for 30
minutes or longer with occasional shaking. The tubes
were then removed and cooled to room temperature and
the contents transferred quantitatively to a colorimeter
tube (or to a 5-ml. glass-stoppered graduated cylinder
where individual cuvettes are used) graduated at 5.00 ml.,
with the aid of several small portions of the acetic an-
hydride-dioxane mixture and the contents diluted exactly
to mark. The remainder of the procedure for the deter-
mination of the total cholesterol content of the precipitate
is that described by Saifer and Kammerer (13). Small
amounts of protein which may be washed into the col-
orimeter tube have a negligible effect on the accuracy
of the method. :

The results are expressed in cholesterol units (which
are equivalent to the mg. per cent of total cholesterol for
a 0.20-ml. serum sample) after subtraction of the saline
blank value.
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TABLE 1

Relationship of qualitative cephalin-cholesterol flocculation
results to quantitative cholesterol unit values

o | M| e | oS
Ne(%\al?vc:ses) 48 0-204 47
+ 9 122-258 188
++ 12 129-332 253
++4+ 13 243-473 407
++++ 13 410-633 529
Negative
(Normals 20 0-103 43
only)
RESULTS

Some 20 normal sera and 80 sera from hospital
patients, including a large group of cases with liver
disease, were run by the procedure described
above. The qualitative results obtained by the
Hanger method, the number of cases in each group,
the range of quantitative cholesterol units for each
group and the average quantitative cholesterol
value for each qualitative group are given in Table
I. The results obtained indicate that there is a di-
rect quantitative relationship between the quali-

TABLE II

Reproducibility of quantitative cholesterol unit values
obtained for normal and pathological sera

Probable
Quanti- | Quantitative| error of a
Patient and [Qualitative tative cholesterol single
diagnosis values cholesterol units determin.
units (average) cholest.
units
No. 1 0 17
(Normal) 0 30 23 4.4
0 23
No. 2 0 11
(Normal) 0 6 8 4.2
0 8
No. 3 + 205
(Unknown) + 210 206 3.0
+ 202
No. 4 3+ 485
(Infectious 34+ 476 480 3.7
hepatitis) 3+ 478
No. § 4+ 642
Cirrhosis 4+ 648 642 4.1
44 636
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tative results by the Hanger method and the quan-
titative cholesterol unit values of the centrifuged
complex.

To check the reproducibility of the method, a
number of normal and pathological sera were run
in triplicate by the above method. The quantita-
tive cholesterol units obtained together with the
errors involved in the procedure are given in
Table II. In Table IV, the reproducibility of the
method is again shown by the relatively constant
cholesterol unit values obtained on repeated analy-
sis, at intervals, of the author’s own serum. The
data in Table IIT are presented to show the effect

TABLE III

Effect of using different cephalin-cholesterol emulsions on the
quantitative cholesterol unil values obtained
with the same sera.

Probabl
Patient | Quali- %:":Rg’ Cholesterol erlé?’;:‘l’: a
dia::;:%sis Emulsion f,g'i:“;i cholesterol ‘('Xl:e‘;g';‘; determin.
units cholest.
units
No. 8 I 0 0
Normal II 0 7 4 2.8
111 0 5
No. 11 I 0 0
Normal 11 0 4 2 14
II1 0 2
No. 12 I 24 302
Unknown | II 24 318 305 9.3
111 24+ 294
No. § I 44 531
Cirrhosis | 11 4+ 558 530 19.6
111 4+ 502

on the same sera, normal or pathological, of differ-
ent cephalin-cholesterol emulsions. Two of these
emulsions, I and II, were prepared from the same
lot of Difco antigen while emulsion III was pre-
pared from another lot from the same company.
The results of these experiments together with
the errors involved in using the different emulsions
are given in Table III.

To determine whether this procedure could be
used in the prognosis of liver disease, a number of
typical cases were followed by means of serial
quantitative determinations at frequent intervals.
The data obtained in these runs are presented in
Table IV, together with other pertinent data, e.g.,
thymol turbidity, bromsulfalein, icteric index, etc.,
relating to the clinical condition of the patient.
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TABLE 1V

A comparison of serial qualitative and quantitative cephalin-cholesterol flocculation tests as an aid in the prognosis of liver disease

Patient and | Dateoffest: | 1/13 1/16 1/18 1/22 121 | 1/29 2/3 210 | 2/17 | 2/25
No. 4 44 4+ 44 34+ 3+ 34 3+ 24 1+
Infectious 516 493 443 430 371 367 — — 377 359 149
hepatitis I1=16 TT=11 TT=9|TT=9 | TT=6
No. 5 44 44 44 44 44
Cirrhosis 483 540 510 484 642
Brom =32 TT=6
No. 6 3+ 3+ 3+* 3+ 3+ 3+ 3+ 24
Infectious —_ 399 415 — 461 — 523 538 492 482 342
hepatitis Brom=4.5 Brom'=0.5 TT=3| TT=3 |[TT=3
II=8.6 I1=6.3
No. 7 3+ 0 14 24
Infectious 355 — — 118 — — — 155 273
hepatitis TT=9 Bil=3.0 | TT=7
No. 8 — — 0 0 — 0 0
Normal 4 2 4 — — — 6 —
0 = negative cephalin-cholesterol readings. Bil = total Bilirubin (mg. per cent).
TT = Thymol Turbidity units. Brom = Bromsulfalein (per cent retained).

IT = Icteric Index.

To determine whether cholesterol played a sim-
ilar role in the thymol flocculation test of Neefe
(14), a number of normal and abnormal sera were
treated with the thymol reagent of Maclagan (15)
and after measurement of the thymol turbidity,
the contents were transferred to centrifuge tubes
and allowed to stand for 24 hours in a dark closet.
The thymol flocculation readings were then made
and the contents centrifuged at 3000 r.p.m. for 15
minutes. The remainder of the procedure was
performed exactly as described above for the
cephalin-cholesterol flocculation reaction. The re-

* Patient hospitalized.

sults obtained in this run are given in Table V.
Only slight differences between the cholesterol
content of negative and strongly positive thymol
flocculation reactions are obtained upon analysis
of the centrifuged material, as compared to the very
large differences obtained for the cephalin-choles-
terol precipitates of the same sera.

TABLE VI

Effect of dilution with physiological saline of normal and
pathological sera on the cephalin-cholesterol flocculation
test as determined by the qualitative and
quantitative procedures®

TABLE V Patient and diagnosis
Quan-
Relationship of thymol flocculation and cephalin-cholesierol tit
flocculation readings to quantitative cholesterol o No.8 | No.13 | No.5 | No.4 | No.12 | No.7
- units of centrifuged complex seam
Normal | Normal | Cirthosis |prepatitis | Unknown| Hepatitis
Patient Cephalin- Cephalin- Thymol Thymol
an cholesterol | cholesterol | flocculation | flocculation 0.20 2(0) 96(0) 606(4+) | 430(3+) | 2892 +) | 258(1 +)
diagnosis values— values— values— values—
qualitative | quantitative | qualitative | quantitative 0.10 |183(1+)|415(3+) | 657(a+) | 6094 +) [ 418(3+) | 3353 +)
No. 5 0.05 |604(4+)|658(4+)|695(4+4) | 734(4+) | 684(a+) | 731(a +)
Cirrhosis 4+ 483 3+ 32 0.02 | 701(a+4) | 653(a+) | 473(a+) | 733(a+) | 695(a +) | 738(a +)
No. 9 0.01 |707(4+)]|301(4+4)|325(4+) | 725(a+) | 616(4+) | 757(4 +)
l?:;;:itis 4+ 410 0 2 0.005 |430(4+)| 61(4+)]212(4+) | 450(a +) | 279(a +) | 165(a +)
No. 10 * Note: Figures in parentheses give the qualitative
Ulcerative 34+ 329 0 16 cephalin-cholesterol flocculation readings
colitis All cholesterol unit values were calcu ated as if each tube
contained 0.20 ml. of serum. The #rue cholesterol unit
No. 8 values can be obtained by mu(l)txz%lymg the values in the
Normal 0 7 0 0
table by the factor (Quanmy 0
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Bruger (16) and Mirsky and von Brecht (17)
have shown that the dilution of both normal and
pathological sera lead to an increase in the degree
of flocculation by the Hanger method. It was de-
cided to reinvestigate the dilution phenomena by
the quantitative procedure so as to determine
whether the proportion of serum to emulsion pres-
~ently used in the qualitative method is the most
suitable one for the purpose of distinguishing nor-
mal from abnormal sera. The results obtained in
this run are given in Table VI.

ANALYSIS OF RESULTS

The 95 cases given in Table I furnish ample
evidence in support of the fundamental observation
of this paper, that there is a quantitative relation-
ship between the degree of flocculation and the
cholesterol content of the centrifuged complex.
All normal individuals, who gave negative qualita-
tive results, gave quantitative cholesterol unit val-
ues of 103 or less with an average value of 43
cholesterol units. Negative qualitative values
which gave more than 100 cholesterol units were
usually known liver disease cases in the convales-
cent stage of the disease when the Hanger test is
known to become negative while the thymol tur-
bidity values still remain elevated (18).

Between the various qualitative groupings, i.e.,
0 to 4 +, there is a spread of between 65 to 154
cholesterol units between each group. The over-
lapping values for each of the various groupings
given under “range of cholesterol units” is to be
expected because of the personal error involved in
deciding the exact qualitative reading of any given
determination. The average cholesterol value for
each group therefore furnishes a better index for
the experimental fact that the quantitative choles-
terol unit value increases with the degree of
flocculation.

The data given in Table II illustrate the repro-
ducibility of the quantitative method for the same
normal or pathological sera when determined with
the same cephalin-cholesterol emulsion. While the
percentage error is greatest for the negative quali-
tative values and is least for the higher qualitative
values, the probable error of any single determina-
tion remains remarkably constant over the entire
range at about = 4 cholesterol units.

The effect of using different cephalin-cholesterol
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emulsions on the quantitative cholesterol unit val-
ues obtained with the same sera is shown by the
data which are given in Table III. Emulsion II
seems to give consistently the highest values for
each of the sera while Emulsion IIT gives the low-
est values. Unlike the results obtained in Table
II, the probable error of a single determination ap-
pears to increase markedly with the qualitative
reading and for a 4 + qualitative result, the error
is approximately == 20 cholesterol units although it
is only about =+ 4 units for a negative qualitative

" test.

That reproducible results can be obtained with
the same sera when different emulsions are used
are shown by the data on the author’s own serum
(No. 8.) in Table IV. The cephalin-cholesterol
emulsions were freshly prepared on the date given
together with several saline blanks. The quanti-
tative cholesterol values were obtained after sub-
traction of the lowest saline blank. The values ob-
tained for the same individual are remarkably con-
sistent, giving an average cholesterol value of 4
units, and are all well within the expected error
of + 4 cholesterol units.

In Table IV, data are presented to illustrate the
use of the method to follow the clinical course of
a number of selected cases by means of serial de-
terminations by the quantitative procedure. The
same lot of Difco cephalin-cholesterol antigen was
used for all of these studies although a fresh emul-
sion was prepared for each day’s run.

Patient No. 4 represents a typical case of infec-
tious hepatitis with an uneventful recovery on pro-
longed bed-rest with a high-protein, high-carbohy-
drate diet. The quantitative cholesterol values
show a continuous decrease, except in one in-
stance, and parallel quite closely the decrease in
thymol turbidity values. It should be noted that
the decrease in the cholesterol unit value antici-
pates in each instance the decrease in the qualita-
tive value. In the one instance where there is a
slight rise, i.e., from 367 to 377, instead of a fall in
the quantitative value, the change is 10 units
whereas it has been previously mentioned that
changes of less than 20 units were not to be con-
sidered as significant because of the difficulty in
obtaining a reproducible emulsion.

Patient No. 5 represents a typical case of cir-
rhosis of long duration and has consistently shown
a bromsulfalein retention value of about 30 per
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cent. This patient has repeatedly given 4 + qual-
itative cephalin-cholesterol flocculation values with
occasional 3 + values and relatively normal thymol
turbidity values over a period of about a year.
The quantitative cholesterol unit values obtained
indicate the possibility of a rhythmic pattern for
this disease which may parallel periods of increas-
ing or decreasing parenchymal cell injury.

Patient No. 6 represents a recurrent case of
infectious hepatitis which was found upon routine
testing previous to hospitalikation. Although the
qualitative readings remained almost constantly at
3 + for the entire period of observation, the quanti-
tative readings show a progressive rise followed by
a decline after a period of hospitalization and treat-
ment. In this case all other liver function tests
were found to be normal.

Patient No. 7 illustrates a case of infectious hep-
atitis which went from a 3 + to a negative cephalin-
cholesterol qualitative value in a relatively short
space of time. It should be noted that the quanti-
tative cholesterol value remained above 100 units
and the thymol turbidity value was still consider-
ably elevated, indicating that the disease was active.
The patient was permitted to resume activity and
suffered a relapse as indicated by the increasing
qualitative and quantitative cephalin-cholesterol
flocculation values.

The data shown in Table V indicate that the
thymol flocculation test does not lend itself to the
same quantitative differentiation by means of
cholesterol determinations as does the cephalin-
cholesterol flocculation test. The differences be-
tween a 3 + flocculation and a negative serum,
as measured in cholesterol units, were so slight
as to be within the experimental error of the
method. This furnishes additional experimental
evidence of the differences between the two tests in
addition to that given by Recant et al. (19).

The data shown in Table VI on the effect of di-
lution with physiological saline of normal and ab-
normal sera on the cephalin-cholesterol floccula-
tion test are a good example of the use of the
quantitative method as a means of studying the
various factors which influence the Hanger reac-
tion. All the sera tested, both normal and patho-
logical, exhibit an increase in the degree of floc-
culation with increasing dilution of the sera until
a maximum value is reached, after which con-
tinued dilution causes a rapid decline in the amount
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of the flocculated material as measured in quantita-
tive cholesterol units. It should be noted that it
would be difficult, if not impossible, to draw similar
conclusions from the qualitative data as given in
Table VI, as in each instance when the quantity of
sera used is less than 0.05 ml., the supernatant
fluid is water clear and would be read a 4 + by the
Hanger method although the actual amount of
precipitate may vary markedly. No evidence could
be found in the literature to justify the proportions
of serum, saline and emulsion presently used in the
Hanger test. The data in Table VI show that the
greatest differences between normal and pathologi-
cal cases are obtained for 0.20 ml. of serum and
that the proportions of serum, saline and emulsion
chosen by Hanger are the best ones for the
purpose.

The data in Table VI also appear to confirm the
views of Moore, Pierson, Hanger and Moore (10)
of the presence of a reactive gamma globulin and
an inhibitory substance in the albumin fraction in
all sera whether normal or abnormal. Dilution at
first appears to dilute the inhibitory substance
to a greater extent than the gamma globulin so
that there is at first an increase in the amount of
flocculated material until a point is reached where
further dilution causes a decrease in the amount
of the flocculated material. It should be noted that
patient No. 5 with the highest qualitative result
(4 +) is the first to show a decreased quantitative
value on dilution, although the same effect is not
exhibited by the other positive sera as compared to
the normal sera.

DISCUSSION

The fundamental observation of this paper is the
quantitative relationship between the degree of
flocculation and the cholesterol content of the cen-
trifuged complex. This is.not as surprising as may
appear at first because the cephalin-cholesterol
emulsion may be considered to act as a vehicle to
whose surface the active gamma globulin attaches
itself in stoichiometric proportions to form the
flocculating material. For any given emulsion, it
is to be expected that the cholesterol content of the
flocculated material would be as true a quantitative
index of the active gamma globulin as would be
its protein nitrogen or its phospholipid content.
Hanger (1) has shown that there is an increase in
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the protein N in the flocculated material from a
positive serum as compared to a blank containing
only the emulsion. No experimental work has
been performed as yet on the cephalin content of
the complex.

The main experimental difficulty which has been
encountered in both the qualitative and quantita-
tive method is the difficulty of reproducing the
cephalin-cholesterol emulsion or maintaining the
stability of the emulsion once it is prepared. The
saline blank containing the emulsion, but no serum,
has given results varying from 20 to 70 cholesterol
units. Occasionally an entire run would exhibit
supersensitivity where all the normal controls
showed flocculation; at other times a run would
show almost complete insensitivity with known 4 +
sera exhibiting little or no flocculation. In each
run described above, known normal and 4 + sera
were always included as checks on the proper sen-
sitivity of the emulsion. The pitfalls of the Hanger
flocculation test have been discussed in some de-
tail by Mateer (20). However, when the above
precautions have been taken, the results obtained
were excellent in that all normal individuals, giving
a negative qualitative test, usually gave quantita-
tive values below 100 units, while those showing
even the slightest degree of flocculation, gave
values much greater than 100 units as shown in
Table I.

The above data also suggest that each normal in-
dividual has his own active gamma globulin level
and that this value tends to remain fairly constant
as long as the individual remains healthy. For ex-
ample, the author’s own cholesterol unit value, as
shown in Table IV, has been about 4 = 4 choles-
terol units while that of one of the laboratory tech-
nicians has consistently been 95 + 5 cholesterol
units. The possibility of establishing an accurate
range of cholesterol unit values for all normal indi-
viduals and a definite value for a single individual
may be one of the main advantages of the quanti-
tative procedure over the original qualitative
method.

By the term “active gamma globulin,” as used
in the above discussion, is meant that portion of
the gamma globulin which is not¢ inhibited by a
substance present in the electrophoretically sepa-
rated albumin fraction, as explained by Hanger
(21), and which is free to combine with the cepha-
lin-cholesterol emulsion. A small amount of such
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“acttve gamma globulin” is present in almost all
normal sera as distinguished from the absolute
amount of gamma globulin present in the normal
sera. A number of investigators have shown that
there is an increase in the absolute value of the
gamma globulin and a decrease in the albumin
fraction in cases of liver disease (8, 10) and ma-
laria (22) when these fractions are separated
electrophoretically. It is these changes which are
determined by the cephalin-cholesterol flocculation
reaction. '

It should be emphasized that the quantitative
cephalin-cholesterol test is not being advocated as
a substitute for, or refinement of, the Hanger test.
The Hanger test results parallel those of the quan-
titative test, and since the qualitative test is per-
formed in its entirety before the quantitative test
is started, the qualitative results will generally
suffice for routine clinical diagnostic or prognostic
results. Since a single unit change, e.g., from 1 +
to 2 +, is equivalent to a change of 100 or more
cholesterol units in the quantitative test, the test
should find its greatest usefulness in studying and
measuring accurately the many factors which in-
fluence the Hanger reaction so as to lead to an
improved test. The data given in Tables II, IV
and VI present a clear indication of the advantages
that the quantitative test has over the qualitative
test for this purpose. In addition to the effect of the
dilution of sera on the Hanger reaction, such fac-
tors as methods of stabilizing the cephalin-choles-
terol emulsion by means of dispersing agents, ef-
fect of heating sera at various temperatures, effect
of time of standing of sera, effect of variation of
temperature at which the flocculation reaction oc-
curs, the use of human gamma globulin as a stand-
ard for the reaction, and the effect of various pro-
tein fractions on the reaction, etc., are presently
under investigation and will be reported in subse-
quent papers.

It should be further emphasized that, while an
attempt was made to select typical cases as repre-
sentative of a particular disease, the extremely
small number of clinical cases does not warrant
the drawing of any general conclusions about any
disease. They are presented here in the hope that
some clinicians will be sufficiently interested in ap-
plying the method to a sufficient number of clini-
cal cases so as to establish definite patterns for such
diseases. The quantitative test should have its
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greatest clinical value in following clinical cases
into the convalescent stage and, because of the
relatively slow response of hepatitis and other liver
disease cases to treatment, to the investigation of
new methods for the treatment of these diseases.

SUMMARY AND CONCLUSIONS

1. The present investigation deals with the
quantitative determination of the cholesterol con-
tent of the centrifuged protein-cephalin-cholesterol
complex after completion of the qualitative Hanger
test.

2. The quantitative cholesterol unit values (after
subtraction of the saline blank) of more than 100
normal and pathological sera were determined by
the procedure described and the following conclu-
sions were drawn from these results:

a. A direct quantitative relationship exists be-
tween the qualitative (Hanger) results and
the quantitative cholesterol units.

b. Negative qualitative results gave a wide range
of quantitative cholesterol units, .e., from
0 to 204 units, with those of known normals
usually being less than 100 units (average
value equals 43 units).

3. Positive qualitative values, i.e., from 1 + to
4 +, gave cholesterol unit values greater than 100
units., The clinical course of several liver disease
cases has been followed by means of serial
determinations with the quantitative method.
Changes can be detected by this method even when
no changes are observed by the Hanger procedure.

4. When the same emulsion is used, the prob-
able error of a single determination in a series
has been found to be = 4 cholesterol units. With
different emulsions, the probable error of a single
determination varies from =+ 3 units for a negative
qualitative test to an error of = 20 units for a 4 +
qualitative result.

5. Experimental evidence is presented to show
that the thymol flocculation reaction does not lend
itself to quantitative differentiation by means of
cholesterol determinations as does the cephalin-
cholesterol flocculation test.

6. The quantitative cephalin-cholesterol floc-
culation test should find its greatest value in
providing the means of accurately determining the
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various factors which influence the Hanger re-
action and for determining the efficiency of new
treatments for liver and other diseases.
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