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THE SECRETARY REPORTS

Flans are now in progress for the
Sixth Annual Meetings of the AACC,
These will be held in New York City
during September 13-15, 1954 in con-
junction with the 126th Mational Meet-
ing of the American Chemical Society.
The many interesling featurez of cur
past meetings will agoin be carried
through, including the Ernst Bischoff
Award and Annual Dinner.

Scome of the newer members in the
Associgtion may not be awae of the
fact that membership certificotes are
available to  them. These engraved
certificates are suitable for framing
and may be obtgined by sending a
check to the amount of four dollars to
the Mational Treasurer and indicating
the name to be inscribed as well as
degrees if one so wishes.

MNegotiations are now being carried
on with an outstanding publishing
house for a journal of clinical chemis-
try. It is hoped that a complete report
on this matter will be ready for the
nextissueof THE CLINICAL CHEMIST.

The first number of a newsletter by
the British Association of Clinical
Biochemists reached us a short time
aga. From our own ewmly experience
with THE CLINICAL CHEMIST we can
well imagine the thrill that this first
effort must have given to our British
colleagues., We most certainly extend
to them our best wishes in this edi-
torial venture.

ORIGIN OF THE MIDWEST SECTION

The need for increased participation
in the activities of the national associ-
ation at the Section level was stressed
at the Chicago meeting last September
(zee alzo Clinical Chemist, page 80,
Dec, 1953). The Executive Committee
and Mational Officers expressed a de-
sire for the formation of more local
sections.

Following the meetings in Chicagn,
a survey of all members of the Associ-
agtion in lowa and neaby areas was
made. Letters were sent to each mem-
ber proposing the formation of a Mid-
west Section, outlining the astivities
of such a section, and requesting ideas
and interest in its formation. Encourag-
ing replies were returned from several
members in lowa, Nebraska, ond west-
em [llinoi=.

The favorable response to this first
survey encouraged us to further our
efforts to obtain new memberz in the
area and to make definite plans for the
formation of a Midwest Section. Within
a short time, the group in lowa City
grew from two te fifteen and more mem-
bers were obtained in the area,

On Jonuary 14, an organizational
meeting was held at the University
Haospital in lowa City. A temporary
Chairman (J. 1. Routh) and a temporary
Secretary (L. C. Kier) were elected and
requested to petition the Executive
Committee for the formation of the Mid-
west Section. lowa was to serve as a
nucleusofthe area including Wisconsin,
Minnesota, South Dakota, Nebraska,
Missouri, ond western Illinois. It was
felt that the members in this relatively
large area could profit by participation
in section aclivities until such time as
new local sections were formed in the
member states. The petition for official
recognition of the Midwest Section con-
tained thirty charter members,

This might alsc be a good time for a
reminder that the First Eurcpean Con-
gress on Clinieal Chemistry is to meet
in Amsterdam from September 23-28,
1954. This Conqgress has been organ-
ized by the Netherlands Sociely for
Clinical Chemistry ond extends its
cordial invitation to American par-
ticipants.

Max M. Friedman, National Secretary

-19-

The first meeting of the Midwest
Section was held at the lowa Methodist
aond Blank Memorial Hospitals in Desz
Moines, March Sth. Kurt Dubowski and
Mary Doris Sandin arranged a tour of
the hospitals and the laboratories. The
tour was concluded by a discussion of
the problems, the activities and the
plans for clinical chemistry in the two
hespitals by Dr. Dubowski. Nineteen
members of the section were joined for
lunch in the Doctors Dining Boom by
Dr. Dunn, the hospital pathologist. A
business meeting followed the lunch.
The group worked on by-laws for the
section and discussed officers, elec
tion of officers, formation of commit-
tees, etc. Future programs were con-
sidered an plans were maode to wvisit
severnl laboratories in the secticn.

J. 1. Routh

HACL CONYENTIOMN

The Mational Association Of Clin-
ical Laboratories held their 1954 Ma-
tional Convention at the Holel Hol-
lenaen, Cleveland, Chio, May 14-16.

This Sixtn Annual Convention fea-
tured az part of the sclentificsessions,
A Symposium On Recent Improve-
ments In Laboratory Frocedures*!. The
speakers were: Charles C. Creft, John
D. Porterfield, Foger W. Marsters,
Nelson F. Young, 5. W. Eisenberq.

BACK NUMBERS

The Editorial Committee has avail-
able a limited number of back Issues
of THE CLINICAL CHEMIST for the
years 1952 and 1953, Vols 4 and 5.
Members that do not have complete
volumes for those years or are miss-
ing single issues can obtain them by
sending g post card to the committee
at Bex 123, Lenox Hill Station, Mew
York 21, M.Y. The card should state
the date of election to membership in
the AACC as preference will be given
to those members that were elected
during the year. The number of avail-
able copies are limited and they will
be distributed according to date of
request,



AACC
LABORATORY SURVEY

Enclosed with this number of The
Clinical Chemist is a letter, question-
naoire and stomped envelope from the
AACC Committee On Laboratory Stand-
ards and Personnel. The committee
survey was authorized by the National
Executive Committee in 1953, after a
number of members held some informal
discussions of mutual problems. It
soon became apparent that the condi-
tions under which many Clinical Chem-
ists work are widely different. It was
felt that if the information exchanged
by the few then present could be ob-
tained from a larger group the result
might serve as a picture of the status
currently enjoyed by the profession.

Formal proposal was then made to
the Executive Committee for a survey
of the entire membership. A group of
four members was chosen to design an
appropriate list of questions, and after
considerable deliberation the enclosed
form resulted.

Mo attempt at standardization is im-
plied or intended, but on the assump-
tion that Clinical Chemists operate
good laboratories which do good work
the survey will point cut the generally
accepted requirements which Insure
such work., Other laboratories can use
the survey as data to improve their own
situation as topersonnel and facilities.

There hos been considerable ad-
verse criticlsm lately published re-
garding the quality of work performed
by clinical loboratories. Pethaps the
present effort will help convince hos-
pital administrators and pathologists
that relioble data con be obtained by
relighle individuals, namely, clinical
chemists.

The success or failure of surveys is
always conditioned by the sampling
and the response, Sampling errors
have been avoided by sampling the en-
tire population, but the hozord of re-
sponse rests with the individuals
polled. Each of vou is urged to assist
in the compilation of valid data by use
of the enclosed envelope, prestamped
and addressed for your convenience.
Complete ond return the forms as
promptly as possible, please.

A.H.T. CO. SPECIFICATION

DENSIGRAPH

(RECORDING DENSITOMETER)

4937-X.

& A manually operated Recorder which provides a continuous ink rracing indicat-
ing percentage light cransmission

# For convenient and rapid photometric analysis of light absorbing materials on
dry paper strips obtained in electrophoresis and chromatography

DEHSIGRAPH (Recording Densitometer), A.H.T. Co. Specification, (Patent Ap-
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light-absorbing materials by determining light transmission and lineal separation
of stmined areas on dry swips of paper as obtained in electrophoresis and
chromarography.
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Consisting of a modified microammeter with extra manually controlled pointer,
photocell, G-vole lamp, adjustable slit, constant voltage transformer to operate
the lamp, and a pen which traces a curve when the pointer on the microammeres
is followed closely by the manually controlled pointer which is operated from the
front of the cabinet by means of a mechanically linked lever.

In use, stained paper swrips are attached by adhesive tape to the right edge of
the graph paper, below the adjustable slit, and advanced bencath the photocell
housing by the hand wheel at the left of the cabinet. Lateral movement of the
lever with the right hand makes it possible to align the manually controlled
pointer continuously with the indicating pointer of the meter and, as the rate of
travel of the graph paper is under the control of the operator’s left hand, the
fidelity of the resulting curve depends upon the manipulative skill of the opera-
tor. A continuous record of an eléectrophorogram can be completed in approxi-
mately 5 minutes and portions of the curve can be rechecked by simple roll-back
of the graph paper.

4937-X, Densigraph (Recording Densitomater), A.H.T. Co. Specification, (Potent Applied
Far), as above described, complete with constant voltage transformer, 50 fr.
roll of graph paper, ink writing pen, 4 0z, bottle of ink, roll of adhesive tape
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CHEMICAL EYALUATION OF THE FUNCTIONS OF THE LIVER

by
John G. Reinhold

William Pepper Laboratery of Clinical Medicine, Hospital of the University of Pennsylvania,

PART Ill

(H} Measurement Of Excretory Capacity
Of The Liver

(I} Miscellanecus Tests

{J) Selection Of Procedures

(K) Addenda

(L) References

Measurement of excretory capacity of the
liver.=Blle ocids aond various other sub-
stances, among them a number of dyes,
are taken up by the liver and secreted
into the bile with great rapidity. It has
been found that in liver disecas the rate
aof excretion may be lowered, and because
of this the use of certain of these sub-
siances has been of great wvalue in
measurement of liver function. Disodium
phencltetrabremophthalein sulfonate (sulfe-
bremophthalein, sodium; bromsulfclein), in-
troduced by Rosanthal and White (1925),
has proven to be superior to numerous
other substances tested for this purpose.

Technique of the Bromsulfalein Test
{Relnhold and Hutchinscn, 1851)

Principle.—A measured ameunt of brom-
gulfaleln g injested Intravencusly. The
liver rapidly removes the dye from its
combinaticn with plesma proteins and ex-
cretes It into the bile. If liver function is
impalred, excretlon Is delayed and a
larger propertion of the dye remaina in the
circulation. The dye concentration in serum
is meacsured after additlon of alkall te
convert it to its intensely colored sodium
galt. Corrections are made for interference
by turbidity and pigmentation of the serum,

Solutions.—Scdium hydroxide solutions.
Approximately 0.5M. and 0.05MN. The
0.05M =olution ls prepared Iram 0.5M by
diluting tenfold with water. Phenol tetro-
bramsulfonphathalein (sulfonate, sodium
bromsulfalein). Standard solution.—Transfsr
50 mg. to a 500 ml. volumetric flask. Add
250 ml. of the 0.05N sodium hydroexide
solution and dilute to volume with water,
[If crystalline bromsulfalein=is not avail-
able, substitute | ml. of 5% solution from
an ampoule). The standard solution =a
prepared contalns 10 mg. in 100 ml, and is
equivalent to 100 per cont retentlon of dye
when 5 mg. per kg, are injected, (It is
assumed that plasma velwne represents 5
por cent of the body weight), This stand-
ard is [urther diluted by measuring 10, 25,
and 50 ml. aliquotz and diluting them te
100 ml. with 0.05N sodium hydroxide. The
rezulting standard salutiens are equivalent

Philadelphia, Pa.

te 1.0, 2.5, and 5.0 mg. per 100 ml, and
represent 10, 25, and 50 per cent of the
initial dye concentration. The standaords
remaln unchanged over long pericds. For
actwal measurement, 0.5 ml. of each work-
ing standard is diluted to & ml, with 0,058
sodlum hydroxide.

A pparatus.,=A photoelectric photometer
is preferred to enoble gccurate measure-
meont of border line retention and to enable
correction to be made for interference from
hemoglobin. However, approximate meossune-
ments con be made by means of visual
comparators, When the latter are used
additional standard salutions ore prepared
80 a8 lo give concentration intervals of
0.5 mg. up to 3.0 mg. and ot 1.0 mg. inter-
vals abave this,

Method.—~Preparation of patlents, injes-
tion of dye, and callection of bleod:

The test i beat done in the morning.
The evening meal on the previcus day
should not have included focds rich In fat.
A breckizst of unbuttered toast and coffee,
tea, (without cream) or frult juice is per-
missable after which the patient should not
eat untll the test hos been completed.

The gquantity of bromsulfalein required
is calculated according to the patient's
ideal weight, See Table 1. For children,
divide the body weight in pounds by 22 to
obtain the necessary volume in ml. This
volume is infroduced into o sterlle eyringe
which ia puat aslde ready for the Injecton,

A veln Is entered and about 5 ml. of

 blood withdrawn. This blood Is used a3 a

cantrol specimen if necessary, The syringe
containing dye is then ottoched to the
npedle and the dye Injected slowly over a
three minute perlod Coe should be taken
that the dye does not escape into the s
sues, 45 minutes later about 5 ml. of blood
are collected fom a veln of the opposite
arm by meame of a differenc syringe and
needle, The exoct ime of completing the
injection and of collecting the blood should
be poted. The bloed s allowed o clot and
serum removed for onalysis. Coare Iz used
to avold hemolysls. Needle and syrdnge
should be dry ond the blood transferred
from syringe to tube gently and without
prducton of foam.

Measurement ofdye concentration—3eas—
ure 0.5 ml. of the dye ceontalning serum
Into a cuvelte contalning 5.0 ml. of
water. Add 0.5 ml. of 0.5 sodium hydrox-
ide golutlion. Mix well and measure the
abscrbancy ot wave length settings of
860, 565 and 420 millimicrons, using water
for the zerc settings at each wave length.
Moximum cbescrption occoura at 580 milli-
mierons and this wave length setting is
theoretically to be preferred, however, in-
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tecference from hemeglobin is leas marked
at 565 millimicrons, If serum bilirebin is
elevated, the control sample is diluted and
alsaorboncy measured as described for the
dyed sample. The figures so obtalned are
subtractad from those of the bromsul-
falein contalning serum. Standords can be
dispensed with once { has been determin-
ed, save for occaslonal instrument checks,
The readings follow Beer's low,

Calenlation,—Bromsulialein, mg/100ml =
F{Ugpe =128 Ugp o) =015 (Uyag-1.95Ugggl
Fio C

SB35

Where Uggs, Uggyg, and U, ., represent ab-
sorbancies of the diluted serum at the
wave lengths of the subscripts, and Sg..
the cormesponding abasoarbancy of o stand=
ard, C is the concentration of the standard
meagsured. f is caloulated far each standard
and since Beer's law Is cbeyed the aver-
age of the several values obtained may be
used,

Per cent retention = mg. /100 ml, = 10,

Since hemoglobin even ot o wave length
of 565 mu may cause falsely high readings,
a caorrection {8 applied in the method de=
scribed to compensate for the presence of
hemolysis,

The effect of loctescence In serum is
eliminated by making a third absorbancy
measurement at 660 millimicrons where
nelther bromsulfolein or bemoglobin absech
light*. The effscts of bilirubin in serun
may be overcome by uaes of a control
sample collected before- injection of dye.
Zieve, Hansen and Hill (1951) kave estab-
lished a correction which may be used
when the test i applied to joundiced
patients.

The uze of actual instead of ideal weight
in cadculating dosages may couse ecrone-
ous results especially in the presence of
asclites, edema, or cdipoaity. |

Fosenthal and White (1925) used 2.5 mg. |
per kg. of body weight. The 5 mg. par kg, |
dosage, however, hos been odopted widely :
and provides o more sersitive amd more
precise test, The cxistence of an enterc-
hepatic circulation of bromsulfalein (Lorber
and Shay, 1952} dces not appear to in-
fluence the results sufficiently to neces=

Note: It is advisable to question the pa
tient concemning sensitivities to drugs. Re-
actions to bromsulfalein are rare but o few
individuals do not tolerate it, and it may
have affects so severe as to constitute o
medical emergency. A preliminary skin
test may be done. Obviously, the infection
of bromsulfalein should be done only by o
physician or under his immediate super
vision.




TABLE 1
ume of bromaulfalein solution (5%)
ed for patients according to stature,
d, ond sex, calculated to rovide 5 mo
kg of ideal wedghts,

MEM
Small frame  Medium Large
Avg.wt, ml. ml. ml.
2 120 54 128 5.8 136 8.2
3 23 58 131 5.9 13s 6.3
b 4 127 5.8 135 B&.1 142 6.4
5 131 59 139 63 146 6.6
& 134 6.1 142 6.4 150 8.8
7 138 6.3 148 6.8 155 7.0
8 141 6.4 150 G.8 158 7.2
9 145 6.6 154 7.0 163 74
10 48 6.8 158 7.2 187 7.6
11 =3 6.8 162 7.3 172 7.B
o 18 7.2 167 7.6 176 8.0
1 163 7.4 171 7.8 181 8.2
2 168 7.7 177 8.0 186 8.4
3 174 7.4 182 8.3 191 4.7
WOMEN

Small frame  Medium Large
Avg.wt. ml. ml. ml.

11 107 4.8 114 5.2 122 5.5
U] 108 4.9 116 5.3 124 58
i 110 5.0 118 5.4 126 5.7
z 113 5.1 121 5.5 129 5.8
3 116 5.3 124 5.8 132 6.0
4 119 5.4 128 5.8 1356 6.2
5 122 5.5 131 5.9 139 &.3
B 126 5.7 134 6.l 143 6.5
7 129 5.8 138 6.3 147 6.7
] 132 6.0 141 &4 151 6.8
9 138 6.2 145 6.6 155 7.0
10 139 6.3 149 6.8 158 7.2
11 142 B4 152 8.3 151 7.3

sitate a return to
{Owen, 1951).

The time at which the post-injection
| blood specimen is collected is not of great
| impeortance, provided that  appropriate
stardards of normal for that time e used.
Mateer, ot ol (1943) introduced the 45
minute sampling time and it has proved to
be sotisfoctory, Calculation of the roate
of disoppecrance of bromsulfclein by
means of multiple specimens collected at
5 to 15 minute intervals after the injection
has been cdvocated. The liver remcves o
‘eonatant froctien of the bromsulfalein re-
maining in the circulsting blood during
‘any time interval (Brodley, 1949) and by
collecting a series of blood specimens the
- ocowracy of the estimate of the bromsul-
falein retained is impreved. For o de-
ecription of ''clearance'’ studies of
" patiente the reader is referred to papers by
~ Lewis (1948), Lovers et al (1843) and
Goodmon  {1952). Morcross, White and
| Bradley (1951), report that up to 9.8 per
cent of injected bromsulfalein may be loat
in the wurine within 40 minutes in patients
with marked retention of dye. With lower
cancenirationa of dye in serum the losses
in the uwrine are much =smaller.

Interpretation.—Healthy individuala after
injection of 5 mg. of bromsulialein per kq.

the original desage

of body weight retain less than 10 per cent
at 30 minutes and 7.0 per cent ot 45 min-
utes. At 60 minutes, no dye 1s retained.

Eromauliolein retention i8 generally ac-
cepted as the most sensitive and depend-
able ameng the loborotery procedures
currently used to demonstrate Involvemont
of the liver, 1t Is especlally helpful for
evaluating suspicicus or positive results
obtalmed by means of {locculation tests in
the albsence of hyperbilirubinemia. The
bromsulfalein test outscores all others in
the proportion of positive teats found in
Loenmec's clrrthesls., It has been among
the most useful for following recovery froam
viral hepatitis ard for detecting residual
liver domage from this disease. It is prob-
ably the enly procedure capable of detect-
ing fatty liver, althouwgh it cannot ba de-
pended upon to do oo consistently. Far the
etudy of the joundiced patient the bromsul-
falein test has little to offer. Moximal
retention occurs in the presence of savere
liver damage, and further deterioration of
the liver function can have no additional
effect on dye retention. Thus it is rarely
used when hyperblliruminemia or clincal
jaundice are present.

*The carection foctors glven in the
calculation were coloulated from readings
made using an Ewvelyn (1938) photocolorl-
meter. They may be applied to readings
made with other photometers provided the
trangmittancies ot the wave lengths usad
do not greatly differ from those of the
Ewelyn, Il desfred, the factors may be cal-
culated by meosuring the abscrbancy of a
dilute solution of hemoglobin containing
roughly 10 to 20 mg. of hemoglobin per
100 ml. at 420 and 565 uu. The correction
for hemolyeis Is caleculated by means of the
ratio A 565/ A 420 obtalned frem the read-
ings of the hemoglobin solution. This
repregents the foctor 0.15 in the calcula-
tion. The turbidity correction is based on
readings of a colloidal glass suspension
aimilor to that described under thymol
turbidity, made at 420, 565, ond 660 mu,

Although turbid sclutions hove ne akserp-
tion bands, their abscrbancy increcses o
gressively from the red to the blue regions
of the spectrum. Therefcre, the ratic of
A 565/A 6B0 of the glass suspenslon re=
presents the facter by which any measure=
ments made at 660 ue must be multiplied,
and A 420/ A 660 the comesponding foctor
for the reading at 420 wu In arder to carrect
for turbidity. In the calculstion above,
these ratios are ] .28and 1.95 respectively.

HNe carections need by applied to the
standards, The turbidity correction will
vary with particle size ond therefore
represents an approximation,

Mizealloneous tests.—Serum cholings tor-
age activity 18 usually lowsred in the
presence of atrophy of or damoge to the
liver parenchyma. Similar chonges have
been reported for serum esteraose and
lipase. Depressicn of serum cholinesterase
activity clesely follows changes in serum
albumin concentrations. Howewver, severe
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liver damage iz not consistently occome
panted by significantly lowered choline-
sterase activity. Serlal mecsurement of
cholinestercse activity appears to provide
a useful method for following the course
of liver diseaze. It is of apecial value {ar
study of the liver damage assccloted with
deficient diets. Current orticles dealing.
with ite application to the study of liver
disease include those of Mann et al (1952),
Frement-Smith at al (1952), Wilsen =t al

(1952) and Verhous and Kark (1853},

Zarum cholinesterase moy be measured
conveniently by the method of Michel (1949)
or by a photometric odaptation of it
{Reinhald ot al, 1953).

Coproporphyrin in urine.—The output of
coproporphyrin in urine rises markedly in
patients suffering from varlous types of
liver disease (Watson, Hawkinson et al,
1949; Watson, Sutherland, and Hawkinson,
1851). Mecsurement of coproporphyrin ex-
cretion provides a sensitive and valuahle
method for detecting liver damage that may
escops detection by other methods., The
excretion of coproperphyrin generally i=
within normal limits in patients who have
biliary troct lesions but high values occur
with sufficient frequency to impailr ite use-
fulness for differentiol diognosis, Care
must be used alse to exclude other causes
of Increased porphyrin excretion, e.g. var—
lous drugs and intexicants, An idicpathic
coproporphyrinuria  has  been  described
(Watson, Schwartz, et al, 1945).

A simplified technigue for determination
of coproporphyrin has been described re-
canlly (Echwartz, Zleve, ond Watson, 1051).
The small onountz of coproporphyrin in
many sanples of urine require the use of a
highly sensitive Sucrmeter for dependable
measurements. The high cost of such Ine
struments has been a deterrent to the wider
use of porphyrin analysis. The improved
methods now available glve much higher
reaults than those formerly used mainly
because of the detection of porphyrin pre-
cursoms in uwrimre and thelr inclusicn in the
aaaay (Watsen, de Mello, et al, 1951).

Watson and his assoclates (see refer-
ences above) have shown thot the type of
coptopatphyrin excreted is related to the
cause of liver darmage, Thus Type [ copro-
porphyrin predominotes in the urine of
patients 1l with viral hepatitis, whereas
tha Type IIl predominates in cirrhosis of
"alecholic’ origin  Analytically depend-
able sepaation of the lsomers 1= difficult
to occomplish and @ more extensive appli-
cotion of thia Interesting finding will
await improved and simplified methods.

Combined intravencus bromsulfalein-hip-
puric acid-galactose test.—Zieve, Hill, and
Mesbitt (1950) hove devised o precedure
for administration of the three substances
simultanecusly. They find that the simul-
taneous odministration does not alter the
behavior of the test substances.

Peptidase activity of Auman serum.—
Fleisher and Butt (1953) have found tri-
peptidase activity to be increcsed in ssrum
of patients with liver disease or with ob-
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atructlon of the bile ducts. Bile shows
marked tripeptidass activity. Hydrolysis of
soveral dipeptides is decreased in liver
dissase, according to these guthors.

Selection of procedures.—The choice of
methods to be applied in the study of a
patient with disease of the liver or biliary
tract will vary acearding to the type of In-
formation sowght. The following outline
ehowe the principal purpasss for which
chemical methods ore applisd together
with a list of the procedures likely to
prove useful.

1. Detection of liver damoge in absence
of joundice, e.g. early or subclinical hepa-
titia: wrine bilirubin, bromsulfalein reten-
tion, direct and total blirubin, [locculation
tests fe.g. cephalin cholesterol floccula-
tion, thymol turbidity and flocculation,
zing turbidity), urine urobilinogen.

2, Detection of residual liver damage,
"recovery'' stages of hepatitis, chronic
passive congestion, portal circhoaia: brom-
sulfalein, direce and toml bilirubin, flocen-
lation tests, serum albumin and globulin,
prothrombln, serum cholinesterase, urine
urobilinogen and coproporphyrin.

3. Following the course of the jaundiced
patlent suffering from parenchymatous dis-
eme; serum direct and fofal bilimbin,
flocculation tests, serum albumin and
globulin, prothrembin, In oddition, if
severe, serum esterified cholesteral ar
cholinesterase. (Bloed wea N o NPHN,
glucoss, and serum electrolytes, also are
impottant).

4, Differentiation of joundice due to
blllory disease from thot dus to poren-
chymatous disease: serum olkaline phos-
phatase, cephalin-cholesterol flocculation
and thymol turbidiey, galacteae tolerance,
prothrembin response, repeated feces wuro-
bilinogen teats.

5. Differentiation of extra hepatlc bilkry
obstruction due to calculua from that due
te necplasm, siricture, ete, feces wro-
bilinogen.

6, For following the course of the surgi-
cal patient with dizease of the biliary
tract: plasma prothrombin, phosphamse,
serum direct and total bilirubin, albumin
and globulin, electrolytes, blood urea N or
NPNyand serum lipids.

7. Differentiotion of hemolytie joundice:
serum direct and total bilirnbin, feces wo-
bilinogen, erythrocyte fragility, reticulo-
cyte count.

A decision regarding the number of tests
to be ueed required experience and judg-
ment, The information gained Increases as
the number of tests increases but with
rapidly diminishing retuns beyond an
eptimum that will very in different patients.
Uaually, the tests in italics will suifice
for an initial study, with additional re-
quests to be mode If further information is
neaded. To apply @imultanesusly the on-
tire group of tests listed in any of the
categories weould seldom be justified.

Comparatively little has keen done to

evaluate the edvantage gaoined by the use
of two o more tests in combination. Gut-
man and Hénger (1941) found that serum
phesphatase and cephalin  cholesterol
flocculation supplemented easch other fer
the diggneais of common duct disease and
that combining the findings of the two
tests substontially impreved the cccuracy,
Maclogan (l947) compared o number of
tests singly and in pairs. Thymol turbidity
alone gave correct diagnoses in 22 per
cent of coses of liver disecse that could
be unequivecally clossified as either ob-
atruction or parenchymal., Serum alkaline
phosphatase was correct In 468 per cent.
However, a combination of thymel turbidity
and alkaline phosphotose gove correct
diognoses in 79 per cent.

Wootton, King and Maclean Smith {1951)
cite a stalistical analysis by R. A. Fisher
in which he uaed the methcod of discrimi-
nant functions to compare the effectiveness-
of four tests applied to joundiced patients
with that of two tests. The four test group
yielded anly alightly more reliaoble informa-
tion than a properly selected pafr of tests.
It is possible, therefore, to eliminate 8ome
proced ures,

The practice in clinice where intereat
iz cantered on the study of liver discase,
varies with respect to selection of the
flocculation tests that are regularly used,
Relionce on a single test iz infrequent.
Usvally two or three tests are used. Prob=
ably the most frequent combinmtion is the
thymol test (Maclagan,1944) and cephalin-
cholesteral flocculation (Hanger, 1939),
Cften the zinc turbidity (Kunkel, 1947) ar
the ammonium sulfate turbidity [(Huerga
and Popper, 1949) are included. The
colloidal red test (Duccl, 1947) glves re-
gulls resembling closely those of the
colloidal gold test opplied to serum. The
latter, according to Maclaogan, {1951) lange-
ly duplicates the resulis of simpler tests
and thus no longer perfome a useful
service. Meefe et al (1950) found no need
for routine use of the colloldal red test in
the study of viral hepatitis. A few clinics
routinely use five or six tests, but this is
done largely for the purpose of compariaan
apd evaluct lon of the tests.

A comparisen of a group of tests with
respect te their behavior during the onset
of wiradl hepatitiz Induced in volunteer
subjects has been maode by Meefe oand
Aeinhold (1948} Seven teste were ab-
normal in 95 per cent of more of the
patlents. These were the one minute direct
bilirubin, wrine bilirubin by the Harrison
spot method, cepholin cholesterol floccu-
lation, thymeol turbidity, thymel fleccula-
tion, colloidal gold and bromsuliclein re-
tention. Thus any of the seven might have
served, However, the study showed that
these tests differsd distincty in the times
at which they first become positive, The
bromsulfalein test showed a skiking od-
vantage in thia respect end urne kilirubin
ranked mecond,. Hod the reliaonce been
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placed only upon the thymol test, the hepo
ttiz of some of the individuala might have
escaped debecton.

The ranking of the same group of tests
in the same subjects was distinctly differ-
ant when they were evaluated occording to
their ability to discloae persistence of the
digsaose or its sequelaoe. In general the
order is now reversed with the tests de-
pendingon changes in serum proteins shows
Ing a geater tendency ko permist thon do
thoge based on excrelory function. Again
dependence on o single test of either group
would have memt fallure to detect chonge
in some patents. Furthemmore, bromsul
falein retention persisted in some potients
leng after flocculation tests haod become
normal so that dependence on the latter
alone may fall to demenstrate liver damage
in these circumstances. It oppeors Inadviss |
able therefore, to curtall too severely the
rumber of procedures used, porticulaly |
when a wide varlety of clinical material is |
being studied, i

Quite frequently patients ore encounter- |
ed with eguiveeal aigns of invelvement af |
of the liver which cannot be conclusively o
demonstrated either by clinical sxamina-
tion or labaratory studiss, In such clreum=
stances blopsy of the liver done either in
the course of surgical exploration er by |
nesdle is considered essential, Besidss
providing helpful nformation about such
individuals, the widesprecd wse of liver
blapay hms greatly increased the under-
standing of liver disease. It has also e
abled ccrrelaticns to be made between the
results of loborotory studles apd the op-
pearance of the liver under the microscope,
A number of such studles have shown that
there is a general corelation betwesn the
severity of the changes In the liver apd &
the degree of change in the chemical
tests used. 4

Popper (1951) found that the cephalin
cholesterol {locculation, thymeol tushidity
and serum albumin and globulin concentra=
tions showed a statistically significant
correlation between degree of liver cell
damage and degree of chemical abnarmall-
ty. Mo significant ccorrelation was found
with phosphatase, prothrombin  octivity,
uring urebilinogen, serum total cholesterol,
or blocd sedimentation rate.

At times the results of chemical studles
will be within normal limits despite the
existence of pathologleal changes in the
sample of liver tissue. Frequently how
ever the results of the chemical studles
will be obnormal in the aobsence of com
clusive indications of abnormality In the
liver sections. There @e a number of ex=
planatione for such discrepancies, ameng
them the possibility of sampling erroes In
removing the 10 mg. (of less) sample
liver that a reedle blopsy yields. [t
probable alse that methods of staining and
examining sections of liver fall to de
strate changes in cell functicn. The
est utility of each method for the study of
liver dizeass will be realized if 1
biopsy and chemical studies me coordl




TABLE 4

SYNDROME

BILIAUBIN

TESTS FOR PAREMCHYMAL
INVOLYEMENT

TESTS FOR BILIARY
TRACT INVOLVEMENT

Viral hepatitis
_ without joundice

May be present in urine and may
increane slightly in aerum. Ure=
bilinogen may incease in urine.

BEF usually abnormal,
CCF, TT, TF, ZT cne &
mose may be abnormal

Narmal

| viral hepatitis
with jaundice

absent,

Increased in serum and urine.
Urobilinogen generally increcsed
in wine and feces but may be

Abnormal

Mainly normal but may
be abnormal.

"Toxic' hepatitia:
_:Jnlunvlalltiﬂ jaundice

Increased in serum and urine.

normeal,

CCF, TTT, TF; ZT
may be narmal ar
abnormal ASG uswally

Increased serum phos=
phatese, lipid. Simdlar
to extrahepatic obatruc-
tion.

3
| Loemnec’s cirthosis

variable.

May or may not be abnermal in
sorum and urine, Urobilinogen

abnormal.

BSF abnormal. CCF,
TT, TF or ZT abnormal
in about 374, A/G

Variable. Fhoaphatase
may be high.

Extrahepatic obatrue-

Varigble. Intermittent or con

Generally necmal, but

Variable but with ele=

normal,

ately elevated; | minute
bilirubin normal or slighly in-
creazed. Urine bilirubin rega-
tive, Feces wobilinegan in-
creased urine urchilinogen cften

ton, Pertial. tinuous elevation. liver parenchyma may wated serum phosphatase
become injured and tests and lipid prevalent. Good
pos it ive. regponse to vitamin K.

Extrehepatic Extreme elevation., Very lew Same as preceding. Elevated serum phosphat-

obstruction fecal urabilinogen. age and lipid. Good re-

Complete. sporese to vitamin K.

| Biliary cirrheals Bilirubin elevated, Urchi- BSF increased, ASG Elevated phosphatase.

A lincgen variable. abnormal. TT increased. Marked slevation of serum

CCF about 1/2 Increased. lipid especlally phosphe=
Liptd.
Hemelytic joundice Teotal serum bilirubin moder- Seldom abrormal but may Seldom abnormal. Pigment

become se due to hypoxia,
ar other complications.

stenes may couse biliary
abs truction,

Abbreviations: BSF, bromseliclein; A, serum albumin; G, serum globulin; CCF, cephalin cholestercl flocculation; TF, thymeol
flocculation; TT, thymol turbidity; 2T, zinc turbidity.

ed, In such a plan, chemical studies will
sarve [or screening and evaluation of the
. potisnts, ond for following the clinicml
. couree, Liver blopey will supplement such
sludies particularly in patlenta who present
disgnostic problems, The coordinoted use
of liver blopsy and blochemical studies is

 discussed by Popper and Schaffer (1852).

Table I summarizes the prevailing re=-
sponse obtained when tests for the bile
. plgments and other procedures commenly
used are applied in study of diseases of
the liver parenchyma and the contrast in
the response in dizecse of the biliary tract.

ADDENDA

Standardization of thymol and other tur-
bidity tests. Shortly after the first section
aof thie review waa sent to the printer, It
was discovered that the turbidity produced
by reaction of the thymsl recgent with sera
rich in lipid differad in ita optical proper-
tles from that produced by reaction with
the proteln components. The wvalue of 8.5
unite assigned to the glass suspension
having an absorbancy of 0. 10 corresponded
more nearly with the turbidity coused by
lipid, The preparation of the gloss stand-
ard has been altered to give a particle
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size distributien that represents meore
nearly a median of the particle sizes pro-
duced in the two types of turbidity-producs
ing recctions. This i3 done by allowing
the suspended glass to sediment only
three daye insteod of fourtesn days and
taking the upper 300 ml. instead of the
upper 500 ml. An gbsorbancy of 0.10 then
corrgspends  to approximately 4.7 Shonk-
Hoagland units, but the final factor os-
siqned will be derived from o survey now
in pragress. p report deacribing the chor-
acterletice of colloidal glass suapensions
including theae recent observatlons iz to
be submitted to Analytical Chemistry for
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publication. The resulta of surveys of
various loboratories maode for the purpose
of assigning a value to the gloss staondard
will be aubmitted to the Amerlean Journal
of Clinical Pathclogy.

Mechanism of the thymeol test: Dr. Mar-
garet Kaser has pointed out to the writer
that the rale of beta globulins in the thy-
mal test s not specifically mentioned.
The work of Recont, Chargaff, end Hanger
(Free. Soc. Exps Bilol. and Med. 60:245
(1945); of Cohen ond Thompson (J. Lab
Clin. Mead. 32:475 (1847}, and of Kunkel
and Hoaglond, (J. Clin Invest; 26:1060
{1847) indicates that beta glabulin or lipdd
associated with beta glebulin contribute to
the turbidity. There is, however, an im-
pregeive amount of informatien, both eline
ical and experimental, indicating that
gamma globulin is on important reocctont.
In view of the recent comprehensive review
of the mechaniams of the flocculation test
by Saifer, the cuthor purposely refrained
from detailed discussion of this aspect.

Amine acids of blood in liver disecase:
The failure of Murphy and assoclates to
find elevated concentrations of amine
aclds in bloed in patlents in hepatic coma
(M. Eng. J. Med. 239:605 (1949) should
have besn mentioned on page 23, This ab-
servation has been confirmed by others,
and it appears that elevation of amino
aclds in bleod is by no means a consistent
accurrence in patlents with severely dam-
aged livers.

Morphology of the diseased liver: An
outstending review of this subject by Dr.
Hans Popper has recently oppecred in Am.
Ju Med, 16:98 (1954)

Acknowledgement

This article s an amplification of
similar articles on the same subject pre-
pared by the author for " Practical Physio-
logical Chamistry, 13th Edition” by Hawk,
Oser and Summerson and for ""Laboratory
Mathods, Clinical ard General’’ by
Slmmons and Gentzkow. Their courtesy In
consenting to ita separate publication is
greatly apmeciated.

The muthor acknowledges with thanks
the assistancea of Miss C. A. J. von
Frijtag Drabbe with the manuscript and
of Dr. David Seligeon for a number of
helpiul suggesticns.

References

Abell, Levy, Brodie and Kendall, J. Bicl.
Chem. 195, 357 (1852),

Ahrens, E, H., Jr., Payne, M. A., Kunkel,
H. G., Eisenmenger, W. J. and Blond-
helm, 5. H., Medicine 29, 299 (1950).

Amatuzie, D, 8, and Mesbitt, 5., J. Clinfeal
Invest, 29, 1486 (1950).

Amatuzio, D, 5., Stutzman, F. L., Shrifter,
M., and Mesbitt, 5., J. Lab. Clin. Med.
39, 26 (1952).

Althousen, T.: L., Lockhart, J. G, Scley,
M. H., Am. 1. Med, Sci, 189, 342 (1940).

Althousen, T. L., Am. J. Med. 4, 208
{1249).

Alexander, B. and Goldstein, R., I, Clin,
Inveat, 29, 795 (1950).

Balfour, W. M., Gastroentercl 9, 686 (1947),

Barkon, G. and Walker, B. 5, J. Biol
Chem. 135, 37 (1940}

Bateman, 1. C., Sherr, H. M., and Elgvin,
T., Jo Cling Invest, 28, 539 (1949),

Bauer, R,, Wien. Med. Woch. 58, 2538 (1906),

Bernhart, F. W. and Schneider, R. W., Am
J. Med. Sci, 205, 606 (1943),

Blermebos, M., Gormeen, H. and Lundquist,
F.p Jo Immunal., 55, 121 {1947),

Blumberg, M. and Schloss, E. M., Am. J.
Med, Sci, 213, 470 (1947},

Bollman, J. L., Trans. 9th Conf. On Liver
Injury. Edited by F. W. Hoffbauwer,
Josiah Macy Jr. Found.,, New York 1950,

Baraook, H. and Dubnoff, J. W., J, Bicl,
Chem. 168, 397 (1847).

Bradley, 5. E., N, Eng. J. Med. 240, 458
11849),

Burke, I. 0., Gastroenteral, 16, 660 (1950).

Campbell, J. A. and Teagnon, H,J., N. Eng.
J. Med. 234, 216 [1846).

Cantarow, A., Paschkis, K. E,, Wllicns,
T. L. and Havens, W, P,, Ir,, Fed.Proc.
10, 23 (1851),

Caputte, R., Leleir, L, E,, Cardini, C. E.
and Pallidini, A. G., J. Biol, Chem,
184, 333 (1950).

Carter, J, R, Am. J. Path. 25, 309 (1948]),

Cartwright, G. E. and Wintrobe, M. M., J.
Clin, Invest. 28, B8 (1943),

Cayer, D. and Cornatzer, W. E., Gostre=
entercl. 14, 1 (1950).

Cohn, E. J., Blood 3, 478 (1948).

Colcher, H., Patek, A. J. Jr., and Kendall,
F. E., 1. Clin, Invest, 27, 768 {1946).
Cole, P, G. and Lathe, G. H., J. Clin.

Path, &, 99 (1953}

Conn, J. W., Newburgh, L. W., Johnaton,
M. W., and Sheldon, J. M., Arch. Int.
Med. 62, 765 (1938).

Denny-Brown, [, and Porter, H., H. Enqg.
J. Med, 245, 917 (1951).

Dent, C. M. and Walshe, J. M. in Liver
Disease, Edited by 5. Sherleck and
G.E.W. Walatenhelme, Philadelphia, 1951,

Delss, W. P. and Musser, M. J., J. Lab,
Clin, Med, 36, 815 (19500

Deiss, W. P. and Cohen, P, P., J. Clin.
Invest, 29, 1014 (1950),

Dible, 1. H., Brit. Med. 1. 1, 833 {1851),

Dohan, G, G,, Richerdseon, E. B., Bluemle,
W. L. amd Gyargy, P., ]. Clin. Invest,
31, 481 (1952),

Duecel, H., J. Lab. Clin.
(1847},

Dusel, H, and Watsen, C. 1., J. Lab, Clin,
Med. 30, 203 {1945),

Dueced, H., Gastrecentercl. 15, 628 (1950).

Dunn, M. 5., Akawale, 5., Yeh, H. L., and
Martin, H., 1. Clin. Invest, 29, 302
(1850},

Ehrich, W. E. in Blocd Cells and Plesma
Proteins, Edited by J. L. Tullis,
Academic Press. New Yark 1953,

Elles, H. A., Trane, Lllth Conf. on Liver
Injury. Edited by F. W. Holfbauer,

=25

Med, 32, 1273

Josiah Macy JIr. Foundation, New York,
951,

Emmrich, R., Klin. Woch. 26, 659 (1948},
Chem. Abstr, 44, 8492,

Evelyn, K. A., J, Biol. Chem. 115, &3
{1936), I

Eversole, W. J. and Glere, F. A., Am. J.
Physicl. 167, 282 {1851).

Fagreus, A., Acta Med, Scand. Suppl. 130,
204 (1948).

Fairlie, C. W., Bares, T. F., French, A.B.,
Jones, C. M. and Beochar, H. K.,
M. Eng. . Med. 244, 615 (1950).

Farqubhar, J. W., Am. J. Med. Sc1, 218, 291
{1949).

Flaisher, G, A. and Butt, H. R., J. Clin.
Invest. 32, 874 (1953),

Flock; E. V., Block, M. A., Bollman, J. L.
and Mann, F. C,, Am. J. Physial. 170,
467 (1952). |

Foord, A. G. and Baisinger, C, F,, Am J. |
1. Clin, Path, 10, 238 {1940). |

Franklin, M., Bean, W. H., Paul, W. D,, |
Aouth, J. I, De la Huerga, J. and
Popper, H., I. Clin. Invest. 30, 720
(1851).

Free, A.H. and Free, H. M., Gastroenteral.
24, 414 (1953),

Freeman, 5., Am, J, Physiol. 164, 792 (1951),
Fremont-Smith, K., Velwiler, W, and Wood,
F. A., J. Lab, Clin, Med, 40, §92 {1952).

Gabuzda, G. J. Jr., Eckhardt, A. D. ard
Davidson, C. 5., J. Clin. Invest, 3l,°
1015 (1952). 1

Gobuzda, G. J. Jr., Phillips, G. B, and’
Davidson, C. S., N. Eng. J. Med. 246,
124 (1952).

Geil, T., Mord, Med. 13, 1599 (1943),

Geschwind, L. I. and Li, C, H., Endecrinal,
50, 226 (1951),

Gitlow, 5 E., Beyers, M. R., Colmere,
1. P., J.Lab. Clin, Med, 40, 541 (1352).

Giordano, A, 5, and Winstead, M., Am. 1.
Clin. Path. 23, 610 (1953),

Glazebrock, A. J., Edinburgh Med, I., 52, ]

83 (1945).

Godfrled, E. G., Biochem. J. 28, 2058
{1934), i

Goodman, R. D., I. Lab. Clin. Med, 40,
531 (1952).

Gorden, E. E., Freeman, 5., Farmer, C, 1.,
Fed. Proc, 11, 56 (1952).
Gray, ©. H., The Bile Pigments, John
Wiley and Sona, New York, 1953,

Gray, 5 H., Probstein, J. G, ond Helfelz,
C. ., Arch. Int Med. 87, 805 (1841).

Graenmon, L., J. Biol. Chem. 183, §
(1950).

Greenspan, E.M., TepperB., Tepper, L.L.
and Scheenbach, E. B., J. Lab. Clin.
Med, 39, 44 (1952). i

Grindlay, J. H. and Bollman, J. L., Surg,
Gyn. Obet. 94, 491 [1952),

Gutman, A. R. and Hanger, F. M., Med,
Clin, N.A, 25, 845 {1841].

Honger, F. M., J. Clin. Invest. 18, 261
{1939}, 3

Hare, M.L.C., Biaschem, 1. 22, 968 (1 928).

Harrington, W. J., Manheimer, R.
Desfceqges, J,F,, Minkel, H. F.,
C. B. and Stohlson, F., Bull. M. Eng
Med, Center 12, 121,(1950). :




Helva, O., Acta Med. Scand. 125, 503

[1948),

pler, 0. E. and Gurley, H., J. Lah.

Clin, Med, 27, 1583 (1942).

ijrons van den Bergh, A. A, and Muller,

P, Biochem, Zelt. 77, 90 (1916).

n, . W., I. Lab. Clin. Med. 34,

1279 (1949).

, H. L. and McLester, J. 5,; J. Am.

Med. Azgec., 145, 392 (1951).

Howard, R. B., J. Clin. Invest. 29, 824

{1950).

J. da la and Popper, H., J. Lab.

Clin. Med, 34, 877 (1943),

Joger, B, V. and Nickerson, M, J. Bieol.

Chem, 173, 583 (1848).

Jenes, C., Personal communication(1851).

ibrick, A. C., Rodgers, H. E. and Skupp,

8. J., Am, J. Clin. Path, 22, 698 (1952).

ng, E. J. and Coxon, A. V., J. Clin.

Fath. 3, 248 (1950).

Kingsbury, F. B., Clak, L. P., Willioms,
M. 5. and Post, A. L., J. Lab, Clin.
Med. 11, 881 [18923).

Kirsell, L. W., Michaels, 3, D,, Weiss,
H. A., ad Barton, H. C. Jr,, Am. 1L
Mad, Sci. 217, 554 (1949).

Kirk, E., Amino Acid and Ammeonia Meta-
bolism in Liver Disease. Copenhagen,

] 53E.

Kitzes, G,, Elvwhjem, C. A., and Schustte,
H. A., 1. Blol, Chem, 155, 653 (1944).
Klatskin, G. and Bungarda, L., M. Eng. 1.

Med, 248, 712 [1853),

Knisely, M. H., Trans. 10th Conf. on Liver
Injury. Edited by F. W. Hoffbauer,
Josioh Macy Jr. Foundation, New York
1851,

. Kunkel, H. G., Proc. 5oc. Exp. Blol. Med.

L 67,217 (1947).

Kunkel, H, G., Ahrens, E, H., and Elsen-
manger,W.J., Gastroentersl.] 1,498(1 948),

b Latner, A. L. and Pendleton, G. B.,Bic

chem. ]. 44, 32 (1949).

| Lovers, G, [, Cole, W, H,, Keeton, R. W,,

© Kephart, M. C. and Dynilewics, J. M.,
J. Lab, Clin. Med, 34, 965 (1949,

Lemberg, A, and Legge, J. W., Hematin
Compounds and Bile Pigments, Inter-

| aclence, New York, 1949,

Blewis, A, E., Am J. Clin. Path. 18, 789

F [1948); Am.J. Physicl. 163,54, (1950).

| Lorber, 5, and Shay, H., Gastroenterol. 20,

262 (1952).

| Machells, T. E., Helen, 1. D., and

b Charnock, F. W., ]. Clin, Invest. 21,
763 (1942).

Maoclagan, M. F., Brit. J. Exp. Path. 25,

| 23 (1944)

| Maclegan, M. F., Beit. Med, 1, 2, 197 (1947),

I:Hneqpalth, B. G., Trans. 10th Conf. on

| Liver Injury, Edited by F.W. Hoffbauer,

|

Jasiah Macy Jr. Feundation, Mew Yerk,
| 1951,
P Malley, H. T. and Evelyn, K. A., J. Biol.
| Chem, 119, 481 (1936),
Mann, F.A., Ehonzo, E.5., and Mann, F.C.,
| Am. J, Physiol, 164, 111 {1951),
Monn, F. C., Medicine &, 419 (1927).
Mann, 1. D., Mandel, W.L, Eichmann, P.L.,
Enowlton, M. A. and Sbeorov, V. M.,
J. Lab, Clin, Med, 39, 543 [1952).

Martin, M, H., Brit. J. Exp. Path. 27, 363
{1950},

Martin, M. H., J. Am. Chem. Sec. 71, 1230
[1949).

Matessarin, B. M., and Delp, M. H., Am.
J. Med, Sci. 224, 622 (1952).

Mateer, J. G., Baltz, J. L., Maricn, D F.
and MacMillan, J. M., J. Am. Mad,
Asaecc, 121, 723 [1943).

Mateer, 1. G., Baltz, J, L., Commindures,
P. D., Steele, H. H., Browver, 5. W,,
and Yagle, E. M., Gastrcentercl. 8, 52
[1947),

Mendelsohn, M. L. ond Bedanaky, O., Cane
cer 5, 1 (1852).

Michel, H. Q., J; Lab. Clin. Med. 34, 1554
{1949).

Miller, L. L., Am. Gastroentercl. Soc.
1953 Meeling, Atlantic City, N. J.

Miller, L.L., Bly, C. G., Watson, M. L., and
Bale, L.F., J. Exp. Med. 94, 431 (1951%

Moore, D, B,, Plerson, D. 5., Hanger, F. M.
and Moore, D H., J. Clin, Invest.27,
737 (1948).

Majjar, V. A., Pediatrics 10, 1 (1952).

MNeefe, J. R., Stokes, J. H., Reinhold,
1. G., ond Lukens, F. W,, J. Clin.
Invest. 23, 836 (1944).

Meafe, J. H., Gastroenteral. 7, | (1946).

Meefe, J. R. and Reinhold, J. G., Gastre=
enteral, 7, 397 [1946),

Neefe, J. R., Gonbescla, J. L., Gardner,
H. T. and Knowlton, M., Am. J. Med.
5, 600 {1950,

MNalsen, W. P., Rosenbaum, J. D., Strauss,
M. B., J. Clin. Invest. 30, 738 (18951).
Molf, P, and Adant, M., Le Sang 22, 257

[1951),

Mercress, 1. W., White, R. M, and Bradley,
R.J., Am. J. Med. Sct. 221, 137 (1851),

Ottenberg, R. W., Wagreich, H., Bernstein,
A. and Hearrow, B., Arch. Bioch. 2, &3
(1943},

Owen, Ir., C. A., J. Lab. Clin, Med., 38,
583 (1951).

Persky, H., Grinker, H. F., and Mirsky,
1. A, 1. Clin, Inveat. 29, 110 (1950),
Peterson, H. E., J. Lab. Clin. Med. 39,

225 (1952).

Peopper, H. and Schaffner, F. W., J. Am.
Med, Assoc. 150, 1367 (1852),

Poppar, H., Steigman, F., Dynlewicz, H.
and Dubin, A, ]+ Lab. Clin, Med, 33,
1630 (1948).

FPopper, H., Trans, 9%h Coni. on Liver
Injury. Edited by F. W. Hoffbauer,
Jesiah Macy Jr. Foundation, New York,
1951,

Quick, A. J,, Am. J. Med. Sci. 185, 830
(1933).

Quick, A. 1., Am. J. Clin. Path. 10, 222
(14940).

Ravdin, L 8., Jehnsten, C. G., Risgel, C.,
Wright, 5. L., J. Clin. Invest. 12, 859
{1833,

Reinhold, J.G. and Fowler, C. B., 1. Bial,
Chem. 157, 401 (1947),

Reinheld, J. G,, in Stondard Methods of
Clinlcal Chemistry. Edited by M. Relner,
Academic Press, Mew Yerk (1953).

Aeinheld, 1. G., and Hutchinson C. To ba
published,

25

Reinhold, Ji G.;, Tourigny, L. 3. and
Yonan, V., Am. J. Clin, Path, 23, 645
[1953).

Aeberta, 5. and Brunish, R., Fed. Proe.
12, 259 (1953).

Rekerts, 5., 1. Biol. Chem. 200, 77, (1953).

Roberts, W. M., Brit. Med. 1., 1, 734 (1933),

Rebertaan, T., Am. J. Med, 9, 315 [1950).

Rosenman, A. H., Frisdman, M., and Byers,
5., Fed. Proc, 11, 132 (1852),

Rosenthal, 5. M. and White, E. C., I. Am,
Med. Assoac, 84, 112 (1325).

Aoaenthal, O., Pjakl, J., Vars, H., Am. J.
‘Phys. 171, 604 [1952).

Rothman, M. M., Meranze, D, H., and
Meranze, T., Am. J. Med. Sci, 192, 526
{19386).

Salfer, A., J. Clin. Invest. 27, 737 1948).

Saifer; A, Am. J. Med. 13, 730 (1950),

Saltzman, A, and Caraway, W. T., J. Clin.
Invest, 32, 711 (1953),

Schelnberg, 1. H., and Gitlin, D., Sclence
116, 484 (1952)

Schwartz, 5., Sberev, V. and Wataen, C, J,,
Am, J. Clin. Path. 14, 598 (1944).

Schwartz, 5., Zieve, L. and Watsen, C. 1.,
J. Lab, Clin. Med. 37, 843 {1951 ),

Seligsen, D. L., McCormick, G. J. and
Shorov, V., J. Clin. Invest, 31, 681
{1952).

Seligaon, D, L., In Penel on Hepatic Coma.
Am. Gastroenterol. Asscc. Edited by
H. R, Butt, 1953,

Shank, R.E., and Heagland, C, L., J. Bisl.
Chem. 162, 133 (1946).

Shapirs, 5. and Richards, R. K., Ann. Int.
Med. 22, 841 (1945},

Sharnoff, J. G., Budnick, M. ard Jokab, G,
Am. J. Clin, Path, 21, 234 (1951).

Shay, H., Berk, ]. E. and Siplet, H.,Gastro=
entercl. 0, 644 (1947),

Shecleck, 5. and Walshe, V., ], FPath, and
Baoct, 59, 615 (1947).

Sherlock, 5. and Walshe, V., Clin. Sci. 6,
223 (1948),

Shorr, E., Zweifach, B. W., Fruchgatt,
R. F. and Boez, 5, Circulation 3, 42
(1951).

Sjéstrdm, P. M., Acta Chir, Scond Supp.
49, (1937).

Sfgatrém, P. M., Acta. Chir Scand. 77,
505 (1936

Smith, L. H., Ettinger, . H. and Seligson,
D, J. Clin, Invest, 32, 273 (1853).

Spapper, [. H. and Saltzman, A. Arch,
Biocham. 24, 1 (1950),

Snell, A. M., and Roth, G. M, J. Clin
Invest 11, 957 (1932).

Sobotka, H., Lulsado-Opper, A. V., and
Reiner, M., Am, J. Clin. Path. 23, 607
(1853).

Sperry, W. M. and Wabb, M., I, Bicol. Chom,
187, 97 (1950).

Stefanini, M., Fed. Proc, 8, 255 (1949],

Stefanind, M., Am. ].Med, 14, 64 (1953),

Swift, W. E., Mller, W. N., Streitfield,
F. H. and Knowlton, M., Am. J. Med,
B, 581 {1850).

Teilum, G., Am. J. Path. 24, 389, 489
(l948).

Ulevitch, H., Gall, E. A,, Hoxwarth, P. L.,
Schiff, V. and Craller, D. L., J. Lab.
Clin. Med. 38, 693 (1951).



CHEMICAL EVALUATION OF THE FUNCTION OF THE LIVER - PART IlI

Ventura, 5,, J.Clin, Path, 5, 271 (19852),

Viellier, G., Helv. et Med. Acta. 17, 354
(1950).

WVorhaus, L. U. ond Kark, F. M., Am. J.
Med, 14, 707 (1953).

Wagreich, H., Bernstein, A., Pader, M.,
and Harrew, B., Proc, Soc. Exp, Blol.
Med, 46, 582 (1941,

Waife, 5.0., Brenner, L. O, and Thompson,
., M, Gastreenterol, 17, 236 (1951).
Waterlow, J., Trans. 1lth Conf, Liver
Injury, Edited by F., C. Hoffbauer,
Jesiah Macy Jr. Foundation, New Yeork,

1853,

Watson, C. 1. and Hoffbauwer, F. G, Ann.
Int. Med. 25, 195 {1946).

Wateon, C. 1., Blood 1, 99 (1946).

Watsen, C. J. and Howkinsen, V. J.

Lab, Clin. Med. 31, 914 (1946),

Watson, C. J. and Hawkinson, Vi, Am, J.
Clin. Path. 17, 108 (1947),

Watsen,C. 1., Schwartz, 5., Sberov, V, and
Bertle, E., Am. J. Clin, Path.l4, 805
(1847).

Watsen, C.J. Hawkinson, V,, Capps, R.B.,
and Roppaport, A. M., J. Clin, Invest.
28, 621 (1948),

Wateon, C. J., Schwartz, 5,, Schulz, W.,
Joccbaon, L. A, and Zogario, R., 1,
Cline Invest. 28, 465, (1949).

Watson, C. 1., Sutherland, D, and Howkin=
gon, V., J. Lab. Clin. Med, 37, 8 (1951},
Watgon, C. J., Pimenta de Mells, H.,

Schwartz, 5. and Howkinson, V., 1. Lab,
Clin. Med. 38, 831 (1951).
West, C. D., Endecrinol, 48, 467 {1051},

West, C. D., J. Clin, Endocrin, 11, B97
[1851).

Wilson, A., Calvert, R. J. and Geoghagan,
H., J. Clin. Invest, 31, B15 (1952),

Wellson, W. Q., Cehn, C., Calvery, E,,
and Zebuta, F., Am. J. Clin, Path,
18, 733 (1948).

Woatton, 1.D. P., King, E. J., and Maclean
Smith, J., Brit, Med, Bull. 7, 307 (1951,

Zimmerman, H. J., Hellar, P, and Hill,
R. P., N, Eng. J. Med. 244, 245 (1951),
Zieve, L., Hansen, M, and Hill, E,, J. Lab,

Clin, Med, 37, 40 (1951).

Zieve,L., Hill, E. and Nasbitt, 5., J. Lab,
Clin. Med, 36, 705 (1350).

Zieve, L., Hill, E., Hanascn, M., Falcone,
A. B. and Watson, C. J., J. Lab. Clin.
Med, 38, 446 (1951).

Zilversmit, D. B., and Davis, A. K., J.Lak.
Clin. Med. 35, 155 (1950).

PLASMA PROTEINS AND PLASMA SUBSTITUTES

Blood plasma represents a polymolecular
system of proteine ranging in molecular
welight from 70,000 (serum albumin) to
1,200,000 {beta lipepcotein) and in shape
from spheres (betalipoprotein) to elongated
rods (fibrinogen). Serum albumin, owing to
ite relatively low molecular weight and
high concentration, Is largely responsible
for the maintenamoe of the normal colloids
camotic presaure and, hence, of the wvol-
ume of blood plasma.

Plasma substitutes are designed o re-
place -temporarily loss of ploaama proleins
due to hemorrthage of leakoge through kid-
neys. They combat shock through the main-
tenanoe of restaration of the normal plosma
volume. A sotisfoctory plasma substitute
or plasma expander should be compatible
with the plagma proteins as well as the
formed elements of blood, it should remain
in the circulation for a reasonoble period
of Ume fellowing administration and sub
sequently be either excreted or meto-
bolized. Itz viscosity should be similar to
that of plaema and itz osmotlc pressure
should approach that of serum albumin. It
should not be depesited in the tissues of
the reticule-endothelial system and it
should not give rize te allergic or ano-
phylactic reactions.

Of the considerable number of colloids
which have been proposed o= plasma ex-
panders (gum arabic, gelatin, isinglass,
bovine plasma altumin, polyglucoee, ete.),
dex tran and palyvinylpyrralidone [ FVF) have

Abstract of talk given by Kurt . Stern of
the Polytechnic Institute of Brooklyn,
Brookiyn, N.¥. Oct, 29, 1953 at a meeting
of the Washington-Baltimare-Richmond sec-
tion of the American Association of Clini-
cal Chemists, Ine.

By Kurt G. Stern

been the moat widely accepted substances.

Detran is prepamed for clinloal use by
contrelled degrodation and fractionation
of a group of hgh-polymer pelysaccharides
which are produced from sucrose by certain
strains of the locticbocillus, Lewconostoc
mesenteroids, on sultable culture media.
An enzyme system, called dextron=sucrass,
aplita the sucrese ints glucose and fruc-
tege and then Incorporates the glucose
maiety inte dextran chains containdng 1:6
linkages, with branches attached to the
main chain through 1:4 linkages. This syn-
thesls tokes place, both in the presence of
viable microorganizms (whole culture
method] and in cell-free extracts containing
purifled enzyme. Free glucose is not
utilized for dextran formation while sucrase
is quantitatively converted Into the polymer
of many millions molecular weight. The
latter may be controlled, within certain
limits, through the additlon of suitable
glucosyl accepters to the enzyme-auhatrate
system. High-polymer dextren moy be de-
polymerized by dilute acid ot elevoted
temperatures, thermal degradalion, sonic
and ultrasenic cecillations, and by an en-
zyme, called dextranose, produced by cer-
tain molds. The dextran hydrolysates are
then fractionated by meaons of acetone,
methanol, or ethanol under carefully con-
trolled conditions. The fraction possess-
ing an overage molecular welight of 75,000
125,000 and an Intrinsic viscosity of 0.23
40,05 15 employed a= a plasma expander in
the form of & per cent solutions in physia=-
logical saline. It iz considered undesirable
to have cpprecicble amounts of particles
of over 200,000 and under 25,000 molacular
weight present In these clinical pre-
parations.

The results of physical-chemleal studies

a7

on high-polymer and particlly depolymer=
ized dextran preparations, performed with
the aid of the analytical ultracentrifuge,
diffusion and electrophoresis opporatus,
the electron microscape and light-scattering
photometer were discuseed In relation o
the chemiedl structure of this group of

pelymers.
FEDERATION DIMNNER

The impromptu Federation Dinner
meetings of AACC members attending
the Federations Meetings once again
showed that the AACC membership
hos become a strong fraternity. More
than fifty members attended the dinmer |
held at the Hotel Jefferson, Atlantic
City, onthe evening of April 14, The
dinner featured two speakers. Walter |
R. Bloor, invited the members to at=
tend the Federation meeting in 1955
which will be held in Califormnia, ond
told of his experiences in crossing the
country to California in 1916 by auto- :
mobile. He invited the members to do
the same now that in 1955 the focili-
ties are better. Arthur Knudson, Al-
bany Medical College, then receunted
his experiences in Thailand, Dr. &
son recently returned from the Far East
after spending more than two years
with an American medical group =ent
to that country to train and install
modern medical teaching facilities in
that country. i
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PONTACYL STANDARDS FOR THE BIURET METHOD FOR TOTAL SERUM PROTEIN

Daniel Sanshuk and Monroe E. Freeman

(from the Department of Biochemisiry, Walter Reed Army Medical Center,
Army Medical Service Graduate School, Washington 12, D, C.)

Presented before the Division of Biological
Chemistry at the 124th Meeting of the
American Chemical Society, Chicage, Il

The general occepiance of the bluret
procedure, (1=} for total serum proteln,
has suggested the need for a stondard that
is more convenient, reproducible, and per-
manent than the "‘normal’’ pooled sera
cormmonly used. Several altematives have
been tested in this laboratery, Including:
conceniraled normal humon aemm al bumin,
salt poor; biuret procured from Delta Chem-
{eal Co., New York; pnitrobenzene-azo re-
sorcinol; ond miztures of pontocyl cormine
2B and pontacyl viclet 6R. The pontacyl

" dyes hove poved most sotisfoclory when

employed In the following manner:

- Experimental =85 mq. of pontocyl viclet 8R,

concentration 150 per cent and 15 mg. of

I pontacyl camine 28! were dissolved in

" distilled waoter, diluted to 1000 ml.; stored

a8 a stock solutionm for all subsequent
working standard solutions.

In Figure | are the absorplion curves for
a pontocyl dye stondard ond a 5 per cent
albumin-biuret sclution as determined in a
Beckmam DU Spectrophotemeter. The por-
tacyl standord was prepored by diluting 2
ml. of the alock solutlon with & ml. of dis-
tilled water and read ogainst a distilled
water blank. The albumin-bluret sclution
was prepared from a § per cent albumin
solution ond alkaline copper sulfate in the
uaual manner ond read againet a reagent
blank of distllled water and alkaline cop-
per sulfote. On both curves the well-de=
fined maxima at 540 u ond minima at 440-
430 y demonstrate the sultable chsorption
choracteristics of this mixture of pontacyl

dyes.

\

\
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= 400 = e e e
g b m bz
Absorption curve for pontacyl dye stand-
ard solution and 5% albumin-bivret solu-
tion as determined in Beckman DU Spectro-
photometer. » Pontacyl dye stondards; o
Protein-Biuret stondards.

TABLE |

Concentrations and Opticel Density of Standard Pontacyl
And Stondard Protein (Bivret) Sclutions

TELET.

with biuret reagent in usual manner.

1. 30 ml. stock solution diluted to 100 ml, then dilsted as

Pontacyl Stendard Protein-hiuret S‘I'nnd.dz
Pontacyl Protein®
cOnc. mg. Optical Optical conec,

Dilutions ' per ml. Density Density per cent
0.5 ml. diluted 1o 10 0015 mg. 081 .058 1
1.0 ml. diluted te 10 L0030 myg. 19 19 2
1.5 ml. diluted to 10 L0045 mg. A7 74 3
2.0 ml. diluted 1o 10 L0060 mg. 233 229 4
2.5 ml. diluted to 10 L0075 mg. 292 288 5
3.0 ml. diluted to 10 0090 mg. 3T 342 [
3.5 ml, diluted to 10 0105 mg. 392 A98 7
4.0 ml. diluted to 10 0120 mg. LA50 456 8
4.5 ml, diluted to 10 0135 mg. 502 509 g
5.0 ml. diluted 1o 10 L0150 mg. 553 561 10

indicated with distilled

2, Average of numerous samples of normal pooled sera and albumin solutions.
3. Protein or pooled “normal®” sera standardized by Kjeldahl determination and treated

The conformance of oppropriate dilu-
tions to Beer's law and close agresmant
with the protein concenfration of biuret
samplea ig shown in Table | and Flgqure 2.
The pontacyl standords were prepared by
diluting 30 ml. of stock salution to 100 ml.
with distilled water fellowed by the dile-
tiens indicated in Table I. The optical
density and concentrations of the protein-
bluret samples In this table are the aver-
ages of numerous somplea of pooled sera
and albumin solutions stmdordized by
Kjeldshl omalysis. In Fliqure 2, aptical
density of somples in 19 mm x 150 mm
curvettes In a Coleman Jr. Spectrophotom-
eter MNo. & at wavelength 540 mu hos been
plotted against the proteln concentration
of the buret samples ond against the pone
tacyl concentration.

Three successive batches of these dyes
have been securad at intervals over a
period of two years with only minor di ffer-
ences noted among these lots.

The recommended procedure for seram
protein determination with the pontacyl
stondards i o prepare sbandards as indi-
cated abowve and verify oppropriate dilution
schedule ogainst a seres of atandard pro-
tein soluHons as shown in Table II. In
our experlence, 0.105 mg. of the dye mix-
ture in 10 ml. of distilled water has the
some optical density as 7 per cent serum
protein, treated with buret reagent in the
usual manner: The pontocyl ssluteons,
once standordized, ogoinst protein=biuret

=28-

solutions of known concentration can be
sealed In curvettes ond kept for leng
paricds of time without change in optical
density.

Results may be calculated from standeard
curves, Figure 2, or by usudl procedures
such as:

Optical Denaity of Unknown  _ _ g, per

Optical Density of Standard % ?mt pmotein

Summary —Standard  aclutions of pontacyl
dyes hove been tested aes spectrophoto-

metric standards for the determinatien of

E&sn
FIGURE 2
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Calibration curves of pontacyl dye
standardz and biuret-protein standards as

determined in Coleman Jr. Spectrophotom-
eter No. 6.






