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THE SECRETARY REPORTS

The 1954 Directory of the Americon
Associaton of Clinical Chemists . is
being distributed with this issue of
THE CLINICAL CHEMIST. Every ef-
fort was made to keep the listings as
accurate as possible, but .with the
many changes of address. that oceur
during a. year some errors. may have
been made. It would be appreciated if
any such were called to our attention
for correction. Also there may be list-
ings of home addresses for individuals
who would prefer their institution ad-
dresses.

This directory for the first time in-
cludes o geographical listing by States
as well os the year of admission of
the member. The growth of the AACC
may be seen from a compilation of the
now active members by their year of
affiliation.

1348 g
1949 129
1850 155
1851 69
1952 B&
1953 a7
1954 ]

Exeepting 1948, when only the found-
ers are included, and the first fifteen
days of 1954, one may readily see a
sleady growth that followed the first
two vears of laorge enrollment. Cur
loss from deaths and resignations has
thus far averaged under 3 per cent per
year. One moy also note a concentra-

ERMST BISCHOFF AWARD

The 1954 Emst Bischoff Award of
the American Associotion of Clinical
Chemists is scheduled for the annual
meetings in September, 1954. This
Award conzizsts of a scroll, medal, and
five hundred dellars mesentsd by the
Emst Bischoff Company of Ivoryton,
Conn., and under the auspices of the
Association,

The selection of a recipient is made
from recommendations of the member-
ship to the Award Committee, and the
final choice determined by the Honor-
ary Members.

The Award Committee consists of
Otte Schales, chairman, Fritz Bischoff
and Joseph H. Roe. Members are in-
vited to zubmit their recommendations
to Dr. Otto Schales, 3503 Prytenia
Street, Mew Crleans 15, La. and must
be received by April 20, 1954. The
summaries should be as complete as
possible, and in triplicate. By vote
of the Award Committes three candi-
dates are selected ond submitted to
the Honorary Members. The latter
then select the Award recipient.

SIXTH ANHUAL MEETING
NEW YORK CITY
SEPTEMBER, 1954

The Sixth Annual Meeting of the
AACC will be held in New York City
during the week of September 12. The
meetings will be held during the 126th
Mational Meeting of the American
Chemical Society. Scientific sessions
will be sponscred jointly with the Divi-
sion of Biological Chemistry.

Members are urged to plan for this
meeting both for attendance and prepa-
ration of scientific material. The pro-
gram will be announced in the CHEM-
ICAL and ENGINEERING NEWS and in
the August issus of THE CLINICAL
CHEMIST.

tion of members in areas where local
sections exist.

Scientists are notorious for their
promptness in failing to return mail
ballots in the election of their offi-
cers. The AACC has hod an unusually
good "'hatting average'’ thus far, and
it is sincerely hoped that the 1954 re-
sponse will be as encouraging as the
past ones. Please mark and return
your baollot as soon as convenient.

Meax M, Fricdman Notional Secretary

=i

ELECTION OF NATIOMAL OFFICERS

The Nominating Committee consist=
ing of Joseph Benotti, Clarence Cchn,
Samuel Natelson, Miriam Reiner, John
G, Reinhald, Harry Sobotka, and War-
ren M. Sperry met in New York and
proposed the following slate of offi-
cers for the National Executive Come-
mittee to serve from July 1, 1954 to
June 30, 1955:

Prezident — Menroe E. Freeman
Vice-FPresident — Otto Schales
Mational Secretary — Maox M. Friedman

Mational Treasurer — Louis B, Dotti

Executive Committee
Robert M. Hill
Hugh J. McDonald
Marschelle H, Power
Miriam Reiner
Albert B. Sample

The procedure for elections is de-
termined by Article X1 of the constitu-
tion. All members in good standing as
of January 15, 1954 are eligible to
vote, A ballot is included in this is-
sue of THE CLINICAL CHEMIST. The
names of any members of the Associo-
tion listed in the 1954 Directery may
be substituted for anyname cn the bal-
lot by using the blanks previded there-
for. In addition, seven members of a
Mominating Commiltee are to be se-
lected from among the membership to
serve from Jonuwary 1, 1955 to Decem-
ber 31, 1955.

Ballots must be received at the No=
tional Secretary’s office by May 10,
1954 to be counted.

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 net have complete
volumes for those years or are miss-
ing single issues can obtain them by
sending a post card to the committes
at Box 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 vear. The number of avail-
able copies are limited and they will
be distributed occording to date of
request,




MOUNT SINAI HOSPITAL
HONORS HARRY SOBOTKA

by Max M. Friedman

It was at the Mount Sinai Hospital
in Mew Yerk City that the American
Bssociation of Clinical Chemists was
ded on December 15, 1948. This

Sobotka, and he has subsegquently con-
tributed in large measure to the Asso-

b On January 14, 1954 several mem-
bere of the Association again had the
easure of an invilation from the

fold for the clinical chemists, noted
g importance and the influence of

In honoring Horry Sobotka the Mount
wingi Hozpital not only acknowledged
i great debt to an individual but also
to the science he represents. Twenty-
five years ago, when in most hospitals
clinical chemistry was largely in the
domain of some resident pathologist,
this Institution already recognized the
tole that chemistry was to play in
Clinical medicine by appointing to its
gloff o chemist with recognized talents
and making available to him the tools
gnd facilities of his specialty. When-
Bver the progress of clinical chemistry
& to be evaluated, that guarter of a
eentury span ot the Mount Sinai Hos-
pital must surely enter into the cal-
culations.

Cur cordialrespects and best wishes
go to Doctor Harry Sobotka, the recipi-
gnt of this honeor,

A.H.T. CO.
SPECIFICATION

ELECTROPHORESIS

APPARATUS
PAPER STRIP MODEL

4937-Ws.

ELECTROPHORESIS APPARATUS, Paper Strip Model, A.H.T. Co. Specifi-
cation, With recessed, 9 x 1/4-inch platinum feil electrodes, 10-1/4 inch mi-
gration chamber, and separate variable power supply. For preparing a seres
of horizontal paper electrophorogmms of micro quantities (8 to 15 lambda for
testing human serum) of mixtures the components of which are separable by
migration upon application of an electric patential.  Offering the following
features:

Compact, lightweight cabinet. The transparent plastic cabinet is readily

portable, and easily inserted and operared in refrigerators or incubators.

Sofety interlock switeh. Raising of the cover automatcally shuts off cur

rent to avold accidents.

Folarity reversing switch. Changing direction of current hetween tests pro-

longs life of buffer solution.

Designed specifically for clinical estimation of protein constituents of
human blood serum, but useful also for the study of other organic or inorganic
systems with similar electromigratory characteristics.

Sharp separation by migrating components of normal serum coan be completed
in approximately 6 hours, using a 250-volt potential, and the entire procedure
— including fixing, staining, drying and evaluating — can be accomplished in
from 7 to 10 hours.

Overall dimensions of cabiner: 16 inches long x ©1/2 inches wide x &
inches high. Cabinet includes removable plate glass cover, and phenolic
plastic paper strip carrier which pemits use of a single paper sheet or mul-
tiple strips up to & maximum width of 7-3/8 inches.

Direct Current Power Supply is a rectifiertransformer type unit with vole=
meter, milliammeter, precise fine and coarse voltage controls and polarity re
versing switch. Maximum output without load, 300 volts. With two polarized
receptacles for simultaneous connection, if d:sig:d. te two Cabinets.

More detailed information sent upon reguest.

4937-W5. Electrophoresis Apporatus, Poper Strip Model, A.H.T. Ca. Specificatio

as above deseribed, :nruiistrr?g of Cabinet with recessed platinum l'oinlg.::mdg::
removable plate glass cover, plastic carrier for paper strips, asd Direct Current
Power Supply, 300 volts, 50 milliamperes, with two receptacles, Witk directions for
e L v i e e R S A e 375.00

HOTE = An improved Recording Densitemeter for use with above is now coder de-
velopment, Upon request, information will be sent as soon as available.

A ARTHUR H. THOMAS COMPANY

g Labnatry parativs and Feagend

WEST WASHINGTON 5QUARE
Teletype Services: Waostern Union WUX and Bell System PH-71

ot

PHILADELFHIA 5, PA.




CHEMICAL EYALUATION OF THE FUNCTIONS OF THE LIYER

by
John G. Reinhold

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

PART I

(C) (3) Nitrogen Metabolism (Continued
from Part I)
(D) Hormone Metabolism
(E) Disturbances of Water and Electro-
lyte Ealance
(F) Detoxification Reactions
(G) Bile Pigment Metabolism

Cephalin-Cholesteral Flocculation.
(Hanger, 1938]

FPrinciple.—= Sultably diluted serum cof
patients suffering from liver diseoas forma
a flocculent precipitate when ireated with
a suspension of cephalin and cholestercl
in waoler,

Reagents.— Cephalin-cholesterol stock
golution: The purchase of the reagent
(""antigen’’) iz recommended, (Difco and
Wilson brands have been used by the
writar), [t Is supplied In viaols containing
100 mg. of eephalin, prepored from brain
and aged, and 300 mq. of cholesterol. The
contents of a vial are dissalved accarding
to directions In ethyl ether ol anesthesia
quality, after addition of one drep of dia-
tilled water. The stock sclution so ob-
tained may be kept for several monthe if
rafrigerated and tightly stoppered.

Cephalin-Cholesterol reagent: Meosure
32 ml. of water into an erlenmeyer flask of
50 ml. capacity with a mark scratched on It
to indleate 27 ml. Place the flaskin a water
bath on an eleciric heater, and heat to
BS or 70°. While the water in the flesk is
kept ot thiz temperature, add drep by drop
1 ml. of the steck cephalin-cholesteral
solution, rotating the floak at the same
tlime. Place the flask directly en the hat
plate at low heat and boll gently to remove
the ather until the volume is reduced to 27
ml. When cool, add 3 ml. of merthiclate
solution, agueous, 1:1000, a8 a preaerva-
tive. Thiz reagent retalna its activity un-
changed for ot least a week If stored Ina
refrigeralor.

Sodium chloride solution, 0.85 per cent.
Reagent quality sodium chloride should be
dissolved in distilled water of high purity.

Procedure.— It iz odvontageous to use
conical centriluge tubes of 15ml, capacity.
Measure Into such a tube 4 ml: of sodivm
chlofide solution. Add 0.2 ml. of sarum
and mix well by tapping the tubs vigor-
cuely 5 times. Add 1 ml. of cephalin-
cholesterol reagent and agoin mix by tap-
ping the tube vigorously at least 15 times.
Place the tube in a water bath ot approxi-
mately 25°C. in the dark and eway from

Philadelphia, Pa.

chemical fumes wntil the following day.
Excmine the tube for prezence of [loccula-
tion ofter 24 hours and again after 48
hours (optional).

Grade the reaction os cne plus to four
plug o described under thymol floccula-
tion taking into acccunt the amount of pre=-
cipitate and the transparency of the super-
natant. If desired, the precipitate can be
removed by centrifugation and the super-
notont decanted and its absorbency mea-
gured In a pholometer ot 660 mu., using a
tube contoining sodium chleride solution
and reagent, but without gerum, as a con-
trol (Kibrick, et al 1952) Saifer (1948}
hvas deascribed o gquantitative method based
on measurement of the chelesteral content
of the flocculum.

Precaptions.— Preparations of the
cephalincholesterol reagent cs purchased
or prepared have been found te vary widely
in thefr sensitivity, some belng exces—
aively senaitive and others insensilive.
Each lot of reagent must be massayed by
testing serum of healthy individuals ond
of a sampling of patients showing positive
reacticns. Acceptable reagents deo not pro=-
duce more than an occasional cne plus
flocculation when the sera of healthy sub-
Jects are tested, and on the other hand,
yield a high propertien of poaitive floccu-
lations in patients suffering from liver di-
seass. Once o sultable reagent hos been
abtalned, new lois con be tested by com-
paring them with previoue ones. In the
writer's laboratory testls are done in dupli-
cate using two different preparations . Dif-
ficulties of standardizing and of control-
ling thiz test makes it practical only when
a considarable flow of samples through the
laboratary may be expected,

Interprecation.— It is essential to know
the sensitivity of the reagent used, since
in different loboratories the =orum of
healthy individuals and of patients without
liver Involvement may vary from negative
to two plus or even three plus. Using the
criteria described in the preceding para-
qraph, reactions of two plus or greater affer
evidence of disturbed function.
Hanger believes that a positive teat iz an
indication of active potenchymal dineane,
and in support of this may be cited the
high propoftion of patients suffering from
acute wviral hepatitis whe exhibit poaitive
cephalin cholesterol flocculation. Fosi-
tive tests occur within o few doys of onaet
of clinical illnes=, frequently before jaun-
dice or significant elevation of bilirubin
appears. Thus it offers valuable support
for a diagnosis of wiral hepatitis, particu-
larly in hepatitis without joundice. How=
ever, fallure of the cephalin chalesteral

=i

liver

test to become abnormal does not exclude
the dlagnesis. MNeefe, Gombeacia, Gardner
and Knowlton (1950) found that 20 per cent
of a lorge group of patients 111 of wiral
hepatitia gave negative teata. Abnormal
cephalin cholesteral flocculation readings
may of mIy ot persist into the atoge of re=
covery. In this respect it differs from the
thymol teat which tende to remain positive
for a considerable time, :

A high proportion of positive tests is
found in eirthosis. FPositive tests are
prevalent in o variety of diseases such ca
maloric, pneumonia, Infectious mononu-
cleosis, and others causing damage to the
liver. Biliary obstruction of short duration
iz choracterlzed by negative cephalin
chelesteral flocculations, and it may be
used along with other observations to aid
in determining whether joundice is due 1o
couses that may require surgical interven-
tion.  Inflammatory disease of the bile
ducts usually Is accompanled by positive
tents.

The mechonism producing f{locculation
of the cephalincholestercl reagent ap=
pears to differ somewhat from that of the
thymol test. Moore, Plerson, Hanger and
Mocre (1945) showed thot the change in
serum responsible was assoclated primaorily
with the albumin frection. Addition of
normal serum albumin to serum giving a
positive teat may alter the response to
negative, hence care must be taken to
avold collection of serum for testing dur-
ing the 12 to 24 hours after odminisiration
of albumin parenterally.

Abpormalities in Mood clotting in liver
disease, — These are another manifestation
of the distwbances in protein metabolism
although asscciated disturbonces in lpdd
metabolism may be of equal importance, It
18 now knawn that the delayed clotting of
blood of many potlents with liver dizease
iz the result of a combination of defects.
Besides the diminished prothrombin that
commeonly 18 found In both acute and
chronic liver disease, deficlency of ac-
celetator globulin (Ac-globulin; Facter V,
labile Factor, prooocelerin, etc.), and
prebably of ather factors ocours, Alexender
and Goldsteln [1950) report not only g low
ering of lablle factor but of serum pro-
thrombin converslon factor. Fibrinogen
concenfration may be low, az already men-
tioned. Fibrinolysin activity of plasma may
be increased. Hepatectomy couses a de-
crease in fibrinogen, '"thrombogen,” and
antifibrinolysin (Nolf and Adant, (1951 )and
in prothrombin, cothromboplastin, lablle
facter as well os flbrinogen (Monn, Shonzo,
and Mann, 1951). The complexity of the dis-
turbance of clotting function in liver di=



is apparent in recent reviews of this
(Harringten, 1950), (Stelanini, 1953).
depletion of prothrombin in blliory
betruction ia related te impalred vitamin
ofption. This in tum Is due to the
of bile to reach the Intestine in suf-
icient omounts to malntaln absorption of
s aod fat soluble vitomins, Pethaps a
imilor mechonlam contributes to the low-
prothrombin octivity in parenchymal
pr disecse. Vitamin K odministered
nterally in large amounta uauvally has
tle effect on the lowered plasma pro-
hrembin octivity of patients sulfering from
chymal liver disecse. On the other
, It specifically corrects the defect in
with billary sbatructlon provided
dmmqa in not excesslve,
for evaluation of elotting func-
e Thuu include studies of plasma
rombin activity, accelerator facter,
inolyain, and, at Umes, [lkrlnogen.
ous technigues for prothrombin and
finegen measiwgements are deactibed in
literature and thelr merits will be dis-
ed [ o roview lo oppear inthis jounal.
L Estimation of prothrembin ectivity is an
patient with dizease of biliary tract, liver,
of emall intestine —and to needle biopayof
liver. It ia uaed alse to evaluate the
feaponse o vitamin K odministered to
diced patients. A subatenticl rise in
rombin activity to values that are
2 n of approaching the nommal range
: qqul- that liver function is not greatly
impaired: thus the joundice may be pre=
to originate from a lesion of the
tract (Shapiro and Richards, 1945).
of the Important shortcominga of this
od is the lack of precision of pro-
nbin mecsurements, as crdinarily mec-
d, in the 30 to 100 per cent range.
Hm:r pationts with parenchy matous liver
o maintain prothrombin activities
ncrmal limits throughout the course
ol their illnese ([oocording to Stelaning
{1848), roughly half). This is true espe-
ally i liver involvement in of minimal or
ate severity. Fer this reason the
mecsurement of prothrombin activity is not
o8 efficient for detection of liver damage
s are a number of the other procedures
deacribed in thie review. However, an oc-
casjonal patlent will have a significantly
lewered prothrombin cctivity due to lver
ase when other slmple teats, including
the serum bilirubin concentration and {loc-
‘culation and turbidity group, fail to givean
abnormal response.,
Impairment of energy production and
Slorage.— [Liver disease is associated
with increaszed concentrationa in blood
and urine of the di= and tri-corboxyl acids
that constitute pathways by which foods
@e converted into energy. Considerable at-
tention hos been given, by Scandinavian
reere  especially, to the elevation of
|_----: mx clirate in patients suffering from
liver disecse. These etudies have been
reviewad by Sjestrom (1947). Othera have
ound that lactate (Snell and Roth, 1932),
pyruvate (Amatuzlo ond Nesbite, 1950),

alpha ketoglutarate (Seligson, McCormick
and Sbhorov, 1952) and succinate (Emmeich,
1548) concentrations alsc are slavated.
These f{indings suggest the scourrence of
a general Increase in concertration of
such substonces. The cccurrence of such
an increase In tumn suggeats that the efil-
clency with which these tonsformations
are being mode la Impaired in the presence
of severe patenchymal liver disease, Thus,
the supply of enargy available to the cella
is decreased, The efiects on cellular
metabolism weould be wideapread and im=
portant, and would be manifested by de-
creased rates of synthenis of the varicus
products mode by the liver cells as well
as impairment of requlatary and other func-
tions. Saltzman and Caraway [1953) have
described a method for measurement of the
afflciency of an oxidatlon, the conversion
of cinnamic to benzolc aclds, In vive. They
[ind a reduced rate in patienta with liver
disaane.

Studies of cettain components of the
phosphate cycle have been made, Helve
{1246) reports no change in major frections
of the blood cell phoaphate. However, it
is difficult to eatablish impaiment in func=
tioning of the phosphate cycle in vive by
analysis of concentrationa because its ef-
ficiency is a function of the rote of turn-
over rather than of concentration. Smith,
Ettinger and Seligeon (1953) found that a
decreaze in serum inorganic phosphate fol-
lowing injection of glucose and Fuctose
did not differ markedly in patients with
liver disease from that in normal lndividu-
als, while in digbetes mellitus the de-
crease was less marked. The marked rise
In serum creatine concenbtotion and in=
crease in creatine excretion previously
described suggests that phosphocreatine
is being hydrolyzed and presumably not
rapidly reformed. As a result, atores of
high energy phosphate are being depleted,

Waterlow (1953) has studied the enzyme
aclivilty of samples of liver removed by
punch blopsy frem infonts auffering frem
Liver diesane of nutritional ecigin. His
matericl included specimens from patients
with Kwashicrkor or the closely related nu-
tritionol liver dizease of Jamailca infonts
as well os samples obtained from control
subjects. He found a wide vorlation in
susceptbility of varlous resplratory en-
zymes to severe malnutrition and associ=
ated liver domage. His work, and that of
others ueing animals, emphasizes the im=-
portance of low protein Inioke In cousing
dapletion of certaln enzymes.

Hormone metabolism.— Severe chronic
liver disecse is often cccomponied by en-
largement of the breasts In males ond other
evidencez of altered nox honmone metobo-
lism. A number of studies have been mads
recently of the excretion of various hor-
menes in liver discasze. Thus Dohan et al
(1952) found a significant increass in es-
trogen excretion in clhotie male patients,
This was especially marked if they showed
signa of gynecomantia, Splder nevl were
assoclated with increcsed eatrisl excre-

g

tion. 17-Ketostercid excretion was sig-
nificantly decreased. A decrecse in gona-
dotrophin (F5H) was assoclated with test-
cular atrophy.

The liver produces enzymes that oxidize
testosterone and related stercida. Injected
testosterone is Inactivaled less rapldly in
hepatectomized doga than in intoct doge
(West, 1351). Ewen mild liver domoge de-
creased the proportion of injected tosto-
sterones excreled an 17 ketosterold by
patients (West and associates, 1851). Can-
tarow and aesociaten, (1951) found that the
conjugation of injected tesiosterons was
decreased in patients with liver discase.
Adrenocorticotrophic  hormone 18 inacti-
vated by liver tissue (Everscle and Glere,
1951; Geachwind and L1, 1952).

Digturbances of water and electrolyte
balance.— Aetentlon, loss or maldistribu=
tion of electrolytes and the resulting dis-
turbances of water matabolism are among
the most Important and troublesome en-
countered In patlents with liver disease.
These are cawmed in part by impalrment of
thoae functions of the liver related to
water and salt metabolism and in part by
the elfects of liver disease cn the function
of the kidney ond other orgems requlating
sall and water balance. Included among
the contributions of the liver in this con-
nection are syntheals of albumin and inac-
tivation of harmones concemed with regu-
lation of salt and water balonce.

Salt and water retentien is ocne of the
characteriatic cemplications of Loennec's
cirrhosls. [t is of complex weticlogy.
Mechanical foctars msuch as Increased
pressure in the portal vemous ayatem are
important. Resulting alterations in renal
hemodynamica Impalr the efficiency of
renal function. The lowered merum al-
bumin concentration, while favorable to
glomesular filtration, also lavers transu-
dation from the capillaries and thus ceoou-
mulation of water in the tisauves. Hormonal
foctors alsc are known fo be important.
Shorr and assoclates haove described a
vasocdepressor subatance, ferritin (or VD),
whose concentration in the body fluids,
they claim, {2 regulated in large meosure
by the liver. In addition to ferritin, it is
possible thot the ontidiuretic hormone of
the posterior pitultary ceniributes to the
oliguria and hyposthenuria that precedes
of cccompanies salt and water retention.
Still other foctors may be invelved, Plasma
volume generally is increased in Loen-
nec's cimhosls (Bateman, Shorr, and El-
quin, 1349),

Rigorcus reetriction of sodium intake
appears to be the moat elfective method of
preventing accumulation of salt and water
In excessive amounts by the cirhotic po-
tient. The patient on such o regime, in
turn, requires regular and frequent chem-
ical study becouse of the threat of the
salt-depletion syndrome. The hazord of
the latter is greatest when large amounts
of fluid, two to ten liters of more, ore re-
moved by pamcentesis. If the patient
subsequently dilutes the remaining extra-
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cellular fluld by consumption of waler,
acdium concentrations may fall sufficiently
to bring about the alnomalities in blood
flow and blood supply to the tissues that
characterize the low salt ayndrome (Mel-
son, Rosenboum, Strauss, 1951; Helly and
MelLester, 1950). Serum sodium concen-
trations as low as 110 m. Egq. per liter
hawve been chserved. Circulatory failure,
in such cifcumslances may lead to coma
and death.

Depletion of serum polassium and mag-
nesium together with other electrolytes
have been reported in scme patlents with
govare cirhosis and impending hepatic
coma {Amatuzio, et al 1852). Elevation of
serum potassium also must be gquarded
against, especlally in these potients
whose liver disease Is accompanied by
motked impaitment of kidney function.

Serum iron in liver disease.— Serum iron
concentrations are markedly affected by
liver disease. In hepatitls, serum iron
risen to two or three times the highest
concentration ordinarily found in health,
(Petarson, 1952; Motassarin and Delp,
1852). Low concentralions occur In aerum
of some clrhotic patients (Howard, 1950).
Serum iron determinations ol especially
determinations of serum lron binding ca=
pacity, are of speclal interest in hemo-
chromatoziz. In this condition, cccumula-
tions of exceplonally large amcunts of
iron in the bady lead to its deposition in
liver, skin, and other tissues, The archi-
tecture of the liver ia distorted as in elr-
rhosie. Serum iron concentrations ane
elevated, although not necessarily lo cone
eentrations higher thon those ocowring in
in health or in hepatitis. Howswver, the meoc-
suramant of iron binding copocity in hemo=
chromalozis conzistenily shows that the
sarum s almost completely salurated with
iran. Gitlow, Heyers and Colmore (1952)
clte saturation values of 74 to 99 per cent
as comparsd with 14 to 69 per cent in
clirhosis and 28 to 58 per cent in normal
individuals. In hepatitis end all other con-
ditions, at least a third of the total iron
binding copacity remains unsaturated,

Methads for study of iren and iron-
binding capacity.— Among several proc-
tical methods for serum iron are those of
Barkan and Walker {1940) ond of Kitzes,
ot al (1944), Iron-binding capacity can be
determined by the methed of Cartwright
and Wintrobe [1948) or of Ventura (1952).

Copper and liver disease.— Intareat in
serum and urine copper recently hos besn
atimulated by the finding that Wilson'e di-
sease [(hepato=lenticular degeneration) is
asscciated with abnormalities in metabo=
lism of copper (Glozebrook, 1945; Denny-
Brown and Porter, 1951). The sopper con-
tent of brain, liver and urlne is Increcsed.
After treatment with BAL (2.3 dimercaplo-
prepancl) urine copper concentration de-
creases. Changes maoy cccur in serum cop-
per but these cppear to be less consistent
or dependakble then are the changes in ex-

cretion of copper in the urine. Scheinberg
and Gitlin (1852) have found lowered cone
cenfratieng of coerulsplasmin in blood
plasma of patients suffering from Wilscn's
disease. Caerulopleamin iz a apecific
copper containing protein found in bloed
plosma.

Detxification reactions of the liver.—
Numarous studies have demonstrated thet
in liver diseasa wvaricus reactions csscci-
ated with detexification are impaired. The
bast known example ls the ayntheais of
hippurie acid following administration of
benzole acid, extensively atudied by Quick
(1940). Whereas at lemst 70 per cent of
injected benzoic acid iz excreted as hip-
puric ocid within one hour by healthy ioe
dividuala, less than this amount iz ex-
creted by patients with liver domage.
Cuick believes that the facter limiting
hippurie acid synthesis in liver discase is
inability tc mobilize glycine, howewver
this hae been disputed (Voight, 1951}
The cenjugation of benzeoic acld with gly=
clne has been demeonstrated in liver homo-
genates by Borscok and Dubnoff (1947) It
occurs also in kidney, spleen and probably
other -tissues.

Deizs and Cohen [1950) have descrikbed
a aimilar teat in which pora=ominobenzoote
replaces benzoate, and the conjugation is
evaluated by analysis of serum, The paro-
aminchippurate formed is estimated colori-
metrically In a sample of blood collected
ane hour after the teat doae.

ijuqulinn of various substances with
glucuronic acid alse is impaired in lver
disease (Wogrelich et al, 1941; Ottenberg
et al, 1943). Snopper and Saltzman (1949)
have described a test of liver function
that measures glucurcnate conjugate ex=-
eretion after odministering scdium cinna-
mate. [ta application to the atudy of liver
digease is evaluated by Sharnoff, et al
(1851). Saltzmon and Caraway [1353)have
described a refinement of the cinnamic
acid test in which blocd cinnomic acid
lavela are measured,

Deamination of tyramine, a presacr
amine, oceurs in the liver (Hare, 1928)
and it is thought that ather subslonces of
this type are similosly inoctlivated.
¢ Methods for the swudy of detoxification
function: Measurement of hippuric acld
excretion is most frequently used for this
purpose, however, availability of more
simple procedures for study of liver di=
sease appears to have decreased the use
of the hippurlc acld test, The technique
of Cuick (1240) moy be used and intra-
venous administration of hippuric acid is
prefemmed. The conditions under which
the test i done are lmporlant,. The pa-
tient should ingest sulficient water to in-
sure adequate urine [low [Machella, Helm,
and Chomock, 1942). He must ke physilc-
ally and mentally reloxed., Persky ond as-
sociates (1950) found the ocutput of hip=
puric acid to be increased by anxiety. A
similar effect wos described by Delss and
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Muzger (1950) with respect to para amine=
hippurate excretion. Hippuric ocid is
readily excreted by the kidney but marked
impairment of kidney function lowers the
output. Body weight ond sex should be
taken Into account in interpretotion of re=
sults (Hepler and Girley, 1942).

The para aminchippumate test of Delas
and Cohen (1850) has the great advanioge
of avoiding the necessity for urine collee=
tiona, o major source of dilliculty in the
hippuric acid test. Trinl of this procedurs
is desirable. The same may be said of the
new clnnamic acid test of Saltzmon and
Caraway (1953).

Serum Alkaline Phosphatase. — Meanure=
ment of alkaline phosphaotase activity of
serum often asalsis in the differentiotion
of parenchymal liver disease from that dua
to obatruction and other lesionz of the
biliary tract. Billory obstructon is char-
acterized by an increase in phosphatose
activity to two of more times the maximun
found in healthy individualzs [Hoberis,
1933), and by the persistence of such high
activities. Some inctease cccurs alse in
patents suffering from viral hepatitis,
however, the rize is moderate and tronsi=
tory. Toxic hepatitie coused by cheme
icala or drugs is usually occompanied by
elevated phosphaotoze activities. In cir-
rhosiz of the Lasnnec type no marked rise
in aglkoline phoephatase activity occurs

ardinarily, but at times, high octivities
may be encountered.
The rize in phosphalose associated

with ocbstruction of the bile ducte occums
regardless of the nature of the obstruce
tion, whether due to caleculur, stricture, or
necploem. Elevatien of serum alkaline
phosphatase may provide cne of the few
cluea to the presence of neoplastic growth
in the liver (Bothmon et al, 1936; Mendel-
schn, 1952). Inflommatlory dizease of the
bile ducts (cholangiclitic hepatitia) causes
airiking Increases in serum alkaline phos-
phatase. The chemical changes accurring
in this econdition are indistinguishable
from those cbserved in many patients with
extro-hepatic hiliary obstruction.

The cause of the increase in serum al-
kaline phosphatose activity ocowring in
patients suffering from biliary obstructicn
has provoked much dizcussion. The liver
appears o be able to remove phosphatose
from bloed pleama and excrete it in the
bile, However, hepatectomized onimals
show, at mest, a moderate rize in phos-
phatase activity of serum (Freeman, 18951;
Flock et al, 1952). This suggests that
failure of the liver to excrete phosphatose
produced in other crgans is reaponaible
only to a limited extent,. Histochemical
studies show high concentrations of phos=
phataae  in the cholanglolar epithelium
(Burke, 1950) in chelongiclitic hopatitis.
Sherlock and Walshe (1947) found increased
amounts in the hepatic cells and nuclei in
hepatitis and in bile duct obstruction. The
ameunt in the sinusoldal walls also was
found increased. Thus it appears possible
that the excess phoaphatase in plazma



have several sources. The predomi-
scurce may be the chelanglalar epi-
n in biliory toct diseocses and the
er parenchyma in hepatitis. Hosenthal
assoclates [1952) hawe shown that
egenerating liver parenchyma is very rich
A phosphatase.
~ Applications of phoephatose activity
measurements include not only the detec-
‘tlen of invelvement of the biliary tract but
‘also the evaluation of the clinicol course
‘of patients with such lesicns. Ulevitch
et al (1951) have pointed oul thal phospha=-
Mose activity and secrum  bilirubin  may
ichange independentlyand that phosphatose
activity is the mome sensitive indicator of
‘change in degree of billary obsirection,
Bile pigment metabolism.— Joundice is
8uch a conspilcuocus sign of liver domage
o bile duct blockage that it has altracted
more than lis shore of attentlon, often to
he neglect of other and mare Impartant
aspects of liver or billary tract disecse. A

peared within the last few years [Watson,
1845; Lemberg and Legge, 1949; Gray,
MB53). Azcheff, Whipple and Mann demon-
strated that bilirubin is fermed from heme-
glokin by the reticulo-endothelial cells
throughout the bedy. The hilirubin is
frangported to the liver and excreted In
he bile. Certain peculiorities in the be-
havier of bilirukin suggest that it may
exlat in serum in two forms. These are
differentiated by means of their rotes
of meaction with diazotized sulfanilic acid
[Hijmans van den Berghand Mueller, 1917).
‘A rapidly reacting form of bilirubin, (direct
\of prompt reacting bilirabin) is considered
ta hove boen secreted ints the bile by the
parenchymal cells ond subsequently to
hove returned to the blood stream because
of disruption of the liver structure by
parenchymal disease or because of billary
ghstruction, Thiz form of bilirubin (chole-
\ bin) is distinguished from a second
[hemobilirubin) considered to be in trans-
port from extrohepatic =ites of hemoglobin
‘breakdewn to the liver. The laotter reccts
‘with the diazo reagent slowly and yields
additional coler after alechel, caffeine, ar
other catalyste are added to the reaction
mixture.

The couse of the difference in behavior
‘remoine unexplained despite numercus ef-
forta to find 1t. All of the bilirubin in
metum 1s bound to protein, but It is pos-

ble that o portion i3 more firmly bound,
Plasma protein fractionation by Cohn and
mEmociates  (19%0) hos yielded an alpha
globulin which, it is stated, binds bilirubin
firmly ond specifically. Martin (1949) hes
demcribed its charocteristics, among them
‘a delaying action on the diozo reaction of
bilirobin bound by i, Altempts to estab-
lieh a structural change in the bilirubin
‘melecule that might provide a basis for the
abserved difference have led to negative
‘o equivecal results. Howewver, Najjar
[1351) recently deseribed the preparation
ffom serum of two bilirubins differing in

cryatal form ond solubility and in their re=-
activity with the diazo reagent. Other
foctors influencing the rate of reaction in-
clude the concentration of bilirubin and its
degree of dispersion. There is recson to
believe that the serum lipld moy be in-
velved. For a review of the various hype=
theges concerning the diaze reaction of
serum bilirubin the reoder iz referred to
Gray (1953) Chapter VIIT.*

Hegardless of the couse, distinet differ-
ences in the rate of the digzo reaction of
sarum bilirubin sccur. These are demon-
strated more successfully by means of the
one minute reading technigque Introduced
by Dueci and Watson (1845) than by older
methods., Sera obtoined fram patients 111
with hemolylic anemics or perniclious ane=
mig when teated with the digze reagent
produce relatively little color in one min-
ute compared to thot produced after addi-
tion of methanal. This is trus also after
odministration of oged or incompatible
blood, and of the serum of newborn. On
the other hand, opproximately 50 per cent
of the total celer appears In one minute
when the sera of patients with biliary cb-
structlon or mederate to zevere parenchy mal
damage are tested. .

Bilirubin i present In the urine of
healthy individucls in concentrations =o
lew that it Is not detected by ordinary
mathods. FPoeitive tests for bilirubin in
urlne thus Indicaote the axistence of liver
damage ar billary abstructicn. They occour,
at times, before serum bilirubin iz ele-
vated. It i for this reason that urine bili-
rubin tests are useful for the detection of
acute wviral hepatitis in its eoly stoges
[(Neefe et al, 1944; Swift st al, 1950).
Later in this disease, urine bilirubin tests
may become negative while the diseass is
still active and serum bilirubin concentra=
tHons remaln above nomal limits. The
means by which bilirubin posses the renal
barrier la far from clear, since It is Hrmly
bound to protein in serum ond non diffus-

“Cole and Lathe [1953) have succeeded
in separating serum bilirubin into two com=
ponerts by means of reverse phase chroma-
tography using silicone-treated kieselgubr
as adaorbent. A ropidly moving type is
more scluble In water and glves the direct
dioze recction (without oddition of alce-
hol), The other is more soluble in organic
solvents and it reacts only In presence of
alechel, The latter is thought to be bili-
rubin, The noture of the fost meving com=
ponent is not estoblished, but it predomi-
nates in serum in obstructive joundice, By
contrast in hemolytic joundice the slower
component predominates.  Neo protein was
pregent fn the extracts of serum studied,
hence they conclude that differing degrees
of aassclation 'ef blirubin with protein
cannct be responaible for the differences
in behavier of wvarious serums with the
dioze reagent. The presence of several
pigments in bile, some of which do not re-
oct with the diozo reagent, was demon-
aftrated.
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ible cr only slighily so. Some may enler
the urine combined with protein which is a
fairly reqular constituent of urine of pa-
tlents suffering from hepatitis,. The e
mainder must be split from protein by a
renal mechonism still unknown.

After the presence of liver disease hos
been established and if serum bilirehin
concentrationas are being measured urine
bBilirubin tests offer little useful informa-
ticn.

Method for measurement of the concen-
trations of direct reading and total bili-
rubin in serum.— Ducci and Watsen (1945)
medification of the method of Malloy and
Evelyn (1938).

Principle.— Bilirubin treated with diazo-
tzed sulfanilic acid tofma "oz cbilirabin’ 4
The density of the red coler of the latter
iz proportional to the concentration of bili-
rubin, The rate at which thie resction oc=
curs has clinical significance and it is
measured by relating the reading mode one
minute after adding reagents to the reading
made at final squilibrium after addition of
a catalyat.

Reagents.— Methanol: This should con
form to ACS speciiications for reagent
methanol. Occaslonally methanol con=
tains Impuritles that form color with the
diogze reagent. Other impurities may in=
hibit ceolor develspment. Questionable
miethanal should be redistilled., New lota
of methancl should be tested by carrying
out the procedure but omitting serum,

Dilute hydrochkloric acid: 15 ml. cone
centrated HC1 are diluted to 1 liter with
walter,

Sodium nitrite: 0.5 g. pure scdium ni-
trite Is dissclved in 100 ml. water. This

wdolution should be renewed at least once a
week, Sodium nitrite detericrates on stos=
age, and supplies should be renewed after
6 to 12 months, Discolored preparations
must be rejected.

Sulfanilic aeid: Ploce 1.0 g. of sul-
fonilic acid in o mixing cylinder of 1 liter
capacity, Add 15 ml. of concentratéd HC1
and dilute te 1 liter with water, Mix until
dissolved. It keeps indefinitely.

[Nazo reogent: Prepare just before use
by aodding 0.3 ml. of sodium nitrite soclu-
tien to 10 ml. of sulfanilic acld sclution.
Mix.

**Dymoles couple with diozotized sul-
fanilic acid if they have free alpha or beta
pesitions eor subshituted groups that are
readily displaced, such as carboxyl. (The
alpha carben is that adjacent to the N in
the ring). It is belleved that bilirubin is
split inte twe dipyrryl compounds, neoxan-
thobilitubic acid and Isconsoxanthobiliruble
acid, by the dioze reagent. Each of theae
has a free alpho position which permits
caupling te accur. The term aze-kilirubin
iz loosely used to describe the mixture of
azo-plgments preduced. For further infor-
mirtion consult Lemberg and Legge (1349)
or Gray [1853).
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Procedure.— Measure Into o test lube
{A) 1 ml, of fresh serum and 9 ml. of water,
{1f bilirubin is high, use 0.5 ml. and 9.5
ml. of water], Mix, Transfer 5 ml. to a
second test tube, (B).

Direct *one minute®* reaction.— Add 1
ml. of the dilute HC] to tube A, Add 1 ml.
of diazo recgent to tube B, Mix at once.
Usaing (A) for zere setting, read (B} in one
minute exasctly. The wavelength used is
540 mu,

Total bilirubin,.— Add 6 ml. of mathanel
rapidly to each of the two tubes, Mix
vigerously at once. Read in 20 minutes
again using tube [A)] for the zero setting.
When new reagents are used verify the
reading at 25 minutes to moke certain that
color development in maximal. If it Is not,
make additional readings. Make a reading
of the reference standard.

(-
Calenlation.— Direct bilirubin = 11 5 —
25

c
for U =2 NE depending on the dilution

of the serum).

o =
Tetal bilirubin = LJ x; for U x 2 K;

depending on the dilutien of the serum).

Where U is the maximol absorbency of the
serum, S the absorbency of the stable
reference standard and © the bilirubin
equivalent of the latter, Report as Direct
[one minute) and Tetal bilirubin.

Standardization,— Bilirubin Is unstable
In solution and standard soluticns may de-
teriorate appreciably within a few hours.
The bilirubin acluticn is used to calibrate
an artificial standard. One or more dilu-
tlons of such o standard are calibrated by
means of the following procedure:

Welgh 25 mg. of bilirubin [That sold by
Armour Loboratories Is  satizfactory).
Transfer to a 250 ml. volumetric flask with
the aid of 2 ml. of 0.2 N. NaOH. Dilute to
250 ml. with water, One ml. of the result-
Ing &olution containag 0.1 mg. of bdlirebin.
Addition of 50 mag. of ascorble acld may
delay but does not prevent deterioration.
This sclution rust be freshly prepared and
used immediately. Frotect it from the
light, Sclutions in chloroform may be used
but offer ne advantage, whereas impurities
in the chlofolorm may occelerate the de-
compoaition of bilirubin.

Dilute 5 ml, of the abowe salution to 50
ml. ond mecsure the following amounts of
bilirubin sclution aond water inte two sots
of tubes (z) and [b) of about 20 ml. capaec-
ity to oblain the kEilirubin egquivalents
shewn.

Tube Bilirubin sal. Water Bilirubln content Concentration
in ml. ml. in mg. mg.100 ml. serum
1 0.2 4.8 0.002 0.4
2 0.5 4.5 0,005 1.0
i 1.0 4.0 0.010 2.0
4 2.0 3.0 0.020 4.0
3 3.0 2.0 0.030 6.0
] 5.0 0.0 0.050 10.0

Add to cach tube of the (2] set, 1| ml. of
dilute HCl and to the other (b) aet, 1 ml.
of dioze reagent. Mix and odd & ml. of
mathanol to each. Measure the absorbancy
of each tube in 20 minutes and repeat the
readings ot intervals until moximal
values are obmined. Use the [a) serles
for zero settings: Several bilirubin solu-
tions ahould be prepared and tested.

Flat the abeocbmcies on the ordinate
of rectilinear graph paper against bilirubin
concenftration on the absclsaa. Beer's law
is cbeyed. Readings may be converted to
bilirubin concentrations keom the graphs
As an alternative methed of calculation,
the ratio of C/S may be calculated for
each standard and the aweraoge ratic uaed
to multiply the absorbancy of the wmknown.
Using an Evelyn colorimeter the mean of
/2 has been found to be 14.3,

Permanent standards,—A solution of
methyl red indicator in acetate buffer hae
been found by King and Coxon (1950) te
reproduce closely the spectral chasomtion
curve given by bilirabin treated with
dimzo reagent. Il s prepared by dissclving
0.145% g, of pure methyl red (orthe carboxy
benzine azodimethylalonine) in 50 ml. of
gleciol acetic ocid. 1 ml. of thizs =stock
golution  is tremsferred to o volumetric
flask of 1000 ml. capacity. 5 ml. of glackl
aoetlc acld and about 500 ml. of water are
added followed by 4.4 g. of crystalline
sodiun ocetate (or 86 g. of anhydrous).
Afver the ocetate has dissclwed, the
volume is made to 1000 ml. with water,
This solution represents 7.0 mg. of bili-
rubin per 1 00 mL in the method described,
howewver, it is deairable that this figure
ba werified in esch hboratecy by means
of the callbration technigue described
abowve.

Interpretation.—Totlal serum bilkubin of
95 per cenf of healthy individuals is below
1.10 mg. per 100 ml. of serum. Coccasion-
ally individuals who appear to be In good
health will hawe concentrations as high as
1.50 mg./ 100 ml.

The dimect reacting, " one minute'’ bili-
rubin reading estimates bilirubin reccting
with the Ehrlich diazo reagent promptly
in the absence of ethancl, methanol or
other catzlyst. Thia fractisn mepresents
10 to 20 per cent of the total bilirubin of
normal serume In 95 per cent of healthy
individuala it doss not excead 0.18 mg./
100 ml. and in 99 per cent is below 0.25
mg./ 100 ml. In the pressnce of hyper
bilirubinemia due to any couse other than

ik

increaaed hemolysis, the cne minute direct
reading increases to approximately 50% of
the total, and ranges from 30 to 70%. The
direct bilirubin maoy be elevated in serum
of some patients whose serum total bill-
rubdn is within normal limits and it is
somewhal superior to the latter for detec-
tion of liver involvwement. When hemolysis
occurs with aeverity sufficient to couse
hyperbilirubinemia, the total seram bili-
rubin consistently is elsvated to a greater
degree than is the prompt reacting porticn.
However, the behavier of the serum bili
rubin in joundice caused by billary ob-
stuction does mnot differ from that ocour-
ring in jaundice coused by injury to the
hepatiz parenchymal oells, at least not to
an extent that enables conclusions to be
reached in a given patent regarding the
etiology of the joundice. Measurement of
the rate of the diazo reaction.of bilirubin
adds little of value for differential dicg-
noslas because hemolytic joundice, the one
conditlon it distinguishes, generally can
be recognized by other more specific find=
ings. The significance of serum bilirubin
determinations with special reference to
the ene minute reading has been discussed
by Zieve et al (1851}

Studles of total serum bilirubin are use-
ful fer following the clinleal coume of
a patient. Rilaing serum bilirubin concen-
rations In general have unioverable (m-
plications; falling wvalues are chame-
tariatic of remission of liver disecse or
biliary cbstruection. A stobllized =aerum
bilirubin concentration is considered a
highly desirable mersquisite to operation
for relief of billary chatructon. ACTH and
cortisone given lo patiants with increased
serum billrubin couse a morked decrease
in bilirubin concentration of serum.

Tests for bilirubin in wine.—Many of the
procedures widely ussd for detection of
bilirubin in urine are not sufficiently sensi-
tive to be useful for detection of eacly
hepatitis or moderate liver damage. Foord
and Baieinger (180} compared many of the
commonly used procedures ond found that
the Horrisen-F ouchet method as described
by Godiried (1934) wos one of the most
dependable, and the experience of mony
workera has confimrmed the value of this
procedure. Severs]l modifications of this
mathed in which the magenta are applied
to paper sirips (Watsen and Haowkinsen,
1%M5) or to tablets of plaster of Paris
have proven to be conwenlent although




% sensitive than the original Herrison-
Fouchet methed. The latter concentroles
the bilkubin in wine by odaorption on
freshly pmcipitated barium phosphate and
julfate. The blue-green color produced by
freating the precipitate with acld ferric
chleride &= quite specific for bilirubin and
clsely related pigments. Urchilinogen or
b da not react.

Other methoda for testing urine for bilk
fubin include the methylene blue test
‘which depends upeon the extinction by
additlonal methylene blue of the green
coler produced by interaction of biltrubin
and methylens blue (Feinhold and Fewler,
lﬂﬂ! This test & eosily applied, but it
measures alzc other vellow pigments that
may be present. It gives a roughly quanti-
atlve estimate of bilirubin concentration.

Hecenily, Free and Free (18952} describ-
ed o rapid and sensiltive dioze test fon
Bilirubln which appears to compare favar-
‘ably with the HamrisoneF ouchet method and
which may prove to be supericr, (Klatskin
‘and Bungards, 1953; Scbotka and others,
1953; Giordono and Boyle, 1953).

The Herrison-Fouchet Spot Test
[Godiried, 1934)

Reagents.—Fouchet’s reagent: Diasoclve
'- g« of trichlomcetic acid in 100 ml. of
ter. Add 10 ml. of a 10 per cont soclu-
ion of ferric chloride.

. Bartum chloride solution, —
BaCl,2H, O tn 100 ml, of water.

Procedure .—Measure approximately 10

10 g of

fold the filter containing the precipitote

nd place It on a dry filter paper. Add | or

2 drops of Fouchet's reagent, The appeo-

gnce of o green o blue color indicates the
egence of bilimibin.

Paro-nitrobenzenediozenium Paro-toluene
Sulfonate ("' Bilazo") Test
{Free ond Free, 1952)
Principle.~Bilirubin couples with the
bllozo reagent to form o blue color. An
asbestos mot odsorbs and concentrates
the bilirubin.

Procedure.—Flace 5 drops of urine on a
test mat of oo llulocse-as bestos. The reagent
8 placed on the spot in the form of a
gblet ond mocistened with two drops of
water. If bilirubin is present in an ameount

e edlns 0,04 ma. pec 100 ml a Blus
‘coler appears and i8 read at 30 seconds.
Reagent.~The bilozo reagent tblets
and asbestos pads are obtainable from the
‘Ames Co., Inc., Elkhart, Indiana.

. Urobilinogen in wrine and feces.—Urcbi
linpgen s normally present in urine. [t ia
foemaed by reduction of bilirubin by bac-
terial oction in the cecum and colon.
] bilinogen is meabsorbed from the in-
IlaHnl and excreted mainly by way of the
‘bile. Impaired excretory ability of the
liver lnods to an increase In its cutput in
g urine, Thus, measurement of urcbi-

linogen concentration in urine iz a test of
liver function. Hewewar, when the liver ia
danaged to such an extent that the secre—
tion of bile is supprezsed, no urobilinogen
will be formed or detected, It is absent also
if obatrucHon of the bile ducts prevents
entry of bile into the intestine. Patents
receiving (a) certain diets not conducive
te malntenance of the usual bacterlal
flore, (bl antiblotics, or (e) other =sub-
stonces altering the bocterkal flora of the
intestine moy excrete littls or no urce
bilinegen in thelr feces or urne.

Urcbilin s fomed by oxidation of um-
bilinogen. Whemas urcbilinogen is color-
lams, urohbilin is yellow. Urcbilinogen la
converted to urobilin on standing in the
presence of cxygen, or by oxldizing cgents.
This chonge s deloyed by protecting urine
from lightand air and by alkaline reactions.
Urabilin may be reconverted to urobilinegen
by treating the former with ferrous sulfate
and godium hydroxide.

The presence of ncreased amounts of
urobilinogen in urine iz o characteristic
finding in patients with disease of the
parenchymal cella of the lver. At times
it may cffer the only conclusive evidence
of the existence of lver disease. Changes
in urine urobllinogen excretlon are likely
to occur independantly of changes in other
tests, and for this reason it is desirable
to include it in o battery of such tests.

Two procedures are described for esti-
mation of the wobilinogen excretion in
urine. One ia the simplified quomtitative
Ehrlich meoction of Watson, Schwarlz,
Sborov and Bertie (1944), az modifled by
Watson and Hawkinson [1947). This method
iz designed for use as g routine of screons-
ing test and for most purposes is capable
of supplying the information sought.
ever, It may be necessay to apply iIn
special circumslances a method ylelding
mere apecilic data, and for this reason the
quontitotive method of Schwortz, Sborov
amnd Wateon (1844) i2 alse included.

Hamwe

Simplified Quantitative Urine Ehrlich
Reaction
[Wataon and Howkinsan, 1347)

This methed may be applied to random
samples of freshly collected wurine. The
resulta are more informative when the
urine iz collected during a timed two hour
poeriod. The mte of excretion of ure-
bilinogen in urine varies during the day,
and has been found highest botween 2 to
4 F.M. Therefore, collections at this time
are preferrsd to randem collections or
timed collections at cther short pericds.
Although this method may be used for
apalysis of 24 how uwrine collections its
authore recommend that the extraction
method described below be substituted.

Reagents.—Ehrlich’s aldehyde reagent.—
Dissolve 0.7 g. paradimethylaminobenzalde-
hyde iIn diluted hydrechlorie acid. The
diluted hydrechlerlc ocid iz prepared by
adding 150 ml. concentrated hydrochlocic
acid te 100 ml. of water.
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Saturated sodium ocetate solution,—Add
100 ml. of water to 150 g. of sodium
acetate, anhydrous, reagent quality. Warm
gantly, cool te room temperature befare
use. An alternate method is toe allow the
solution to stand over night. Decant the
supermatant.

Procedure,—Freahly volded urine can be
analyzed without further treatment, Collec=
tiene made over longer periods must be
treated with ferrous sulfote and sodium
hydroxide (as deacribed in the extroction
method] to reconvert urobilin te urchi-
linogen, Twenty-four hour callections am
analyzed by the extraction method. Urine
specimens must be protected from sun or
other sources of Intense light. Breown
bottles for collection of specimens cre
recommended.

Transfer 2.5 ml. of urine or filtrate from
ferrous hydroxide treatment into each of
twe photocolorimeter tubes 1UJ and B. Ta
tube U add 2.5 ml. of Ehrlich’s reagent.
Mix well for 15 seconds, then odd 5 ml.
of sodium acetate solution and mix again.

Teo tube B add 5 ml. of scdium acetate
solution, mix thoroughly, then add 2.5 ml,
of Ehrlich’s reagent slowly and with con-
atant shaking. This coftects for the color
of urine and reagents. Place tube B in the
photocolorimeter and adjust the zera.
Then with minimum delay measure the
absorption of tube U. Readings are made
at 563 mu.

Caleulation, — U} = 4 xl ;;Iim volume
Ehrlich units in the sample,

(U} represents the urcbilincgen equivalent
of the reading as measured from a graph
In which the tranamittoncies of the 10
standard eolutions, described In  the
following table, e plotted against the
concentration of urobilinogen represented
by each. The results are reported as
Ehrlich units. One Ehrlich unit come=
sponde to | mg. of wobllinogen. This
designation i= preferred because chromo-
gens other than urcbilinogen contribute to
the color.

Permanent  standards. —Urchilinegen s
not easily cbtoined in pure form and
furthermore has poor stability, The mix-
tures of pontocyl carmine and vialet de-
scribed below clesely simulate the urc-
bBilinogen aldahyde compound,

Stock standard dye solution.—Disselve
5 mg. pontocyl comine 2B and 95 mag.
pontacyl viclet 6B 150%; In 100 ml. of 0.5
per cent acetic acid. This sclution keeps
indefinitely if preserved with a few drops
of chloroform.

Dilute standard.=20.4 ml. of stock solu=-
tion are diluted to 100 ml, with 0.5 per
cent acetic acid solutlon. This solution
camesponds to 0.6 mg. of wobilinogen per
100 mi.

The volume of dilute atondard indicated
in column | of the following table, diluted
with the sclume of 0.5 per cent acetic acid
indicated in column 2, yields a color which
ls= equivalent to the wobilinogen walues
ahown In column 3.
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ml. of dilute | ml. of 0.5% | Urcbilincgen in
standard acetic acld | Ehrlich units or
mg. 100 ml.
20.0 0.0 060
16.7 3.3 0.50
13.3 6.7 0.40
10.0 10.0 0.30
8.4 11.6 0.25
B.6 13.4 0.20
5.0 15.0 0.15
3.3 16.7 0.10
1.7 18.3 0.05
0.85 19,15 0.025

Interpretation,—The urine of 95 per cent
of a group of healthy individuale was found
to contain lesa thon 0.95 Ehrlich unita in
a 2 hour specimen collected between 2
and 4 F.M. The concentration in o random
specimen should not exceed 1,15 Ehrlich
unite per 100 ml. Values exceeding these
limits have been asscciated with fmpair-
ment of liver function.

Quantitative Determination of Urebilinogen
by the Extraction Method
(Schwartz, Sboray and Watson, 1944)

This method is preferred for meosure-
ment af 24 hour eutputs of urebllinegen in
urlpe, Urobilin i reconverted into uro=-
bilinogen by treatment with ferrous
hydrexide. Urobilinegen is extracted from
urine by petroleum ether and s then simul-
tanscusly converted Into the celored alde-
hydea derivative and extrocted from the
petroleum ether phase by shoking with
Ehrlich's aldehyde reagent.

Reagents.=Ehrelich"s aldelyde reagent:
as described for the simplified method.

Sotwrated sodim acelate: as described
for the simplified mothod.

Ferrous sulfate solution, 20 per cent:
Crush crystals of FeS0, .TH, O to a powder.
Dissclve 20 g. in 92 ml. of distilled water.
This aolution must be mode freahly
each day.

Sodium hydroxide solution, 10 per cent:
This sclution Is best prepared by diluting
a concentrated steck solution.

Pegoleum ether: Boiling point
60°C. Reagent quality.

Glacial acetic acid,

Ethyl alcohol, %5 per cent.

Proceduwre. Collection of urine is made
for 24 hour pericds in bottles to each of
which has bean odded 5 g. of sodium cor-
bonate and 50 ml. of petroleum ether.

The bottles should be of brown of othor
law octinie glasas. The battles containing
urine should be refrigerated if possible.
Analynis should be started soon after
collectiens are completed. It 2 highly
important that all urine be saved during
the 24 hour period. Measwe the volume
of urine.

1. Reduction of wrobilin.—Measure into
an Erlenmeyer flagk of 125 ml, capacity
{lowr actinic glassware is preferred but not
indispensable), 50 ml. of urire and 25 ml.
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each of ferrous sulfate and  sodium
hydroxide solutions. Mix well ond allow to
stand protected from light for one hour,
Filter.

2, Preliminary assay.—Measure 2 ml. of
filtrate into o tube. Add 2 ml. of Ehrlich’'s
recgent. Mix well and add 4 ml. of sodium
acetate sclution. Mix and note the Intensity
af the rad color. The amount of filtrate
used for the extroction depernds on the
intens ity of the color developed:

the petroleum ether. Dilute the extrocts
with water to a volume that will permit
cccurate measufement in the photometer.
Record this a5 Vijnq1. (Tronsmittance be-
twaon 20 and 80 per cent). The diluticn
should be to an even number e.9. 20 or 30
ml. to simplify calculation.

. Without delay, measure the density of
the colar in a photometer at 565 mu. Pre
pare a blank containing 3 ml. of Ehelich's
reagent and 9 ml. of sodium acetate solu-
tien. Use the blank for adjusting the zers
aetting.

3. Extraction of urabilinogen,—This step
ahould follow immediately after the [iltra-
tion and preliminary cssay. Measure Into a
separatory funnel (pear shape) of about
200 ml. copacity the wolume qi filtrate
speciflied above, Reccrd this os
If the quantity is less than 50 m'f"'ﬂd
sufficiont water to bring it to this valume.
Add 30 e 50 ml. of petroleum other and
5 ml. of acetic acid. Shake vigorously for
abeout one minute, then allow the layers to
separate, Draw off the aqueocus (lower)
layer into a flask and pour the petroleum
ether inta @ 250 ml. Erlenmeyer flank. Re-
turn the aquecus layer to the separatery
funnel, add 25 to 30 ml, of petroleum ether
and shake o before. Agaln separate the
two layers, adding the petroleum ether to
the firet portion. Return the ogquoous loyer
to the separatory funnel and extract with
patroleum ether a third time, Discard the
aquecus layer and combine the petrsleum
ether extroct with the twe previcus
porticns,

If emulsions form, they con be separated
by adding mare acetic acid (preferred) or
l ar 2 ml. of alcohal.

4. Washing of the petroleum ether ex-
tract,—To the combined petroleum ether
extrocts in a seporatory funnel add 10 to
15 ml. of water. Shake vigorously for a
few seconds. Draw aoff the water apd
discard. Repeat with two additional por-
tions of waoter. Leave the petraleum ether
extract in the separatary funnel.

5. Extraction of wcobilinogen fom the
petroleum ather.—(a) Add 2 ml. of Ehrlich's
reagent to the petroloum ether extract and
shake vigorously for one minute. (b) Add
& ml. of sodium ccetate solution and shake
an additional minute. Allow layers to
separate and drow off the extract inte a
50 ml. graduated mixing cylinder, Be swe
that remaing in the stom of the
funnel. Extroct the petroleum ether with
additienal portiens of Ehslich's reagent
and sodium acetate one or more times until
furthar extroction produces only ine
aignificant color. Combime the wro=
bilincgen-aldehyde extracts and discard
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Colar Aliquet of filtrate Caleulation.— Urcbilinogen in mg. /24 les,
far extraction _ vol. of urine + val, FeOH ssl, + vol, NaOH
Pmnas rad Lals 7 vol. of uwrine used
Medium red 2 mil. wNiingl = Naa o
Pale red 10 ml. Vitltrate * 10
Faint pink 25 ml. Where U s the weobllinogen equivalent of
Mo ealar 50 ml. the extract found by referring to the graph

cf the stondard concentrotions described
an page 00, Vi, is the 24 hour volume
of urine.

Interpretation.~The excretion of ure
bilinogen in urine by healthy individucls
averages (.64 mg. in 24 hewrs. Only 2.5
per cent excrete more thon 1,56 mg. and
only 0.5 per cent more than 2.1 mg. in 24
hours, Patients with disgase of the liver
may excrele amounts of urcbilinogen
qreatly exceeding these limits. 100 mg, or
more may be found in o 24 hour urine
ceollection although values ranging from
2 te 10 mg. ore more usual. However, the
excretion may fall within normal limits in
patients with severe liver damage awing
to the amall amount of bile plgment reach-
ing the intestine of such patients, Thus
high values moy be encountered following
the onset of joundice, to be followed by a
period in which the cutput is within normal
limite, This may porsist for anly a day ar
two or may continue (o one oo more weeks,
It, in turn, ia followed by a second period
of elevated excretions which gradually re=
turn to norral limite as  the  illneaa
improves.

Urabilinogen (Stercabilinagen) in Feces

The urcbilinogen of feces consists of
sevoral clesely related compounda differ-
ing in minor detaila of atructure. The
principal one is stercobilinogen which is
distinguished from urchilinegen by meosure-
ment of optical rotation, Stercobilinogen
reacta with Ehrlich’s aldehyde reagent and
the procedurea for ils determination are
simile te those described for urine. |
Measurement of stercobilinogen output
provides useful information to the clinie= |
fan concerning (1} the rate of Mmoglnbjn
destruction and (2) the completensss of
obatruction of the bile ducts. Such [n=
formation may contribute substantially to
the correct evaleation of the patient with
jaundice. Knowledge of the rate at which |
hemoglobin is destroyed is of great value |
alao in study of anemias. 1

Reagents.— ZSame as '
bilinogen.



Procedure,—Collection of feces should
e complete. For estimotion of gross
gnges fn output o single day's collac-
will suffice. If the purpose is to
gh the cause of billary obatruction,
ous day collection perlod is required.
are lransferred to paper cartons
r volding ond stered in a refrigerater
analyzed.

ambine the tatal amount and weigh.
x by stirring thoroughly. A mechanical
iz convenient althouwgh not In-
neable for this purposs. Walgh
aximately 10 g. of the mixed fecea,
d the waight to the newest 0.1 q.
frnsfer to a mortar of about 250 ml.
spacity, o better to a high speed homo-
genizer =2uch az a Waring Blender or
slerizer. Add 90 ml. of distilled water
tharoughly diaperse the feces in the

Hote: Precoutions should be  taken,
ecially If suwch equipment is used, to
sct against finely, dispersed particles
may escape from the mixer with pos-
hazarde of infection by hepatitis
e or other ogents. This moy be accom-
ished by plocing multiple layers of
pe over the covered homogenizer jar,
msure 100 ml. of ferrous sulfate solu-
inte a flask of 500 ml. capacity prefer-
of low actinic glass, Add the entire
punt of feces suspension. Hinse the
ol or mixer with 100 ml. of water and
gdd thiz tc the flask. (Omit odditien of
oter if the feces are pale in color). Add
0 ml, of scdium hydroxide, Stopper the
=k and mix the contents well. Ploce it
n the dork for ane hour. Filter.

3 filrate may be tested either by the
implified quantitative Ehrlich recction or
by the extroct jon method,

Simplified quontitative Efrfich reaction.—
Dilute 5 ml. of the filtrate to 50 ml. with
water, Transfer 2.5 ml. of the diluted fil-
trate to each of two photocolorimeter tubes
{(F) and (B,

Add to tube (F) 2.5 ml. Ehrlich’s re-
agent and mix well far 15 seconds. Then
add immediately 5 ml, of saturated sedium
acetate sclution and agaoln mix thoroughly,

Ta tube (B) add the recgents in reverse
order, that i8 5 ml. of sodlum acetate are
added first and thoroughly mixed followed
by 2.5 ml. Elrlich’s reagent added slowly
encugh to permit thorough mixing during
its odditien.

Measure the transmittance without delay
in a photacelorimeter after making a’ zerc’’
setting at 100% transmittance by means of
tube (B). Obtain the ucbilinogen egqui-
valents of the readings as described in the
mathod for urine.

Calculation.—

Ehrlich units in sample =
= 10 % 10 = 400 {or 300) = W
=il 7.5 = 10 100

= 16 {or 12) = (U) =W

where (U) represents the stercobilinogen
equivalent in Ehrlich units per 100 q. of
the readings of tube F. W [& the total weight
of the feces.

Extraction method for stercobilinogen.—
Prepare the somple as directed above.
Apply the preliminary color test a8 de
scribed under wurine uwobilinogen to the
diluted filtrate after reductlon. Select a
sultable aliquat for extraction and con-
tinue as directed in the urine methad.

Calenlation,~
Stercobilinogen, mg. in sample
ST 10 = 400 (or 300) = Vijpq = W
o Villtrate 100

= d{er3)U x—l-im-l—':, =il
fHltrate

Interpretation.—Healthy individuals ex-
crete 100 to 350 Ehrlich units per 100 g,
of feces, or 40 to 280 mg. as aterco-
bilinogen. As much as 2000 mg. may be
excreted each day by patients suffering
from hemolytic anemia. Transfusion of
blood often is followed by an increased
excretion of stercobilinogen in feces, and
may obscure interpretation of the findings,

Chbstruction of the bile ducts caused by
neoplastic or other growths is chaorac=
torized by complete or nealy complete
interruption of the flow of bile intc the
intestine., The dolly excretion of sterco-
bilinegen by such patients is only 1| or 2
Ehlrlich unite (or milligrams) and infre-
quently exceeds 5 Ehrlich units, Obstruc-
tion caused by calculi by contrast, inter-
feres less with excretion of bile and the
daily output of stercobilinogen in feces
will exceed 10 Ehrlich units. It is im-
portant to keep in mind, however, that
either parenchymal or chelangliolitic
disease of the liver, If severs, may sup=
press secretion of bille or otherwise pre-
vent its entry into the intestine.

Az a result, stercobilinocgen outputls as
low as those found in obstruction due to
necplastie growth may be encountered in
hepatitis, cimhosis, or cholangitiz. The
low outpuls are generally transitory in the
latter, in contrast lo the persistently low
values characteristic of complate mechar-
leal ohstruction.

precedure of Somogyl (1) Is generally
tcepted as the most reliaoble method for
g determination of serum amylase in the
pancreatitis. However, the instability
e starch substrate, due to depolymeri=
by molds, yeast or bacterial oction,
tuten a serious drowback, MNeldig and
(2) in a compllation repcrt gave
f a5 to the merits of esters of para-
ydroxybenzole acld that meet the critical
exacting requirements of pharmoceutic
respact to compatibllity and stability.
ng the past year use of estera of
droxybenzolc acid, Heyden, was
gated and found to be entirely satis-
as a preservative for the starch
heirate.

A STABLE S50MOGYI SUBSTRATE

Ray G. Wenger

METHOD OF PREPARATION

Heat to boiling 600 ml of distilled water
in a 1000 ml pyrex flask; theroughly grind
15 gm of socluble atarch, according to
Lintner, in a glass mertar with 1.5 gm of
methyl paro-hydroxybenzoate, 0.3 gm of
propyl parc-hydrexybenzeate and 50 ml of
distilled water; slowly pour the starch paste
inte the flask of bolling water, meanwhile
stirring vigorously; rinse the mortar with 50
ml of distilled water and transfer the washing
into the flask; allew to boil foer 1 minute
with constant stirrlng; transfer the flask
to a hot water bath for 15-30 minutes, cover-
ing the mouth of the flask with a small
beaker; cocl, and add 300 ml of M/15 phos-
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FOR THE DETERMIMATION OF SERUM AMYLASE

phate bulfer at pH 7.2 (179 gm
NagHPO, . 12H,0 cnd 2.3 gm KHL,FO, per
liter); dilute to 1 liter with distilled water;
transfer the contenta of the flask to 500 ml
glass-stoppered pyrex bottles and store at
room temperature. The pH of this subatrate
remaine at 7.2 over a perlod of months.

EXPERIMENTAL OBSERVATIONS

Two gloss-stoppered flaska of atarch
substrates were prepared; one containing
methyl and propyl para-hydroxybenzoates,
the other witheut pora-hydroxybenzoates,
Bath flasks were exposed to room otmos-
phere for a pericd of several hours after
which they were stoppered and stored at






