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INTRODUCTION

The status of the serum proteins both in health
and disease has been extensively studied in the
hope that data might be assembled which would
contribute to knowledge of the pathogenesis of
many diseases, aid in the classification of the meta-
bolic alterations induced by pathological states, be
of use in early diagnosis or differential diagnosis,
and serve as a rationale for improved supportive
therapy (1). Ever since glutathione was isolated
from yeast by Hopkins (2), increasing attention
has been devoted to studies of the role played by the
sulfhydryl group in enzyme activity (3-6), cell
division and growth (7, 8) and protein structure
(9-11).

Because of the importance of its biochemical as-
sociations, an investigation of the sulfhydryl group
was undertaken as part of a program for the study
of the mechanism of action of various chemical
agents on the growth and viability of normal and
malignant cells. Blood was selected initially for
this study because, a) to a certain extent, it is in
equilibrium with and reflects the status of other
body tissues; &) it has been exhaustively studied;
and ¢) a uniform sample can be obtained from an
individual.

A preliminary study showed that the sulfhydryl
content of the serum protein from normal indi-
viduals was relatively constant, and the distribu-
tion was within a narrow range. The values were
reduced when the sera from patients suffering from
neoplastic, infectious or metabolic diseases were
similarly examined (12). The relationship of the
serum protein components to their content of sulf-
hydryl groups was then examined. The sulf-

1 This investigation was conducted under a grant from
the American Cancer Society to the Department of Pre-
ventive Medicine, The Johns Hopkins University School
of Medicine, recommended by the Committee on Growth
of the National Research Council.

hydryl content of normal serum, serum albumin,
and serum globulin was determined with respect
to the total nitrogen and peptide content of these
fractions (13). These determinations revealed
that normal serum and its fractions could be dis-
tinguished by characteristic relationships between
the sulfhydryl group and the total nitrogen or
the number of peptide bonds in the proteins. The
present report will describe similar observations
on sera from patients with various diseases.

METHODS AND MATERIALS

The details for obtaining the serum sample, storage,
fractionation, nitrogen analysis, biuret analysis, sulfhydryl
determination and calculations have been published (13).
In summary, the procedures employed were:

1. Blood was obtained from patients in the fasting state
and the serum carefully separated to avoid hemolysis.
The serum was either examined in the fresh state soon
thereafter or stored at minus 78°C until analyzed.

2. The serum was fractionated according to the method
of Pillemer and Hutchinson (14).

3. The protein content of the serum and the albumin
and globulin components were determined by the Kjeldahl
nitrogen and biuret methods. The term D, when employed,
refers to the optical density in the biuret method. Elec-
trophoretic analyses were also performed in veronal buf-
fer pH 8.6, 0.1 ionic strength, employing a modified Longs-
worth apparatus. The descending mobility was routinely
employed except as noted with individual sera. Com-
ponents migrating with a mobility of 2.0 to 2.5 X 10~* cm®/
sec™/volt™ have been designated as M protein. Sera which
contained pigment, lipid or other interfering components
which rendered them unsuitable for electrophoretic analy-
sis are not included. No attempt was made to remove
these interfering substances by filtration, extraction, freez-
ing, etc. They are designated as unsatisfactory samples
or not done.

4. The sulfhydryl determinations were made by am-
perometric titration in 21% methanol solution containing
ammonium nitrate and ammonium hydroxide as support-
ing electrolytes. The current which flowed between a
mercury-mercuric iodide electrode and a rotating platinum
electrode was measured with a sensitive galvanometer.
Duplicate determinations on individual sera showed less
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than a 2% variation. The results are expressed as micro-
moles of sulfhydryl (SH). One ml. of .001 N silver ni-
trate is equivalent to 1 micromole of SH.

The sulfhydryl content of the serum and its constitu-
ents is expressed as follows:

a) The sulfhydryl content of the total protein in 100 ml
whole serum or of the albumin and globulin components
contained in that volume.

b) The sulfhydryl content per gram of Kjeldahl nitro-
gen obtained employing whole serum, albumin, or globulin
fractions. No correction was made for the serum N.P.N,,
as among the normals the latter represented approximately
3% of the total nitrogen and, even in the abnormal states
studied, the final values (with few exceptions) were not
apparently influenced by such correction.

¢) The sulfhydryl content per unit of optical density
with a biuret method. This has been utilized to character-
ize the protein with respect to its peptide content. The
total nitrogen determination measures peptide nitrogen,
non-peptide amino acid nitrogen such as € amino, imidazole,
or guanidinium nitrogen as well as the non-protein nitro-
genous constituents of serum. The quantitative biuret de-
termination is influenced only by the number of nitrogen
atoms bound in peptide linkage. Human serum albumin
has been found to contain approximately 577 peptide bonds
per mole (15). The 586 amino acids probably exist as nine
polypeptide chains each of which contains approximately
65 amino acids. These polypeptide chains lie adjacent to
each other and are bound to each other by various types
of cross linkages, one of which presumably yields the sulf-
hydryl group when the albumin molecule is titrated am-
perometrically. We have found that serum albumin from
normal individuals contained 0.71 mole of SH per mole
of albumin. This was believed to represent the mean re-
sulting from the presence of a mercaptalbumin containing
1 mole of (SH) sulfhydryl per mole of protein and an
albumin molecule containing no amperometrically detec-
table sulfhydryl (13). We wish to emphasize that it is
easier to detect a quantitative change in the single sulf-
hydryl group per albumin molecule than greater changes
in the 577 peptide bonds. Thus, the functional significance
of a single sulfhydryl group for enzyme activity may be
related to the importance of this group in protein struc-
ture (S). For these reasons, it was decided to study the
relationship of the sulfhydryl content of the serum pro-
teins with respect to their total nitrogen and peptide
content. Electrophoretic analyses provide information
with respect to the relative distribution of the recognized
major protein components of sera.

RESULTS

The normal values for the serum protein sulf-
hydryl content have been presented in detail. No
significant difference with respect to age or sex was
observed (13). In order to compare the data from
patients to be described, a summary of the normal
values is presented in Table I. The variation
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among these normal individuals was quite small as
indicated by the range and the standard error for
these determinations. The results of the prelimi-
nary survey of patients’ sera are summarized in
Table IT (12). While the sulfhydryl values dif-
fered significantly from the normal, no differential
characteristic for the individual groups was ap-
parent.

It was therefore deemed desirable to investigate
a group of patients more intensively so as to estab-
lish the nature of the sulfhydryl abnormalities ob-
served. Because of individual variation in disease,
it did not appear feasible to treat the observations
in this series statistically. Each observation will be
presented in detail. The data on the various
classes of patients whose sera were subjected to

such detailed analysis are recorded in Tables III-
VI.

Malignant Tumors

In Table III, the individual determinations on
11 patients with malignant tumors are presented.
The diagnosis in all cases was established by bi-
opsy, operation, and in some cases by autopsy.
Nine of the 11 patients had evidence of carcinoma
with multiple metastatic involvement. One pa-
tient (No. 9) had a rhabdomyosarcoma with pul-
monary metastases and one (No. 3) had a car-
cinoma localized to the breast. The sera were ob-
tained more than two months before exitus with
the exception of the second specimen from patient
4, dated 5/13/49, and that from patient 10, dated
7/12/49, which were drawn within one week pre-
ceding their death.

As may be noted in Table III, and subsequent
tables, the total nitrogen content of the serum pro-
tein is a poor index of the relative concentrations of
albumin and globulin. The total nitrogen content
did not deviate markedly from the normal, although
the individual albumin and globulin values were
distinctly abnormal (col. 4). The albumin con-
tent was below normal in the sera of all patients
except one (patient 8, 12/12/49). The sulfhydryl
determination on the unfractionated serum, un-
like the total nitrogen values, was reduced in al-
most all instances (col. 5). The two exceptions
were serum obtained on 6/8/50 from patient 9,
while in an A-Methopterin induced remission, and
the serum from patient 11 with a melanocarcinoma,
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TABLE 1

Summary of normal serum protein and sulfhydryl values

DETERMINATION MALES _ ___ FEMALES
RANGE MFAN + 1 S.E. RANGE MEAN ¢ 1 S.E.
TOTAL N AS Gr.
PER 100 ml SERUM
SERUM (1.09-1.26) 1.20 .02 (1.13-1.24) 1.18 .01
ALBUMIN (.64-.78) 1 .0 (.65-.73) .69 .01
GLOBULIN (.37-.51) A5 .02 (. b0-.54) A7 .01
MICROMOLES SH .
PER 100 ml SERUM
SERUM (52.0-59.0) 53.9 .7 (48.8-55.8) 52.6 .7
ALBUMIN (39.6-47.8) k.9 .9 (40.1-47.4) 43.9 .8
GLOBULIN (9.2-12.3) 10.9 .k (9.9-12.5) 10.8 .3
MICROMOLES SH
PER GRAM N.
SERUM (42.2-47.7) 45.1 .7 (39.3-47.3) 4.3 .8
ALBUMIN (59.5-69.4) 63.6 1.0 (59.0-67.2) 64,0 .8
GLOBULIN (22.2-27.3) 24,6 .5 (21.0-26.0) 23.2 .5
D* PER mg N
SERUM (.228-.258) .2u3 .003 (.233-.261) .243 .003
ALBUMIN (.23%-.261) .24k  .003 (.231-.256) .239 .003
GLOBULIN (.254-.290) .265 .00k (.258-.282) .267 .003
MICROMOLES SH PER
D* PER 100 ml
SERUM
SFRUM (.16k-.198) .186 .00k (.165-.203) .181 .00k
ALBUMIN (.237-.283) .261  .006 (.248-.283) .266 .00M
GLOBULIN (.085-.103) .093 .002 (.081.,098) .088 .006
ALBUMIN-GLOBULIN
RATIO
KJELDAHL (1.26-1.97) 1.61 .08 (1.22-1.83) 1.7 .06
BIURET (1.26-1.84) 1,48 .07 (1.09-1.60) 1.3 .05

D% = OPTICAL DENSITY FOR THF BIURET (PEPTIDE) DETERMINATION

TABLE II
Summary of values for serum sulfhydryl in patients with disease

DISEASE N0, OF /’mms SH/100 ml SERUM A wiLEs SE/G. NITROGEN
DETERMIN- /'~ RAKGE MEAN + 1 S.D. ” RARGE MEAN + 1 8.D.
ATIONS
1. CANCER 46 25.3 - 43.6 35.4 1.9 22.1 - 35.6 31.7 4.0
2. LEUKEMIA 3k 20.4 - 47.0 37.7 5.4 con ean con com
3. INFECTION 13 28.7 - 50.0 5.6 5.2 24,1 - 42,7 .4 5.0
b, DEGERERATIVE 12 24,0 - 49.6 4.7 7.8 21.0 - 38.0 31.8 6.1
DISEASE
5. MISCELLANEOUS 12 8.6 - 37.5 22.3 1.5 8.4 - 33.5 22.8 8.0
1. CARCINOMA, SARCOMA, MEIANOCARCINOMA, ETC.
2. LEUKEMIA AND OTHER LYMPHEOMAS.
3. INFECTION INCLUDED LOBAR PNEUMONIA, ATYPICAL PNEUMONIA, TUBERCULOSIS, MENINGITIS,
MEASLES, ETC.
4, DEGENERATIVE DISEASE INCLUDES ASTEMA, DIFFUSE ARTERIOSCLEROSIS WITH HYPERTERSION,
HYPERTROPHIC ARTERITIS, AND GOUT.
5. CIRREOSIS OF THE LIVER, CHRONIC NEPHRITIS, ACUTE LUPUS ERYTHEMATOSUS DISSEMENATA,

HEMACHROMATOSIS, IN WHICH ABNORMAL ALBUMIN AND GLOBULIN PATTERNS WERE PRESENT.
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These totals do not reflect the source of the sulf-
hydryl value since the latter is a resultant of the
albumin and globulin values. The only value for
the albumin sulfhydryl which was in the normal
range was that of patient 11. The further analysis
of the albumin sulfhydryl with respect to micro-
moles of SH per gram of nitrogen or peptide unit
(cols. 6 and 8; Figure 12) showed that there was
a qualitative change in the composition of the se-
rum albumin among many of these patients with
malignancy. Most of the values were reduced,
three were in the normal range, and one was above
normal. When the peptide per mg nitrogen (col.
7) in this group was similarly examined, there
was no distinctive abnormality noted even among
those patients whose SH (expressed as micromoles
per gram nitrogen [col. 6] or per peptide unit
[col. 8]) was low. This implied that the protein,
with respect to its nitrogen and peptide content,
was not significantly different from the normal.

The globulin fraction of the serum as separated
by the Pillemer fractionation was normal or in-
creased in this group (col. 4). When the SH
per gram of globulin nitrogen was calculated, sera
8b and 11 were high, samples 1,-4a, 7a and 9b ap-
proximated normal and the remainder were re-
duced in a varying degree from the normal (col. 6).
When the SH was expressed per unit peptide, the
sera of most patients showed a sub-normal ratio
(col. 8). The sera from two patients (8b and 11)
showed an increased ratio while in one patient
(No. 5), the SH, although low when expressed per
gram of nitrogen, was normal when expressed per
unit peptide. With the exception of one markedly
increased value (patient 4a), the ratio of peptide
per mg of nitrogen (col. 7) in this group was
within the normal range.

Electrophoretic analysis of these sera from pa-
tients with malignancy showed no apparent cor-
relation between the sulthydryl values and the dis-
tribution of the serum components. As has been
noted in previous studies on sera from such indi-
viduals, the albumin component was uniformly re-
duced while the alpha globulins were usually ele-
vated (16). Among normal individuals, the al-
bumin-globulin ratios obtained by the Pillemer and
electrophoretic procedures agreed. When these pa-
tients’ sera were analyzed, discrepancies were found
between the albumin-globulin ratios calculated
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on the basis of the Pillemer fractionation and the
electrophoretic analysis. The differences between
ratios determined by the Kjeldahl and the biuret
method were small. Howe protein fractionation
of these sera yielded albumin-globulin ratios which
were all greater than 1.0 (1.5-2.0) with only one
patient in the low range of 1.2 (Figures 1 and 2).

Multiple Myeloma

Eight patients with diagnosis of multiple mye-
loma confirmed by bone marrow aspiration, biopsy
and/or autopsy have been studied. Five were
males and three were females. Their ages varied
from 48 to 67 years. All had evidence of diffuse
bone involvement on roentgen examination.

Detailed examination of the sera obtained from
these patients is summarized in Table IV. The
albumin nitrogen was subnormal in all patients
while the globulin was markedly elevated in seven
and normal in one. The sulfhydryl content of the
serum was markedly reduced in six patients, nor-
mal in one, and above normal in another patient
(col. 5). The micromoles of albumin sulfhydryl
were reduced far below normal in all and non-
detectable in one case (col. 5). The globulin SH
varied from subnormal to markedly increased val-
ues. The micromoles of SH per gram of protein
nitrogen (col. 6) were low in the sera of all pa-
tients. With a single exception (patient 2), the
same was true of the albumin SH per gram of ni-
trogen. The SH per gram of globulin nitrogen was
reduced in six and above normal in two instances
(Nos. 2 and 5). These same relationships were
noted for the SH per unit of albumin and globulin
peptide (col. 8). No characteristic change in the
two sera with high SH values was observed when
the peptide per mg of nitrogen of the albumin and
globulin.components was examined (col. 7).

One serum (No. 2), with a high SH per gram
nitrogen or per peptide unit in both albumin and
globulin fraction, appeared to differ on this de-
termination from the other cases in this group.
Its electrophoretic pattern was characterized by
an extremely low albumin content and a globulin
fraction which contained 22% of the total protein
as M protein and 57% as gamma globulin. How-
ever, this electrophoretic distribution was mnot
markedly different from that of other sera in this
series, the sulfhydryl values of which were low.
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sera from all patients by all four methods of com-
parison. The only possible exception was the se-
rum of patient 6 in which the ratio with the Howe
method was normal. Its electrophoretic pattern
showed a reduction in the gamma globulin, absence
of M protein and high a, and a, globulin com-
ponents.

Patient 2, with multiple myeloma, had a local-
ized tumor in a vertebra which was removed free
of bone or other tissue at autopsy and frozen im-
mediately. After this tumor had been ground in
a Waring Blendor at 0°C, and extracted with 0.14
M saline, the suspension was clarified by centri-
fugation at 13,000 rpm at 0°C and filtered through
a coarse sintered filter. Analysis of this extract
showed a nitrogen content of 1.5 mg per ml. The
sulfhydryl content of this extract was .19 micro-
mole per ml or 127 micromoles of SH per gram
nitrogen. The SH per peptide unit was 0.328
micromole. This latter value equaled the value
0.331 for micromoles of SH found in the patient’s
serum albumin. Electrophoretic analysis of this
tumor extract showed a pattern of peaks which re-
sembled somewhat the serum pattern in distribu-
tion and mobility —albumin 14%, alpha, 16%,
alpha, 9%, M protein 4.0% and gamma globulin
57%. The high SH per gram of nitrogen observed
with this extract as well as the increase in the ra-
tio of peptide to total nitrogen (0.387) probably
reflects the presence of intracellular protein com-
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ponents whose amino acid composition differed
from the proteins observed in serum.

Lupus Erythematosus

Seven patients diagnosed as suffering from lu-
pus erythematosus disseminata were selected for
study because of the abnormality frequently ob-
served in the serum proteins in this disease, and
our previous experience which had indicated that
the total serum sulfhydryl content was markedly
reduced in this condition. The cases selected for
further study had shown clinical and laboratory
observations characteristic of the disease. Five
patients were females and two were males. Their
ages ranged from 16 to 37. The observations on
these patients with lupus erythematosus are sum-
marized in Table V. The serum proteins were
altered with a low albumin and normal or high
globulin content in all instances (col. 5). The total
serum sulfhydryl was below normal in all patients
including those specimens obtained while the pa-
tient was receiving ACTH (col. 6). The albu-
min sulfhydryl per 100 ml serum was low in all
sera (col. 6) and the serum of only one patient
(No. 7) had a normal sulfhydryl per gram of al-
bumin nitrogen (col. 7). The globulin sulfhydryl
per 100 ml of serum varied from normal to sub-
normal and none were normal when expressed per
gram globulin nitrogen (col. 7). The same rela-
tionships were observed when the sulfhydryl analy-
sis per peptide unit was calculated for both the al-
bumin and globulin components. The peptide to
nitrogen ratio of the total serum proteins and al-
bumin did not show any singular deviation al-
though this ratio for the globulins was distinctly
skewed toward a higher value (col. 8). As may
be noted, although albumin-globulin ratios were
diminished, the extent varied with the technique
employed (col. 10).

Miscellaneous Disease

A group of patients was observed with miscel-
laneous diseases, in many of which abnormalities
in serum proteins have been noted. The clinical
entities, ages and observations on this group are
summarized in Table VI. The albumin nitrogen
was reduced in the sera of all these patients while
the globulin nitrogen was normal or increased.
The amount of albumin present (col. 4) and the
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sulfhydryl detected in this fraction (col. 5) in the
serum of patient 7, was so low that the derived
ratio is of questionable significance. With the ex-
ception of the cystinuric patient (No. 9), the sulf-
hydryl content per 100 ml serum in this group was
below the normal. This was also true of the SH
in the albumin fraction. No consistent change, ex-
cept for the high value for patient 9, was noted in
the globulin sulfhydryl (col. 5). The sulfhydryl
of the globulin, per peptide unit, in the sera of
the two nephrotic patients approximated the nor-
mal value and that for the cystinuric patient was
above the normal range (col. 8). The peptide con-
tent per unit nitrogen in the serum proteins showed
no consistent deviation from the normal (col. 7).
The sulfhydryl per peptide unit was below nor-
mal for all the albumin and globulin samples, with
the exception of the patient with cystinuria. The
heterogeneity of this group of patients does not
permit generalization of these data.

EFFECT OF THERAPY

The effect of various therapeutic measures on
the serum sulfhydryl value could be observed
among several patients in these disease groups.
One patient (No. 1, Table V) received 125 grams
of intravenous salt free human albumin? during
the period between the two serum samples which
were examined. The albumin nitrogen of the se-
rum rose from 0.27 to 0.37 gram per 100 ml and
the globulin fell from 0.80 to 0.73 gram of nitro-
gen per 100 ml of serum. The sulfhydryl content
of the albumin and globulin fractions rose from
14.7 to 18.9 and 12.3 to 13.4 micromoles of SH per
100 ml of serum respectively. However, the sulf-
hydryl for albumin decreased from 54.4 to 51.1
micromoles SH per gram nitrogen and from 0.223
to 0.191 micromole SH per peptide unit. The
SH per unit globulin nitrogen and per unit globu-
lin peptide rose during this period although the
globulin content decreased. The total serum pro-

2 We have examined a similar preparation of human
serum albumin for parenteral use (without preservative
and salt poor). It was prepared by E. R. Squibb and
Co., from plasma collected by the Red Cross (control No.
3024-2). The solution was clear and was stated to con-
tain 25% albumin. Our studies showed that it contained
42 mg nitrogen per ml and the optical density by the
biuret method was 9.83 per ml. The SH values were 15.7
micromoles per gram of nitrogen. The D per mg of ni-
trogen was .234 and the SH per D was .067.

m

tein nitrogen remained unchanged but the com-
ponents shifted as indicated by the albumin- glob-
ulin ratios before and after albumin therapy.
These observations are of interest because the al-
bumin administered contained only 15.7 micro-
moles SH per gram of nitrogen instead of the nor-
mal 63.6 micromoles.

Serum was obtained from four patients receiv-
ing ACTH, prior to and during the period of ther-
apy. The data are presented in Table V (patients
4-6) and Table VI (No. 6). The first patient
(Table V, No. 4) was a 16 year old female suffer-
ing from acute disseminated lupus. She had re-
ceived 900 mg of ACTH (Armour), over a period
of 11 days, with objective clinical improvement.
Her serum showed a rise in the albumin.com-
ponent with a decrease in the gamma globulin and
disappearance of the M component. A fraction,
with the mobility of 8 globulin, which had previ-
ously been absent, appeared. The total sulfhydryl
of the serum rose, and, whereas the albumin sulf-
hydryl had been zero, the subsequent determination
showed 37.9 micromoles of SH per gram of albu-
min nitrogen. During the next two week period,
she received an additional 677 mg of ACTH. Se-
rum obtained one month later showed progressive
changes toward a more normal protein distribu-
tion electrophoretically. The sulfhydryl content
of the albumin and globulin fractions per unit ni-
trogen and per unit peptide rose but did not attain
the normal value. The serum showed a total
protein content within the normal range as a re-
sult of the reduction in the globulin content and
increase in the albumin. The albumin-globulin
ratio was still markedly abnormal (Figures 6 and
7).

The second patient (Table V, No. 5) was diag-
nosed as having lupus erythematosus dissemi-
nata. He had received 480 mg of ACTH in daily
amounts of 40 to 100 mg for the first seven days.
ACTH therapy was continued with progressively
smaller daily doses of 36, 21, 15, and 9 mg during
the ensuing month. Sera were obtained for study
five days after the ACTH therapy was instituted
and a month later while he was in remission and
receiving maintenance doses of the hormone. In
this period, the total protein nitrogen had increased
from 0.88 gram to 1.05 grams per 100 ml serum.
The albumin fraction which was 0.44 gram initially
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rose to 0.53 gram of nitrogen per 100 ml and the
globulin which had been 0.42 gram of nitrogen per
100 ml of serum was 0.47 gram on the later speci-
men. The total sulfhydryl of the serum proteins
decreased somewhat due to a slight fall in both
the albumin and globulin content. The fall in SH
was even more apparent in the albumin and globu-
lin SH components when the SH per gram nitro-
gen or per peptide unit was measured (cols. 7 and
9, Table V). Despite the improvement in the al-
bumin content of the serum and in the electro-
phoretic analysis, the sulfhydryl values were lower
and did not parallel the changes in the protein
values.

A 37 year old male suffering from acute dis-
seminated lupus (Table V, No. 6) received 100 mg
of ACTH daily for eight days and thence 985 mg
in varying daily dosage for the following 38 days.
He developed a bacteremia during this period and
staphylococci of both aureus and albus types were
isolated from his blood. Two to 3 grams of aureo-
mycin per day were administered for the first two
weeks and for the following two months he re-
ceived 4.5 grams of aureomycin daily. Specimens
of serum from this patient were obtained just pre-
ceding and nine days after the initiation of ACTH
therapy. Another specimen was obtained during
the period that both aureomycin and ACTH were
being administered. During the first period while
he was receiving ACTH, a fall in the total serum
protein was observed with a slight increase in the
albumin content and decrease in the globulin. The
sulfhydryl in the albumin decreased and that in
the globulin increased per gram of nitrogen or per
peptide unit (cols. 7 and 9). During the following
period when aureomycin was administered together
with the ACTH because of the bacteremia, the al-
bumin remained unchanged at its low level, but the
globulin nitrogen decreased to the normal level.
The albumin sulfhydryl remained unchanged while
the globulin sulfhydryl per gram of nitrogen con-
tinued to increase. It may be noted that the ratio
of albumin to globulin was persistently abnormal
in this patient’s sera.

The fourth patient (Table VI, No. 6) was a 33
year old female with Hodgkin’s disease. She had
received 300 mg of ACTH over a period of three
days. During this period a dramatic improvement
in her clinical status had occurred. The patient
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became afebrile within 24 hours and had a diuresis
with the loss of 13 Ibs. in body weight. No es-
sential change in the protein or sulfhydryl content
of the serum occurred. Ten other patients with
lupus, rheumatic fever or rheumatoid arthritis
were treated with ACTH for short periods of
time. The total serum sulfhydryl as well as serum
protein determinations were performed on samples
obtained before and during this therapy. In gen-
eral, a slight decrease in the serum protein nitro-
gen was observed with a concomitant small in-
crease of sulfhydryl per gram of nitrogen. These
unfractionated samples cannot be critically evalu-
ated and the changes observed probably represent
a slight increase in the albumin fraction with a
decrease in the globulin content of the serum.
Among. the patients with malignant tumors
(Table IIT) there were several from whom serial

specimens of serum were obtained while they had -

been receiving folic acid antagonist therapy, either
Aminopterin or A-Methopterin. Patients 1, 2,
4, 6, and 7 had shown no objective or apparent
clinical response to the therapy. One patient (No.
3) showed local regression of an ulcerated carci-
noma of the breast. Two patients (Nos. 8 and 9)
manifested temporary regression of the metastatic
lesions and clinical improvement. The latter two
patients showed a definite change in the sulfhydryl
of the serum proteins during this period. Patient
8 had pleural metastases from a carcinoma of the
breast with recurrent sanguinous effusions in
which carcinoma cells had been observed. She re-
ceived 5 to 15 mg of A-Methopterin daily, and,
after three weeks, x-ray examination of the chest
showed almost complete clearing of the pleural
fluid. Reaccumulation of the fluid was not ob-
served during the ensuing four months of obser-
vation. She gained weight and was asymptomatic.
From the time just preceding A-Methopterin ther-
apy to the time one month later when A-Methop-
terin was discontinued prior to discharge from the
hospital, the total protein in the serum had de-
creased with a diminution of both albumin and
globulin components. The sulfhydryl per gram
albumin or globulin nitrogen more than doubled
during the interval. The micromoles of sulfhydryl
per peptide unit increased from .135 to .214 for
the albumin fraction and from .051 to .117 for the
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globulin. The second patient (No. 9) had a rhab-
domyosarcoma of the left leg with pulmonary
metastases. Amputation of the leg had been per-
formed one year previous to this hospital admis-
sion. He had lost 20 lbs. in weight, had a parox-
ysmal cough and drenching night sweats from
January through April, 1950. A-Methopterin,
10 mg daily, was administered and within two
weeks distinct clinical improvement was noted
which was progressive so that the patient left the
hospital and felt well enough to attend to his busi-
ness. X-ray examination of the chest had shown
disappearance of some of the pulmonary shadows
and diminution in the size of other shadows. The
patient had gained 14 Ibs. in weight. A-Methop-
terin had been reduced to 5.0 mg orally per day.
One month later, an increase in the size of the
pulmonary metastases was noted by roentgen ex-
amination with subsequent return of symptoms.
These were progressive despite increase in dosage
of A-Methopterin to 10 mg per day so that he was
rehospitalized. Sera obtained before and during
this period of folic acid antagonist therapy showed
changes in the sulfhydryl content which paralleled
the clinical observations to some extent. Pre-
ceding the folic acid antagonist therapy, an in-
creased globulin and low albumin content of the
serum was present. The sulfhydryl content of
these fractions was low. During the period of
clinical improvement, the albumin nitrogen of the
serum increased with no apparent change in the
globulin. The sulfhydryl increased in both albu-
min and globulin fractions, to the normal range,
when expressed either as micromoles per gram of
nitrogen or per peptide unit. With clinical relapse,
although still receiving A-Methopterin, the albu-
min nitrogen of the serum decreased, but the glob-
ulin appeared to remain unchanged. The sulf-
hydryl, per gram albumin nitrogen or peptide unit,
decreased rapidly to the original pre-therapy level.
The globulin sulfhydryl also decreased. Electro-
phoresis of these serum samples showed that a
decrease in the albumin component occurred dur-
ing this relapse with an increase in the alpha glob-
ulin. The folic acid antagonists do not appear to
affect the globulin fraction of the serum in a man-
ner comparable to the uniform decrease observed
with ACTH (Figures 8 and 9).
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DISCUSSION

Kolthoff and Lingane have summarized the re-
sults of polarographic studies of blood, based on the
presence or absence of sulfhydryl groups (17).
Black (18) has reported alterations from the
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normal in the sulfhydryl content of plasma and se-
rum, from patients with neoplastic disease, as
measured by the rate of reduction of methylene
blue and other dyes. Glass (19) and Huggins and
his colleagues (20) have studied the coagulation
of the serum proteins as an index of their albumin
content. They have also presented observations
indicating that when an alkylating agent such as
iodoacetic acid is added to serum, presumably reac-
ting with sulthydryl groups, the results confirmed
the defect noted in various pathologic states when
simple coagulation was employed (21).

From the observations reported in the present
paper, it is apparent that a reduction in the total
sulfhydryl in the serum proteins frequently oc-
curs in various diseased states. Fractionation of
the serum and determination of the sulthydryl in
each fraction showed that the total value for the
serum protein sulfhydryl was the resultant of
those obtained for the albumin and globulin frac-
tions. The sera of normal individuals contain
approximately two and one half times as much SH
per gram of albumin nitrogen as per gram globu-
lin nitrogen (13). A reduction in the albumin
nitrogen will therefore usually result in a lowered
total serum protein sulfhydryl even when an in-
crease in the globulin component occurs. In the
majority of the patients studied, the sulfhydryl
per gram of albumin or globulin nitrogen in the
sera was reduced, and despite marked elevation of
the globulin content in various diseases, the total
SH of the serum was rarely normal or above the
normal.

The deviations from the normal in the sera are
graphically presented in Figures 10-12.

As previously noted (see Methods), the quali-
tative nature of a protein may be established by sev-
eral indices. One index would be the number of
peptide bonds per mg of nitrogen. This is a func-
tion of the types of amino acids present in the pro-
tein. In Figure 11, the results of such an analysis
are presented. It will be noted that the results with
the sera from these patients show a distribution
about the normal. A second index that may be em-
ployed is the relationship between the number of
sulfhydryl groups per unit of protein nitrogen or

. SH SH
peptide ( nitrogen D
acterize the protein with respect to a specific type

>~ These values char-



DETERMINATION OF SULFHYDRYL GROUPS IN SERUM. II

775
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of linkage other than the peptide bond common
to proteins and polypeptides. In Figure 10, the
SH per gram of albumin and globulin nitrogen is
represented. Eighty-six % of the albumin values
and 76% of the globulin values were below the nor-

mal range. The SH per peptide unit, presented
in Figure 11, shows that 87% of the albumin and
79% of the globulin determinations were sub-
normal. Seventy-five % of all the sera examined
from these patients was subnormal in both albu-

RELATIONSHIP OF ALBUMIN TO GLOBULIN NITROGEN, PEPTIDE AND SH VALUES
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min and globulin SH values whether expressed as
SH per gram of nitrogen or per peptide unit.
The skewness of these observations is in marked
contrast to those for the peptide per nitrogen in-
—D_)
mg nitrogen
albumin fraction in these sera was low both in
terms of protein nitrogen and sulfhydryl. The
relationship between the albumin SH values and
the albumin nitrogen content is graphically pre-
sented in Figure 12. It will be noted that the SH
in the albumin fraction was reduced below the nor-
mal range in all sera except for one patient with a
melanocarcinoma (Table III, No. 11) and one pa-
tient with cystinuria (Table VI, No. 9). The
ratio of sulfhydryl to nitrogen was generally re-
duced below that obtained with normal sera.

These observations indicate that in diseased
states, irrespective of the increase or decrease in
protein content, a qualitative change occurs in the
sulfhydryl content of the serum protein com-
ponents. The changes in both albumin and globu-

dex described previously <
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lin sulfhydryl are in the same direction and may
be the manifestation of a similar alteration in pro-
tein synthesis or rearrangement of molecular
architecture. No distinctive abnormality, charac-
teristic for the different disease processes, was
apparent.

Further study of tissue components and serum
fractions is being conducted in the hope that the
mechanism responsible for the metabolic abnor-
mality which results in the altered protein sulf-
hydryl observed in various disease states may be
described.

SUMMARY

1. The sera from patients with malignant tu-
mors, lupus erythematosus, multiple myeloma, and
miscellaneous diseases associated with abnormality
of the serum proteins have been investigated with
respect to the albumin and globulin content as
measured by the protein nitrogen, biuret method
and electrophoresis.

2. The sulfhydryl content of the serum protein
as well as of the albumin and globulin components
has been determined employing an amperometric
titration technique.

3. A reduction in the albumin component with
normal or increased globulin has been observed in
these sera but the peptide per mg of nitrogen did
not deviate markedly from the normal.

4. The sulfhydryl per mg of protein nitrogen or
per peptide bond was subnormal in both the albu-
min and globulin components in 75% of these sera.

5. It is believed that a metabolic abnormality re-
lated to protein formation exists in these disease
states which is reflected in the low sulthydryl val-
ues in the albumin and globulin fractions.

6. The changes in the serum protein and the
sulfhydryl values in patients who received ACTH
or folic acid antagonist therapy are presented.
The number was too small for generalization with
respect to the mechanism of action of these agents.
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