
THE EFFECT OF SOMEMERCAPTANESUPONA MACRO-
CRYOGELGLOBULIN;MODIFICATIONS INDUCED BY
CYSTEAMINE, PENICILLAMINE AND PENICILLIN *

By STEPHANE. RITZMANN, SOLONL. COLEMANANDWILLIAM C. LEVIN

(From the Department of Medicine and the Hematology Research Laboratory, University of
Texas Medical Branch, Galveston, Texas)

(Submitted for publication August 24, 1959; accepted April 29, 1960)

Although macroglobulinemia of Waldenstr6m
is a rare disorder, the physicochemical modifica-
tion of macroglobulins therein has broad implica-
tions, since similar large proteins may be involved
in the pathogenesis of symptoms associated with a
variety of relatively common diseases; i.e., Rh
isosensitization, hemolysis due to cold agglutinins,
and so on. Also, a number of normally occur-
ring proteins (properdin, isohemagglutinins, and
others) are macroglobulins.

In macroglobulinemia of Waldenstr6m the path-
ological proteins are responsible for the increased
serum viscosity which is usually present (1). In
certain instances the macroglobulins also possess
the properties of cryoglobulins or cryogelglobu-
lins, i.e., they precipitate or gel at temperatures
lower than 370 C (2). These abnormal proteins
(paraproteins) may be responsible for the pro-
duction of Raynaud's phenomenon, ulcerations or
gangrene. High environmental temperature may
be somewhat helpful in preventing the damaging
effects of cryo or cryogelglobulins. Plasmaphere-
sis and exchange transfusions have not been found
to be satisfactory in the elimination of the para-
proteins over long periods of time (3, 4). There-
fore, another avenue of investigation into phenom-
ena related to these substances has been explored.

Deutsch and Morton (5) and Glenchur, Zinne-
man and Briggs (6) have demonstrated that
mercaptanes will depolymerize macroglobulins.
The addition of 0.1 Mcysteine at pH 7.4 to a mac-
roglobulin with 18S, 25S and 32S components
produced conversion to a single 6S component.
Following removal of cysteine by dialysis, there
was reaggregation of the proteins with the fornma-

*Aided in part by United States Public Healtlh Grant
CY-3096(Cl) and American Cancer Society Grant T-168.
Presented in part at the 32nd Annual Meeting of the
Central Society for Clinical Research, Chicago, Novem-
ber 6, 1959.

tion of two different types, one of 13S and the
other of 18S (5). Heimer and Federico (7)
have conclusively demonstrated that the macro-
globulins representing the rheumatoid arthritis
factor (19 and 22S components) can be depoly-
merized to a 7S unit with cysteine. This reduc-
tion was associated with loss of its hemagglutina-
tion properties. Despite subsequent reaggregation,
hemagglutination could not be demonstrated. Is-
liker (8) treated the physiological 19S a-2-macro-
globulin with cysteamine; thereafter, the ultracen-
trifugal pattern revealed a 6S component. De-
polymerization was also indicated by an immediate
sharp drop (more than 50 per cent) of the original
relative viscosity. In contrast to the effect upon
macroglobulins, similar treatment of normal 7S
y-globulins did not produce any change of the
ultracentrifugal or viscosity patterns. It has been
shown that cysteamine can convert properdin from
a 23 to 25S component to a 6S fraction (8).

Methods which might induce depolymerization
or abolish cryogel properties of a paraprotein as-
sociated with macroglobulinemia of Waldenstr6m
were investigated.

MATERIALS AND METHODS

The experimental material for this study was provided
by a patient with macroglobulinemia of Waldenstrom
proven by bone marrow examination, serum viscosity,
and immunological and ultracentrifugation studies. The
serum exhibited the properties of a cryogelglobulin be-
tween 130 and 200 C (2). The S20 value of this protein
was 19S and the macroglobulin fraction comprised 38
per cent of the total serum proteins; total -y-globulin
content of the serum was 7.6 g per 100 ml. Electro-
phoretically, the macroglobulini was a homogeneous
y-globulin of the intermediate type. The intrinsic vis-
cosity [specific viscosity ' (O rel. - 1) divided by the
concenltrationi of serumii protein in grams per 100 ml, at
infinite dilutioni] of this macrocryogelglobulin was ap-

1 Relative viscosity, X rel.
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proximately 0.125. Tlle axial ratio of the 95 per cent
purified macroglobulin was approximately 11.5 (de-
hydrated) and 8.5 (hydrated). The Sia (euglobuliii)
test was strongly positive [3 + (2) ].

Freshly drawn heparinized whole blood atid fresh se-
rum as well as aged serum (stored at - 200 C for 7
days) were used in these studies. In addition to the
whole blood and serum from the patient with macroglob-
ulinemia, heparinized whole blood samples from 7 patients
with multiple myeloma and from 4 normal persons were
examined.

Chemical substances used were DL-peiiicillamine (DL-
dimethylcysteine) ,2 cysteamine (#-mercaptoethylamine) ,3
penicillin G potassium (Squibb) and Benemid (Merck).

Antiserum against the patient's serum that was rich
in macrocryogelglobulin (aB) was prepared by injecting
1 ml of fresh macrocryogelglobulin serum into the margi-
nal ear veins of a 2 kg rabbit every other day during a
10 day period. After 10 additional days, the rabbit was
exsanguinated under sterile conditions by percutaneous
cardiac puncture. The serum (aB) was stored at + 40 C.

1. Studies of the effects of DL-penicillamine upon serum
viscosity, gel formation, Sia test, formol gel test and
serum protein content

a. DL-Penicillamine (10 mg in 0.2 ml of 0.9 per cent
sodium chloride solution) was added to 2 ml of aged
macroglobulin serum. This was incubated at 370 C for
15 minutes. Determination of the serum viscosity was
performed at 20° C using an Ostwald viscosimeter of 2
ml volume. The relative viscosity was calculated by
dividing the flow time of serum in seconds by the flow
time of distilled water in seconds. Paper electrophoretic
examination of the serum samples was carried out
(Spinco Durrum, model R, Series C). Measurements of
X rel. and electrophoretic examinations as well as de-
termination of the total serum proteins were made im-
mediately before and after and 24 hours (kept at + 40
C) following incubation.

b. DL-Penicillamine was administered orally (250 mg
every 6 hours in capsules) for 19 days. Serial determina-
tions of serum viscosity (200 C) were carried out and the
concentrations of the total serum proteins and globulin
fractions were determined.

The serum samples were also tested for gel formation
(at 40, 130 and 200 C). The Sia test and formol gel test
were performed. The Sia test was performed and graded
as follows (2). One drop (0.1 ml) of serum was added
to 10 ml of electrolyte-free water using a Pasteur pipet
(rinsed in electrolyte-free water). The formation of
slight turbidity within 10 seconds was graded 1 +.
Moderate turbidity and heavy (milky) turbidity were
graded 2+ and 3 +, respectively. Readings were per-
formed within 10 seconds. The technique used for the
formol gel test was as follows. To 0.5 ml of serum 1
drop of 40 per cent formalin was added using a Pas-

2 Aldrich Chemical Co., Milwaukee, Wis.
3 K. & K. Laboratories, Jamaica, N. Y.

teur pipet. Gel formation within 2 minutes was con-
sidered to be a positive formol gel test.

2. Stu(dies of the cffect of penicillin ont viscosity, gel
formnation, Sia test, forimiol gel test, thermosedimenta-
tio1t rate antd protein contentt of serum

a. To 2 ml of freshly drawn serum from the patient
with macroglobulinemia, 0.2 ml of 0.9 per cent sodium
chloride solution was added. This sample served as a
control. To a second sample of macroglobulin serum,
20,000 U of penicillin G potassium (Squibb) dissolved
in 0.2 ml of 0.9 per cent sodium chloride solution, was
added. The serum samples were incubated at 370 C for
30 minutes. This procedure was also applied to aged
serum. Immediately before and after incubation with
penicillin G, the sera were tested for gel formation at 40,
130 and 200 C; the viscosity was determined at 20° C;
the Sia test and formol gel test were performed.

b. Ten million U of penicillin G potassium in 250 ml of
5 per cent glucose in water was infused intravenously
within 1 hour. Viscosity of the serum was determined
immediately before and after the injection and at 30 and
90 minutes thereafter. The sedimentation rates were
determined at 37° C immediately before and after peni-
cillin administration. Determination of total serum pro-
teins and paper electrophoretic examination were carried
out on serum samples removed immediately before and
after penicillin infusion.

c. The same procedure was repeated with penicillin G
potassium dissolved in only 100 ml of 5 per cent glucose
in water.

d. The procedures were identical with those under 2b
except for the additional administration of Benemid in a
dose of 250 mg every 6 hours, begun 12 hours prior to the
infusion of penicillin and continued to the end of the
tenth day. The serum viscosity was measured immedi-
ately before and after the administration of penicillin and
at time intervals of 1, 2, 24, 48 and 72 hours. The ther-
mosedimentation rates were obtained by determining the
sedimentation rates of heparinized blood samples simul-
taneously at 4, 13, 25 and 370 C (Wintrobe).

3. Studies of the effect of cysteamine upon the viscosity,
gel formation and Sia test

a. Two-tenths ml of freshly prepared cysteamine solu-
tions of varying concentrations (1.0, 0.1 and 0.01 per
cent) was added to 2 ml of aged serum. To a fourth se-
rum sample which served as a control, 0.2 ml of 0.9 per
cent sodium chloride solution was added. All samples
were incubated at 200 C for 15 minutes; the -1 rel., gel
formation and Sia test were determined immediately be-
fore and after incubation and 24 hours later (serum was
stored at 40 C).

4. Studies of the effect of DL-penicillamine, penicillin G
potassium and cysteamine upon the immunophoretic
properties of the macrocryogelglobulin

The Ouchterlony agar diffusion technique (9) was em-
ployed to study the influence of the DL-penicillamine, peni-
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FIG. 2. ELECTROSEROGRANI;CONTROLSERUMI AND PENI-
CILLAMINE-TREATED SERUM\1 IMMEDIATELY BEFORE AND
AFTER INCUBATION AS WELL AS 24 HOURS LATER (SEE
TEXT).

tion rate, Sia test and gel formation had returned to
pretreatment levels.

RESULTS

1. DL-Penicillauziine
a. The addition of DL-penicillamine to macro-

globulin serum resulted in a decrease of the -q rel.
from 47.4 to 10.2 immediately following incuba-

cillin G potassium and cysteamine upon the macrocryo-

gelglobulin. In Petri dishes containing 2 mmthick layers
of 1.5 per cent purified agar gel (Difco-Nobel agar) the
precipitin reactions were observed between a rabbit anti-
macrocryogelglobulin serum (aB), the macrocryogel-
globulin serum (B), and an anti--y-globulin serum (aG).

a. The patient's serum served as a control.
b. In a second series, DL-penicillamine was added to the

agar at 400 C (the final concentration of penicillamine
was 1 per cent) and rabbit antimacrocryogelglobulin se-

rum (0.6 ml per well) was allowed to react with the
macrocryogelglobulin serum (0.4 ml per well). Read-
ings were made after 24 hours.

c. In a third series penicillin G potassium was incor-
porated into the agar gel. The final concentration of
penicillin was 1 per cent.

d. In a fourth group, cysteamine was added to the
agar gel (final concentration of cysteamine was 1 per

cent) and rabbit antihuman macrocryogel serum was al-
lowed to react with macrocryogelglobulin. In order to
prevent dissociation of the mercaptane cysteamine, the
Petri dishes were kept in an atmosphere of pure nitrogen.

To assure comparable results, each group of in vivo
studies was performed only after viscosity, sedimenta-

TABLE I

Effect of addition of DL- penicillamine to macroglobulin serum
upon total serum proteins and electrophoretic partitions.

Globulins

T.S.P.* Albumin ai a2 a

g% % %
1. Control samples

Immed. before 8.7 28.5 6.5 10.1 10.8 44.1
incubation

Immed. after 9.5 29.9 5.2 8.6 9.6 47.7
incubation

24 Hrs after 9.2 28.6 5.5 8.6 9.0 48.3
incubation

2. Test samples
Immed. before 9.5 29.4 8.1 10.1 9.7 42.7

incubation
Immed. after 9.6 33.6 4.1 7.9 6.7 47.7

incubation
24 Hrs after 9.2 30.3 5.6 8.2 8.4 47.5

incubation

* Total serum proteins.

RELATIVE VISCOSITY

FIG. 1. INFLUENCE OF IN VITRO ADDITION OF DL-PENI-

CILLAMINE (10 MGDISSOLVED IN 0.2 ML OF 0.9 PER CENT
NACL SOLUTION) UPON RELATIVE VISCOSITY OF AGED
MACROCRYOGELSERUM (2 ML; SEE TEXT).

1322
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DIL - PEMCILLAMINE
(250 mg every 6 hrs )

Time in Days

FIG. 3. INFLUENCE OF ORALLY ADMINISTERED DL-PENICILLAMINE (250 MG 4 TIMES

VISCOSITY OF SERUM (SEE TEXT).
DAILY) UPONRELATIVE

tion and 20.7 after 24 hours (Figure 1). Penicil-
lamine-treated serum revealed splitting of the ho-
mogeneous main y-globulin fraction when electro-
serogram was obtained immediately after incuba-
tion. Twenty-four hours later (upon standing
at 250 C) again a homogeneous y-globulin frac-
tion was seen. The control sample (saline) did

Relative
Viscosity
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FIG. 4. INFLUENCE OF THE IN VITRO ADDITION OF

PENICILLIN G POTASSIUM UPON RELATIVE VISCOSITY OF

FRESH AND AGED SERUM. Two-tenths ml of 0.9 per cent
NaCl solution containing 20,000 U of penicillin G potas-
sium was added to 2 ml of serum; sera were incubated at
370 C for 30 minutes.

not reveal these changes (Figure 2). The abso-
lute values for the total serum proteins and the
relative values for the albumin and globulin frac-
tions are shown in Table I.

b. Oral administration of DL-penicillamine pro-

voked a successive decrease of the q rel. from 239
to 6.9 (97 per cent) within two days (Figure 3).
Except for transient increases of 2q rel. on Days
4 and 7, the viscosity remained at levels close to
the normal range (2). Despite the discontinu-
ance of penicillamine on Day 19, no substantial in-
crease of viscosity appeared within the following
30 days. The absolute values of total serum pro-

teins and relative values of the -y-globulin fractions
(in parentheses) were: 9.4 g per 100 ml (52.2 per

cent) one day prior to the beginning of penicilla-
mine treatment; during the treatment and post-
treatment periods the following values were ob-
tained: first day, 9.5 g per 100 ml (46.5 per cent);
sixth day, 9.6 (43.4) ; thirty-fifth day, 8.8 (37.9);
fifty-third day 9.1 (40.7) and seventy-fifth day, 9.2
(44.4). The main y-globulin fraction (homogene-
ous macroglobulin fraction) was "split" on the
sixth day of the treatment period. Gel formation
of the serum was abolished and the Sia test be-
came negative on the second day of treatment.
There was no change in the formol gel test

throughout the test period. No major increase of

80

40
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the - rel. was noted through the fifty-seventh day ',dl,'l
, * ~~~~~~~~~~~~~~~~~~~~~~~~~(afterI bour)of observation. 70 -

2. Penicillin G so

a. Following in vitro incubation of the serum
with 20,000 U of penicillin G potassium, a signifi-
cant decrease of relative viscosity was observed.
In treated fresh serum, the X rel. decreased from
240 to 148 (38 per cent); in treated aged serum,
the relative viscosity decreased from 107 to 20.2
(81 per cent, Figure 4). Gel formation occurred 20
at temperatures between 13° and 20° C before in-
cubation in both fresh and aged sera, but following 10
in vitro incubation with penicillin it did not ap-
pear at 40, 130 or 20° C. The Sia test was 0

4

strongly positive (3 +) in both serum samples
before incubation, but was only slightly positive FIG. 6.
(1 +) following incubation with penicillin. The 200, 250,
formol gel test remained positive. multiple

250
...

Relative
Viscosity
(77 rel.)

200

150
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50

0

Normal range
c;2.0

60 90
Time in Minutes

Degrees Centigrade

THERMOSEDIMENTATIONRATES. At 40, 130,
and 370 C in: A, normal individuals [4]; B,
myeloma [7]; C, macrocryogelglobulinemia

( prior to penicillin administration, ---- following
penicillin administration).

b. The intravenous infusion of 10 million U of
penicillin G potassium was followed by an im-
mediate sharp drop of the relative viscosity of the
serum from 243 to 54.8 (77 per cent, Figure 5).
Ninety minutes following the completion of the
infusion there was an increase of viscosity to 130.

The sedimentation rate prior to the penicillin
administration was quite low (3 mmafter 1 hour
at 370 C) ; whereas after penicillin infusion the

RetIsUv
VI(coalty(17 "I"-)

BENEMID
(250 mga every 6 hrs)

Penicillin Iludson
160 (10 mAUlon units)

120 a

40 .
Normal range

(2.0

01 i2 i2 24 47 48 71 72 95 96
Time tn Hours

FIG. 5. INFLUENCE OF THE INTRAVENOUSADAIINISTRA-
TION OF PENICILLIN G POTASSIUMUPONRELATIVE VISCOSITY
OF SERUM. Ten million U of penicillin G diluted in 250 ml
of 5 per cent glucose in water was given intravenously
within 60 minutes.

FIG. 7. RELATIVE VISCOSITY OF SERUM BEFORE AND
AFTER TIIE INTRAVENOUSADMINISTRATION OF 10 MILLION
U OF PENICILLIN G POTASSIUM. In 250 ml of 5 per cent
glucose in water combined with Benemid (250 mg every
6 hours, orally).
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EFFECT OF MERCAPTANESUPONA MACROCRYOGELGLOBULIN

Relatve
Viscosity

( 7 rel.)

FIG. 8. INFLUENCE OF VARYING CONCENTRATIONSOF
CYSTEAMINE UPON RELATIVE VISCOSITY OF AGED SERUM
IAT VITRO IMMEDIATELY AND24 HOURSAFTER INCUBATION
(SEE TEXT).

sedimentation rate increased to 64 mmafter 1 hour
at 370 C (Figure 6C, a).

c. The infusion of 10 million U of penicillin G
dissolved in 100 ml of 5 per cent glucose in water
produced a decrease of serum viscosity almost
identical with that seen following the infusion of
penicillin in 250 ml of 5 per cent glucose in water
(2b). The sedimentation rate (370 C) became
rapid after penicillin infusion (from 17 to 67 mm
after 1 hour, Figure 6C, b).

d. A third infusion of 10 million U of penicillin
Gpotassium was combined with the administration
of Benemid. Again, the drop in relative viscosity
was striking (from 175.5 to 85.9), but no re-
bound phenomenon occurred. Indeed, the vis-
cosity decreased further to 14.0 during the next
hour with a total reduction of 92 per cent in rela-
tive viscosity at the end of 2 hours. Follow-up
studies revealed a slight increase of viscosity dur-
ing the next three days; after five days the original
viscosity had been exceeded (Figure 7).

The pattern of the thermosedimentation rate
resembled that seen in the preceding experiment
(0 mmat 40, 0 mmat 130, 0 mmat 250, and 2 mm
at 370 C before penicillin and 0 mmat 40, 1 mm
at 130, 3 mmat 250, and 62 mmat 370 C, 1 hour
after penicillin administration).

3. Cysteamine
a. The relative viscosity of the aged serum be-

fore incubation with cysteamine was 56. Imme-

diately following incubation the following valtues
were obtained: control (a) 56; sample (b) (0.01
per cent cysteamine) 29; sample (c) (0.1 per
cent cysteamine) 16; sample (d) (1.0 per cent
cysteamine) 11. After 24 hours' incubation the
values were as follows: control (a) 146; sample
(b) 28.2; sample (c) 16; sample (d) 8.5 (Fig-
ure 8). Gel formation was abolished between 40
and 200 C and the Sia test became negative in all
three treated serum samples.

b. Essentially the same pattern was obtained in
fresh serum (Figure 9).

4. The effect of DL-penicillamine, penicillin G po-
tassium and cysteamine upon immunophoretic
properties

Ouchterlony plates
a. The control plates revealed a y-globulin line

between the antigen (B) and the antibody wells
(aG and aB) and a macrocryogelglobulin precipi-

Addition of
cysteamine

120

410

60-

50-

40-

30-

20

10

VISCOSTY

a * Control
b - 0.01 %cysteamlne
c = 0. 1%cyateamine
d = 1%cysteamine

...a

d

,,-Normal range 2. 0

24 hrsa

FIG. 9. INFLUENCE OF VARYING CONCENTZATIONS OF

CYSTEAMINE UPON RELATIVE VISCOSITY OF FRESH SERUM

(SEE TEXT).
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FIG. 10. OUCHTERLONYAGAR GEL DIFFUSION TESTS. The samples were allowed
to diffuse from their respective wells. At the site of confluence precipitin lines
were formed [aB: anti-human macrocryogelglobulin-serum; B: macrocryogel-
globulin-serum; aG: anti-y-globulin-serum (Behring)].

A. Control. The precipitin line close to the antibody well (aB) represents the
y-globulin line; the well-outlined line in the middle between the aB and B wells
is the macroglobulin precipitin line; the precipitin line between B and aG repre-
sents the y-globulin line.

B. Following the addition of DL-penicillaminie to the agar gel, the precipitin lines
of the macroglobulin have joined those of -y-globulin, indicating a change in
diffusion rate and immunological affinity to y-globulin.

C. The addition of penicillin to the agar gel reveals no changes as compared with
the control plates (A).

D. Cysteamine has resulted in changes of mobility of the macrocryogelglobulin
which are comparable with those seen after the addition of DL-penicillamine.

tin line between the antibody (aB) and antigen
wells (Figure 10A).

b. The addition of DL-penicillamine resulted in
the disappearance of the macroglobulin precipitin
line and an increase of the y-globulin line which
shares partial antigenicity with the gamma line
between B and aG (Figure lOB).

c. Penicillin G potassium did not evoke any ob-
vious changes of the precipitin pattern (Figure
lOC).

d. The addition of cysteamine to the agar gel
resulted in disappearance of the macroglobulin

precipitin lines, and an increase of the y-globulin
precipitin lines was noted (Figure lOD).

DISCUSSION

DL-Penicillamine is used as a chelating agent in
heavy metal poisoning (10) and in Wilson's dis-
ease (11-13). Toxic side effects, such as inhibi-
tion of growth in animals (14), interference with
vitamin B6 utilization (12, 14-16) and the ac-
tivity of some hepatic transaminases (16, 17) as
well as dermatological manifestations (18) have
been produced by the L-form of penicillamine.
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D-Penicillamine appears to be nontoxic (14). The
high price of this compound, however, limits its
liberal clinical use. Penicillin is partly metabQ-
lized into D-penicillamine (12, 19-21). The above
observations indicate that both penicillin (or a
breakdown product of penicillin) and DL-penicilla-
mine produce pronounced changes in the physical
characteristics of the serum both in vivo and in
vitro. Also, after penicillamine and penicillin
therapy there was marked clinical improvement,
which was reflected by disappearance of cold in-
tolerance, cessation of hemorrhagic diathesis with
normalization of clotting status, increase in ap-
petite and weight, and generalized feeling of well-
being.

Following depolymerization of macroglobulins
with mercaptanes, there is usually a pronounced
rebound of the rel. (Figures 1, 5, 7). Thus, the
v rel. may even exceed the original value within
one hour (8). The pronounced rebound of -j rel.
following the infusion of penicillin G imitates this
characteristic feature of depolymerization although
the alterations in the physical characteristics of
the serum reported herewith could theoretically
be due to some molecular modification other than
depolymerization. The prolonged decrease of
serum viscosity and increase in thermosedimenta-
tion rate following the penicillin infusion with
Benemid suggest increased retention and sus-
tained action of either penicillin or a metabolite,
such as penicillamine. The altered pattern of
thermosedimentation rate following treatment with
penicillin and penicillamine both in vitro and in
vivo is similar to that seen in some untreated mye-
loma sera with 7S paraproteins (Figure 6B).

The failure of the relative viscosity to return
completely to normal may be due either to per-
sistence of macroglobulins or to an increased
amount of 7S globulins. In the presence of macro-
globulins without cryo or cryogel properties the
serum viscosity is higher than normal. However,
it has been conclusively shown that increased quan-
tities of 7S y-globulins can also produce slightly
increased X rel. This is particularly true in the
presence of 7S paraproteins, such as multiple
myeloma protein (22). Disintegration of a patho-
logical macroglobulin may result in the produc-
tion of such a small sized paraprotein.

On theoretical grounds, removal of the macro-
globulin from the blood could explain these find-

ings. Unchanged total serum protein and elec-
trophoretic results of the examined serum samples
immediately before and after treatment with peni-
cillamine in vitro and in vivo rule out this possi-
bility. Furthermore, Isliker's findings (8) of pro-
nounced reduction in the serum viscosity with
subsequent rebound following the depolymeriza-
tion of the a2-macroglobulin are similar to obser-
vations made following treatment of our serum
samples with penicillamine and penicillin.

The change in the Sia test readings may be at-
tributed to reduction in the molecular size of the
macroglobulin, since the precipitation of the para-
proteins appears to be independent of the cryo or
cryogel properties. According to Steel (23) the
Sia test can be employed in testing the stability
of macroglobulins. In contrast, the abolishment
of gel-forming characteristics following treatment
with penicillin, penicillamine and cysteamine can
be explained by inactivation of the cryogel prop-
erties of the macroglobulin without additional dis-
sociation of the macromolecule.

Hitzig, however, has been able to demonstrate
(24) a slow spontaneous dissociation of this mac-
rocryogelglobulin of an aged serum sample. The
addition of cysteamine to the serum and to the
purified macrocryogelglobulin greatly accelerated
this dissociative process. This finding is compara-
ble with the results of Metais and Warter [cited
by Hitzig and Isliker (25)] who found a slowly
decreasing high molecular fraction from the serum
of a patient with macroglobulinemia merely after
dilution. Steel (23) also observed spontaneous
dissociation of isolated macroglobulins at room
temperature and at 370 C. We (26) have en-
countered decreasing serological activity as reflec-
tion of depolymerization of macromolecular cold
agglutinins during a storage period of four months
at - 200 C. Spontaneous dissociation probably
accounts for the lower 7 rel. of aged macroglobu-
lin serum, as seen in samples of aged macrocryo-
gelglobulin serum.

The profound decrease of relative viscosity fol-
lowing incubation of the serum with cysteamine
may thus reflect dissociation of the macroglobulin
(8). Reduction of viscosity, abolishment of gel
formation and conversion of a strongly to a weakly
positive or negative Sia test following in vitro
treatment of the macroglobulin serum with penicil-
lamine and penicillin, as well as following adminis-
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tration of these agents to the patient, were simiiilar
quantitatively and (quialitativrely. Both l)elnicilla-
miiine (26-28) in zivo, anid cysteaiminle (8, 24, 25)
in vitro are able to depolymerize miiacroglobulins
as demonstrated by ultracentrifugation. The
marked changes of viscosity, Sia test and gel for-
mation in the macroglobulin are certainly com-
patible with dissociation of the macroglobulin.
The electrophoretic changes of penicillamine-
treated serum favor this suggestion. The resem-
blance of the reaction pattern of penicillin G upon
the mnacroglobulin is suggestive of the same mecha-
nism. The inactivity of penicillin in the agar gel
diffusion test supports, however, the concept that
a metabolite of penicillin (D-penicillamine?) may
be responsible for the in vivo action. The conver-
sion of penicillin into D-penicillamine appears to
be dependent upon certain agents present in se-
rum. The lack of activity of penicillin, incorpor-
ated into agar-gel, could thus be explained.

Regardless of the underlying mechanism, this
biochemical approach to macroglobulinemias, par-
ticularly those with cryo or cryogel characteristics,
may be of clinical value. This is supported by the
marked clinical improvement of the patient under
study. Description of this observation will be re-
ported elsewhere.

SUMMARY

The effects of penicillin G potassium, DL-penicil-
lamine and cysteamine upon a macrocryogelglobu-
lin were investigated. Changes of serum viscosity,
thermosedimentation rates, gel formation, Sia test,
total serum protein, paper electrophoretic charac-
teristics and immunophoretic properties served as
indicators.

Administration of DL-penicillamine produced a
marked sustained decrease of relative viscosity
and an increase of sedimentation rate. DL-Penicil-
lamine, added to macrocryogelglobulin serum in
vitro resulted in marked decrease of relative vis-
cosity, widening of macroglobulin fraction in elec-
trophoretic pattern, and a negative Sia test and
abolishment of gel formation.

Penicillin G added to serum produced a marked
decrease of relative viscosity, a negative Sia test
and abolishment of gel formation.

Penicillin G, 10 million U given intravenously,
lowered the serum viscosity by 77 per cent within

one lhour anid inicreased the previously low sedi-
miientatioin rates sharply. Rapid rebound of vis-
cosity occturred.

The coincidenit admiiinistrationi of Benemid with
penicillin enhanced this effect and delayed re-
bound of viscosity considerably.

Addition of cysteamine to serum resulted in
dosage-dependent decrease of relative viscosity.

Agar diffusion studies revealed the simultaneous
disappearance of the macroglobulin precipitin line
and a quantitative increase in the y-globulin line
with DL-penicillamine and cysteamine; no changes
were produced by penicillin G.

It is suggested that the compounds studied were
responsible for abolishment of cryogel properties
and probably produced dissociation of the macro-
globulin. Possible clinical implications are men-
tioned.
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