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A number of diseases in man are associated with markedly increased gamma
globulin levels in the serum and an even greater increase in total gamma
globulin pool. The most striking of these is multiple myeloma, but elevations
are also seen in cirrhosis of the liver, certain of the collagen diseases such as
lupus erythematosus and rheumatoid arthritis, and a variety of chronic in-
fectious processes (1-9).

Studies of the metabolism of gamma globulin with I**-labeled human gamma,
globulin in conditions with an elevated serum gamma globulin level have indi-
cated an increase in the catabolism of gamma globulin (14, 8-11). A similar
situation appears to exist in animals with increases in gamma globulin levels
(12-14), whether due to plasma cell tumors (12), immunization (13), or the
passive administration of gamma globulin (14).

While these findings indicate that synthesis must increase many fold to
achieve the high gamma globulin pool size in the face of an increase in break-
down, none of the studies in man or in tumor-bearing animals have given an
accurate picture of the potential capacity of the subject to produce gamma
globulin under physiological conditions. Similarly, little is known of the effect
of a state which may well approach maximal gamma globulin production, on
gamma globulin metabolism. To investigate this problem studies of gamma
globulin metabolism have been undertaken in rabbits hyperimmunized with
polyvalent pneumococcal antigen, a stimulus known to induce very high
levels of gamma globulin (15-18).

* Presented in part at the Ninth Interim Scientific Session, American Rheumatism Asso-
ciation, December 1962. This investigation was supported in part by United States Public
Health Service Grants A-2489, A-2594, and AM-01431 and by the Arthritis and Rheumatism
Foundation.

 Career Scientist; New York Health Research Council.
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Methods

Female rabbits were used in all studies. The animals were injected intravenously with 2 to 3
ml of a polyvalent pneumococcal vaccine prepared from types I, II, VI, IX, XTI, and XVD. The
preparation used has been described previously (18). The rabbits were kept in metabolism
cages and fed a standard rabbit diet. Complete urine and stool collections were made daily.
Two to three drops of Lugol’s solution were administered daily in the rabbits’ drinking water
in order to inhibit thyroidal uptake of I*31,

The distribution and metabolism of gamma globulin was measured by means of rabbit
serum gamma globulin labeled with I'¥, Rabbit gamma globulin (RGG) was separated from
fresh rabbit serum by means of starch block electrophoresis for 22 hours employing barbital
buffer pH 8.6, ionic strength 0.05. The gamma globulin migrating under the peak of gamma
globulin or more slowly, was eluted with borate buffer pH 8.4, concentrated, and dialyzed
against borate buffer for 24 hours. The more rapidly migrating material known to be richer in
19S gamma globulin was discarded. The gamma globulin so obtained sedimented as a rather
homogeneous peak with a sedimentation coefficient of about 7S and contained no detectable
19S gamma globulin on analytical ultracentrifugation at concentrations of 10 to 15 mg/ml.
Gamma globulin was iodinated as described previously (19), and the material used contained
less than 1 iodine atom per protein molecule. Prior to use all lots of I*! rabbit gamma globulin
were tested in control rabbits to guard against the use of a preparation that contained a sig-
nificant fraction of denatured material.

Turnover studies of I!3! rabbit gamma globulin were performed 24 times in 13 control
rabbits. Four other rabbits were given a primary course of immunization with pneumococcal
vaccine as described (15-18). Gamma globulin metabolism was measured during the resting
phase, 3 to 5 months following initial exposure to the vaccine, and then restudied during the
rapid development of hypergammaglobulinemia induced by a second course of immunization.
Each rabbit received an injection of 15 to 275 uc of rabbit gamma globulin I'3 into an ear
vein, Heparinized blood samples were obtained from the contralateral ear 6 to 10 minutes
after the injection to measure the plasma volume and at daily intervals thereafter. Control
observations were made daily on the excretion of radioactivity in urine and stools for 10 to 36
days.

The 4 previously immunized animals were given a tracer dose of I'®* RGG in the resting
phase, at which time they had normal serum gamma globulin levels. The fate of the injected
protein was studied for 11 to 16 days which may be considered as the control period. Following
this, 2 to 3 ml of the vaccine, containing 1 X 10° organisms per ml were injected intravenously
every 3 days to induce a rapid anamnestic response, and the fate of the previously injected
RGG I'3 was followed during the initial period of antibody synthesis which was accompanied
by the rapid development of hypergammaglobulinemia. Eighteen to 26 days following the
beginning of immunization a second injection of gamma globulin I'*! was given in order to
reevaluate gamma globulin distribution, and observations of radioactivity in plasma, urine
and, stool were made for an additional 10 to 17 days, while vaccine injections were continued.
Thus, gamma globulin metabolism was first studied during what might be considered steady
state and again during and following the anamnestic response.

The plasma volume (PV) was determined from the mean space of distribution of rabbit
gamma globulin I**! at 6 and 10 minutes after injection. Total exchangeable gamma globulin
(TEG) was determined from the product of the equilibrium space of distribution of the in-
jected rabbit gamma globulin I'®! and the serum gamma globulin concentration. Fecal excre-
tion of I'%!, which amounted to between 5 to 9 per cent of that excreted in the urine was in-
cluded in the urinary excretion. Plasma, urine, and stool samples were assayed for I'3! in a
well-type scintillation counter with a sensitivity of 9.0 X 105 cpu per uc I'3 above a back-
ground of 160 cpM.
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During the control period when steady state conditions were present (at least in terms of
gamma globulin metabolism), gamma globulin degradation and synthesis can be assumed to be
equal. Gamma globulin degradation was calculated from the product of the total exchangeable
gamma globulin and the rate of decline of the plasma radioactivity after distribution equilib-
rium. However, during the experimental period when gamma globulin levels and gamma globu-
lin metabolism were changing, steady state conditions were not present and this method is not
valid. Therefore the rate of gamma globulin degradation during both the control and experi-
mental periods was determined also by the metabolic clearance procedure which has been
shown to be valid in the non-steady state (20, 21). The amount of gamma globulin degraded
per day represents the product of the renal clearance of I'%! and the serum gamma globulin
concentration. Firstly the renal clearance of I'*! (derived from degraded protein) was deter-
mined by dividing the pc of 1'% excreted/day by the mean plasma concentration of RGG-I*3
for that day. The product of this clearance and the mean value for the serum gamma globulin
concentration resulted in daily values for gamma globulin degradation. In the non-steady state
it is not possible to estimate daily gamma globulin synthesis. However, gamma globulin syn-
thesis for the whole period of study was determined from the difference between the amount of
gamma globulin degraded during the experimental and control periods and the change in the
total exchangeable gamma globulin pool calculated at the beginning and end of the study. Some
of the limitations of this type of study will be pointed out below.

Total serum protein was determined by the Folin method modified by Lowry et al. (22). Pro-
tein partition was determined either by boundary electrophoresis employing a Kern micro-
electrophoretic unit, as described previously (23), or by quantitative elution of stained paper
strips following serum paper electrophoresis (24, 25). The stained strips were cut into the de-
sired segments and suspended in 0.5 per cent sodium carbonate for 30 minutes, and the dye
liberated into the supernatant fluid was read within 1 hour in a Beckman model spectropho-
tometer at 590 my in 1 cm cuvettes. Results were interpreted on standard curves of known
quantities of rabbit serum gamma globulin and albumin which were subjected to electrophore-
sis and stained under similar conditions. In general the 2 techniques agree quite well. Urine was
checked for protein by precipitation with cold 10 per cent trichloracetic acid.

TABLE I
Control
Gamma Globulin Distribution*
Weight Plasma volume l TEGS ;- Globulin,

kg mifkg mi/kg per cent
Range...............ooin 3.1-5.7 2544 55-108 34-51
Mean.........cvoivvinnnnnn. 4.1 33 75 44
+seofmean............... 1 1 1

TEGS, total exchangeable gamma globulin space.
» No. of studies _ 24
No. of rabbits 13"

RESULTS

The data for the distribution and metabolism of gamma globulin in the
control rabbits are shown in Table I. During the control studies the individual
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rabbits’ weights did not change significantly. The plasma volume averaged
33 + 1 ml/kg, and the total apparent space for gamma globulin distribution
was 75 -+ 1 mi/kg. Forty-four = 1 per cent of the total gamma globulin pool

TABLE II
Conirol
Gamma Globulin Metabolism*

~-Globulin degradation

Total s .

protein Albumin | v-Globulin | TEG From
plasma From clearance
TYW

gm/100 ml | gm/100 ml | gm/100 ml | gm/kg | gm/kg/day | gm/hg/day | day, per cent

Range.......... 6.0-7.3 | 3.1-4.5 | 0.6-1.4 | 0.4-1 {0.03-0.070.02-0.08| 5.7-10.0
Mean.......... 6.5 3.8 0.9 0.6 0.05 0.05 8.0
4~ SE of mean...| 0.1 0.1 0.1 0.1 0.01 0.01 0.3

TEG, total exchangeable gamma globulin.
« No. of studies 24

No. of rabbits 13"

TABLE I
v-Globulin Distribution Before and Following the Anamnestic Response*
Weight Plasma volume TEGS Jlglé’fs“éﬁp’.;

C E C E C B C E

kg kg mifkg mifkg ml/kg mijkg | per cent | per cent
Range............. 4.1-5.2] 3.6-5.6| 29-34 | 34-46 | 59-70 | 66-93 | 41-30 | 46-53
Mean.............. 4.4 4.5 31 38 66 78 46 48
+sEof mean....... 1 3 2 S 2 2
Change, per cent..... +23 +18

C, control studies.
E, experimental

TEGS, total exchangeable gamma globulin space.
« No. of studies 4

No. of rabbits 4

was located intravascularly. The data for gamma globulin metabolism are
shown in Table II. The mean control value for total protein was 6.5 == 0.1
gm /100 ml, and values for plasma albumin and gamma globulin concentration
were 3.8 &= 0.1 gm /100 m! and 0.9 == 0.1 gm /100 ml respectively. Total ex-
changeable gamma globulin averaged 0.6 = 0.1 gm/kg. Gamma globulin
degradation derived by both the plasma T4 and metabolic clearance methods
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Fi6. 1. Gamma globulin distribution and degradation in rabbit 1-13 during the control
and experimental period. The distribution curves remained steady during the control period
and during the first 12 days of the reinjection study (upper curves). There was a slight increase
in the slope of the plasma decay curves following the vaccine (center curves). The urinary ex-
cretion is shown in the lower curves.
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vaccine, there was a slight increase in the rate of loss of plasma I'3! which persisted during the subsequent studies (cent
curves). The urinary excretion is shown in the lower curves.
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averaged 0.05 gm/kg/day. The mean fractional turnover rate was 8.0 & 0.3
per cent/day.

The data for gamma globulin distribution during the “rest period” and the
anamnestic response in the 4 immunized rabbits are shown in Table ITI and
Figs. 1 and 2. There was no significant change in weight during immunization.
The plasma volume increased 23 per cent while the exchangeable gamma

TABLE 1V
Gamma Globulin Metabolism during the Anamnestic Response
-Globulin
egradation
Total . : — -Globulin
' protein | Albumin | y-Globulin | TEG | , B e yathesis
Rabbit No. Tiﬁ Clearance Study
|TEG
CEC'ECIEC.ECCE cl| E
gm/

gm/100 mi | gm/100 ml | gm/100 ml em/kg %/ em/fkg/day | days | gm/kg/day

1-13 6.8/13.2] 4.2| 3.1| 0.8 6.0 | 0.5| 4.5 [0.04(0.04] 0.35] 36 [0.04] 0.46
1-14 7.8/113.2; 4.1) 1.7/ 1.5| 7.5 | 1.0| 7.2 0.10;0.10! 0.54] 33 |0.10| 0.74
1-19 5.8/11.3| 3.3} 3.0] 0.8/ 5.5 | 0.5/ 4.0 (0.05/0.07| 0.22( 21 (0.07| 0.38
1-96 6.110.6/ 3.3 2.9/ 0.9; 5.0 | 0.8] 3.2 (0.05/0.04| 0.19] 21 |0.04| 0 31
Mean value...| 6.6(12.1, 3.7 2.7| 1.0) 6.0 | 0.7| 4.7 [0.06/0.06 0.33| 28 |0.06] 0.47

L SE... 0.4/ 0.7 0.2 0.3 0.5/ 0.5 | 0.1} 0.9 |0.01{0.01} 0.08 0.01| 0.09
Change, per
cenb........ +83 -27 -+500 +3570 -+450 +685
C, control.

E, experimental.

TEG, total exchangeable gamma globulin.

A, determined from the product of the plasma T 14 and TEG.
B, determined from the metabolic clearance procedure.

globulin space increased 18 per cent. The fraction of the gamma globulin pool
located intravascularly showed no significant change.

The anamnestic response was associated with striking changes in gamma
globulin metabolism as shown in Table IV and Figs. 3 and 4. There was an -
83 per cent increase in total serum protein due largely to a 6-fold rise in the
gamma globulin level. In contrast, as previously demonstrated, there was a
27 per cent decrease in the concentration of serum albumin (15-18). During the
secondary response the mean value for gamma globulin degradation rose
450 per cent. In the presence of the significant increase in gamma globulin
degradation, there was a marked rise in gamma globulin pool size from 0.7
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F16. 3. Gamma globulin metabolism in rabbit 1-13 during the control and experimental period. The
total protein and gamma globulin levels rose rapidly following the start of the vaccine, associated with a
marked increase in gamma globulin degradation which seemed to plateau between the end of the first study
and the early part of the reinjection period (days 25 to 50). Total gamma. globulin pool size increased while
degradation was increasing. Following day 47 there was a decrease in the serum gamma globulin levels and

gamma globulin degradation decreased.
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F16. 4. Gamma globulin metabolism in rabbit 1-14. The total protein and gamma globulin levels increased rapidly
lowing the start of vaccine; gamma globulin degradation increased markedly and plateaued between days 35 and 70.
e gamma globulin pool size rose during the first 40 days of vaccine treatment. Thereafter, associated with a fall in
: serum gamma globulin levels and in gamma globulin degradation, the total gamma globulin pool size decreased to
out 14 of its peak value.
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=+ 0.1 gm/kg to 4.7 &= 0.9 gm/kg during a mean period of observation of 28
days. Thus, while degradation rose nearly 5-fold, gamma globulin synthesis
increased approximately 8-fold to a mean value of 0.47 3 0.09 gm/kg/day to
account for the increment in gamma globulin pool size. After a period of sus-
tained increase in synthesis, a transient decline in gamma globulin pool size,
secondary to a decrease in synthesis, was noted in 2 rabbits (1-13, 1-14)
(Figs. 3 and 4), but a similar phenomenon was not noted in 2 other rabbits.
This lasted for only a relatively short period of time (Fig. 4), following which
gamma globulin levels returned towards the previous high levels.

In the presence of the rapidly increasing serum gamma globulin levels, the
amount of gamma globulin degraded each day also rose very rapidly and
achieved the highest values within 2 to 3 weeks following the start of reim-
munization (Figs. 3 and 4). Thereafter the rate of degradation of gamma
globulin remained relatively constant and approached the mean rate of gamma
globulin synthesis determined for the whole experimental period (Figs. 3 and
4). While an exact sequential analysis of alterations in gamma globulin me-
tabolism under such conditions of flux is impossible, it appears that a new
equilibrium between gamma globulin synthesis and degradation had been
achieved. Consequently it seems probable that the increment in the gamma
globulin pool had occurred early during the anamnestic response and that
thereafter, when the gamma globulin pool reached its peak value, a new equi-
librium was achieved. At this time the increase in gamma globulin synthesis
would again be compensated for by an equivalent increase in degradation,
thus resulting in a new steady state. If this interpretation is valid, then the
average fractional rate of gamma globulin degradation during the anamnestic
response, determined from the ratio, gamma globulin degradation/TEG,
should be based upon the maximum TEG with only a small error introduced
by the lower TEG during the early development of the hypergammaglobu-
linemia. This calculation would result in a minimal mean value for the frac-
tional rate of degradation of 7 per cent/day compared to a mean control value
of 8 per cent/day. The true value would be slightly greater if corrected for the
early days where the TEG is still rising. On the other hand, if gamma globulin
synthesis did not parallel degradation but increased steadily, then the TEG
pool would be increasing throughout the period of study. Under these circum-
stances, the fractional rate should be calculated from the average value for
TEG during the control and experimental periods. This calculation would
result in an average fractional turnover rate of 12 per cent/day. It is probable
that during the development of hypergammaglobulinemia the true degradative
rate was somewhere between these two values and consequently exceeded the
control value by only a moderate degree. However after the levels of gamma
globulin had been elevated for some time the fractional degradative rate
determined from the second dose of I'® RGG was elevated to a value of 12.5
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% 1.2 per cent/day agreeing with the higher estimate obtained from the
first dose of RGG I',

Certain technical aspects of this and similar studies would be greatly facili-
tated if the same preparation of gamma globulin could be used in a number of
different animals. For this reason studies of the turnover of gamma globulin

TABLE V
Turnover of Autologous and Homologous Gamma Globulin
Recxpig}l(}~ rabbit I;l;gg:igxt)e Donolt'I c1"labbit Ph;gggpe Date Plasma T3

days
1-13 At 2 1-13 Al 2 1/23/62 9.4
1-55 A2, 3 1-13 1/30/62 9.3
2-10 Al,2 1-13 1/23/62 14.8
1-40 At 3 1-13 1/23/62 10.3
1-55 A2,3 1-26 Al 2 5/1/62 12.4
1-55 1-55 A2, 3 8/1/62 9.7
1-55 1-13(T) Al 2 3/5/62 12.4
1-55 1-13 Al 2 1/30/62 9.3
3-08 Al 3-08 Al 10/18/62 8.6
3-08 3-09 Al 12/17/62 9.6
3-08 3-34 Al 2 1/21/63 9.0
3-09 Al 3-08 Al 10/18/62 7.0
3-09 3-09 Al 12/17/62 7.0
3-09 3-34 Al 2 1/21/63 7.2
3-34 Al,2 3-09 Al 12/17/62 8.6
3-34 3-34 Al 2 1/21/63 8.2

1, immunized gamma globulin.

TEG, total exchangeable gamma globulin ranged from 0.5 to 0.8 gm/kg and plasma gamma
globulin from 0.8 to 1.0 gm/100 ml.

Allotypes differed only in the “a” locus; the “b” locus was identical in all instances with
a formula of A4 and all rabbits were P+ (26, 27).

I3 were performed in a group of rabbits with varying gamma globulin allotypic
specificities (26, 27), each of which received its own protein and sequentially
the protein of several others.! The data for these studies are shown in Table
V. The rate of plasma disappearance of the various I***-labeled autologous and
homologous gamma globulin preparations showed only minor variations,
and there was no constant reproducible difference between autologous or

1 We would like to thank Dr. Sheldon Dray and Dr. E. Lichter for determining the allo-
typic specificities of these sera for us.
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isologous preparation, indicating that either could be used. In one instance
gamma globulin was obtained from the serum of an hyperimmunized rabbit,
and the data obtained with this preparation were likewise not significantly
different from those observed with control gamma globulin preparations.
Likewise allotypic variations in gamma globulin between donor and recipient
rabbit were not associated with any constant change in degradative rate
(Table V).

Bjgrneboe (15, 28), has previously shown that the antibody titers tested by
agglutination with any one of the pneumococci used in similarly immunized
animals ranged between 640 and 1280, yet that all but approximately 1.3
gm/100 ml gamma globulin could be removed by absorption with pneumococci.
The results of antibody titrations and absorption experiments in the present
study are entirely in agreement with these findings, and consequently they
will not be discussed in detail.

DISCUSSION

Polyvalent pneumococcal vaccine in rabbits is a potent physiological stimu-
lus resulting in a rapid and possibly even maximal elevation of gamma globu-
lin synthesis for short periods of time (15-18). The present studies clearly
show that normal animals, subjected to intensive antigenic stimulation, possess
an enormous reserve capacity to synthesize gamma globulin. They further
demonstrate that for a short period of time at least, gamma globulin synthesis
can exceed 1.0 gm /kg body weight /day, a value which agrees with the maximal
catabolic rate of gamma globulin I observed in mice (13). The potential
magnitude of this phenomenon can be estimated only from metabolic studies
of this kind since simple measurements of gamma globulin levels would take
into account only the increase in gamma globulin pool size but would com-
pletely ignore the increase in degradation in the face of which the rise in gamma
globulin pool size occurred.

The marked increase in degradation associated with hypergammaglobu-
linemia is not unique to this situation but also has been shown to be present
in a variety of other hypergammaglobulinemic states (1-5, 8-13), and implies
that the amount of gamma globulin degraded is probably related to the gamma
globulin levels or pool size (13). That the mechanisms controlling degradation
may be very specific is suggested by the finding that in subjects with multiple
myeloma there is an increased breakdown of gamma globulin in patients with
gamma myeloma proteins and beta globulin in those with beta type myelomas
while the metabolism of the other proteins is only little affected or reduced
(1, 2, 13). Similarly, the passive administration of 7S gamma globulin but not
of 19S5 gamma globulin, gamma 1A globulin or albumin increases the break-
down of 7S gamma globulin in mice (13). It seems possible that a similar feed
back mechanism may be operative also in the regulation of degradation of
other proteins.
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The site of degradation of gamma globulin is not known nor can it be said
whether the increase in the observed fractional degradative rate is due solely
to normal degradative routes or due to other mechanisms in addition. If the
fractional rate of degradation can be used as an indirect measure, it seems
likely that accelerated normal processes were primarily responsible for the
increase in gamma globulin degradation during the hypergammaglobulinemic
state. The metabolism of RGG I'* during hyperimmunization showed fractional
rates of degradation which were somewhat higher than those observed during
the control periods, but quite unlike those seen if an immune mechanism were
called forth as an additional means of removal of excess gamma globulin (29).
While no antibodies to human or rabbit gamma globulin could be detected in
any of the sera when tested with sensitized sheep cells coated with rabbit
gamma globulin or human cells coated with incomplete human antibodies
(30, 31), the existence of small amounts of such substances can not be excluded
with absolute certainty. Even if present, however, these substances did not
significantly affect the metabolism of autologous gamma globulin. In studies
to be reported separately, animals immunized with autologous denatured
RGG and high titers of such antibodies showed fractional rates of degradation
similar to those seen in the animals in this study and to those in control ani-
mals having no antibodies but equivalent changes in gamma globulin pool
size (32). In the rabbits with very high gamma globulin turnover rates there
was no increase in the amount of radioactivity released from degraded protein,
appearing in the stool, a factor which points against the gastrointestinal tract
as a major site for gamma globulin degradation.

It would appear that with the type of stimulus under investigation the very
rapid rate of production of gamma globulin can only be maintained for a
relatively short period since following 3 to 314 weeks of antigen administra-
tion, 2 of the rabbits demonstrated a rather rapid, though transient, decline
in serum gamma globulin levels in spite of continued immunization. In rabbits
1-13 and 1-14 it is clear that there was a marked decrease in the concentration
of circulating gamma globulin without an equivalent increase in gamma
globulin degradation. The observation that gamma globulin degradation did
not change for a few days while the pool size was falling indicates a transient
increase in the fractional rate of gamma globulin degradation initially (Figs.
3 and 4). However, the fall in gamma globulin pool size must have been due
primarily to a decrease in gamma globulin synthesis rather than increased
catabolism. The exact reason for this remains to be determined, but several
mechanisms appear worthy of consideration. One possibility is that the reserve
of amino acids necessary for protein synthesis was rapidly depleted. At peak
production, gamma globulin synthesis would require a utilization of nitrogen
which exceeds 34 of a normal rabbit’s total daily nitrogen intake. It is possible
that this increment in nitrogen utilization for gamma globulin anabolism might
limit further synthesis of gamma globulin; it may be of sufficient degree to
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alter also the rate of production of other serum proteins by exhausting the
available amino acid pool as has been suggested before (1, 10, 18). The mean
calculated red cell mass decreased by about 15 per cent from 18 to 15 ml/kg
during the 28 days of immunization. While this change may have been due to
a shift in the intravascular distribution of red cells and plasma as the blood
volume expanded, decreased red cell production could have also been present.
Another possibility is that immune paralysis has set in causing a failure of
antibody synthesis. However, the transient nature of this phenomenon speaks
against this. Finally, it seems possible that other mechanisms, as for example,
the need to maintain a constant colloid osmotic pressure may play an impor-
tant, if non-specific role in regulating the synthesis of various serum proteins.
That this may be of some importance is suggested by the finding that the
marked increase in circulating gamma globulin levels was observed to be asso-
ciated with only a relatively small increase in the plasma volume and no signifi-
cant change in intra- and extravascular protein partition. The prevention of a
significant increase in plasma volume was due to the compensatory decrease
in serum albumin levels, a result of lowered albumin synthesis (18). This
reciprocal relationship between serum albumin and globulin levels has been
shown in a variety of clinical states and has been felt to be the result of an
osmotic regulatory system effecting control by changing albumin synthesis
(18, 33). The experimental design of this sort of study does not permita definite
conclusion as to the relative temporal onset of changes in synthesis or degrada-
tion. However, the nature of the stimulus and the findings during the transient
period of exhaustion make it probable that changes in synthesis occurred first
and that alterations in catabolism were called forth only as the gamma globulin
levels rose. In view of this finding and the repeated observation in a variety
of disease states that increased gamma globulin levels are generally accom-
panied by an increase in degradation (2, 3, 8-10), it seems possible that gamma
globulin synthesis and degradation may be mutually self-regulatory, an opin-
ion also voiced recently by Fahey and Robinson (13).

The degree of protein synthesis induced by these physiological stimuli is
comparable to that found in certain induced neoplasms in animals (12) and
some of the paraproteinemias in man. However, in the latter, prolonged syn-
thesis of protein continues in the absence of the usual regulatory systems
which appear to come into play under normal circumstances to limit the per-
petuation of these processes. The exact nature of these controls and factors
inducing malignant plasma cell proliferation in these conditions offer intri-
guing avenues for study or speculation.

SUMMARY

1. Gamma globulin metabolism and distribution were studied employing
rabbit gamma globulin (RGG)I'*® 24 times in 13 control rabbits. Similar studies
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were performed before and during the anamnestic response in 4 rabbits pre-
viously sensitized with a polyvalent pneumococcal vaccine.

2. During the anamnestic response, gamma-globulin levels increased from
1.0 to 6.0 gm /100 ml, and the gamma-globulin pool increased from 0.7 to 4.7
gm/kg. There was no change in the intravascular-extravascular partition of
gamma globulin.

3. Gamma globulin degradation increased from 0.06 to 0.33 gm/kg/day
during the 28 days of the immunization period while gamma globulin synthesis
increased even further to average 0.47 gm/kg/day. Following the attainment
of elevated gamma globulin levels the fractional rate of RGG-I!® turnover
increased from 8.0 to 12.5 per cent/day.

4. No differences were noted in the metabolism of homologous or autol-
ogous gamma globulin regardless of the allotypic specificities.

The authors wish to express appreciation to Miss Margaret Tobin and Mrs. Marion Jones
for secretarial assistance; to Miss Carole Evans, Mr. Douglas Faison, Mr, Albert Fiorello, Miss
Frances Prelli, and Mr. Carl Walker for technical assistance; and to Miss Melanie Bouton and
Miss Josephine Neglia for the illustrations.
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