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Increased catabolism of plasma proteins by
leakage into the gastrointestinal tract and subse-
quent digestion by the intestinal enzymes are fre-
quently the causes of hypoproteinemia (1-5).
The presence of plasma proteins has been demon-
strated both in saliva and in the gastric and in-
testinal juice of normal individuals; therefore,
gastrointestinal leakage of plasma proteins may
account for a substantial part of their normal
degradation (6-12). The passage of plasma al-
bumin into the intestine has been studied quanti-
tatively by 1131-labeled albumin. This technique is
complicated by the secretion of inorganic iodide in
saliva and gastric juice (13, 14) and by secretion
and reabsorption of iodide in the small intestine
(12, 15). Consequently, only transfer of protein-
bound radioactivity is a measure of transfer of
I131-labeled protein. In man one-third of the total
amount of albumin catabolized was found to be
broken down in the gastrointestinal tract (8), and
in dogs from one-half to two-thirds of albumin
catabolism was found to be due to gastrointestinal
leakage (12). In sheep a substantial amount of
albumin was recovered from the intestinal con-
tents without inhibiting the proteolytic enzymes
(9). Jeejeebhoy and Coghill (10) estimated that
50%o of albumin catabolism takes place in the gas-
trointestinal tract of man; they measured fecal
radioactivity after oral administration of an ion-
exchange resin. Thus iodide passing into the in-
testinal lumen is bound by the resin and excreted
in the stool. Their figure, however, may not re-
flect intestinal catabolism, since the fecal radio-
activity may have been derived from nonprotein-
bound iodide secreted in the gastrointestinal juice
(15).

All classes of plasma proteins seem to leak into
the gastrointestinal lumen (6), but only albumin

* This work was supported by a grant from the P. Carl
Petersen Foundation.

has been studied quantitatively. In the present
investigation, the role of the small intestine for
the catabolism of gammaglobulin has been stud-
ied in the dog. The total turnover was deter-
mined by isolated and I131-labeled canine gamma
globulin. Four to 7 weeks later another dose of
I'31-labeled gammaglobulin was injected into the
same dogs, and the transfer of protein-bound
radioactivity from plasma to the lumen of intesti-
nal segments was measured.

METHODS

Material. The study was carried out in ten mongrel dogs
weighing 4.3 to 16.5 kg. All were apparently healthy;
hemoglobin, hematocrit, plasma proteins, and serum
creatinine were normal. Autopsy at the end of each ex-
periment revealed normal organs.

Gammaglobulin was isolated from the serum of normal
dogs by column chromatography on diethylaminoethyl
(DEAE) cellulose 1 (16). Serum was dialyzed over-
night against the elution buffer (phosphate 0.01 M, pH
8.2). The gamma globulin peak was located by meas-
urement of the ultraviolet absorption of eluate at 210 mA&
diluted 1:120 in saline (17). The pooled fractions of
the peak (about 50 ml) were sterilized and filtered
through a glass filter (Jena 17 G5; pore diameter, 1 to
1.5 /u), and the solution was concentrated at 2 to 3 ml by
vacuum dialysis. The yield was about 50 mg in each
preparation.

Jodination. The protein was labeled with carrier-free
I" without reducing agent.2 Iodine monochloride was
used as inactive carrier solution according to the method
of McFarlane (18). Nonprotein-bound I" was re-
moved by a resin column (Amberlite IRA-400). An
average of 33% of the initial radioactivity passed
through the column, and an average of 0.9% of this was
present in the supernatant fluid after precipitation with 10%o
trichloroacetic acid. The mean ratio of iodine bound to
protein (mol wt, 160,000) was on an average, 1.9 atoms
per molecule. An average of 6.2 ,c was bound per mg
of protein. The labeled gammaglobulin was mixed with
normal dog serum and examined by paper electrophore-
sis; subsequent strip counting showed that, on an aver-

1 Eastman-Kodak Co., Rochester, N. Y.
2 Radiochemical Centre, Amersham, England.
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age, 87%o of the radioactivity was confined to the gamma
globulin region and 13% to the ,2-globulin peak. Radio-
autography of paper electrophoresis gave a broad uniform
blackening of the film in the gamma region and a faint,
narrow band in the 82-region. Inactive human serum
albumin 3 was added to a concentration of about 20 mg
per ml in the final solution, partly to prevent adsorp-
tion to glassware (19) and partly to prevent damage of
the protein by selfirradiation (20). Six different I13k-
labeled gamma globulin preparations were used in the
studies.

Paper electrophoresis. Calcium ions were added to
the Veronal buffer, and protein fractions were de-
termined spectrophotometrically by elution of paper
electrophoretic strips stained with bromphenol blue (21).
The gamma globulin concentration is underestimated by
this technique because the stainability of gamma globu-
lin is lower than that of albumin by a factor 0.59 (22).
Therefore, before calculating the protein fractions, the
extinction of the elution of the gamma globulin band
was corrected by a factor 1.69 (= 1/0.59).

Total serum protein concentrations for calculation of
paper electrophoresis were determined by Kjeldahl analy-
sis with a conversion factor of 6.25 after correction for
nonprotein nitrogen.

Turnover of gamnia globulin. The dogs received po-
tassium iodide (125 mg per day) for 2 days before and
subsequently through the period of blood sampling. A
volume of 1 to 5 ml of labeled gamma globulin (2 to
10 mg, 10 to 20 ,uc) was injected intravenously; the dose
injected was determined by weighing the syringe before
and after injection. Blood samples were collected into
tubes containing dried heparin. The first plasma sample
was taken after 15 minutes and daily for at least 2 weeks
thereafter. The radioactivity of plasma was measured
by scintillation counting in a well-type sodium iodide
crystal (Tracerlab Versamatic). Plasma specific ac-
tivities were calculated from daily plasma protein estima-
tions by the biuret method.

The turnover of gamma globulin was calculated by
mathematical analysis of the plasma disappearance curve
(23). The method is based on metabolic steady state and
on the assumption that degradation and synthesis of the
protein take place intravascularly or in a compartment in
rapid exchange with plasma. The following calcula-
tions were made: plasma volume (PV) = injected dose
X 0.98/plasma activity per milliliter after 15 minutes,
with an elimination to extravascular compartments of 2%
in 15 minutes; plasma pool of gamma globulin = plasma
volume X gamma globulin concentration; fractional turn-
over rate (F) = fraction of plasma pool catabolized per
day; rate of synthesis = absolute amount of gamma
globulin catabolized (or synthesized) per day; metabolic
clearance (Clmet/day) = volume of plasma containing
the amount of gamma globulin catabolized daily (Clmet/
day = F X PV); distribution ratio = ratio between extra-
vascular pools and plasma pool; exchange rate = fraction

3Statens Seruminstitut, Copenhagen, Denmark.

of plasma pool transferred to extravascular compartments
daily.

Experimental procedure. The gamma globulin turn-
over was, as described, determined in each dog by intra-
venous injection of labeled gamma globulin. Four to
7 weeks later, the passage of gammaglobulin from plasma
to the intestinal lumen was determined in the same dogs
by measuring the amount of protein-bound radioactivity
transferred to isolated intestinal segments after a new
intravenous injection of P`31-labeled gamma globulin.
About 50 ,tc per kg was injected from 2 to 4 hours be-
fore laparotomy, which was done during Nembutal anes-
thesia supplemented with endotracheal N20-02. Three
segments, one orally, one anally, and one about the middle
of the small intestine, were isolated between tape liga-
tures. The segments were 30 to 50 cm long (Table III).
The ligature at the oral end of each segment was fastened
around a thin Nelaton catheter introduced through an en-
terostomy at the oral end of the segment. This simple
technique has given similar results to other, perhaps
more physiological but technically much more laborious,
methods (12). During the surgical procedure, the in-
testine was handled gently, and the surface was kept
moist and warm.

The segments were rinsed 15 to 20 times until the
saline used was clear, and at the end of this procedure,
a sample was checked for radioactivity. The segments
were then filled with 22.5 ml saline containing soybean
trypsin inhibitor (TI),4 0.5 mg per ml; thus the segments
were at most slightly distended. Ten minutes later the
solution was aspirated; in a 4-ml sample, protein-bound
activity was determined by immediately precipitating with
an equal volume of 10% trichloroacetic acid; 0.5 ml
20% human albumin was added as carrier. This pro-
cedure was performed from 2 to 4 times on each seg-
ment. On an average, 90% of the solution instilled could
be aspirated, i.e., about 20 ml. All samples aspirated
were tested for blood by benzidine; a few were positive
and therefore discarded. The completeness of the in-
hibition of proteolysis by the TI was studied in one dog
into which no radioactive protein had been injected.
Each of two isolated segments of the small intestine,
one proximally and one distally, was filled with a solu-
tion of I"~-labeled gamma globulin. After 10 minutes
the solution was aspirated, and the percentage of pro-
tein-bound radioactivity was determined. This procedure
was repeated 3 times. Three similar experiments were
performed after TI (0.5 mg per ml) had been added to
the IP`-labeled gamma globulin solutions. The results
showed that an average of 1.2% nonprotein-bound radio-
activity was found in the aspirates whether TI was added
or not. No difference was found between the proximal
and distal part of the intestine.

An attempt to change the gamma globulin transfer
was made in all dogs. In two experiments the influx of
fluid to the lumen of the segments was increased by the
use of TI solutions made hypertonic by addition of a

4 Soybean trypsin inhibitor was kindly supplied by A/S
Novo, Copenhagen, Denmark.
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TABLE I

Turnover data of gammaglobulin in dogs*

Plasma
Frac- dis-
tional Distri- appear-

Serum turn- Ex- bution ance Length
Plasma gamma Plasma pool of over change ratio, half- of Metabolic

Sex WVeight volume globulin gammaglobulin rate Rate of synthesis rate E/P life study clearance

kg ml ml/ g/100 ml g g/kg % g/ mg/kg! % days days mi/day
kg day day

Pernille F 13.9 687 48.8 0.98 6.73 0.48 23.3 1.57 113 35 0.77 6.7 21 160
Basse M 13.9 604 43.5 0.98 5.92 0.43 12.8 0.76 55 46 0.72 9.9 20 77
Rikke F 13.4 701 52.3 0.79 5.54 0.41 13.5 0.75 56 51 0.61 8.6 14 91
Valdemar M 13.3 613 46.2 1.05 6.43 0.48 22.6 1.45 109 29 0.49 5.6 19 139
Hugo M 12.5 560 44.8 0.97 5.43 0.43 17.3 0.94 75 26 0.48 6.4 20 97
Walther M 10.7 482 45.1 0.85 4.10 0.38 21.2 0.87 81 58 1.23 9.2 21 102
Sofus M 9.2 412 44.7 0.90 3.71 0.40 24.4 0.91 98 46 0.72 6.2 18 101
Rigmor F 6.4 299 46.7 1.10 3.29 0.51 18.4 0.61 95 46 0.58 6.5 14 55
Hagbart M 6.3 310 49.2 1.18 3.66 0.58 23.2 0.85 134 37 0.75 5.9 14 72
Signe F 4.3 262 60.9 1.08 2.83 0.66 28.5 0.81 188 56 0.81 4.9 14 75

Mean 10.4 493 48.2 0.99 4.76 0.48 20.5 0.95 64 43 0.72 7.0 17.5 97

SE 1.1 52 1.6 0.038 0.45 0.028 1.5 0.098 8.3 3.4 0.07 0.5 1.0 10.0

* Exchange rate and fractional turnover rate are expressed as percentages of plasma pool per day. Distribution ratio indicates the fraction
between the sum of extravascular pools (E) and plasma pool (P).

50% solution of MgSO4; osmolarity was increased 2 to
4 times. 120 to 140% of the volume instilled could be
aspirated (26 to 32 ml). In the remaining five dogs the
portal vein was clamped for 10 to 60 minutes. The de-
gree of venous stasis was estimated by edema of the
intestine and by the number of petechiae in the mesentery.

All animals were killed at the end of the experiments;
autopsy was done, and the segments and small intestine
were measured tensed without 150 g (Table III).

Plasma radioactivity was determined from blood sam-
ples drawn before and after the experiments. The ra-
dioactivity during the experimental period was deter-
mined by interpolation.

Calculations. Plasma radioactivity = Q,, counts per
milliliter; total radioactivity in aspirated volume = Qa,
counts per milliliter; protein-bound radioactivity in as-
pirate (fraction of Qa) = PB; length of segment investi-
gated = S per cent of total length of small intestine.

Transfer of gamma globulin from plasma to intestinal
lumen may now be expressed as intestinal clearance per
minute per 100% of the small intestine (Cli~t/minute).
If we assume that the over-all intestinal clearance is
similar to the clearance of the segment investigated,
Clit /minute = (Qa X PB X 100 X 1,000)/(Qp X 10 X S)
,ul/minute.

Metabolic clearance per minute, Clmet/minute, is cal-
culated from fractional turnover rate and plasma volume,
Clmet/minute = (F X PV X 1,000)/(1,440 X 100Al/minute,
since fractional turnover rate is expressed in percentage
per day (1,440 minutes).

Passage of gamma globulin to the small intestine in
percentage of total gamma globulin catabolism may now
be estimated for each segment by the following formula
(if we assume that the segment occupied 100% of the
small intestine) : (Clnt/minute)/(Clmet/minute) X 100%o.

By the average figure for the three segments, the trans-

fer for the whole of the small intestine is estimated, if
we assume that each segment represents one-third.

RESULTS

Turnover of gamma globulin. Data of the
turnover studies are presented in Table I. Plasma
volume varied from 43.5 to 60.9 ml per kg, se-
rum gammaglobulin from 0.79 to 1.18 g per -100
ml, and plasma pool of gammaglobulin from 0.38
to 0.66 g per kg.

Plasma radioactivity plotted on a semilogarith-
mic scale showed initially the usual rather rapid
decrease associated with mixing of labeled mole-
cules with extravascular protein. After 3 to 10
days this phase was followed by a linear rate of
decrease; the curves were followed for at least 8
days after they had become linear. Half-lives
calculated from this portion of the plasma curve
varied from 4.9 to 9.9 days. In five dogs the
curve could be analyzed into three exponential
functions; in the remaining five dogs it could
only be resolved into two exponentials. Fractional
turnover rate varied from 12.8 to 28.5 %of plasma
pool per day (average 20.5%). A negative cor-
relation between fractional turnover rate and body
weight was found (r = - 0.65; 0.05 > p > 0.02).
The rate of synthesis was from 55 to 188 mg per
kg per day or from 0.61 to 1.57 g per day. No
significant correlation between rate of synthesis
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TABLE II

Data of experiments on intestinal degradation of gammaglobulin*

Intestinal degradation in percentage
Protein-bound activity of total turnover

in aspiratet Clint/mint Clint/Clmet X 100%

Cl...et/min Proximal Middle Distal Proximal Middle Distal Proximal Middle Distal Average

yl %o0 % % yi Al Al % % % %
Pernille 111.2 36 50 37 29 32 9 26 29 8 21
Hugo 67.2 54 62 58 17 15 16 25 22 24 24
Walther 70.8 43 77 78 27 44 40 38 62 57 52
Sofus 69.8 68 52 44 33 19 29 47 27 42 39
Rigmor 38.2 67 29 19 6 50 16 33
Hagbart 49.9 10 19 21 6 18 8 12 26 16 21
Signe 51.8 46 65 69 38 34 43 73 66 83 74

Mean 65.5 46 51 51 24 24 24 39 37 38 38

SE 8.9 7.5 7.7 8.7 4.0 5.0 6.3 7.6 7.4 11.5 3.8

* For each part of the small intestine, the intestinal clearance per minute (Clint/min) was calculated as if the whole
of the small intestine had the same intestinal clearance as the segment studied. Clmet/min = metabolic clearance per
minute.

t Average of 2 to 4 determinations.

and body weight was found (r = 0.48; p > 0.1).
The distribution ratio of extravascular to intra-
vascular gammaglobulin was 0.48 to 1.23 (mean,
0.72), which means that on an average 58% of
the total pool of gamma globulin was found in-
travascularly. The exchange rate of gammaglob-
ulin from plasma to extravascular pools varied
from 26 to 58% of the plasma pool per day (mean,
43 %).

The metabolic clearance (24, 25) indicates the
volume of plasma containing the amount of gamma

globulin catabolized per unit of time. It is a con-

venient parameter when the metabolism is related
to the transfer from plasma to intestine as done
in the present study. The metabolic clearance,
Clmet, usually is calculated from urinary excretion

of radioactivity, Qu, and the plasma activity per

milliliter, Qp: Clmet = Qu/Qp ml/day.
In the present study, the metabolic clearance

was calculated by the fractional turnover rate be-
cause the urinary excretion of radioactivity was

not measured. Since fractional turnover rate may

be calculated from urinary excretion of radioac-
tivity and the amount of activity in the plasma, we

have F = Qu/(Qp X PV) = Clmet/PV or Clmet =

F x PV. In the present study, fractional turnover
rate was calculated by the plasma curve, but this
method appears to give values for fractional turn-
over rate that are identical with the methods based
on urinary excretion of the label (23, 26, 27).
The metabolic clearance was from 55 to 160 ml
per day, and a slight positive correlation with

TABLE III

Length of the small intestine and of each segment studied for intestinal degradation of gammaglobulin

Length of segments in Sum of all
Length of segments percentage of total three segments

Length of small in percentage
intestine Proximal Middle Distal Proximal Middle Distal of total length

cm cm cm cm % % % %
Pernille 390 40 33 40 10.3 8.5 10.3 29.1
Hugo 358 31 34 28 8.7 9.5 7.8 26.0
Walther 318 45 47 47 14.2 14.8 14.8 43.8
Sofus 344 50.5 39 30 14.7 11.3 8.7 34.7
Rigmor 278 40 39 33 14.4 14.0 11.9 40.3
Hagbart 274 42 28 32 15.3 10.2 11.7 37.2
Signe 222 40 41 30 18.0 18.5 13.5 50.0

Mean 312 41 37 34 13.7 12.4 11.2 37.3
SE 22 2.2 2.3 2.6 1.9 1.8 0.9 3.1
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EXCHANGE
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10 20 30 40 50 60 70

INTESTINAL DEGRADATION,

in total turnover.

FIG. 1. THE CORRELATIONBETWEENEXCHANGERATE OF GAMMAGLOBULIN
(CAPILLARY PERMEABILITY) AND INTESTINAL DEGRADATIONOF GAMMAGLOBU-
LIN IN PERCENTAGEOF TOTAL TURNOVER(INTESTINAL CLEARANCE/METABOLIC
CLEARANCE).

body weight was found (r = 0.66; 0.02 < p <
0.05).

Intestinal degradation of gamia globulin. The
results of these experiments are presented in
Table II. Since the transfer of gammaglobulin
to the intestine is expressed as volume of plasma
cleared per minute for a given length of gut, the
metabolic clearance per minute is given in the
first column; it varied from 38 to 111 Pll per min-
ute. In the aspirates about 50% of the activity
was protein bound, but a considerable variation
was found. The intestinal clearance of each seg-

ment has been converted to account for 100% of
the entire length of the small intestine, since the
relative length of the segments varied consider-
ably (Table III). On an average, the intestinal
clearance was 24 ul per minute in the proximal,
middle, and distal segments, but a wide varia-
tion was found. The intestinal clearance of each
segment in proportion to the metabolic clearance
of individual dogs is also given in Table II. Each
segment is assumed to occupy the whole intestine,
and therefore the average figure for the three seg-

ments indicates that fraction of the total turnover
which is broken down intestinally if each seg-

ment represents one-third of the intestine. From

21 to 74% (mean, 38%) was catabolized in the
small intestine, and each part appeared to be
equally responsible, since the average figures for
the three segments were almost identical. A
positive correlation was found between exchange
rate and the fraction of total turnover broken
down intestinally (r = 0.84; 0.01 < p < 0.02)
(Figure 1). This might be due to a correlation
between turnover rate and exchange rate, but no
such correlation existed (r = 0.50; p > 0.2).

After the experiments reported above, an in-

TABLE IV

Experimental increment of intestinal transfer of gamma
globulin by instillation of hypertonic MgSO4in the
intestinal lumen or by clamping of the portal vein

Clint/min Clint/min
after installation after clamping

of hypertonic of the portal
Clint/min* MgSO4 vein

pi/min pl/min pul/min
Hugo 16 47
Sofus 27 63
Walther 37 62
Pernille 23 371
Hagbart 11 152
Signe 38 111
Rigmor 13 56

* Intestinal clearance per minute.
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crement of the passage of gammaglobulin to the
lumen of the intestine was attempted in all dogs
(Table IV). The influx of fluid was increased
by the use of hypertonic TI solutions in two dogs.
The transfer of protein-bound activity to the in-
testine was thereby increased about twice com-

pared with the "normal" experiments. In the
remaining dogs, the portal vein was clamped,
and the transfer was thus increased up to 15
times. The venous stasis caused edema of the
intestine and produced petechiae of the mesen-

tery. The more pronounced these changes ap-

peared to be, the higher was the rise in intestinal
clearance.

DISCUSSION

Turnover of gamma globulin. Turnover data
of plasma proteins have been reported by a num-

ber of different expressions from various labora-
tories. A full description of the turnover of a

plasma protein should contain information about
the pool size and the amount of protein turned
over per day. The proportion between these two
parameters indicates the turnover rate of the pro-

tein. If any two of these three parameters are

known, the third one may be calculated. The
turnover has often been expressed by the half-life
of the plasma disappearance curve, since we as-

sume that it reflects the turnover rate of the total
pool. But this expression is insufficient, 1) be-
cause no information is given about the pool size
and the amount of protein turned over per day
and 2) because the plasma half-life will not re-

flect the turnover of the total pool unless the spe-

cific activities of intravascular and extravascular
proteins are identical. This is only the case if
the protein is broken down in all compartments
of the body in proportion to the amount of pro-

tein in each compartment, and that seems unlikely.
If a considerable part of the extravascular com-

partment is in slow exchange with the plasma
pool and if the half-life of the plasma curve is
short, the difference in specific activity will be
great (28), and the error involved in identifying
the turnover rate of the protein with the slope of
the plasma curve will be substantial (29). The
specific activity will be lowest in the compartment
where synthesis of the protein occurs. Gamma
globulin is probably synthesized by plasma cells
(30, 31). After release from the plasma cells

the gamma globulin will probably primarily be
distributed in the plasma and therefore function-
ally appear to be synthesized intravascularly. Ex-
perimentally, this point of view is supported by
the study of Gregoire, McFarlane, and Humphrey
(32). No studies on the degradation site of
gammaglobulin in the dog are available. In man,
some have suggested that the degradation occurs
intravascularly or in a compartment in rapid equi-
librium with plasma because a constant fraction
of the plasma radioactivity is excreted each day,
even during the process of equilibrium between
intravascular and extravascular pools (26, 33).
Therefore, the turnover of gammaglobulin in the
present study has been calculated by a method
that is based on the assumption that synthesis and
catabolism of the protein occur intravascularly
(23).

The metabolism of gammaglobulin in the dog
has been studied by Goldsworthy and Volwiler
(34), who used protein biosynthetically labeled
with S35 or C14. They found plasma disappear-
ance half-life to be 19 days, seemingly a result
quite different from that of the present study.
But as pointed out by the authors, the slowest ex-
ponential component of the plasma disappearance
curve may primarily be due to isotope reutilization.

Intestinal degradation of gammnia globulin. It
is questionable whether data for loss of protein
into isolated short sections of the intestine can be
extrapolated to account for loss into the intact,
complete intestinal tract. In the present study,
however, such a method appears to be justified,
since the segments in each dog were isolated from
three remote parts: the proximal jejunum, the
distal ileum, and approximately at the middle.
Furthermore, each segment amounted to 9 to 19%
of the total length, so that the sum of all three seg-
ments was 26 to 50%o (mean, 37%o) (Table III),
not a negligible part of the small intestine. Fi-
nally, the loss to all three parts was found to be
identical. A correlation was found between meta-
bolic clearance and length of intestine (r = 0.73;
0.02 < p < 0.05), indicating that the length of
the gut may play some role in the degradation of
protein. No correlation, however, was found
between the length of the intestine and the
intestinal clearance (r = - 0.07). Another ques-
tion arises, that is, whether the surgical pro-
cedure will cause an artificial exudation of pro-
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tein to the intestinal lumen. It has been shown
that subdivision of a segment with a ligature,
similar to those at the ends, did not change the
transfer of protein (12). Strong evidence is
provided by the significant correlation found be-
tween exchange rate and the fraction of gamma
globulin turnover catabolized in the gut (r =
0.84; 0.01 < p < 0.02) (Figure 1). These two
parameters were determined independently in two
different experiments, and since no correlation was
found between turnover rate and exchange rate,
it is unlikely that the experimental procedure had
caused any significant alteration of the intestinal
mucosa. It is highly improbable that an artifact
could be correlated to a physiological parameter.
Accordingly, we assume that the present experi-
ments reflect normal conditions and that a sub-
stantial fraction of gamma globulin catabolism
occurs in the gastrointestinal tract. The intesti-
nal loss of gammaglobulin was an average of 40%
of the total catabolism, and whether this value is
true may be difficult to evaluate. But if it is ac-
cepted that the surgical and experimental pro-
cedures have not provoked an artificial exudation
of plasma proteins through the wall of the gut,
then our figure must be a minimal value for the
enteric loss of gamma globulin. On the other
hand, the enteric loss may not be much higher
because only insignificant proteolysis seems to
occur during the 10 minutes' duration of the
experiments whether TI is added or not.

The rest of the gastrointestinal tract probably
accounts for only a minor fraction of catabolism.
Albumin but no gammaglobulin has been found
by electrophoresis of gastric content (35, 36),
whereas substantial amounts of gamma globulin
have been found in intestinal juice (6). Glenert,
Jarnum, and Riemer found that gastric loss was
responsible for only about 10% of albumin ca-
tabolism, and therefore it is unlikely that gastric
loss of gammaglobulin should be that great. The
loss of protein to the large intestine is probably
negligible (12). If we assume that the gastro-
intestinal loss of gammaglobulin outside the small
intestine is at most 10% of the total catabolism,
gastrointestinal loss of gamma globulin accounts
for only half of gamma globulin catabolism.
Then the question arises: Where does the re-
maining gamma globulin catabolism take place?
For albumin, it has been suggested by Glenert and

co-workers that the physiological gastrointestinal
catabolism may be rhythmic with a certain "rest-
ing value" and with an increment during the
process of digesting a meal. The "resting value"
corresponds to the value found in these experi-
ments, where no intestinal content will act upon
the intestinal wall. Their assumption was based
on the fact, which was confirmed in the present
study, that instillation of hypertonic MgSO4solu-
tion produced a rise in the passage of labeled pro-
tein to the intestinal lumen; this experiment
might roughly imitate the physiological condi-
tions following a meal. On the other hand, it
might be explained by an osmotic effect on the
protein-containing extracellular fluid of the intes-
tinal mucosa, a source of protein that rapidly
would be emptied if it were not being filled up
owing to a corresponding increment in transfer of
protein across the capillary wall. Hitherto it has
not been possible to demonstrate degradation of
plasma albumin to any significant degree outside
the gastrointestinal tract (37). In rats, however,
it has been found that the liver is responsible for
about 30%o of the catabolism of gamma globulin
(38), whereas it is responsible for only a small
part of albumin catabolism. Since a fraction of
the reticuloendothelial system is localized in the
liver and since the major part of gammaglobulin
is considered to be specific antibodies, it is tempting
to assume that gamma globulin is catabolized to
some extent during immunological processes.

Virtually nothing is known about the mechanism
by which the protein passes from plasma into the
intestinal lumen. In the present study, a signifi-
cant correlation was found between exchange rate
and intestinal loss in percentage of total catabo-
lism. The exchange rate of a plasma protein is
considered to reflect the ability of the protein to
pass the capillary wall, the capillary permeability
of the protein. This leads to the conclusion that
the capillary permeability of gammaglobulin is a
determining factor in the intestinal loss of gamma
globulin. This point of view is in agreement with
the hypothesis that the intestinal loss of plasma
proteins in exudative enteropathy is due to an ab-
normal capillary permeability (39).

Lately, the view that a significant fraction of
plasma protein catabolism occurs in the gastroin-
testinal tract has been opposed (40, 15). Wald-
mann (40) maintains that only a small percentage
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of normal albumin catabolism is due to enteric
loss, since only an insignificant fraction of Cr51-
labeled albumin given intravenously is recovered
in the stool. Since chromium is not absorbed by
the gastrointestinal tract, a greater amount is ex-
pected in the feces if enteric loss is substantial.

Freeman and Gordon (15) injected 131 -labeled
albumin intravenously together with J125 (as free
iodide) after loading the gastrointestinal tract
with a resin. They found that the proportion be-
tween I131 in the stool and in the urine was not
greater than the proportion between J125 eliminated
by these two routes. Therefore, they claim that
the gut is not of quantitative significance as a site
of albumin catabolism. This point of view, how-
ever, is justified only if I131 after liberation from
the protein molecule is not distributed in the io-
dide pool of the body before excretion in the stool.
When I131-labeled albumin was given by mouth to
a human subject between resin doses, 66%o of the
excreted activity was in the urine and only 34%
bound in the feces. The same distribution was
found between urine and feces when 1125 (as free
iodide) was given intravenously, indicating that it
is most likely that 1P31 is, in fact, distributed pri-
marily in the iodide pool of the body after libera-
tion from the protein molecule, even if it is catabo-
lized intestinally. Therefore, the study of Free-
man and Gordon (15) is not evidence against the
assumption that a substantial fraction of normal
albumin catabolism occurs in the gut.

The problem of the quantity of plasma proteins
normally catabolized in the gut is still a controver-
sial subject and remains to be settled ultimately.

SUMMARY

1) The turnover of I'31-labeled gammaglobulin
was determined in ten dogs. From 13 to 29%
(mean, 21%o) of the plasma pool was catabolized
per day, corresponding to from 55 to 188 mg per
kg per day.

2) The transfer of gammaglobulin from plasma
to intestinal lumen in seven of the same dogs was
from 21 to 74% (mean, 38%o) of the total amount
catabolized per day.

3) The transfer was increased about 2.5 times
by instillation of hypertonic MgSO4 into the lu-
men and from 2 to 16 times by clamping of the
portal vein.

4) A significant correlation was found between
exchange rate with extravascular sites and the
fraction of total turnover broken down intesti-
nally, suggesting that the capillary permeability
may determine the amount of gamma globulin
catabolized in the intestine.
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