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When malabsorption develops during the course
of Whipple's intestinal lipodystrophy, it is often
accompanied by hypoalbuminemia. Among 53
case reports published between 1951 and 1964 for
which values of the concentration of albumin in the
serum were presented, there were 43 values below
3.5 g per 100 ml (Figure 1).
A decrease in the concentration of albumin in

the serum may be due to dilution or to a decrease
in the size of the body's total exchangeable pool of
albumin. A reduction in the albumin pool size
may result from decreased synthesis, from in-
creased catabolism or loss, or from both causes.
To explore the factors responsible for the hypo-
albuminemia of Whipple's disease, we studied the
albumin metabolism of seven patients with this dis-
order. Albumin labeled with 131I or with 125I was
used to measure the total exchangeable pool of al-
bumin and the rates of albumin catabolism and
synthesis. Albumin-51Cr was used to measure loss
of albumin into the gastrointestinal tract. The pa-
tients were studied when their disease was in re-
lapse and again when therapy had induced marked
improvement. The data suggest that abnormal
exudation of serum protein into the gastrointesti-
nal tract is an important factor in causing the hypo-
albuminemia of Whipple's disease, that treatment
of the disease can reverse this exudative enterop-
athy relatively rapidly, and that impairment of al-
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bumin synthesis may be associated with the exu-
dative enteropathy.

Methods

Clinical. Six of the seven patients were first seen at
the Clinical Center of the National Institutes of Health
when their Whipple's disease was in mild to severe re-
lapse. E.W. was in remission when first seen and re-
mained off therapy for 3 years, when her disease again
relapsed. In each patient the diagnosis of Whipple's dis-
ease in relapse was established by the demonstration in
the lamina propria of the small intestinal mucosa of char-
acteristic macrophages containing material that reacted
with the periodic acid-Schiff stain. Electron microscopy
revealed bacillary bodies (2) that disappeared from the in-
testinal mucosa soon after the onset of remission. Tests
of intestinal absorptive functions gave abnormal results
(Table I), but tests of hepatic and renal functions did
not. A.W. was treated with antibiotics only; the others
were treated with antibiotics and adrenocorticosteroids.
All seven developed remissions. Detailed descriptions
of the clinical and pathological features of these patients
will appear elsewhere.
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LASTER, WALDMANN, FENSTER, AND SINGLETON

TABLE I

Clinical studies

Subject, age,* sex* S.J., 53, M E.L., 61, M F.R., 53, M

State of disease Relapse Remission Relapse Remission Relapse Remission

Serum proteins,
g/100 ml

Albumint 2.9 4.0 2.0 3.7 1.2 3.4
a,-Globulin 0.2 0.3
a2-Globulin 0.3 0.6
fl-Globulin 0.5 0.7
y-Globulin 0.9 0.8

Fat absorbed/day,
% of intake 85-95 95+ 55-80 95+ 50-80 95

Serum carotenoids,
,Pg/100 ml 43 140 20 160 15 200

Serum cholesterol,
mg/100 ml 95 190 100 230 75 180

D-Xylose tolerance test,
gIS-hour urine 4.3 6.1 3.8 7.0 6.2

Lymphocytes in blood,
cells/mm3 810 1,900 1,120 3,100 1,744 3,025

* Age in years when first admitted; M, male, F, female.
t Values for serum albumin concentration given together with those for globulins were determined by paper electro-

phoresis rather than the method of Rutstein, Ingenito, and Reynolds (3). Values for serum albumin concentration
given in this Table are representative of those obtained during relapses and remissions, but may differ somewhat from
those in Tables II and III because the latter were determined during the study periods pertinent to those Tables.

The subjects for the control studies of the metabolism
of albumin labeled with 'I or with 1'5I were normal vol-
unteers ranging in age from 21 to 55 years; the subjects
for the control studies of albumin-'Cr metabolism in-
cluded normal volunteers and patients with diseases not
affecting the gastrointestinal tract. Each subject for a
control study had a normal concentration of albumin in
the serum.
The concentration of albumin in serum was deter-

mined by a modification of the method of Rutstein and
co-workers (3). The partition of serum proteins was
measured by paper electrophoresis, and the concentration
of total protein was determined by a biuret method (4).
Determination of gastrointestinal tract permeability to

albumin (5). A solution containing 30 /Ac of albumin-
5Cr was injected intravenously from a calibrated syringe.
The stools passed during the next 4 days were collected,
pooled in a 1-gallon stainless steel can, and stored in a
refrigerator. Each collection was adjusted to a standard
weight by the addition of water, homogenized with silica
gravel by agitation on a shaker, assayed for radioactivity
with a gamma ray spectrometer, and compared to an
appropriate standard. The results were expressed as
a percentage of the administered radioactivity excreted
in the stools during the 4-day collection period.

Kinetics of albumin metabolism. Albumin' was la-
beled with 'I or 'I by the iodine monochloride method
of MacFarlane (6). A measured volume of a solution of

1 Cohn Fraction V, Cutter Laboratories, Berkeley,
Calif.

labeled albumin containing approximately 100 Isc was in-
jected intravenously for each study. Uptake of 'PI or 'I
by the thyroid gland was inhibited by administration of
0.5 ml of Lugol's solution every 8 hours throughout a
study. Blood samples were taken without stasis 15 and
30 minutes after the albumin injection and at least three
times a week for the next 3 weeks. Twenty-four-hour
collections of all the urine and stools passed during each
study were obtained. The radioactivity of each collection
was measured with a well-type scintillation counter and
compared to an appropriate standard.
The concentration of albumin in the serum was deter-

mined three to four times during a study, and the mean
value was used for the calculations. There was no sig-
nificant change in the concentration of albumin in the
serum during any of the studies.
The data were analyzed, with slight modifications, ac-

cording to the method of Berson, Yalow, Schreiber, and
Post (7). Values were determined for total circulating
albumin, total exchangeable albumin pool, albumin turn-
over, and the fraction of circulating albumin degraded
per day. This fraction represents all the albumin de-
graded in the body including that lost into the lumen of
the gastrointestinal tract and catabolized there. Because
of the relative constancy of the concentration of albumin
in the serum during each study, the patients were re-
garded as being in a steady state, and the value for al-
bumin turnover was considered equal to the value for the
rate of albumin synthesis. Detailed descriptions of the
calculations have been presented previously (8).
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ALBUMIN METABOLISM IN WHIPPLE'S DISEASE

TABLE I

of the patients

J.S., 25, M R.T., 48, M A.W., 42, M E.W., 38, F

Relapse Remission Relapse Remission Relapse Remission Remission Relapse Remission

2.1 4.4 1.3 3.5 2.5 3.6 4.5 1.3 2.8
0.5 0.2 0.4 0.3 0.3 0.4 0.2 0.4 0.3
0.7 0.6 0.9 0.5 0.5 1.0 0.6 0.7 0.6
0.9 0.7 0.6 0.8 0.7 1.0 0.7 0.9 1.1
0.8 0.8 0.5 1.1 0.6 1.2 1.2 2.0 0.9

25-65 95+ 40-75 95+ 45-75 95+ 95+ 95+ 95+

10 120 13 250 15 140 200 45 175

80 173 120 195 93 200 230 85 230

2.4 6.1 3.8 7.2 2.1 5.7 6.5 5.3 7.7

365 1,010 560 1,800 550 1,440 1,160 380 1,400

Results

Whipple's disease in relapse. At some time dur-
ing relapse each patient was tested for fecal excre-
tion of radioactivity after intravenous injection of
albumin-65Cr. The results are presented in Table
II together with values for the concentration of al-
bumin in the serum at the time of study. For each
of the patients but S.J. the albumin concentration
was less than 2.5 g per 100 ml during relapse. In
each patient there was an abnormally high fecal
excretion of 51Cr, indicating that excessive loss of
protein into the gastrointestinal tract, or protein-
losing gastroenteropathy, was a consistent finding
in these patients when their disease was in relapse.
The turnover of intravenously injected albumin

labeled with 13'I or 125I was studied in four of the
seven patients when their disease was in relapse
(Table III). Each patient's hypoalbuminemia
was associated with reductions in the total circu-
lating albumin and the total exchangeable albumin
pool. These findings exclude the possibilities that
the hypoalbuminemia was attributable to increased
plasma volume or to abnormal distribution of al-
bumin among body compartments. The per cent
of the intravascular albumin catabolized per day

by each of the four patients exceeded the upper
limit of the control range, and in the three in-
stances where it was determined, the fecal excre-
tion of labeled iodine was greater than normal.
These observations indicate that there was exces-
sive loss of albumin into the gastrointestinal tract
and thus confirm the results of the studies with
albumin-51Cr. The estimates of the rate of albu-
min turnover (synthesis) were within the control
range for J.S. and A.W. even when their disease
was in relapse, whereas E.L.'s synthetic rate was
slightly below the lower limit of the control range,
and E.W.'s was definitely below the lower limit
when these patients were in relapse. Because the
concentration of albumin in the serum of E.L. may
have been declining during the study period, the
true rate of albumin synthesis may have been even
lower than the estimated value presented in Table
III.
Response to treatment. Each patient improved

after treatment with either antibiotics and corti-
costeroids or with antibiotics alone. Improvement
was manifested by return of a feeling of well-being,
weight gain, subsidence of diarrhea and malabsorp-
tion, disappearance of bacillary bodies from the
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TABLE II

Studies of gastrointestinal tract protein loss (albumin-51Cr test) in patients with
Whipple's disease in relapse and in remission

Remission

Relapse Albumin-
61Cr,

Albumin-$5Cr, 4-day
Serum 4-day fecal Date definitive Serum fecal

Subject Date albumin excretion therapy started Date albumin excretion

g/100 ml % of dose g/100 ml % of dose
Controls, 75 3.5-5.5 0.1-0.7

(mean = 0.25)
R.T. 11/16/61 0.7 22.1 11/20/61 12/ 2/61 1.7 2.4

8/29/62 2.2 0.9
6/19/64 2.2 3.6
12/28/64 2.4 1.9

F.R. 11/27/61 1.8 8.2 11/29/61 12/21/61 2.3 1.9
2/27/62 3.4 0.6

E.L. 2/27/62 2.4 5.2 3/20/62 4/ 5/62 2.8 0.2
10/28/63 3.8 0.2

J.S. 4/19/61 1.6 4.2 5/23/61 7/24/62 3.5 0.6

E.W. 4/30/65 1.2 4.1 9/62 (first 10/ 4/63 3.4 0.2
course)

A.W. 9/10/62 2.0 3.5 9/19/62 11/20/62 2.7 0.3

S.J. 11/ 8/61 3.2 1.3

intestinal mucosa, and decrease in the number of concentration of albumin in the patient's serum.
periodic acid-Schiff-positive macrophages in the The time course of the reversal of the hypoalbu-
lamina propria of the intestinal mucosa. With the minemia of two representative patients is shown
onset of each remission there was a rise in the in Figure 2.

TABLE III

Metabolism of iodinated human serum albumin by patients with Whipple's
disease in relapse and in remission

MI in
Fraction of stool per
circulating day as %

Total Total albumin of bodyo
Serum circulating exchangeable degraded Albumin albumin-1311

Subject albumin albumin albumin pool per day turnover content

g/100 ml g/kg g/kg g/kg/day
Controls, 12 3.6-4.6 1.5-2.0 3.6-4.6 0.09-0.13 0.16-0.20 0-0.4

J.S.
Before therapy 1.9 0.92 2.1 0.20 0.18 0.86
After 73 days of therapy 3.2 1.44 4.0 0.13 0.19 0.04

A.W.
Before therapy 2.0 0.88 2.0 0.23 0.20 0.50
After 125 days of therapy 3.2 1.37 3.7 0.16 0.21 0.04

E.L.
Before therapy 1.9 0.77 2.2 0.20 0.15 0.13

E.W.
Before second course of

therapy 1.2 0.56 1.5 0.22 0.13

R.T.
During clinical remission
June 1964 2.2 0.77 1.8 0.14 0.11
December 1964 2.4 0.77 2.1 0.13 0.10
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fore treatment, lost only 2.47o% by the twelfth day
of therapy. A.W., who was treated with anti-
biotics only, showed a slower response of his se-
rum albumin (Figure 2), but his exudative en-
teropathy was reversed, and by the sixty-fifth
day of treatment the result of his albumin-51Cr
test fell within the control range.

Repeat studies of albumin-"3'I metabolism were
carried out on J.S. and A.W. when they were in
remission (Table III). J.S. was studied 73 days
after the start of therapy. The concentration of
albumin in his serum had increased to 3.2 g per
100 ml, his total circulating albumin had increased
almost to normal, and his total exchangeable al-
bumin pool was within the control range. The
mechanism of this improvement is indicated by

MARCHA the decrease in the rate of albumin catabolism from
an abnormally high value to a normal one (Figure
3) and by the fall in the per cent of 131I excreted
in the feces to a normal value (Table III). The
rate of albumin synthesis remained within the con-
trol range. Similar results were obtained when
A.W. was studied 125 days after the onset of ther-
apy. Thus, these determinations of albumin-13"I
turnover, like the investigations of fecal excretion
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FIG. 2. TEMPORAL RELATIONSHIPS AMONG THERAPY,
CONCENTRATION OF ALBUMIN IN THE SERUM, AND STUDIES
OF METABOLISM OF LABELED HUMAN SERUM ALBUMIN.
Representative data for two patients, one treated with
antibiotics and adrenocorticosteroids (F.R.) and the other
with antibiotics only (A.W.) PO = orally.

The albumin-51Cr test was repeated serially, and
in each patient the rate of fecal loss of 51Cr re-

turned to or toward normal (Table II). The ra-

pidity of the reversal of the exudative enteropathy
is illustrated by the case of E.L., whose values for
the albumin-51Cr test went from the abnormally
high 5.2% before treatment to 0.2% (within the
control range) by the sixteenth day of therapy.
R.T., who lost 22% of injected albumin-51Cr be-
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analyses were made for the other studies of the turnover
of iodinated albumin.
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of albumin-51Cr, indicated that the e

troenteropathy was reversed.
Recurrences of hypoalbuminemic

missions had been induced, four E
and E.W., R.T., and E.L. were not
ently to maintain a concentration of a
serum well above 3 g per 100 ml.
earlier, 3 years after E.W.'s disease
brought into remission and treatment
she developed a relapse and the cot

albumin in her serum fell markedly.
relapse laboratory studies revealed
gastrointestinal protein loss and imE
sis of albumin (Tables II and III
second course of treatment, in 1965
tration of albumin in her serum

normal values.
R.T.'s initial response to treatmei

able. The concentration of albumin
rose, and the results of albumin-51Cr
toward normal (Table II). How(
1962, he again developed hypoalbu
persisted for 3 years during which t
find no evidence for a relapse of his I
ease or for liver or kidney disease.
indicated a recurrence of excessive e
loss (Table II) and impairment of
thesis (Table III). Early in 1965 t
tion of albumin in his serum rose to
ml, and it has remained at that le
ever since. This change may have
cessation of prolonged treatment witl
this speculation is the only explanatic
for the recurrence and persistence

r, /962 malities of albumin metabolism after the Whipple's
disease had been brought into apparent remission.

E.L. experienced two episodes of acute exuda-
tive enteropathy after the onset of the remission
of his disease. In May 1962, when the concentra-
tion of albumin in his serum was 3.6 g per 100 ml,

--- we started a repeat study of the turnover of iodi-
nated albumin, and within several hours he de-
veloped shock, oliguria, fever, massive diarrhea,

5 10 is and prostration, and the serum albumin concentra-
tion fell to 2.0 g per 100 ml. He was treated for

IINISTRATION the various diagnostic possibilities we considered,
the study of albumin metabolism was discontinued,

WIN CATABOLISM
IBUTED TO REAC- and he recovered fairly rapidly. Two months later

a study of iodinated albumin metabolism was at-
tempted again, and a similar but milder reaction

mxudative gas- took place. In each instance the preparation of
labeled albumin had been given to other subjects

i. Once re- without producing untoward reactions. Although
)atients were, sensitivity to human serum albumin could not be
able consist- excluded, we regarded this as unlikely and con-

ilbumin in the cluded rather that he had probably reacted to the
As mentioned iodide in the Lugol's solution, which had been
had first been administered orally with the iodinated albumin.
discontinued, Whether the medication had affected the gut in-
ncentration of dependently or whether it had reactivated the
During that Whipple's disease could not be determined. Simi-

)oth excessive lar changes in albumin metabolism were noted
)aired synthe- during each reaction (Figure 4). There was a
). With her marked rise in the rate of catabolism of albumin to
5, the concen- pathological levels, due presumably to sudden ex-
rose again to cessive loss of albumin into the gastrointestinal

tract. As the reactions subsided, the rate of albu-
nt was favor- min catabolism fell to normal. We suggest that
in his serum this sequence of events represents iatrogenic, drug-

tests returned induced, exudative gastroenteropathy and that it
ever, in May illustrates how rapidly the gastrointestinal tract
tminemia that can start and stop leaking abnormal amounts of
time we could serum protein.
Whipple's dis- .cs
Our studies

nteric protein Hypoalbuminemia is a relatively common fea-
albumin syn- ture of Whipple's disease in relapse. Each of the
the concentra- seven patients in the present investigation ex-
3.5 g per 100 hibited this abnormality when his disease was ac-
vel or higher tive. The results of the albumin-51Cr tests and of
accompanied the studies of the turnover of iodinated albumin

h tetracycline; indicated that in each patient excessive loss of se-
rn we can give rum protein into the gastrointestinal tract was a
of the abnor- significant factor in the pathogenesis of the hypo-
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albuminemia. The rates at which four of the pa-
tients were synthesizing albumin when their dis-
ease was in obvious clinical relapse were deter-
mined (Table III). The synthetic rate was
within the control range for J.S. and A.W.,
slightly suppressed for E.L., and significantly de-
pressed for E.W. Patients with exudative enter-
opathy due to other causes have been shown to be
capable of increasing the rate of albumin syn-
thesis above the control range as a compensatory
response to the stimulus of the hypoalbuminemia
(9, 10). Therefore, even though the synthetic
rates for J.S. and A.W. were within the control
range, these findings indicate that they each had a
relative impairment of the regulatory mechanism
for albumin synthesis. Thus, a second factor in
the hypoalbuminemia of Whipple's disease is ab-
solute and relative impairment of albumin synthe-
sis. The cause of this impairment could not be
elucidated. No evidence of liver or renal dysfunc-
tion was obtained. Amino acid absorption was
assessed by means of the a-aminoisobutyric acid
absorption test (11). The results indicated im-
paired absorption when E.L. was in relapse and a
return to normal when he was in remission. How-
ever, when E.W. was in relapse and her albumin
synthetic rate well below the control range, the
result of her absorption test fell within control
limits.
The exudative enteropathy of Whipple's dis-

ease responds quite rapidly to the therapeutic in-
duction of a remission. The concentration of al-
bumin in the serum of each patient rose rapidly
toward normal after the initiation of appropriate
treatment and was accompanied by a return of the
results of the albumin-51Cr test to or toward nor-
mal values. The inadvertent precipitation in E.L.
of what we interpret in retrospect to have been
exudative gastroenteropathy secondary to reactions
to Lugol's solution indicates that abnormal loss of
protein into the gut can be induced and can stop
with extreme rapidity, and suggests the possibility
that reactions to other drugs may produce the
same consequences. We could not determine from
our observations whether E.L. would have de-
veloped the apparent drug sensitivity and experi-
enced the acute pathological increase in gastroin-
testinal protein loss if he had not had Whipple's
disease as a possible predisposing factor. Other
instances of drug-induced exudative gastroenter-

opathy should be sought and attention given to the
problem of whether underlying disease of the gas-
trointestinal tract is a prerequisite condition.

In considerations of the pathophysiology of exu-
dative gastroenteropathy it has been suggested that
one of the possible causes is a disorder of the gas-
trointestinal lymphatics that leads to abnormal
losses of lymph into the lumen of the gut. Di-
lated lymphatics in the mucosa of the small in-
testine have been demonstrated in patients with
intestinal lymphangiectasia (9, 10, 12) and with
constrictive pericarditis (13, 14). Patients with
these disorders and exudative gastroenteropathy
have abnormally low numbers of circulating lym-
phocytes in the peripheral blood, an abnormality
that has been attributed to the fact that lymph is
rich not only in serum proteins but also in lympho-
cytes (15). Patients with exudative gastroen-
teropathy not associated with disorders of the in-
testinal lymphatics do not have lymphopenia. Ab-
normalities of the lymphatics of the small intestine
are a major feature of Whipple's disease, and the
peripheral lymph nodes are often involved in the
disease. In the present series of patients two
showed marked and one showed mild dilatation of
the lymphatics of the intestinal mucosa. There
was an absolute lymphopenia in six of the seven
patients (Table I) when they were in relapse, and
with the onset of remission each of the seven pa-
tients showed a rise in the lymphocyte count to al-
most twice pretreatment levels. These findings
suggest that the lymphatic abnormalities of
Whipple's disease may be involved in the patho-
genesis of the exudative gastroenteropathy. It
must be noted, however, that when the exudative
gastroenteropathy of the two patients in the pres-
ent study with markedly dilated mucosal lympha-
tics had subsided, there was either no change or
an apparent increase in the dilatation of the mu-
cosal lymphatics. Ulcerations of the gastrointesti-
nal mucosa, which might possibly explain ab-
normal protein loss, are not a prominent feature
of Whipple's disease. The other abnormalities
that were seen in the intestinal mucosa of the pa-
tients in the present study such as the alterations
of the lining epithelial cells may contribute to the
abnormal protein loss. It is our impression, how-
ever, that the primary factor in the excessive
protein loss is related to the disorder of the in-
testinal lymphatics.
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Summary

Hypoalbuminemia is common in patients with
Whipple's disease in relapse. Seven patients with
this disorder were studied for gastrointestinal pro-
tein loss by the use of albumin-51Cr. The results
show that exudative gastroenteropathy is a sig-
nificant factor in causing the hypoalbuminemia.

In four of the patients the turnover of iodinated
human serum albumin was determined; the re-
sults indicate that impaired synthesis of albumin,
absolute or relative, also contributes to the hypo-
albuminemia.

After induction of remissions of the Whipple's
disease with appropriate therapy the exudative gas-
troenteropathy was rapidly reversed.
On two different occasions one of the patients in

remission developed acute excessive gastrointesti-
nal protein loss due apparently to reactions to the
administration of Lugol's solution. The possibility
that other drugs may induce exudative gastroen-
teropathy should be considered.
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