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not inhibit phagocytosis in the few instances 
in which i t  was tested. 

Discussion and conclusions. This report is 
intended to describe a new observation. Spec- 
ulation about the ultimate significance of vir- 
tually complete inhibition of leukocytic pha- 
gocytosis in hypergammaglobulinemic mul- 
tiple myeloma (M.M.) plasma in vitro is 
clearly unwarranted at present, but a few ten- 
tative conclusions are justified: (1) De- 
pressed phagocytic activity is directly attrib- 
utable to the y globulin fractioin in M.M. 
plasma and not to a cellular defect. ( 2 )  
Plasma from M.M. patients with hyperpro- 
teiinemia due to increased levels of u or p 
globulins, or from patients with hypergamma- 
globulinemia due to disease other than M.M. 
does not inhibit leukocyte phagocytic activ- 
ity. (3 ) Inhibited phagocytosis appears not 
to  be solely a function of total gamma globu- 
lin level. This is most clearly demonstrated 

by the relatively low levels of y globulin 
which inhibit phagocytosis in plasma of M .Me 
patients without hypergammaglobulinernia or 
hyperproteinemia; most notably when y 
globulin levels are lower than nosmal. (4) 
Since the inhibitory effect of hypergamma- 
globulinemic M.M. plasma may be decreased 
or abolished by diluting the abnormal plasma 
with normal plasma or isotonic saline, the ef- 
fect is not due to a simple deficiency. Speci- 
fically, the inhibitory phenomenon appears 
nolt to be due to a deficiency of normal gamma 
globulin. (5)  Studies of the phenomenon are 
continuing. 
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I t  has been reported from this laboratory 
that the topical application of iodoacetamide 
(IAA) or N-ethyl maleimide (NEM) solu- 
tiolns to the mucosa of canine gastric pouches 
will evoke a flow of mucinous secretion for 
many hours( 1 ) .  This material had never 
been recognized before, and because its physi- 
ological significance is still unknown, i t  was 
designated “para-mucus” ( 2 ) .  Exploratory 
experiments on the pepsin content of para- 
mucus indicated that the zymogen is present 
in appreciable quantities, and that it is prob- 
ably a significant component in chemical char- 
acterization of this mucinous secretion. This 
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report presents a systematic study of the vari- 
ations in pepsinogen content of para-mucus, 
using specimens collected fractionally every 
30 minutes for 6 hours following topical ap- 
plication of IAA solution to the gastric mu- 
cosa in dogs with a Heidenhain pouch and 
antrectomy. Several other characteristics of 
this material are presented here. 

Material and method. Four Heidenhain 
pouch dogs, provided with an antrectomy, 
were used in these experiments. The antral 
resection was performed to insure the vir- 
tually complete absence of HC1 secretion in 
the fasting state, in accordance with previous 
experience in this laboratory (3) . Each dog 
was subjected to the follolwing 2 types of 
experiment: A) Histamine stimulation : Dogs 
were starved for a t  least 18 hours before ex- 
periment, and unstimulated (basal) secretion 
was collected for 2 hours, a t  60-minute inter- 
vals. Following this, histamine was admin- 
istered subcutaneously (0.1 mg of histamine 
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b a s e k g  body weight) and the acid secretion 
was collected for two 60-minute intervals 
thereafter. Such experiments were done to 
be sure that the acid-secretory behavior of the 
dogs was normal. B )  Topical application of 
1.4~1: TAA in water solution, at  a concentra- 
tion of 3mM (55.5  mg 100 ml) was applied 
topically for 30 minutes, and secretion was 
collected every 30 minutes for 6 hours ( 1 2  
experiments j . The technics were those de- 
scribed previously ( 1 ) . 

For each specimen, volume, pH (electro- 
metric), and pepsinogen (hemoglobin sub- 
strate method of Anson and l l irsky, as modi- 
fied by Bucher) were determined as usual. 
Activity of the enzyme was expressed as meq. 
tyrosine X 104-designated Hb-units. Total 
and organic solids were also determined in 
4 of these experiments, using the method pre- 
viously described (4) .  

Obserzlations and comment. Basal s e c w -  
tory  activity.  I’olume-rate of secretion during 
basal conditions ranged between 0.8 and 1.9 
ml/hour, with an average of 1.2 ml/hour for 
2 hours of collection (Table I ) .  There were 
no striking differences among the several dogs 
as to volume secreted, size of pouch, or lapse 
of time after operation. pH of these basal 
specimens never fell below 7.0. 

In  3 
of the dogs, histarnine produced the usual 

Response t o  histamine stimulation. 

pattern of acid secretion during the first 2 
hours after injection (Table I ) .  In  the 
fourth animal (dog #334), the volume se- 
creted during 2 hours after histamine was 
markedly lower than for the other 3 averag- 
ing only 2.1 times as great as during basal 
secretion, in contrast to a 5.2-fold difference 
for the others. The pH of this dog remained 
above 3.5 in 6 of the 8 hourly colllections, 
suEgesting some abnormality of acid secretory 
function in this animal. Even doubling the 
histamine dosage failed to evoke any marked 
output of free acidity. 

Volumc and pH response after IAA .  Dur- 
ing the first 3 half-hours after topical applica- 
tion of IAA, volume-rates of para-mucus se- 
cretion were extremely high as compared with 
such data for basal and even acid secretion 
after histamine stimulation. For this inter- 
val, the rates varied in the range 4.6-11.5 mlJ 
half hour with a mean of 7.2 for all 12 experi- 
ments. Since the responses to IAA of dog 
#334 were consistent with those for the other 
3 animals, they were included in this average. 
By plotting the average volume-rate of para- 
mucus secretion, in ml/half hour, as a func- 
tion of time following IAA stimulation and 
drainage (Fig. l ) ,  i t  a,ppears that the data 
conform roughly to a straight line with nega- 
tive slope. For the sixth hour, mean volume- 
rate is still nearly 4 times that observed dur- 
ing the basal period, suggesting a persistence 
of IAA activity for at least this length of 
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FIG. 1. Volume-ratv of secretion of para-mucus :IS 
a function of time following topical application of 
iotloacctaniide solution f o r  30 min. (mean of 1 2  

exp. with 4 Heidenhain pouch dogs). 
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para-mucus as functions of time following topical 
application of iodoacetamide solution for  30 min. 
(mean of 1 2  exp. with 4 Heidenhain pouch dogs). 

time, and probably one or more hours longer. 
As previously reported( l ) ,  the pH values 

varied in the range 7.0-7.4 for all 30-minute 
specimens of the 12 experiments. These 
minor variations were not correlated with 
volume-rate of secretion nor with time of 
collection. 

Because of the possibility that the secre- 
tory response to topically applied mustard 
oil (ally1 iso-thiocyanate) bears some rela- 
tion to that follo~ving stimulation with IAA, 
volume-rate curve for this mucinous secretion 
( 5 )  was compared with that in Fig. 1. Where- 
as the latter approximates a rectilinear rela- 
tion, the former was semi-logarithmic. The 
highest initial volume-rate of secretion fol- 
lowing mustard oil administration was 17.4 
m1/15 minutes; the mean for 15 experiments 
was 11.1 m1/15 minutes. These rates are 
equivalent to 34.8 and 22.2 ml/half hour re- 
spectively, the latter value being olver 3 times 
as great as the mean rate (7.2) observed dur- 
ing the first 3 half-hour collection periods in 
the present experiments. 

Organic and inorganic solids in para-mu- 
cus. In 4 of the experiments in which a sin- 
gle topical application of IAA was employed, 
the contents of total organic and inorganic 
solids were determined in each hourly sam- 
ple. The resulting data, expressed as concen- 
trations in terms of mg/ml secretion, are sum- 
marized in Fig. 2 as a function of collection 
time. The concentration of inorganic sub- 
stances remained practically constant around 

Hourly outputs of all 3 oIf these factors, 
plotted as mg/hour against collection time 
(Fig. 3 ) , reveal an even sharper descending 
line than do the corresponding coacentration 
data of Fig. 2.  Mathematically, this finding 
implies a definitive correlatioln with collection 
time, but also with volume-rate of secretioln 
as is evident by comparison with the histo- 
gram for the latter. Whether the correlations 
for output of solids/hour with volume-rate,” 
hour have physiological significance beyolnd 
that indicated by the colrresponding concen- 
tration graphs, or whether they are entirely 
spurious, cannot now be established. 

Concentration and rate of secretion of pep- 
sinogen. A )  Basal secretion: Pepsinogen con- 
centration in the fasting secretion from 10 
experiments ranged between 15 and 120 
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FIG.  3. Outyut-rates of secretion of several con- 
stituents of para-mucus as fmictions of time fol- 
lowing topical application of iodoacetaniicle solu- 
tion f o r  30 miii. (mean of 12 exp. with 4 Heiden- 

hairi pouch dogs). 
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(mean 62) Hb-unitsjml. Because of the low 
volumes of juice, however, rates of zymogen 
secretion (outputs) were also very low, vary- 
ing in the range 8-94 (mean 40) Hb-units/ 
half-hour. These data reflect the average be- 
havior over 2 hours of observation. 

€3) After histamine stimulation: In the 3 
dogs which gave acid secretion (pH in the 
neighborhood of 1 j , both concentrations and 
outputs of pepsinogen showed, striking in- 
creases after injection of this stimulus. Thus. 
for individual hourly samples of all 10 experi- 
ments. concentraticns were 3 or 5 times as 
great as those in the related basal secretion, 
though occasional specimens of histamine se- 
cretion had less than control values. The 
highest such concentration was 2 2  5 Hb-units, 
ml; the lowest w9s 2 5 .  Because of the great 
differences in volume-rate of flow after hista- 
mine, the data for output hour showed even 
more striking rises over pre-injection levels. 
Thus, 10 to 35-fold increases were obtained 
in a number of the specimens, and in no case 
was post-injection level less than that for the 
basal secretion. The over-all range of post- 
histamine output values in the 3 good se- 
cretors was 184-2000 Hb-units hour. In the 
fourth dog-the poor secretor for which the 
pH never fell below 3.5-individual pepsin 
concentrations and outputs following hista- 
mine were generally lower than in the other 
3 animals. but the various ratios were in no 
way different. 

C )  After IAA application: Concentration 
of pepsin (Fig. 2 )  rose progressively for the 
6 hours following drainage of the IAA solu- 
tion-except from the first to the second hour 
-while volume-rate of secretion decreased 
steadily. During the fifth and sixth hours, 
when the pepsin curve started to flatten out, 
the enzyme concentrations averaged more 
than double those in the first 2 hours. The 
range of individual values in the 24 specimens 
making up this graph was 38-560 Hb-units/ 
ml. Output of enzyme per hour (Fig. 3 )  
decreased but slightly (if a t  all) during the 
first 4 hours, but thereafter began to drop 
significantly. The over-all range of variation 
among individual hourly specimens was 134- 
1755 Hb-units/hour. The curve for this 
variable appears not to be closely related to 

7- 
v, 5 -  
a 

u 4 -  
_1 0 v, 

a 
W cr 

3 -  
s 
--. 

2 -  
f 
Q 

2 3 4 5 6  
COLLECTION TIME (HOURS) 

a P $  % : ; c k  
W 0 0 0 0 -  

FI ( t .  4. Pel)xin actiuitp/nig organic solids as n 
fiitictioii of tiriie following topical application of  
i o c 1 o : i ~ c ’ t : i i i i i d c  solution f o r  30 min. (i i icmi of 4 c ’ s ~ .  

with 4 Hcidriihain poucli dogs). 

Q 

a P $  % : ; c k  
W 0 0 0 0 -  

FI ( t .  4. Pel)xin actiuitp/nig organic solids as n 
fiitictioii of tiriie following topical application of  
i o c 1 o : i ~ c ’ t : i i i i i d c  solution f o r  30 min. (i i icmi of 4 c ’ s ~ .  

with 4 Hcidriihain poucli dogs). 

Q 

the corresponding one for output of total sol- 
ids in the same figure, which suggests that 
pepsinogen probably comprises only a minor 
fraction of total content of organic substances 
in the IAA para-mucus. However, output ra- 
tios for pepsinogen to organic solids (corres- 
ponding to quantity of potential peptic ac- 
tivity per mg organic substances j increases 
steadily with time. The time curve for this 
ratio (Fig. 4 j ,  derived as averages from the 
individual ratios, conforms generally to the 
pattern of time-curves for enzyme concentra- 
tion per ml of secretion in Fig. 2.  This simi- 
larity results from the nearly constant charac- 
ter of the concentration of organic solids in 
Fig. 2. For the individual samples, ratios 
varied in the range 0.40 to 11.36 Hb-units/ 
mg organic substances. Even in the low-acid 
secreting dog ( #334), pepsinogen output and 
concentration after IAA stimulation were 
similar to those in the other 3 dogs. The in- 
dividual graphs representing pepsinogen out- 
put as a function of time were similar for 
these 3 animals; only the low secretor showed 
an  elevation a t  the second, third and fourth 
hours, apparently as a delayed response to 
the stimulus. 

Comparison of all these data for the 4 
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dogs with corresponding values for basal and 
his t amine-s timula ted specimens revealed 
that outputs of pepsin for the mucinous se- 
cretion collected during the first 2 hours after 
IAA application were considerably higher (at  
least 2-fold) than for these other types of 
secretion. This observation may be signifi- 
cant in regard to the problem of whether his- 
tamine acts as a stimulus to pepsin as well 
as to acid secretion, or whether the enzyme 
is rnerely “washed out” by the parietal fluid. 
A study of enzyme response to histamine in- 

jected simultaneously with topical applica- 
tion of IAA may supply important evidence 
toward solving this problem. 
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Whipple’s Disease has been recognized 
with increasing frequency as one of the clini- 
cal entities associated with intestinal malab- 
sorption. The underlying etiology has re- 
mained obscure but the histopathology of 
this disorder has been defined more accurately 
as a result of a variety of technical advances. 
Whipple( 1) noted a prominence of fatty de- 
posits in extracellular spaces as well as with- 
in tissue mononuclear cells. He also found 
mamy macrophages with foamy cytoplasm 
which did not stain for fat. Black-Schaffer 
subsequently demonstrated that these latter 
cells stain strongly with the periodic acid- 
Schiff (PAS) stain ( 2  ). His observations have 
been amply confirmed, and the occurrence of 
these PAS positive cells in the connective 
tissue throughout the body has been appre- 
cia,ted (3,4,5). 

The introduction of peroral biopsy instru- 
ments (6,7) has made possible the histologic 
examination of normal and diseased small in- 
testinal mucosa unaltered by post-mortem 
autolysis. This technic also permits tissue to 
be obtained rapidly enough for fixation and 
- 
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preservation of the fine structure for electron 
microscopic studies. This is a preliminary 
communicatioln of light and electron micro- 
scopic findings in an intestinal biopsy from 
a patient with previously proven Whipple’s 
Disease. 

Methods. A fasting jejunal biopsy was 
obtained by means of a Crosby capsule from 
a 65-year-old male with known Whipple’s 
Disease.+ Portions of the specimen were fixed 
within one minute after biopsy in buffered os- 
mium tetroxide (8) and in Dalton’s solution 
(9) ’  then dehydrated and embedded accord- 
ing to standard procedures( 10). 

Portions oif the biopsy were also fixed in 
formalin for light microscopy. Sections of 
the osmium fixed as well as formalin fixed 
material were stained with the periodic acid- 
Schiff reagent. Thin sections were examined 
in an RCA-EMU 213 electron microscope a t  
original magnifications of 1200 to 10,0100 X. 

By light microscopy the lamina 
propria of the biopsy specimen was found to 
contain a dense population of macrophages 
filled with PAS positive granules (Fig. 1). 
The granules appeared to be smaller in the 
cells adjacent to the lining of the epithelial 

t This patient was Case 46112, Case Records of 
Mass. Gen. IIosp., New England J .  Med., 1960, 
v262, 572. 

Resuks. 


