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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 
- 

-+ This is publication No. 284 of Robert W. 
Lovett Memorial Unit for the Study of Crippling 
Disease. Supported by grants from Nat. Inst. of 
Arthritis and Metab. Dis., Nat. Inst. Health, 
U.S.P.H.S. 

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. 
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cells than in those lyir,g deeper in the lamina 
propria. 

Successive thick and thin sections cut on 

the Porter-Hum microtome allowed identifi- 
cation in the electron microscope of the PAS 
positive inclusions of light microscopy. These 
inclusions were complex and varied in struc- 
ture. In general, they consisted of series of 
closely packed membranes, granules, and ves- 
icles (Fig. 2 ) .  The membrane-contdning in- 
clusions varied in size, and though they 
usually appeared to be discrete and separate, 
in several areas p3ssible interconnecting 
channels were visualized. The majority of 
the large inclusions contained short curved 
membranes. The small granules were some- 
times seen along the membranes and in other 
instances were formed in small clusters. Ves- 
icles and tubules were also present (Fig. 3 ) .  
Other less finite structures, some dense and 
some amorphous appeared in these large in- 
clusion bd ie s .  

Along the edges of the macrophages, rare 
microvilli were observed. Dense round, oval 
and rod shaped bodies were seen in close ap- 
position to these cells, especially, but not 
solely near the epithelial lining. These dense 
bodies had a discrete structure with an outer 
limiting membrane, a less dense “jacket,” and 
inner dark body with a pale core (Fig. 4 ) .  
In several sectiolns these bodies indented the 
cell border, were surrounded by cytoplasm, 
and finally appeared singly or in groups as 
fully “phagocytized” particles. Their aver- 
age outermost diameter measured 250 mp. 

The “brush border” of the epithelial cells 
of the biopsy specimen had nolrmal appearing 
microvilli, whose average length was 750 mp 
and diameter was 100 mp. 

Disczissioiz. In  IVhipple’s disease the prin- 
cipal changes recognized in the small intes- 
tinal mucosa consist of dilation of lymphatic 
spaces, and accumulation oQ foamy macro- 
phages in the lamina propria. Since the oc- 
casional lipid-filled macrophages are rather 
non-specific, it is the non-lipid, FA4S positive 
material which is considered characteristic of 
the disease. 

The present observation that PAS positive 
material represents a complex membrane sys- 
tem is of interest in the light of what is 
known of the biochemistry of the PAS reac- 
tion and previous electron microscopic obser- 
vations on other PAS positive material. It 
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was first believed that the positive PAS reac- 
tion of the macrophage indicated the certain 
presence of glycoprotein. However, since this 
reaction depends upon oxidation of 1,2 gly- 
col groups (as in carbohydrates) to1 form al- 
dehydes, not only glycoprotein, but other sub- 
stances containing unsaturated lipids, phos- 
pholipids, etc. would be expected to react. 
Thus the PAS reacticn per se does not pro- 
vide positive identification of the reacting 
material ( 11 ) . 

A number of electron microscopic observa- 
tions have also demonstrated the diversity of 
PAS positive material. For example, PAS 
positive mucin in the epithelial cells of the 
intestinal bo’rder have a grey, homogeneous 
and s tructureless appearance, while large 
round PAS positive bodies of fetal kidney 
contain both amorphous material and con- 
centric lamellar structures ( 12 ) .  In the pres- 
ent study, the large PAS positive inclusion 
body seemed to contain a variety of forms, 
i.6.’ large and small granules, vesicles and 
membranes, the last predominating. 

Although macrophage fine structure has 
occasionally been commented on, few detailed 
observations are available. I t  has, however, 
been observed that phagocytized material of 
m,any different types contains laminated 
structures ( “myelin figures”) when viewed 
in the electron microscope( 13,14,15,16). 
However, it  appears that the present large in- 
clusion bodies with their sinuous membranes 
and granules are a unique finding in this pa- 
tient with Whipple’s disease. I t  will be im- 
portant to determine whether these inclusions 
represent abnormal products of the metabol- 
ism of the cell itself olr are the result of inges- 
tion of an unusual substance. 

The nature of the dense bodies observed a t  
the macrophage cell border is unknown. 
Their increased numbers near the epithelium 
are suggestive of material being absorbed 
from the intestine and engulfed by the macro- 
phages. Although the fasting state of the pa- 
tient does nut rule this out, the particles do 
not have the characteristics of absorbed fat 
as described by Palay( 17,18). Although vi- 
rus particles and inclusion bodies have been 
observed with dimensions and appearance 
similar to the present dense bodies( 19,20), 

no conclusion concerning the possibility that 
these particles represent a virus can be 
drawn from the electron microscopic data 
presented. Further investigations are being 
carried out. 

In  several preivous studies of intestinal mu- 
cosa in patients with malabsorption due to 
non-tropical sprue, abnormally short micro- 
villi have been observed by electron mi- 
croscopy ( 2  l .22 ) .  T t is interesting that in 
this patient with Whipple’s disease and mal- 
absorption, the microvilli in the samples 
studied were of normal dimensions, suggest- 
ing that malabsorption may occur in presence 
of normal microvjlli. 

A fasting jejunal biopsy speci- 
men, obtained from a patient with Whipple’s 
disease, was studied by light and electron mi- 
croscopic technics, Periodic acid-Schiff posi- 
tive inclusions in the macrophages were found 
to have a complex ultrastructure consisting 
of a series of membranes, vesicles and gran- 
ules. Dense bodies of unknown nature were 
observed in close approximation to the macro- 
phage cell border, and within its substance. 
The virus-like character of these particles 
has been discussed. 

Summary. 
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The parotid tumor agent, (PTA,  polyoma 
virus), has certain limitations of action in 
several parameters, such as species, age. 
mouse strain, and tissue susceptibilities and 
type of response by different cells or by cells 
of the same morphogenetic lineage infected 
a t  different levels in their development. Dif- 
ferences in cell sensitivity and specificity of 
response to PTA have been discussed( 1 ) .  

In  a previous study(2),  sensitivity in cer- 
tain strains of mice to PTA was demonstrable 
through the first 14 days post parturn with- 
out appreciable lengthening of the latent pe- 
riod. Beyond this age the response has not 
been adequately studied. Preliminary data 
from our laboratory indicated that sensitivity 
was increased in 1 to 2-month-old mice given 
whole-body X-radiation prior to injection of 
virus. The present report concerns the re- 
sponse of adult mice of several age groups to 
PTA, influence of whole-body X-irradiation 
on this response and a histologic comparison 
of the tumors and lesions in mice inoculated 
as adult or as newborns. 

Methods and materials. Mice. C3Hf/ 
HirAw mice from our pedigreed colony were 
used. This strain was obtained directly from 
Dr. J. J. Bittner in 1955 and has been inbred 
continuously since that time, brother x sister. 
Frequency and types of neoplasms in a sam- 
ple of mice of this subline have been reported 
(2 ) .  Parotid tumors within the breeding col- 
ony or following acute whole-body-x-irradi- 
a t im  have been observed only very rarely 
(3) ,  despite a high frequency of serologic 
convertors(4). Age of these mice a t  radia- 

tion and injection of virus is given in the re- 
sults. 

i’irus. PTA has been passaged in the con- 
tinuous tissue culture line derived from a 
lymphocytic leukemia, designated P-388D1. 
The origin of virus and cell strain have been 
described(2,S). Source of virus was the 
tenth serial passage obtained by collecting 
tissue culture fluid at  time of maximum CPE. 
This material had been stored a t  -70°C for 
8 moaths prior to use kere. The HA titre of 
the 10-fold diluted material, used for intra- 
venous inoculations in adult mice was 1:40. 
Intravenous injection of 0.5 ml of virus was 
accomplished in Groups 1 and 2 (Tables I 
and 11) through the lateral tail vein. This 
represented an inoculum of 104.9 adult mouse 
ID50/mouse as determined by the MAP 
test(6). Although HA titre and mouse 
IDso are relatively low, this preparation has 
proved to be highly oncogenic and primarily 
thymotrophic, inducing thymic epithelial tu- 
mors in nearly all mice inoculated a t  birth 

The adult C3Hf/BiLTv mice in the third 
group, (Table 117)  received either tissue cul- 
ture explants of salivary gland tissue or tis- 
sue culture fluid plus cell scrapings from these 
cultures. Explants of salivary gland tissue 
were exposed to tenth passage P-388 D1- pas- 
saged PTA prior to explanting as gelatin- 
sponge-matrix cultures as previously de- 
scribed( 8 ) .  Transfers of explants or tissue 
culture fluids were made on the 48th day. 
(See (8) for morphologic changes observed 
in vitro in these intact fragments of salivary 

( 7 ) -  


