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The effects of hormones on the morphological and functional state of the intestinal epithelium i s  a 
problem of considerable interest at the present  time. Several authors have shown that eor t ieosteroids  
influence the mitotic acti~Sty of the intestinal epithelium and the secretion of the.goblet cells [i, 8, I I ,  12]. 
The s t ress  reaction associated with changes in the hormonal balance is accompanied by obvious m a c r o -  
scopic cha~tges in the mucous membrane of the small intestine [13]. 

SFhe object of the present investigation was to make a more detailed stud)" of the morphology of the 
jejunal mucous menxbrane in the presence of an excess of ACTH and hydrocort isone in the body, c o r r e -  
sponding to some extent to a state of s t ress ,  

Experiments were carr ied  out on 40 female albino rats  welgi-,Ang from 76 to 125 g. The animals 
were s ubdi~-ided into three groups. The ra ts  of group 1 received ACTIt once daily in a dose of 4 units/100 
g body weight; the animals of group 2 received hydrocortisone in a dose of 2.5 mg./100 g body weight; the 
rats of group 3 were controls.  The animals were sacrif iced 2, 5, and 10 dab's after the beginning of ad- 
ministration of the hormones.  Pal"ts of the small intestine were taken at a distance of 0.5-1 cm from the 
duodenun~, nzt later  than 5 rain after the heart  had stopped, The material  was fixed in Bouin~s andCarnoyts  
fluids. Paraffin sections were stained by Masson's  method. Polysaccharides  were detected by the PAS 
reaction and ribonucleoproteins ~" Brachet ' s  method. A three-cc lor  reaction [9] was a!so used for the 
simultaneous detection of DNA, poIysaccharides,  and prcteins.  

E X P E R I S I  E N T / , : L  R E S U L T S  

The epithelium of the mucous membrane which was investigated from the portion of the jejunum of 
the control animals was in various phases of its functional state. In some control rats  the epithelium was 
firmly in contact with the basement membrane of the ~illi throughout its extent, while in others  it was 
partially detached. In the s t roma of the mucous, membrane,  together with the usual elements of the loose 
connective tissue, cells could be seen with acidopP.iiie granules, numbering 3-5 per  field of vision under 
~he high power of the microscope.  

After administration of ACTII and hydrocort isone the changes developing in the mucous membrane 
had much in common. From the second day after  the experiment began, marked accumulation of epith- 
elium was observt  ~ on the surface of the villi, where it was thrown into folds, and accompanied by a l a r g e r  
number of detached epithelial cells in the lumen of the jejunum compared with the control animals.  After 
administrati~m of the hormones for 5 days the intensity of detachment of the epithelium increased apprecia-  
bly, and detaclrment of whole sheets of lining cells was observed in all the mfimals of this group. 

After administration of hormones for 10days,  the detachment of the epithelium from the surface 
of the ~-illi became less active, lluwever, in the basal pole of some of the cells of the  crypts ,  above the 
zone of mitoses,  coarse  oxs'philic granules appeared. In other cells in the same area, large basophilie 
granules accumulated. 

Comparison of the results of the histochemieal reaction showed that the ox)-philie granules contained 
protein of the histone type, ribonucleoproteins, and a polysaccharide complex. The basophilie granules 
included the same components excePt the polysaecharides,  and were revealed during the PAS reaction by 
counverstaining v, i th  hematoxylin. The granules, ini t ia l ly  situated in the basal pole of the cells, gradually 
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Fig. 1. Sphere-ce l l s  above the 
zone of mi toses  in a c ryp t  of the 
r a t ' s  jejunum i0 days a f t e r  ad-  
min is t ra t ion  of ACTN. a) Dense 
granule  (in the cen te r  o f  a g ranu-  
l a r  sphere) .  Mas~,on's method. 
Magnification 500• 

Fig. 2. Sphere cel ls  ~ t h  nuclei 
displaced to the apical  pole after  
adminis t ra t ion of hydrocort isone 
for  t0 days. Masson ' s  stain.  Mag- 
nification 1200x. 

Fig. 3. Sphere -ce l l s  in the epithelium on 
the sur face  of a vi l lus a f t e r  a d m i n i s t r a -  
tion of ACTH for  10 days.  a) Nuclei lying 
horizontal ly beneath the apical  membrane ;  
b) granu la r  spheres, Masson's stain. 
Magnification 500• 

accumulated and occupied an eve r - i nc r ea s ing  pa r t  
of the cytoFlasm, assuming the shape of a granular  
sphere .  In the c~nter of the sphere  a large,  dense 
granule could be seen; not giving a react ion for  DNA, 
and surrounded by a l ighter  zone, a lmos t  f ree  f rom 
granules (Fig. !).  As the granules  accumulated, the 
nucleus was displaced into the apical  pol e of the ceil, 
where it a ssumed a horizontal  position and s o m e -  
t imes was s ickle-shaped {Fig. 2). The s t ructure  of 
the cel ls  as descr ibed above e~den t ly  was the'f inal 
s tage of the i r  unusual differentiation.  Because of 
the i r  dis t inct iee shape, they were  called sphere-ce l l s .  

Subsequently the fully fo rmed sphere -ce l l s  in 
the epithelium o f  the middle port ion of the crypts  
migra ted  into the terminal  portion, and somet imes  
onto the sur face  of the villi  (Fig. 3). Collections of 
these  cel ls  in the crypts  of the mucous membrane  
developed locally and x;,ere distr ibuted i r regu la r ly  
along the course  of the jejunum. Following admin is -  
t ra t ion of ACTH for  10 days,  formation of sphere-- 
cel ls  took place m o r e  intensively than a f te r  admtn is -  
t,'~tlon of hydrocortisone for the same period. 

The stroma of the mucous membrane appe~r. ~ "~ced and to cot, rain fewer cells after administra- 
tion of the hormones for 5 and 10 days. Cells wl~'a -~ -', �9 granules were observed at the rate of I or 
2 per i~eld of vision. 

The results showed that ACTH snd b,,~x .... ~nc i~crease the intensity of desquamation of the 
intestinal epithelium 2 and 5 days from the beginning of administration, and thus stimulate the formation 
of the solid part of the intestinal juice. This relationship was confirmed by investigation of the intestinal 
juice in experiments on dogs [5, 7]. 

The appearance of these distinctive granules in the epithelium of the crypts demonstrated consider- 
able changes in the intracellular metabolism during p:olonged administration (10 days) of the hormones, 
and the irregularity of the distribution of the sphere-cells could be be explained by the general principle 
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of the phase-stl-ucture of the secre tory  activity of the small intestine along its length 12]. in accoTdance 
with this phase s t ructure  the epithelium is in different functional states [61, and this may evidently account 
for the variation in sem~itivity of its individual areas  to the action of hormones,  The possibility is not 
ruled c~ut that substrates  accumulatir~g in the sphere-cel ls  are intended for secret ion into the blood s t ream 
~such as serotonin, secretin, etc.). This suggestion res t s  on the basal ar rangement  of the granules and 
on results showing that under the influence of ACTH and hydrocorttsone the permeabi l i ty  of the limiting 
membranes is reduced [3, 10], which possibly accounts for thede lay  in the evacuation of these products 
from the cell into the blood s t ream.  

]?he observed decrease  in the number of cells and reduction of the s t roma of the mucous membrane 
of the small intestine are  associated with the inhibitory effect of the glucocorticoid hormone of the adrenals 
on 'Joe biological activity of connective t issue [4]. 

In conclusion, the unusual nature of the differentiation of the intestinal epithelium must  be s t ressed,  
its final s ~ g e  being represented IJy the sphere~-cells arising after prolonged administration of the hormone. 
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