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The morphological and histochemicaI prope~ies  of the mucous membrane of the stomach and smut! 
Intestine were compared in rats receiving moist food and water and rats kept o n e  d ry  diet without v , ~ r .  
During water deprivation them is a marked increase in mucin production, and in the stomach this takes 
place not merely by cells of the glandular la~er but also by cells tn the neck el the fundal gland~. The 
number of goblet cells in the small intestine is lnc re~ed .  

Ph~mlolo~Ical invest~gattorm have revealed the part  played by :he  gas:re-intestinal tract  in mainten- 
ance of the water balance of the body daring water deprlvaL'en .~I, 3, 4, 6], IIo~ever, very few morpholo- 
gical studies of this problem have been undertaken. Only the distribaHon of zones of glandular secretlon 
In various rodents has been at all care[ally studied [2, .q]. 

In this investigation the hlstochemical prepcrHes of the mucoua membrane of the ~--astro-[ntesti~.~.l 
tract were studied in animals deprived of v,~tero 

EXPERIMENTAL METHOD 

Experiments were oarHed out on nonIabred albino rats ~[~hing about 2{)0 ~. 

For 6 da)~ the animals ~re kept on the same diet: they received oatmeal porridge (molstur~ csa-. 
tent about 9.7%), carrot (moisture content abo~t 87.4~), bread (moisture ~n~ent about 37.1~), and w~t~r. 
The animals were then divided into two grou~s: group I (control) remained on the same dle~, while C~O 
animals of g r i p  2 wer~ dcprlved o~ v.uter aud were glven drled food-o~tmeal 0nols~urv con~en~ R L ~  9.7~), 
carrot (moisture conten~ about 12%), and bread (mols~urc r a5@.~ 12-~3. 

The animals weresacr l f :ecd  wl~h ether af ter  6-I2 days. A s~r~p along the whol~ length of ~ha ~reat~t  
curvature of the stomach era  ~ r t  of tim small ~.~es~:ne Were exc~sed for histologle~l ~nd h~s~oehem|eal 
Investigation. Fixation ~,~s curr ied ou~ in 15% formalin, and the ma~er:al v, u s  embedded In pare[Ha w ~  
Sections were stained with hematoxyHn-eosln, azure-e.os:n, by Hale's mobbed, wi~h :tic,an blue and ~ota~d~ 
blue, by the P.L$ react:on, and by a reaction for "latent ~ me~chrvn~asL~. 

EXPERIMENTAL RESULT~ 

The Intermediatv .r~o~ioa of th~ stomaah [: albino r ~  ~a |t.aed by strallfled kera~[nlziag cpRhcHmm 
and the secretory portion ct th~ mt~cous membrane by h:sh prisn~tic ~lls, formln% a s~ng~ glandular zo~ 
produoin: a mucous secretion. The p ~ d a e t  of hhe s e c ~ : o a  of ~ e s e  cells,  in lls hls~ochem~c~[ proF~rHe~ 
belon~ to the class o.~ neutral mucln~. Ir~ ~he region of the ~:and pi~s ~ definite "luCent" metachroma~:~ ~ 
found, a~nittedly we~< ta :ntenslty, yet ind:ca~i~g the presence o: bound siaHc ac:d In the coml)o~:~[on o~ ~:~ 
seerc~ed mucopro~ein. Ev:den~ly~he n:ac:~ p~aced by ~he cells of t:-~ g~and~lar zone may ~o~g ~o ~ 
sfalonu~cin ~e~ory, :~s ne~r~l c h a n c i e r  ~s pr~u~:b:y du~ ~o subsequent spH~t:n~ o~ ~h~ ~ial:e ac:d 
fz~m L.he mucopro~:n under ~o ~n:luencos o: ~ h~h~y ac:~ 5~:~ ~:~, 
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The contents of the cells of the cardtal gland stained weakly with t!,e PAS reaction. The tonal d is t r i -  
bution Of PAS-poSitive staining of these glands differed from that of the cells of the glandular zone .'more 
lilac tones ~ r c  present).  These cells Stained clearly by t lale 's  method; no staining whatever was iound 
after  treaUnent of the preparation with h3~iuronidase. Since the phenomenon of "latent TM metach~mas la  
could not be detected in the cells of the cardial glands, it may be concluded that the mueoprotelns of their 
acid mucin did not contain s[allc acid. 

The ehiefcel ls  o[the fundal glands were almost free from lisle-posit ive material .  The Intensive baso- 
philia of the chief cells ~ms due to their high content of ribonucleoproteins. Numerous protein granules 
(containing pepsinogen) were seen in tile apical portions of the cel ls .  

The cytoplasm of the parietal cells u~as oxyphilie and granular  In structure.  Granules giving ~ weak 
reaction for mueoid substances ~ r o  present in '.he apical part  of the Intermediate cells.  

The s e c r e t o r y  divisions of the pylorlc glands are formed mainly on cells resembling the accessory  
cells of the fundal glands in their morphology. The cells of the pyloric glands stained moderately ~ntenslve- 
ly by lIale's method and wifll the PAS reaction, indicating the presence of weakly acid mueoproteIr~ prcsen~ 
in the secret ion of ~ c  eardia! glands, f loweret ,  these or  s imi lar  mucoproteina were evidently present  In 
the secretion of th~ pylorie gland cells in lower concentration than in the mueln of the cardlal gland cells.  

Tl~ mucous membrane of the stomach in the animals r~eeiving a dry dlet showed dmnges which were 
most marked in the fund:d part or the stomach. With the PAS reaction not only the cells of the glandular 
zone itself stained Intensively, but also a large proportion of cells from the neck and adjacent parts  of the 
body of the glands. On the 6'J~ day o[ u~ter  deprivaHon, i n , na ive  Wlatentw metaehromasia ~-as found In the 
region of the gland pits. By the 12th day It ~as also obse~'ed at the neck of the funfial ~lands and had be-  
come very  persis~.ent. The Increase in number of cells giving an intensive PAS=posttive stair~fng at ~ 
e.x~ense 0f cells of the neck and part of the body of the fun~,~l gland~ may be reg'arded as a morphological 
expression of increased mucin production, ~qth involvement of new zones of cells in this process  not taking 
part in mueln preeduetion under normal condtdor~. The  intensive "latent ~ meL'~chromasla ~f the muein 
from these new sec re to ry  zor~:s confirmed that the "neutral" muein of the glandular zone was siatomueln 
containing bound siaI |c acid. At the same time the lnte~tsive "latent n metaehromasl~ c~dd al~o se~r to 
soma e.x~ent as an index of the tall lu active acidity of the secret ion of the fundal glands. 

In other port ions 'of  the mucous membrane ~n the zones of the cardtal and pylorie glands and ~n L~ 
Interstitial tissue} ao c lear ly  defined c h a n t s  could l~ f ~ a d .  

In the muc~s membrane o~ the small intestine attent.~on v.us concentrated on the study o~ goblet eell~. 
With the PAS rcaeHon tl,,~ cells appeared loosely packed, they stained weakly, and as th~ ~oblet cells ma-  
tured and moved ~ o ~ r d  the surface of the villi, secure:darien of PkS-positive sub~tance toc~ place. Drop- 
lets el mucin in ~uch cells appeared dense.a~d cornpacL The apposi tepicture  ~ s  seen ah~r  sIa|n~ng by 
Hale's methc/2: t}'~ c r ~ t  ceils ~talned more Intensively than C~e goblet cells of the vltH, whteh were very  
palely s~ined,  However, in the luraen of the Intes-tine above the ~ohlet cells of the villi, ~n~enslvely stained 
"caps" of muein {PAS- and Hale-positive) could he seen. In ~S~e caurse of formation of ~he ~b!e% cells, 
mainly st~bslances of nctd nature {Hie-posi th,  e) were perhaps formed tn~t~ally, and la ter  a neutral mnter~al 
accumulated, leading to the intensive PAS-peslfive re~et[on of the newly formed complex and ~o n sharply 
decrease In in~ensity of s~aln~ng by ll~le's me,hod. In the lumen of the iz~.estlne ~his complex breaks up In- 
to the initial PAS- and Iiale-i'msRive components. The latter ee~penenl of mucln is. a compound contaln~n~ 
hexurontc ar As forma%:on o~ the goblet c ell-s eonHnu~s, s i ~ l e  sc~d and ester-bound sultans ~oup~ ~z- 
cumulate it~ %he~. 

In the In~stin~ of the raLs deprived o~ wa~er the ~.umber Qf goblet cells ~ shar~fly Increased, a~'.~ 
this ~ a  ez!~ec~tiyneHceable in the regret, of the c r~?~ .  Cells cenL~nlng Ia~ens~,r sL~Ining H a l e ~ - ~ t -  
tlve ma~ertul w e ~  p~:~en~ only ia g,~e er~:<:z~. 

In th,. ~ ~ob~e~, ~ l l ~  lying a~ ~he b a ~  of ~he v~lH ability ~0 b-$nd eo!lo~2~ ferr ic  hydroxId~ ~ . ~  e o n ~ , ~ r -  
Ioosely.l:,~c ........ Ho~eve~ who~ ~h~cd w~th ~eh~f~,z r~a%en~ ~:c~r ably redfaced. ~ c ~  ce~Is a99earcd ~ ~" ~-"~:~ 

r ceU:r~ of the vill!o Ai the at:e~ of t~ie villi absolutely n~ calls w!~h l~a~e~;c:ttb'c m'~ct,u, wor~ fc~ntL 
Liberation oI m~eta from the newly formed goble~ c~tl~ :~c{~ place s ~ r ~ r  ~-~a a:~c:~a~o 



The el;served changes demonstrate Increased mucla production by the goblet cotl'Jj sho~a~ both by an 
increase in their total n~mber and in their rate of ~m~urat~on. e 

It may be postulated that thc iacrcascd mue|n pvoduct[0n by the gastro-intcstinal tract  during ~ t o r  
deprivation is aimed at compensating for the deflc|cncy of ~atcr  taken with the food, aad it may be regarded 
as a morpho-hlstochomtcal ex~ress~on of th~ a~pt iv~ reaction, 
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