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A sulfated compound, previously designated 
“mucoitin sulfuric acid” by Levene and 
Lopez-Suarez ( 1 ) was found by Komarov ( 2 ) 
in the dog gastric juice more than 30 years 
ago, and by Meyer et al(3) and Werner(4) in 
the hog gastric mucosa. Others found that 
“mucoitin sulfuric acid” from hog gastric 
mucosa represented a mixture of chondroitin 
sulfates and heparin(5). In  1964, one of us 
(J. DeG.) (6) showed by paper electrophoresis 
a compound moving and staining like acid 
aminopolysaccharide (AAP) in the gastric 
juice collected from a fundic pouch in the dog. 
In their 1965 study of the canine stomach, 
Hakkinen et aZ(7) reported on 2 groups of 
sulfated compounds, of which one contained 
chondroitin sulfate (CHS) B presumably of 
connective tissue origin, and the other, sul- 
fated glycoprotein, presumably derived from 
gastric epithelium. 

This study was designed to determine the 
nature and source of origin of the sulfated 
AAP in the canine stomach. 

Material and methods. Gastric juices were 
collected from Heidenhain and Pavlov 
pouches from 5 mongrel dogs (6-15 kg wt) 
after i.v. urecholine stimulation (1-2 mg/hrJ 
10 kg) . AAP was separated as follows: Dia- 
lyzed and lyophilized gastric juices were di- 
gested with papain, precipitated with cetyl 
pyridinium chloride, dissolved in 1 M MgClz, 
reprecipitated with 4 volumes 95% alcohol. 
washed with alcohol, dissolved in water and 
lyophilized. Lyophilizates were subjected to 
chemical analysis and electrophoresis on cellu- 
lose acetate strips in a borate buffer, pH 9.0 
r/2 0.24. Further details of this technic will 
be published separately (8).  
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Chemical analysis of this material was 
performed as follows: Hexosamine was deter- 
mined by the method of Rimington (9), uronic 
acid by that of Bitter and Muir(l0) and 
sulfates by the method of Dodgeson and 
Spencer( 11). The effect of the digestion with 
hyaluronidase on this material was studied 
and quantitated by the method of DiFerrante 
(12)- 

Histochemical investigation of gastric fun- 
dic mucosa obtained by biopsy through gas- 
tric fistulae in 17 mongrel dogs (6-15 kg wt) 
was performed on specimens fixed with buf- 
fered formalin. The histochemical reactions 
applied to this tissue included: (a) Basic 
dyes: 0.1% toluidine blue at  pH 1.0 in 0.1 
N HC1 or a t  pH 3.0 in 0.1 M citrate buffer; 
alcian blue a t  pH 0.5 or 2.5( 13) ; aldehyde 
fuchsin( 14) ; and the high iron diamine stain 
for sulfomucins( 15) ; (b) Periodic acid oxi- 
dation followed either by N,N-dimethyl-p- 
phenylenediamine HC1( 15) , or by N,N-di- 
methyl-m-phenylenediamine (HCl) and al- 
cian blue (pH 2.5) ; (c) Periodic acid-Schiff 
PAS reaction( 16) ; (d) Methylation using 
absolute methanol containing 8.1 N HCl for 
3 hours a t  60”C, and (e) Digestion with 
0.05 % testicular hyaluronidase (Worthing- 
ton) at  pH 5.5 for 4 hours at  37°C. 

The uptake of radioactive Na35S04 by the 
gastric mucosa ~ v a s  determined in vivo by 
radioautography of the mucosa of the stomach 
biopsied 1-4 hours after i.v. injection of 1 
mc/kg body wt of Na35S04. 

Results and discussion. Chemical analysis 
of the AAP precipitated from the dog gastric 
juice revealed the presence of hexosamine, 
uronic acid and sulfates in a mean molar ratio 
of 100.0:95.5:73.3 (Table I). When this 
material was incubated with testi’cular hya- 
luronidase and then tested for AAP, 85-95?) 
(mean 92.3%) of it became completely di- 
gested, as is the case with CHS A or C( 17) e 
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- TABLE I 

Molar ratio of uronic acid and sulfates t o  
hexosamine = 100.0 

Dog # Hexosamine Uronic acid Sulfates 

Sulf atcd AAP separated 703" 
from dog gastric juices 9 1  

708 t 
1034" 
705* 
709" 

Mean 

Chondroitin sulfate sample 
Heparin sample 

100.0 
9 7  

17 

7 1  

1 7  

? 9  

100.0 

100.0 
100.0 

108.0 
105.0 
96.0 
97.0 
80.0 
94.0 
95.8 

101.0 
100.0 

81.5 
82.0 
76.0 
75.0 
60.5 
65.0 
73.3 

72.5 
227.0 

* Heidenhain pouch. 

When the same material was electrophoresed, 
it consisted of one major component, moving 
towards the anode with the electrophoretic 
mobility similar to that of CHS, and a more 
sliowly moving minor component (Fig. 1 ) .  
The major component stained with alcian blue 
at  pH 1.5 (Fig. 1 ) and with aldehyde fuchsin, 
showed slight metachromasia with toluidine 
blue and azure A at  pH 1.5 and did not stain 
with the PAS stain. It thus possesses the 
staining properties of a sulfated AAP and the 
electrophoretic mobility of a CHS-like mate- 
rial. These findings suggest that the major 
sulfated AAP in urecholine stimulated dog 
fundic juice is very similar in its chemical and 
electrophoretic characteristics to CHS A or C. 

FIG. 1. Electnophoretic pattern on cellulose acetate 
of chiondroitin sulfiate and sulfated acid aminopoly- 
saccharide separated from fundic pouch gastric juice 
of a dog. (Alcian blue at  pH 1.5.) 

t Pavlov pouch. 

Histochemical investigation of biopsied 
fundic gastric rnucolsa revealed a similar 
material in the cytoplasm of the chief peptic 
cells. These exhibited the following character- 
istics: (a) alcianophilia and metaclhrornasia at  
pH 0.5-1.0, (b) alcianophilia a t  pH 2.5 which 
persisted after treatment with periodic acid, 
N,N-dimethyl-rn-phenylenediamine, (c) af- 
finity for aldehyde fuchsin, (d)  positive reac- 
tion with the high iron diamine procedure 
which is specific for sulfated mucosubstmces 
(15), (Fig. 2A),  (e) uptake of radioactive 
sulfate (Fig. 3A), (f) no staining with PAS 
even after methylation with methanol-HCI, 
(g) slow appearance of a black cdolr with 
periodilc acid N,N-dimethyl-p-phenylenedia- 
mine (h) elimination of the bulk of high iron 
diamine and basic dye staining (Fig. 2B) and 
35S04 uptake (Fig. 3B) by testicular hya- 
luronidase digestion. 

These histochemical findings suggest the 
presence of a sulfated AAP in chief peptic 
cells. This substance is presumably CHS A or 
C since it is susceptible to testicular hya- 
luronidase digestion. Such a material has not 
previously been identified unequivocally in an 
epithelial cell. 

This conclusion is corroborated by other 
findings in our laboratory (8) obtained in dogs 
with fundic Heidenhain or Pavlov pouches. 
Following stimulation of gastric secretion with 
intravenous infusion of urechdine ( 1-2 mg,/ 
hr/lO kg) superimposed on sub-maximal i.v. 
histamine drip, a histochemically demon- 
strable depletion of the CHS-like material and 
pepsinogen granules from peptic cells was olb- 
served. This was associated with a parallel 
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increase in the concentration and output of a 
CHS-like substance and pepsin in the gastric 
juice(8). In  view of the known inhibitory 
effects of sulfated plysaccharides on peptic 
digestion, the presence of a sulfated A M ,  
potential pepsin inhibitor, in the pepsinogen 
producing cells may be significant. I t  may 
possibly prevent the reaction between the 

activated zymogen and the substrate (gastric 
mucosa) before pepsin is discharged into the 
gastric lumen. 

We did not find similar sulfated AAP in 
any other epithelial cells of the dog gastric 
fundic mucosa. The AAP material detected 
in chief cells differs histochemically from the 
sulfomucin present in the fundic crypt epi- 

FIG. 2. Dog fundic mucosa stained with high iron diamine stain far 16 hr;  150 X. a) Untrated. 
Note grey shining of the chief cells in lower half of photograph and initense black staining of crypt 
and surface cpibhhdium above. b) After 4 hr digestion with testicular hyaluronidase prior to skin- 
ing. Chdef cell staining is virtually eliminated whereas crypt and surface epithelium exhibit the 
same degree of dye uptake. 

c . . > -  

FIG. 3. Autoradiography of the dog fundic mUGOSa biopsied 4 hr after intravenous injection of 
1 m d k g  Naz "SOa, stained with a k b n  bEue at pH 2.5, &hen subjecited to  the strippiing fiim technique, 
exposed for 2 weeks, and developed. a) Untreated. Note high concentration of silver granules 
arounld dusters of ohief celils. Ib) Treated for 4 hrs with hyaluronidase prior ta ialcian blue 
staining, otherwise processed as in 3A. Note marked reduction in number of silver granules around 
clusters of chief cells. 
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thelium. The latter compound is PAS positive, 
its sulfate staining is unaffected by testicular 
hyaluronidase, and i t  loses its alcianophilia 
after the periodic acid, N,N-dimethyl-m- 
phenylenediamine treatment. These histo- 
chemical properties mitigate against the 
presence of a CHS-like material in the fundic 
crypt epithelium, suggesting the existence of 
a sulfated glycoprotein instead. Such a mate- 
rial may be akin to sulfated glycoproteins 
chemically separated from dog gastric mucosa 

Summary. The correlation of chemical, 
electrophoretic and histochemical findings 
herein reported is consistent with the concept 
that the chondroitin sulfate A- or C-like ma- 
terial found in canine fundic gastric juice is 
derived from chief peptic cells. 
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There is a substantial body 04 evidence 
suggesting that the response of certain adre- 
nergic receptor mechanisms is altered by 
thyroid status whereas other responses are 
unaffected ( 1-3). For example catecholamine- 
induced lipolysis in vitro is diminished in 
adipose tissues from hypothyroid rats(4) and 
enhanced in adipose tissue from hyperthyroid 
rats ( 5) .  Similarly depletion of cardiac gly- 
cogen by isoproterenol is diminished in hy- 
pothyroid rats(3). Studies from several labo- 
ratories have shown that isoproterenol in- 
creases the wet and dry weight of sub- 
maxillary and parotid glands of the rat (6-8) 

*This work was supported by Grant AM-5166-08 
from USPHS. 

and that this response is inhibited by di- 
chloroisoproterenol(9). The following experi- 
ments were conducted to investigate the effect 
of thyroid status and adrenergic blolcking 
drugs on the response of rat salivary glands to 
isoproterenol. 

Methods and materiah. The male Holtz- 
man rats used in these experiments were 
housed in a constant temperature roo'm and 
fed Purine Labena Chow and tap water ad lib. 
Thyroidectomy was performed as previously 
described(l0) a t  least 4 weeks before the 
beginning of an experiment and the adequacy 
of operation was evaluated by cessation of 
growth(l1). A diet containing 2.5% pan- 
creatin (Viokase) was fed for 6 days. Iso- 
proterenol was diluted each day from com- 




