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Abstract. Catechol-0-methyltransferase (COMT) (EC 2.1.1.6) was localized in rat 
parotid gland using immunocytochemical methods. Immunoreactive deposits were found in 
the cytoplasm of myoepithelial cells, striated duct cells, myoepithelial-like cells of the small 
excretory duct, and small basal cells of the large excretory duct. The results confirm that the 
predominant localization of COMT is extraneuronal. After ligation of the main excretory 
duct, a marked reduction of COMT immunoreactivity was demonstrated in the striated duct. 
Chronic postganglionic sympathectomy did not produce a diminution of the COMT im- 
munoreactivity in the parotid gland. The pattern of localization observed in the ex- 
traneuronal elements suggests that enzyme may function in extraneuronal inactivation of 
catechols in the parotid gland. 

Catechol-0-methyltransferase (COMT) 
(EC 2.1.1.6) catalyzes the transfer of a 
methyl group from S-adenosylmethionine 
to one of the phenolic hydroxyls of a vari- 
ety of catechols (1). This 0-methylation 
reaction is important in the enzymatic inac- 
tivation of circulating catecholamines (2), 
the enzymatic inactivation of 2- and 4- 
hydroxyestrogens (3), the detoxification of 
xenobiotic catechols (4), and the local inac- 
tivation of catecholamines released as 
transmitters from the terminals of both 
central and peripheral catecholamine- 
containing neurons (5, 6). 

Several biochemical studies have demon- 
strated the presence of COMT in salivary 
glands (7-9), and indirect evidence has 
suggested that COMT is localized both in 
extraneuronal and intraneuronal locations 
in the salivary gland (7, 10). 

The localization of COMT in acinar and 
intercalated duct myoepithelial cells of the 
rat parotid gland has already been reported 
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using immunocytochemical methods (1 1). 
In the present study we have shown, using 
the peroxidase-antiperoxidase method ( 12), 
that COMT is also present in striated duct 
cells, myoepithelial cells of the small ex- 
cretory ducts, and in small basal cells of the 
excretory ducts. We have also examined 
the effects of sympathectomy and ligation 
of the excretory duct on the localization of 
COMT in the rat parotid gland. 

Materials and Methods. Adult Wistar 
rats (200-400 g) of both sexes were used. 
Rats were anesthetized with Nembutal and 
perfused through the heart with 100 ml of 
periodate -1ysine-paraformaldehyde (PLP) 
(13) 14 days after the surgical procedures. 
After perfusion the parotid glands were rap- 
idly removed, cut into small pieces, and 
fixed with PLP for 3 hr at 4". Tissues were 
dehydrated through graded alcohols and 
embedded in paraffin. Sections 8 p m  in 
thickness were cut, mounted on glass slides 
with egg albumin and glycerine, and dried 
overnight at 37". For immunocytochemical 
staining parailin sections were d e p d n i z e d  
with xylene and brought to water through 
graded alcohols. 

Slides were washed with 0.1 M phos- 
phate-buffered saline (PBS) and then treated 
with 0.005 M unbuffered periodic acid for 
5 min and incubated with a solution of 
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NaBH, (10 mg/ml PBS) to inhibit endo- 
geneous peroxidase activity (14). Sections 
were rinsed with two changes of PBS for 
10 min and then incubated with a 1:50 dilu- 
tion (in PBS) of normal goat serum for 30 
min at room temperature. 

Slides were incubated for 24 hr at 4" in a 
1:lOOO dilution (in PBS) of either rabbit an- 
tiserum to rat liver COMT ( l l ) ,  or as a 
control, in normal rabbit serum similarly 
diluted, a 1:lO dilution (in PBS) of goat 
anti-rabbit serum (Polyscience Inc., War- 
rington, Pa.) for 30 min at room tempera- 
ture and then in a 1:lO (in PBS) dilution of 
peroxidase - antiperoxidase complex (PAP) 
(Polyscience Inc., Warrington, Pa.) for 45 
min at room temperature. All slides were 
washed for 15 min each in three changes of 
PBS between each step. Peroxidase reac- 
tion product was developed by incubation 
of sections for 5 min in 3,3'-diaminobenzi- 
dine (0.05%) in 0.05 M Tris buffer, pH 7.6, 
containing 0.01% H202. After a final wash 
in distilled water the sections were dehy- 
drated through graded alcohols, cleared 
with xylene, and mounted in Canada Balsam. 

Atrophy of the parotid gland was pro- 
duced by ligation of the excretory duct. The 
parotid glands were postganglionically 
sympathectomized by excision of the supe- 
rior cervical ganglion. The operations were 
performed under Nembutal anesthesia. In 
all cases, the operation was unilateral, the 
intact side serving as a control. 

Results. Immunocytochemical reaction 
of COMT of the normal parotid gland 
(Figs. 1 4 ) .  The sites of positive histologi- 
cal reaction product indicate the localiza- 
tion of interaction of the specific antiserum 
with tissue COMT and will be referred to as 
a COMT-positive reaction. COMT-positive 
product was observed in the cytoplasm of 

the myoepithelial cells of the acini and in- 
tercalated ducts, myoepithelial-like cells of 
the small excretory duct, and small basal 
cells of the large excretory duct. COMT 
was also present in the striated duct cells. 
Here, however, it appeared to be as- 
sociated with basal striations. The differ- 
ences in distribution were dramatically 
shown where transitions between striated 
and intercalated ducts were present in the 
sections (Fig. 1). 

In the intralobular ducts the density of 
the COMT-positive reaction appeared 
much greater in the striated duct nearest the 
intercalated duct. The myoepithelial cells 
containing COMT-positive product were 
located at the bases of the acinar serous 
cells and intercalated duct (Fig. 1). Control 
sections of the parotid gland were negative 
(Fig. 2). 

COMT-positive reaction was also present 
in myoepithelial-like cells located at the 
bases of small excretory ducts in the inter- 
lobular connective tissue (Fig. 3). Small 
basal cells containing COMT were found in 
the epithelium of the large excretory ducts 
(Fig. 4). 

Immunocytochemical reaction of COMT 
following the surgical procedure (Figs. 
5-9). I .  Superior cervical ganglionectomy 
(Figs. 5-7). Fourteen days after this proce- 
dure no histological changes were ob- 
served. COMT-positive product was pres- 
ent in the cytoplasm of the striated duct 
cells, myoepithelial cells (Figs. 5, 6), and 
small basal cells of the large excretory duct 
(Fig. 7). This distribution was similar to that 
of the normal parotid gland. 

2. Ligation (Fig. 8) .  Ligation of the main 
excretory duct caused the expected histo- 
logical changes in the parotid gland (see 
Refs. (10, 15)). The acinar cells not only 

FIG. 1 .  Normal rat parotid gland. Strong specific staining for CUMT is seen in the cytoplasm of the 
myoepithelial cells (arrows) and striated duct cells (SD) near the intercalated duct. A, acini; ID, 
intercalated duct. x 145. 

FIG. 2. Normal rat parotid gland treated with normal rabbit serum as control. No  staining for COMT 
is seen. ~ 1 4 5 .  

FIG. 3. Normal rat parotid gland. COMT is present in the myoepithelial-like cells of the small 
excretory duct (ED). x410. 

FIG. 4. Normal rat parotid gland. Small basal cells (arrows) of the large excretory duct (ED) contain 
COMT. x655. 
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atrophied, but also decreased in number. 
The intralobular and interlobular ducts had 
atrophied and their lumina were markedly 
dilated and the interstitial connective tissue 
had proliferated. The myoepithelial cells 
were intact and had COMT-positive reac- 
tion products (Fig. 8). 

3. Ligation and postganglionic sym- 
pathectomy (Fig. 9 ) .  The glands that had 
been ligated and sympathectomized were 
similar to that seen after ligation alone. 
COMT was observed only in the myoepi- 
thelial cells (Fig. 9). 

Discussion. In classical experimental 
approaches, salivary gland functions are 
differentiated by examination of the effects 
of; ligation of the major excretory ducts or 
denervation of the gland. Following ligation 
the major secretory and ductal components 
of the gland, with the exception of the 
myoepithelial cells, undergo a striking atro- 
phy (15, 16). After surgical, chemical, or 
immunological sympathectomy those func- 
tions of the gland dependent upon sympa- 
thetic innervation are lost (17, 18). 

Previous studies have shown that rodent 
salivary glands contain both catechol- 
amines and the enzymes, monoamine 
oxidase and COMT, responsible for their 
metabolic inactivation (17- 20). Following 
sympathectomy , factors specifically related 
to intact sympathetic innervation such as 
the intraneuronal biosynthetic enzymes, 
tyrosine hydroxylase, and dopamine-& 
hydroxylase , the tissue level of norepineph- 
rine, and the high-affinity uptake system for 
norepinephrine all decline in parallel ( 18, 
20). After atrophy due to duct ligation these 
factors remain essentially unchanged after 
appropriate adjustments are made for the 
reduction in glandular mass (10, 20). 

Sympathectomy results in minimal re- 
ductions in monoamine oxidase levels while 
duct ligation leads to a profound decrease in 
enzyme levels. While it has been clearly 
established that monoamine oxidase is 
present in sympathetic neurons it is also 
widely distributed in other cell types in the 
salivary gland. Thus the minimal reduction 
in activity following degeneration of sym- 
pathetic neurons is consistent with the dis- 
tribution of the enzyme. In the case of 
COMT, sympathectomy results in very 
minor changes in enzyme activity in the 
parotid gland (15). Similar studies in the 
submaxillary gland of rat indicate a sym- 
pathectomy-dependent decrease in COMT 
activity and suggest the presence of intra- 
neuronal COMT (8). 

However, duct ligation results in a partial 
and quite variable reduction of COMT ac- 
tivity ranging from 10 to 40% of the activity 
in unligated glands. A major fraction of 
COMT activity is unaffected in the pres- 
ence of a major atrophy of the gland (8, 
15, 20). 

Our present results provide direct, visual 
confirmation of these conclusions. As in 
other tissues studied (11, 21, 22), we have 
found no evidence for a neuronal localiza- 
tion for COMT. In  the salivary gland, 
COMT was found in the striated duct cells, 
the small basal cells of the excretory ducts, 
and in myoepithelial cells. In those loca- 
tions the enzyme is not detectably affected 
by sympathectomy. Ductal ligation led to a 
variable loss in COMT located in striated 
duct cells and no detectable change in 
COMT in myoepithelial cells. The myoep- 
ithelial localization of COMT was un- 
changed following both duct ligation and 
sympathectomy. Thus the variable de- 

~~~ 

FIG. 5. Rat parotid gland after removal of the superior cervical ganglion. COMT reaction products 
are seen in the cytoplasm of the myoepithelial cells (arrows) and striated duct cells (SD). A, acini; IR, 
intercalated duct. x 190. 

FIG. 6. Rat parotid gland after removal of the superior cervical ganglion. Specific staining for 
COMT is observed in the myoepithelial-like cells of the small excretory duct (ED). ~ 4 2 5 .  

FIG. 7. Rat parotid gland after removal of the superior cervical ganglion. COMT reaction product 
are found in the small basal cells of the large excretory duct (ED). x535. 

FIG. 8. Rat parotid gland following ligation of the main excretory duct. The myoepithelial cells 
(arrows) contain COMT. A, acini. x410. 

FIG. 9. Rat parotid gland following ligation of the excretory duct and removal of the superior 
cervical ganglion. The myoepithelial cells (arrows) contain COMT. A, acini. ~ 4 0 0 .  
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crease in COMT activity following duct li- 
gations may reflect the loss of striated duct 
cells and possibly the small basal cells of 
the excretory duct. The major fraction of 
COMT activity which is unaffected by 
ligation-induced activity clearly appears to 
be associated with myoepithelial cells. 

The precise function of COMT in these 
extraneuronal sites is problematic. There is 
little information about the functional role 
of basal cells in the salivary gland excretory 
ducts. A similar question can be raised con- 
cerning the role of COMT in the small, 
basal cells of the rat epididymis (11). With 
regard to myoepithelial cells on the other 
hand, conventional thinking suggests that 
the presence of COMT in contractile 
myoepithelial cells is related to the inacti- 
vation of norepinephrine released locally 
from noradrenergic varicosities or perhaps 
by direct sympathetic innervation of 
myoepithelial cells. Thus, by analogy with 
cholinergic nerve - muscle relationships, 
COMT has been presumed to be the norad- 
renergic analog of acetylcholinesterase. 

Certain aspects of this analogy are of 
interest. The contractile function of myo- 
epithelial cells, first suggested as early as 
1661 (23), is well documented (24). These 
cells contain filaments similar to those of 
smooth muscle cells; they respond to sym- 
pathetic stimulation by contraction leading 
to increased ductal pressure. The response 
is mediated through an a-adrenergic re- 
ceptor and has been observed directly in 
organ culture. Further, it is known that the 
acini of rat parotid glands are closely as- 
sociated with catecholaminergic, fluores- 
cent varicosities. It is of interest to note 
that a fraction of norepinephrine uptake by 
salivary gland is reserpine resistant, sug- 
gesting a significant participation of ex- 
traneuronal uptake sites for norepineph- 
rine. Furthermore, reserpine treatment re- 
sults in a partial loss of COMT activity 
within 6- 18 hr (18). These findings suggest 
that both norepinephrine uptake and the 
reserpine-induced reduction of COMT ac- 
tivity may occur in myoepithelial cells. The 
possibility that the reserpine-sensitive frac- 
tion of COMT in salivary glands is present 

in myoepithelial cells is under examination 
by our immunocytochemical procedure to 
determine whether this effect occurs in 
myoepithelial cells or elsewhere. 

Recent experimental results have greatly 
weakened any direct functional or mor- 
phological analogy between acetylcholin- 
esterase and COMT. Localization of 
COMT in brain by fluorescent immunocy- 
tochemical techniques have demonstrated 
glial and ependymal cell localization rather 
than a neuronal localization. Other major 
sites of COMT are the choroid plexus (22) 
and the ciliary body of the eye (25). It has 
been suggested that in these sites COMT 
functions as a barrier or “enzymatic sink” 
to the passage of free catechols which re- 
strict neuronally released catechols to a 
local area (25). Studies of the localization of 
COMT in the reproductive tract suggest a 
similar function of the enzyme as a protec- 
tive barrier or “enzyme-sink” for catechol- 
estrogens (26). Finally it should be noted 
that COMT has been demonstrated immuno- 
cytochemically in the ductal cells of the 
lactating rat mammary gland where it may 
play the same role as in the salivary gland 
(27, 28). Thus it is clear that further investi- 
gations will be required to define the nature 
of the role of COMT in salivary gland myo- 
epithelial cells with certainty. 

We wish to thank Mrs. Cahill, Mr. Carter, and Mr. 
Nakamura for their skilled technical assistance, and 
Ms. Colleen LePore for her clerical assistance. 

1. Axelrod J. Methylation reactions in the formation 
and metabolism of catecholamines and other 
biogenic amines. Pharmacol Rev 18:95- 113, 
1966. 

2. Kopin J ,  Axelrod J, Gordon E. The metabolic fate 
of H3-epinephrine and C14-metanephrine in the 
rat. J Biol Chem 236:2109-2113, 1961. 

3. Memam GR, MacLusky NJ, Johnson LA, Nafto- 
lin F. 2-Hydroxyestradiol- 17a and Chydroxyes- 
tradiol- 17a, catecholestrogen analogs with re- 
duced estrogen receptor affinity. Steroids 3 6  13- 
20, 1980. 

4. Creveling CR, Dalgard N,  Shimizu H, Daly JW. 
Catechol-0-methyltransferase 111: Meta- and 
para-0-methylation of catechols. Mol Pharmacol 
6691-696, 1970. 



LOCALIZATION OF COMT IN RAT PAROTID GLAND 71 

5 .  Guldberg HC, Marsden CA. Catechol-0- 
methyltransferase: Pharmacological aspects and 
physiological role. Pharmacol Rev 27: 135-206, 
1975. 

6. Jarrott B. Occurrence and properties of 
catechol-0-methyltransferase in adrenergic 
neurons. J Neurochem 18:17-27, 1971. 

7. Iversen LL, Glowinski J ,  Axelrod J. The 
physiologic disposition and metabolism of norepi- 
nephrine in immunosympathectomized animals. J 
Pharmacol Exp Ther 151:273-284, 1966. 

8. Broch OJ. Effect of reserpine on catechol-0- 
methyltransferase in rat submaxillary gland. J 
Pharm Pharmacol26:375-377, 1974. 

9. Ikeno T, Ikeno K, Hashimoto S, Nemoto K, 
Hasegawa J, Kuzuya H. Catecholamine metabo- 
lism in salivary glands of the rats. 3. Devel- 
opmental changes in catechol-0-methyltransfer- 
ase activity. J Tohoku Dent Univ 482-85, 1977. 

10. Anden N-E, Norberg K-A, lson L. The adrenergic 
nerves of rat rat salivary glands after excretory 
duct ligation. Acta Physiol Scand 66501 -506, 
1966. 

11.. Inoue K, Tice LW, Creveling CR. Immunocyto- 
chemical localization of catechol-0-methyltrans- 
ferase. In: Usdin E, Weiner N, Youdim MBH, 
eds. Biochemistry and Function of Monoamine 
Enzymes. New York, Dekker, pp835-859, 1977. 

12. Sternberger LA. Enzyme immunocytochemistry. 
In: Hayat MA, ed. Electron Microscopy of En- 
zymes. Principles and Methods. New York, Van 
Nostrand Reinhold, ppl50- 191, 1973. 

13. McLean IW, Nakane PK. Periodate-lysine- 
paraformaldehyde fixative, a new fixative for im- 
munoelectron microscopy. J Histochem Cyto- 
chem 221077-1083, 1974. 

14. Isobe Y, Chen S-T, Nakane PK, Brown WR. 
Studies on translocation of immunoglobulins 
across intestinal epithelium I. Improvements in 
the peroxidase-labeled antibody method for appli- 
cation to study of human intestinal mucosa. Acta 
Histochem Cytochem 10161- 171, 1977. 

15. Marsden CA, Broch OJ, Guldberg HC. Catechol- 
0-methyltransferase and monoamine oxidase ac- 
tivities in rat submaxillary gland: Effects of liga- 
tion, sympathectomy and some drugs. Eur J 
Pharmacol 15335-342, 1971. 

16. Garrett JR, Kemplay SK. The adrenergic inner- 
vation of the submandibular gland of the cat and 
the effects of various surgical denervations on 
these nerves. A histochemical and ultrastructural 
study including the use of 5-hydroxydopamine. J 
Anat 124:99- 115, 1977. 

17. Haggendal J. The disappearance of dopamine-& 
hydroxylase from rat salivary gland after extirpa- 

tion of the superior cervical ganglion. J Neural 
Transmission 48249-259, 1980. 

18. Kuzuya H, Ikeno T, Ikeno K, Memoto K, 
Hashimoto S. Catecholamine contents and ac- 
tivities of catecholamine synthesizing and inac- 
tivating enzymes in the salivary glands of young 
growing rats. Arch Oral Biol 2531-36, 1980. 

19. Almgren 0, Anden N-E, Jonason J, Norberg K-A, 
Olson L. Cellular localization of monoamine 
oxidase in rat salivary glands. Acta Physiol Scand 

20. Jonason J. Metabolism of dopamine and nor- 
adrenaline in normal, atrophied and post- 
ganglionically sympathectomized rat salivary 
glands in vitro. Acta Physiol Scand 76299-311, 
1969. 

21. Kaplan GP, Hartman BK, Creveling CR. Im- 
munohistochemical demonstration of catechol- 
0-methyltransferase in mammalian brain. Brain 
Res 167:241-250, 1979. 

22. Kaplan GP, Hartman BK, Creveling CR. Anti- 
catechol-0-methyltransferase: Demonstration of 
specificity and immunological cross reactivity 
with the enzyme from rat liver, kidney, brain and 
choroid plexuses. Neurochem Res 5869-877, 
1980. 

23. Stenonis N. Glandulis oris et novis earundem 
vasis, 1661. Bodlei Library, Oxford. 

24. Garrett JR, Emmelin N. Activities of salivary 
myoepithelial cells: A review. Med Biol57:1-28, 
1979. 

25. Creveling CR, Hartman BK. Relationships be- 
tween the cellular localization and the physiologi- 
cal function of catechol-0-methyltransferase. In: 
Borchardt RT, Creveling CR, Usdin E, eds. Pro- 
ceedings of the Conference on Transmethylation, 
Lake of the Ozarks, October 26-29, 1981. Lon- 
don, Macmillan, pp479-486, 1982. 

26. Inoue K, Tice LW, Creveling CR. Immunocyto- 
chemical localization of catechol-0-methyltrans- 
ferase in the pregnant rat uterus. Endocrinology 

27. Lowe MC, Amin AF, Creveling CR. Immunocy- 
tochemical localization of catechol-0-methyltrans- 
ferase in normal and cancerous breast tissues. In: 
Borchardt RT, Creveling CR, Usdin E, eds. Pro- 
ceedmgs of the Conference on Transmethylation, 
Lake of the Ozarks, October 26-29, 1981. London, 

28. Strum JM. Estrogen-induced alterations in the 
myoepithelial cells of the rat mammary gland. Cell 
Tissue Res 193:155-161, 1978. 

67:21-26, 1966. 

107: 1833- 1840, 1980. 

M~millan, pp487-490,1982. 

Received November 30, 1981. P.S.E.B.M. 1982, 
Vol. 171. 




