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It was shown in an earlier publication from this laboratory, dealing with the biochemistry of secretion, that,
following prolonged secretion (2 hours) by the submandibular salivary gland of cats which had been given pilocar-
pine, the free sulfhydryl group content of the proteins of this gland fell considerably, while that of its non-protein
constituents rose [3]. This process coincided in time with fall in mucin content of the tissues, and with increase
in them of other proteins, soluble in 0.2% KHyPOy, and not precipitated together with mucin [5]; certain changes
in posphorus metabolsim were also associated with the process [1 T} These effects were not observed when secre -
tion was inhibited by the action of atropine. ’

In the present paper we examined the effects on tissue metabolsim of abolishing central parasympathetic
control of the submandibular gland, by division of the chorda tympani. Changes in the activity of the submandi-
bular glands following this operation, in particular, their enhanced sensitivity to a.number of pharmacologically
active agents, have been reported by a number of authors 6, 7, 9, 10]. SuSmblad {10] found a considerable fall
in the activity of certain enzymes, and in the respiratory rate of the gland tissue, following division of the chorda
tympani.

METHODS

The chorda tympani of cats was severed at the point where its fibers merged with the lingual nerve to pro-
ceed to the submandibular salivary gland. The operation was similar to that performed by Str8mblad in his ex-
periments, As a result of the operation central parasympathetic impulses no longer reach the gland, and certain
afferent connections are abolished; the gland is no longer capable of reflex secretion. So-called paralytic secre-
tion was not observed. Secretion in response to pilocarpine was not abolished, although its nature was somewhat
altered ~more protein was secreted, and the amount of saliva fell, as has been shown by G. V. Chemysheva (5]
The operation was performed unilaterally on some of the cats, and bilaterally on others, As controls we took the
glands of healthy, intact cats. For unilaterally operated cats, we examined the metabolism both on the operated
and on the contralateral side, with intact innervation. The glands were taken for analysis 7-8, 14-15 and 20-21
days after the operation, by which time the secretory process showed the greatest deviation from normal. At all
these times, the glands were analyzed both in the resting state, and after pilocarpine stimulation.

The animals were killed by decapitation, and the glands were quickly removed, frozen in carbon dioxide
snow, group up to a powder and portions of powder were taken for analysis. The free sulfhydryl group content was
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determined according to Tsiperovich and Loseva [4], and the non-protein sulfhydryl content according to Grunert
and Phillips [8]; the protein sulfhydryl group content was given as the difference between these two values (the
analytical error amounted to about 10%).

Protein and non-protein nitrogen was determined by precipitation of proteins with trichleroacetic acid, fol-
lowed by Kjeldahl digestion. The dry content of the tissues was also determined. The content of components
was calculated per gram of fresh tissues, as well as per gram of dry tissue, in view of fluctuations in the water
content of the glands. The values given in the tables represent the means of 10-15, and in some cases of 20 a-
nalyses, for each of which two cats were taken.

RESULTS

The weight of the glands fell continuously following division of the chorda tympani, being 27.5-33% less
on the 20-21st day after operation than the contralateral gland (see table). The dry content of the glands also
fell somewhat after denervation, from 24-25 to 21-22%; the greatest difference was found after two hours of pilo-
carpine-induced secretion, when it fell from the resting value of 21% to 16-18%, this difference being greater

" than for intact glands following denervation was reflected by a rise in their water content {on the average, by
12.,4%).

The water content of both intact and denervated glands rose after administration of pilocarpine, by 5.94 -
-6.4%, on the average. This effect was not found, however, in the contralateral glands of unilaterally denervated
cats; there was scarcely any change in their water content, although their secretory activity was the same as in
intact animals.

After unilateral denervation, the protein nitrogen content of resting denervated gland tissue varied within
the range 84.4-90.9 mg per g dry weight (see table), while the contralateral gland contained 64.2 mg per g dry
tissue. The non-protein nitrogen content rose after denervation from 12.7 to 18.5-21.5 mg per g of dry tissue,
both on the denervated and the contralateral side.

The protein nitrogen content of the tissues rose following pilocarpine-induced secretion, very slighily in
the glands of intact animals, but markedly more so in operated animals, particularly in the conuralateral glands.
Non-protein nitrogen fell in all cases following secietion, except for bilaterally operated animals.

protein N . .
PN ose steeply after secretory activity of intact glands

Correspondingly, the value of the ration

{from 6.61 to 11.1, i.e., by 75.5%), and even more so in the contralateral glands of operated animals (from 3.8

to 7.72, i.e., by 103%). The value of this ratio rose much less in the denervated gland of a unilaterally operated
animal (from 4.4 to 5.83, i.e., by 32.5%), while after bilateral denervation the value even fell, This last finding
is in accordance with G. V. Chernysheva's results {5]; she reported that the soluble protein content of these glands
fell very steeply following pilocarpine-induced secretion. It would appear that during pilocarpine-stimulated se-
cretion of the glands of intact animatis the loss of soluble proteins is compensated to & large extent by their syn-
thesis.

As far back as 1890, I. P. Paviov drew the following conclusion from the results of his investigations of the
nitrogen balance of the submandibular salivary gland: "When the secretory nerve of the gland is stimulated,
breakdown and restitution proceed side by side” [2].

This process is adversely affected when the parasympathetic links between the gland and the central ner-
vous system are severed, in particular when the chorda tympani is divided bilaterally.

The content of protein sulfhydryl groups rose somewhat in denervated glands (see table), in particular on
the 21st day after the operation (on the average 2.748 mg per g of dry tissue), as compared with 2.250 mg for in-
tact glands. High levels (2.978 mg) were, however, also found in the intact conualateral glands of operated an-
imals. This rise in the protein SH-group level proceeded gradually, beginning with the 14-~15th day after oper-
ation, and in particularly clearly shown when calculated for the whole gland. The content of non-protein SH-
groups rose after denervation, this effect being particularly evident by the 20-21st day. The ratio of protein to
non-protein- SH groups fell correspondingly after denervation.

As reported by us earlier, the contents of both protein and non-protein sulfhydryl groups changed consider-
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ably during pilocarpine-stimulated secretion by intact glands. This suggested that reconstruction of proteins took
place in the gland during its secretory activity. We have now examined this process in glands deprived of central
parasympathetic innervation. The changes taking place in denervated and contralateral glands following admin-
istration of pilocarpine are of particular interest. Following unilateral denervation, the protein SH-group content
of the denervated gland scarcely changed at all after secretion, while the content of non-protein SH-groups not
only did not rise, as is the case in intact animals, but it even fell appreciably, from 0.239 to 0.185 mg per g of
dry tissue. The corresponding changes found after administration of pilocarpine to bilaterally denervated animals
are also significant. The content of protein SH-groups rose from 2.345 to 2.654 mg after the action of pilocar-
pine, while that of non-protein SH-groups fell from 0.277 to 0.108 mg. Thus the ratio of protein to non-protein
SH-groups not only did not fall after pilocarpine -stimulated secretion of denervated glands, as is the case in in-
tact glands ( -65%), but, on the contrary, itincreased,by 59% for unilaterally denervated animals, and by 188% for
bilaterally operated ones. The changes in the value of this ratio following secretion by the contralateral glands,
with intact innervation, are very distinctive. The content of free sulfhydryl groups, both protein and non-protein,
rose in the resting giand, while after pilocarpine-stimulated secretion (according to G. V. Chernysheva [5], this
secretion does not differ, qualitatively or quantitatively, from that found in intact cats) a fall was observed in
the contents of both protein and non-protein free SH-groups.

As indices of the state of the gland proteins, we also derived the ratios of the amounts of free protein and
non-protein SH-groups of gland tissue to its protein and non-protein nitrogen contents (see table). The ratio of
protein SH-groups to portein N was 0.0303 for unilaterally denervated glands, and 0.0290 with bilateral denerva-
tion; these values fell after pilocarpine-stimulated secretion. The ratio fell more steeply in contralateral glands,
actively secreting saliva of normal composition. An appreciable fall in the ratio of non-protein SH-groups to
non-protein N was found for secreting denervated glands, especially for bilaterally operated animals, whereas the
value of the ratio rose in the contralateral glands of unilaterally operated cats.

The differences in the content of free sulfhydryl groups in the tissues of denervated glands must be related
to differences in their functional state following unilateral or bilateral severance of central parasympathetic con-
nections, the effects of which include changes in their metabolism, in particular, their protein metabolism, and
in the activity of their functional groups.

Under these conditions, the secretory processes of these glands, their tissue metabolism, and their contents

of protein and non-protein free SH-groups, are also differently affected by pilocarpine stimulation.

protein SH
protein N ) and of non-protein ni-

non-protein SH
trogenous compounds (the ratio *Q—‘PLNP-I\—]IE——) of glandular tissue, both following denervation, and after pilo-

The changes found in the contents of free protein SH-groups (the ratio

carpine-stimulated secretion, constitute evidence of the existence of qualitative changes in the tissue proteins of
the glands in the pathological states under examination.

The differences in the metabolic disturbances found after unilateral and bilateral denervation suggest the
presence of mutual regulatory mechanisms acting between these paired organs. The characteristic changes ob-
served in the contralateral glands may be supposed also to be related to such mechanisms. '

Our findings point to the importance of the role of central parasympathetic control in maintaining physio-
logical levels of secretion and of metabolism of the submandibular salivary glands.

SUMMARY

The metabolism of the submaxillary salivary gland tissue (particularly the content of protein and retention
nitrogen, free protein and nonprotein sulfhydryl groups) is seen to change following the exclusion of the central
parasympathetic effect by chorda tympani division. These changes develop gradually and are distinctly seen on
the 20th-21st day after the operation. They are similar for unilateral and bilateral denervation, but each type
of denervation has its characteristic features, With unilateral denervation the metabolism of the contralateral
gland is also altered; however, these changes are not marked and differ qualitatively from those in the denervated

glands,
LITERATURE CITED

1. Ananasyuk, M. P., Proc. Sci. Conf. on Problems of the Physiology and Pathology of Digestion [in Russian]}
(Ivanovo, 1860) p. 40.

450



S

SDGJQU)

Paviov, L. P Complete Collected Works {in Russian](Moscow-Leningrad, 1946) Vol. 2, p. 276.

Rubel', V. M., Voprosy Med. Khim. §, 1, 6 (1948).

Tsiperovich, A. 8. and Loseva, A. L., Ukr. Biokhim. Zhur, 20, 1, 106 (1948).

Chernysheva, G. V., Proc. Sci. Conf. on Problems of the Physioclogy and Pathology of Digestion [in Russian]
(Ivanovo, 1960) ' p.901.

Cannon, W. B. and Rosenblueth, A., The supersensitivity of Denervated Structures, (New York, 1949),
Emmelin, N. and Muren, A., Acta physiol. scand. 24, 103 (1951).

Grunert, R. R. and Phillips, P. H., Arch. Biochem. 30, 217 (1951).

Pierce, F. R. and Gregersen, M. L., Am. ]. Physiol. 120, 246 (1937).

Stromblad, B. C. R., Acta physiol. scand. 33, 83 (1955); 36, 47 (1956); 40, 130 (1957); 41, 118 (1957).

All abbreviations of periodicals in the above bibliography are letter-by-letter transiiter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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