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ALTERED EXPRESSION OF SODIUM TRANSPORTERS AND WATER CHANNELS
FOLLOWING SYMPATHETIC AND PARASYMPATHETIC DENERVATION
IN RAT SUBMANDIBULAR GLAND

Gi-Young Kim, Sun-Youl Ryu
Department of Oral and Maxillofacial Surgery, College of Dentistry,

Dental Science Research Institute, Chonnam National University

The flow of sdlivais controlled entirely by nervous stimuli. The present study was aimed to explore the role of sympathetic and parasympathetic
nervesin the regulation of sodium transporters and water channelsin the salivary gland. Rats were denervated of their sympathetic and parasympathet-
ic nerves to the submandibular gland, and the expression of sodium transporters and water channels was determined. The expression of either a-1 or 8-
1 subunit of Na, K-ATPase was not significantly affected by the sympathetic denervation. On the contrary, the expression of both subunits was
decreased by the parasympathetic denervation. The expression of a-, 8-, and y-subunits of ENaC was not significantly affected by the sympathetic
denervation, but was increased by the parasympathetic denervation. On the contrary, the expression of NHE3 was markedly decreased by both the
sympathetic and the parasympathetic denervation. The sympathetic denervation significantly increased the expression of AQPL, while the parasympa-
thetic denervation was without effect. The sympathetic and parasympathetic denervation significantly increased the expression of AQP4. The sympa-
thetic denervation did not affect the expression of AQP5, but the parasympathetic denervation significantly decreased it. These results suggest that
sympathetic and parasympathetic nerves have tonic effects on the regulation of sodium transporters and AQP water channelsin the sadlivary gland. The
sympathetic and parasympathetic denervation may then result in alterations of secretory rate and electrolyte composition of the saliva.
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Fig. 1. Expression of e-1 subunits of Na,K-ATPase in the
sympathetic and parasympathetic-denervated submandibular
gland. Representative immunoblots and densitometric data are
shown. Lanes 1, 2 and 3 represent control, sympathetic-
denervated, and parasympathetic-denervated, respectively.
(CD control: (@) sympathetic-denervated: (B) parasym-
pathetic-denervated. Each column represents the mean+SEM
of 6 rats. **p{0.01, compared with control.

MHE3

a @ LR

Fig. 3. Expression of NHE3 in the sympathetic and
parasympathetic-denervated submandibular gland. Represen-
tative immunoblots and densitometric data are shown. Lanes 1,
2 and 3 represent control, sympathetic-denervated, and
parasympathetic-denervated, respectively. (] control: (7)
sympathetic-denervated; (B) parasympathetic-denervated.
Each column represents the mean+SEM of 6 rats. **p(0.01,
***0(0.001, compared with control.
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Fig. 2. Expression of #-1 subunits of Na,K-ATPase in the
sympathetic and parasympathetic-denervated submandibular
gland. Representative immunoblots and densitometric data are
shown. Lanes 1, 2 and 3 represent control, sympathetic-
denervated, and parasympathetic-denervated, respectively.
(CD control: (A) sympathetic-denervated: (B) parasym-
pathetic-denervated. Each column represents the meant SEM
of 6 rats. ***p<0.001, compared with control.

ENaC

Fig. 4. Expression of a-subunit of ENaC in the sympathetic and
parasympathetic-denervated submandibular gland. Represen-
tative immunoblots and densitometric data are shown. Lanes
1. 2 and 3 represent control, sympathetic-denervated, and
parasympathetic-denervated, respectively. () control: ()
sympathetic-denervated; (8) parasym-pathetic-denervated.
Each column represents the mean®+SEM of 6 rats. ***p(0.001,
compared with control.
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Fig. 5. Expression of f-subunit of ENaC in the sympathetic and
parasympathetic-denervated submandibular gland. Repres-
entative immunoblots and densitometric data are shown. Lanes
1, 2 and 3 represent control, sympathetic-denervated, and
parasympathetic-denervated, respectively. (1) control; (%)
sympathetic-denervated:; (B) parasym-pathetic-denervated.
Each column represents the mean+SEM of 6 rats. ***p(0.001,
compared with control.
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Fig. 7. Expression of AQP1 in the sympathetic and
parasympathetic-denervated submandibular gland. Repres-
entative immunoblots and densitometric data are shown. The
anti~AQP1 antibody recognized 29-kDa and 35- to 50-kDa
bands, corresponding to nonglycosylated and glycosylated
AQP1, respectively. Lanes 1, 2 and 3 represent control,
sympathetic-denervated, and parasympathetic-denervated,
respectively. ((]) control: (@) sympathetic-denervated: (E)
parasympathetic-denervated. Each column represents the
mean=SEM of 6 rats. **p{0.01, compared with control.
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Fig. 6. Expression of y-subunit of ENaC in the sympathetic and
parasympathetic-denervated submandibular gland. Repres-
entative immunoblots and densitometric data are shown. Lanes
1. 2 and 3 represent control, sympathetic-denervated, and
parasympathetic-denervated, respectively. () control; (7)
sympathetic-denervated; () parasym-pathetic-denervated.
Each column represents the mean+SEM of 6 rats. ***p(0.001,
compared with control.
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Fig. 8. Expression of AQP4 in the sympathetic and
parasympathetic-denervated submandibular gland. Repres-
entative immunoblots and densitometric data are shown. The
anti-FAQP1 antibody recognized 29-kDa and 35- to 50-kDa
bands, corresponding to nonglycosylated and glycosylated
AQP1, respectively. Lanes 1, 2 and 3 represent control,
sympathetic-denervated, and parasympathetic-denervated,
respectively. () control: () sympathetic-denervated: (E)
parasympathetic-denervated. Each column represents the
mean=SEM of 6 rats. **p<0.01, ***p(0.001, compared with control.
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Fig. 9. Expression of AQP5 in the sympathetic and
parasympathetic-denervated submandibular gland. Repres-
entative immunoblots and densitometric data are shown. The
anti—AQP1 antibody recognized 29-kDa and 35- to 50-kDa
bands, corresponding to nonglycosylated and glycosylated
AQP1, respectively. Lanes 1, 2 and 3 represent control,
sympathetic-denervated, and parasympathetic-denervated,
respectively. () control: (@) sympathetic- denervated: (E)
parasympathetic-denervated. Each column represents the
mean=SEM of 6 rats. **p{0.01, compared with control.
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