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The Chinese herb, Danshen (Radix Salviae Miltiorrhizae),

induces salivary fluid secretion
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[INTRODUCTION] Xerostomia is mainly caused by salivary gland hypofunction.
The incidence of salivary gland hypofunction in the population over 65 years old is
30-40%. However, the common current treatments for salivary gland hypofunction by
parasympathomimetic drugs are accompanied by systemic side effects. Danshen has
been clinically used to relieve dry mouth in Chinese medicine. However, only a few
reports addressed the direct effect of Danshen on the salivary glands. Murakami et al.
(2009), examined 20 Chinese herbs, focusing on their capability to promote salivary
fluid secretion in the submandibular glands of rats. The results of that study showed
that Danshen not only promotes during muscarinic stimulation with carbamylcholine,
but it also induces salivary fluid secretion without the addition of any other
stimulants.

[PURPOSE] In this study, Danshen was chosen as a candidate for the relief of
xerostomia, and the capability of Danshen to induce salivary fluid secretion and its
mechanism were examined.

[METHODS] The submandibular gland was isolated from the rat and vascularly
perfused, and also acinar cells were isolated to measure the Ca?* influx. The excretory
duct was cannulated and the secreted volume was measured by electronic balance.
Arterio-venous difference of partial oxygen pressure was measured as an indicator of
oxygen consumption. Arterio-venous pressure difference was also measured as
indicator of increase in microcirculation.

[RESULTS & DISCUSSION] Although Danshen induced salivary fluid secretion in
the submandibular glands, the time course of that secretion differed from fluid
secretion induced by carbamylcholine. There was a latency associated with the fluid
secretion induced by Danshen, followed by gradual increase in the secretion until it
reached its highest value, and thereafter there was a slow decline to a near zero level.
These characteristics suggested that the mechanism for Danshen-induced salivary
fluid secretion could be different from that induced by carbamylcholine.
Carbamylcholine activates the M3 receptor to release IP3 and quickly releases Ca2*
from the intracellular calcium stores. The elevation of intracellular Ca?* level induces
chloride release and quick osmosis, resulting in an onset of fluid secretion.

Furthermore, the a1 adrenergic and neurokinin A receptors use the same signalling
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sequence after binding the individual receptors. Therefore, IPs-store Ca?* release
signalling may not be involved in secretion induced by Danshen, but rather, there may
be a distinct signalling process. During Danshen stimulation, the additional
application of either ouabain (inhibitor of Na*/K* ATPase) or bumetanide (inhibitor of
NKCC1), inhibited the oxygen consumption and suppressed the fluid secretion by
more than 90%. These results indicated that Danshen activates Na*/K* ATPase and
NKCC1 to maintain Cl release and K" release for fluid secretion. Next, we examined
the involvement of the main membrane receptors, M3 muscarinic and o adrenergic
receptors. Neither atropine nor phentolamine inhibited the fluid secretion induced by
Danshen. Accordingly, Danshen does not bind with M3 nor a1 receptors. An increase
in [Ca?* ]i is essential for the activation of the luminal Cl- and basolateral K* channels.
The nominal removal of extracellular Ca2* and chelating of intracellular Ca%* by
BAPTA-AM totally abolished the fluid secretion induced by Danshen, suggesting the
involvement of Ca2* in the activation of these channels. However the fluorescent Ca?*
indicators could not show the changes in the [Ca?"]i due to the dark color of Danshen
and its extract, Salvianolic acid B. The quick drop seen in the arterio-venous pressure
difference suggests an increase in the microcirculation due to Danshen. However, the
paracellular fluid secretion indicated by the fluorescent dye was smaller than that
induced by carbamylcholine, suggesting that the transcellular fluid secretion was
dominant in the whole fluid secretion during Danshen stimulation.

[CONCLUSION] The present findings support the use of Danshen in the treatment
of xerostomia, and we consider that Danshen is a promising secretagogue which could

avoid the systemic side effects induced by the recent muscarinic drugs such as
cevimeline, pilocarpine and so on.
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A %, # 5 H P& (Radix Salviae miltiorrhizae) 73 . ME{E 5 2 i34 L T K & O WK % 4
WT 52, FEBRBIEILA AT Y UMeZHIR, 7 R U o B % 312 BEFn o
Wy WKERE 2T AL L TRy W aFB R T D2 E2HOMNMI Lz, HEREMERA D Z - 7=
LAH Y U FERAEANCAR DT LWIEEELE L TCORREERD D,

WEYR Sy WAL BT 2 MR OTEENC L VFER IND, BKPWIZ KT A~ ZDOIEEIZHW
DAL T2 20 H8 D 7 FEAZ D W T E BEMEWR R O MEJR 0 WA HE TR RN o 50 & 5 & kB
A E R ER KRFEO®FE TR ) —=2 7 L4 R 15F 8 23 carbamylcholine (CCh) i
FEOWEW WA R L7, HBEF X, ZoH 5 2 (Danshen, DS)AS Bl 5. C WK 4y
WEFBRTDHEERWTE L, TORWBFEEZRA LT H2ERGE 2 FEE L 72, BKSE
TCHMT y PO HE FIREZRE L, BIIR»OHERKE —CiE CHMLZ, %I/ A
LT a—T0REEEFRHELEOD y FI2EHE, ERORBHEEEZWE L7, CChixa
WAZ W EFHER LTI UNICE—2 %270, —H K FLAEBICHEREMLTY 7 h—1E
LD, DSITREHBESM., DWRFERINZVWERZ R L, L2rL, DWBAFREIN
HEWMU T200 IR Ry EEZ /R L, TDO%, 4000 TR F L7z, 24k, DSH
IPsf {7 Ca?* storen> b D Ca?* it & L & S 72 WA REME 2 /R L7-, 2N & % im 2 DSA & O 1EH
STl & KRR DWW E LT DT EREMICHRE L,

W Y7 7K 3 3 T A58 B L ek T Y U A Y 2 S ) 9 2 A I A S & T i R R FET B A O B 55 A
FafR &2 & 5, CChIT X 5 3 Wil B AR O e ) O B — 7 I3 APl X2 X2 b D T, #i
WTHAIN T 2 K3 W D23 EHIIRE X I L D5 b o L HEE SN D, B IS o BRE) 771X
I & L Tmicrocirculation® §f /K 12 X 4, B FR IR BRI = 516 2 8 W C B E IR ER K T
ZHPE Lz, DSE G EZICH KT ZIZS2E MK T L, microcirculation | # it 8 25 it A
HZENORE NI, RN A L 72 i 2 3 Lucifer Yellow (LY) % # Wik i2inz . DS
WX DLY W aERE L, DSIZ X DLY W IZCChilIClE R TIRETH Y . KED KA
Y WAEE MR Rt TR T & e DSITEICRMA W Z2FER T 5 Mmoo
7=

LAY UM BERET FU T U a5 B ILMERR MR K 53 53 W D 7o b D H AR KK T
b5, MEROEGFEBRZITOE, DSICEDDWITLAB Y U MeZHIK, 7 KL+ U v
MZRENTRZRHELTCLIMHENT., CHODOZREOEEIXETE Sz, BK
OO WAE L I D CaHR FHECIHTF v R A L o TCIMR W L. Z4icNar A 4 v 3 E
SECE L CRBIEAENET D Z &2 X - T2 5 /K ASaquaporin5 % i@ i L T it H
THZELILE-oTEBIZDEEXLNTWD, DSHIEL T IZNKCCLE UNNat/K* ATPase® [ 5
#l @ bumetanide &z fouabainZ ¢ 5 L CCIyE tH Z /R 3K g, =R X — R OIEMELZ R
TEEHEIEE 2 WE L, NKCC1LE O'Na*/K* ATPase S i@ H O LA M U > 5 7K H) % R A% 12 DS
HE T RE<EELTWSZ ENRENT,

O LEMELLHBEFIL, DSITRAOKRKICL W MEANCaRELY LA &, 2l
KU CaHEMALCITF ¥ RABIEMAL L, KaooWas R Z T & 270, ERKCa £,
BAPTA-AM (2 X 2/ilaNCa?*x L — MNZ L W DSIC L2 WIEaERs S+, MmNt ca
DOMEMEN R E N, WIS, BHEEL =3 FTRMIEZ AWV CMiaNCa»* ol E 2R AT, T
fif FZBR TDSIZCa? R RO E ~ XA 7 LCaBE R E X AT b o0 T, i Iix
DS H# Salvianolic AcidZz H 7=, L L FAffICCa* i RO R A2~ A7 Lzi=zd,
Ca*fi /R #R I L DN Ca2 I IX R CTX e o T2,

LEo X5, MBEHFIFEGFENSOERRIC L 2 0WFHERBRG E2 ., Kook, BFEIH
# . PF a5 . microcirculation 72 EFE 2 O FERE 2 RREFAIZHIE T S Z L I2 L - TH)
O TEBM TR LT oo, AR, EHEFREBOLHO 2 WEYEEICONT, &
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