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The effect of octanol on the intracellular Ca2+ increase
in submandibular acinar cells evoked by ββββ-adrenergic activation

Jeong-Iee Choi†

Department of Dental Hygiene, Dong-u College, Sokcho City, Kangwon-Do 217-711, Korea

�������� The concentration of intracellular Ca2+ was measured by spectrofluorometer after rat submandibular acinar
cells were loaded with fura-2/AM(fura-2). After isoproterenol and octanol were administered while letting submandibula
gland acinar cell placed in a perfusion chamber flow through a standard solution, the changes of Ca2+ concentration were
measured. When they were administered separately, there showed little changes of intracellular Ca2+ concentration. When
they were administered at the same time, however the concentration of intracellar Ca2+ was shown to increase. When
forskolin, an adenylate cyclase activater, was administerd together with octanol the response looked similar to 
response of isoproterenol. In case of the extracellular Ca2+ was removed by omitting Ca2+ in standard solution and treating
EGTA, isoproterenol and forskolin does not affect to the concentration of intracellular Ca2+. Therefore, it was certified that
the increase of intracellular Ca2+ was caused from outside the cell. In order to know that the Ca2+ influx is related with
capacitative entry pathway, godolinium, blocker of that pathway was treated. With the result of that experiment there w
no complete control of the increase in the concentration of intracellular Ca2+. However, speed and amount of Ca2+ increase
was comparatively diminished.
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��� ����(intracellular free calcium ion, Ca2+)� �

�	 
��� ����� 	� ���� �� ��1-5)���

���  �, !", #��� $%, &' (& )� *+, �

-. /0,*6). 1,, ��2 � ����34� 100 nM 5

4� ��67� ��34 1-2 mM. "8 9: ;� 34�

�&<=> �?� 
4� 5@, AB��� CD�*.

$E� FG �HI2�J KLM� NOP P���. QR

�� G: NO!"	 ��S*. � I2T� QR�� P��

�� $RU�� adenylate cyclaseV W/<= cyclic AMP

X 9Y� QR JN�� $RUV phospholipase C. Q

R�0 diacylglycerol(DAG)Z inositol triphospate(IP3)X 9

Y� NO!"X ��[� $RU	 \*. �� � Ca2+ 34

	 ]	<= ��� apical pole. ̂ _�� Ca2+-activated

Cl-channel� `a. bc �82Z I� 4/�� �d�e�

NO� !"S*7). NOP P���� �� � Ca2+ 34� ]

	� �f�� ]	V (g	 h���� �i<� j�, k

d(oscillation)+l m��4 ,*8-9).

NOP ��.�� NO!"� NOP ��n� opqrs

  $R�X t, FGu!� �H t8 cyclic AMPX �

R�� ��, v w(FG �HI2� ��n� $RUV xy

�0 adenylate cyclase	 z { <e cyclic AMPX ]	f

| amylaseJ mucinZ }� ~�2� !"(exocytosis)	 �

4<� �� \��, 7w( FG�HI2. �, ��n� �

&2� phophatidyl inositol-4.5 biphosphateX t8 IP3 �

 G�X �� �� � Ca2+� ]	���� UO !� ��

��� !"S*7). β-opqrs�� NOP P���.� α-

opqrs�. "�0 �� :�, $RU� !�X m�*.

β-opqrs $RU. ���	 xy�e adenylate cyclase

z {�� t8 cyclic AMP 34X z {f[� ���

��� \�� � ��� Ca2+ G�V� �/, ��� ���

\*10). β-opqrs Qd  $R�J vasoactive intestinal

polypeptide(VIP) $R�. �8 ]	S �� � cyclic AMP
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,

� Ca2+� n�Z . �� h= �� � 34]	X ��,

*11). �. β-opqrs $RUX z { f[� isoproterenol

 �0,*e �� �� Ca2+ 34 ]		 JNr � �l

� $ \*. ,�, gap junction� ��.� ��� ���

z � �� �HZ *+, {�� ���T� lK w�

�R,*. ��, gap junction �~�� ��� ��k5)

octanol df. �0,*e FG�H�� ��f  ¡ o

¢c &R  I2� �£� j l ��n ¤¥ tZ�0

�� � Ca2+ ¦�
X �§, ��� g�/T(intracellular

organalles). QR� ��� �¨� $ \*.

�©, �ª� «G ¬�� �0 β-opqrs� $RU

. "w� j��� ���c � $ \� isoproterenolZ

gap junction blocker� ��k octanol §® �0§���

�T� ¯�P P���� �� �.�� Ca2+ 34°{. =

±, QR ��	X ²³��� /´�0 @� !µ�
�

,*. bc� ¶ ²³.�� Ca2+ G�V �/�¥ cyclic

AMP � . /0�� β-opqrs� Qd  ·IZ ¸¹º

� ¯�P P���� ��2 � Ca2+ 34 ]	. =» �Z

X JN��& @�� $ \��c 0¼k*.

�� � ��

1. ��� ��� ��(preparation of submandibular
acini)
U½ 200~250 g� Sprague-Dawley� $¾ ¿ÀX ÁR�

Â��, ²³�. Ã$� �, "5l�� �- «��
�

IZ ÁÄ� �W�� AÅ 708 hÆ*. Diethyl ether�

ÇÈf| cardiac puncture� É�fÊ Ë vf +Ì ¯�P

 �Í�0, Î� Ï'fÊ bovine serum albumin(BSA)X

�§�
 \� Ca2+-, HCO3
− - free RO(NaCl 130 mM, KCl

4.5 mM, NaH2PO4 1.0 mM, MgSO4 1.0 mM, HEPES-Na 10 mM,

HEPES 10 mM, glutamine 2 mM, B-methoxyethoxymethyl

chloride(MEM) amino acid 2 mM, 1% BSA). Ð
 xUAÑ,

ÒÓP Ô ¯�P Õe. Ö= \� ×�P(sublingual gland)

 ���
 Ø¥ �� Ë ²�Ù 4�, f³/(siliconized

flask). ÐÆ*. 60 U/ml� collagenaseX �§�
 \� 15

ml� RO � f³/. Ð
 &Ú��� 100%� O2X Û

Ü�e� 37oCX �&�
 \� shaking water bath Ú.�

1fÝ «+�Â*. � �Ý ½. 1~2Þ 5 ml pipette �R

�0 ��� !�X fß�Â*. «+� àá Ë collagenase

X �§�& â� RO�� 3Þ $��0 5 ml pipette��

AÑB� *f ,ã !��
 nylon meshX tZ8 Jä

��T åæ!� �Â*. � Z5 3Þ �i�0 ç=k

��T 2 ml� collagenaseX �§�& â� RO. Ð


&Ú��� ègX ÛÜ�Â*.

2. �� 	 Ca2+ 
� �
��34� °{. é(�¥ �-�� êëI2� fura-2/

AM� �� �� T=	� �� �. ^_�� �g� esterase

. �8 !8<= ��n tZ�& ì�� fura-2 êí� %�

S*. fura-2/AM� 34	 2 mM� <4î dimethyl sulfoxide

(DMSO). ï0 stock solution ðñ Ë ��X �§�


\� RO 2 ml. òó34	 2 µM� <4î Ð
 100% O2

X ÛÜ�e� ²ä.� 40!Ý �&8 êëI2 %�fô*.

�Ë 95% O2, 5% CO2� �{fÊ, BSAX �§�& â


Ca2+Z HCO3
−X �§�
 \� ÕõRO(NaCl 110 mM, KCl

4.5 mM, NaH2PO4 1.0 mM, MgSO4 1.0 mM, CaCl2 1.5 mM

HEPES 5 mM D-glucose 10 mM)�� åæ!��0 ç=k

��T 2 ml RO. Ð= ö÷ Ú. m/�Â*. Ca2+- free

RO ÁR� G:.� ÕõRO. CaCl2X ø
 1 mM�

EGTAX ù	�Â*.

�� � Ca2+ 34X ú5�� û�0 ��X �§, 30-40

µl� RO /ü�ý(perfusion chamber)� glass coverslip

û. º�þ
 ��	 7ÿ� � �& 2~3!Ý �ý�Â*.

��	 coverslip. 7ÿ<e spectrofluorometerV WxS �

l�ÎG û. 
5f[
 2 ml/min� Ú4� RO(NaCl 110

mM, KCl 4.5 mM, NaH2PO4 1.0 mM, MgSO4 1.0 mM, CaCl2
1.5 mM, HEPES 5 mM, D-glucose 10 mM) /ü�e� 20

-30!Ý ��	 ��� �G. �-�4î �*s Ë β-opq

rs� $RU Qd  ·I isoproterenol 1� octanol /üR

O �� ù	, Ë Ca2+ 34X ú5�Â*. Spectrofluorometer

� fura-2. ¨, ��Ó�(excitation wavelength)� 340 nm

V 380 nm	 �i<4î 8 h��, 340 nm.�� ��Z x

y, fura-2� êë�4X ú5�
(F340), 380 nm.�� �

�Z xy�& â� fura-2� êë�4X ú5�Â*(F380).

v �� � ��34� 	 Ó�Ý êë�4� "
(F340/

F380) ú5, Ë �X Ca2+ 34� �è�Â*. Fura-2�

�ÍÓ�(emission wavelength)� 510 nm �*. 

3. ����� ��
�� � Ca2+ 34� F340/F380 "
. "���, ú5,

�� o Û� �R�0 �� � Ca2+ 34� �è�Â*12).

�Ca2+�i = KdQ(R-Rmin) / (Rmax-R)

R ��.� ú5S êë�4 "
(fluorescence ratio)

Rmax Ca2+� ò̈ � �{<Æ � 	 Ó� �4� "


(340/380)

Rmin Ca2+ ��� ���Â � 	 Ó� �4� "


(340/380)

Kd Fura-2/AM� Ca2+. ,̈ 8�l$(224 nM)

Q Sf2/Sb2� Sf2� ��� � �, Sb2� ���

�{<Æ � 380 nm.�� Ó��4

 

�� � ò¨� �� �{f[� û8�� ionomycin 25

µM �0�
, �� ��� ���� û8�� ÕõRO.

� �� ���
 pH 8.5.� EGTA 10 mM �0�Â*.

	 


1. ��� ������ β-������ �� ����
octanol  !" Ca2+ 
� #$� %&' (�
��. �� 	�& â� � �� � ��34� 4.25

�0.30 nM(n=4)�� "w� �5, � mÂ*. Octanol
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(1 mM) �0�0 �� , G:.4 ��34� °{� J

NJ& â���(Fig. 1), 1, β-opqrs� z ·I�

isoproterenol(1µM) �0, G:.4 ��34� °{� JN

J& â�*(Fig. 2). Isoproterenol ��ý , Ë Isoproterenol

Z octanol §® �0, G: ��34� 122.40�0.38 nM

(n=6, P<0.01)� ]	�Â*(Fig. 3).

Adenylate cyclaseX z { �� ��� ��k forskolin

 �0�0 �� � ��34 ]	V cyclic-AMPV� W/

  �
� IsoproterenolZ d�, ���� forskolin(10µM)

 � �ý , Ë. forskolin(10µM)Z octanol(1 mM) §

® �0�0 �� � ��34°{X /´, xZ ��34�

]	X @�� $ \Æ*(Fig. 4).

2. Isoproterenol� octanol  !" �� 	 Ca2+ )*
+,

�� �� ��� =» G�X t8 ]	��& 5@�¥

�� $� �&ð, �7¦�
.� ��S ��& 1� 67.

� ��S ��&X /´�
� ÕõRO� �� ���


pH 8.5.� EGTA 1 mM ù	�0 �� 67� �� ��

� ���Â*. �= isoproterenol � �ý, Ë isoproterenol

Z octanol §® �0, xZ ��� ]		 �¦� (g§

 @�� $ \Æ��, ��� �§S /üO *f tZf

[e ��� +� �¦�¥ ]	§ � $ \Æ*(Fig. 5).

�©, xZX t8 67�7� ��� ���� Iª �7

¦�
.�4 g�� ��� ��<
 \÷ @�� $ \Æ

*. 1, 67.�� �� �� G�X @��
� �� �

�� ¦�
� 
�lí. bc ��n t, ��� �Z 

 AB,*� capacitative entry pathwayX block �� �

�� ��k gadolinium(10µM) ���0 ��� 34 °

{X /´8 ¶ xZ gadolinium ���Â �, �� ��

��]		 ��� (g<&� â��J �ý �Z ËX "w

� � �� 67�7�� ����. �, �� � ��34

]		 *g (g�Â*. bc� gadolinium� ��  o

capacitative entry pathwayX t, �� � ���� �7	

��� @�� $ \Æ��, �� isoproterenolZ octanol

���� �� Octanol(1 mM) had no efffect on the intracellular
calcium concentration [Ca2+] i (4.25�0.30 nM, n=4).

���� �� Isoproterenol (1 µµµµM) had no effect on the intracellular
calcium concentration[Ca2+]i.

���� �� The effects of co-administration of isoproterenol and
octanol. The intracelluler calcium concentration was increased
and the response was reversible (122.40�1.36, n=6, P<0.01). 

���� �� The effects of co-administration of forskolin, an
adenylate cyclase activater, and octanol. The intracellular
calcium concentration was increased.
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el)
�0f �� � �� ]		 capacitative entry pathway.

�7 �^�Ò fÁ8 h� xZ�*(Fig. 6).

� �

��� ��n� u!  AB�
 �� � FK��U�

Ô !l  �&8 h� ��. bc #��� $%, P��

� !", �ä� �d, ��
 ��!{ ) *+, ��� �

- ��[�, �� � ��� ��n t, ��� ��,

��� ¦�
�7� ����X t�0 °{,*13,14). NOP

P��� "u!  ���� u!  AÑ� #" Ô FGZ�

H� ��n. ^_�� $RUV �V /#, �HI2 t

�0 ��-!" Wx(stimulus-secretion coupling) Z5 t

�0 ~�2 Ô �82 !",*. �©, !"Z5� cAMP

pathwayV PIP2 !8Z5 t�&ð, ��Z /#�0 PIP2

!8Z5� $%� <= E� W&	 kß<
 \*15).

�� �7� ��°{� ion-sensitive electrodeX �� �

7. Ñ' (��0 ú5�� ��16), ��
 fura-2V }�

Ca2+ dyeX �R�� ��12), �6.4 K+-efflux(K+-current

�§) 1� Cl− currentX ú5�0 �X �� � ��34�

°{� Ýh�� Ý'�� �� )� \*.

¶ ²³.�� ¯�P P���.� �� � ��då���

IP3X � f[& â
4 �� �7� �� ]	f[� ·I

 ÁR§��) �� � ��34. =±, °{X ��[�

&X fura-2V spectro-fluorometryX �R�0 *+m�*. �

�P P���� muscarine $RU	 ��  �e �� �

��°{� 	 	& êí�) ,�.� ��34� l-� J

Ná Ë. . ��� h�� °d� ,d/ �&<� j0

m�*17). �©, ��� h�� �-� IP3.� �- �&

â
 �� � ]	S ��. �8 �� ���� ¦�
.

� ��S*� ×� ¨	<
 \*. �©J ¶ ²³� xZ,

¯�P.�� ��� °{� �©, 	×Z *� +l mÂ

*. v, β-opqrs� Qd  ·I� isoproterenol�J, gap

juntion blocker� ��k octanol ~1�� ���Â G:

.� �� � ��� ]	�& â� �e §® �0�Â G

:.� ��� ]	§ @�� $ \Æ*. Isoproterenol�

adenylate-cyclaseX z {f| cyclic-AMP ê . /0�0

��Z� �/, ·I� ��� \��, octanol �0�Â

� �� "2, Q� !�T� �� � ��G�X n� �

�� ��&
 \*. �V }� û� 	 ·I� ��� ]	

V� �/�¥ QR �
 \�J, cyclic AMP	 z {�

� �V §® octanol� QR�0 �� ]	f[� ���

�'<=k*.

��� �� �� ��<� ����� 3¥ 	 	&� t

� v, n�4 �^  ��t�V n�4 "�^  �� t�

	 \*18). n�4 �^  ��t�� ��n t, �ü�

ú5� patch clamp ��� Y��19) 	�8&e� � j �

5� W&<=, h� #", æ�, FGZ }� u!  ��.

� � !�V óü	 �6k ¬ \*. n�4 "�^  ��

t�.� ionotropic recepter chanel(ROC) 6.4 �� ��

U. �, t�(SMOC, second messenger-operated chann

��
 �� � ¦�
�7� ���� ��t�(SOCC,

store-operated calcium channel) )� ^_�� ��� ��

&
 \*.

�V }� �� då.� �� 67�7�� ����, ��

�7� ��¦�
	 /0�&ð20) $RU z {� � S

IP3	 �� � �� ¦�
�7� �� ���� ��� o

Ñ ��� �6� \& â*. �©J IP3 sensitive Ca2+ pool

(ISCP) n. ��t�X �§�
 \� IP3 $RU� ^_	

@�<Æ��21,22), � $RU. IP3	 xy, Ë ��t�X

t8 ��� ��<� ��� ��&
 \*. �e. $RU

��I2. �8 �� 67�7� ��� ��<� Z5� o

Ñ4 78� ¨l� <
 \*23,13).

�� 67�7� ����Z5Z /#, �� � ��¦�


� ��m��� 67�7�� �� �� AB,*�

Putney24)� capacitative model� �fS �, ò#.� �X

���� 	� Co-administration of isoproterenol and octanol did not
effect the intracellular calcium concentration in the absence of
extracellular calcium, when extracellular calcium added to
perfusing solution the intracellular calcium concentration
increased.

���� 
� The effects of godolinium (10µµµµM) on the increased
intracellular calcium by isoproterenol and octanol treatment.
Godolinium application decreased both of the speed and
amount of intracellular calcium increasement by isoproterenol
and octanol.
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2)
�]�� xZ	 �Ú �Õ<
 \=25,14) � 	× 9 : 8

h
 \*. ¶ ²³.�4 capacitative entry pathwayX t8

��� ]	<�	X @��
� ��67. ��� �� lí

.� ¯�P B�AÑ. isoproterenolZ gap junction blocker�

��k octanol §® �0�
 � G�X t, ��� ��

 n� ��� ��k gadolinium �ý�0 ��� 34

°{X @��Â*. � xZ �� 67� �� ���
 û

� 	 ·I �0�Â �V ��� ]	X "w8 � �

��� ��<&� â�&ð ]	�� ��34	 (g§ @

�� $ \Æ
 ]	Ú4 �f (g� @�� $ \Æ*.

k;, ¬V }� ¶ ²³.�� ��� ]	� capacitative

entry pathwayX t8 �7 ��� @�� $ \Æ�J 1

*� G�X t, ��G�4 \ ��� <ú<� ¬ =�

� W&<=�> � Z�c
 �',*.

 �

Sprague-Dawley� ¿À� ¯�P.� P��X !��0

fura-2/AM(fura-2)�� >?, Ë spectrofluorometer� ��

� Ca2+ 34X ú5�Â*. ¯�P ��X /ü�ý(perfusion

chamber). Ð
 ÕõRO /üf[e� isoproterenol(1µM)

Z octanol(1 mM) �0, Ë Ca2+ 34 °{X ú5�Â�

� ~1 �0f Ca2+ 34� �� °{�& â��J §® �

0, G: �� � Ca2+ 34	 ]	§ @�� $ \Æ*.

Adenylate-cyclaseX z { f[� forskolin(10µM)Z octanol

 §® �0�Â �4 isoproterenol� G:V �Á, ]	

�l m�� ��� � � octanolZ isoproterenol 1�

forskolin� §® QR� � �� � Ca2+� ]	�� �

@�� $ \Æ*. Ca2+� ]	�� @��
� ÕõRO�

Ca2+ ��§� Iª EGTAX ���0 ��67� Ca2+

��, Ë l�, ¬V d�, ²³ �i, xZ Ca2+ 34

� ]	X m�& â�*. bc� �� � Ca2+� ]	� �

� 67�7�� Ca2+ �� �@� ��� @�� $ \Æ*.

�©, Ca2+� �� capacitative entry pathwayX �R��&

@�A� gadolinium(10µM) ���Â � Ca2+ 34� ]

		 ��� ��<&� â�&ð Ca2+� ]	Ú4V ]	��

(g<= \÷ @�� $ \Æ*. �l� ²³xZT 5�

�e �� � Ca2+ 34� ]	V /# β-opqrs� /#

·IZ ¸¹º(octanol) §® ��� G: �� � Ca2+�

�� 67.� ��<= ]	<
 � G�� �7 capacitative

entry pathwayX t§ @�� $ \Æ*.
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