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The Action Mechanism of Diazepam on the Contractility
of Canine Trachealis Muscle

Oh Cheol Kwon, M.D., Eun Mee Choi’, Hyoung Chul Choi, M.D.,
Yong Dae Kim, M.D., Jeoung Hee Ha, M.D.,, Jang Su Suh, M.D., Kwang Youn Lee’, M.D.

Department of Otorhinolaryngology-Head& Neck Surgery
College of Medicine, Yeungnam University, Taegu, Korea
Department of Pharmacology College of Medicine,
Yeungnam University, Taegu, Korea'

This study aimed at observing the effect of diazepam on the contractility of trachealis muscle
isolated from canine trachea, possible involvement of central or peripheral type benzodiazepine
receptor, and the calcium related mechanism of action of diazepam. Trachealis muscle strips of 15
mm long were suspended in an isolated organ bath containing 1 ml of physiologic salt solution
maintained at 37°C, and aerated with 95% O /5% CO. Isometric myography was performed.

Diazepam reduced the basal tone concentration dependently, and this inhibitory action was not
affected by neither flumazenil, a central benzodiazepine receptor antagonist, nor PK11195, a
peripheral benzodiazepine receptor antagonist. Pretreatment with diazepam showed the inhibitory
effect on the concentration-response curves to agonists such as bethanechol, 5-hydroxytryptamine
and histamine. Diazepam also caused concentration-related inhibition of contraction with potassium
chloride 30 mM. The effect of diazepam on the basal tone and potassium chloride-induced
contraction with calcium channel blockers were compared. Similar results were obtained in canine
trachealis with verapamil, nifedipine and diltiazem.

These results suggest that diazepam relax an airway muscle not via specific receptors but by a
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similar action as calcium channel blockers in canine trachealis muscle.

Key Words : Benzodiazepine, Trachealis muscle, Receptor, Calcium

LA

rh

%34 benzodiazepine FE&#AT FE FF4
AAC) E¥3Eu o™  y-aminobutyric acid
(GABA) 44 % chloride B2 2339 #x
A4 dvkzn @) GABAE 53 4349 8
T AAA A% dAgAold, GABAA A7FE K
Al fe5o] GABA FE&Ald A8l chloride
o] &8 WEHFYE 2B NEHe HAEFE
ZH e,

BenzodiazepineAl'S ¢}Eo] GABA A &4
of #xslm U= 5F4 benzodiazepine F£ A
o A¥ F FEAE AW o2 U
GABA F&ANAE 854 ZEFS7t F71et
A Bt} BenzodiazepineZl 2FE-& o]2§t allosteric
modulation® & GABAY F&A A¥E F7HA
1A 3, 1 A% GABAS =go] FslEn
o] 2§ 7)Mo benzodiazepined %E9 T E<F,
g A4, 24 2 $9z4S Jepdgn g
o]9)ol = benzodiazepineZl #EE HY <oEA
Ze5529 B3A839 synaptosome W&

22 4o 2549 dAA DY, ol 7
# 7Y 9AFLL benzodiazepined &9
A R FHAzgn AHHY AFEAE JHAYE
B1¥% gt

a8y ol g F34 FEASE 28 AFE
ETG o T2 AL HoM LA ¥2
4l benzodiazepine &A= GABA A F&419
#Hol gla, E WgF T oM E Zolst 9l

= 2e narh 9ot AR Este 22
4 benzodiazepine +&A = ZTF T2 AXY
A Jeds g B2 BHEE vl A
z 4 FAen wd dn 8% 8% v
590] 9)t} Benzodiazepine# <k
AA AL Tx FBT ol gL
FAlo] ke Ad dstdE e AT
o] Aszt =1 Y. Benzodiazepine

jud
oY ki br
it

A 2L A9 HF 92 s P2 £%
A% 4¥s Jehdokes mast Qled, olw
obg] 2+ 8-S benzodiazepined o] BHEE=}
A3ALFozN ZE ol oF & JAFA
Yojups Aoz A=Y’ GABA A 4
A Z@AYG FAS 2871 o8 ol A AT
= 23°WEx 9gick = w24 benzodiaze-
pine &9 EA7F B2 HEIA BIuFH
O 8 WA A= AAERe} benzodiaze
pinedl FEQ HES o|AFAL& v A
g 28 7)He UM E 2 AAE HotsiA &
&3 e AAot}

Benzodiazepine 7l ¢f&o] vl3 RzxA 2
AEHoz gy AMLH 1 9oy benzodiaze-
pineZl g9 71T olg2Ag % FF A
£590) gl Aoz FeA Aok 2V FF
A 7AA thE benzodiazepineA <E 2HE7]
AE Z ged oy 713 i S
o disiMe F dA YA Lk

olo] AzFL e 7T FEIE A3
benzodiazepinedl =& ¥ WEAH diazepam
(Valium®) e} 7182 &40 v gL H44
i 2 3§ 71HE FHH Bux g

IIL Mz 3 2y

A9 71#E& dAAstd 4°Ce Tyrode &% &
A Al F9 2FE AAF F Z 2mm ZHo
15mm 3 SdHoE wE /AT AL
AANZ AFse % FE&  1mlo
Tyrode €% &90] &{H= e =z =29
A ¥ Z(Biancani’s isolated muscle bath)$} 714
o nAsty & 3 F & TAY Y Z
A7) (Force displacement transducer, FT-03, Grass)
of 143, Zag W E(Polygraph, Grass)ol
I &S V&G0 Ag2dd &% &9
9] £xE 3TCE #FAAI I, 95% a9t 5%

-}

oFIL O,
= a2



ojtstetae EF JIAE FEE pHE 742

FASAT. & AP A& Y Tyrode &
% 899 +4& NaCl 117, KCl 4.8, NaHCO;
25, KHPO4 1.2, MgSOy 1.2, CaClz 2.5, Glucose
5.7(mM)°] t}.

43 AUl A Hx 2g9 ¥ FHE 7t
F 608 T4 I4F &4E ARAHAL, BF
HE T H4® 60% oY 2HAS A ]?4 a
Aol dAA FA" AHAA oI Zof
28e dAsA

e

mr2‘l

1. 7|2 &3 A

3% Tyrode &% £4UdA 7]FZ FHo]
AR 3 FEHo] AAFA KA AEolA
diazepam®] ¥4 FE FH7bo] o3 7| FE o
H3lE AASEr. 1 F 5343 benzodiazepine
S84 Z2YAQ flumazenil ¥ %A benzodiaz-
pine F&A Z3AA PK 11195 7t 208 ¥
2& 559 diazepame ¥3A H7HE 7R F
go| wizgte vm, FFAY
Eﬂﬂ 7Y =50l i3t diazepame| ¥

F FRA 822 4y F9A &

AAQ bethanechol«] FH AR A8 &2
= 25 dlazepam EZ A8 o) A BHE A A
o #FEsPh A &
Z A9 5-hydroxytryptamine % histamine®] ¥
A AR A8 FoHE 5% ¥wES diazepam
EAEA A wE AAEle FEe WIE Hw
#Fssc

3. Potassium chioride #&t #H3oll ci$t diazepam
% calcium channel S4M2e| A&

713 AHol dAHY I FEol dAEA
29 el A 30 mM2] potassium chloride &
Azl Hrtste] Wstd Ao MEHE @@
831, diazepam WHA F L FE9 potas-
sium chlorideol oJ& &9 ®slE v, #F
SR 28l o8 FE9 diltiazem, verapamil
2 nifedipine A X § 2& FE9 potassium
chloridedl 91§ A=< W3 E diazepamol 2|3
Wshet vlw B

4. gy 52 S H Ll dazepamel 7|32 o]
2 EHE

Ze 52 vAA2 48R diltiazem, vera-
pamil ¥ nifedipined] 7]#2 o]¢ 223 diaze-
pam® < o}¢k ZHE d4E vlwEy] Hdd o
7 Ze A4¥E ANk

%% Tyrode &% §AqUoA 712 HEHo
AAZH o FEol AAHEA FAE FHAA
diltiazem, verapamil % nifedipine®] ¥3% %%
A7t 9% 718 FHo HEE diazepamo] 2
g wH3lel v JaEgl

L. o A

1. F4{7| 2ol cHEh g

Z1g AHol AN Tyrode €% £duUolA
AdA o} HuA FAH FE5FY S F
He #AT 9 diazepams 10'MolA 10“M7A
¢ 73 w2 H7sloh. Diazepam 3 7hol
o9& 7l A 7| Yo ¥R JEHO
2 2439k Diazepam ¥3 FE F7M 9
g 71ES HAUY oA E(% Relaxation)2
PK11195 % flumazenil 10°M A X}l 2|3}
W 3}stA] F%ch(Fig. 1.).

2. 22N 3 FoAH F 930 it
diazepame| &

14/\]- Tyrode = _g_onq]oﬂ/q o} = 7]_‘_].:1
H#Ho] bethanechol& 7 ¥5=2 Hrpsid
10°M%PE 21357 F7b8t7] AlRstd 52 9
&34 & AL YUY o7 FE
diazepam AX X 20% Fo #L FX9 beth-
anechol& ™Al 3 AH7P8lH-e o o2 5]
o wiste fost Al #AsAth Diaze-
pam 10°*M AA Rl o] bethanechol % 4
2= Wk2-9] ECyp= 044M=E0290A HE 09uxM
0282 F8tA(p<0.05) F7HIH 2™, Enat
1115+03%°1 A 86.8+149% 2 -#2]3}A(p<0.05)
#4334 Fig. 2.).

rot

3. 5-Hydroxytryptamine

o @3

713 A#He| 5-hydroxytryptamined 3

Sut gh20] CHst diazepam



80
< 601
Q0
s 4
1
x
8 40 . /
& - 13
20 g/ o Control
/ O Flumazeni-4
4 E/g & PK 11195-4
_~ * PK-4/Flu-4
0‘ L ¥ L T ml
-7 -6 -5 -4
Log{Diazepam]M

Fig. 1. Effect of diazepam on isolated canine
tracheal muscle in the presence of flumazenil
and PK 11195. Values are expressed as mean
ESE of 8 experiments. % Relaxation means
the proportional reduction toward the basal
passive  tensions(100%) obtained by the
addition of 20 mM EDTA. *p<0.05. Signifi-
cantly different from control.
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Fig. 2. Effect of diazepam on the bethanechol-
induced contraction of tracheal muscle strip.
Values are expressed as mean of percent con-
traction toward maximal response of control
Each point is expressed as mean of 8 experi-
ments. DZP-5, DZP-4 and DZP-3 are
concentration of diazepam of 10-5 M, 10-4 M
and 10-3M. =*p<0.05. Significantly different
from control. Intersections of dotted lines with
curves and abscissa indicate 1/2 Emax and
EC50, respectively.
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Fig. 3. Effect of diazepam on the 5-hydroxy-
tryptamine-induced contraction of tracheal mus-
cle strip. Values are expressed as mean of
percent contraction toward maximal response
of control. Each point is expressed as mean of
8 experiments. DZP-5 DZP-4 and DZP-3
are concentration of diazepam of 10-5 M, 10-4
M and 10-3M. *p<005: Significantly different
from control. Intersections of dotted lines with
curves and abscissa indicate 1/2Emax and
E(50, respectively.
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Fig. 4. Effect of diazepam on the histamine-
induced contraction of tracheal muscle strip.
Values are expressed as mean of percent con-
traction toward maximal response of control
Each point is expressed as mean of 8 experi-
ments. DZP-5, DZP-4 and DZP-3 are con-
centration of diazepam of 10-5 M, 10-4 M
and 10-3M. =*p<0.05: Significantly different
from control. Intersections of dotted lines with
curves and abscissa indicate 1/2Emax and
EQCH0, respectively.
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Fig. 5. Effect of diazepam, nifedipine, vera-
pamil and diltiazem on 30mM potassiumn chloride—
induced contraction of tracheal muscle. Values
are expressed as meantSE of percent contrac-
tion toward response of control. Each point is
expressed as mean of 8 experiments. DZP-5,
DZP-4 and DZP-3 are concentration of diaze-
pam of 10-5 M, 10-4 M and 10-3M. Nifedi-
pine=-5, verapamil-5 and diltiazem-5 are concen-
tration of nifedipine, verapamil and diltiazem of
10-5 M. *p<0.05: Significantly different from
control.
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Fig. 6. Effect of diazepam, nifedipine, vera-
pamil and diltiazem on the basal tone of
tracheal muscle. Values are expressed as mean
+ SE of 8 experiments, expressed as percent
relaxation. % Relaxation means the propor-
tional reduction toward the basal passive ten-
sions(100%) obtained by the addition of 20
mM EDTA.
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