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Effects of Dexamethasone on Neuromuscular Transmission in
a Phrenic Nerve-Hemidiaphragm Preparation in the Rat

Bon Nyeo Koo, M.D., Yong Taek Nam, M.D., Yang-Sik Shin, M.D., Jeong Mi Han, M.D.
Jeong Seok Lee, M.D.*, and Sung Yell Kim, M.D.*

Department of Anesthesiology and Pain Medicine, Yonsei University College of Medicine,
*Sooncheonhyang University, Seoul, Korea

Background: MacFarlane and Rosenthal reported a case of acute quadriplegia after nondepolarizing
muscular blocking agents in status asthmaticus patient treated with high doses of corticosteroid. Reports
regarding the reactions of glucocorticoid treated muscles to neuromuscular blocking agents are sparse
and inconsistent. The aims of this study were to examine the degree of muscle atrophy and its effects
on sensitivity to neuromuscular blocking agents in relation to the dose and duration of dexamethasone.

Methods: Sixty Sprague-Dawley rats were divided into six groups. They were treated daily with
dexamethasone 0.4 mg/kg and 4 mg/kg daily for 1 week or 3 weeks. The two control groups were
treated with normal saline. The day after treatment, the dose-response curves of vecuronium were
measured using a phrenic nerve-hemidiaphragm preparation. To classify muscle fiber, the diaphragm
was stained for myofibrillar adenosine triphosphatase after alkaline and acid preincubation, and a
morphometric examination was carried out.

Results: The diaphragmatic muscle in rats treated with long term, high dose dexamethasone showed
significant atrophy. For the short term, low dose dexamethasone group, the ED50 and ED95 of
vecuronium decreased 41.5% and 26.8% compared to those of the control group, respectively (P < 0.05).
However, the ED50 of vecuronium in the long term, high dose dexamethasone group increased 22.2%
compared to that of the control group (P < 0.05).

Conclusion: This study suggests that sensitiviy to vecuronium was not modulated by dexame-
thasone-induced muscle atrophy. Quantitative changes of receptors at the neuromuscular junction or some
anoother process might be responsible for this change. (Korean J Anesthesiol 2003; 44: 377~ 385)

Key Words: Dexamethasone; dose-response curve; phrenic nerve-hemidiaphragm Preparation; ve-
curonium.

=AY s 20029 10€ 1Y

HYAR}  FRH, MEA FET EFF 146-2W A, FEAEGLE Y vHEFIFuY, $HUS: 135-720
Tel: 02-3497-3520, Fax: 02-3463-0940, E-mail: ytnam @yumc.yonsei.ac.kr

upA ) =g,

B A3E 200195 AT

=

3L T

2

A $5ER AN AA0E o FoIHL.

377


https://core.ac.uk/display/225377958?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

378 cjAnrAB A A 44 A3 5 2003

M =

2
o

s

o]gtell 9lo] steroidse YAZA O
=209 Al 3

o 2
FA F2H 5L 7 1 o=
7b #E£28 wf X eH o o] & H
A%, AAxZ 23, #HA, g9
o AzAE FRASA AHEHT A
19773 MacFarlane®} Rosenthalol] <2]3] 5o =
|FY steroids AEE A3 T4 ALAWHH] F
27 olg), =g <kslel Ay Y B
i k

=4
9] steroidse}? ol AA =Y Fo] Wb

el
=]
B

o T

&

O
+

oQ
ot

steroids7} AF&E ) Steroidse] AMgS
< opIFE F dEd, 2 FoAAE 53
A A AEEHE 8T =
(myopathy)& deotta dH ol FE=4dP A
ASH A
FTEAAANA A =
°

5o
0%A4 AUH =Y etakg FPst

it
Ho

I3 steroidsE A7]Z o2 AME3S 7
Zol Aol tk v dAFXA e A

oli glom,!* I Zele] Tt o

ol H Ho

dot
9z o

O o

B A= dexamethasone®] Fof £33 7]7ho
& 33 A% HusE wsts #Esiu

Z8}kA1 74 T (phrenic  nerve-hemidiaphragm)
HEA Zo]hA|2] effective dose, 50% (EDso)<}
effective dose, 95% (EDos)S B0 24, dexamethasone
o 71zt# & w T95 AR Zo|gA
MAE7E oW Aolg Hol=AS FotRuzt &

=
Rt

char 2 g

200-250 g9 7% 3 F(Sprague-Dawley rat) %
60vtE] & ol &3tk AP ke’ 12417 U 12
AZE gk =719k A EE 25°CE fFASHA
™, & F(cage)dll svhelH AR AT
dexamethasone®] o 33 Fo] 7|zto]| ule}
T 6 o2 st Zb ol 10mk A it thE
Tolle Y AEFE, A&FTolE  dexamethasone
(fretdey, giew=h) 04 mg/kgs, IEFTA= dexa-

methasone 4 mgkgS” WY B FAletgoh z+

g o fo

Zhe) A9 FAlE 5% LT S 2 miol 545}
FAGT. o A A FBL 1709 37 F

of 2x FAtstAt

43E &
79 4REE BRAE AAFoE st B
£ obgue] F7] Aol #3338 AL Stk
$Fe 49
HAUNHD B vhAT FA 24403 Fo @
:

gRiHe® i f=
2.5% thiopental sodium
N3 0520 mlE FAFsE w3 A
1 F 4% FEFE AN oF 3 em Zol9 ¥
7B BES ANFSHS Kreb &qo] A 3
2] HAl(petri dish) WA EZQ3k =7
o

KR
1=
. Ad Z(bath) W} 2% 5

E

2

=5

e

Lo
U A

o
3

o>
fo

3

?

KeN
S 9% Mo nAsAY. TR A=
dinous portion)ol] 12| (hook)E ©]-&38}o] 2 g9
32 7}5l==E A3$7)(Grass FT-03, USA)o| <
Aot 3HE o)F o Adx ol 100 mle] Kreb
SN pHE 74F FA37] 98t 5% CO.9F 95%
0,2 7]X3} Al7)|31 &5 FZF(water bath)S ©o]-&
stod 32°C2 FAA AT
AHE-E Kreb £ 24 NaCl 118 mM, KCl
5.0 mM, CaCl, 2.5 mM, NaHCO; 30.0 mM, KH,PO,
1.0 mM, MgSO; 1.0 mM (Sigma Chemical Co., USA)
g3 11 mM (YAKURI PURE CHEM-
ICALS, Japan)©|$ith.

e
o 4o

g



TEY 9
HhS: A7) A= 71(Grass S88,
Quincy, Mass., USA)®} Z}zte
unit (SIU 5B, Grass Inc, USA)S %3] 0.2 msec?
AVZ} 9} A (square wave) 2 0.1 Hzo] =A< (sup-
YA bt YERE
&S 93 7] (Grass FT-03,
=3} power Macintosh (Power

shoith. olg wrgel &)

F

Grass Inc., isolation

ramaximal stimuli)-S
Fzvage A%
USA)E
Lab version 3.6)i 7]

Grass Inc.,

&

A 2% S 22 W H 8
¥ Folshe MU A% wold Mes ¥

2By maximum  effect)
2 olgsted oldlst we FFWE BANS
computer software®] SigmaPlot windows version 5.0
(SPSS Inc, USA)S. ZHE =Z33dY. &3-w-s o
A2 [y = yo - Emx X X)/(EDsy + x)OZHE
7} 9] EDsy % EDosE A2ttt

FATZSY Iy W3 #F FHAS AAL

7 3 3 3oty FAue AEsel $ANY F

20

Y

Channel 3 (g)
o b ©® N O

ANN N AN NN

Fig. 1. A typical tracing of mechanomyogram on power
Macintosh graphs. The phrenic nerve-hemidiaphragm
tissues of the rat were prepared after dexamethasone or
normal saline intraperitoneal injection during 1 week and
3 weeks, respectively. The stimulation of a single twitch
was square wave of 0.2 msec and 0.1 Hz. The responses
were recorded in power Macintosh (Power Lab version
3.6). Arrows (1) indicate the time when 50ug of
vecuronium was administered cumulatively when the
twitch responses were stable.
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Table 1. Daily Growth Rate of Each Group

Group Daily growth rate
Control 69 £ 0.7
Low dose 14 £ 0.7%
High dose 09 + 04"

The values are mean + SEM, gfrat/day. Control: adminis-
tered with the same volume of normal saline as dexame-
thasone groups, Low dose: dexamethasone was injected
intraperitoneally 0.4 mg/kg, High dose: dexamethasone was
injected intraperitoneally 4 mg/kg into the rat. *: P < 0.05
vs. Control group, ": P < 005 vs. Low dose group.
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Zo)gtA ¢ wAE High dose  292.78 + 23.54 541.00 + 41.56
3 weeks

AAAZ 9 2% Mes o]g3 Zololas] & Control 25092 + 19.08  473.61 + 22.43
Eo‘:')ﬂ% ggoﬂ )\'1% l_zr ;(1%%]:%0]] 9)\01 vecuroni- Low dose 294.00 + 24.06 409.25 + 4797
um¢] EDySh EDos/} 12 thzitol Hls] 2H2F 41.5% High dose 317.55 + 20.52 491.36 + 26.56

9} 268%=2 ZAIFFOUEP < 0.05), 3F ALZFTE
& 33 g2y =ol7t Y TH(Table 2).

Wk 15 31879 vecuronium EDsp®} EDost
157 2 Zol7h giley, 357 A8FTY ve-
curonium EDsp= 3F tiZFol st 222% F7}3)
Foem®P < 0.05), 3F AL&HTY vecuronium EDos
= 33 iz Zolrt gl th(Table 2).

Values are mean * SEM, pg/100 ml. Dexamethasone
was injected 0.4 mg/kg in Low dose group and 4 mg/kg
in High dose group into the rat peritoneal cavity. The
experimental drug was injected for 1 week and 3 weeks,
respectively. Control: administered with the same volume
of normal saline as dexamethasone groups. EDso and EDos
were calculated through SigmaPlot windows version 5.0
using dose-response curve. *: P < 0.05 vs. each 1week-
and 3 weeks-Control.

Fig. 2. The muscle pattern of the rat diaphragm observed by H-E stain (x 100). (A) administered with intraperitoneal
normal saline for 1 week, (B) administered with intraperitoneal dexamethasone 0.4 mg/kg for 1 week, (C) administered
with intraperitoneal dexamethasone 4 mg/kg for 1 week, (D) administered with intraperitoneal normal saline for 3 weeks,
(E) administered with intraperitoneal dexamethasone 0.4 mg/kg for 3 weeks, (F) administered with intraperitoneal
dexamethasone 4 mg/kg for 3 weeks. As the duration and dose of dexamethasone administration have increased, myogenic
changes have increased as well. Although there were much more nuclei and connective tissues between muscle fibers in
the 3 weeks-High dose group, the architecture of the muscle fibers were preserved and there was no necrotic muscle fiber.



Fig. 3. The muscle typing of the diaphragm by myofibrillar adenosine triphosphatase (ATPase) stain at pH 4.6 (% 200).
(A) administered with intraperitoneal normal saline during 1 week daily, (B) administered with intraperitoneal
dexamethasone 0.4 mg/kg during 1 week daily, (C) administered with intraperitoneal dexamethasone 4 mg/kg during
1 week daily, (D) administered with intraperitoneal normal saline during 3 weeks daily, (E) administered with
intraperitoneal dexamethasone 0.4 mg/kg during 3 weeks daily, (F) administered with intraperitoneal dexamethasone 4
mg/kg during 3 weeks daily. Type I (*), Ila (t ), and IIb (¥ ) fibers are indicated.
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Fig. 4. The cross sectional area (CSA) of the muscle fiber in each muscle type. All uscle fibers were identified under
myofibrillar adenosine triphosphatase stain at pH 4.6. The cross sectional areas were measured by computerized image
analysis system using optimas 6.1. (A) The CSAs of the muscle fibers in each muscle type were measured after
dexamethasone or normal saline injection during 1 week and (B) 3 weeks, respectively. [ Control: administered with
normal saline, [J Low dose: administered with dexamethasone 0.4 mg/kg, B High Dose: administered with dexamethasone
4 mg/kg. *: P < 0.05 vs. each 1week- and 3weeks-Control. ": P < 0.05 vs. 3weeks-Low dose.
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