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=Abstract:=

Effect of Hyperkalemia and Hypothermia on
Endothelium-dependent Relaxation of the Rat Aorta

Eung Bae Lee, M.D.*, Sang Hoon Jheon, M.D.*, Bong Hyun Chang, M.D.*
Jong Tae Lee, M.D.*, Kyu Tae Kim, M.D.*

The rat thoracic aorta was harvested to determine whether either hyperkalemia or hypothermia impairs
the endothelium-dependent relaxation of the vascular smooth muscle. Isolated thoracic aorta segments
were studied in five groups(n=10 in each group). In group I(control). the isolated aortic segments were
suspended in organ bath without any intervention. In group Il(endotheilum removal), the endothelium of
the aortic segment was removed by gentle rubbing o! the intimal surface with a pair of forceps. In group
II(4ST), 1V(4mST), and V(37ST), the aortic segments were exposed for 45minutes to 4°C St. Thomas’
hospital cardioplegic solution(ST: NaCl, 144.3: KCl, 19.6: MgCl:, 15.7: CaCl, 2.2 mmol/L), 4°C modified
St. Thomas™ hospital cardioplegic solution(NaCl, 144.3: KCI, 140.0; MgCl:, 15.7: CaCly, 2.2 mmol/L), and
37°C ST. before suspending in the organ bath, respectively. Then, aorta segments were suspended in organ
baths(physiologic salt solution. 37°C, 95% oxygen and 5% carbon dioxide) for isometric tension
recording.

The vasodilatation to acetylcholine (107’ to 10™" mol/L) was not impaired in control, 4ST, 4mST, and
37ST groups. The vasodilatation to acetylcholine was impaired in endothelium removal group. The
vasodilatation to sodium nitroprusside {10’ to 10™* mol/L) was not impaired in all groups.

In conclusion, both hyperkalemia and hypothermia do not alter irreversibly the function of the endo-
thelium of the thoracic aorta of the rat.

(Korean J Thorac Cardiovasc Surg 1996529 :1299-1305)

Key words: 1. Cardioplegic solutions
2. Endothelium, vascular

* 7 o oL o) sho) sb -] et Al
* Department of Thoracic and Cardiovascular Surgery, School of Medicine, Kyungpook National University
TR RS A 263 HEFF T} FA shEtf 3ol A FAE AF

=y

el 1961 29 12 AlAEFY 96 7Y 184

Al =z} o] &-ul,  (700-412) o) FFA 2] 4 AP F 271 50 Tel. (053) 420-5661,  Fax. (053) 426-4765

— 1299 —



o

1-3-4j 9
LZEN 20| M EZEY o|ehsol 0|x= Pat

Control 4mST 378T

0 @_J @I 0O 0D
Removal of endothelium Exposure to each solution in vitro for 45
. minutes.

Fig. 1.
hypothermic hyperkalemic cardioplegia on vascular reactivity

Experimental design used to test the effect of

in vitro(control=control group; ER =endothelium removal
group; 4ST=exposed to 4C St Thomas hospital cardioplegic
solution for 45min. ; 4mST =47 modified St. Thomas' hospital
cardioplegic solution for 45 min. ; 37ST =37 St. Thomas' hos-
pital cardioplegic solution for 45 min.)
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AYEEZE AT 8~105y AF 240~300g S+
Sprague-Dawley#] 3 & A&3l¢ic). 43 e+ indo-
methacin(10™"mol/L), norepinephrine(107°, 10 *mol/L:
NE), ACh(10"?~10""mol/L), SNP(10°~10 *mol/L), pa-
paverine(10 " mol/L) & A}&3tgdc). o] kA5 FEE
organ bathol| 4] %% E-F%(mol/L)& FA)3}¢l 1, Sigma
Chemical Company2| &8 A}-&38}9dr}. Krebs-Henseleit
&8N (NaCl, 118.0; KCL, 4.7; CaClz, 1.2; KH2PO4, 1.2;
MgSO:, 1.2; NaHCOs, 25.0; Glucose, 11.0 mmol/L), St.
Thomas' hospital Al =z} (NaCl, 144.3; KCl, 19.6;
MgCls, 15.7; CaClz, 2.2 mmol/L: ST), 28] 3~ St. Thomas'
hospital A1 % 2l Aol A Z+F-2) FE7 140 mmol/LE. & &
B(NaCl. 144.3: KCI, 140.0: MgCl, 15.7; CaCl,, 2.2
mmol/L: mST)2 # A}-Fo] A4 | 23} A&},
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Fig. 2. The submaximal contraction to 10 °mol/L of
norepinephrinein in aortic segments(control=control group;
ER=endothelium removal group; 4ST=exposed to 4C St
Thomas' hospital cardioplegic solution for 45 min. ; 4mST=4T
modified St. Thomas’ hospital cardioplegic solution for 45 min. ;
37ST=37°C St. Thomas' hospital cardioplegic solution for 45
min.)
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% tissue holder22}ell W ZE-& force displacement
transducer(GRASS FT03 E) o A8}, d3-g-549
W3l polygraph 71 24 (GRASS model 7polygraph)el]
3 7dste] A 70 A X (isometric tension)& 7] £33}l T}
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o] vk ZE #]137] k] ZETNA oA 7
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10*mol/L ¢] NEL. 2 #u&} F&A170 Aehel 4] SNPE
10 °mol/L o 4] 10 *mol/L7}A] Z-& uhjo g ey oy
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Fig. 3. The median effective dose(ED50) of acetylcholine and
sodium nitroprusside in aortic segments (control =control
group; ER=endothelium removal group; 4ST =exposed to 4
St. Thomas' hospital cardioplegic solution for 45min.
4mST=4C modified St. Thomas' hospital cardioplegic solution
for 45 min. ; 37ST =37°C St. Thomas' hospital cardioplegic sol-
ution for 45min)
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Fig. 4. Cumulative concentration response to sodium
nitroprusside(control=control group; ER =endothelium removal
group; 4ST =exposed to 4°C St Thomas' hospital cardioplegic
solution for 45min. ; 4mST =47 modified St Thomas' hospital
cardioplegic solution for 45min. ; 37ST =37 St Thomas' hos-

pital cardioplegic solution for 45min.)
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Fig. 5. Cumulative concentration response to acetylcholine
(control=control group; ER =endothelium removal group;
4ST=exposed to 4T St. Thomas' hospital cardioplegic solution
for 45 min.; 4mST=4T modified St Thomas' hospital
; 378T=37° St. Thomas' hos-
pital cardioplegic solution for 45 min.)

* p{0. 05 vs control

cardioplegic solution for 45 min.
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FE NO9| 43A4-& # a8l NG-monomethyl-L-argi-
nineell 2]&)4 Wi E ) EDRF: 313tz o2 o9 2l
Ag EA 7 I35 T4 guanylate cyclaseE 233}
o] cyclic GMP(cGMP)E Z7HA A A d3bo|gh 2H4-& 1}
e, B2H o g2= Na, K -pumpE @43} 2] # 4
o]gt2h8-& vlepiic}H". Z71%l ¢cGMP+= t}4] EDRF]
f2l & o7 2] 7)+= negative feedback 7] o] 9]}
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AFF A o] R A L2 acetylcholine(Ach)el] o3 o) 2hol] ] 2= o3 &2 ool R 7] 95}
of AA F¥ HEHE o] &3k Ach7} sodium nitroprusside(SNP)ol] that o] 9 wH8-& = s}eic).
Y2 T L2 vhrel A AAjslgl o 2t 2 108 2 819} 17 2o old 23ty 7)a}
Al $43L organ bathel A SA44 AAEE 28 1, 2FUHAHE AP AN LS Zejrlog
AAF 173 & o g RS 25195, 3Z4ST), 42(4mST) 2 5(278T)2 7hzh 4¢ St
Thomas™ hospital cardioplegic solution(ST: NaCl, 144.3; KCl, 19.6;MgClL, 15.7: CaCl>, 2.2 mmol/L),
4C modified St. Thomas’ hospital cardioplegic solution(NaCl, 144.3; KClI, 140.0;MgCls, 15.7:CaCl:,
2.2 mmol/L)3} 37C SToll 4587 M2l F "3t 44 71452 24 8bqdch

o 2T, 4ST, 4mST % 37ST ol 9] Achel T3+ &3te] o] ke 4217} xpo)7} gledom, WA &
A ATl A2 Achell B ] B o) o) o] o 2ol wl& & Al FHAE .2, SNPo| thgt H e o]
$E BE Foll A f2A7 2lo]7) glsde)

olefl AAER ehg3 2 AES W 5 ek 2EEe] ZEH AL AAE A FEYEY
WAl £2] Achell t&t o] 3b5-& A ) 8}] bt

E4H0]: 1. Cardioplegic solutions
2. Endothelium, vascular
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