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= Abstract =

Effect of Ammonia on the Action Potential of the Atrial
Muscle and Sinus Node Cells of the Rabbit Heart

Yong Soo Cho, Sok Han Kang, Jin Hyuk Kim, Sang Don Koh and Kee Soon Kim
Department of Physiology, College of Medicine, Hanyang University, Seoul, Korea

Electrophysiological effects of ammonia was studied in the isolated superfused sinus node and atrial
muscle cells of the rabbit heart. No significant changes were observed in the overshoot potential (OS),
maximum diastolic potential (MDP), and action potential amplitude (APA) of the sinus node cells
following superfusion with 3.0 mM ammonia, fifty times upper limit of the normal human plasma level.
However the action potential duration (APD) of sinus node cells were significantly prolonged after
superfusion with 0.6 mM ammonia for 20 min or with 1.2 and 3.0 mM ammonia for 5 minutes.

Ammonia in all the concentrations tested decreased the rate of spontaneous firing (RSF) from the
sinus node cells. After superfusion of sinus node cells with 0.3 mM ammonia for 20 min, the RSF
significantly decreased from 20 min to 25 min after onset of superfusion while a significant decrement
in the RSF was observed from 7 min to 30 min following superfusion with 3.0 mM ammonia for 5 min.

On the other hand, the effects of ammonia on the action potential of the rabbit atrial muscle cell were
much similar to those on pacemaker cells except that the atrial cell was generally less sensitive to
ammonia. The results suggest that ammonia may cause changes in the action potential of the rabbit
cardiac cells by the direct action, and that the cardiac effects of ammonia are generally opposite to those
of glycine.
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< A9 F9)4] arginineo] A=W APFEL

A7k o)W ol] x A H o= 2 (Kamin & Hand-
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1B 100F-6, WPI) 8] ot} 7157 2.2% 3M KOl
gog A9 ol ARFE BEHLH ol% 20~30M
Qo) ATE 2E ADE Fot ASAAS, 25A
Gg 257 ANAE AA AgEHAL
Tris-Tyrode-2-o8(35.5+0.2°C, pH 7.38+0.2)2.2
F(7~8ml/min) 3 gle ALV uietel 2
o2 3AF o2 dHHEFve]| 754 micromani-
pulator (Narishige Mo-15)% o] $-3}ed mjAA3E
gAY AEATHL ARk,

QA2 FEALFE o) F ALl AU Bl
Z3-& microprobe system (M-707A, WPI)oj| o174
3}kod oscillograph (Grass Model 7)Abol| 4] 7]-&-317
1} analog digital converter (£ @Al A} 2} ADC
0809) & ©]-&-3}of computerZ #4314 0.0 H5A
shiigo Fo4& A SsME
£ Aldskgid

&) rﬂl°

<t
gl

paired t-test
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st
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1. 2o} JtE SUHTAM x| g3HeY
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A37lES) BAAYATE 55 (03,06, 1
27 3.0mM) 9| gtr ot foloz 5H7L AFF
% AzAse] @& $5H e OS (overshoot
potential) & MDP (maximum diastolic potential)2]
58 4587 el = vl 2 ARE F Lo A9}
A & AN FHARARE BHY Y
oF gl AA%E oW Ansre 747 039 30
mMelgiel ot Agke) A ok

Table 1. Changes in overshoot potential (OS) and maximum diastolic potential (MDP) of the rabbit sinoatrial node
cell following superfusion with ammonia solution for 5 minutes

Conc. of Time (min)
Variable ammonia N
(mM) 0 5 10 20 30 45
OS (mV) 03 7 263438  00+04  06+1.1 —03+17  06+15 —1L1+1.1
0.6 7 202429  0.1+04 -—02+403 —02+09 —05+07 —02+05
12 10 224+26 —08+09 -08409  06+1.1  12+15 —08+09
30 127 207423 —05+07  00+08 —05+09 —1.0+1.0 —10+1.0
MDP 0.3 7 777433  00+04 —09+11  06+09 —03+07  0.6+0.9
(mV) 0.6 7 76.0+3.1 03+07  07+12  03+05  06+03  00+04
12 10 79.2+21 —02+02  08+08  08+09 —06+08  0.0+0.6
30 12 760415 —05+05 —05+05  04+06  03+07 03407

All values are mean+SE.

Paired t-test was used to determine statistical significance.

N =number of impalements
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Table 2. Time course of changes in action potential amplitude (APA) of the rabbit sinus node cells after superfusion
with ammonia solution for 20 min

Conc. of Changes in APA (mV)
Ammonia N
(mM) Time (min)

0 5 10 15 20 30
0.3 8 106.7+2.3 —2.0+0.3 —0.5+0.3 —0.6+04 —0.9+05 —1.24+0.7
0.6 10 95.5+3.0 —1.0+04* —1.4+04* —0.4+0.6* —0.6+09 0.1+1.0
1.2 8 93.9+34 —2.0+05** —1.0+04* 0.6+1.1 04+1.5 0.1+1.0

All values are mean+ SE.

Paired t-test was used to determine the statistical significance.
N =number of impalements

* 1 p<0.025, ** : p<0.005

Table 3. Time course of changes in action potential duration of the rabbit sinus node cells following superfusion with
ammonia solution for 5 min

‘Changes in APD;, (msec)

Conc. ot:
&rl;\l/’ln)oma N Time (min)

0 5 10 15 20 30 45
0.3 7  109.1+5.2 0.14+0.1 —0.3+0.8 0.1+0.1 —0.6+0.7 —0.64+0.7 —0.64+0.7
0.6 7 110.0+48 4.0+0.8 1.0+0.7 1.9+1.5 0.74+0.7 04+08 —0.6+0.3
1.2 10 102.0+28 1.8+0.7* 3.24+1.5% 524 1.2%** 2.54+0.8** 0.0+1.2 —0.5+1.1
3.0 12 1054+4.2 04407 6.8+1.2%** 6.8+ 1.2%** 1.74+0.7* —04+09 —-04409

All values are mean+ SE.

Paired t-test was used to determine statistical significance.

N =number of impalements, APD;, =time to 60% repolarization
* p<0.05, **: p<0.01, ***: p<0.005

AE (60 iM/L)S) Se) o S0uel APk 7H BUARARE dmifol Bohow 5E BAT
E5dAANA 7] &3 TEAHGe 0SY MDPE 5 45871 APDy, (time to 60% repolarization)e] ¥
SOmMOl f2uio} ool Sl AT AEAA B8 2K Yok 123 0mn
oLO_% °"‘L|‘ 9;1"4‘3]- ,(]y_c};; 5_‘,__ Z ]o_r.o)]/q Eul@xﬁﬂl

@ Fudolrt e TuARALY BFAY o APDﬁ FoiebA Az ol WEL

.7} (APA: action potential amplitude) ol =»] %} HBF A2 Z 208742 X EH L B 4 9l vk (Table
Fake odobrr] 9s) ofm o} fole® 2087 3 Fig. 1), =3 FYAAAHE 0.6mM Y 1.2
TUAAAAE AR v dEYols 06 mM gty o} fallo 2 2017t BF3IHE vl T
12mM 2ol d BRAG F 5~108l4 S9A  AAALY APD, & BF A% & 247 203 9 15

&

w
=

fr lo

AL APAS A 5tx] %= o} S-ol A 7ha
A7 =} (Table 2),

ekmrjolr} 7l ZulA A A Fe APD (action
potential duration)el] ] X &35 BH43}7) 93

Holl 4l felakAl 3= %o Fig. 2),

gy Ful7d A A ¥ o] RSF (rate of spontaneous
firing)e gtmi]o}g-clo g 58 ml 2087 TFIL
7% ogglo] #AG Z4E R eich(Table 4 o
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Fig. 1. Action potential duration (APDg,) of the rabbit

sinus node cells following superfusion with
ammonia solution for 5 min.
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Fig. 3. Changes in rate of spontaneous firing (RSF) of

the rabbit sinus node cells following superfusion
with ammonia solution for 5 min.
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Fig. 2. Time course of changes in action potential duration of the rabbit sinus node cells following superfusion with

ammonia solutions for 20 min.
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Table 4. Change in rate of spontaneous firing (RSF) of the rabbit sinus node cells after superfusion with ammonia
solution for 5 min

Changes in RSF (beats/min)

Conc. of
E"[xnrrll\r;;onia N Time (min)

0 5 10 15 20 30 45 .
0.3 7 1265466 02+16 —1.8+1.3 —26+14 —13+14 —-07+.6 08+1.3
0.6 7 1361+99 —22+408* —45+12* —64+14* —3.4+09* —04+19 04+1.6
1.2 10 141.8453 —26+35 —75+21 —120+4.92** —38+34 0.5+3.3 28+2.8
3.0 12 1473461 —33+25 —273+33" —267+3.6% —13.74+3.7* —10.5+3.6** —6.5+3.6*

All values are mean+-SE.

Paired t-test was used to determine statistical significance.
N=number of impalements

*: p<0.05, **: p<0.01, *: p<0.005
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0 357 10 B 20 B 30 timemind (5

Fig. 4. Changes in rate of spontaneous firing (RSF) of the rabbit sinus node cells following superfusion with ammonia

solution for 20 min.

mME A 4587 & 3552 Zehgeh, o beats/mintAs|glon A9 30872 ALEHI S
o} Gololl olgt HdAAA L] RSFEEE & (Fig. 4), =F 1.2mMyxs drvotgleos 34
of gEotgale] Fxo wiE|siglel, tmyel  FAldlE FUAAALY RSF7F 7 A7 £ 10F
folog 2087 B 7S SUAPA LY RSF oA Z4 (10.6-£2.0 beats/min) 517 A]Z8}od 304
£ 03mM % 0.6 mMEEA 27t AF Az & or HAGFFoR FEEZR gk},

205 = 158 of 4.8+1.4 beats/min @ 7.8+1.7 2F559 ¢hm]o} A A& FAE AP
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Fig. 5. Toxic effect of ammonia on transmembrane
potentials of the sinus node cells of rabbit heart.

2. ¢aLolr} JtE MuEMxze] SHetol
o)Xe 59

7}E A AZE gryolg R (0.6,1.2 % 3.0

mM) 2 2 537 B3 3 F5A%e OS 9 APA

o] HEL BFAZ F 3087t FHsg el 2

A5 Fgshd Table 59} Act, 7tE Alb2 A E

9] 0OS % APAE 2E 559 Eijo} Lalloj4

1

mV
-804

mV
_80 ,
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Fig. 6. Changes in action potential duration (APD,,) of
the rabbit atrial muscle cells following super-

fusion with ammonia solution.

Table 5. Changes in overshoot potential (OS) and action potential amplitude (APA) of the rabbit atrial muscle cells

following superfusion with ammonia solution

Conc. of Time (min)
Variable ammonia N
(mM) 0 5 10 20 30 45
OS (mV) 0.6 5 25.0+49 —3.0+35 —50+49 -—-20+28 —-10+21 0.0+1.4
1.2 7 244429 —08+04 —20+16 -—16+10 —-26+14 —14+12
3.0 5 18.4+4.2 3.0+2.1 3.0+2.1 4.0+28 4.0+2.8 4.0+28
APA (mV) 06 5 1120+14 00+14 —10+21 0.0+14 00+1.4 0.0+14
1.2 7  104.8+4.0 0.8+2.2 0.8+2.2 0.8+2.2 00+24 —16+27
3.0 5 108.0+14 —1.0+0.7 —-1.0%07 2.0+14 —204+00 —21+00

All values are mean = SE.

Paired t-test was used to determine statistical significance.

Abbreviations are same defined for table 1 and 2.
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Table 6. Time course of changes in action potential duration (APDg,) of the rabbit atrial muscle cells following

superfusion with ammonia solution

Changes in APDg, (msec)

Conc. of
Ammonia N Ti (min)
(mM) ime (min

0 5 10 i5 20 30 45
0.6 5 107.5+8.8 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
1.2 7 103.24+92 —-20+1.8 —04+23 —0.6+24 —1.0+22 —20+18 —20+18
3.0 5 107.5+8.8 0.0+0.0 7.5+1.8* 5.54-0.4* 4.54+0.4* 0.5+04* 4.54+0.4*

All values are mean+SE.

Paired t-test was used to determine statistical significance.

Abbreviations are same as defined for table 3.
* p<0.05

Table 7. Time course of changes in rate of spontaneous firing (RSF) of the rabbit atrial muscle cells after superfusion

with ammonia solution

Changes in RSF (beats/min)

Conc. of
énrrlxwm)onla N Time (min)
0 5 10 15 20 30 45

0.6 5 98.0.+14 —27+14 —35+11* -=35+L1* —20+1.1 —25+13 —-23+14
1.2 7 89.8:+5.9 —1.1+07 —4.8+09* —-56+1.6* —38+14* —28+16 —28+16
3.0 5 82.2.+3.4 9.0+68 —27+57 —89+25* -—58+21* —78+41 —69+3.6

All values are mean-+ SE.

Paired t-test was used to determine statistical significance.

Abbreviations are same as defined for table 4.

* p<0.05, *: p<0.005
B FReRed 98 AFE ohigieh

gk 7FE AlZA|EE 06,129 3.0mMEE a &t
o] gkmjo} Lallo 2= 587 AF3 & AR
of BE AMTALY APD 9 RSFS| WEg 24 £ Aol hEs SHAAEAL ol &
19 v} APDG & 3.0mMEEolAat BF Az A(03~3.0mM)oz 587 HF Fole TUA
2 1080 AA(7.5+1.8 msec)F o] 45877 =& A ENA 718" FFHYe] OS Y MDP+= A2
5|9l ow (Table 6 ¥ Fig. 6) =3k RSF= nE %  HFEHA 4koy 03~1.2mMe] gtr o} Sallo

of ammoniagle] S8 AL BFAZ F 108
ol A1 208 AleloA] froj Al ZE gl 1.2 ¥
3.0 mM ammoniacl| 2] & RSFu}-g2 77t
5.6+1.6 3 —8.9+42.5 beats/min¢] ¢l t}(Table 7
Fig. 7).

v

2 2087k FFF A5l o5 AL APAE 06
1) 1.2mMe] ExoA] dA R ot #2o3)
A 249t HAE 115 glycined] 7HE ZubA
FAZe] BEA ol FAE G2 o)At Bt
FE= dizAo|c}, Glycine 3mM FEox 7IE

ZulAA A Ee] MDPS 7+4A]7)u OSE §-9 5t
A Z74A7]9] 5mM E50) A& APALE Z7}417]
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Fig. 7. Chainges in rate of spontaneous firing (RSF) of
the rabbit atrial muscle cells after superfusion
with ammonia solution.

tha §hch(Choe at al, 1988).

@9 2 S9AAAUE Srfol galoz 3
F3AE W FYAAAZAA J5H BFAG
APD: fo3tA A= FHAAAL
APDE 2A4Wg 2ol $ale 587 AF
A& 1.2mM ¥ 3.0mM FxoA 42 AF A
2 F 158 3 1030 5~6msecH = AAE o
2087 BE3 Aot 0.6mM T 1.2mM EEo]
A BF A% F 27 208 9 1530 S9l8 2%
ok &5 (1988)of wl== 3.0mMe] glycineo
2 7l PUAAAUE BRI BRAAT 72
o] F§xA9qte] APD7} 4.3+ 1.3 msecylZE Qi
ssict,

%@ 7hE SYAAALE RSFE hefol £
o Sle S-o)sAl HAHglor] RSFS BAAEE
Fof ghwifote] o] wlalstict, UF-Llvel
gzl ¥t T45 SlE FUALALY
RSPH o] HAEE A7e R3Hgen RSF

Wgo| A &ElE A7k AojAeh, FUAAAZLE
30mMs) QEo} §ehoz BFA BRAZL B
12F-o] RSFo] ¥ 52 31 % (34.8+3.0 beats/min)
o Wabgiom olzid RSFS] 5L 308 Fol=
Q4% 5§85 Tagch H5(1988) & e 5
AR AAL 3 mMe] glycine &4 0.2 HF-E 7
RSFE oFE Bol 3 33041 102Ab0lo] 25
Z7}5]n] RSFe] o ¥ 582 13.6+ 3.4 beats/min
A= Acka gt o] AelA EoAE st S
HA 29 RSFY APDo] m|x& fmvote] 4
7} glycined] EH7F A2 Atslge AL i)
Su)2¢ At ol

24 Aesl peade drel faloz B
F4 30mME AL A4TAZA 75T 3
$A%¢) OS, MDP % APAE: WE3hA ke
HE AREAZ APDE 3.0mMe| Sheafol gol
o2 BFAGNL F5A A4 en) RSFE 12
mM % 30mMe| 2ol §Aes BEAlH
F9% 94T 230 AR AUBAZIAE &
2uebt BEAYel o] E Ao glycineshe 4
Wsie AE FAAAZEGE Evole o
$o A BEE % 5 U,

g 2o hrdiol floz AAALE 3
A4 o2 WY Fol RSEA B B
ZARQT B4 APAZ e} 3% 5]
SE A7 Y ok Fol G ALF

o,

A3E Aolel s AFYANY 55
] de]i}w] (Handler et al, 1949; Guillino et
al, 1955; Guillino et al, 1956; Doolan et al, 1956;
Harper et al, 1956) =3} 4 8F9] ojn] - A}-8 B-3hA
© 2 AF3he A Felx arginineo] Zojsw AL
E- Al o] 1}l o} (Guillino et al, 1955; Najarian &
Harper, 1956) 2 3¢, obelxAbe Bgdoz
oA PR Al FEFAE {3, A2A
3} 5l & ool et Fhe T1E Fod Aol x AbTA| 3
A5} 24 W TEFC] 44k 4 gled Al
E4AHE AXH FEO] Akt d=A Y
(Pitts, 1943; Handler et al, 1949),

ofu] :AtF ol A 5. 53] glycined] FH-o] FA|7}

5+ 7% 2ZA+E nonketotic hyperglycinemia %

o
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transurethral prostatic resection (TUPR)-syndrome
(Creevy & Webb, 1947; Harrison et al, 1956; Drinker
et al, 1963; Osborn et al, 1980; Roesch et al, 1983;
Hoekstra et al, 1983)-& 5 4~ Ut} Glycined 94|
& of e} ofo] :Alo] 8 ALFA o] o b 7|7
o BetolAlE obd Faal walA YA ok of
ol Atel dhAbRol 2. Qg AL - 917l g} o) o
rEvolsl £33 434l A Aoz AHs
9l v} (Handler et al, 1949; Guillino et al, 1956),
Glycineg 4|3} olv|Als o A H sl 5
o) FEsh ASPre AL F Al A
olch, al7] Harper(1956)2 $-of glycine 3
alanined] ck3} dF 9lmijol Ex ol ATAL
b AF2YE FEol shryo} $5¢ Hus
7 8AE %7) Eiol SERTHE gycined
Fojakt Aol o ol4Hal Wgolzhn Bulole]
Najarian5(1956)& arginineo] o}w]l=Alel] 213} o
Bole] A4S JAGchan dgirt, < Hoek-
stra$-(1983)& TUPR-syndromeo] |+ 3kz}of) A
encephalophathyz} 8 Balﬁ}lz 712 hyperammone-
miac]] 7|15 o2 AL F AR el ==

Aol 109 o4 452 + gohn shsie
B EFARANN $24 DAL A

A% FH A 5F 9] receptor
9Jr At AARALE G4 F AZEA
(excitotoxicity) & 4 2.7 4 gt AL A gzl
A}LAl (Olney et al, 1971; Choi et al, 1987; Kim & Choi,
1987; Kim et al, 1987) o]}, o]t FFA] olu]:
Aro] EAS ol o | el Ca*r} B Rt A
(Jancso et al, 1984; Hori et al, 1985) 2} Cl-9] 4%
A ol 2ojF ALRA] ..Q.—sﬂz_}-.g_o] fele) FHte

Z 7 (Rothman, 1985; Olney et al, 1986) o] gt}

¥ el Aol Lebas) brriolt B2
4375l w12E B3 glycineshe 3ol7h e
o 7}3 hEASl A& APDS} RSFel A Zold 4
9]}, &3] TUPR-syndromeo|ir} non-ketotic hy-
perglycinemiaz} 9l 3taloll & glycines} $F=1)
ob7t FAIol A7) 5ol BHE WA= 2A AZ 4
Aoz 283 Aol o Asitt TUPR-syndrome
o Fadgoze Auezs, AP, 24,
TFE, ohd }9F o S FFUFo] dHA e

234 Al 25 1989—

o)t ool bel FEF At FAFRI,
TUPR-syndromeo] 9= 73-% Aut4-7) 7+ 45k
A glycines] A1) E3H7} oh] 7 bR i]ols] 2§
o2 olAth ol4e AT ¥ ¥ TUPRsyn-
dromeo}i} glycine®] F=A] glycine®. the bl
b A7) 5el SAE Gl B 2ekn Az

th,

Z

riu

gRUolrt & AR Fl =
B37] A ke AE TwAA ‘;—l AlZ A 2
4= 140} 44(0.3, 0.6, 1.2, 3.0mM
7] A - Foll o] F Al ZolA FEALE 71531
A2 ulmEget,

1) 712 FUAAZAZE 2ol £4(0.3, 06,

127 3.0mM) e 2 #HFHIodx FZHY OS,
MDP =] APAY:= ¥l Z5]|x] ¢kgkr},

2) TuAA AZE 0
20+-7F AF-A] APDgp2- *H"T-/‘] 25 2030 A ek
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3) 7tE suAAA LY RSFe BE 559 o2
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£ RSF4 E7E 308744 A459iet
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