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Cholinergic Effects of Nizatidine on the Guinea Pig Ileum

Woo Sung Chang, Jae Kyung Chung, Chang Kyun Kim, Kuk Hyun Jung,
Seok Yong Lee, and Tae Soon Cho

Lab. of Pharmacology, College of Pharmacy, Sungkyunkwan University,
Suwon 440-746. Korea

To clarify whether nizatidine, a H, receptor antagonist, has the cholinergic activity, the effects of
nizatidine on the guinea pig ileum and on the acetylcholinesterase in human serum were studied.
And, the mechanism of excitatory effect of nizatidine on the cholinergic system in ileum was also
studied. Nizatidine caused a concentration-dependent contractile response by the guinea pig ileum.
The ECs, was 53 UM and the maximum response was at 300 puM. Ranitidine also caused a
contractile response by the guinea pig ileum, but cimetidine and famotidine did not. The
pretreatment with H; receptor antagonist did not affect the actions of nizatidine on the guinea pig
ileum, but the pretreatment with atropine completely blocked them. Nizatidine significantly
enhanced the acetylcholine-induced response of the guinea pig ileum, but not the pilocarpine-
induced response. Nizatidine did not affect the histamine-induced response of the guinea pig ileum.
Nizatidine still exerted the small excitatory effect on the guinea pig ileum pretreated with the high
concentration of physostigmine. Nizatidine significantly inhibited the acetylcholinesterase in human
serum. These results suggest that nizatidine exerts an excitatory effect on guinea pig ileum which
seems to be associated with the cholinergic system, probably through an indirect mechanism,

inhibition of acetylcholinesterase and/or increased release of acetylcholine. (Kor. J. Clin. Pharm.
1998; 8(2): 113-121)
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Fig. 1. Effects of nizatidine on the isolated guinea pig ileum. Nizatidine stimulated the motility and con-

tractility of ileum in a concentration-dependent manner.
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Fig. 2. Concentration-response curve of nizatidine
on the isolated guinea pig ileum. Data were ex-
pressed as a percentage of 0.1 uM acetylcholine
(ACh)-induced response. Each value represents a
mean +S.E.M. of 4 experiments.
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Fig. 3. Effects of H,-receptor antagonists on the isolated guinea pig ileum. Cimetidine : 1 mM, Famotidine : 0.3

mM, Ranitidine : 1 mM. Ileum motility and contractility were stimulated by ranitidine, but not by cimetidine
and famotidine.
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Fig. 4. Effects of H1 receptor antagonist on the
stimulation of ileum motility and contractility by ni-
zatidine or histamine. Niza : 0.3 mM nizatidine, Hist
:1pM histamine diphosphate, Chlor: 10 uM chlor-
pheniramine. The stimulatory effects of nizatidine
were not blocked by pretreatment with chlorphen-

iramine.
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Fig. 5. Effects of muscarinic receptor antagonist on
the stimulation of ileum motility and contractility
by nizatidine or acetylcholine. Niza: 0.3 mM nizati-
dine, Atr:1puM atropine sulfate, Ach:0.3 uM
acetylcholine chloride. Atropine (1 M) completely
blocked the stimulatory effects of mizatidine and
acetylcholine on guinea pig ileum.
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Fig. 6. Effects of nizatidine on the guinea pig ileum
in the presence of different concentrations of atro-
pine. Data were expressed as a percentage of max-
imum response induced by 1 mM nizatidine. Each
value represents the mean+ S.E.M. of three experi-
ments. *P<0.05.

1 uM atropine®] x| ¢l 2|3ted 3] Apwh= o).
8] 7 nizatidineo)] ¢)3} 548 % 1 uM atropine2]
ZAX 2ol oJ3le] %3] AdESAch(Fig. 5). 12|12
muscariner] $8-A 5 SHPASHA A A @5 -
Aoz Adal ¢ 9l 5% atropined A X
g A M+= atropine®] Fol] &]E2 0 2 nizatidine
9] zhgo] Aet=]glr)(Fig. 6).

5) nizatidineo] acetylcholine®] 33 4=3-2k-8-of] ]
A 3T '

nizatidine®] 3 F52tgof| 3}t acetylcholine2]
ABAd L FAs7] $ske] #JRIA acetylcholine®] &
T &2k )3l nizatidine A=) &) F 3L HF
slel=d 03 mM nizatidine®] XA ¢J35}ed 0.1
UM acetylcholine®] z}-go] oF 20% A& Z7} =}
(Fig. 7).

6) nizatidineo| pilocarpine®] ZA# %2140 A
=93

nizatidine®] A $===}-8-o) acetylcholineo] 3%
=o] ole ALE vfehdel mel cholineA] &g}
© t2A AdlolA A A=A o= oE AlE
muscarine’] &3 &XA|4l pilocarpine3}2] A-A]
& A3t 1 uM pilocarpineel| 2]5te] 3|7-2]
+537 #EHeo] ksl olzldt FrihEol
nizatidine®] 1] 2] o] 2|5}o] 3=} ¢ghch(Fig. 8).

7) nizatidineo] histamine2] A3 E2k-gof] w2 =



Nizatidine®] 7111 3]#bof| 2] Cholineld 2h8-

117

Ach

Niza Ach

Fig. 7. Effect of nizatidine on the stimmlatory action of acetylcholine on guinea pig ileum. Ach:0.1 pM a-
cetylcholine chloride, Niza:0.3 mM nizatidine Nizatidine potentiated the stimulatory action of acetylcholine

on guinea pig ileum.
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Fig. 8. Effect of nizatidine on the stimulatory action
of pilocarpine on guinea pig flewm. Pilo:1 pM pi-
locarpine HCL, Niza:0.3 mM nizatidine. Nizatidine
did not affect the stimulatory action of pilocarpine
on guinea pig fleum.
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Fig. 9. Effect of nizatidine on the stimulatory ac-
tion of histamine on guinea pig ileum. Hist:1 M
histamine diphosphate, Niza : 0.3 mM nizatidine. Ni-
zatidine did not affect the stimulatory action of his-
tamine on guinea pig ileum.

3%

nizatidine®] A $=2Fg&of] 3l histamine2]
A& A st} ol histamines) AR 5
#2180 B nizatidine A X Q] FF& FAE
=4} 0.3 mM nizatidine®] A # 2o} 2}s}ed 1 uM his-
tamine 2} Arg-0} <3 3Ez| Qkgich(Fig. 9).

~&— Nijzatidine —&— Physostigmine
®
2 100} 1
S 1P T
<%
g /1 Tt
: 1 T
£
& 50
E I
s ;
® 25
) 7
0 1 ) L 1
-8 -7 -6 -5 -4 -3

Log[Drug], M

Fig. 10. Comparison of the stimnlatory effects of ni-
zatidine and physostigmine on guinea pig ileum.
Data were expressed as a percentage of 10 uM phy-
sostigmine-induced response. Each value represents
a mean+ S.E.M. of 4 experiments.
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Fig. 11. Effect of physostigmine on the stimulatory
action of nizatidine on the guinea pig ileum. Data
were expressed as a percentage of 10 UM physostig-
mine-induced response. Each value represents a mean
+S.E.M. of 4 experiments. *P<0.05 vs basal tone.
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Fig. 12. Effects of H,-receptor antagonists on the a-
cetylcholinesterase activity of rat serum. Each value
represents a mean + S.E.M. of 4 experiments.

A Bk e AT felgt 84 SEatgol
vhebedehFig. 11).

acetylcholinesterase &0l L8 Y&t

A "A39] acetylcholinesterasedl] gl H, 4=4-
A AAES 3¢S FAs}G =0 nizatidines} ran-
itidine-2- -g-8ke] &3] © 2 acetylcholinesterase &} A 218
& el o cimetidine- v)eFst o} A)2k8-S e}
W3l famotidine2 Al 2hg-o] A2l vlehdx] ekgk
ch(Fig. 12).

Kor. J. Clin. Pharm., Vol. 8, No. 2, 1998
L.~

AN 2e Ak A8A=Z /Nt nizatidine thiazole
Fr=A2H ranitidine¥} ¥]3 2H4-& Hole H, 5
45 ZgAolct. nizatidineL thE oFAlolE e
first pass hepatic metabolismo] 72| glo] A Akl el A
& AT 5oJA] AA o]-4-F(bioavailability)o] 90% o]
Ato] Hu] #* Bal8 w3 rapitidineo]} famotidine
3} frAFsHA vl kst

ranitidine-2- cimetidineo]v} famotidine#-= th24)
cholined 714-& FHA7]& 24 7IA 2L 3le A
o2 &R it} Galli 7% Aono £ raniti-
dinee] 71U 24 458 Lolv o] o)
acetylcholinesterse &) 8} 2}-&-ol] 25 Yot} 3}t4
ov] Bertaceini S0 429 HEFEAY) AT
2 FEo||A] ranitidineo] acetylcholined} Al52H-8-2
3] o] 2h4-2- atropineo]] 23] A9 AAHE WA
e 31x9 A E FokLoAE tetrodotoxin
ol ulE REAA} A7AFOR o] ZtE
£ 702 Mo} cholinergic &7 Zojz} oy 1
71AE AEs] & & $121} muscarinic receptoro]]
o3 AAatgo)Av}, cholinergic neuron S ZH-E
acetylcholine -f-2] 2 £7} & acetylcholinesterase #]
shahgol ke 2P9aHe Aol skt Re 5
2 guinea-pig 3] ollA] ranitidine?] cholinergic T3}
%= cholinergic agent®] d}4) furtrethonium¥} FLE-+
22 71232 9]7] wlEe cholinergic receptore]] XA
2183 Zoletx sod Spel2eg FEAE-] AR
A &o=Z ATt

ranitidine™} 3 12AF 57+38H2] C¢} O7) S9F No
2 X&o] gle AL Adeae T4 F2E 7L
A3 Q)% nizatidine?] cholinerd TS AJHs}r| 9]
gt ¥ Aol A nizatidinel] £]3ko] 71 Y 37| &
93 4520] o Jz¥ez Z/lskgon
nizatidine®] ©]2|&+ =42 ranitidineol] 23 Axr}
o potentstith. B $EE AN Hoe
o8] 717 7|AE F3le] dod 5 AT EA <
muscarine’] 7|17} histamineA] 7]A ] HAA] o
2 slsisich. hisamined 71 Ao 93 FRFEL
H, #4A1& 53l dojvimz H, 584 AAQ
chlorpheniramine& X xe] JFE FA3l=d
chlorpheniramineel] £]3}¢] nizatidine®] =}-g-0] <33F
<+ WEX] gdopr, vk ol muscarine’d 8- AF=hA| Q]
atropine$ TE¥EE =] 8}91S vf& nizatidine2]




Nizatidine®| 7] 2% )42 Cholinerd =&

zHg-o] 23] Adgg Reoh 1t nizatidine<] 3]
g pEALol Hy $4412] 3L Ested dofux]
%437 muscarined 7]3-L Eshod ‘?—l"i & 9wl gt
=8t muscarine] 4-A 2 A AdElA] ke

it
[0

=2) atropine-S A A x| 5}91& w) nizatidine2) 2§
o] atropine?] ¥ ko) 9J&EH 0 Z )5S muscarine
A 71419 A 9] & o2 FAo)t).

muscarine’] 7]H 9] FRL g AR =}
=, A73A2EAQ acetylcholine 2] &z, wi
acetylcholinesterase @4 2] o) o)sled Joind 4
et = dTFollA] nizatidine®] )] A) pilocarpine
= k2 A 9)9lA acetylcholine®] zF-g-0] 825}
745 e AL R veht nizatidineo] acetylcholine--
E3| A 7]+ acetylcholinesterase S o] 4 A]7]%= 2+-go]
Ui HAFET) ol& Al #x29 acetylcho-
linesterase 24 of) gk 7 H, 8- Z3A) 9] 288
F2Y AP Q3te] 2}, nizatidine?] ace-
tylcholinesterase® #)2h-8-&- ranitidine®) =+&-Rolx
74k 7107 A2 Yo}

acetylcholinesterase 3 JA| A 7= ) Z4 <kEa]
physostigmine} =83} nizatidine®} =-8-2 v] 25}y
£ o, nizatidine®] &#-& physostigmine?] <k 1/350

[

AEZ AghAd 252 o} o} 86%4 =
= 3A vepyc
314 pEAF 4] physostigmine?] 7 Sl

<+ Y427 $5al 10 uMS A A § 3 nizatidine
0.3 mM< H713191& o 339 vleksla)at f-ot
FE4RS0] Yehd=] o] nizatidine®] 3% 45
Z}-8-0) acetylcholinesterase®dz] 2Fg- o] 9)o] t}E
muscarine’d F5 7]A o) 2l3ted g ol e Aja}
g}, 7k nizatidine®] muscarine] &E5-2F-go] A A
2.8 acetylcholinesterase™] 4| 2F-8-of] 7|18 7%
29| physostigmine®] A *] ¥ nizatidine} 7}A] =
}79"1 240 A} delur] gfoemg ZrlAq)
SRS vebA] gk Aot}

N1zat1d1ne°] muscarineA] =g of] thete] A A
Q242 ¢lE Ao 2 9elA 97, Kounenis &
acetylcholinesteraseZ- & A18}91-& 714 nizatidine®]
Zhg-o] Sk $hod nizatidineo] Hm7FAlA w
o)A acetylcholine §-2] & Z7}A)2 AHolgbw ¥7
g ¥} 9lo nizatidine®] muscarinet] EE-=+8-9) °r~l
F7} acetylcholine-f-2] 9] Z7}o)l 7|qlg Aoz =
= ole] thatiE Fr] drt Feg Aoe A}E
=}

119
4 B

71U 3% "Hej|A] nizatidined] <j&7} 7 7]A
A }51 215 A9 acetylcholinesterased-A] ol
FaE Al o) A 9ok
1) niz andme% o dEdow A ) 5
& F7A1%8, ECw 53 uMe]glsr 300 uM
# 3h-& vieldioich

(2) cimetidine3} famotidine-& i]ﬂ—‘%—itﬂ] 42]3) o
o] 1413 ranitidine-2- —n—-45 FEake-S "}Elr‘;\‘i‘l}

(3) nizatidine®] 4+&81--& H, $&-4 AeiAle]
Aol oJste] dgEA] ¢F9k o} muscarine’ —r%
A A AQl atropine®] A x]of fsle] FE o=
2.2 At ich

(4) nizatidine A x| ol 2}3}e] acetylcholine?] &
28] RS54 S350} pilocapines] )5 %
—_%TH ] _,]‘6]_ o trl:.SL u]-;(] 0}9}4

5) mzatldme?ﬂxi Zjo) 2]s}e] histamine?] &uhe-

oA el s} ek

ds' )

£ o

EX
of| &

_LJE,

£9] physostigmine2)
A% nizatldlnes 7??*95@ o B & 2Rk -
¥ p52kgo] gl

(7) nizatidine2- ©}& H, 84 xskA|nc} 7438
acetylcholinesterase &A] A 2H-8-& ehfgc).

ol4ke] A¥ A= nizatidine] 7|UH 3 L&

B &3 Z7]aka-9] ol 31 acetylcholinesterase ¢
A el 7|el8ke, 57k #l2F3htel acetylcholine-§-
29| Z2] 53 22 28] A FoI & 75Ae A)
Abghel.

&

MO

1. Baker, L.A., L.B. Hough; Selectivity of 4-methyl-
histamine at H;- and H-receptor in the guinea-pig
isolated ileum. Br. J. Pharmacol. 1983; 80: 65.

2. Kravitz, J., W. Snape, S. Cohen; Effect of hista-
mine and histamine antagonists on human lower
esophageal sphincter function. Gastroenterology.
1978; 74: 435.

3. Catle, D., M.J. Brody, J. Christensen; Histamine
receptor in esophageal smooth muscle of the opos-
sum. Gastroenterology. 1976; 70: 1071.

4. Bertaccini, G., E. Molina, L. Zappia, J. Zseli; His-
tamine receptors in the guinea-pig ileum. Naunyn-
Schmiedebergs Arch. Pharmacol. 1979; 309: 65.

5. f-A]L-; Histamined] ¢ HIJZ -’F—é‘?«ioﬂ st
°k€l‘§¥ﬂ 71 4. 1980; A, wpabee] =1

6. Secher, C,, J. Kirgegard, P. Borum, A. Maansson,



120

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

P. Osterhammel, N. Mygind; Significance of H;-
and H,-receptors in the human nose. J. Allergy Clin.
Immunol. 1982; 70: 211.

. Konturek, S.J., R. Siebers; Role of histamine H,-re-

ceptors in myoelectric activity of small bowel in
the dog. Am. J. Physiol. 1980; 238: G50.

. Bareicha, 1., M. Rocha, E. Silva; Occurrence of Ho-

receptors for histamine in the guinea-pig intestine.
Biochem. Pharmacol. 1975; 24: 1215.

. Cohen, S., W. Snape; Action of metiamide on the

lower esophageal
1975; 69: 911.
Coruzzi, G., G. Bertaccini; Histamine receptors in
the lower esophageal sphincter. Agents and Ac-
tions 1982; 12: 157.

Bertaccini, G., L. Zappia; Histamine receptors in
the guinea-pig duodenum. J. Pham. Phamacol. 1981;
33: 590.

Takayanagi, I., Kasuya; Effects of some drugs on
the circular muscle of the lower esophagus. J.
Pham. Phamacol. 1981; 33: 590.

Rattan, S., F.K. Goyal; Effects of histamine on the
lower esophageal sphincter in vivo. J. Phamacol.
Exp. Ther. 1978; 204: 334.

Brittain, R.T., D. Jach, B.J. Price; Recent devel-
pments in histamine Hj-antagonists. TIPS 1981; 2:
310.

Jefferys, D.B., J.A. Vale; Cimetidine and brady-
cardia. Lancet 1978; 15: 828. )

Reding, P., C. Devioede, P. Barbier; Bradycardia
after cimetidine. Lancet 1977; 10: 1227.

Delatte, M., B. Dicken; Cimetidine once daily.
1984; 17: 625.

Mignon, M., T. Vallot, S. Bonfils; Gynaecomastia
and histamine H,-antagonists. 1982; 28: 499.
Jackson, G., JW. Upward, G. Liedberg, E. Fletch-
er, J. Davis; Cimetidine, ranitidine and heart rate.
1982; 31: 265.

Cavangh, RL,, J. Jeffery, J. Usakwitz, J.P. Buyniski;
A comparison of some of the pharmacological pro-
perties of etintidine, a new histamine H,-receptor
antagonists, with those of cimetidine, ratidine and
tiotidine. J. Pharmacol. Exp. Ther. 1984; 224: 171.
Baldi, F., F. Ferrarini, R. Balestra, D. Borioni, G.
Brumetti, L. Barbara; Esophageal function after
oral ranitidine. Hepato-Gastroenterology. 1984; 31:
38.

Daly, M.J., .M. Jumphray, R. Stables; Effects of
H-receptor antagonists and anticholinergic drugs
on gastric and salivary secretion induced by
bethanechol in the anesthetized dog. Br. J. Phar-
macol. 1982; 76: 361.

Brittain, R., M.J. Daly; A review of the animal
pharmacology of ranitidine. Scand. J. Gastroenterol,
1981; 16(supple 69): 1.

Bradshaw, J., R.T. Brittain, J.W. Clitherow, M.T.
Daly, D. Jack, B.J. Price, R, Stables; Ranitidine a
new potent, selective histamine Hj-receptor anta-

sphincter. Gastroenterology.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kor. J. Clin. Pharm., Vol. 8, No. 2, 1998

gonist. Br. J. Pharmacol. 1979; 66: 464.

Daly, M.J., J.M.Humphray, R.Stables; Some in vi-
tro and in vivo actions of the new histamine Hy-re-
ceptor antagonists; ranitidine. Br. J. Pharmac. 1981;
72: 49.

Gleahill, T., D.M. Haward, M. Buck, P.A. Paul, R.
J. Hunt; Single nocturnal dose of an H-receptor
antagonist for the treatment of duodenal ulcer. Gut
1983; 24: 904.

Batzi, S., 1.W. Harmon, J. Dyer, W.F. Thompson;
Interaction of histamine with gastric mucosal cells.
Mol. Pharmacol. 1982; 22: 41.

Abernethy, D.R., D.J. Greenblatt, F.N. Eshelman,
R.I. Shader; Ranitidine noninteraction with ben-
zodiazepine oxidation or conjugation. Clin. Phar-
macol. Ther. 1983; 33: 216.

Camarr, E., E. Chone, G. Fanteria, M. Zocchi;
Ranitidine induced bradycardia. Lancet 1982; 17:
160.

Hansen, W.E., S. Berti; Inhibition of cholinesterase
by ranitidine. Lancet 1983; 29: 235.

A9, 21714, Zel<; Ranitidine?] g Ao]#|
A o] 3t cholinergic &3} A Hgtal =
F-%] 1989; 40: 1.

Galli, A., P. Mamtovani, G. Pepeu; Effects of ran-
itidine on ileal myenteric plexus preparation and
on acetyl- and butyryl-cholinesterase. Biochem.
Pharmacol. 1984; 33: 1845.

Aono, M., M. Moriga, K. Mizuta. H. Narusawa;
Cholinergic effects of histamine H,-receptor an-
tagonists partly through inhibition of acetylcholine-
sterase. Gastroenterol Jpn. 1986; 221: 213.
Trzeciakowski, JP., S, Cole; Ranitidine potenciates
ileum contraction caused by GABA and electrical
stimulation. Life Sci. 1986; 38: 173.

Re, L., M.L. Cingolani, C.C. Concettoni, L. Rossini;
Cholinergic effect of cimetidine and ranitidine.
Pharmacol. Res. Comm. 1983; 15: 485.

Simth, J.L., AN. Chremos, M. Gamel, D.Y. Gra-
ham; Gastric antisecretory effects in man of a novel
H,-receptor inhibitor MK-208. Clin. Pharmacol.
Ther. 1983; 33: 216.

Tagagi, T., M. Taketa, H. Maeno; Effects of a
new potent Hy-blocker, YM-11170 on gastric se-
cretion induced by histamine and food in cons-
cious dog. Arch. Int. Pharmacodyn. 1982; 256: 49.
McCallum, P.B. Huber; MK-208, a novel his-
tamine H,-receptor inhibitor with prolonged an-
tisecretory effect. Digestive Disease Sci. 1985; 30:
1139.

Campoli, D.M., Clissold, S.P.; Famotidine. Drugs.
1986; 32: 197.

2k} The clinical effectiveness of a new Hj-re-
ceptor antagonist, famotidine on treatment of pep-
tic ulcer disease. Kor. Cent. J. Med. 1986; 50: 219.
Kloyz U, Arverla P, Dammann HG, et al: Lack of
effect of nizatidine on drug metabolism. A mul-
ticenter trial in Europe. Scand. J. Gastroenterol.



Nizatidine®] 7118 &) 2412 Cholinerd =r4-

42.

43.

44.

1987; 22(suppl. 136): 18.

J.T. Callachan, R.F. Bergstrom, B.D. Obermeyer,
E.P. King, W.W. Offen: Intravenous nizatidine
kinetics and acid suppression, Clin. Pharmacol.
Ther., 1985; 37: 162-165.

ZFef4, HUA, o Hareceptor®] cholinergic
A3} 2 cholinesterase *] 3 &5}, Sungkyun Pham.
J. 1990; 2: 55.

Knadler M.P., Bergstrom R.F., Callaghan J.T., Ob-
ermeyer B.D. Rubin A: Absorption studies of the
H,-blocker nizatidine. Clin. Pharmacol. Ther. 1987,
42: 514-520.

45.

46.

47.

121

Aronoff G.R., Bergstrom R.F., Bopp R.J,, Sloan R.
S., Callaghan J.T.: Nizatidine disposition in sub-
jects with normal and impaired renal function.
Clin. Pharmacol. Ther. 1988; 43: 688-695.
Bertaccini, G., G. Corruzzi: Cholinergic-like ef-
fects of the new histamine H,-receptor antagonist
ranitidine. Agents Actions. 1982; 12: 168.

G. Kounenis, M. Koutsoviti-Papadopoulou, V. Ele-
zoglou; The excitatory effect of the new histamine
H,-receptor antagonist nizatidine (LY139037) on
the guinea-pig ileum. J. Pharmacobio-Dyn. 1987;
10: 669.



