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Abstract : Although the antidepressant effects of imipramine (IMI) have been well known in several studies,
the effects on cardiovascular system, particularly the vasorelaxant effects, have not known clearly. We
hypothesis that IMI-induced vasorelaxation involves NO (nitric oxide), activation of guanylate cyclase (GC)
and Ca”™ channel. The possible roles of the endothelium and Ca®* in IMI-induced responses were investigated
using isolated rings of rat thoracic aorta and anesthesized rats. In KCl-precontracted rings, IMI produces
endothelium-dependent and endothelium-independent relaxations in intact (+E) as well as endothelium-
denuded (-E) rat aorta in a concentration-dependent manner. In phenylephrine (PE)-precontracted rings, the
IMI-induced relaxation was significantly greater in +E rings. The IMI-induced relaxations were suppressed
by nitric oxide synthase (NOS) inhibitors, N(G)-nitro-L-arginine (L-NNA), N(omega)-nitro-L-arginine
methy! ester (L-NAME) and aminoguanidine, a non-selective GC inhibitor, methylene blue, Na* channel
blockers, lidocaine and procaine, or Ca® channel blockers, nifedipine and verapamil, in PE-precontracted
+E rings, but not in PE-precontracted -E rings. These relaxations were also suppressed by lidocaine or
procaine in -E aortic rings. However, IMI-induced relaxations were not inhibited by a PLC inhibitor 2-
nitro-4-carboxyphenyl-n,n-diphenyicarbamate (NCDC), an inositol monophosphatase inhibitor, lithium,
indomethacin and dexamethasone in +E and -E rings. In vivo, infusion of IMI elicited significant decrease
in arterial blood pressure. After intravenous injection of saponin, NOS inhibitors, MB and nifedipine, infusion
of IMI inhibited the IMI-lowered blood pressure markedly. These findings suggest that the endothelium-
dependent relaxation induced by IMI is mediated by activation of NO/cGMP signaling cascade or inhibition
of Ca® entry through voltage-gated channel, and this mechanism may contribute to the hypotensive effects
of IMI in rats.
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Fig. 1. Concentration-dependent effects of imipramine (IMI) on phenylephrine (PE)- or KCl-induced contraction in
endothelium-intact (+E) rat aortic rings. A: typical tracing of the concentration-dependent effect of IMI on 70 mM KCl-
precontracted ring. B: graph showing the vasorelaxant effect of IMI on 5 UM PE- or KCl-precontracted ring. Each point
represents meanstSE expressed as tension (mg) of IMI-induced relaxation. n=4.
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Fig. 2. Effects of IMI on PE-precontracted +E or endothelium-denuded (-E) isolated rat aortic rings. In -E rings (B), 0.6
M PE was employed to induce similar degree of tone to that of endothelium-containing rings (A) induced by 1 UM PE.
Where indicated, chemicals were added to the perfusing medium. Endothelium was denuded by adding saponin to the
perfusing medium. A and B: typical tracings of the relaxant effect of IMI in +E (A) and -E (B) rings. C: graph showing
time-dependent relaxant effect of IMI. Each point represents meanstSE expressed as tension (mg) of IMI-induced

relaxation. *P<0.05, **P<0.00! vs. +E rings; n=3~4.

#3519k KCl ¥ PE % E#o)A imipramine?] 8
ol AL Fx FUHd wE 7} Fre] Ay o]
S8t =4 vebde AR Frol W& olgk |
# (Fig. DRHE #ASIAI o] ok E3td vixe
7+ ofEe Ede 9 FE9 imipramine® ¥
3ty Al7be] wE FHE Vel (Fig. 2 ol3)).
Imipramine®} o]t 2871 AE wHsr] 95t
7% FEL 30%~5417F B9 W AR F imipramine
£ Bt o oA HE AFsAch WA A, GC
AAA, NOS AAA], cyclooxygenase A|#] PLC ¢
A A B Ca’*-channel rHA] 5] A X Alejl= PE
o ogt FEHo] FatE At ofslEy] wiitel] v)&g
TF JEiolA A7) 3 ol BRe we-8 A
At PEY] BEE At Hjsedl 25 Aol M A
stk

sel &%

AEFTES urethane 2.2 vl 3, AL FA & s
hot plateo] 27t § oF 208 F<F AL /e &
A& s 7]l catheterS 41 3hed A 5152 ventilator
2 5FS fREA 83 S B3] 98 2
Z EXule] g AMiste] S, ek 248
7] &l dEEe] #e st AT Ay 7=

AL AAsAct ol 4 st Foll= heparin (1000
IU/mL)°] S48 D55 AN 981 E oA
shact. Egte] P imipraminest] 2|3 @3 W%
£ st 24 oHEel E3= imipramine®) ¢t
HES st § s AR 5 A HA &
THA] imipramined F-oisted 9t WHe-& dEE L)
Imipramine®] ¥HE Fofo] whg ¥} 817 2o)7} gl
£ Felakdct. AAHNA imipramines) Hhs7d &3t
o gk Fahal e F S AHs}7] 915k saponin
& Fole] Mo g AAsAR Wy &4 §3= 8%
TF F HHE HEsl] ) dhol Sk ulgl
A acetylcholine®] o}&hih-g o ¥-& #atale] w73}

et

AIE oM W BAXE
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Fig. 3. Effects of NOS inhibitors (100 uM L-NAME, 10 uM L-NNA or 500 uM AG) on the IMI-induced relaxation in
PE-precontracted +E rings. A and B: typical tracings of the relaxant effect of IMI in the absence (A) and the presence
(B) of L-NNA. C: graph showing the effects of NOS inhibitors on the IMI-induced relaxation. Each point represents
meanstSE expressed as tension (mg) of IMI-induced relaxation. ¥P<0.05, **P<0.001 vs. contro! (in the absence of NOS

inhibitor); n=4~5.



87 thzDollA imipramine®] dZol¢h 248714 601

A —e— Contro
100 ' 4
To— mw
ao-
<3 —a—
£
§
.fi * %
E 40- I,
-]
& * %
*
20- +*
O 1 ¥ L T 1 1
o0 5 10 15 20 25 30
Time (min)

Relaxation (mg)

20 T T T T T 1
0 5 10 15 20 25 30

Time (min)

Fig. 4. Effects of GC inhibitor (10 uM methylene blue, MB), PLC inhibitor (100 UM NCDC) and inositol
monophosphatase inhibitor (50 uM lithium) on the IMl-induced relaxation in PE-precontracted +E (A) and -E (B) rings. Each
point represents meanstSE expressed as tension (mg) of IMI-induced relaxation. *P<0.05, **P<0.001 vs. control; n=5.
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Fig. §. Effects of 10 uM indomethacin (ID) and | pM dexamethasone (DE) on the IMl-induced relaxation in PE-
precontracted +E (A) and -E (B) rings. Each point represents means+SE expressed as tension (mg) of IMI-induced
relaxation. n=4~5.
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Fig. 6. Effects of 0.5 uM nifedipine (NP), 5 pM verapamil (VP), 400 uM lidocaine (LDC) and 500 uM procaine (PC)
on the IMI-induced relaxation in PE-precontracted +E (A) and -E (B) rings. Each point represents meanstSE expressed
as tension (mg) of IMI-induced relaxation. *P<0.005 vs. control; n=4~5.
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Fig. 7. Typical tracings (A) and the data summary (B) of the effect of saponin (SP, 18 mg/kg), L-NAME (5 mg/kg), L-
NNA (3 mg/kg), AG (9 mg/kg), MB (20 mg/kg), NP (150 pg/kg) and ID (2 mg /kg, i.v.) on IMI (Con, 2 mg/kg)-induced
decrease in blood pressure. Chemicals were treated 20-40 minutes before the treatment of IMI. Each bar represents
meanstSE expressed as mmHg of decrements of mean arterial blood pressure (MAP). *P<0.05, **P<0.001 vs. Con.
Numbers in parentheses indicate number of experiments.
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