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Effects of Diospyros kaki L. Radix or Diospyros kaki L. Folium on
Arterial Contraction Induced by Phenylephrine in Rabbit

Hee-Chul Kim, Chang-Gyu Nam, Ho-Hyun Kim", Hyun-Jea Sung

Department of Internal Medicing, College of Oriental Medicine, Semyung University
Department of Physiology, College of Oriental Medicine, Semyung University"

Objectives : This study was undertaken to define the effect of Diospyros kaki L. Radix or Diospyros kaki L. Folium on
phenylephrine-induced arterial contraction and the mechanism of Diospyros kaki L. Radix or Diospyros kaki L. Folium-
induced relaxation.

Methods : In order to investigate the effect of Diospyros kaki L. Radix or Diospyros kaki L. Folium on contracted rabbit
carotid arterial strips, transverse strips with intact or damaged endothelium were used for the experiment using organ bath.
Diospyros kaki L. Radix or Diospyros kaki L. Folium extract was infused into contracted arterial strips induced by
phenylephrine.

To analyze the mechanism of Diospyros kaki L. Radix or Diospyros kaki L. Folium-induced relaxation, Diospyros kaki L.
Radix or Diospyros kaki L. Folium extract was infused into contracted arterial strips induced by phenylephrine after treatment
with indomethacin, Nw-nitro-L-arginine, methylene blue or tetracthylammonium chloride, and Ca* was infused into
contracted arterial strips induced by phenylephrine after treatment of Diospyros kaki L. Radix or Diospyros kaki L. Folium in a
Ca*-free solution.

Results :

Diospyros kaki L. Radix or Diospyros kaki L. Folium showed relaxation effect on arterial strip with endothelium contracted
by phenylephrine, but in the strips without endothelium, Diospyros kaki L. Radix or Diospyros kaki L. Folium-induced
relaxation was significantly inhibited.

The endothelium-dependent relaxation induced by Diospyros kaki L. Radix or Diospyros kaki L. Folium was decreased by
pretreatment with Ne-nitro-L-arginine or methylene blue but it was not observed in the strips pretreated with indomethacin or
tetraethylammonium chloride.

‘When Ca* was applied to the strips which were contracted by phenylephrine in a Ca**- free solution, arterial contraction was
increased. However, pretreatment with Diospyros kaki L. Radix or Diospyros kaki L. Folium inhibited contractile response to
Ca™.

Conclusions : Diospyros kaki L. Radix or Diospyros kaki L. Folium may suppress influx of extra- cellular Ca* through the
formation of nitric oxide in the vascular endothelial cells. {J Korean Oriental Med 2003;24(1):141-154)
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Fig. 1. Histologic section of rabbit common carotid arterial
strip intact endothelium(left) or damaged endothe-
lium(right). An arterial strip with endothelium was
observed endotherial cell in tunica intima.
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MifRS PEo] 9@ 42 1.08+0.18 gol B]dto] 1
mg/mlo| A 1.15+0.12 g, 3 mg/miol| A 0.79+0.16 g, 10
mg/mio| A 0.3140.09 g9 52 vehllo] 3 mg/mi 7}
10 mg/mi o A ZYZ} 24.9%, 71.3%2] fol4 & ol
37} 9l TH(Table 1, Fig. 2).

Mi#ES PEC] 23 % 1.1420.16 goll H]3lo
0.01 mg/mlo| A 1.1340.11 g, 0.03 mg/mio A 113+
0.11 g 0.10 mg/mlo] A 0.12+0.05 g¢] %< Jeh)
o] 0.1 ng/mlellA 89.5%2] o4 ST o|H4EHE
1.9 tH(Table 2, Fig. 3).
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0.1 ng/ml L SEZF A X8 PE 1 ME 3ol

Table 1. Effects of Diospyros kaki L. Radix Extract on the
Contraction of Arterial Smooth Muscle Induced by

PE
Treatment Contraction(g) %
PE 1.08+0.18 100
PE + DR lmg/ml 1.15+0.12 108.1£9.1
PE + DR 3wg/m! 0.79+0.16 75.1+174
PE + DR 10mg/m! 0.31+0.09 * 29.7+9.6 *

Values are meanzstandard deviation(n=8). Percentage was calculated for
PE precontraction. * P<0.001, significantly different from the value with
PE. PE, phenylephrine | uM ; DR, Diospyros kaki L. Radix extract.

10min

T‘“

DR10

w0

Fig. 2. Representative recordings showing the effects of
Diospyros kaki L. Radix extract on the contraction of
arterial smooth muscle induced by PE. PE,
phenylephrine 1 M ; DR, Diospyros kaki L. Radix
extract(mg/m!) ; W/O, wash out, change of bath
medium with a solution to which no drug is applied.
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Table 2. Effects of Diospyros kaki L. Folium Extract on the
Contraction of Arterial Smooth Muscle Induced by

PE
Treatment Contraction(g) %
PE 1.08+0.18 100
PE 1.14+0.16 100
PE + DF 0.01ng/m! 1.1340.11 99.8+£6.7
PE + DF0.03mg/ml  1.13+0.11 100.1£ 6.6
PE + DF0.10mg/m!  0.1240.05 * 10.5£3.7*

Values are meanzstandard deviation(n=7). Percentage was calculated for
PE precontraction. * P<0.001, significantly difterent from the value with
PE. PE. phenylephrine 1 #M ; DF. Diospyros kaki L. Folium extract.

10min

L

PE \_L‘
DF0.01

DF0.03 |
DFO.1

W/O

Fig. 3. Representative recordings showing the effects of
Diospyros kaki L. Folium extract on the contraction of
arterial smooth muscle induced by PE. PE, phenyle-
phrine 1 M ; DF, Diospyros kaki L. Folium extract(mg/
ml) ; W/O, wash out, change of bath medium with a
solution to which no drug is applied.

Table 3. Effects of Pretreatment of Diospyros kaki L. Radix Extract on Contractile Response to Additive Application of Ca* in
the Strips Which Were Contracted by PE in Ca*-Free Solution

Non treatment of DR Treatment of DR
Treatment
Contraction(g) Contraction(g) %
PE 0.37+0.05 100 0.26+0.02 100
PE + Ca 0.84+0.11 * 226.1+10.0 * 0.33+£0.05 1254+119*

Values are mean tstandard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly difterent from the value with PE. DR,
Diospvros kaki L. Radix extract 10 mg/m! ; PE, phenylephrine 1 #M ; Ca, calcium chloride TmM.

WIO

Fig. 4. Representative recordings of the effects of
pretreatment of Diospyros kaki L. Radix extract on
contractile response to additive application of Ca* in
the strips which were contracted by PE in Ca*-free
solution. DR, Diospyros kaki L. Radix extract 10 ng/m!
; PE, phenylephrine 1 #M ; Ca, calcium chloride 1
mM ; W/O, wash out, change of bath medium with a
solution to which no drug is applied.
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Table 4. Effects of Pretreatment of Diospyros kaki L. Folium Extract on Contractile Response to Additive Application of Ca* in
the Strips Which Were Contracted by PE in Ca**-Free Solution

Non treatment of DF Treatment of DF
Treatment
Contraction(g) % Contraction(g) %
PE 0.57+0.14 100 0.034+0.01 100
PE +Ca 1.20£0.07 * 222.0+52.0 0.06+0.02 236.1+770

Values are mean - standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. DF,
Diospyros kaki L. Foliwm extract 0.1 mg/ml : PE, phenylephrine 1 #M ; Ca, calcium chloride 1mM.

Table 5. Effects of Diospyros kaki L. Radix Extract on the Contraction of Arterial Smooth Muscle with Intact Endothelium or
Damaged Endothelium Induced by PE

intact endothelium damaged endothelium
Treatment
Contraction(g) % Contraction(g) %
PE 1.03£0.06 100 0.9440.26 100
PE + DR 0.24+0.04 * 233+£38% 0.74+0.20 78.5+£58 %7

Values are mean+standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. #
P<0.001. significantly different from the value with intact endothelium. PE. phenylephrine 1M ; DF, Diospyros kaki L. Radix extract 10 mg/ml.

10min 10min
10min

g

DR
Fig. 5. Representative recordings of the effects of oR WO wio
pretreatment of Diospyros kaki L. Folium extract on . . _
contractile response to additive application of Ca in Fig. 6. Representative recordings of the effects of Diospyros
the strips which were contracted by PE in Ca*-free kaki L. Radix extract on the contraction of arterial

solution. DF, Diospyros kaki L. Folium extract 0.1 g/ smooth muscle with intact endothelium(left) or
nl ; PE, phenylephrine 1 #M ; Ca, calcium chioride damaged endothelium(right) induced by PE. PE,
1mM ; W/O, wash out, change of bath medium with a phenylephrine 1 M ; DR, Diospyros kaki L. Radix
solution to which no drug is apphed extract 10 mg/ml ; W/O, wash out, Change of bath
medium with a solution to which no drug is applied.
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Table 6. Effects of Diospyros kaki L. Folium Extract on the Contraction of Arterial Smooth Muscle with Intact Endothelium or

Damaged Endothelium Induced by PE

intact endothelium damaged endothelium
Treatment - -
Contraction(g) Contraction(g) %
PE 0.94+0.12 1.30+0.24 100
PE + DF 0.10+£0.04 * 11.0+4.2* 1.44+0.31 1102452

Values are mean+standard deviation(n=8). Percentage was calculated for PE precbntraclion. * P<(.001, significantly ditferent from the value with PE. #
P<0.001, significantly different from the value with intact endothelium. PE, phenylephrine | M ; DF, Diospyros kaki L. Foliwm extract 0.1 mg/m!.

Table 7. Effects of Pretreatment of IM on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Radix Extract

Non treatment of IM Treatment of IM
Treatment
Contraction(g) Contraction(g) P
PE 1.00£0.20 100 0.50+0.24 100
PE + DR 0.27+£0.05 * 27.8+4.5% 0.1510.05 3274£72*

Values are meanzstandard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. [M,
indomethacin 10 #M ; PE, phenylephrine 1 #M ; DR, Diospvros kaki L. Radix extract 10 mg/ml.

10min 10min

DR
WI0

Fig. 7. Representative recordings of the effects of Diospyros
kaki L. Folium extract on the contraction of arterial
smooth muscle with intact endothetium(left) or
damaged endothelium(right) induced by PE. PE,
phenylephrine 1 (/M ; DF, Diospyros kaki L. Folium
extract 0.1 mg/ml ; W/O, wash out, change of bath

medium with a solution to which no drug is applied.

Foste] FEHS FEAZ T MR 10 mg/nl 2 K 28

0.1 mg/m = Tt M3 AAASHA g2 -1t
59 W3S v ustgl

*fﬁi‘ﬁ—_— IME 4 lo}xl %2 7% PEA & &

% 1.00+020 goll ¥3ka] 027+0.05 go] £&S U}
Elfio} 72.2%2] o|$EH7) UYL, IME A A8
735 PEd| 23t % 0.50+0.24 gol} v]sla] 0.15+
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IMe] AA X7} MitRe] 8ol gF Aol fof3t Ak
< u]x]A] %38} tHTable 7, Fig. 8).

7S IME AR ¢4 4§ PEo g ¢

146

WO

Fig. 8. Representative recordings of the effects of
pretreatment of IM on the endothelium-dependent
relaxation induced by Diospyros kaki L. Radix extract.
IM, indomethacin 10 ¢M ; PE, phenylephrine 1 /M ;
DR, Diospyros kaki L. Radix extract 10 mg/ml ; W/O,
wash out, change of bath medium with a solution to
which no drug is applied.

2 1.0240.03 gofl ¥)sted 0.12+0.06 g9 &5
Efio] 88.7%<] o|¢AH7L UL, IME HA A&
7% PE| 93t 2 0.65+0.30 gof] ¥]3te] 0.01+
0.06 go] $&o2 850%9] o|FEHE Bo M9
AAANE Mg ddolgade] 423 JgFe n|
2] 2] 949FcHTable 8, Fig. 9).
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Table 8. Effects of Pretreatment of IM on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Folium Extract

Non treatment of IM Treatment of IM
Treatment - -
Contraction(g) % Contraction(g) %
PE 1.02+0.03 100 0.65+0.30 100
PE + DF 0.12+0.06 * 11.3£6.1 % 0.01+0.06 * 150£3.2%*

Values are mean-+standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. IM,
indomethacin 10 #M ; PE, phenylephrine | #M : DF, Diospyros kaki L. Folium extract 0.1 ng/ml.

Table 9. Effects of Pretreatment of TEA on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Radix Extract

Non treatment of TEA Treatment of TEA
Treatment - -
Contraction(g) % Contraction(g) %o
PE 1.04+0.11 100 0.87+0.20 100
PE + DR 0.2610.03 * 24.6+3.0* 0.36x0.11 * 40.8+8.2 %

Values are mean £standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. #
P<0.001, significantly different from the value with non treatment of TEA. TEA, tetracthylammonium chloride 100 #M ; PE, phenylephrine 1 #M ; DR,
Diospyros kaki L. Radix extract 10 mg/ml.

10min

| L'J—/J\ =

PE I’_‘ ™ l_: pE L | TEA \_:
DR PE DR PE

W/IO DR wio DR
W/O WO
Fig. 9. Representative recordings of the effects of Fig. 10. Representative recordings of the effects of
pretreatment of IM on the endothelium-dependent pretreatment of TEA on the endothelium-dependent
relaxation induced by Diospyros kaki L. Folium relaxation induced by Diospyros kaki L. Radix
extract. IM, indomethacin 10 4M ; PE, phenylephrine extract. TEA, tetraethylammonium chioride 100 /M ;
1 #M ; DF, Diospyros kaki L. Folium extract 0.1 mg/m! ; PE, phenylephrine 1 M ; DR, Diospyros kaki L.
W/O, wash out, change of bath medium with a Radix extract 10 mg/m! ; W/O, wash out, change of
solution to which no drug is applied. bath medium with a solution to which no drug is
applied.
izing factor, EDHF)2] 98+ Falnat ol ¥k K% TEAS AAASA e 2% PRI o8
Z31= mﬂzh%oﬂ TEA 100 mM< 1587+ 24| &2 1104009 gof H]8le] 0.17+0.11 g0 %<&
33 PE 1 ME Fof3to] T“Tg TEAIZ AR JeRlo] 84.7%9) OMEFJJ} A3, TEAE A
10 mg/mi 3} j\’rﬁ% 0.1 ng/ml< dlo] TEAS H A %8l 7% PEd| 293 4= 0.95+0.28 goll H]3}od
A& gL A5 59 %}E Bl wakgict. 0.1740.10 go] #%2o=2 82.0%/] olgEIE Ko

Mithe TEAS AAAHA] @2 3% PEo| o3t TEAS AAA & Kidke] dao|gasel {lat
& 1041011 gol Blgl] 026+003 go] %S 2 u)Ajx] eFeHTable 10, Fig. 11).
vehfjo] 754%9] o|g& st o), TEAE A

X8 7% PE| 93t 43 0.87+0.20 gof |5} 6. Ne-nitro-L-arginine(L-NNA) 8| MXX|7} 4
0.36+0.11 go| FF& Vehfo] 592%9] o|¢az Bt fhEEe| SEto|2tof njXl= ¥

E Hof TEAS JAAE fifRe] o) azrt AR AigES] ol & Iol 9loj A nitric
+24 QA A = L TH(Table 9, Fig. 10). oxide(NO)2} 33-g Tt stax W EsF 2238
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Table 10. Effects of Pretreatment of TEA on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Folium

Extract
Non treatment of TEA Treatment of TEA
Treatment -
Contraction(g) %o Contraction(g) %o
PE 1.10£0.09 - 100 0.95+0.28 100
PE + DF 0.17£0.11 * 1534105 * 0.17+0.10 * 18.0£8.8*

Values are mean+standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. PE,
phenylephrine | #M ; DF, Diospyros kaki L. Folium extract 0.1 mg/ml.Fig. 11. Representative recordings of the effects of pretreatment of TEA on the
endothelium-dependent relaxation induced by Diospyros kaki L. Folium extract. TEA, tetraethylammonium chloride 100 #M ; PE, phenylephrine 14M ; DF,

Diospyros kaki L. Folium extract 0.1 ng/mi ; W/O, wash out. change of bath medium with a solution to which no drug is applied.

PE, phenylephrine 1 #M : DR. Diospyros kaki L. Radix extract 10 mg/ml.

Table 11. Effects of Pretreatment of L-NNA on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Radix

Extract
Non treatment of L-NNA Treatment of L-NNA
Treatment - -
Contraction(g) Contraction(g) %
PE 0.74+0.15 100 1.30£0.10 100
PE + DR 0.224+0.05 * 3144£9.2% 0.66+0.10 * 512+68**

Values are mean = standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. #
P<0.001. significantly different from the value with non treatment of L-NNA. L-NNA, Na-nitro-L-arginine 100 #M ; PE, phenylephrine | M ; DR, Diospyros

kaki L. Radix extract 10 mg/m!.

10min
f\ ‘g
PE
DR

W/O

—1
[
PE [ ] TEA

Wio

Fig. 11. Representative recordings of the effects of
pretreatment of TEA on the endothelium-dependent
relaxation induced by Diospyros kaki L. Folium
extract. TEA, tetraethylammonium chloride 100 #M ;
PE, phenylephrine 1M ; DF, Diospyros kaki L.
Folium extract 0.1 mg/m! ; W/O, wash out, change of
bath medium with a solution to which no drug is
applied.

E 2@ L-NNA 100 sME 1587 WAt
1 Mg Fodt] 55 FEAIZ F AR 10 mg
/mlT K 0.1 ng/ml& FoJdted LNNAZ A=
A 2 9ok £50] M3E v wstgth
KRS LNNAEZ AAA814] & 742 PE 9
3 2 0.74+0.15 gol] Hl8lkod 0224005 go} 5%
< Uehfo] 68.6%2] ojgAaF7E U2, L-NNA
£ WA 75 PEol| 93 +3 1.30+0.10 gof] #|
atod 0.66:0.10 g0 58 UEhlo] 48.8%2 o
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Fig. 12. Representative recordings of the effects of
pretreatment of L-NNA on the endothelium-
dependent relaxation induced by Diospyros kaki L.
Radix extract. L-NNA, Ne-nitro-L-arginine 100 #M ;
PE, phenylephrine 1 ¢4M ; DR, Diospyros kaki L.
Radix extract 10 mg/mi ; W/O, wash out, change of
bath medium with a solution to which no drug is
applied.

A7E Bo LNNAS AAA 2 fifRe] dao|ga
7} frel4d Al A A= AT Table 11, Fig. 12).

Mg L-NNAE AA | 81A] &2 745 PE o
gt 2 0.75+0.11 goll Blaled 0.08+0.04 g9 3
< Vehllo] 88.5%9] o]gaFst AN, L-NNA
& AAH A% 75 PE| 9% 3 1.10£0.08 gol] ¥]
gla] 0.63+0.09 g FZ0 2 432%9 o|YEFHNE
Hol L-NNA9| AH A= Mfifge] ol 4adE &
214 1A oA 34 th(Table 12, Fig. 13).



782 9) 39 : #fitke} Mi#Ee] Phenylephrine &8 #+¥H KR +589d n|X= #E (149)
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ittt i Y SRR Sl oyelic 2 MBSl WA iR duolgnse
GMP2] 338ke FHstnAl WA E7} 245 A A A8 tHTable 13, Fig. 14).
HA7] MB 10iME 1587 MA 2| 8}31 PE 1#M~ fifEe MBS A 8A| %2 2% PEl o
Eosle] £ A7 T R 10 ng/nlT} G2 $£2 092+0.13 g HlEte] 0154014 g9 £%S
01 ng/ni Tefslol MBS AAA) S8 %5 Lhehlel 85.1%9] o] BEIF SIS0k MBE 24
F&o AsHE vassint A3 A$ PEo| o8 4% 1.61+028 gol| H3te]

fitte MBS AAXetA e A$ PRl 93 1714033 g9 £%02 59%9 $5%718 B
22 1094008 go M3kl 0264006 g8l #%&  MBe] AAAE A AHo|BEAE H4 9
Ueljo] 75.7%9) o #7}t AL MBE A 7 o519 th(Table 14, Fig, 15).
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Fig. 13. Representative recordings of the effects of Fig. 14. Representative recordings of the effects of
pretreatment of L-NNA on the endothelium-dependent pretreatment of MB on the endothelium-dependent
relaxation induced by Diospyros kaki L. Folium extract. relaxation induced by Diospyros kaki L. Radix
L-NNA, Neo -nitro-L-arginine 100 # M ; PE, extract. MB, methylene btue 10 #M ; PE,
phenylephiine 1 #M ; DF, Diospyros kaki L. Folium phenylephrine 1 ¢M ; DR, Diospyros kaki L. Radix
extract 0.1 mg/ml ; W/O, wash out, change of bath extract 10 mg/ml ; W/O, wash out, change of bath
medium with a solution to which no drug is applied. medium with a solution to which no drug is applied.

Table 12. Effects of Pretreatment of L-NNA on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Folium

Extract
Non treatment of L-NNA Treatment of L-NNA
Treatment -
Contraction(g) % Contraction(g) %
PE 0.75+0.11 100 1.10+0.08 100
PE + DF 0.0810.04 * 11.5+6.9* 0.6310.09* 56.84+60%

Values are meanzstandard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. #
P<0.001, significantly different from the value with non treatment of L-NNA. L-NNA, Ne-nitro-L-arginine 100 #M ; PE, phenylephrine 1 M ; DF, Diospyros
kaki L. Folium extract 0.1 mg/ml.

Table 13. Effects of Pretreatment of MB on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Radix Extract

Non treatment of MB Treatment of MB
Treatment
Contraction(g) % Contraction(g) %
PE 1.09+0.08 100 1.4940.07 100
PE + DR 0.26+0.06 * 243+6.1 % 0.57+0.09 * 38.4445%*¢

Values are mean+standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. #
P<0.001, significantly different from the value with non treatment of MB. MB, methylene blue 10 M : PE, phenylephrine 1 4M ; DR, Diospyros kaki L. Radix
extract 10 mg/ml.
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Table 14. Effects of Pretreatment of MB on the Endothelium-Dependent Relaxation Induced by Diospyros kaki L. Folium

Extract
Non treatment of MB Treatment of MB
Treatment - -
Contraction{(g) Contraction(g) %
PE 092+0.13 100 1.61+0.28 100
PE + DF 0.15+0.14 * 1494114 * 1.71+0.33 1059+3.77

Values are mean+standard deviation(n=8). Percentage was calculated for PE precontraction. * P<0.001, significantly different from the value with PE. #
P<0.001. significantly different from the value with non treatment of MB. MB, methylene blue 10 #M ; PE, phenylephrine | uM ; DF. Diospyros kaki L. Folium

extract 0.1 mg/ml.

10min

Fig. 15. Representative recordings of the effects of
pretreatment of MB on the endothelium-dependent
relaxation induced by Diospyros kaki L. Folium
extract. MB, methylene blue 10 #M ; PE,
phenylephrine 1 #M ; DF, Diospyros kaki L. Folium
0.1 mg/m! ; W/O, wash out, change of bath medium
with a solution to which no drug is applied.
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