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Beneficial effects of Paeo-tang on cardiovascular and renal function
in L-NAME-induced hypertensive rats

Se Won Na'??, Mi Hyeon Hong"??, Hye Yoom Kim'%?, Youn Jae Jang"?®, Jung Joo Yoon'??,

Yun Jung Lee'®®, Dae Gill Kang'*®, Ho Sub Lee'*™

Department of Physiology, College of Oriental Medicine
Professional Graduate School of Oriental Medicine
SHanbang Cardio—Renal Research Center, Wonkwang University

ABSTRACT

Hypertension has been approved to cause disharmony between the heart and kidney such as cardiac hypertrophy and
kidney dysfunction. In traditional oriental medicine Paeo-tang (PET) has been shown to have effects on blood
circulation improvement. However, the beneficial effect of PET on hypertension remains unknown. In this study, we
investigated that PET attenuates blood pressure and improves cardiovascular and renal function in NG-nitro-L-arginine
methylester (L-NAME) rat model. Hypertensive rat models were induced by the administration of L-NAME (40
mg/kg/day) and then PET (50 or 100 mg/kg/day) or Olmetec was treated for 2 weeks. PET treatment significantly
suppressed the systolic blood pressure and decreased intima-media thickness in the thoracic aorta. PET ameliorated
endothelium-dependent and independent vascular relaxation in the L-NAME-induced vascular dysfunction. PET
ameliorated the functional decline in the kidney such as albumin and blood urea nitrogen in plasma. These results
demonstrated that PET possesses protective effects against L-NAME-induced hypertension.

(c) 2020 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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Total amount 540

3. 8t 54 37C  Krebs &Holx uAHAZl T isometric

wxje] me] FWolAl tail cuff method (CODA tensions force—displacement transducer (Grass

System, Kent Scientific, Torrington, CT, USA)E
ol gsle] &7 FA4ILES SAHAY. 2 AAR

o A2 1049 B4 SPRAT FAUOE ALE
s9iek.
4. F7 UEY e

g

j=)

da 12 o

2
d

olr

A 2]

H 7.
%

sacrifice ¢+ & 5 s t
5 teWe A7k Krebs&
I} s A A
FES 9 3 mm 4ol %

o] AAHCl A Hx
Krebs €9 (Krebs—Henseleit Solution)& AF&-3}3}
o I FAL 118 mM NaCl, 4.7 mM KCl, 1.1
mM MgSO4, KH2PO4, 1.5 mM CaCl2, 25 mM
NaHCO3, 10mM glucose®]il, pHE 7.4% R3S

o,

=
=
o=}

2

2 g B
lo

*EQ o

A4 x4 o
=

35
<
j =l
il

10

=

o

Ylﬂﬁe— ]E‘

o x
%

e}

5. 8% Y 54

5 g9 AAHo| 95% 02—-5% CO2= E3}A 7]

273

FT 03, GRASS Instrument, MA, USA)7} 42 Az
715 Al (PowerLab, ADInstruments, CO, USA)E
o83l ZAslgltt. WA 1x10—6 Me] phenylephrine
(PE)o.2 FFA]7]a 5% % acetylcholin (ACh) &
5 AxH o R o] ACho R Qg ogh vhg-& XA
ARk g3 Wn Ao HEE 543 & Krebs
fAqo=z 33 AHS TA] PELRE

sodium nitroprusside (SNP)®}  atrial

peptide (ANP)E sz Agste] I3t
S g133lth PEAl ogt d 5 o

&2 oghEE A,

o~ =

T F,
natriuretic

BEe 4

=

3l wmR

RS L

=gt A-5A171
urine2 O} urine osmolality 2}
=43} t}. Urine

Cryomatic

osmolality+
(Advanced
shel EAjsigc,

Advanced

Instruments, Norwood, MS)E o]&

Osmometer



thgkste]e} WhAals|A] A28 AI3% (2020 88)
Herb. Formula Sci. 2020;28(3):271~280

7. % NO, albumin, BUN ¥ creatinine &3

WA E sacrificedr & EDTA®} heparin®] ¥3+%
tubedll HN& AAFH ko] 3,000 rpmollA 2083+ 4T

2 fAs 944 st @S Rtk #el

3t %S o]&a)A albumin, blood urea nitrogen
(BUN), creatinine &%=% FUJI DRI-CHEM (NX700,
FUJIFILM Corporation, Tokyo, JAPAN)S A}-&3}
o] £A3%} ). Plasma NO %5 7437 H8iA
Griess reagent system (Promega Corporation,
Madison, WI, USA)E AH&33lT}. mebA], 96—well
plateel] 50ul? el
Sulfanilamide, N—1—naphthylethylenediamine
dihydrochloride phosphoric acid7} &% A]eF
ZyzF 50 ¥ar, 0.1 M sodium nitriteEs ¥
S, 1027 1S 2t JeR Aol
ELISAE ©] 839 550nmapdos &3

sample< yo

=1]
=

o =
o XS
—
=

[nt

=

|4
WS 10% formalin (pH 7.4)9l

10 %, 57 432 WA

o 2 B
> o g
2
5]
P4
=
=3
&
o
o
@,
=]
~~~
ja ]
&
&3]
A—

98}l xylene o2 X331t}
Azl 3 embeddingdle] EE5S
olgs] ZulE sehd BEE

(microtome; Thermo Electron Corporation,
Pittsburg, PA, USA)E AF&3te] 4 mmo= A&
5 Edtel= floll FHAIA A2olA 3d st Hx
sholth "E xAo] o] e EEto|=E xylene
gdo] Yu dAS AATL 100%, 80%, 70%
alcohol 22 & xylene, 34 AL Axoy &
=0l AlFET ¥ Skl
hematoxylin solution (Sigma, USA)°l| 5% <+ &
ghol=E A A & FxEEC AFHET ol %
1% HCl—Alcoholdll 524 29 HAANA FEEZ A

259t} 0.3% Ammonium SR = 18 30x%ot

sheha
A2t

Rk

=]

L

=
349

AR Harris

WA F o FxEEel MFHskaL, AlEE dAE 1%
eosin Y solution (Muto, Japan)el] 4% &< 3%
AIZL F 60%, 70%, 100%, 100% alcohol o2 &
T 4L AP Xylene MM AT}
Canada balsam (Junsei chemical co., Ltd,
Chuo—ku, Tokyo, Japan)o. & %3t % 338-3n]7

274

(EVOSTM M5000, Thermo fisher scientific, Bothell,
WA, USA)S= 400H] Aokl #2sE F ARS

Foyaalet,

9. B4 A¥

Ae Axte]l oA Systate] Sigmaplot (version
10.0)& AH&3}e] Students t—testE E3Fe] p<0.05
olakQl A5 ok Apol2 AT

m. A3

a
2
off
—n

1‘
JE )y

o
< o i
= N,
e

el

o
o
[o

2 ox

of S Jo &

N
—

L—NAME<*l] olmetec (10 mg/kg/day)e}
(50, 100 mg/kg/day)S Foldto=x <ot
5 HolE AL At (Figure 1).

oo b do rff

2

o
ol
S0
fol

180 ~

160 A

140 +

120 A

—.— Control
-0~ LNAME
—¥— L-NAME-+olmetec
—\— L.NAME+PET(50)
—- L-NAME+PET(100)

1 2 3 4 5 6
Week

Fig.1. Effect of PET on attenuates systolic blood
pressure on L—NAME—induced
hypertensive rat. Values are expressed as
mean £ S.E. (n=10 per group). *p<0.01,
#xxp<(0.001 vs. control; #p<0.05,
###p<0.001 vs. L-NAME group.

Systolic blood pressure (mmHg)




Al o) 79

: sojghe] L-NAME #% 39t 5

suwdlAe dstdatayt 2 AAlvls N &t

Na et al,Beneficial effects of Paeo—tang on cardiovascular and renal [unctlon in L-NAME—induced hypertensive rats

2. Folg Fod o5 dFol¢t MA &5
L-NAME 8¢l A  controlitoll H]3] ACh,
SNP % ANPe| ot 3 o|$tEo] fhidte AL
glatitt. S-S Fogo =R ACh, SNPo| 9
g 3 olgk &It oAl M= (Figure

20
40 40

60 - 6l =

B 4 80 4

—@— Control
—O— L-NAME

—— L-NAME-+olmetec
= L-NAME+PET(50)

Relative relaxation (%)
Relative relaxation (%)

100 - 100

2A, B).
% ol

o]

et

o Fofol ok
(Figure 2C).

IE+olmetec
= L-NAME+PET{50)
—— L-NAME+PET(100)

SHAIRE 1 8QE WAoA olmetecs A
ANPol| 3t &3t o]gtEo] AN =}

- i,
FIH Qe AolE HAT + 9

-

—.— Controel

—O— L-NAME
L-NAME+olmetec
L-NAME+PET(50)

—.— b\ A\iE+PE.T(mn)

Relative relaxation (%)

— L-NAME+PET(100)
1zo 4 T

T T T T T T 1
75 7.0 65 60 55 50 4.5 40 35

-log| ACh|M

120 4 ¢ -

85 80 7.5 70 65 60 55 50 45

-log[SNP|M

1 120 -

wu 55 au ?.5 ?0 65 l;cl 55 50

-log[ANP|M

Fig.2. Effect of PET on the ACh (A) and SNP (B) and ANP (C)— induced relaxation of thoracic aorta
in L—NAME—induced hypertensive rat. Values are expressed as mean = S.E. (n=6 per group).
*p<(0.05, **p<0.01, *xxp<0.001 vs. control; #p<0.05, ##p<0.01, ###p<0.001 vs. L—_NAME group.

3. Fojg Foo o3 FF diT
a3
gpojgtel] o3k FejehAl
T HeHS HEEFAMS 8t
oA control ol H
FAZF S7reRaL

o ey A

Tp
o
A&

S

Control L-NAME

{:I.“\

L-NAME+PET(50) L-NAME+PET(100)

Fig.3. Effect of PET on

hypertensive rats.

intima—media thickness

Representative microscopic photographs were stained with hematoxylin and
eosin (magnification x400). Values are expressed as mean *

2}

L-NAME+olmetec

in

% A g Sestdn. =g du e w1
1513 S ol mETA KA A F
&g, olg AsE (50 mg/kg/day)et 1LFE
00 mg/kg/day) Foli+ EFoA #A3] 7+435 A
213k 3L, olmetecs A lES W £ &
& B3 (Figure 3).
E
g
the thoracic aorta in L—NAME-— induced

vs. control; ##p<0.01, ###p<0.001 vs. L-NAME group.

S.E. (n=5 per group). #**p<0.001



thgkste]e} WhAals|A] A28 AI3% (2020 88)
Herb. Formula Sci. 2020;28(3):271~280

®

4, dtolg T 93 dF NO, albumin, BUN ¥
creatinine % /|4 &3
slo]glo] &= NO, BUN, albumin %

creatinine

T ans 28] sl Ads st
th. L-NAME 28¢ttolA control o |} &
= NO 29 #24 = Aol7t JAAANE, dhoj'
T4 L-NAME 8kt vls) 94 9
A =718kt (Figure 4). Albumin 5%7} control
ol H]E] L-NAME 28tatelA] F-ostA s
Aot SR gfojg Fo]FH olmetec ool A

plasma NO concentration (uM)

Fig.4. Effect of PET on plasma NO
mean = S.E. (n=4 per group).

in L—NAME—induced hypertensive rats. Values
##p<0.01 vs. L-NAME group.

L-NAME &@statel mlsl frold Al S7kakieh
%9, BUN 423 H9ks wl, L-NAME 18 <shrelA
control ol HF oA JA F7H8ict spAIRE
ylolg Fol 3} olmetec Tl L-NAME 18
el HE ol A A RS FRlsgith
upglr] vlo]® FEolito] olmetec Folwt¥t H|5=dk
AIE Hols Aoz QP Y. Creatinine 44|

S Z13t3l=d, L-NAEM &8¢t oll A control

=

o Wl FIEHAAT FELAA o4 Q= Aol

Ho]X]

L

.

2okt (Table 2).

are expressed as

Table 2. Effect of PET on albumin, BUN, creatinine level in plasma

Albumin (g/dl) 3.22 £ 0.02 3.02 £ 0.02** 3.32 £ 0.06% 3.3 £ 0.087 3.22 + 0.047
BUN (mg/dl) 13.75 £ 0.47 21.25 £ 1.65*** 17 £ 0.47 16.5 £ 0.957 14.75 £ 0.757
Creatinine (mg/dl) 0.7 £ 0.01 0.85 = 0.05* 0.77 £ 0.02 0.85 £ 0.02 0.77 £ 0,02

+

Values are expressed as mean
#p<0.05, ##p<0.01 vs. L-NAME group.
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e
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Urine volume (ml/24h) 12.9 + 1.1 13.2% 0.8 1152 0.9 141+ 1.6 12.6 £ 0.4
Osmolality (mQOsm) 716.5 + 34.6 554.7 + 16.5"* 653.2 + 37.9 629.5 + 26.1 639.5 + 20.17

Values are expressed as mean =*

Shteln] g eatol

277

o] 3kzte] 90 ~ 95 %7} EEA
§01— X]E;q],] HZL_Q_ _%7}; o] o}OE]
27]'E]J—~ }\

Al

E
E

ekl vg ¥
F3to] ool
AsEstst A4 A5
o

-7 go]—.&l

S.E. (n=5 per group). **p<0.01 vs. Control; #p<0.05 vs. L-NAME group.

e &3
e K
@ T

E
2 2 2 B O



thgkste]e} WhAals|A] A28 AI3% (2020 88)
Herb. Formula Sci. 2020;28(3):271~280

adgte] oy 94 T wkgA A F (ROS) #
A2 NOS &4 2 NO H7F5E3 e Uy 7
Fofjo) felow g g v, uim J)E
o= mEte] %7 wiold THE £ Yrpo,

s A W 23 o|¢k e

0 A 55

.
i

2wk O & o) of o2
J;(_)‘E‘
N

or, gyt Wyl Ao A NO= =3

o Aol da A% R A 2ddl T8
Jeg = Aoz BIEJWYP NOE iNOS,
nNOS 9 eNOS®E  &EAlste=  NOSel 93|

L—arginineo| Al FA=H1Y o] F eNOSE 7|44
2Eg 2 HE= AChol| whEste] A= da 117
of a3 7lvoR A8&T 4 Utk eNOS
2 84 dd 49 I7ME Fl
Ao2  UeRRTY.  uheb,
oI A 7] L-NAMES 5Eo] F
o NO Ad#Fe] Zo]E57 =i
ot ukgo] ALY, oo u}
71% M &sE sk $sl
g3 4= Hgds AgPo. g3 PE
2 %1712 ACh, SNP 2 ANPE FEHEE A
stol ko] olgk VIS FRISITE & Aol A
J%O%E“’ ol g oA LHJHiHJJr Wy HlelEA
g1}

1 NO A4 A= 4
SAoRA A
s o) =719

24

)\74]
olmetec T@;Lﬂr frAFSHAI
]’Sﬂ %9]*3 dE g 71}5\_3 Hol= A

0“

278

L-NAMEZ Q3] n8%s A= A5, AFe] +
Zz 2 753 s dozd $ Y. uhEhA,
L-NAMEZ fr=¥ nYsEEAA dojgo] Al
F 7% M ZEE deRA ERlE] Hd 8%
albumin, BUN % creatinine =5 =433t
B oA Me A 7] AEQ] BUNH albumin®

FE7 gojrre] Fojo os) L-NAME 28wl

H]

FelshA

R APN- 1]

Aade Aewm Jepith waA,
@ojote Faje] Aol-A @
ol B3 Q) I B5S S1goRA dofg
gk walo] glo] Azt

3]

rﬂ }0&'

il

174-2]
sl

s}
™ —

i

9 o

tlo o

\:Ilo o

7%
9] 51

Fol' r>
o

_l

>

1gel s sholgel B
38 gobns] fiste] L-N
W o] §3tel

= [}
L—
j= =

ﬂl

=
ol

foll 12 net
r&‘l RIS A A 2
& t

ﬁi‘%}ﬂl UrE]'M-—tq %%:'—

rz .
2
fol
%
1-:1
2
L
t
o

)

70
albumin ¥ BUNS&

2 8 o slojge L—NAME%E
o, A5 9 BE gy
Boltl, a¢uz golge 1y
o oA Fad ANBAZ ALEE
AlgHd

A1l

o] =2 20198

3 A
References

1. Rahman K, Lowe GM. Garlic and cardiovascular

disease: a critical review. J. Nutr, 2006; 136:
736S.

2. Ahn KT, Jin SA, Jeong JO. Diagnosis and
Treatment of Hypertension: Based on the



LAl 9] 791 : stoj're] L-NAME frl= 8¢t sEwolAe] d9dastayt 2 Aarls Hd
Na et al,Beneficial effects of Paeo—tang on cardiovascular and renal function in L-NAME—induced hypertensive rats

Guidelines of the Korean Society of Hypertension, J
Korean Neurol Assoc. 2019; 37(2): 123—134.

3. Li X, Kang DG, Lee JK, Kim SJ, Choi DH,Lee
KB, Cui HZ, Yeom KB, Le HS. Study on the
Vasorelaxant Mechanism of the Butanol Extract
of Euonymus alatus. Oriental Physiology &
Patholog. 2008; 22(1):148~154.

4. Evgenov OV, Pacher P, Schmidt PM, Hasko G,
Schmidt HH, Stasch JP. NO-independent
stimulators and activators of soluble guanylate
cyclase: Discovery and therapeutic potential.
Nat Rev Drug Discov. 2006; 755-768.

5. Xin Gu, Herrera GA. Expression of eNOS in
kidneys from hypertensive patients. Int J
Nephrol Renovasc Dis. 2010; 3: 11-19.

6. You JY, Seol GH, Suh SH, Ahn JH. Regulatory
Mechanism of Vascular Contractility by
Extracellular K+: Effect on Endothelium—
Dependent Relaxation and Vascular Smooth
Muscle Contractility. The Korean Journal of
Thoracic and Cardiovascular Surgery, 2004;37:
210—219.

7. Kim DH, Lee YJ, Yoon JJ, Lee SM, Kang DG,
Lee HS. Effect of Paeotang on tumor necrosis
factor a—induced vascular inflammation in human
umbilical vein endothelial cells. Chin J Integr
Med. 2017.

8. Loperena R, Harrison DG.Oxidative Stress and
Hypertensive Diseases. Med Clin North Am.
2017; 101(1): 169-193.

9. Silva BR, Pernomian L, Bendhack LM. Contribution of
oxidative stress to endothelial dysfunction in
hypertension. Front Physiol. 2012; 3: 441.

10. Zou AP, Jr Cowely AW. Nitric oxide in renal
cortex and medulla: an in vivo microdialysis
study. Hypertension. 1997. 29(2): 194—198.

11. Erdely A, Freshour G, Baylis C. Resistance to
renal damage by chronic nitric oxide synthase
inhibition in the Wistar—Furth rat. Am J
Physiol Intergr Comp Physiol. 2006; 290(1):
R66—72.

12. Park KH, Park WJ. Endothelial Dysfunction:

279

13.

14.

15.

16.

17.

18.

19.

20.

Clinical Implications in Cardiovascular Disease and
Therapeutic Approaches. J Korean Med Sci.
2015; 30(9): 1213—-1225.

Rajendran P, Rengarajan T, Thangavel I,
Nishigaki Y, Sakthisekaran D,Sethi G,
Nishigaki 1. The Vascular Endothelium and
Human Diseases. Int J Biol Sci. 2013; 9(10):
1057-1069.

Forte M, Conti V, Damato A, Ambrosio M,
Puca AA, Sciarretta S, Frati G, Vecchione C,
Carrizzo A. Targeting Nitric Oxide with
Natural Derived Compounds as a Therapeutic
Strategy in Vascular Diseases. Oxid Med Cell
Longev. 2016; 2016: 7364138.

Li Q Yon JY, Cai H. Mechanisms and
Consequences of eNOS Dysfunction in
Hypertension. J Hypertens. 2015; 33(6): 1128
-1136.

Faria TO, Targueta GP, Angeli JK, Almeida
EA, Stefanon [, Vassallo DV, et al. Acute
resistance exercise reduces blood pressure
and vascular reactivity, and increases
endothelium—dependent relaxation in
spontaneously hypertensive rats. Eur J Appl
Physiol. 2010; 110(2):359-366.

Maneesai  P,Prasarttong P, Bunbupha S,
Kukongviriyapan U, Kukongviriyapan
V,Tangsucharit P, Prachaney P, Pakdeechote P.
Synergistic Antihypertensive Effect of Carthamus
tinctorius L. Extract and Captopril in
I-NAME—Induced Hypertensive Rats via
Restoration of eNOS and ATI1R Expression.
Nutrients. 2016; 8(3): 122.

Welch WIJ. Angiotensin II—dependent superoxide:
effects on hypertension and vascular dysfunction.
Hypertension. 2008 Jul; 52(1): 51-56.
Crowley SD, Gurley SB, Oliverio MI, et al.
Distinct roles for the kidney and systemic
tissues in blood pressure regulation by the
renin—angiotensin system. J. Clin. Invest.
2005; 115:1092-1099.

Sung DJ, So WY, Park HY. Cha KS. Exercise



thgkste]e} WhAals|A] A28 AI3% (2020 88)
Herb. Formula Sci. 2020;28(3):271~280

and Hypertension: Review of Nitric Oxide
Production and Vasodilation by Exercise.
Journal of The Korean Society of Living
Environmental System. 2010; 17(2):
181—190.

280



