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Leonuri Fructus Ameliorates Acute Inflammation via the Inhibition of
NF-xB-mediated Nitric Oxide and Pro-inflammatory Cytokine Production

Seong Gyu Park', Kyung-Hwan Jegal™, Ji Yun Jung", Young Doo Back®, Sung Hui Byun', Young Woo Kim',
Il Je Cho'®, Sang Mi Park'*, Sang Chan Kim'?

1: College of Korean Medicine, Daegu Haany University,
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Leonuri Fructus, a semen of Leonuri Herba, has been used for the treatment of menstrual disorders such as
amenorrhea, dysmenorrhea and leukorrhea and for the remedy of hyperemia. The present study was conducted to
evaluate the anti-inflammatory effects of the Leonuri Fructus extract (Leonurus japonicus Houtt. EtOH extract; LJE) in
vivo and in vitro. In vifro study, the MTT assay for cell viability was conducted to determine the non-cytotoxic
concentration of LJE treatment in media. The levels of NO were measured with Griess reagent. Pro-inflammatory
cytokines were detected by ELISA method. The inflammation-related proteins of this study were detected by
immunoblot anlaysis. The increases of NO production and iINOS expression were detected in LPS-treated cells
compared with control, but LJE attenuated the increases of NO and iNOS by LPS. LJE reduced the production of
TNF-a and IL-1B induced by LPS stimulation. LJE suppresses the signaling pathways of NF-xB and MAPKs in
LPS-induced macrophage cells. /n vivo study, carrageenan-induced hind paw acute edematous inflammation rat model
was used for evaluation of anti-inflammatory activity of LJE. LJE significantly inhibited the increases of hind paw
swelling, skin thicknesses and inflammatory cell infiltrations, and decreased the numbers of mast cell induced by
carrageenan injection. These results suggest that LJE has an anti-inflammatory therapeutic potential, which is mediated
through modulating NF-xB activation and MAPK phosphorylation. Inhibition of the rat paw edema induced by
carrageenan is considered as direct evidence that LJE may be a useful source to treat inflammation.
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Fig. 1. Inhibitory effect of LJE on cell viability and NO production.
Raw 264.7 cells were treated with 1-30 pg/ml of LJE dissolved in DMSO for 18 h
(A) or incubated with 10 or 30 pg/ml LJE for 1 h prior to the addition of LPS
(1 pg/ml), and the cells were further incubated for 18 h (B). Cell viability was
measured by MTT assay. The concentrations of nitrite in culture medium were
measured by Griess reagent as described in the methods section (C). Values
represent mean + S.D. of three independent experiments (significant as compared
to control, *p<0.01, significant as compared to LPS alone, ##p<0.01). LJE,
Leonurus japonicus Houtt. EtOH extract; NO, nitric oxide; LPS, Lipopolysaccharide.
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ug/ml LJE A 2] ©]3 UA AU aL(Fig. 3A),
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IL-1B9} PGE= 10, 30 ug/ml LJE Ao ) 94 A
72skg T (Fig. 3B, Q).
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Fig. 2. Inhibitory effect of LJE on the LPS-induced iNOS
expressions in Raw 264.7 cells. Lysates were prepared from control, 18 h
LPS (1 wg/ml) stimulated cells or from LPS plus LJE (10, 30 wg/ml). Equal
amounts of total protein (50 pg/lane) were separated by SDS-PAGE. Expressions
of INOS protein were determined by immunoblot using specific anti<INOS antibody.
Actin is used as a loading control. The relative levels of protein bands were
measured by scanning densitometry. Values represent mean = S.D. of three
independent experiments (significant as compared to control, *p<0.01, significant
as compared to LPS alone, ##p<0.01). iINOS, inducible nitric oxide synthase.
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Fig. 3. Inhibitory effect of LJE on the LPS-induced secretion of
pro-inflammatory cytokines. Raw 264.7 cells were treated with 10 or 30 pg/ml
of LJE for 1 h prior to the addition of LPS (1 pg/mi), and the cells were further
incubated for 18 h. The concentrations of TNF-a (A), IL-18 (B) and PGE2 (C) in
culture medium were measured by ELISA as described in methods. Values
represent mean * S.D. of three independent experiments (significant as compared
to control, =»p<0.01, significant as compared to LPS alone, ##p<0.01, #p<0.05). IL,
Interleukin; TNF-a, Tumor necrosis factor-a; PGE2, prostaglandin Ea.
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Fig. 4. Inhibitory effect of LJE on the LPS-induced p-I-xBa and NF-i
B protein expressions in Raw 264.7 cells. The level of I-xBa protein was
monitored 15 min after treatment of cells with LPS (1 pg/ml) with or without LJE
pretreatment (ie. 1 h before LPS). The level of p-I-kBa and nuclear NF-xB protein
was monitored 30 min after treatment of cells with LPS (1 pg/ml) with or without
LJE pretreatment (i.e. 1 h before LPS). Antibody against actin or lamin A/C was
used for verifying equal protein loading of cell lysates or nuclear fractions,
respectively. The relative levels of I-kBa, p-I-kBa (A) and nuclear NF-kB (D) were
measured by scanning densitometry (B, C, E). Values represent mean = S.D. of
three independent experiments (significant as compared to control, *p<0.01,
significant as compared to LPS alone, ##p<0.01, #p<0.05). I-kBa, inhibitor-kBa;
p-I-kBa, phospho-inhibitor-kBa; NF-%B, nuclear factor-xB.
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5. LJE®] MAP Kinases 14+3} A3}

LPSE f =% Raw 2647 Al Eo)A LJEo] 93 MAPK &4
H3ls EAsly] ste] AislE Hele p38 MAPK, p4d/42
MAPK % SAPK/JNK T2 9] 9143}l H = E immunoblot ¥4
5okl @Sk LPsel o3l 3t MAPKS] <1443}
10, 30 pg/ml LJE AAX]ol &) +AagE 318t ch(Fig. 5).
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Fig. 5. Inhibitory effect of LJE on the LPS-induced phosphorylation
of MAPKSs in Raw 264.7 cells. Lysates were prepared from control or 30 min
LPS (1 wg/ml) stimulated cells or from LPS plus LJE (10, 30 wg/ml). Equal
amounts of total protein (50 pg/lane) were separated by SDS-PAGE. Expressions
of MAPK protein were determined by immunoblot using specific anti-p-p38 MAPK,
anti-p—p44/42 MAPK and anti-p-SAPK/JNK antibodies. Immunoblot against actin is
used as a loading control. SAPK, c-Jun NH2-terminal kinase (JNK)/stress—activated
protein kinases.
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Paw edema® &4 ¢ 27}, carrageenans Y oA =
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Fig. 6. Inhibition of carrageenan-induced paw edema volume by
LJE. LJE, dissolved in 40% PEG, was orally administered to rats at 0.3 or 1.0
g/kg/day prior to the induction of paw edema for three days. Paw edema was
induced by subcutaneous injection of 1% carrageenan solution as described in
methods. The swelling volume of paw was measured up to 4 h after 0 h
carrageenan injection at intervals of 1 h by using plethysmometer. Dexamethasone
(1 mg/kg, p.0.) was used as a positive drug. Data represent mean = SD of six
animals (Significant as compared to normal group, *p<0.01, significant as
compared to carrageenan-treated group, ##p<0.01, #p<0.05). PEG, polyethylene
glycol.
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Fig. 7. Represent histological profiles of the dorsum pedis skins.
Changes on histological profiles of the dorsum pedis skin in normal (A),
carrageenan (B), dexamethasone (C), 0.3 g/kg LJE (D) and 1.0 glkg LJE (E)
treated groups. After 4 h of carrageenan treatment, dorsum pedis skins were
separated and fixed in 10% neutral buffered formalin, then embedded in paraffin,
sectioned and stained with hematoxylin and eosin. Arrow indicated total
thicknesses measured and mast cells were stained by 1% toluidine blue (Scale
bars = 80 ym. IF, infiltrated inflammatory cells; ED, epidermis; DM, dermis; HD,
hypodermis; CM, cutaneous trunci muscle; SE, sebaceous gland; HF, hair follicle).

Thickness IF cells Mast Cells




Hematoxylin and Eosin Toluidine blue

Fig. 8. Represent histological profiles of the ventrum pedis skins.
Changes on histological profiles of the ventrum Pedis skin in normal (A),
carrageenan (B), dexamethasone (C), 0.3 g/kg LJE (D) and 1.0 g/kg LJE (E)
treated groups. Tissue sections were prepared as described in Figure 7. Arrow
indicated total thicknesses measured (Scale bars = 80 wm. IF, infiltrated
inflammatory cells; ED, epidermis; DM, dermis; HD, hypodermis; PM, paw muscle).

Table 1. Changes on the Histomorphometrical Analysis of Hind Paw
Skins

Infiltrated

Groups Total(;hni]c)kness irgllﬁrr;]rl?na]tk;)errys ,\rfuar;tb;erl‘z
(cells/mm?) (cells/mm?)

Dorsum pedis skin
Normal 869.65¢150.08  29.20:11.97 56.80+10.99
Carrageenan  2303.46+380.10** 295.60+1630%  19.20+2.39*
Dexamethasone  1318.17:107.77°" 110.80£2539%  39.20+12.24%
LJE 03 g/kg  1703.58+208.33"" 2824041845 20.20£3.27
LJE 10 g/kg  1446.96+224.88"" 164.60423.83"  29.00:6.12

Ventrum pedis skin
Normal 595.59+53.71 19.0045.24 35.2044.97
Carrageenan  1386.70+157.00** 466.00+44.76%  1220£217*
Dexamethasone  952.12+143.77** 193.4042060%  27.20+4.87"
LJE 0.3 g/kg 1110.19+127.14°  462.00+44 .63 13.80+1.30
LJE 1.0 g/kg 897.194231.21%"  34160478.72"  24.80+5.26""

All values are expressed as mean + SD of six rat hind paws (Significant as compared
to normal group, *p<0.01, significant as compared to carrageenan-treated group,
##p<0.01, #p<0.09).
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