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D aphne genkw a Sieb et Zucc (EERD). M ethods T he action on acute inflanmation w as evaluated by
the inhibition of histan ine-induced vascular pem eability, carrageenin-induced rat pav edema and phagocy-
tosisof reticular endothelial systean (RES) inmice The action on chronic inflanm ation w as exam ined us-
ing adjuvant-induced arthritis and cotton pellet-induced granuloma Results EERD produced evident inhi-
bition of vascular pem eability and rat pav edema at a dose of 40mg/kg and enhanced phagocytosisof RES
inmice at a dose of 30mg/kg Daily treatment at a dose of 30 mg/kg exhibited significant inhibition of
granuloma and adjuvant-induced polyarthritis EERD also inhibited the production of M DA and PGE-,
NO, TNF-a and L-1f enhanced the activity of SOD and CAT and reduced the activity of NOS

Conclusion EERD acts as anti-inflanmatory agent by mechanisn s that involve the inhibition of lipid per-
oxidation and the release of mediators, the enhancament of activity of SOD and CA T, and the reduction in

activity of NOS asw ell as the promotion of phagocytosisof RES
Key words ethanol extractsfrom rootsof D aphne genkw a Sieb et Zucc (EERD); anti-inflanmatory

activity; lipid peroxidation reaction
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1 Introduction

D aphne genkw a Sieb et Zucc (Thymelaea
ceae) iswidely distributed in southern China as
well as the regions along the Yellow River™. For
years, this gecies has been used as the herbal
renedy for treating chronic bronchitis, hepatitis,
and arthritis etc'’. A number of studies have dis-
closed that the rootsof D. genkw a possess anti-in-
flanmatory, analgesic, anticonvulsant and anti-ir-
ritate activity and present evident efficacy in relie-
ving cough and asthma and exhibit remarkable bac-
teriostatic activity against pneumococcus and op-

portunistic dem atophytes''.

The roots of the
gecies have al® been used in China as the major
component in the prescription for treating rheuma-
toid arthritis®. Degite its medicinal importance,

how ever, this gpecies hasnot yet been subjected to

2 1
221116; 2. 225000)
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: 30 mg/kg
EERD
ot (TN F-o) -18 (L-1P8 ,
(NOS) EERD
D CAT NOS

: 0253~ 2670(2004) 11~ 1262~ 08

systanatic phamacological
evaluation to substantiate its application on thera-

anti-inflanmatory
peutic purposes M oreover, the mechanisns for
anti-inflanmatory effect of the gecies have not
been clarified asyet In an attenpt to further con-
fim the anti-inflanmatory activity of the roots of
D. genkw a and its possible mechanisn s of action,
the study on inhibition of acute and chronic infla-
mmation by ethanol extracts from rootsof D. gen-
kwa (EERD) wasperformed Thispaper described
in vivo efficacy of the extract in inhibiting acute
and chronic inflanmation of animals and gave pos-
sible explanation on mechanisn s of action

2 M ater ialsand methods

2 1 M aterials The rootsof D. genkw aw ere co-
llected from southern mountainous region of A nhui
Province, China, inNovember 2002, and authenti-
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cated by Prof YE Ding-jiang, from Faculty of
Phamacy, N anjing U niversity of
Chinese M edicine,
TCM 978 has been preserved in the Herbarium for

T raditional
China A wvoucher gecimen

Faculty of Phamacy, N anjingU niversity of T radi-
tional ChineseM edicine, China

2 2 Anmals W istar ratsweighing 180—220 g
were used for the assay of effects on chronic and
sub-acute inflamnmation and KM mice w eighing
18—22 g on acute inflanmation The anmalsw ere
housed at (23+ 1) , with relative humidity of
(55 10) %, 12/12 h light/dark cycle and fedw ith
standard pellet diet and water ad libitum. The
animals were cared humanly acoording to the
standards for laboratory animals established by
People’'s Republic of China (GB 14923-94, GB
14922-94, and GB /T 14925-94).

2 3 M ethods

2 3 1 Preparation of ethanol extracts Thewell-
pulverized, aerial dried rootsof D. genkw a (5 kg)
were extracted with 3-fold volume of 95% EtOH
for seven days at room temperature and further
concentrated in vacuum to afford 495 g extracts
(acoounts for 9 9% of the total material).

2 3 2 Vascular pemeability of micee M icew ere
random ly classified into three test groups and two
oontrol groups (n= 12). The test groupswere ig
adm inistered EERD emulsion prepared in Tow een-
80 (ShanghaiNo 2Reagent Plant, China) at doses
of 10, 30, and 50 mg/kg, regectively. The con-
trol groups ig received saline (blank control) and
prednioone acetate (PRE) (Sigma, positive con-
trol) at adoseof 30mg/kg One hour after EERD
treatment, the test mice were sc syringed w ith
histam ine (Sigma) at a dose of 1 mg/mL x 200 i
follow ed by iv injection of 1% EvansB lue (Signa)
at adoseof 100mg/kg Twenty minutes later, the
tinged area of skin and its content of EvansBlue
w ere assayed as previously described™.

2 3 3 Carrageenin-induced rat pav edena W is
tar rats were randomly classified into five test
groups and wo control groups (n= 10). The test
groupswere ig treated by EERD at doses of 10,
20, 30, 40, and 50 mg/kg, respectively, 30 min

prior to injecting of carrageenin (Signa) (1% x

Q 1mL) into right hind paw of test rats One hour
after inflanmation, pav edema of the rats was
detected every hour for six consecutive hours as
previously described”. The other two groups
receiving indomethacin (DT) at adoseof 3 6mg/
kg and salinew ere used as positive and blank con-
trol, regectively.

2 3 4 Contentsof MDA and mediators, and ac-
tivity of enzymes involved in carrageenin-induced
inflanmation: W istar ratswere randomly divided
into five test groups and wo control groups (n=

10). The test groupsw ere ig medicated by EERD
at dosesof 10, 20, 30, 40, and 50mg/kg, regpec-
tively, 30min prior to injecting @ 1mL of 1% car-
rageenin to the hind pav of test rats Four hours
after exposure to carrageenin, the homogenate of
edema pav of the ratswas prepared for detemi-
ning the contents of prostaglandin E: (PGE:),

madonadialdehyde (MDA ), and NO, and the ac-
tivity of SOD, CAT aswell as NOS according to
the procedures described in gecifications of re-
agent kits (N anjing Jiancheng Biotechnology Ins
titute). Control groupsw ere treatedw ith DT at a
dose of 3 6mg/kg and saline, regpectively. L evels
of PGE2, MDA, andNO were expressed as nmol/
mg, while the levels of SOD, CAT, and NOS
were presented in nU /mg

235
edema W istar ratswere randomly classified into
five test groups and wo control groups (n= 10).

Freud’'s complete adjuvant-induced paw

The test groups were ig medicated by EERD at
doses of 10, 20, 30, 40, and 50 mg/kg, regec-
tively, one hour prior to injecting @ 1mL Freund's
complete adjuvant (Sigma) to the right hind paw
of test rats The increase in pav edana was
recorded every other day for 22 consecutive days to
calculate edena rate as previously illustrated'®.
The two ocontrol groups were received PRE at a
dose of 30 mg/kg (positive control) and saline
(blank control), respectively.

2 3 6 Fomation of MDA, and mediators, and
enzymes involved in adjuvant-induced inflanma-
tion: W istar ratsw ere random ly separated into five
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test groups and wo control groups (n= 10), each
receiving @ 1mL Freud' scomplete adjuvat on their
hind pav. The five test groupsof AA ratswere ig
treated by EERD at doses of 10, 20, 30, 40, and
50 mg/kg, repectively, for 19 consecutive days

One hour after the last medication, the inflamed
pav of the ratswas homogenated with PBS in ice
bath followed by centrifugation to produce super-
natants The supernatant of homogenate was as
sayed for the content of L-18 TNF-& (TPI Inc

USA), MDA, PGE2, andNO, and the activity of
0D, CAT, and NOS acoording to the procedures
described in the gecificationsof reagent kits The
wo control groups of AA rats received DT at a
doseof 3 6mg/kg (positive) and saline (blank).

L evels of PGE2, MDA, and NO were denoted in
mol/mg, and levels of OD, CAT, and NOS in
nU /mg, while levelsof L-18 TN F-« in pg/mL.

2 3 7 Cotton pellet-induced granuloma W istar
rats were randomly divided into five test groups
and wo control groups (n= 10). The test groups
w ere ig adm inistered EERD at dosesof 10, 20, 30,
40, and 50mg/kg for seven consecutive days, res-
pectively, three daysprior to the operating for the
formation of granuloma developed by cotton pellet
acoording to the method described by Hajare'®.

The inhibition of the grow th of granulomaw as as-
sayed using the two control groups receiving DT
at adose of 3 6mg/kg and saline, repectively.

2 3 8 Phagocytosis of RES in mice M ice (¢ /
d') were random ly separated into five test groups
and wo control groups (n= 20). The test groups
were orally treated by EERD at doses of 10, 20,
30, 40, and 50 mg/kg for five consecutive days

One hour after the last medication, the test mice
were iv syringed w ith 1% congo-red for detem in-
ing the expurgation by reticular endothelial system
(RES) as previously described™!
groupswere ig treated with DT at a dose of 3 6
mg/kg and saline, regectively.

2 3 9 Statistical analysis The data acquired in

The oontrol

the expermentw ere processed using Student-N ew -
man-Keuls test oftware The resultsw ere indicat-
ed asxt s

3 Realts

3 1 Effect on vascular pemeability in mice: In-
flanmation is concom itantw ith the increase of vas-
cular pemeability. EERD in used doses exhibited
remarkable inhibitory effect on histam ine-induced
increase of vascular pemeability. At a dose of 10
mg/kg, EERD produced evident
Evans B lue pemeated from capillary blood vessel
by 52 5% and indicated dose-dependent inhibition
of up to 68 5%.
w ith saline, the tinged area by EvansB luew as al
reduced significantly and dose-dependently. By

reduction in

In contrast to the mice treated

comparion, PRE showed similar effect in inhibit-
ing vascular pem eability to EERD (Table 1).
Table 1 Effect of EERD on vascular permeability in mice

induced by histam ine (x* s, n= 12)

Dose Tinged area EvensBlue Inhibition
Growps /mg kg Y /mm? /mg- mL~ 1) rate/%
Nomal 0.02+ 0.00 0.00+ 0.00
Saline - 450. 23+ 35.17 0.62+ 0.08 -
PRE 30 288.13+ 29.33" *°  0.29+ 0.02" 59. 05
EERD 10 319.87+ 22.89" ©  0.30+ 0.01" 52.75

0.29+ 0.00" 55.90
0.27+ 0.01" 68. 50

30 294.19+ 21.97" " *
50 128.76+ 17.47" " *

P< 0.01 vsnomal group
"P<0.05 ""P<0.01 """P< 0.001 vs saline group

3 2 Effect on carrageenin-induced pav edema of
rats Theoretically, carrageenin-induced pav ede-
ma belongs to sub-acute inflanmation The pawv
edema of the rats treated by saline rose from
24 8% at one hour to 55 1% at three hours fol-
low ing the exposure to carrageenin and began to
scale down from 33 9% at four hours to 30 8% at
six hours In contrast, the pav edema of the rats
treated by EERD at used doses did not exceed
18 1% atonehour and 26 7% at three hours The
pav edama of the ratswas decreased to less than
2Q 4% beginning from four hours In comparison,
the EERD at used dosesand DT at dose of 3 6
mg/kg indicated no significant difference in inhibi-
tion of carrageenin-induced paw edema (Fig 1).

3 3 Effectson the generation of MDA, and me-
diators, and activity of involved enzymes in car-
rageenin-induced infanmation: EERD in used dos
es produced positive reduction in generation of
MDA , PGE2, and NO . The inhibition of M DA
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Fig 1 Effect of EERD on carrageen in-induced
paw edema of rats (x £ s, n= 10)
generation was observed at a dose of 10 mg/kg
(P< 0.001) and intensified in regponse to the dose
increasew ithin 30mg/kg Further increase in dose
treament (i e 40mg/kg), however, resulted in
reduced level of inhibition Obvious inhibition on
the release of PGE2 and NO w as detected at a dose
of 10mg/kg (P < 0. 05) and further enhanced in

response to the increased dose-treatment below 40
mg/kg At a dose of 50 mg/kg, nevertheless,
EERD presented reduced inhibition on formation of
PGEz2and NO (Table 2).

W ith reference to the effects on enzymes in-
volved in inflanmation, EERD in used doses re-
vealed prominent increase in the activity of SOD
and CAT. Below the dose of 40 mg/kg, EERD
produced remarkable enhancement on the activity
of 0D, while at adose of 50mg/kg, EERD gen-
erated less enhancanent in the activity of SOD.
EERD enhanced the activity of CAT at adoseof 30
mg/kg (Table 3). On the other hand, EERD at a
dose of 20 mg/kg indicated positive inhibition on
the activity of NOS and intensified follow ing the
increase of dose treatment reaching itsmaxmal in-
hibition at a doseof 40mg/kg Further increase in
dose treatment, however, EERD produced less
level of inhibition on the NOS activity (Table 3).
3 4 Effects on adjuvant-induced pav edema of

Table 2 Effect of EERD on carrageen in- induced generation of MDA and mediators (xt s, n= 10)

Groups Dose/(mg- kg %) MDA /(nmol- mg %) PGE2/(nmol- mg %) NO/(nmol- mg %)
Nomal 0. 230+ 0.04 0.278+ 0.11 1.39+ 0.59
Saline - 0.673+ 0.09 0.683+ 0.12 1. 77+ 0.58
DT 3.6 0.263+ 0.09" " " 0. 459+ 0.10" 1.13+ 0.49" "
EERD 10 0.462+ 0.04" 0.367+ 0.07" " 1.49+ 0.51°
20 0.383+ 0.06" " 0.375+ 0.11" " 1.31+ 0.43"
30 0.237+ 0.08" " * 0.329+ 0.06" " 0.85+ 0.38" " *
40 0. 449+ 0.09" 0.289+ 0.08" * 0.79+ 0.22" " *
50 0.633+ 0.07 0.539+ 0.09 0.93+ 0.39" "
P< 0.05 P< 0.0lvsnomal group; “P<0.05 "~"P<0.01 “P< 0.001 vs saline group

Table 3 Effectsof EERD on activity of enzymes involved in carrageen in-induced inflammation (;i s, n= 10)

Groups Dose/(mg- kg %) DD/(NU - mg 1) CAT/(0U- mg Y NOS/(nJ- mg Y
Nomal - 32.53+ 1.67 0.89+ 0.22 0.152+ 0.02
Saline - 25.99+ 1.07 0.58+ 0.16 0.292+ 0.05
DT 3.6 30.55+ 3.02" " * 0.97+£ 0.25" " * 0.156% 0.03" "
EERD 10 30.81+ 5.14" " * 0.56+ 0.13 0.263+ 0.01

20 30.65+ 5.12" * * 0.58+ 0.13 0.232+ 0.01"

30 31.33+ 1.23" " 0.67+ 0.12" " 0.213+ 0.02"

40 30. 20+ 4.28" " * 0.79+ 0.13" " 0.167+ 0.02" *

50 28.44+ 3. 71" " " 0.86+ 0.08" " 0.186+ 0.03" "

P< 0.05 P< 0.01vsnomal group; "P<0.05 ""P<0.01 " P< 0.001 vs saline group

AA rats The pav edana of AA rats rose from
23 6% at the second day to follow ing the exposure
to Freud's complete adjuvant On the eighth day
(the end of latent phase) the edema rose abruptly
from 40 3% to 58 9% and then followed by a
gradual decrease EERD in used doses show ed con-

siderable inhibitory effects on pav edana of AA
rats The inhibition by EERD began from the
fourth day and kept rather steady inhibitive rate
until the twentith day Among the doses used,
daily treatment at a dose of 30 mg/kg represented
the minimum edema from the beginning of expo-



Chinese T raditional and Herbal D rugs

35 11 2004 11 1267-

sure to Freud’'s complete adjuvant till the end of
the experment The inhibition on pav edema by
PRE,
EERD

as shown in Fig 2, was smilar to that of
at a dose of 10mg/kg

0
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40 F
KUN S

20t
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Paw edema rate / %

0 . |
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Treatmem time couse / d
—i— Saline —e— Pre}) —w— EERDI0 —=—EERDZ20
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Fig 2 Effect of EERD on adjuvant-induced

paw edema of rats (;i s, n= 10)
35
MDA and mediators, and the activity of involved
enzymes in inflaned pav of AA rats: The release

Effects on adjuvant-induced formation of

of MDA and various mediators including PGE:,

NO, L-1f and TNF-« is involved in the process
of inflanmation EERD in used dosesproduced ob-
vious inhibition of the generation of M DA and me-
diators The inhibition of M DA and PGE:w as de-
tected at a dose of 10 mg/kg (P < 0.001), en-
hanced at 20 mg/kg and scaled down at a dose of
30 mg/kg The inhibition of NO, L-18 and
TN F-aw as observed at a dose of 10mg/kg (P<

0.05) and enhanced in regpponse to the increase of
dose treatment (Table 4). The increase in activity
of SOD and CAT implicates the enhanced inhibi-
tion of lipid peroxidation EERD enhanced the ac-
tivity of SOD and CA T at a dose of 20 and 30mg/
kg, regectively (P < 0.05). On the other hand,

the reduction of NO is mediated by declining the
activity of NOS EERD was 0 observed to inhibit
the activity of NOS at a dose of 20mg/kg and in-
tensified at 30mg/kg (Table 5).

Table 4 Effect of EERD on contentsof MDA and mediator s in adjuvant-induced inflammation tissue (;i s, n= 10)

R Dose MDA PGE: NO L-18 TN F-a
s /(mg- kg'Y)  /(nmol- mg Y /(nmol- mg %) /(nmol- mg %) /(pg: mL" %) /(pg:- mL" Y
Nomal 0. 23+ 0.04 0. 278+ 0. 109 1. 39+ 0.59 20. 37+ 3.05 186. 63+ 23. 40
Saline - 0.48+ 0.11 0. 398+ 0. 110 3.18+ 0.95 107. 39+ 15. 01 730. 51+ 63.91
DT 3.6 0.30+ 0.19" 0.292+ 0.051" *  2.01* 0.95" 35.23+ 3.38"'* 290.55+ 46.32" **
EERD 10 0. 26+ 0.09" * 0.263+ 0.050" ©  2.12+ 0.78" " 51.84+ 3.99"'* 349.94+ 58.23" **
20 0.21+ 0.00" * 0.252+ 0.019"*  1.48+ 0.37" "  49.19+ 5.72"** 283.00+ 34.59" "
30 0.26+ 0.01"* 0. 297+ 0. 028" 1.35+ 0.68" **  38.98+ 3.40" " 209.00+ 61.34" **
40 0.29+ 0.05" 0. 321+ 0.017 1.44% 0.29" 47.56+ 6.82"°  248.12+ 34.89"
50 0. 31+ 0.04" 0.357+ 0.043 1.67+ 0.37" 59.18+ 9.73" '  297.37+ 56.14"
P< 0.01 pP< 0.001 P< 0.0001vsnomal group; “P<0.05 "“"P<0.01 “"7"P< 0.001vs saline group

Table 5 Effect of EERD on activity of involved enzymes in adjuvant-induced inflammation tissue (xt s, n= 10)

Groups Dose/(mg- kg %) DD/(NU - mg 1) CAT/(nU- mg Y NOS/(nU- mg %)
Nomal - 32.53+ 1. 67 0.89+ 0.22 0.15+ 0.02
Saline - 21.75+ 1. 14 0.41+ 0.19 0.28+ 0.09
DT 3.6 32.38t 2.77" 7" 0.69+ 0.19" " 0.20+ 0.03" "
EERD 10 30.87+ 2.52" " * 0.81+ 0.20" " 0.21+ 0.03" "

20 33.57+ 3.54" " ° 0.86+ 0.14" " 0.17+ 0.06" "

30 32.19+ 2.17"° " 0.92+ 0.19 0.15+ 0.09" "

40 29.79+ 3.56" 0.79+ 0.10 0.22+ 0.01" "

50 27.84+ 4.72" 0.70+ 0.17 0. 26+ 0.043
P< 0.01 P< 0.001vsnomal group; “P<0.05 “"P<0.01 """P< 0.001 vs saline group

3 6 Effectson development of granuloma in rats
The assay indicated that EERD at a doseof 10mg,/
kg slightly reduced the grow th of granuloma by
24 3% and gained reduction by 38 56% and
54 03% in reponse to the increase of dose treat-
ment from 20 to 30mg/kg, symbolizing its signifi-

cant inhibition of granuloma fomation (P< 0. 01).
Further increase in dose treatment (above 40 mg/
kg), however, produced less or no inhibition of
granuloma fomation (Fig 3).

3 7 Effectson phagocytosisof RES. EERD indi-
cated evident enhancanent on phagocytosisof RES
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Fig 3 Effect of EERD on cotton pellet
granulama of rats (;i s, n= 10)
in testmice T he reduction of congo-red by phago-
cytosis of RESwasobserved at a dose of 20mg/kg
(P < 0.05) and enhanced at a dose of 30 mg/kg
(P< 0.01).
nevertheless, led to gradual decrease in phagocytic
activity of RES
enhancing phagocytosis by DT was amost the
sane as that of EERD at a dose of 30 mg/kg
(Fig 4).

Further increase in dose treatment,

In comparison, the capacity for

w61 1
o
3 5
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1
P
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8 3
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[V 74
1 2 3 4 5 6 7 8
|- saline 2- Pre30 3- EERDID 4 - EERD20
5~ EERD30 6~ EERD40 7- EERDS0
"P<0.05 ""P< 0.01vs saline group

Fig 4 Effect of EERD on phagocytosis
of RES in mice (;i s, n= 10)

4 D iscussion

Inflanm ation, w hich involves both innate and
adaptive mmune mechanigns, is the reponse of
living tissue to cell injury’. The results suggested
that EERD exhibited considerable inhibition of his-
tam ine-induced vascular pem eability, carrageenin-
induced rat pav edena, adjuvant-induced granulo-
ma, indicating that EERD was an effective agent
for the theragpy of acute and chronic inflanmation

The process of inflanmation is characterized
by the release of mediators including histam ine'®,
prostaglandins (PGs), NO'®, L-B and TN F-of”
and by lipid peroxidation that results in the pro-
duction of MDA . Histam ine is released by mast
cell through degranulation and causes vasodilation
through combining histamine receptor on vascular
endothelial cells’”. PGE: is the metabolite of ar-
achidonic acid catalyzed by cyclooxygenase during
the tissue injury™™. It has been reported that snall
fluxes of NO produced by NOS contributes to the
mmune defense against invading microorganisns
and tumor cells How ever, excessive generation of
NO is asxociated with septic shock, acute and

chronic inflanmation, autoimmune diseases and

(1 'NO has al® been evidenced to

[12]

arteriosclerosis
be a stimulant radical for the release of PGE-:
L -1 and TN F-x are released mainly by activated
monocytes and macrophages during acute inflam-
mation and temed as proinflanmatory media-

tors ™!

L ipid peroxidation is triggered by free
oxygen radicals in aw ell-oxygenated environment
leading to the production of M DA ™. U nder phy-
siological conditions, the production of inflamma-
tory mediators and free radicals are abolished by
DD and CAT™. The considerable inhibition of
histam ine-induced vascular pemeability and for-
mation of PGE2 mplies that EERD may act as an-
tagonist of histanine receptors and the inhibitor of
cyclooxygenase The reduction in NO fomation
and inhibition of activity of NOS indicates that
EERD is al® the possible NOS inhibitor. The re-
lease of L -1 and TN F-&t by monocytes and macro-
phages needs activation and initiation Obvious in-
hibition on release of L-1 and TN F-& suggests
that proper dose of EERD might function as the in-
hibitor for activation monocytes and macrophages

Prominent reduction by EERD in the content of
MDA in inflaned tissues further confims the
quenching and scavenging effect on free radicals

RES is a part of host defense systems against in-
vading microorganisn s by phagocytosis Phagocy-
tosis is the process by w hich cells bind and inter-
nalize relatively large particles containing dead cell
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or cell debris induced by complementary cascade
reaction™™ or by mediators through apoptosis ‘®.

The striking enhancement for clearing Congo-red
in the bloodstream of mice by EERD symbolizes its
oponic effect on the phagoytosis, which is defi-
nitely helpful in fatcilitating rehabilitation of in-

[7]

(8]

71: 48-57.

KrachtM , SaklatvalaJ. Transcriptional and post-transcrip-
tional control of gene expression inflanmation [J].
Cytokine, 2002, 20: 91-106.
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