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Resource development and pharmacodynamic research of

Taiwan Ligustrum plants
Chi-Rei Wu
Institute of Chinese Pharmaceutical Sciences, Department of Pharmacy,
China Medical University

ABSTRACT

: Ligustri Lucidi Fructus, mature fruits of Ligustrum ':
i luidum, possess many pharmacological activities :
: including  antioxidant,  anti-inflammatory, and :
: hepatoprotective effects. Some researchers found other :
: Ligustrum plants also possessed similar :
i pharmacological activities. According to Flora of :
! Taiwan, there are four species of Ligustrum plants in :
: Taiwan: L. morroisonense, L. pricei, L. sinense and L.
: liukuiense, the former is native.

: This plan will determine some constituents (such as :
i triterpenoids, tyrosol and flavonoids) of the leaves of :
: these above Ligustrum plants by HPLC-DAD, and also :
: evaluate the antioxidant, analgesic and :
i anti-inflammatory activities of the leaves of these above :
i Ligustrum plants. :

_ From all data, we found the leaves of L.
: morroisonense, L. pricei, L. sinense and L. liukuiense
: possess higher constituents such as flavonoids and :
: better pharmacological activity than the leaves of L.
i lucidum. Therefore, we suggest Ligustrum plants :
: especial L. morroisonense and L. pricei can be used as :
: medicinal plants. :

Keywords : Ligustrum plant, Antioxidative , Analgesic and antiinflammatory, ...



Y ATFZRABAHEALEE R TkF F-2HF RER
A OBRBERE AR -85 -F- 0 HAEBKREBEXAAK
BHEET  A—%kFTRAZTE  BAEZTRAREDRRAREAE DX
& (Ligustrum lucidum Ait.) (1) > 54842 ¥ 3§ P B85 LA b 4 Ak B
REAXTREHNBHZIRAR Q RAREFAEWEAULEBRE
ok k4 8 (L purpurascens) 3% B AL B K% & (L. liukuiense
Kodiz.) Z £ ¥ AREKFZA - MAR < ABEMIE 1977 £ £ BiEH
Rz A 10 £ a2 L% B (L morroisonense Kanehira &
Sasaki) ~ T 2.\L%& & (L. pricei Hayata) ~ /K% 8 (L. microcarpum
Kanehira & Sasaki) ~ #7K%& & (L. seisuiense Shimizu & Kao )~ $1 ¥4 A

( L. matudae Kanehira) ~ ¥ % 4% & (L. medium Franch & Sav.) ~ £ &
& (L. shakaroense Kaneh.) ~ B X4 & (L. japonicum Thunb.) ~ 47k 47
4 & (L. ibota Thunb.) ~ X K% A (L. kivozumianum Nakai) > £ ¥ 1%
3FELINRIE () 47 1988 S BB h F2RER 2003 FHMIREHME
M2 WERRIER 44 > AR LK A (L morroisonense Kanehira &

Sasaki) ~ FT 2 L4 & (L. pricei Hayata) ~ /&% B (L. sinense Lour. ) ~
B A48 (L livkuienseKodiz.)» R ¥ AT 1 AR LEHH (4-5)-

W RT BT - A FARKEFEMAL A (L. lucidum Ait.) Z sl # R
K oA TEGHMER ) BRBARARLELE LA FRS EXREE
Mo GREREAL - REEL X REBE - Bhfs - ot KA &
A kR REIRRILEER (6-12) - W B i YN K ALK E)
PAFFEREARMZBEFNE RPN EFHAXBARARFLERAR®
JE 4o B A4 8 (L. livkuiense Kodiz.) ~ X %% & (L. purpurascens) &
fa4 8 (L. robustum) ¥ A EHKBZHEI X - RIFFEET
M (13-17) 27 BAR KA B4 & T8 F B M4 Z &4 €45 oleanolic
acid ~ ursolic acid ~ p-hydroxybenzyl alcohol - flavonoids ( kaempferol -
apigenin ~ quercetin... ) ~ phenolic glycosides ( cosmosiin... ) % (6-7,
18-21) ; & ¥ oleanolic acid & ursolic acid &4 M %35 it B+ fs H @ A1t
% 48 12 i glutathione 2 B 4 M B4RAFZ4E M > BER A4 & TR AL
BEAZ AT 2 7 M A4 (10); R =k phenolic glycosides # Ouyang % #t % ¥ F
B A4 AAPH #F8 b3k B 2 JEM RS (22) - 12 He H 7 2001
FzARiEEL AT AAPH $H 4R ELZFERTERA
secoiridoid glucosides #m 4 (23) 5 B R KL HEIE XA ferric
thiocyanide Z L AL ERB PHBE L A FIRAIALETREZTHR T, A
$ibS-4 (24) 5 M 4e Katesube # 2004 2 M KR L A A KL B
BREHRAZHBEALARASERELHA (13)- AT RER A E A



B E AR YR E ) AN ERFRESBAERRLTIHZE
B MTBREGALERRZIEERTEFTRYE B4 ERLEFZRAG
FH A THRAL EURRLETR (25) -

Bt AFEREHESBARALBAZ LA REHELLT R (L
morroisonense Kanehira & Sasaki) & 2.4 B (L. pricei Hayata) #4T
BRAAE(ERE -BHRRE LZREL BB MM EALZK (R
A4t~ LX) 234> B8 8 ARk A (L livkuiense Kodiz.) ~ N E % &

(L. sinenseLour.) R T EZ 4 A FH#TLE ATHRETLLARME
LA BZBURMABEREN MAELHAHEHEEALIEAHMHZHAE
AFTER °

K~ HERFE
— ~ K

4 8F  KRE#E M &8 (Ligustrum lucidum Ait.) Zm#HRE
BB ST NIRE T RAT

F L4 & : Ligustrum morroisonense Kanehira & Sasaki Z 3
T 2.\, & : Ligustrum pricei Hayata % 3
N4 &  Ligustrum microcarpum Kanehira & Sasaki % #
B A4 A © Ligustrum liukuiense Kodiz. Z 3
= RmHY
In vitro K %  Sprague-Dawley 2t K& > & 30 & -

In vivo ¥ 5 ® Sprague-Dawley #M X & » 4% 400 & - ICR #H4
B HE 400 & o

B L7146 Sprague-Dawley A#M AR (HE 250~280 %) &
430 & - ICR A#MW/ DR (BE 22~25 A%) & 400 £ - 395
BMASARRZRERARCRAZERG D T o BALEAENTH
BB X B E 0 BIEAE 2341 °C o B RIS 12 B
HRBEBITFITR -

= ANAERR

( —) Oleanolic acid ~ Ursolic acid & Betulinic acid 24 R &
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(26)
Column : LiChrosorb RP;5 * 4.6x250 mm

Mobile phase : methanol/H,O (included 1.8% glacial acetic acid)
= 8§9:11

Flow rate : 0.5 ml/min
UV-vis spectra : 205 nm

( =) Tyrosol & Salidroside =4 ER|E (25)
Column : LiChrosorb RP5 * 4.6x250 mm

Mobile phase : gradient solvent system — methanol (& 20%
acetonitrile) (A) /H,O (B) from 80% B to 20% B during 15
min ’

Flow rate : 1 ml/min
UV-vis spectra - 276 nm
( =) Flavonoids 24 € R & (27)

Flavonoid concentration was determined by 96-well microtiter
spectrophotometric method at 415 nm, modifying from the
method of Jia et al.. This method is based on the formation of
colored products by flavonoids with aluminum salt. The
absorbance of colored solutions is proportional to total
flavonoid concentrations. Total flavonoid concentration was
expressed as quercetin equivalents in milligram per grams
sample.

g ~ In vitro study : Free radical scavenging and antioxidant activity

( — ) Free radical scavenging activity test : DPPH assay

1 ml 500 pM DPPH methanol solution: fw A 4 ml 4~5 188 & %
SBk o BRI MAER  RERKKE KA 517 nm -

( =) Total antioxidant activity test : TEAC assay
W R A R ERMNA 0.5 ml 750 pM ABTS -~ 0.5 ml 44 U/ml

peroxidase ~ 3.5ml 75 pM H,0, » ju A 4~5 IR E X &34 B
Byt hiak s RERKKE KA 734nm -



( =) SOD-like activity test : XOD-X-NBT assay

WH#H 3 ml RASRERAN4S 200 uM xanthine, 300 uM NBT,
10 U/ml XOD » fuX 4~5 fBiR B2 &34 A B i is
R ERERKE KA 560nm e

(mw ) TBARS test

BRIEHXKBKaZEmA 10 £ E2 20 mM ice-cold Tris-HCI
buffer (pH 7.4) & » #4739 - 354 & L4 14,000 rpm 8. 15
min> B EF&K - R 1 ml ZBRAFGE LFR > wA4~518
REZEBXEREYRMWAR - RTFHaAGRELER L
#ATZ ¢ AuA 10 uM FeSO4 #2 0.1 mM ascorbic acid » 4& 37°C
X BN

AaA 1.0 ml trichloroacetic acid ¥ ik & f&(28% > w/v)ik > Hju.
A 1.5 ml thiobarbituric acid (1% w/v) % 80°C fu#k 10 4-4%
B c REFR  RERUAKA 532n0m -

( &) Hemolysis test (28)

A B S Ikf o B R W E NS heparin Z R E P - Bu 4Bk
tr i 3R 4% 0 B X 104588452 0.15 M NaCl Fk =K ;
AT E— RF R L2500 rpm BES 10 4548 - RG22
41 £n 3K LA Phosphate buffer saline (pH7.4) E & 10% X 4rh
HBFR > WA BREZE L AR HMDAEIRYIER - X
T EhRAEL AHKEITZ | fuA 200 mM AAPH » 4 37°C
i 2 NEF e

#F B RERSY » 3R 8 42584 49 Phosphate buffer saline #
FF o B A 2500 rpm B 10 48 0 R EFR » R RWIK K
% 540 nm -

A ~ Invivo study : Analgesic and anti-inflammatory activities assay
( —) Analgesic activities assay
1 ~ Acetic acid-induced writhing response

Mice were randomly divided into several groups. Each
mouse was given intraperitoneally 1% aqueous solution of
acetic acid (10 ml/kg body weight). The mice were placed
in the individual observation boxes. The symptoms of the
acetic acid-induced abdominal writhing were similar to



those described by Taber et al. (29). Control animals
received vehicle solution in the same experiments. Five
minutes after the injection of acetic acid, the number of
writhing responses per mouse was counted for 10 minutes
during acetic acid-induced abdominal writhing. Finally, the
number of writhing responses permitted us to express the
percentage of protection using the following ratio: (Control
mean - treated mean) x 100 / control mean.

2 ~ Formalin-induced nociception

This method represented a modification of that described
by Shibata et al. (30). Each mouse was placed in the
observation chamber on an acrylic transparent plate floor
for 5 min prior to the formalin injection. Beneath the floor,
a large mirror was inclined at a 45° angle in order to allow
clear observation of the paws of the animal. The animals
were administered 25 pl of 1% formalin into the right
subplantar. Then, each animal was returned to the chamber
and the two distinct periods of the intensive licking
response was observed. The first period (early phase) was
recorded 0-5 min after the injection of formalin and the
second period (late phase) was recorded 10-35 min after the
injection. The time (in seconds) spent in licking responses
of the injected paw was measured as an indicator of pain
response.

( =) Anti-inflammatory activities assay : Carrageenan-induced edema

The anti-inflammatory activity was determined in rats by
measuring the mean increase in hind paw volume after the
subplantar injection of carrageenan (31). The animals were
injected with 0.1 ml 1 % carrageenan in the right hind foot
under the plantar aponeurosis. The inflammation was
quantitated in terms of milliliters using a plethysmometer (7150
Ugo Basile) which recorded small differences in water level
caused by volume displacement. Before any treatment, the
average volume of the backpaws of each animal was
determined (V,), after 3 measurements which did not differ
from more than 4 % (preciseness of the apparatus). Then 30, 60,
90, 120, 150, 180, 210, 240 min after the injection of the
inflammatory agents, the average volume of the backpaws of
each animal was determined (V;), after 3 measurements which
did not differ from more than 4 %.

The percentages of edema at each record were calculated by
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compared the average volume of the backpaws of each animal
(Vy) after the injection of the inflammatory agents with the
average volume of the backpaws of each animal (V,) before any
treatment (32). Percentages of inhibition were obtained for each
group by using the following ratio: [(V, - V,)control - (V, -
Votreated] x 100 / (V. - V,)control.

%8R
— BAAERE

NHREMBFZLBABHEY T ELBBERAT S ETUELLA
ERSHZAE EXABALE ML AZAERA (E—);
MARFERAT T ETTFAELLEARGZ 2T HRAB AL
oM EL A2 S ERMA (B =) 27 4k tyrosol » salidroside
ZH5E PRELLBAAEBRSHZSE  ARABRL A kA
FELLBRNEX AR EHABREN (ENATHEENL A RZ
4% salidroside )( 4 B = )- £ 4% » 4 = # $8 — oleanolic acid ~ ursolic
acid ~ betulinicacid 24 &> IR B AL AZ 45 ETES (2ARE
S E W EERF betulinicacid)» Rk A% A MELL A -ME
L BRI EXAMBEHBREY (WHwW)-

=~ RAALTF R E

PHREMBZ L ABHEMT > £F% DPPH ad A2 izHR
FEB®RFP AR LA ABERMEFE DPPH a i xiEzt kA
BAL A ML AaxENER (WwBE): mAeFHR ABTS ad 4
ZEMREERY > FRELLBEBRMEFSR ABTS a b Rk2F
Mo RERABALE  MEXAZEMNER (WBAX) 27 A8
SRMFZENPETRY  ELL AN 5 L aBHEMRE
PEAEBREZEFNE OIELXERLXAARBALEFZEHRIK
(B t)-

BEX > ARBEEBELZTHIAETRTY I EX A RE
ZHEEBELEFR MBALARLXAREZIRAETBAILER
BHSHELABRBEM T ERBMFE (BN ) &% £ AAPH 3%
FlhaEhZ TRY NMUAELLEREAREZIREEA ™A
A azRAEBREE (WBR) -

Z SRR FEAE

1



G ABEEE 7 XL B B M4 cyclooxygenase Il 2 7%
Mo S L ABHEMPUFE LA A ARz ipHlENR > £ A
ZERRK (B +)-

R AUBEBE I NRZIBBRE Y KR 1-2.55gkg
BITER S L A BHMAE 25 5gkg TR BEEF | F2in
B o HPRELLAZHRARE LA HREE (BT
— Yo % 4234 formalin 3F 5/ R ZHERE T » ABFR$K 014025~
1gkg BITESR 5 EL A BHMA 025~ 1 g/kg 3T im>
formalin # 2/ N BZH M AFYUAMELL AXIH R4 B
AL BRLBEZHREELE (B+=)-

B 14 » 4E XA carrageenan 3 K R X i FHERE ¥ ARk 0.1~
025~1g/kg #4TK® 5 L A BHMAE 0251 gkg HTrD
carrageenan FH A B2 FRELE » H ¥R F‘Iidrké Z B REAE
Y RAZHRRE (BE+Z)-

B~ 3

Y AFAKRBEAMEMK A (L lucidum Ait.) Z B RE > CRA T
BRErAER ) ARBARMAREE L ATRES ELRETN > GHERA
- REE WL BB~ Bhps - BhlE - /A &8R- Bk
BRGIEICEHER (6-12) 27 ROARELE XA TERBENZ
AR 4 €,3% oleanolic acid ~ ursolic acid ~ p-hydroxybenzyl alcohol ~ flavonoids

( kaempferol ~ apigenin ~ quercetin... ) ~ phenolic glycosides ( cosmosiin... )
% (6-7,18-21) ; # % oleanolic acid & ursolic acid & & B %45 B B4LAs
# 18 46 & 48 42 # glutathione 2 B 4 Mg BMEAT A > R AL A
FHAABRAFZEM RS (10) 5 Bk phenolic glycosides #* Ouyang
AR TERAS AAPH S S ot B 2 E M AR (22) - 12 He
F4 2001 2 AR A & A Fipdl AAPH 3 B ée o 3R do 2 75 M R 4
¥ & A secoiridoid glucosides #5/%~ (23) 5 A R AP H EB I/
ferric thiocyanide Z L EALIRMERB T E L B FIRACEZFTHRSY
A E¥RILS4 (24) ; ™4 Katesube 7 2004 5 2 # AR5 B A3
AR EOAZHBRAEHSERELMNA (13)- Bk XtERSE
BEMEAURREBARALIE Az L ABHEY E L4k & (L morroisonense
Kanehira & Sasaki) #47mo42 € (AR - BHURK - £z X#F T
HEE) 2 oM AR (AL - X)) 234> BB AL A (L
liukuiense Kodiz. ) ~ FT 2. u 4 & (L. pricei Hayata) ~ /&% & (L. sinense
Lour.) AT EZ X B FHRATHE  UTHRELLAZIBRRMEES

12



BhHIBE I AZE94F2 ARBITRHIMEMZIRE > 57N
EPTHEBEEABARALR  ZERFELLA - S FRAFRFMTE
Wk A ST RARKFF N XA EFTTRERREEREAK
HFia -

BE BITRAIN BREXBRLABHEDEIERA T AR - =i
Y EHRAHBHH LR 5 L AR EMBITRSZ TN RLE -
MREXRER FLLANS HL AN FL ARG IEH - RFR
salidroside ~ tyrosol ¥ /&% > B AKX BAINS L ABHD F LA RS
Z_oleanolic acid & ursolicacid £ &% s MTEZ L AR M A B NE
&y & salidroside - tyrosol E 5398 5 4 B B T4 &ML -

R BITERSH REXRL ARV EIZREETHRAREL
6~ 488 M RE Bt RFESHB L S B ABHYBRTEER
MZ A R HRLEREI FLan S L a B FRLAER
Rz HERE O RENRIRNERFNE  RERBE RS S ERELNG
NEL AR A REZ ST ENR  WERTHRALEHETFRETNSA
Mo 27 AM4RBRNRBHEIMNNy MELL A EFBMAEZHH
cyclooxygenase-2 B9 E M RBILVFEZER BT MELLATX
SR RAF A TRESA 4] cyclooxygenase-2 A B °

MERNEARER FHKEZILEBHDAEN AT S ERE
HEMEHBEARAEMBEAZIHEAYRERE S 8 A% B@BRETH
BAREIZLABHEMUBRRERBREOZ L REM -

15~ B

ABHH S BEMFARBRZ 4L A B RITIIINEE  BHE
EMGFLZ L ABMMEBEHHBEGAREMKA ZHH —% B > BITR
SRBIFEMILLE  AREBRZERAZBHAM LT ¢

I Bk BB S5 fikaBRBAY T BA RS ZEE - FFR tyrosol
A% B H#EK a8 a4 (DPPH ~ ABTS - superoxide anion) X

EFMNAS HLABRREY TRAES S ARG AKELRR
b FAERESH

2. BALBEAS HL AR RRBRMEY ¥ EAH RS oleanolic acid ~ ursolic
acid & betulinic acid 5% -

3. MTE 4 8 B4 842 cyclooxygenase-2 3p#]iE M BAF RG24
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Total phenolic contents of leaf of Ligustrum spp.

| L. lucidum

Leaf of Ligustrum spp.

L. sinense

L. liukuiense

1 1 1 1

L. morroisonense

10 20 30 40

mg catechin/g herb
B— -k a BEMEHREH RS T F - N=3.
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Flavonoid contents of Ligustrum spp.

| L. lucidum

L. sinense

L. pricei

L. morroisonense

Leaf of Ligustrum spp.

L. liukuiense

1 L 1 1

0 2 4 6 8

mg quercetin/g herb
B= % AR ENERFRYSE - N=3.
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Leaf of Ligustrum spp.

Salidroside & Tyrosol contents of Ligustrum spp.

[ Salidroside

:] L. lucidum Tyrosol
%
i
f L. sinense
@ L. pricei

7220722727777

: ' i

P v

L. morroisonense

J////////A

L. liukuiense

0.0 0.5 1.0 1.5 2.0 25 3.0

ng/g herb
B = ~ % &8 B Hi4#E3 salidroside & tyrosol %4 & o N=3.
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OA, UA & BA contents of Ligustrum spp.

' 1 Oleanolic acid
L. lucidum ¥ZZ2a Ursolic acid
KXX3 Betulinic acid

I

L. sinense

L. pricei

L. morroisonense

Leaf of Ligustrum spp.
B R N

7///////////////|///////////////////////////////////////////J L. liukuiense

] Il 1 1 J

0 2000 4000 6000 8000 10000

hg/ g herb

B -~ 4 & B 4 & 2R oleanolic acid ~ ursolic acid & betulinic acid Z 4 & -
N=3.
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Leaf of Ligustrum spp.

DPPH scavenging activity of Ligustrum spp.

H L. lucidum

L. sinense

L. liukuiense

1 | ] 1 1

L. morroisonense

5 10 15 20 25

IC,, (g catechin/g herb)

BE- -%aBHmiEdin DPPH A a A 24ERA - N=3.
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Leaf of Ligustrum spp.

ABTS scavenging activity of Ligustrum spp.

| L. lucidum

L. sinense

L. morroisonense

1 1 1 1 | i 1 1 ]

0 20 40 60 80 100 120 140 160 180

IC,, (umol Trolox/g herb)

Bl L a BHMWENESR ABTS A dix1FA - N=3.
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Leaf of Ligustrum spp.

Superoxide anion scavenging activity of Ligustrum spp.

L. lucidum

L. sinense

L. morroisonense

i ] | | | 1 1 1 3

2 4 6 8 10 12 14 16 18

IC,, (U SOD/mg herb)

Bt~ A BahERARBARETFZHER - N=3.
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Leaf of Ligustrum spp.

Inhibition of Fe** /ascorbate-lipid peroxidation of Ligustrum spp.

— L. lucidum

L. sinense

L. pricei

L. morroisonense

| L. liukuiense

1 ] ] ] i 1 i 1 -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8

IC,, (mg/mL herb)

B4 BHaHENRFIETBEILZHER - N=4.
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Percentage of hemolysis (%)

°

L. liukuiense L. morroisonense
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8
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g I
/ B 2 o b /
0 [ :I o
L. sinense L. lucidum
80 ]
g @ - g @
i i
fg. 40 2 © - e
o
¥ - » I e = PBS
E % Io E 7 - = AAPH
» » / D AAPH - 2.5 mg/mL
/ €223 AAPH -5 mg/mt.
I A l | / TR AAPH - 10 mg/mL.
]

B/ aBHMENRNARERZIER - N=4, ** P<0.01, *** P<0.001

compared with AAPH group.
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COX II inhibiting activity of Ligustrum spp.
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B+ - & &8 4 ¥ 3 ¥ 4] cyclooxygenase 2 Z & H o N=3.
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L. liukuiense L. morroisonense L. pricei

Writhing response (counts/ 10 min)
8
\\\
H 3
i

Writhing response (counts/ 10 min)
8

Writhing response (counts/10 min}
8

° [ 7. °
L. sinense L. lucidum
s ©
- I _
e i 1
2 - s
z T 3w -
g« ® - g{ V. 7 -
8 - g = I —— Contro!
% » I a0 1 glkg
g 2 zza 2.5g/kg
g E =xx 5 g/kg
3 LN | == ASA 0.3 g’kg
o . 7.

B+— %8B ESPNEEEI B REZHAIER - N=8. * P<0.05, ** P<0.01,
*** P<0.001 compared with control group.
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L. livkuiense

of (1L T " “I[ ]
] TW _L_W ) . TTW

Licking time (sec)
3
Licking time (sec)
8
Licking time (sec)
]

Early phase Late phase

L sinense L. Iucidum

(3 Control
LI o01g/kg
PZ3 025g/kg
XX 1g/kg
ASA03g/kg

Licking time (sec)
5
Licking time (sec)
8

Early phase Late phase

B+ =4 & B M4 3 A0 B Ak R R ME 2 4% 1F Al -N=8. * P<0.05, ** P<0.01,
*** P<(.001 compared with control group.
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Percentage of edema (%)
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