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INTRODUCTION

Herbal remedies used in traditional folk medicines 
provide an interesting and yet largely unexplored source 
for the discovery and development of potential new drugs. 
Moreover, traditional medicinal methods still play vital 
roles in serving basic health needs in developing countries. 
Therefore, it is of great interest to screen these plants in 
order to validate their use in folk medicine while at the 
same time seeking to reveal their active principles vis-a-
vis the isolation and characterization of their constituents. 

Chinese herbal medicines (CHMs) are considered useful 
for the treatment of a variety of human deficiencies. CHMs 
are classified into many categories, and these include heat-
clearing, blood-regulating, Qi-regulating, drain-damping, 
wind-damp-dispelling, and exterior releasing (Chongyun 
et al., 2005).  The matrix metalloproteinases (MMPs) are 
a family of zinc-dependent endopeptidases that play a 
key role in the turnover of the extracellular matrix in skin 
(Fisher et al., 1996).  Aging and exposure to environmental 
insults, such as ultra-violet (UV) irradiation, increase the 
expression of MMPs (Fisher et al., 1998; Brenneisen et al., 
2002).  Excessive MMP activity, which causes the collapse 
of the meshwork in the extracellular matrix, produces UV 
irradiation-like skin damage, such as wrinkling, a loss 
of elasticity, and the dilation of surface micro-capillary 
vessels (Bolognia, 1993). MMP-1, which belongs to 
the subfamily of collagenases, is the key enzyme in the 
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TNF-α treatment in WS-1 cells.  However, when WS-1 cells were pre-treated with eleven Chinese herbal 
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in WS-1 cells as analyzed by casein zymography. In addition, the suppression of MMP-9 activity was also ob-
served when WS-1 cells were treated with either Paeonia suffruticosa, Scutellaria baicalensis, Saposhnikovia 
divaricata, Dioscorea opposita, Rubus chingii, or Salvia miltiorrhiza.  Of which, R. chingii significantly inhib-
ited IL-8 secretion induced by TNF-α treatment as well. These results revealed that some novel components 
present in these Chinese herbal medicines may be used for the treatment of inflammatory responses in skin 
cells. 
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collagen turnover that is required for remodeling of the 
dermal matrix.  MMP-2, and -9, also known as gelatinases 
A and B, are important in clearing collagen fragments 
generated by collagenases.  MMP proteolysis is regulated 
by the actions of endogenous inhibitors such as the tissue 
inhibitor of metalloproteinase (TIMP), which is involved 
in the binding of the active sites of both active and latent 
MMPs, forming stable, but inactivated, enzyme-inhibitor 
complexes (Kahari and Saarialho-Kere, 1997).

Interleukin-8 (IL-8), which belongs to the C-X-C sub-
family of chemokines, is a chemotactic attractant for both 
neutrophiles and T cells. IL-8 and other chemokines can 
activate or regulate the inflammatory activity of skin dis-
eases like atopic dermatitis (Kimata and Lindley, 1994; 
Hatano et al., 1999; Nomura et al., 2003; Park et al., 2006), 
psoriasis (Fukuoka et al., 1998b), and bullous pemphigoid 
(Inaoki and Takehara, 1998). IL-8 is produced not only by 
monocytes and lymphocytes, which are the major targets 
of the chemotactic activity of this chemokine, but also by 
epithelial cells, fibroblasts, keratinocytes, and endothelial 
cells (Schroder, 1995; Noso et al., 1996; Fukuoka et al., 
1998a).  IL-8 directly enhances MMP-2, -9 production on 
the endothelial cells which regulate angiogenesis (Li et al., 
2003) and on the endometrial stromal cells which promote 
tumor invasiveness (Mulayim et al., 2004).

To date, the relationship between these Chinese herbal 
medicines and the MMP and IL-8 activities in human fi-
broblasts has been little investigated.  In the present study, 
we chose the CHMs usually used to dispel pathogenic 
factors from the exterior of the body by diaphoresis, as 
well as those used in febrile or inflammatory conditions 
to invigorate blood circulation and for their tonic actions.  
Therefore, the aim of this study was to investigate the ef-
fects of CHMs on the regulation of MMP-1, -2, -9 as well 
as TIMP-1 activities and IL-8 secretion in TNF-α treated 
human fibroblast WS-1 cells.

MATERIALS AND METHODS

Materials
The tested Chinese herbal medicines (Table 1) were 

purchased from local medicinal markets in Taipei.  
Their identities were authenticated by Professor Chang, 
H.C. at the Bureau of Food and Drug Analysis, of the 
Department of Health in Taiwan.  After authentication, the 
specimens were then deposited in the Graduate Institute 
of Pharmacognosy, Taipei Medical University, Taipei, 
Taiwan.

Preparation of plant extracts
The dried leaves of the plants selected for this study 

were pulverized and extracted using 95% ethanol twice.  
After filtering, the combined filtrates were concentrated 
under reduced pressure.  The final residues were then 
freeze-dried and stored in a closed container until use.  We 
calculated the yields of plant extracts using the following 
formula:

Yield (%) = (mass of the extract/mass of the dried raw 
plant material) × 100%.

Cell Culture
Human skin fibroblast WS-1 cells were obtained from 

CCRC 6003, Hsinchu, Taiwan. The cells were maintained 
in a 37°C, 5% CO2 humidified incubator as monolayers in 
75 cm3 culture flasks. They were grown in Minimal Essen-
tial Medium (MEM, Eagle) with 2 mM L-glutamine, 0.1 
mM non-essential amino acids, 10% inactivated fetal calf 
serum, 50 U/mL penicillin and 50 µg/mL streptomycin.  
We cultured the cells until confluence and harvested them 
with a trypsin-EDTA solution.  Subsequently, the WS-1 
cells (1 × 105 cells/well in 0.5 mL medium) were distrib-
uted and cultured in 24-well plates.  Samples of CHM (100 
µg/mL) were added to the cultures and incubated at 37°C 
for 48 h.  After a 48-h incubation period, the medium was 
removed, and a fresh serum-free medium with 10 ng/ml of 
TNF-α in combination with CHMs (100 µg/mL) was add-
ed for an additional 24-h period.   Ultimately, the culture 
supernatants were collected and frozen at -70°C for further 
analysis while the cells were harvested for MTT assay.

MTT assay for cell viability
Mitochondrial dehydrogenase activity, which reduces 

3-(4,5-dimethyl-thiazol-2-yl)-2,5- diphenyl tetrazolium 
bromide (MTT, Sigma, St. Louis, USA) in active mito-
chondria to purple formazan, was used to determine cell 
survival in a colorimetric assay. Cell viability was calcu-
lated accordingly:

Cell viability = Absorbance (sample tested) / Absor-
bance (medium only) × 100

MMP activity by Zymography  
Analyses of MMP-1 activity by casein zymography, 

MMP-2 and -9 activities by gelatin zymography were as 
described (Windsor, 2002) with minor modification.  WS-1 
cells were cultured and treated with eleven CHM (100 µg/
ml) separately for 48 h.  After incubation, the culture me-
dia were replaced with a serum-free MEM containing 10 
ng/ml of TNF-α and each of the CHMs for an additional 
24 h.  Five µg of total proteins in the cultured serum-free 
media were subjected to SDS-PAGE analyses on 10% 
gels containing casein (for MMP-1 activity) or gelatin 
(for MMP-2 and -9 activity) substrate (1 mg/mL) under 
non-reducing conditions.  Recombinant MMP-9 (0.5 ng) 
(Chemicon, Temecula, USA) were used as the standard 
control.  After electrophoresis, the gels were washed with 
distilled water containing 2.5% Triton X-100 with gentle 
shaking for 1 h.  The gels were then incubated at 37°C for 
18 h in a buffer (50 mM Tris-HCl [pH 7.5], 0.2 M NaCl, 
5 mM CaCl2) and subsequently stained with Coomassie 
Blue. Clear bands of protein degradation were visualized 
by destaining in 30% methanol containing 10% glacial 
acetic acid.  We then scanned photographs of the gel with 
an imaging densitometer system (Kodak 1D Image Analy-
sis System 3.5).  The MMP activity was calculated from 



LEE et al. —  CHMs modulating TNF-α induced activities 303

the intensity value (area x intensity) for each band by Ko-
dak 1D Image Analysis Software and normalized with the 
intensity value with the medium alone and multiplied by 
100%.

For an inhibition percentage calculation, the band inten-
sity for the CHM treated group was normalized with the 
TNF-α treated group and shown as relative to the control 
(TNF-α) activity.

IL-8 and TIMP-1 analysis by enzyme-linked 
immunosorbent assay (ELISA)

The WS-1 cells were treated as described above. 
Concentrations of IL-8 and TIMP-1 in the supernatants 
were quantified using a commercially available duoset 
ELISA development system (R&D Systems; Minneapolis, 
MN). In principle, ELISA plates were coated with specific 

mouse anti-human IL-8 antibody (4 µg/ml) or mouse 
anti-human TIMP-1 antibody (2 µg/ml). Properly diluted 
cell-free supernatants were then added to the wells in 
duplicate and incubated for 2 h, after which time, the 
secondary biotinylated goat anti-human IL-8 antibody (20 
ng/ml) or goat anti-human TIMP-1 antibody (50 ng/ml) 
were added.  After washing to remove unbound reagent, 
streptavidin-conjugated horseradish-peroxidase was added 
and incubated for 20 min.  After washing, a 1:1 solution of 
H2O2 and tetramethylbenzidine was added and developed 
until the desired color was reached. The intensity of the 
color was measured at 450 nm in an ELISA plate reader 
(Emax, Molecular Device). The data was then calculated 
according to a standard curve using a Softmax computer 
program.  The detecting sensitivity for IL-8 and TIMP-1 
ranged from 31.25 to 2000 pg/ml.

Table 1.  Ethnobatanical data of the selected Chinese herbal medicines.

No. Species Family Traditional uses (Xie and Huang, 1994) Classification

1 Paeonia suffruticosa Andr. Ranunculaceae It is used to eliminate heat from the blood for 
treatment of bleeding in high febrile conditions

Heat-clearing and 
blood-cooling agent

2 Scutellaria baicalensis Gergi Labiatae It is used to eliminate heat in the lung for cough 
with yellow thick phlegm, used for the treatment 
of pyogenic infections of skin, hypertension, and 
threatened abortion.

Heat-clearing and 
damp-drying agent

3 Saposhinkovia divaricata 
(Turcz.) Schischk

Umbelliferae It is used as diaphoretic for affection due to wind 
and cold and rheumatic pain.

Wind-cold-effusing 
agent

4 Dioscorea opposita Thunb Dioscoreaceae It is used to invigorate the functions of spleen and 
stomach for the treatment of poor appetite and 
chronic diarrhea.

Qi-supplementing 
agent

5 Rubus chingii Hu Rosaceae It is used as an astringent for the treatment of 
frequent micturition and seminal emission.

Astringent agent

6 Angelica sinensis Diels Umbelliferae It is used to nourish the blood and to invigorate the 
blood circulation for the treatment of menstrual 
disorders.

Blood-nourishing agent

7 Angelica dahurica Benth Umbelliferae It is used in the treatment of affection due to 
wind, cold, or dampness, as anodyne for frontal 
headache, etc.

Wind-cold-effusing 
agent

8 Glycyrrhiza uralensis Fisch. Leguminosae It is used to invigorate the functions of the heart 
and spleen for the treatment of symptoms due 
to deficiency of vital energy of these viscera; as 
antitoxicant for drug poisoning.

Qi-supplementing 
agent

9 Ligusticum chuanxiong Hort. Umbelliferae It is used to invigorate blood circulation and 
promote the flow of vital energy for the treatment 
of abnormal menstruation, dysmenorrheal, 
amenorrhea, and coronary heart diseases.

Blood-quickening and 
stasis-dispelling agent

10 Astragalus membranaceus 
(Fisch.)

Leguminosae It is used to replenish the vital energy and to stop 
perspiration for the treatment of spontaneous 
perspiration, night sweat, prolapse of uterus and 
anus.

Qi-supplementing 
agent

11 Salvia miltiorrhiza Bge Labiatae It is used to promote blood circulation and 
to remove blood stasis for the treatment of 
dysmenorrheal, amenorrhea, abdominal masses 
due to stagnation of blood, carbuncles, and ulcers.

Blood-quickening and 
stasis-dispelling agent
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Data Analysis
The data of each triplet test was presented as the mean 

± standard error bar (SEM). The student’s t-test was used 
to analyze the significance of differences between the non-
TNF-α treated group control (medium alone) and the TNF-
α-treated group and between the CHM-treated groups and 
the TNF-α-treated group (relative to control).  A P-value 
of < 0.05 was considered statistically significant.

RESULTS

Chinese herbal medicines do not affect WS-1 
cell viability

The MTT assay was performed to investigate whether 
Chinese herbal medicines affect the growth of WS-1 cells.  
The viabilities of human WS-1 cells at 100 µg/ml of these 
CHM extracts were assayed by MTT.  As shown in Figure 
1, the cell viabilities after being treated with each of the 
eleven CHM were above 80% at the examined concentra-
tion, indicating no significant toxic effects as compared to 
the control (100%). 

Chinese herbal medicines inhibit MMP-1 activity 
To further investigate the potential anti-aging effects 

of Chinese herbal medicines on WS-1 cells, the MMP-1 
activity was analyzed by casein zymography.  As shown 
in Figure 2A, TNF-α significantly up-regulated MMP-1 
activity (p < 0.001) as compared to the medium alone.  All 
the tested CHMs at 100 µg/ml concentration suppressed 

the TNF-α- induced MMP-1 activity of WS1 cells to 
a varying degree.  The inhibitory effect on the MMP-1 
activity was semi-quantified and expressed as shown in 
Figure 2B.  Among which, R. chingii exhibited the most 
significant inhibitory activity (94.46 ± 4.73%, p < 0.001), 
followed by S. miltiorrhiza (77.50 ± 4.28%, p < 0.001), A. 
sinensis (57.58 ± 9.05%, p < 0.05), S. baicalensis (52.97 ± 
5.61%, p < 0.001), S. divaricata (48.26 ± 7.31%, p < 0.05), 
A. membranaceus (44.92 ± 10.57%, p < 0.05), A. dahurica 
(42.76 ± 5.92%, p < 0.05), D. opposita (40.62 ± 8.78%, 
p < 0.05), L. chuanxiong (32.37 ± 10.62%, p < 0.05) and 
P. suffruticosa (30.39 ± 7.14%, p < 0.05).  In contrast, G. 
uralensis had a minimal effect (29.22 ± 10.23%, p < 0.05).

Figure 1. Effect of Chinese herbal medicines on WS-1 cell vi-
ability. WS-1 cells were cultured and treated with eleven CHMs 
(100 µg/ml) separately for 48 h. After incubation, the culture 
media were replaced with a serum-free MEM containing 10 
ng/ml of TNF-α and each of the CHMs for an additional 24 h. 
Cell viability was determined according to the MTT assay as de-
scribed in Materials and Methods. Results are expressed as mean 
± standard error of three independent experiments.

Figure 2. Effect of Chinese herbal medicines on MMP-1 activ-
ity by casein zymography gel analysis. WS-1 cells were cultured 
and treated with eleven CHMs (100 µg/ml) separately for 48 h. 
After incubation, the culture media were replaced with a serum-
free MEM containing 10 ng/ml of TNF-α and each of the CHMs 
for an additional 24 h.  The supernatants were used for MMP-1 
activity assay by casein zymography gel as described in Materi-
als and Methods. (A) Lanes 1-14 represent the results of mo-
lecular weight marker, medium alone without treatment, TNF-α 
treatment, and eleven CHM treatments, respectively; (B) The 
MMP-1 activity was semi-quantified by densitometer and repre-
sented as its value of treated groups over that of TNF-α treated 
cells (relative to control). ++ represents p < 0.001 as compared 
to medium alone (non-TNF-α treated cells); * and ** represent p 
< 0.05 and < 0.001, respectively, as compared to TNF-α-treated 
cells. Values are expressed as mean ± standard error of six inde-
pendent experiments.
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Effect of Chinese herbal medicines on MMP-2 
and 9 activities 

The MMP-9 and -2 activities were measured by gela-
tin zymography. As shown in lane three of Figure 3A, 
the TNF-α treatment significantly increased MMP-9 (p < 
0.05), but not MMP-2, activities as compared to the me-
dium alone.  Among the eleven Chinese herbal medicines 
tested, six extracts showed different degrees of an inhibi-
tory effect on the MMP-9 activity of TNF-α-stimulated 
cells, including R. chingii (59.23 ± 10.94%, p < 0.05), S. 
baicalensis (56.83 ± 3.71%, p < 0.05), S. divaricata (51.96 
± 10.67%, p < 0.05), S. miltiorrhiza (42.33 ± 10.35%, p 
< 0.05), P. suffruticosa (28.93 ± 10.06%, p < 0.05), and 
D. opposita (24.23 ± 7.69%, p < 0.05).  These results are 
shown in Figure 3B.  However, only S. divaricata (52.11 ± 
12.98%, p < 0.05) and R. chingii (50.30 ± 7.16%, p < 0.05) 
showed a significant inhibitory effect on the MMP-2 activ-
ity of cells treated with TNF-α alone (Figure 3).

Effect of Chinese herbal medicines on TNF-α-
induced TIMP-1 secretion

TNF-α did not have a significant effect on the TIMP-1 
production of WS-1 cells as shown in Figure 4.  Among 
the eleven samples tested, both A. dahurica and L. chuanx-
iong significantly increased TIMP-1 secretion by 1.29 fold 
and 1.78 fold, respectively.  While R. chingii showed sig-
nificant inhibition, P. suffruticosa-, S. baicalensis-, and S. 
divaricata-treated cells showed an inhibitory trend in the 
TIMP secretion.

Effect of Chinese herbal medicines on TNF-α-
induced IL-8 secretion 

IL-8 secretion was significantly enhanced in the TNF-
α-stimulated WS-1 cells as compared to the control cells.  
When treated with the eleven Chinese herbal medicines, 
the TNF-α-induced IL-8 secretion was downregulated dra-
matically by 64.30 ± 7.25% (p < 0.05) in R. chingii-treated 
cells.   In contrast, a synergistic/additive stimulated effect 
was detected in the groups treated with P. suffruticosa and 
S. divaricata.

DISCUSSION 

Recent evidence has indicated that chronological aging 
and UV irradiation alter the signal transduction pathways 
of human skin, promote MMPs expression, decrease pro-
collagen synthesis, and cause connective tissue damage 
(Herrmann et al., 1993; Brenneisen et al., 1996; Chung et 
al., 2001; Fisher et al., 2001; Kang et al., 2001; Brenneisen 
et al., 2002; Chung et al., 2002; Rittie and Fisher, 2002; 
Choi et al., 2007). These results indicate that the downreg-
ulation of MMPs activities could be beneficial to human 
skin and have great commercial potential. MMP-1 is the 
most abundant MMP produced in fibroblast cells.  Studies 
conducted by many laboratories indicated that collagen 
synthesis becomes lower with increased age, but MMP-1 
levels become higher in sun-protected human skin in vivo 
(Varani et al., 2000; Moon et al., 2006).  In this study, we 
examined eleven CHMs and found that all the tested sam-
ples have inhibitory effects on TNF-α-induced MMP-1 ac-
tivity of WS-1 cells.  Notably, R. chingii exhibited a potent 
inhibition of TNF-α-induced MMP-1, -2, and -9 activities.  
In addition, the secretion of TIMP-1 and IL-8 induced by 
TNF-α treatment was also inhibited by R. chingii extract 
using ELISA analysis.  The inhibitory effect on TNF-α in-
duced MMP-9 activity was also observed in the treatment 
of R. chingii, S. baicalensis, S. divaricata, S. miltiorrhiza, 
P. suffruticosa, and D. opposite as measured by gelatin 
zymography.  However, we were unable to detect any dif-
ference among the total MMP-9 protein expression in cells 
treated with various tested Chinese herbal medicines by 
ELISA analysis as observed by gelatin zymography meth-
od (data not shown).  Nonetheless, our results indicate that 
the inhibition of MMP activities by these tested CHMs 
might be a potential strategy for the prevention and/or the 
treatment of UV-induced skin damage.

Figure 3. Effect of Chinese herbal medicines on MMP-2 and -9 
activities analyzed by gelatin zymography gel. WS-1 cells were 
cultured and treated as described in Figure 2.  The supernatants 
were used to determine the MMP-2 and -9 activities by gelatin 
zymography gel analysis. (A) Lanes 1-14 represent recombinant 
MMP-9 (0.5 ng) treatment, medium alone without treatment, 
TNF-α treatment, and cells treated with each of the eleven 
CHMs, respectively; (B) The MMP-2 and -9 activities were 
semi-quantified by densitometer and represented as the values of 
treated groups over that of TNF-α treated cells (relative to con-
trol). + represents p < 0.05 as compared to medium alone (non-
TNF-α treated cells); * represents p < 0.05 as compared with the 
levels of TNF-α-treated cells. Values are expressed as mean ± 
standard error of six independent experiments.
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Several studies have indicated that UV-irradiation in-
creases MMPs activities while the TIMP-1 synthesis is 
not altered in cultured human fibroblast (Herrmann et al., 
1993; Brenneisen et al., 2000; Naru et al., 2005).  Hence, 
unbalanced synthesis of MMP and TIMPs may promote 
proteolysis and lead to cutaneous photoaging.  Our study 
shows that TNF-α does not regulate TIMP-1 secretion of 
WS-1 cells. A. dahurica and L. chuanxiong significantly 
enhanced TIMP-1 expression which may contribute to 
further inhibition of MMP-1 activities.  This stimulatory 
effect was not seen in WS-1 cells treated with the other 
herbal medicines.  Rubus chingii even showed a significant 
inhibitory effect on TIMP-1 expression.  Thus, A. dahurica 
and L. chuanxiong might contribute to anti-aging effects 
on the human skin fibroblast, and they might have poten-
tial as new ingredients in natural cosmetics.

We also evaluated the effects of CHMs on IL-8 produc-
tion by TNF-α-stimulated WS-1 cells.  The IL-8 level was 
significantly increased in the psoriatic patients compared 
with the control (Okubo and Koga, 1998). The IL-8 was 
expressed in the neutrophils of psoriasis (Duan et al., 
2001).  TNF-α is well known to stimulate IL-8 produc-
tion by human dermal fibroblasts (NHDF) as reported by 
Fukuoka et al. (Fukuoka et al., 1998a).  Studies have also 
demonstrated that IL-8 expression enhances angiogenic 
activity through the induction of MMP-9 and subsequently 
regulates the tumorigenesis and production of spontane-
ous metastases of human transitional cell carcinoma and 
human prostate cancer (Inoue et al., 2000a; Inoue et al., 
2000b). Moreover, an anti-IL-8 antibody inhibits the 
growth of bladder cancer xenografts via the downregula-
tion of MMP-2 and MMP-9 expression (Mian et al., 2003).  
Among the Chinese herbal medicines tested in this study, 
R. chingii significantly downregulated IL-8 secretion (Fig-
ure 4B).  It is possible that R. chingii also inhibits MMP-2 

and MMP-9 expression in WS-1 cells via the similar 
mechanisms triggered by the anti-IL-8 antibody.  Taken 
together, these data suggest that R. chingii may inhibit the 
migration of neutrophiles into skin lesions by reducing the 
IL-8 autocrine and/or paracrine functions which are secret-
ed by dermal fibroblasts and keratinocytes.  It is noted that 
P. suffruticosa and S. divaricata promoted IL-8 secretion 
significantly, but inhibited MMP-1 and 9 activities.  These 
results suggest that the IL-8 may modulate the MMPs’ ex-
pression indirectly.  Furthermore, IL-8 secretion and MMP 
activities may not be positively co-related due to the major 
compounds interacting synergistically or antagonistically.

Rubus chingii has traditionally been used for the treat-
ment of frequent micturition, urorrhea, and seminal emis-
sion (Xie and Huang, 1994).   In a recent literature, R. 
chingii was reported to protect against tert-Bu hydroper-
oxide-induced oxidative damage in primary rat hepato-
cytes (Yau et al., 2002).  It is also reported to decrease the 
contents of luteinizing hormone (LH), follicle stimulating 
hormone (FSH) and prostaglandin E2 as well as increase 
the amount of LHRH secreted by the thymus gland and the 
level of testosterone in blood (Chen et al., 1996). Rubus 
chingii extract also showed an inhibitory effect on tyrosi-
nase activity in rats (Hwang and Lee, 2007).  Traditionally, 
S. divaricata has been used as a diaphoretic for effects 
related to the wind and cold and for rheumatic pain as well 
as a spasmolytic for tetanus (Xie and Huang, 1994).  The 
literature shows that S. divaricata exhibits anti-prolifera-
tive properties against several human tumor cell lines as 
well as potent antioxidant, anti-inflammatory, and protec-
tive properties on LPS-activated RAW 264.7 cells (Chang 
et al., 2007; Tai and Cheung, 2007; Chang et al., 2007).  
It also exhibited the effects of anti-fever and analgesia, 
sedation, antibacterial effects, regulation of immunologi-
cal function, anticoagulation, and others (Gao, 2004).  A. 

Figure 4. Effect of Chinese herbal medicines on TIMP-1 and IL-8 secretion by ELISA.  WS-1 cells were cultured and treated as de-
scribed above. The supernatants were used to assay the TIMP-1 (A) and IL-8 (B) secretion by ELISA as described in Materials and 
Methods. The results are expressed as mean ± standard error of 3-5 independent experiments. ++ represents p < 0.001 as compared to 
medium alone (non-TNF-α treated cells). * and ** represent p < 0.05 and < 0.001, respectively, as compared to TNF-α-treated cells. 



LEE et al. —  CHMs modulating TNF-α induced activities 307

dahurica inhibited cyclooxygenase-2 (COX-2) expression 
(Ban and Ohuchi, 2003) and had the potential to modulate 
cytochrome P450 activity (Ioannides, 2002; Saita, 2006).  
Ligusticum chuanxiong was thought to activate the blood, 
promote qi, expel wind and relieve pains (Zhang, 2005).  
It was also used to treat cardiovascular and cerebrovascu-
lar diseases (Fang, 2006; Lim and Yong, 2004; Wang and 
Ou-Yang, 2005; Wang et al., 2006).  However, despite the 
many medical applications that have been described, noth-
ing in the literature has previously investigated the effects 
of R. chingii, S. divaricata, A. dahurica, and L. chuanxiong 
on skin fibroblast cells.  To the best of our knowledge, the 
present study is the first to show the differential regulatory 
effects of the extracts from R. chingii, S. divaricata, A. da-
hurica and L. chuanxiong on human fibroblast WS-1 cells.  
These results may justify the search for active components 
from these specimens, which may be used for treating the 
inflammatory responses of skin cells.

Acknowledgments.  This study was supported in part 
by the National Science Council of Taiwan, Grant NSC 
93-2314-B-038-049 (Dr. Leu SJ).

LITERATURE CITED

Ban, H.-S. and K. Ohuchi. 2003. Inhibition of COX-2 induc-
tion by components in crude drugs. Ensho to Men’eki. 11: 
717-723.

Bolognia, J.L. 1993. Dermatologic and cosmetic concerns of the 
older woman. Clin. Geriatr. Med 9: 209-229.

Brenneisen, P., J. Oh, M. Wlaschek, J. Wenk, K. Briviba, C. 
Hommel, G. Herrmann, H. Sies, and K. Scharffetter-Ko-
chanek. 1996. Ultraviolet B wavelength dependence for the 
regulation of two major matrix-metalloproteinases and their 
inhibitor TIMP-1 in human dermal fibroblasts. Photochem. 
Photobiol. 64: 877-885.

Brenneisen, P., H. Sies, and K. Scharffetter-Kochanek. 2002. Ul-
traviolet-B irradiation and matrix metalloproteinases: from 
induction via signaling to initial events. Ann. N.Y. Acad. 
Sci. 973: 31-43.

Brenneisen, P., J. Wenk, M. Wlaschek, T. Krieg, and K. 
Scharffetter-Kochanek. 2000. Activation of p70 ribosomal 
protein S6 kinase is an essential step in the DNA damage-
dependent signaling pathway responsible for the ultraviolet 
B-mediated increase in interstitial collagenase (MMP-1) 
and stromelysin-1 (MMP-3) protein levels in human dermal 
fibroblasts. J. Biol. Chem. 275: 4336-4344.

Chang, H.C., G.J. Huang, D.C. Agrawal, C.L. Kuo, C.R. Wu, 
and H.S. Tsay. 2007. Antioxidant activities and polyphenol 
contents of six folk medicinal ferns used as “Gusuibu”. Bot. 
Stud. 48: 397-406.

Chen, K., J. Fang, X. Kuang, and Q. Mo. 1996. Effects of the 
fruit of Rubus chingii Hu on hypothalamus-pituitary-
sex gland axis in rats. Zhongguo Zhong Yao Za Zhi 21: 
560-562.

Choi, C.P., Y.I. Kim, J.W. Lee, and M.H. Lee. 2007. The effect 

of narrowband ultraviolet B on the expression of matrix 
metalloproteinase-1, transforming growth factor-beta1 and 
type I collagen in human skin fibroblasts. Clin. Exp. Der-
matol. 32: 180-185.

Chongyun, L., T. Angela, and Y. Sue. 2005. Chinese herbal 
medicine: modern applications of traditional formulas. CRC 
press, Boca Raton, London, New York, Washington, D.C.

Chung, J.H., J.Y. Seo, H.R. Choi, M.K. Lee, C.S. Youn, G. Rhie, 
K.H. Cho, K.H. Kim, K.C. Park, and H.C. Eun. 2001. Mod-
ulation of skin collagen metabolism in aged and photoaged 
human skin in vivo. J. Invest. Dermatol. 117: 1218-1224.

Chung, J.H., J.Y. Seo, M.K. Lee, H.C. Eun, J.H. Lee, S. Kang, 
G.J. Fisher, and J.J. Voorhees. 2002. Ultraviolet modulation 
of human macrophage metalloelastase in human skin in 
vivo. J. Invest. Dermatol. 119: 507-512.

Duan, H., T. Koga, F. Kohda, H. Hara, K. Urabe, and M. Furue. 
2001. Interleukin-8-positive neutrophils in psoriasis. J. Der-
matol. Sci. 26: 119-124.

Fang, L.-N. 2006. Studies on Ligusticum chuanxiong. Xiandai 
Shipin Yu Yaopin Zazhi 16: 81-83.

Fisher, G.J., H.C. Choi, Z. Bata-Csorgo, Y. Shao, S. Datta, Z.Q. 
Wang, S. Kang, and J.J. Voorhees. 2001. Ultraviolet irradia-
tion increases matrix metalloproteinase-8 protein in human 
skin in vivo. J. Invest. Dermatol. 117: 219-226.

Fisher, G.J., S.C. Datta, H.S. Talwar, Z.Q. Wang, J. Varani, S. 
Kang, and J.J. Voorhees. 1996. Molecular basis of sun-
induced premature skin ageing and retinoid antagonism. 
Nature 379: 335-339.

Fisher, G.J., H.S. Talwar, J. Lin, P. Lin, F. McPhillips, Z. Wang, 
X. Li, Y. Wan, S. Kang, and J.J. Voorhees. 1998. Retinoic 
acid inhibits induction of c-Jun protein by ultraviolet ra-
diation that occurs subsequent to activation of mitogen-
activated protein kinase pathways in human skin in vivo. J. 
Clin. Invest. 101: 1432-1440.

Fukuoka, M., Y. Ogino, H. Sato, T. Ohta, and K. Komoriya. 
1998a. Regulation of RANTES and IL-8 production in nor-
mal human dermal fibroblasts by active vitamin D3 (tacalci-
tol). Br. J. Pharmacol. 124: 1433-1438.

Fukuoka, M., Y. Ogino, H. Sato, T. Ohta, K. Komoriya, K. Nish-
ioka, and I. Katayama. 1998b. RANTES expression in pso-
riatic skin, and regulation of RANTES and IL-8 production 
in cultured epidermal keratinocytes by active vitamin D3 
(tacalcitol). Br. J. Dermatol. 138: 63-70.

Gao, Y. 2004. Progress of study on chemical components and 
pharmacological effects of Saposhnikovia divaricata root. 
Shanxi Yike Daxue Xuebao 35: 216-218.

Hatano, Y., K. Katagiri, and S. Takayasu. 1999. Increased levels 
in vivo of mRNAs for IL-8 and macrophage inflamma-
tory protein-1α (MIP-1α), but not of RANTES mRNA in 
peripheral blood mononuclear cells of patients with atopic 
dermatitis (AD). Clin. Exp. Immunol. 117: 237-243.

Herrmann, G., M. Wlaschek, T. S. Lange, K. Prenzel, G. Goerz, 
and K. Scharffetter-Kochanek. 1993. UVA irradiation stim-
ulates the synthesis of various matrix-metalloproteinases 
(MMPs) in cultured human fibroblasts. Exp. Dermatol. 2: 



308 Botanical Studies, Vol. 49, 2008

92-97.
Hwang, J.-H. and B.M. Lee. 2007. Inhibitory effects of plant 

extracts on tyrosinase, L-DOPA oxidation, and melanin syn-
thesis. J. Toxicol. Environm. Health, Part A 70: 393-407.

Inaoki, M. and K. Takehara. 1998. Increased serum levels of 
interleukin (IL)-5, IL-6 and IL-8 in bullous pemphigoid. J. 
Dermatol. Sci. 16: 152-157.

Inoue, K., J.W. Slaton, B.Y. Eve, S.J. Kim, P. Perrotte, M.D. 
Balbay, S. Yano, M. Bar-Eli, R. Radinsky, C.A. Pettaway, 
and C.P. Dinney. 2000a. Interleukin 8 expression regulates 
tumorigenicity and metastases in androgen-independent 
prostate cancer. Clin. Cancer. Res. 6: 2104-2119.

Inoue, K., J.W. Slaton, S.J. Kim, P. Perrotte, B.Y. Eve, M. Bar-
Eli, R. Radinsky, and C.P. Dinney. 2000b. Interleukin 8 ex-
pression regulates tumorigenicity and metastasis in human 
bladder cancer. Cancer Res. 60: 2290-2299.

Ioannides, C. 2002. Pharmacokinetic interactions between herbal 
remedies and medicinal drugs. Xenobiotica 32: 451-478.

Kahari, V.M. and U. Saarialho-Kere. 1997. Matrix metallopro-
teinases in skin. Exp. Dermatol. 6: 199-213.

Kang, S., G.J. Fisher, and J.J. Voorhees. 2001. Photoaging: 
pathogenesis, prevention, and treatment. Clin. Geriatr. Med. 
17: 643-659.

Kimata, H. and I. Lindley. 1994. Detection of plasma interleu-
kin-8 in atopic dermatitis. Arch. Dis. Child. 70: 119-122.

Li, A., S. Dubey, M.L. Varney, B.J. Dave, and R.K. Singh. 2003. 
IL-8 directly enhanced endothelial cell survival, prolifera-
tion, and matrix metalloproteinases production and regu-
lated angiogenesis. J. Immunol. 170: 3369-3376.

Lim, L.S.E. and E.L. Yong. 2004. Ligusticum chuanxiong Hort. 
Oxidative Stress and Disease 14: 247-259.

Mian, B.M., C.P. Dinney, C.E. Bermejo, P. Sweeney, C. Tellez, 
X.D. Yang, J.M. Gudas, D.J. McConkey, and M. Bar-Eli. 
2003. Fully human anti-interleukin 8 antibody inhibits 
tumor growth in orthotopic bladder cancer xenografts via 
down-regulation of matrix metalloproteases and nuclear 
factor-kappaB. Clin. Cancer. Res. 9: 3167-3175.

Moon, H.I., J. Lee, and J.H. Chung. 2006. The effect of 
erythrodiol-3-acetate on the expressions of matrix metal-
loproteinase-1 and type-1 procollagen caused by ultraviolet 
irradiated cultured primary old aged human skin fibroblasts. 
Phytomedicine 13: 707-711.

Mulayim, N., A. Savlu, O. Guzeloglu-Kayisli, U.A. Kayisli, and 
A. Arici. 2004. Regulation of endometrial stromal cell ma-
trix metalloproteinase activity and invasiveness by interleu-
kin-8. Fertil. Steril. 81 Suppl. 1: 904-911.

Naru, E., T. Suzuki, M. Moriyama, K. Inomata, A. Hayashi, K. 
Arakane, and K. Kaji. 2005. Functional changes induced 
by chronic UVA irradiation to cultured human dermal fibro-
blasts. Br. J. Dermatol. 153 Suppl. 2: 6-12.

Nomura, I., E. Goleva, M.D. Howell, Q.A. Hamid, P.Y. Ong, C.F. 
Hall, M.A. Darst, B. Gao, M. Boguniewicz, J.B. Travers, 
and D.Y.M. Leung. 2003. Cytokine milieu of atopic derma-

titis, as compared to psoriasis, skin prevents induction of in-
nate immune response Genes. J. Immunol. 171: 3262-3269.

Noso, N., M. Sticherling, J. Bartels, A.I. Mallet, E. Christophers, 
and J.M. Schroder. 1996. Identification of an N-terminally 
truncated form of the chemokine RANTES and granulo-
cyte-macrophage colony-stimulating factor as major eo-
sinophil attractants released by cytokine-stimulated dermal 
fibroblasts. J. Immunol. 156: 1946-1953.

Okubo, Y. and M. Koga. 1998. Peripheral blood monocytes in 
psoriatic patients overproduce cytokines. J. Dermatol. Sci. 
17: 223-232.

Park, Y.D., Y.J. Lyou, K.J. Lee, D.Y. Lee, and J.M. Yang. 2006. 
Towards profiling the gene expression of fibroblasts from 
atopic dermatitis patients: human 8K complementary DNA 
microarray. Clin. Exp. Allergy 36: 649-657.

Rittie, L. and G.J. Fisher. 2002. UV-light-induced signal cas-
cades and skin aging. Ageing Res. Rev. 1: 705-720.

Saita, T. 2006. Furanocoumarin derivatives as cytochrome P450 
inhibitors in foods and crude drugs. Attention besides the 
grapefruit. Kyushu Yakugakkai Kaiho. 60: 9-18.

Schroder, J.M. 1995. Cytokine networks in the skin. J. Invest. 
Dermatol. 105: 20S-24S.

Tai, J. and S. Cheung. 2007. Anti-proliferative and antioxidant 
activities of Saposhnikovia divaricata. Oncol. Rep. 18: 
227-234.

Varani, J., R.L. Warner, M. Gharaee-Kermani, S.H. Phan, S. 
Kang, J.H. Chung, Z.Q. Wang, S.C. Datta, G.J. Fisher, and 
J.J. Voorhees. 2000. Vitamin A antagonizes decreased cell 
growth and elevated collagen-degrading matrix metallopro-
teinases and stimulates collagen accumulation in naturally 
aged human skin. J. Invest. Dermatol. 114: 480-486.

Wang, B.-H. and J.-P. Ou-Yang. 2005. Pharmacological actions 
of sodium ferulate in cardiovascular system. Cardiovascular 
Drug Rev. 23: 161-172.

Wang, C., X. Zhao, S. Mao, Y. Wang, X. Cui, and Y. Pu. 2006. 
Management of SAH with traditional Chinese medicine in 
China. Neurol. Res. 28: 436-444.

Windsor, J., A.H. Poulsen, S. Yamada, G. Lyons, B. Birkedal-
Hansen, W. Stetler-Stevenson, and H. Birkedal-Hansen. 
2002. Chapter 10. Matrix metalloproteinases. In J.S. Boni-
facino, M. Dasso, J.B. Harford, J. Lippincott-Schwartz, and 
K.M. Yamada (eds.), Current Protocals in Cell Biology, 
John Wiley & Sons, Inc., pp. 10.8.1-10.8.23.

Xie, A.F. and X.K. Huang. 1994. Dictionary of Traditional Chi-
nese Medicine. The Commercial Press Ltd., Hong Kong.

Yau, M.-H., C.-T. Che, S.-M. Liang, Y.-C. Kong, and W.-P. 
Fong. 2002. An aqueous extract of Rubus chingii fruits pro-
tects primary rat hepatocytes against tert-butyl hydroperox-
ide induced oxidative stress. Life Sci. 72: 329-338.

Zhang, X. 2005. Research advancements on Ligusticum Chuanx-
iong. Hort and the pharmacological activity of its effective 
constituents. Heilongjiang Yiyao 18: 332-333.



LEE et al. —  CHMs modulating TNF-α induced activities 309

中草藥對腫瘤壞死因子-α 所誘發之基質金屬活化蛋白酶-1 及
-9 之活性及介白素-8 分泌之影響

李美賢1　楊沂淵2,3　蔡郁惠3,4　李岳倫5　黃伯元4�
黃怡仁6　鄭可大7　呂思潔3,4,5

1台北醫學大學�生藥學研究所
2台北醫學大學�醫學檢驗暨生物技術學系
3台北醫學大學附設醫院�生殖醫學研究中心
4台北醫學大學�細胞及分子生物研究所
5台北醫學大學�醫學系微生物及免疫學科
6台糖研究所�應用化學組
7台北醫學大學�醫學系生化學科

基質金屬活化蛋白酶� (matrix�metalloproteinases,�MMPs)�在正常生理功能及病理狀態下扮演非常重
要之角色。它們與正常皮膚功能以及老化、傷口癒合、胚胎發育、生殖和皮膚之發炎反應都有關係。

先前的研究報告指出，在皮膚炎病人之皮膚上，發現高量的基質金屬活化蛋白酶-1�和-2�之活性；在未
癒合的傷口上，聚積著大量的基質金屬活化蛋白酶-9。介白素-8� (Interleukin-8,� IL-8)，屬於�C-X-C�趨化
素，它可以調節嗜中性球之召集與活化，而且參與各種發炎反應之皮膚疾病中。在此研究中，我們利

用人類纖維母細胞株�WS-1，分析� 11�種具潛力之抗發炎反應之中草藥。結果顯示，當我們以腫瘤壞死
因子-α (TNF-α)�刺激�WS-1�細胞時，基質金屬活化蛋白酶-1�和-9（而非基質金屬活化蛋白酶-2）會被誘
導增加。但當我們在�WS-1�細胞中這� 11�種中草藥做前處理，再以腫瘤壞死因子-α 刺激，所有的中草藥
皆可抑制�WS-1�細胞中由腫瘤壞死因子-α 所誘導之基質金屬活化蛋白酶-1�之活性。此外，若先以牡丹
皮（Paeonia suffruticosa），黃芩（Scutellaria baicalensis），�防風（Saposhnikovia divaricata），山藥
（Dioscorea opposite），覆盆子(Rubus chingii），或丹參（Salvia miltiorrhiza）前處理�WS-1�細胞，則皆
可抑制基質金屬活化蛋白酶-9�之活性。當中，以覆盆子（Rubus chingii）前處理�WS-1�細胞，可以顯著
的抑制腫瘤壞死因子-α 所誘導之介白素-8�之分泌。這些結果顯示，在這此� 11�種中草藥中，可能存在著
一些有效成分，可以用來治療皮膚細胞之發炎反應。

關鍵詞：中草藥；基質金屬活化蛋白酶-1,�-2,�-9；介白質素-8。




