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This study aimed to investigate the antifebrile and anti-inflammatory effect of Huanglian Jiedu 
Decoction (HLJDD). The rabbits received intravenous injection of lipopolysaccharide (LPS) after orally 
administered with HLJDD and the rectal temperatures of rabbits were monitored. The concentrations of 
interleukin-1 beta (IL-1β) and tumor necrosis factor alpha (TNF-α) in serum were assayed using rabbit IL-
1β and TNF-α enzyme-linked immunosorbent assay (ELISA) kits. Carrageenan-induced paw edema in 
rats and the anti-inflammatory effects of HLJDD were also explored. HLJDD treatment group resulted in 
a significant fall in body temperature in biphasic fever peak (p < 0.05), and there were no significant 
differences between HLJDD treatment group and Ibuprofen (IBR) treatment group in biphasic fever peak 
at time 1 and 3 h (p > 0.05). HLJDD treatment group reduced the concentrations of IL-1β in serum at time 
1 and 3 h to control febrile responses. Moreover, paw edema of carrageenan-treated rats were 
significantly attenuated in rats pretreated with HLJDD. Mechanistic studies showed that HLJDD 
effectively decreased expressions of COX-2 and inducible nitric oxide synthase (iNOS) proteins. These 
results suggested that HLJDD would be a valuable candidate for further investigation as a new anti-
arthritic drug. 
 
Key words: Lipopolysaccharide, Huanglian Jiedu Decoction (HLJDD), anti-inflammatory, interleukin-1 beta, 
tumor necrosis factor alpha. 

 
 
INTRODUCTION 
 
Infection and inflammation result in a number of meta-
bolic changes that are often characterized by negative 
energy balance, increased thermogenesis and anorexia 
(Johnson et al., 1998). In experimental animals, these 
changes can be induced by exposure to the bacterial cell 
wall product lipopolysaccharide (LPS), which suppresses 
appetite and triggers a number of other behavioral 
responses including sleepy, general malaise and fever as 
part of the brain-coordinated host defensive mechanisms. 
These responses  are  mediated  by  cytokines,  such  as  

interleukin-1 (IL-1) (Dinarello et al., 1987) and tumor 
necrosis factor (TNF), and are the most likely candidates 
for endogenous pyrogen. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) and immunosuppressants are commonly 
prescribed in clinical medication.  

However, some of them can cause serious adverse 
effects such as gastric mucosal damage, water and salt 
retention and carcinomas. Thus, alternative agents with 
less severe side effects are required, and botanical products 
are important candidates. 
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Huanglian Jiedu Decoction (HLJDD), a traditional 
Chinese medicine (TCM), had been described in “Waitai 
Miyao” a classical piece of TCM literature of the Tang 
dynasty (about 752 a.d.), and consists of four herbs, 
namely, Coptidis rhizoma, Scutellariae radix, Phellodendri 
cortex and Gardeniae fructus. HLJDD has been used as 
a therapy for various clinical symptoms associated with 
gastrointestinal disorders, inflammation and cardio-
vascular diseases for one thousand years (Ohta et al., 
1999; Wang and Mineshita, 1996). It was found to exert a 
preventive effect on the development of stress-induced 
acute gastric lesions in rats due to an inhibitory action on 
tissue neutrophil infiltration. HLJDD had protective effects 
against the impairment of learning and memory induced 
by transient cerebral ischemia in rat (Xu et al., 2000).  

In the present study, we investigated the effect of 
HLJDD on fever induced by the LPS model in rabbit and 
the role of HLJDD upon inflammation. 
 
 
MATERIALS AND METHODS 

 
Animals 

 
Female New Zealand white rabbits weighing 2.0 to 3.0 kg and 
Ihara's cataract rat (ICR) male rat weighing 20 ± 2 g were obtained 
from the Laboratory Animal Services Center, Liaoning University of 
TCM, and maintained in plastic cages at 21 ± 2°C with free access 
to pellet food and water. They were kept on a 12 h light: 12 h dark 
cycle. All animals used in this experiment were cared according to 
the ethical regulations on animal research of our university. 

 
 
Regents and preparation of herbal extract 
 
LPS from Escherichia coli 0127:B8 was purchased from Sigma 
Aldrich (China Mainland). Rabbit IL-1β and TNF-α ELISA kits were 
purchased from Shanghai Lang-dun Biologic Technology Company. 
Preparation of herbal extract was defined according to ancient 
records. The ingredients of the HLJDD (1000 g) were C. rhizoma 
(300 g), S. radix (200 g), P. cortex (200 g) and Gardeniae fructus 
(300 g). The herbs and ibuprofen were purchased from the Tong 
Ren Tang Medicinal Materials Company of Shenyang, China. The 
herbs were immersed in distilled water (1,500 ml), and boiled for 20 
min up to the volume of the material until 200 ml was left. The 
extract obtained was filtered, and then stored at -20°C until use. 
Ibuprofen was made in the third plant of Harbin Pharmaceutical 
Industry (Harbin, China), and the lot number is, 080135. Other 
drugs and reagents, carrageenan and Tween 80, were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA). The HLJDD 
groups were orally administered with HLJDD 5.25 g/kg for rabbits 
after intravenous injection of LPS and in the carrageenan-induced 
paw edema rats were orally administered with HLJDD 18.75 g/kg 
for rats. 
 
 
Chromatographic system and conditions 
 
High performance liquid chromatography (HPLC) analysis was 
carried out on an Agilent 1100 series HPLC (Palo Alto, CA, USA)  
incorporating an ultra violet (UV) detector. The analytes were 
determined at room temperature on an analytical column (Diamonsil 
C18, 150 × 4.6 mm, i.d., 5 μm) (Dikma Technologies, Beijing, 
China). The mobile phase consisted of a mixture  of  acetonitrile-1% 
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aqueous phosphoric acid (28:72, v/v). The mobile phase was 
passed under vacuum through a 0.45 μm membrane filter before 
use. The analysis was carried out at a flow rate of 1 ml/min with the 
detection wavelength set at 280 nm. 
 
 
Measurement of changes in body temperature 
 
The rectal temperatures of rabbits were monitored by a copper-
constantan thermocouple for 6 h after an intravenous injection of 
LPS, and the rectal temperature change (ΔT) was calculated by 
subtracting the temperature before the injection from the 
temperature at each time point. Before the formal experiment, the 
body temperatures of rabbits were monitored for 2 days and the 
basic temperatures were noted. On the day of the body 
temperature experiment, animals were minimally restrained in 
conventional rabbit stocks, at an ambient temperature of 21 ± 1°C 
between 09:00 and 16:00. Throughout the experiment, the rectal 
temperature was measured every 20 min with a copper-constantan 
thermocouple. The rectal temperature in each animal was allowed 
to stabilize for at least 90 min before any injections were made. The 
intravenous injection of LPS was made into the marginal ear vein. 
 
 
Drug treatment and tissue preparation 
 
All rabbits (n = 60) were randomly divided into three parts of 
experiments, and the rabbits (n = 20) of each part experiment were 
separated into four groups: Control (n = 5, orally administered with 
0.9% saline solution only), LPS (n = 5, received intravenous 
injection of LPS only, 200 ng/kg), HLJDD + LPS (n = 5, received 
intravenous injection of LPS 30 min after orally administered 
HLJDD, 5.25 g/kg), Ibuprofen + LPS (n = 5, received intravenous 
injection of LPS 30 min after orally administered with ibuprofen 10 
mg/kg). To determine the suitable dosage of HLJDD, the conver-
sion ratio of dosage between person and animals were performed 
as described elsewhere (Xu, 2009), and pilot studies were 
performed where HLJDD dosage 5.25 g/kg for rabbits and 18.75 
g/kg for rats were used as suitable middle dosage, respectively. 

In the first series of experiments, the body temperatures were 
observed for 6 h only to prove the antifebrile effect of HLJDD. In the 
second and third series of experiments, we observed the body 
temperature for 1 and 3 h, respectively. Then the blood samples 
were collected in tubes from the ear center artery of rabbits and 
centrifuged after depositing for 2 h. The blood serum was stored at 
-80°C for IL-1β and TNF-α activity assays. In carrageenan-
challenged paw edema of rats, paw soft tissues were removed from 
individual rat and homogenized in Radioimmunoprecipitation assay 
(RIPA) buffer and incubated at 37°C on a rotator for 2 h. After 
washing the plate, biotinylated antibodies were added (100 µl per 
well) and plates were incubated at 37°C on a rotator for 1 h. Then 
the plates were incubated for 0.5 h with streptavidin-horseradish 
peroxidase at a dilution of 1: 20000, and the antibodies were 
detected with 3,3′,5,5′-tetramethylbenzidine (TMB) dissolved in 
dimethyl sulfoxide to a concentration of 1% in a solution containing 
0.1 M citric acid, 0.1 M sodium acetate (pH 6), and 0.016% H2O2 for 
30 min. The reaction was stopped by the addition of 1.5 M H2SO4. 
Plates were read using a wavelength (450 nm) on a microplate 
reader (BIO-RAD iMarkTM, Made in Japan 2010, Serial No.12843), 
and total cytokine concentrations were calculated using the 
standard curve prepared from recombinant cytokines. The lower 
limit of detection for the cytokines based on the standard curves 
ranged from 10 to16 pg/ml. The ELISA for rabbit IL-1β detects both 
precursor and mature IL-1β but not TNF-α.  

Similarly, the ELISA for rabbit TNF-α does not cross-react with 
rabbit IL-1β. The protocol of the ELISA for rabbit IL-1β is similar to 
that for rabbit TNF-α. The sensitivities of the assays were: IL-1β, 10 
pg/ml and TNF-α, 16 pg/ml. 
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Enzyme-linked immunosorbent assay (ELISA) 
 
The concentrations of IL-1β and TNF-α in serum were assayed 
using a commercially available rabbit IL-1β and TNF-α ELISA kits 
(R&D Systems, Inc., Minneapolis, Minn. Catalog No. F2019; 
Catalog No. F2041), following the manufacturer's instructions. The 
plasma samples and working standards were added (100 µl per 
well) in duplicate and concentrations of cytokines at the site of 
inflammation compared to those in the circulation, some samples 
required large dilutions. 
 
 
Induction and assessment of acute inflammation in rat hind 
paws by carrageenan 
 
The assay was conducted as previously described by Winter et al. 
(1962). Oral administration was conducted with 18.75 g/kg doses of 
HLJDD, the reference drug (Ibuprofen, 10 mg/kg), or the control, at 
1 h prior to inflammation induction. At induction of the paw edema, 
each rat was injected with 0.05 ml freshly prepared carrageenan 
(1% w/v) in physiological saline (0.9% w/v NaCl) into subplantar 
tissues of the right hind paw. The left hind paws without injection 
were used as controls. The volumes (ml) of both hind paws of each 
animal were measured using a plethysmometer (YLS-7A, Anhui, 
China) at 1 h before inflammation induction and the time intervals of 
1, 2, 3, 4, 5 and 6 h after induction. The rates of increase in paw 
volume (paw edema) of the right hind paws of rats were calculated 
by the following equation: 
 
The increase rate (%) = (A - B) / B × 100 
where A represents the paw volumes at different time points after 
injection, and B represents the paw volume before injection. The 
mean values of the treated animals were compared with the mean 
values of the control animals, and results were analyzed using 
statistical methods. 
 
 
Western blot analysis of iNOS, COX-1, and COX-2 protein 
expressions 
 
Protein levels of iNOS, COX-2, and COX-1 were assessed by 
Western blot analysis as previously described (Li et al., 2008). Paw 
soft tissues were removed from individual rat and homogenized in 
RIPA buffer containing 50 mM Tris-HCl (pH 7.5), 250 mM NaCl, 5 
mM EDTA, 1 mM EGTA, 1 mM NaF, 1 mM phenylmethylsulfonyl 
fluoride, 1 mM dithiothreitol, 20 μg/ml leupeptin, 20 μg/ml aprotinin, 
0.1% Triton X-100, and 1% SDS for 1 h. After centrifugation at 
15,000 × g at 4°C for 10 min, the supernatants were collected, and 
the protein amount in each sample was measured by a Bio-Rad DC 
kit (Bio-Rad, Hercules, CA). The equal amount of sample (50 μg of 
protein) was subjected to electrophoresis on either 10 or 12% SDS-
polyacrylamide gel. Following the electrophoresis, protein blots 
were transferred to a nitrocellulose membrane. The membrane was 
blocked with 5% nonfat milk in TBST solution, and incubated with 
the corresponding primary antibodies in the blocking solution at 4°C 
for 12 h. After washing three times with TBST solution (10 mmol/L 
Tris-HCl, pH 7.5, 100 mmol/L NaCl, and 0.1% Tween 20), the 
membrane was incubated, with horseradish peroxidase-conjugated 
secondary antibody diluted with TBST solution (1:1000) at room 
temperature for 1 h. The detected protein signals were visualized 
by the enhanced chemiluminescence reaction system according to  
manufacturer’s recommendation (Amersham Biosciences, 
Indianapolis, IN). 
 
 
Statistical analysis 
 
All results were confirmed in at  least  three  separate  experiments.  

 
 
 
 
Data were expressed as mean ± standard error of mean (SEM). A 
one-way analysis of variance (ANOVA) was used for multiple 
comparisons. A value of p < 0.05 was considered significant. 

 
 

RESULTS 
 

Effects of HLJDD on body temperature during LPS 
induced fever in rabbits 
 

In the first series of experiment, we injected LPS 
intravenous at time 1 h after orally administering with 
HLJDD or ibuprofen, and the changes of body tempera-
ture of rabbits were in the Figure 1. Figure 2 showed 
changes in rectal temperature in the four different groups. 
Injection of LPS (200 ng/kg) induced a biphasic fever, in 
which the first peak occurred at 1 h and the second peak 
occurred at 3 h after injection. In contrast, HLJDD 
treatment group resulted in a significant fall in body 
temperature in both peaks (p < 0.05), and treatment with 
ibuprofen also attenuated both peaks of the fever (p < 
0.05). There were no significant differences between 
HLJDD treatment group and Ibuprofen treatment group in 
both peaks (p > 0.05). Control animals administered only 
saline failed to show any change in body temperature.  
 
 

The concentrations of IL-1β and TNF-α in serum after 
intravenous injection of LPS for 1 h in the four 
different groups 
 

In order to discuss the mechanism of HLJDD in reducing 
the first peak of the body temperature in LPS induced 
fever, the concentrations of IL-1β and TNF-α in serum 
were measured at time 1 h, and the results showed that 
the level of IL-1β had significant differences between 
Control and LPS groups (p < 0.05). Both HLJDD and 
Ibuprofen treatment groups resulted in a significant fall in 
the concentrations of IL-1β in serum comparing with that 
of only treated with LPS (p < 0.05). Besides, Ibuprofen 
treatment group resulted in a significant fall in the 
concentrations of TNF-α in serum comparing with that of 
only treated with LPS group (p < 0.05). HLJDD did not 
reduce the concentrations of TNF-α in serum comparing 
with the LPS group (p > 0.05). Ibuprofen could reduce 
both the concentrations of IL-1β and TNF-α in serum to 
lower the first peak of the body temperature in LPS 
induced fever, while HLJDD reduced the concentrations 
of IL-1β in serum to lower the first peak of the fever 
(Table 1). 
 
 
The concentrations of IL-1β and TNF-α in serum after 
intravenous injection of LPS for 3 h in the four 
different groups 
 
The blood samples were collected at time 3 h after 
injecting LPS, and the concentrations of IL-1β and TNF-α 
were assayed (Table 2). The  concentrations  of  IL-1β  in  
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Figure 1. A. HPLC chromatogram of Baicalin. B. HPLC chromatogram of HLJDD. 

 
 
 
serum of HLJDD and Ibuprofen treatment groups were 
significantly decreased comparing with the concentrations 
of LPS group (p < 0.05). There was no significant change 
on the concentrations of TNF-α in serum between LPS 
and Control groups (p > 0.05). HLJDD treatment group 
resulted in a significant decrease in the concentrations of 
IL-1β comparing with the group that only treated with LPS 
(p < 0.05), but there was no remarkable difference in the 
concentrations of TNF-α comparing with Ibuprofen 
treatment group (p > 0.05). From our experiment, we 
found that IL-1β in serum played the important role in the 

second peak of LPS induced fever.  
 
 
Inhibition of the paw edema of rat by oral treatment of 
HLJDD 
 
Figure 3 shows the effect of HLJDD on inhibition of the 
acute paw edema in rats evoked by carrageenan injection 
into the subplantar tissues of the right hind paws. It can 
be seen that the maximum phlogistic response of 
carrageenan was observed at 4 to 6 h  after  the  injection  
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Figure 2. The changes of body temperature in different groups. Rabbits were injected of LPS intravenously 30 min after 
orally administered with HLJDD or Ibuprofen and the Control animals were orally administered with 0.9% saline solution 
only.  
●.LPS (n = 5); ○.Control (n = 5); ▼.LPS + Ibuprofen (n = 5); △.LPS + HLJDD (n = 5). Each point represents mean ± 
S.E.M. At time 1 h LPS vs Control, p < 0.05; LPS vs LPS + HLJDD, p < 0.05; LPS vs LPS + Ibuprofen, p < 0.05; and at 
time 3 h LPS vs Control, p < 0.05; LPS vs LPS + HLJDD, p < 0.05; LPS vs LPS + Ibuprofen, p < 0.05.  
There were no significant differences between HLJDD treatment group and Ibuprofen treatment group in biphasic fever 
peak at time 1 h and 3 h (p > 0.05). 

 
 
 
in the control animals. The paw volumes from HLJDD-
treated animals with dosages of 18.75 g/kg, at 1, 2, 3, 4, 
5 and 6 h after induction of paw edema showed 
remarkable decrease in comparison with the data of non-
treated animals at the same time points (p < 0.05), and 
there were no significant differences between the HLJDD-
treated and the Ibuprofen-treated animals (p > 0.05). 
These results indicated that the anti-acute inflammatory 
effect of HLJDD in rats were effective. 
 
 
Inhibition of iNOS, COX-1 and COX-2 protein 
expressions in the paw tissues of rats by treatment of 
HLJDD 
 
It can be seen in Figure 4 that  HLJDD  dose-dependently 

attenuated the protein expression of COX-2 in 
carrageenan-injected paw tissues. Reduction was 
achieved by treatment with HLJDD at dosages of 18.75, 
9.38, and 4.69 g/kg, respectively. Figure 4 also showed 
that the protein expression of iNOS in carrageenan-
injected paw tissues was dose-dependently attenuated in 
HLJDD treated rats. HLJDD at 18.75/kg can significantly 
inhibit the iNOS protein expression. Ibuprofen at a do-
sage of 10 mg/kg also demonstrated significant inhibition 
in iNOS protein expression. Examination of COX-1 
protein expression showed that the level of expression 
was not suppressed by administration of HLJDD at any 
dosage. These results suggested that HLJDD may have 
a selective inhibitory effect on COX-2 protein expression 
in the paw edema tissues of rat. However, Ibuprofen at a 
dosage of 10 mg/kg demonstrated significant inhibition on 
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Figure 3. The inhibition of carrageenan-evoked paw acute inflammation of rat by HLJDD. The paw volumes from 
HLJDD-treated animals with dosages of 18.75 g/kg, at 1, 2, 3, 4, 5 and 6 h after induction of paw edema showed 
remarkably decrease in comparison with the data of non-treated animals at the same time points (p < 0.05). 

 
 
 
both COX-2 and COX-1 protein expressions. 
 
 
DISCUSSION  
 
Fever is a regulated rise in body temperature and one of 
the most common responses to infection, injury or 
trauma. Administration of bacterial endotoxin LPS is 
widely used as a laboratory model of fever. IL-1 is 
thought to be an endogenous pyrogen during LPS-
induced fever. The pro-inflammatory cytokine IL-1 is a 
pivotal mediator of local and systemic responses to 
infection and inflammation, of which fever is the most 
widely studied experimentally and clinically (Dinarello, 
1996; Kluger, 1991). Rabbit TNF injection also elicited 
biphasic fever in rabbits, the second phase of which was 
found to be mediated by the similar endogenous pyrogen, 
and endogenous TNF played an important role in eliciting 
a febrile response to endotoxin (Kawasaki et al., 1989). 

We made a biphasic fever model in rabbits using a high 
dosage of LPS (200 ng/kg) (Chen et al., 2008),  that  was  

conformed as experiments had been made by others, 
and the first phase of biphasic fever appeared at about 
time 1 h and the second phase of biphasic fever ap-
peared at about time 3 h, that was similar as the investi-
gation reported before (Nakamori et al., 1994). The main 
findings of this study were that treatments with the crude 
extract of HLJDD could remarkably reduce the biphasic 
fever induced by LPS. Ibuprofen, a specific cyclo-
oxygenase inhibitor, not only reduced the first phase of 
biphasic fever clearly, but also affects the latter fever 
peak. This result of ibuprofen antifebrile action was 
consistent with the investigation reported before that it 
could result in a significant fall in body temperature in 
both fever peaks (Sobrado et al., 1983), and the reasons 
for this might be the different dosages of ibuprofen that 
the rabbits were administrated or the difference of animal 
species which are needed for further investigation. 

The present results showed that IL-1β and TNF-α were 
increased in serum during biphasic fever induced by 
intravenous injection of LPS (200 ng/kg). In addition, at 
time 3 h, there were no differences in TNF-α  level  in  the  
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Figure 4. A. Effects of HLJDD on COX-1 and COX-2 protein expressions in carrageenan-injected paw tissues of 
rats. HLJDD at dosages of 4.69 g/kg, 9.38 g/kg, and 18.75 g/kg was orally administrated 1 h before the 
carrageenan injection. At 4 h after the injection, paws were removed. Then COX-1 and COX-2 protein 
expressions in the paw tissues were detected by Western blot analysis, using β-actin as the internal control. 
HLJDD dose-dependently attenuated the protein expression of COX-2, while the COX-1 protein expression was 
not suppressed by administration of HLJDD at any dosage. Ibuprofen at a dosage of 10mg/kg demonstrated 
significant inhibition on both COX-2 and COX-1 protein expressions. B. Effects of HLJDD on iNOS protein 
expressions in carrageenan-injected paw tissues of rats. HLJDD at dosages of 4.69 g/kg, 9.38 g/kg, and 18.75 
g/kg was orally administrated 1 h before the carrageenan injection. At 4 h after the injection, paws were removed. 
Then iNOS protein expression in the paw tissues was detected by Western blot analysis, using β-actin as the 
internal control. HLJDD at 18.75/kg can significantly inhibit the iNOS protein expression. Ibuprofen at a dosage of 
10 mg/kg also demonstrated significant inhibition in iNOS protein expression. 

 
 
serum between LPS and Control groups. Therefore, it 
was possible that the early peak fever was induced by 
the indirect action of IL-1β and TNF-α produced in serum 
by intravenous injection of LPS, and the latter fever peak 
appeared at 3 h which was mediated by LPS induced 
endogenous IL-1β in serum. The previous study had 

shown that endogenous TNF activity was detected in 1 h 
blood in an endotoxin dose dependent manner coincident 
with the early peak fever but was not detected in 2.5 h 
blood (Kawasaki et al., 1989). HLJDD reduced the 
concentrations of IL-1β in serum to control the febrile 
responses at time 1 h; and the  levels  of  IL-1β  in  serum 



 
 
 
 
Table 1. Concentrations (ng/ml) at time 1 h (mean ± SEM). 
 

Test group IL-1β TNF-α 

LPS 11.00±4.24 95.15±8.05 

Control 3.72±0.53* 92.47±16.27
#
 

IBR+LPS 2.94±1.76* 83.74±5.41* 

HLJDD+LPS 5.11±3.06* 106.39±7.49
#
 

 

The concentrations of IL-1β, TNF-α in serum at time 1 hour after the 
injection of LPS in the different groups were detected. Data are 
expressed as mean ± S.E.M. (n = 5). Compared with LPS group, *p < 
0.05; #p > 0.05. 

 
 
 

Table 2. Concentrations (ng/ml) at time 3 h (mean ± SEM). 

 

Test group IL-1β TNF-α 

LPS 8.66±0.92 81.28±1.52 

Control 6.79±0.61* 76.54±3.88
#
 

IBR+LPS 4.91±0.46* 97.61±1.38
#
 

HLJDT+LPS 5.66±2.17* 79.00±9.99
#
 

 

The concentrations of IL-1β and TNF-α in serum at time 3 hour 
after the injection of LPS in the different groups were detected. 
Data are expressed as mean ± S.E.M. (n = 5). Compared with LPS 
group, *p < 0.05; # p > 0.05. 

 
 
 
were remarkably decreased in HLJDD group than that of 
in LPS group at time 3 h. But ibuprofen failed to reduce 
the rising concentrations of TNF-α in serum in the latter 
fever peak, and the concentrations of TNF-α in serum 
between HLJDD and Ibuprofen groups had significant dif-
ferences (p < 0.05). The reasons might be the dissimilar 
anti-inflammation mechanism between ibuprofen and 
HLJDD.  

To compare with ibuprofen, according to TCM selective 
treatment based on the differential diagnosis, the TCM 
prescription HLJDD has some advantages in reducing 
fever induced by various diseases. Salvemini et al. 
(1993) proposed that NO stimulates COX activity in 
macrophages through direct interaction with active sites 
of the COX enzyme. Inhibition of NO production by the 
suppression of the enzyme activity of iNOS is one of the 
pathways for anti-inflammatory effect (Cai et al., 2005; 
Salvemini et al., 1993). Furthermore, they reported that 
NO produced by iNOS is involved in maintenance of the 
carrageenan evoked inflammatory response, while peri-
pheral or central administration of iNOS inhibitors could 
effectively inhibit carrageenan-induced hyperalgesia in 
rats (Salvemini et al., 1996).  

In the present work, the anti-inflammatory and 
analgesic effects of HLJDD in carrageenan induced rat 
paw edema were also studied. The possible effective 
mechanisms were investigated with regard to the iNOS, 
COX-1, and COX-2 protein expressions in paw tissues. 
The anti-inflammatory effect of these drugs is believed to 
result    from   their   ability   to   inhibit  the   formation   of  
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prostaglandins by cyclooxygenases (COXs). Two 
isoforms of cyclooxygenase, COX-1 and COX-2, have 
been identified. COX-1 constitutively expressed in normal 
tissues functions as necessarily physiological activities 
including protection of the gastric mucosal lining; while 
COX-2 is overproduced in the sites of inflammation 
(Smith et al., 1998). In clinical use, some NSAIDs have 
been proven to block both COX-1 and COX-2 activities 
resulting in induction of gastric ulcerization and kidney 
failure. Moreover, the marketing of new COX-2 inhibitors 
which emphasized the advantages of not blocking the 
necessary COX-1 pathway and gastrointestinal problems 
from the use of those drugs are still being reported 
(Silverstein et al., 2000).  
 
 
Conclusion 
 
The effects of TCM prescriptions were multi-target and 
complex, but at least in part. The present study showed 
that the prescription could evidently reduce the increased 
concentrations of IL-1β, and have selective inhibitory 
effect on COX-2 protein expression. All these results 
indicated that the HLJDD would be a valuable candidate 
for further investigation as a novel anti-arthritic botanical 
drug. 
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