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Abstract: Pain, a common symptom in clinics, is a serious impediment to quality of life. The analgesic drugs presently in use have poor efficacy, and are associa-
ted with undesirable side effects. Rubimaillin (Rub) is a naphthoquinone compound extracted from Chinese herbal medicine, and it has various biological activities. 
In this study, the analgesic effect of Rub, and its mechanism of action were investigated using glacial acetic acid-induced mice writhing model and a mice model 
of neurogenic and inflammatory bipolar pain. Analgesic effects were measured in different experimental groups. In vitro, RAW 264.7 cells were used to investigate 
the release of nitric oxide (NO), iNOS and COX-2 protein in RAW 264.7 cells stimulated with lipopolysaccharide (LPS). The results revealed that Rub reduced the 
number of acetic acid-induced writhing in mice, inhibited formalin-induced biphasic pain response, and suppressed the production of NO in RAW 264.7 cells. The 
mechanisms involved in the analgesic and anti-inflammatory effects of rub may be related to the inhibition of cyclooxygenase-2 (COX-2), endogenous inflamma-
tory mediators, and reduction in the content of pain-induced mediators.
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Introduction

Pain is a prevalent medical problem that confronts 
human populations worldwide (1). However, very little 
is known on the mechanisms involved in pain. Existing 
analgesic drugs are have poor efficacies, and some are 
associated with unwanted side effects. There are no ef-
fective and specific pain treatment methods in clinical 
practice (2, 3). Bioactive substances in various orga-
nisms have anti-inflammation effects, and some even al-
leviate inflammatory pain. However, very little research 
has been done on the related molecular mechanisms 
involved in the analgesic properties of these substances. 
Natural medicines have been widely studied because 
of their availability, affordability and minimum side 
effects. The anti-inflammatory and analgesic effects of 
some natural drugs have been recognized (4). Thus, the 
search for analgesic and anti-inflammatory active ingre-
dients from traditional Chinese medicine has become a 
subject of intensive research.

Madder is the dry root and rhizome of Rubia cordi-
folia L. which is distributed in most parts of China. It 
has high yields in Weinan, Shaanxi, Xingtai, Hebei, and 
Luoyang, Henan. For long, madder has been used as a 
natural dye, food coloring agent and medicinal plant (5). 
It has arrests bleeding and promotes blood circulation, 
and it has analgesic effects (6). In addition, madder has 
antibacterial, anti-cancer, immune-enhancing and hepa-
toprotective effects, and it exerts inhibitory effects on 
proliferation of human epidermal cells (7). In recent 

years, steroids and their glycosides, naphthoquinone 
derivatives, cyclohexyl peptides, and polysaccharides 
have been isolated from valerian. Moreover, steroids 
and their glycosides, naphthoquinone derivatives, cyclo-
hexyl peptides, and polysaccharides have been isolated 
from madder. Rubimaillin (Rub, Fig.1) is a naphthoqui-
none compound extracted from Chinese herbal medi-
cine; it has antibacterial, anti-oxidant and anti-inflam-
matory effects (8, 9). Rubimaillin has a long history of 
application as a national medicine, but so far, not much 
research has been done on its analgesic effect. There-
fore, this study was carried out to evaluate the analgesic 
effect of Rub in vitro and in vivo, and to determine its 
mechanism of action, so as to provide a scientific basis 
for the development and utilization of valerian.

Materials and Methods

Drugs and reagents
Rubimaillin was provided by Guangzhou Laipu 

Dake Biotechnology Co. Ltd. Aspirin was purchased 

Figure 1. Chemical structure of Rubimaillin.
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from Hubei Minkang Pharmaceutical Co. Ltd. For-
maldehyde and glacial acetic acid were obtained from 
National Pharmaceutical Group Chemical Reagent Co. 
Ltd., while prostaglandin E2 (PEG2) and cAMP ELISA 
Kits were purchased from Tianjin Anorui Kang Bio-
technology Co. Ltd. Antibodies for COX-2, iNOS and 
β-actin were provided by Santa Cruz, CA, USA.

Experimental animals
SPF Kunming mice (18-22g) were purchased from 

Hubei Experimental Animal Center [(animal production 
license number was SCXK (E) 2008-0005]. The mice 
were raised in the SPF animal room of the School of 
Pharmacy of Central South University for Nationalities, 
in strict compliance with the Hubei Provincial Labora-
tory Animal Quality Control Standards. The tempera-
ture in the animal room was 22 ± 2°C. The mice were 
allowed free access to feed and water, but were fasted 
for 12 h (with access to water) before the commence-
ment of the experiment.

Induction of writhing in mice using glacial acetic 
acid

A total of 50 Kunming mice (25 male and 25 female) 
were randomly divided into 5 groups of 10 animals 
each: model group, positive control group, 3 Rub admi-
nistration groups (50, 100 and 200 mg/kg), and aspirin 
positive control group. The positive control group was 
given aspirin at a dose of 200 mg/kg body weight, while 
the control group was given an equivalent volume of 
distilled water (5 mL/kg). After 30 min, each mouse was 
intraperitoneally injected with 1.0 % glacial acetic acid 
10 mL/kg to induce pain. The number of writhes in each 
mouse within 20 min was recorded, and the degree of 
inhibition of writhing reaction was calculated as shown 
below:

Determination of cAMP content in acetic acid-in-
duced mice 

After glacial acetic acid-induced analgesia in mice, 
blood samples were taken from each group. The blood 
was centrifuged at 3000 rpm for 10 min, and cAMP 
contents of the serum samples were determined using 
ELISA.

Formalin-induced pain test
One hour after treatment of each group, 5% formalin 

(10 μL/mouse) was injected into the right hind paw of 
the mice. Immediately, the mice were placed in a large 
beaker, and the total time taken for lameness in mice in 
the phase I neuropathic pain period (0-5 min) and phase 
II inflammatory pain period (15-30 min) were recorded 
using a stopwatch.

Assay of PEG2 in foot tissue of mice with formalin-
induced inflammation

After the formalin test, the mice were sacrificed via 
cervical dislocation. The inflamed swollen foot was cut 
0.5 cm above the ankle joint. After washing with phy-
siological saline, 10% tissue homogenate was prepared, 
and PEG2 content was determined using ELISA.

Cell culture
Mouse mononuclear macrophage cell line RAW264.7 

(ATCC; Manassas, VA, USA) was cultured in RPMI 
1640 medium containing 10% fetal bovine serum and 
1% penicillin-streptomycin. Cells in logarithmic growth 
phase were incubated at 37 ̊C in ad 5% CO2 incubator 
for subsequent testing.

Assay of NO release levels in RAW264.7 cells with 
Griess reagent

RAW264.7 cells were inoculated into 12-well plates 
at a density of 2 × 105 cells per well. After adherence for 
24 h, they were divided into blank control group, LPS 
treatment group, and drug + LPS treatment group. The 
cells were treated with the indicated concentrations of 
Rub in serum-free medium for 2 h prior to the addition 
of LPS (1 μg/ml). After 24 h of culture, the cell culture 
supernatant was collected and centrifuged at 3000 rpm 
for 20 min. Then, 100 μL of the supernatant was taken 
according to instructions on the NO detection kit, and 
the OD was read at 550 nm in an ultraviolet spectropho-
tometer. The NO content of each group of RAW264.7 
cells was calculated using the OD readings. The test was 
repeated three times.

Western blot assay for protein expression levels of 
iNOS and COX-2 

The RAW264.7 cells were placed in a 6-well plate 
and cultured for 24 h. Then, LPS (1 μg/ml) was added, 
and the cells were treated with different concentrations 
of Rub for 18 h. Thereafter, the cells were lysed with 
RIPA cell lysate reagent, and the total protein content 
of the lysate was determined using Coomassie Bril-
liant Blue method (10). Then, 50 μg of total protein 
samples from each group were loaded and subjected to 
10% polyacrylamide gel electrophoresis. The separated 
proteins were electro-transferred to nitrocellulose mem-
branes, and the membranes were blocked with blocking 
solution at room temperature for 2 h. The membranes 
were thereafter incubated overnight with rabbit anti-
mouse COX-2 and iNOS monoclonal antibodies (dilu-
ted 1:1000 with TBS) at 4oC. After washing thrice with 
TBST (pH 7.6), the membrane was incubated with hor-
seradish peroxidase-labeled anti-rabbit IgG secondary 
antibody (1:5000 dilution with TBS) for 2 h at room 
temperature. Then, the membrane was rinsed in TBST 
(pH 7.6). Enhanced chemiluminescence was used to 
illuminate the blots in the dark, and the relative expres-
sions were analyzed using Image J software. Each expe-
riment was repeated 3 times.

Statistical analysis
Graphpad Prism 7.0 statistical software was used for 

statistical analysis. Measurement data are expressed as 
mean ± SD, and t-test was used for two-group compa-
risons, while one-way analysis of variance (ANOVA) 
was used for comparison amongst groups. Statistical 
significance was assumed at p<0.05.

Results

Effect of Rub on acetic acid-induced writhing reac-
tion, and serum cAMP in mice

The writhing data showed that, compared with the 
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analgesic effects.

Determination of release of NO in RAW264.7 cells 
using Griess reagent 

Griess reagent method was used to measure the effect 
of Rub on the release of NO from RAW264.7 cells. The 
results showed that 1μg/mL LPS increased NO secre-
tion level after 48 h of RAW264.7 cells, when compared 
with the blank control group (p < 0.01). Compared with 
the LPS treatment group, pretreatment with Rub signi-
ficantly and dose-dependently inhibited the secretion of 
NO to varying degrees (Fig. 4).

Western blot assay of protein expression levels of 
iNOS and COX-2 

Western blot was used to determine the effect of Rub 
on the protein expression levels of iNOS and COX-2 
in RAW264.7 macrophages. The results are shown in 
Figure 5. Stimulation with LPS at a dose of 1 μg/ml 
significantly induced up-regulation of iNOS and COX-2 
protein expressions in RAW264.7 macrophages. Howe-
ver, the LPS-induced upregulation of protein expres-
sions of iNOS and COX-2 decreased with the increase 
in Rub concentration (p < 0.05).

Discussion

Inflammation and pain are symptoms that often occur 
simultaneously in patients in the clinics. Pain is a pro-
tective defense response in the body in response to exis-
ting or potential tissue damage. The aim of research on 
analgesic efficacy is to evaluate the effects of drugs on 
pain response of experimental animals by applying pain 
stimulation to the experimental animals, and evaluating 
the efficacy of the drugs. Common methods of pain in-
volve physical (thermal, electrical and mechanical) or 
chemical (H+, K+ and bradykinin) stimulation (11). In 
this study, Rubin-induced pain and formalin-induced 
neuropathic and inflammatory bipolar pain in mice were 
used to investigate the analgesic effect of Rub.

The acetic acid writhing test in mice is a large-area, 
long-term acetic acid-induced inflammatory pain on 
the visceral and parietal peritoneum. It is a writhing-
based reaction and a classic non-steroidal anti-inflam-
matory drug analgesic screening model. It is known that 
cAMP is the most important second messenger in the 
cell. It activates PKA after its formation, and enhances 
excitability and hypersensitivity of neurons through the 
cAMP-PKA pathway (12). The results obtained in his 
study showed that Rub inhibited the writhing reaction 
induced by acetic acid in a dose-dependent manner, and 

model group, Rub at the three doses inhibited ace-
tic acid-induced writhing reaction to different degrees 
(p<0.01; Fig. 2A). At the same time, serum cAMP 
content decreased significantly (p <0.01; Fig. 2B), indi-
cating that Rub clearly exerts analgesic effects.

Effect of Rub on formalin-induced pain response 
and PEG2 content in mice foot tissue

Pain in the hind paws in the Rub group was signifi-
cantly decreased (p<0.01; Fig. 3A). This indicates that 
Rub has a dose-dependent inhibitory effect on formalin-
induced biphasic pain (neuropathic pain and inflamma-
tory pain) response in mice. The analgesic effect of Rub 
on phase II inflammatory pain was more pronounced 
than that of phase I. Compared with the aspirin group in 
the positive control group, different doses of Rub signi-
ficantly reduced PEG2 content (p<0.01; Fig. 3B). These 
results indicate that Rub exerts anti-inflammatory and 

Figure 2. (A) Effect of Rub on acetic acid-induced writhing reac-
tion. (B) Effect of Rub on serum cAMP content in mice subjected 
to acetic acid-induced writhing. **p < 0.01, ***, p < 0.001 vs vehi-
cle group.

Figure 3. (A) Analgesic effect of Rub on phases 1 and 2 after for-
malin injection in mice. (B) Inhibitory effect of Rub on the release 
of PGE 2 in mice after formalin injection. **p < 0.01; ***p < 0.001 
vs vehicle group.

Figure 4. Effect of Rub on LPS-induced NO release in RAW264.7. 
**p < 0.01; ***p < 0.001) vs LPS alone.

Figure 5. Effect of Rub on the LPS-induced iNOS and COX-2 pro-
tein levels in RAW264.7 cells. *p < 0.05, **p < 0.01, ***p < 0.001 
vs LPS alone.
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that the cAMP content decreased in a dose-dependent 
manner. These results suggest that Rub exerts analgesic 
effect against inflammatory pain.

The formaldehyde-induced mouse pain test is a clas-
sic animal model of persistent somatic pain, and the 
pain properties are similar to those of clinical chronic 
pain (13). It is divided into first pain phase (0-5 min 
after formaldehyde injection) and the second pain phase 
(15-30 min after formaldehyde injection). The first pain 
phase is the pain caused by direct stimulation of the 
plantar nociceptors by formaldehyde, while the second 
is secondary inflammatory stimuli caused by the release 
of inflammatory mediators, including PEG2 (14). The 
analgesic effect of Rub on phase II inflammatory pain 
was more obvious than that of phase I, suggesting that 
Rub inhibits the secondary inflammatory stimuli caused 
by the release of inflammatory mediators. Further stu-
dies showed that different doses of Rub inhibited PEG2 
in mouse foot tissue.

Bacterial lipopolysaccharide (LPS) is the most com-
mon proinflammatory factor. It stimulates macrophage 
synthesis and release of various inflammatory media-
tors (15). Nitric oxide (NO) is an inflammatory media-
tor involved in the pathogenesis of various inflamma-
tion-related diseases (16). Moderate amounts of NO 
help to reduce inflammatory reactions and kill pathoge-
nic microorganisms. However, macrophages produce 
large amounts of NO under inflammatory or immune 
stimuli. These NOs react with oxygen radicals such as 
superoxide anions to increase their cytotoxic effects on 
tissue cells. The results of Griess assay showed that Rub 
inhibited the production of NO in LPS-induced mouse 
peritoneal macrophages, resulting in decreased levels 
of NO released in cells, thereby reducing cytotoxici-
ty. It is known that iNOS catalyzes NO production in 
inflammatory reactions (17). The synthesis of prosta-
glandins is catalyzed by COX, a rate-limiting enzyme 
in the synthesis of PGE2 (18). There are two different 
COX isoenzymes in the human body, namely COX-1 
and COX-2. It is generally believed that COX-1 is a 
normal physiological enzyme which regulates physio-
logical prostaglandins (PG) in tissues and organs. In 
contrast, COX-2 is an inducible enzyme (pathological 
enzyme) that is involved in induction of inflammatory 
responses and inflammatory PG synthesis at the site of 
inflammation (19, 20). Western blot results showed that 
the secretion of iNOS and COX-2 decreased gradually 
with increase in Rub concentration. 

In summary, different methods were used to study 
the analgesic effect of Rub in vitro and in vivo. It was 
found that Rub has significant analgesic and anti-inflam-
matory effects, and the analgesic mechanism is related 
to the content of endogenous inflammatory mediators 
and pain-induced mediators, including PEG2. Due to 
the fact that the molecular mechanism underlying in-
flammatory pain is very complicated, there is need for 
further research on the anti-inflammatory and analgesic 
effects of Rub, and the mechanisms involve.
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