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Abstract 

OBJECTIVE: To investigate the effects of shikonin (SKN) 
on M1 and M2 polarization of macrophages both in vitro 
and in vivo. 

METHODS: Collagen-induced arthritis (CIA) in male 
DBA/1 mice were treated with a dose of 4 mg/kg/day of 
SKN for 23 d (n = 6/group). The histopathology of 
inflamed joints in CIA mice was evaluated to test the anti-

arthritic effect of SKN. M1/M2 polarization of 
macrophages induced by lipopolysaccharide (LPS) and 
interferon (IFN)-γ or interleukin (IL)-4 and IL-13, were 
used to assess the effect of SKN (0.05, 0.1, and 0.2 μM). 
The effect of SKN on the protein expression of nitric oxide 
synthase, arginase, CD68, and CD206 was evaluated 
using western blot analysis.  

RESULTS: The results of this study revealed that SKN 
delayed the arthritis feet symptom score, reduced the 
incidence rate of arthritis, and relieved the inflammation 
of joints in CIA mice. SKN inhibited M1 macrophage 
polarization but did not affect M2 macrophage 
polarization in the joints of CIA mice. Moreover, SKN 
inhibited M1 polarization induced by LPS and IFN-γ, but 
did not affect M2 polarization induced by IL-4 and IL-13.  

CONCLUSION: These findings suggest that SKN 
alleviated CIA through inhibiting M1 macrophage 
polarization and has great potential as a new drug for RA 
treatment. 

© 2022 JTCM. All rights reserved. 
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1. INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic and inflammatory 
disease with unknown etiology, and it is referred to as 
"Bi syndrome" in Traditional Chinese Medicine (TCM). 
TCM is popular due to its simplicity, convenience, 
cheapness, potential curative effects, and little side 
effects. Shikonin (SKN) is isolated from Zicao (Radix 
lithospermi), the dried roots of Lithospermum 
erythrorhizon Sieb. et Zucc. (Boraginaceae), and it is a 
commonly used herbal medicine in China and other 
countries.1,2 Large number of studies has shown that 
SKN exerts anti-inflammatory, anti-tumor, immune-
omodulatory, and analgesic effects, and can alleviate the 
symptoms of cartilage damage induced due to collagen-
induced arthritis (CIA) in mice.3-5 Macrophages play an 
important role in the pathogenesis of RA. Inflammatory 
RA synovial tissue and inflammatory vascular reaction 
revealed more macrophages than in healthy joints.6 

JTCM Journal of  
Traditional Chinese Medicine 

Online Submissions: http://www.journaltcm.com 
ISSN 0255-2922 

info@journaltcm.com 

Research Article 



 He LH et al / Journal of Traditional Chinese Medicine 2022 42(6): 932-939 

 

933 

Many studies in the literature have focused on the pro-
inflammatory effect of M1 and anti-inflammatory effect 
of M2 in RA, and classified them based on their 
polarization function in RA, especially in synovial 
tissue.6 It has been reported that SKN can effectively 
modulate macrophages.7,8 However, the role of SKN in 
M1 or M2 polarization of macrophages has not been 
reported yet, especially in RA.  
Since the 1950s, methotrexate (MTX) has been used for 
the treatment of RA and provided good results. Although 
there are many new drugs at present, MTX is still widely 
used for the treatment of RA and is often used as a 
positive control in animal experiments. Therefore, MTX 
was selected as a positive control drug in our animal 
experiments. Therefore, in this study, we aimed to 
investigate the effects of SKN on M1 and M2 
polarization of macrophages both in vitro and in vivo. 

2. MATERIALS AND METHODS 

2.1. Chemicals 

SKN and MTX were purchased from Shanghai Yuanye 
Biotechnology Co. (Shanghai, China) and the purity of 
SKN (99.5%) was verified using high performance liquid 
chromatography as indicated in the assay requirements 
of SKN in the Chinese Pharmacopoeia. All reagents 
related to cell culture were purchased from Gibco (Grand 
Island, NY, USA); diphenylindole (DAPI) was 
purchased from AAT Bioquest (Sunnyvale, CA, USA); 
CIA-related reagents were purchased from Chondrex 
(Chondrex, WA, USA); anti-fluorescence quenching 
coating agents were purchased from Abcam (Cambridge, 
England). CD68, CD206, nitric oxide synthase (iNOS), 
and arginase antibodies were purchased from Santa Cruz 
Biotechnology, Inc. (Santa Cruz County, CA, USA). M-
CSF, LPS, IFN-γ, IL-4, and IL-13 were purchased from 
Peprotech (Suzhou, China). All other 
immunofluorescence related reagents were purchased 
from Abcam (Cambridge, England). 

2.2. Ethics 

This research was conducted with the approval of the 
Ethics Committee of Shenzhen Peking University-The 
Hong Kong University of Science and Technology 
Medical Center, in accordance with the National 
Institutes of Health Guidelines for the Care and Use of 
Laboratory Animals. All the experimental procedures 
were conducted in accordance with the relevant rules and 
regulations. 

2.3. Animals 

Male DBA/1 mice, six to eight-week-old, and weighing 
16-18 g were obtained from Shanghai SLAC Laboratory 
Animal Co., Ltd. (production license No. SCXK 2017-
0005). Male SD rats weighing 150-170 g were purchased 
from the Medical Experimental Animal Center of 
Guangdong Province (production license No. SCXK 
2018-0002). Mice and rats were maintained at 12:12 h (L: 
D) with 60% ± 5% relative humidity at (22 ± 3) °C. The 
mice and rats had free access to food and water. 

2.4. CIA induction 

Twenty-four male DBA/1 mice were randomly divided 
into four groups in equal numbers (n = 6): the control 
group (Control), CIA model group (CIA), CIA mice 
treated with SKN group, and CIA mice treated with 
MTX group. Except for the control group, arithritis was 
induced in all other mice through intradermally injecting 
100 μg bovine type II collagen prepared in complete 
Freund’s adjuvant (CFA) at the base of the tail.9 Mice 
were boosted intradermally with 100 μg type II collagen 
prepared in incomplete Freund’s adjuvant (IFA) on day 
21. 

2.5. CIA treatment 

SKN was then dissolved in phosphate buffered saline 
(PBS) containing 0.05% dimethyl sulfoxide (DMSO) for 
administering into the cells and mice. It was 
intraperitoneally administered daily for 23 d from day 21 
after primary immunization. The dosage selection for SKN 
(4 mg·kg-1·d-1) was based on the results of a previous 
study.10 MTX was intraperitoneally administered at a 
dose of 0.5 mg/kg and once two days a week for 23 d 
from day 21 after primary immunization. Mice in the 
CIA and control groups were administered an equal 
volume of vehicle.  

2.6. Histological evaluation 

On the 43rd day of the first immunization, all mice were 
sacrificed through cervical spondylectomy, and then, the 
ankle joints of both lower limbs were removed. After 48-
72 d of fix-ation, decalcification was conducted for about 
one month, and then the tissue blocks were repaired, 
embedded, sliced, and st-ained. All the data were 
analyzed as previously described.11-15 

2.7. Extraction and culturing of macrophages isolated 
from bone marrow 

For this step, we followed a published study with slight 
modifications.16 Rats were selected and sacrificed by 
breaking the cervical vertebra. The rats were soaked in 
75% ethanol for 5 min. The legs were separated from the 
abdominal midline with scissors, and the leg skin was 
removed obliquely to separate the legs. The leg muscle 
and other soft tissues were removed, and the fibula was 
removed to separate and expose the complete femur and 
tibia. The leg bone was cut off at the joint, the serum-free 
1640 medium was aspirated using a 2 mL syringe, the 
needle was inserted into the bone marrow cavity, the 
bone marrow was washed repeatedly until it turned 
white, and the bone marrow washing solution was 
collected into a 50 mL centrifuge tube. The bone 
marrow cells were centrifuged at 300 g for 5 min with 10 
mL of M-CSF (10 μg/L) solution. The supernatant was 
discarded and replaced with 5 mL of 1640 medium 
containing M-CSF (10 μg/L) and 10% serum for 4 d. 
Primary bone marrow-derived-macrophages (BMDMs) 
were induced to M1 using LPS 10 μg/L + IFN-γ 20 μg/L, 
and M2 using IL-4 20 μg/L + IL-13 20 μg/L. 

2.8. Immunofluorescence 

The paraffin-embedded sections (5 μm thick) of ankle 
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joints were used for the immunofluorescence analysis. 
BMDMs were pre-treated with LPS 10 μg/L + IFN-γ 20 
μg/L or IL-4 20 μg/L + IL-13 20 μg/L for 1 h, and 
incubated with or without different concentrations of 
SKN (0.05, 0.1, and 0.2 μM) for 24 h before cell fixation. 
For F4/80, iNOS, arginase, CD68, and CD206, the 
sections and BMDMs were incubated overnight at 4℃. 
Then sections and BMDMs were incubated for 1 h at 
room temperature with the secondary antibody. The 
secondary antibody used against F4/80 was Alexa 
Fluor®488 goat anti-rabbit IgG (G + L), which emits 
green fluorescence, while the secondary antibody used 
against iNOS, arginase, CD68, and CD206 was Alexa 
Fluor®594 goat anti-mouse IgG (G + L), which emits red 
fluorescence. Each film was photographed in six random 
fields. Then, it was analyzed by image pro plus. 

2.9. Western-blot analysis 

This experiment was conducted as described 
previously.11-14 Synovium tissue from mice was collected. 
BMDM were pre-treated with LPS 10 μg/L + IFN-γ 20 
μg/L or IL-4 20 μg/L + IL-13 20 μg/L for 1 h, and 
incubated with or without different concentrations of 
SKN (0.05, 0.1, and 0.2 μM) for 24 h before cell 
preparation. The membranes were blocked at room 
temperature for 2 h and incubated overnight at 4°C with 
primary antibodies against iNOS (dilution 1:250), 
arginase (dilution 1:250), CD68 (dilution 1:200), CD206 
(dilution 1:1000), and glyceraldehyde-phosphate 
dehydrogenase (dilution 1:2500). After adding a 
secondary antibody (dilution 1:4000), the membrane was 
incubated at room temperature for 2 h. Then, it was 
developed in dark and analyzed using Image-Pro Plus 
software. 

2.10. Statistical analysis 

SPSS version 11.0 for Windows (SPSS Inc., Chicago, IL, 
USA) was used for the statistical analyses. Continuous 
variables were expressed as mean ± standard error of 
mean. Pathological scores were analyzed using non-
parametric Kruskal-Wallis tests. Other data were 
analyzed using analysis of variance followed by the post 
hoc test or Student’s t-test. Differences were considered 
statistically significant at P < 0.05. 

3. RESULTS 

3.1. SKN relieves arthritis in CIA mice 

SKN and MTX were administered intraperitoneally from 
days 21 to 43 of the first immunization in DBA/1 mice 
with CIA. As shown as previously described,15 SKN and 
MTX alleviated the degree of swelling in CIA mice, and 
SKN exerted a better effect than MTX as showed in the 
histopathological evaluation. Altogether, these results 
indicate that SKN relieved arthritis in CIA mice. 
Moreover, the effect of SKN is better than that of the 
positive control, MTX. 

3.2. SKN inhibits M1 macrophage polarization in the 
joints of CIA mice 

Immunofluorescence was used to assess the expression 
of F4/80 (the marker of macrophage), CD68, and iNOS 

(the marker of M1 macrophage) in the synovium. A 
significant amount of M1 macrophage staining was 
observed in the inflamed joints of CIA mice, and this was 
significantly relieved in the SKN- and MTX-treated 
groups compared to the control and CIA groups (Figure 
1A-1C).  

3.3. SKN did not affect M2 macrophage polarization in 
synovium tissue of the joints in CIA mice 

Immunofluorescence was used to assess the expression 
of F4/80 (the marker of macrophage), CD206, and 
arginase (the marker of M2 macrophage) in the 
synovium. Except for the normal group, there was no 
significant difference in the number of M2 macrophages 
among different groups.  

3.4. Morphology of BMDM cells 

The adherent primary BMDMs were cultured and 
subcultured. The morphology of BMDMs was observed 
under an inverted microscope. Under the action of M-
CSF, bone marrow-derived monocytes differentiate into 
BMDMs, and the cells were fusiform, round, or oval 
"fried egg-like" (Figure 2A-2C). The purity of 
macrophages was detected using immunofluorescence, 
and the positivity of macrophage-specific marker-F4/80 
reached 99% (Figure 2D). 

3.5. SKN inhibits M1 polarization induced by LPS + 
IFN-γ in BMDMs 

Compared with the undifferentiated M0 macrophages, 
LPS + IFN- γ induced the polarization of M1 
macrophages that were labeled with CD68 and iNOS 
(both red), and F4/80 (green) for M0 undifferentiated 
macrophages. The results of immunofluorescence 
experiments are shown in Figure 3. Compared with the 
blank group, the number of M0 (F4/80+) cells in LPS and 
IFN-γ group increased significantly. Compared with the 
LPS + IFN- γ group, the number of M1 (CD68+ and 
iNOS+) cells in SKN group, was significantly reduced.  

3.6. SKN did not affect M2 polarization induced by IL4 
+ IL13 in BMDMs 
Compared with the undifferentiated M0 macrophages, 
IL-4 + IL-13 induced polarization of M2 macrophages 
that were labeled with CD206 and arginase (both red), 
and F4/80 (green) for M0 undifferentiated macrophages. 
The results of immunofluorescence experiments are 
shown in Figure6. Compared with the blank group, the 
number of M0 (F4/80+) cells in IL-4 + IL-13 group 
increased significantly (P < 0.01). However, compared 
with the IL-4 + IL-13 group, the number of M2 (CD206+ 
and Arginase+) cells did not change significantly. 

3.7. SKN inhibits protein expression of M1 polarization 
mediators 
The protein expression levels of iNOS, arginase, CD68, 
and CD206 in the joints of CIA mice and LPS + IFN-γ- 
or IL4 + IL13-induced BMDMs modulated in a dose-
dependent manner. The levels of iNOS (Figure 4A) and 
CD68 (Figure 4B), but not arginase (Figure 4C) and 
CD206 (Figure 4D) treated with SKN were significantly 
decreased. Additionally, SKN significantly inhibited the  
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Figure 1 SKN inhibits M1 macrophage polarization in the joints of CIA mice (via immunofluorescence, ×40) 
A, C: photomicrographs of iNOS+ M1 macrophage immunofluorescence stained synovial membrane tissues in knee joints of control, CIA, 4 
mg/kg SKN-treated, and 0.5 mg/kg MTX-treated CIA mice are shown, respectively;the timing of the dosage for 23 d from day 21 after primary 
immunization. A1-A3: the F4/80+ cells, iNOS+ cells, iNOS+ F4/80+ cells in control group; A4-A5: the F4/80+ cells, iNOS+ cells, iNOS+ 
F4/80+ cells in CIA group; A6-A9: the F4/80+ cells, iNOS+ cells, iNOS+ F4/80+ cells in SKN group; A10-A12: the the F4/80+ cells, iNOS+ 
cells, iNOS+ F4/80+ cells in MTX group; B, C: photomicrographs of CD68+ M1 macrophage immunofluorescence-stained ankle joints of 
control, CIA, SKN-treated, and MTX-treated CIA mice are shown, respectively. B1-B3: the F4/80+ cells, CD68+ cells, CD68+ F4/80+ cells in 
control group; B4-B5: the F4/80+ cells, CD68+ cells, CD68+ F4/80+ cells in CIA group; B6-B9: the F4/80+ cells, CD68+ cells, CD68+ F4/80+ 
cells in SKN group; B10-B12: the the F4/80+ cells, CD68+ cells, CD68+ F4/80+ cells in MTX group. All data are present as mean ± standard 
error of mean (n = 6). aP < 0.001, compared to the control group; bP < 0.01, and cP < 0.05, compared to the CIA group. SKN: shikonin; CIA: 
collagen-induced arthritis; iNOS: nitric oxide synthase; MTX: methotrexate. 
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expression of iNOS (Figure 4E) and CD68 (Figure 4F), 
but not arginase (Figure 4G) and CD206 (Figure 4H) in 
LPS + IFN-γ- or IL4 + IL13-induced BMDMs.  

4. DISCUSSION 

RA is an autoimmune disease characterized by chronic 
synovitis and cartilage erosion, which eventually leads to 
the destruction of bones and joints. Due to the continuous 
and repeated attack of the disease and high disability rate, 
it is considered a clinically refractory disease.17,18 In the 
early stage of RA, synovitis is the main lesion, which is 
characterized by the infiltration of mononuclear 
macrophages and lymphocytes in the synovial tissue, 
secretion of a large number of inflammatory cytokines, 
induction of vascular proliferation in synovial tissue, 
formation of pannus, and corrosion of the cartilage and 
destruction of bone tissue, which eventually lead to joint 
deformity and loss of function.19 Synovitis occurs at the 
initiation of RA, and its pathogenesis is not fully clear 
yet, but the role of synovial macrophages in RA has been 
confirmed by a large number of studies.20-23 Several 
studies have demon-strated that the activated synovial 
macrophages release a large amount of tumor necrosis 
factor alpha, interleukin (IL)-1β, IL-6, IL-23, and so on. 
Conversely, they promote synovial inflammation and act 
as a liaison with other lymphoid cells, such as T helper 
cells (Th) 1, Th17, and fibroblast ties or stimulators. 
They further promote the production of other 
inflammatory factors, and then induce pannus 
formation and bone and joint destruction, and a series 
of other pathological reactions.24-26 Additionally, the 
distribution of synovial macrophages throughout the 
synovial layer in the joint is also more conducive to its 
role in mediating synovitis.27 It is noteworthy that some 
other studies also found that synovial cells are the most 
reliable biomarkers to assess the severity of RA disease 
and response to the treatment.28,29 Haringman J found 
that the number of synovial macrophages in RA patients 
can not only reflect the degree of joint destruction but 
also predict the progression of joint destruction in RA.30 

It can be seen that synovial macrophages play a central 
role in the process of RA synovitis, and can also be used 
as an ideal target for the treatment of RA. Macrophages 
undergo the phenomenon of macrophage polarization 
under the action of different stimulating factors, that is, 
M1 and M2 macrophages. During the occurrence and 
development of RA, the dynamic balance between M1 
and M2 macrophages is disrupted by a variety of factors, 
causing an increase in M1 type pro-inflammatory 
macrophages and aggravate the inflammatory reaction.26 
Therefore, the effective intervention of macrophage 
transformation to M1 type and restoration of dynamic 
balance between M1/M2 macrophages can promote the 
regression of inflammation.  
Macrophages in synovial tissue mainly come from 
peripheral monocytes. It has been shown that monocytes 
can be stimulated by GM-CSF or M-CSF to convert into 
macrophages with stronger phagocytic ability. 
Macrophages can differentiate into different phenotypes 
and present different functions under different 
microenvironment signals, which is called macrophage 
plasticity.31,32 Th1 derived cytokines (such as IFN-γ, IL-
1β) and LPS can induce M1 macrophages through 
classical activation pathway, presenting a pro-
inflammatory phenotype, which can secrete a large 
number of pro-inflammatory factors, such as TNF-α, IL-
1, IL-6, etc., playing the role of pro-inflammatory and 
antigen presentation. Conversely, Th2 derived cytokines, 
such as IL-4, IL-13, etc. can induce M2 macrophages 
through alternative activation pathway, showing anti-
inflammatory effects. Inflammatory phenotype mainly 
involves high expression of anti-inflammatory factors, 
such as IL-10, IL-13, Il-14, and so on, which play the role 
of immune regulators, thereby promoting wound healing 
and tissue repair.33,34 
Our results revealed that SKN relieved symptoms of 
inflammation in the joints in CIA mice. SKN inhibited 
M1 macrophage polarization but did not affect M2 
macrophage polarization in the joints of CIA mice.  

Figure 2 Cell morphology of BMDM 
A: the morphology of BMDMs at 10 × magnification; B: the morphology of BMDMs at 20× magnification; C: the morphology of BMDMs at 
40× magnification; D: DAPI in BMDMs via immunofluorescence; E: F4/80 in BMDMs via immunofluorescence; F: the positive rate of F4/80 in 
BMDMs via immunofluorescence. BMDM: bone marrow-derived-macrophages; DAPI: diphenylindole. 
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Figure 3 SKN inhibits M1 polarization induced by LPS and IFN-γ in bone marrow-derived macrophages (via immunofluorescence, ×20) 
BMDMs were pre-treated with LPS 10 μg/L + IFN-γ 20 μg/L or IL-4 20 μg/L + IL-13 20 μg/L for 1 h, and incubated with or without different 
concentrations of SKN (0.05, 0.1, and 0.2 μM) for 24 h. 
A, C: effect of SKN on polarization of iNOS+M1 induced by LPS and IFN-γ.A1-A3: the F4/80+ cells, iNOS+ cells, the iNOS+F4/80+ cells in 
BMDMs; A4-A6: the F4/80+ cells, iNOS+ cells, the iNOS+F4/80+ cells in LPS 10 μg/L + IFN-γ 20 μg/L induced BMDMs; A7-A9: the F4/80+ 
cells, iNOS+ cells, the iNOS+F4/80+ cells in LPS 10 μg/L + IFN-γ 20 μg/L induced BMDMs with SKN 0.05 μM; A10-A12: the F4/80+ cells, 
iNOS+ cells, the iNOS+F4/80+ cells in LPS 10 μg/L + IFN-γ 20 μg/L induced BMDMs with SKN 0.1 μM; A13-A15: the F4/80+ cells, iNOS+ 
cells, the iNOS+F4/80+ cells in LPS 10 μg/L + IFN-γ 20 μg/L induced BMDMs with SKN 0.05 μm. ; B, C: effect of SKN on polarization of 
CD68+M1 induced by LPS and IFN-γ. B1-B3: the F4/80+ cells, CD68+ cells, CD68+F4/80+ cells in BMDMs; B4-B6: the F4/80+ cells, CD68+ 
cells, CD68+F4/80+ cells in LPS 10 μg/L + IFN-γ 20 μg/L induced BMDMs; B6-B9: the F4/80+ cells, CD68+ cells, CD68+F4/80+ cells in 
LPS 10 μg/L + IFN-γ 20 μg/L induced BMDMs with SKN 0.05 μM; B10-B12: the F4/80+ cells, CD68+ cells, CD68+F4/80+ cells in LPS 
10 μg/L + IFN-γ 20 μg/L induced BMDMs with SKN 0.1 μM; B13-B15: the F4/80+ cells, CD68+ cells, CD68+F4/80+ cells in LPS 10 μg/L 
+ IFN-γ 20 μg/L induced BMDMs with SKN 0.2 μm. All data are expressed as mean ± standard error of mean (n = 12). aP < 0.001, compared 
with the control group. bP < 0.05, cP < 0.01, and dP < 0.001, compared to the vehicle group. SKN: shikonin; iNOS: nitric oxide synthase; LPS: 
lipopolysaccharide; IFN: interferon; BMDMs: bone marrow-derived-macrophages. 
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Meanwhile, SKN inhibited M1 polarization induced by 
LPS + IFN-γ, but did not affect M2 polarization induced 
by IL-4 + IL-13.  
In conclusion, these findings suggest that SKN alleviated 
CIA through inhibiting M1 macrophage polarization, 
and therefore, it can be potentially deployed as a new 
drug for RA treatment. 
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