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Bioactive compounds from medicinal plants with anti-inflammatory and immunosuppressive 
effects have been emerging as important sources of drugs for the treatment of 
inflammatory disorders. Triptolide, a diterpene triepoxide, is a pharmacologically active 
compound isolated from Tripterygium wilfordii Hook F (TwHF) that is used as a remedy 
for inflammatory and autoimmune diseases. As the most promising bioactive compound 
obtained from TwHF, triptolide has attracted considerable interest recently, especially for 
its potent anti-inflammatory and immunosuppressive activities. Over the past few years, 
an increasing number of studies have been published emphasizing the value of triptolide 
in the treatment of diverse inflammatory disorders. Here, we systematically review the 
mechanism of action and the therapeutic properties of triptolide in various inflammatory 
diseases according to different systematic organs, including lupus nephritis, inflammatory 
bowel disease, asthma, and rheumatoid arthritis with pubmed and Embase. Based on 
this review, potential research strategies might contribute to the clinical application of 
triptolide in the future.
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INTRODUCTION
Complementary and alternative medications, including traditional Chinese medicines (TCMs), 
have long been used to treat inflammatory disorders, and they are generally well tolerated by patients 
(Goldrosen and Straus, 2004). The use of TCMs has necessitated urgent research into the mechanisms 
of action of natural products. One TCM, Tripterygium wilfordii Hook F (TwHF), has been used in 
folk medicine for the treatment of a variety of inflammatory disorders for many centuries (Tao 
et al., 1991; Goldbach-Mansky et al., 2009; Lv et al., 2015). TwHF belongs to celastraceae family and 
Tripterygium genus. It has been collected in Southern China and its roots have been used in various 
preparations to “relieve stasis and internal warmth,” among many other conditions diagnosed by 
TCM practitioners. TwHF was used to deal with rheumatoid arthritis and psoriasis in ancient 
China. In addition, TwHF was also used as a method of birth control in men. Previous studies 
demonstrated TwHF exhibited multiple pharmacological activities including antitumor, immune 
modulation, anti-inflammatory, and antifertility effects. Especially in RA, TwHF was found to have 
anti-inflammatory and cartilage protective effects (Zhou et al., 2018). However, TwHF might have 
significant side effects and severe toxicity, which limits the clinical application.
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Triptolide is a major bioactive compound derived from T. 
wilfordii Hook F (Kupchan et al., 1972). It is a diterpene triepoxide 
containing three epoxy groups, a C-14-hydroxyl group and a 
lactone ring (Figure 1).

With pubmed and Embase, we systematically review the 
therapeutic properties of triptolide in inflammatory diseases 
according to different systematic organs and illustrate its 
potential clinical applications.

POTENTIAL EFFECTS OF TRIPTOLIDE ON 
INFLAMMATORY DISEASES
The therapeutic potential of triptolide has been tested in various 
inflammatory and autoimmune disorder models, including 
nephritis, asthma, arthritis, and neurodegenerative disorders, 
and triptolide has been found to modulate a wide variety of 
inflammatory mediators. These disorders and their inflammatory 
mediators will be discussed in brief below.

Renal Diseases
Membranous Nephropathy
Membranous nephropathy (MN) is one of the major causes 
of nephrotic syndrome in adults and is characterized by 
subepithelial deposition of immune complexes (Cattran and 
Brenchley, 2017). Globally, the overall incidence of membranous 
nephropathy (MN) is estimated as 1/100,000. Immune-mediated 
podocyte injury is considered to underlie the proteinuria in 
MN. Asymptomatic proteinuria and generalized edema are 
clinical presentations of MN. Researchers found that triptolide 
could reduce podocyte injuries in MN to reduce proteinuria and 
alleviate inflammatory response in animal model of MN.

Chen et al. (2010) demonstrated that 200 μg/kg/day 
triptolide could effectively reduce proteinuria and inhibit 

immune-mediated injuries in an experimental rat model of 
MN. The recovery of podocyte injuries was promoted after 
triptolide treatment, accompanied by a reduction in glomerular 
complement component 5b-9 (C5b-9) deposits. In addition, 
Triptolide also suppressed reactive oxygen species (ROS) 
generation and p38 mitogen-activated protein kinase (MAPK) 
activation in the podocytes induced by C5b-9.

Later, Zhou et al. (2016) showed that 200 μg/kg/day triptolide 
attenuated the inflammatory response in MN rats via suppression 
of the nuclear factor-kappa B (NF-κB) signaling pathway. 
Interestingly, they also found that triptolide treatment could 
significantly decrease malondialdehyde (MDA) levels while 
enhancing superoxide dismutase (SOD) activity in the serum to 
reduce oxidative stress and inflammatory responses.

More recently, Chen et al. (2017) revealed that 100 and 200 μg/
kg/day triptolide reduces podocyte injury by inhibiting podocyte 
apoptosis in an experimental rat model of MN. Cleaved caspase-3 
and cleaved poly ADP-ribose polymerase (PARP) were markedly 
decreased after triptolide treatment. Triptolide inhibited C5b-
9-induced MAPK activation in podocytes by decreasing p-JNK 
and p-ERK expression.

So, triptolide could alleviate membranous nephropathy by 
inhibiting inflammatory signaling pathways including NF-κB 
and MAPK pathways. Oxidative stress and apoptosis were also 
involved in the mechanism of triptolide against MN. However, 
the researchers have not investigated the triptolide cytotoxicity 
in the organ of animal model of MN. Only Chen et al. (2017) 
studied aminotransferase in the serum.

Lupus Nephritis
Lupus nephritis is inflammation of the kidney caused by 
systemic lupus erythematosus and is characterized by increased 
production of cytokines and autoantibodies, deposition of 
immune complexes, and infiltration of leukocytes (Lech and 
Anders, 2013). Lupus nephritis (LN) influences almost 40% of 
patients with systemic lupus erythematous (SLE).

Tao et al. (2008) discovered that triptolide with 15 weeks 
administration could increase the survival rate, reduce disease 
severity and decrease cytokine production in mice with lupus 
nephritis (LN). They indicated that the survival rate of mice was 
significantly higher in the triptolide group (87.5%) than in the 
vehicle group (35.7%). Triptolide could decrease proteinuria 
and blood urea nitrogen levels were significantly reduced in 
the triptolide-treated mice compared with the control mice 
throughout the treatment period. Histopathologic analysis 
showed that triptolide-treated mice had less severe kidney disease, 
with significantly diminished glomerular and interstitial disease. 
In this study, the NZB/NZWF1 mice were used as the animal 
model of LN. There are some shortcomings of NZB/NZWF1 
mice. These mice do not possess some clinical manifestations of 
lupus such as arthritis and rash. Another drawback of this strain 
is the long disease incubation time almost 6 months which is the 
long disease incubation time.

Kidney Transplantation
Due to allograft rejection, the fate of long-term grafts has not 
changed significantly over the past decades. Allograft rejection, 

FIGURE 1 | Chemical structure of triptolide.Triptolide has been shown to 
possess a broad spectrum of anti-inflammatory and immunosuppressive 
properties in treating various inflammatory disorder models. Based on potent 
anti-inflammatory biological activities, triptolide has increasingly drawn 
attention worldwide in recent decades.
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characterized by the activation of various inflammatory cells, 
cytokines, chemokines, and adhesion molecules, is one of 
the leading causes of graft loss in clinical transplantation 
(Ingulli, 2010). Triptolide could prolong the survival of kidney 
transplantation by inhibiting inflammatory activities.

In 2009, an experimental study demonstrated that triptolide 
with 250 and 500 μg/kg/day treatment effectively prolongs 
allograft survival (Zhang et al., 2009). Brown Norway rat kidneys 
were transplanted into Lewis recipients to generate allograft 
groups, and graft recipients were treated with 0.25 and 0.5 mg/kg/
day triptolide for 14 days. The average median survival time (MST) 
was 18 and 19.8 days in the 0.25 and 0.5 mg/kg/day triptolide 
treatment groups, respectively. There had some flaws in this study. 
The researchers have not evaluated the cytotoxicity of triptolide in 
the healthy organs of kidney transplantation animal model.

Later, Zhang et al. (2013) demonstrated that complex 
phenotypic and allostimulatory functional changes induced 
in rat bone marrow-derived dendritic cells (DCs) by 1-10 nM 
triptolide may account for the prolonged allograft survival. 
They also found that triptolide-conditioned DCs could induce 
allospecific T-cell regulation and prolong renal graft survival.

Crews et al. (2005) demonstrated that downregulation of 
vascular cell adhesion molecule 1 (VCAM-1) and transforming 
growth factor beta (TGF-β) are associated with successful 500 
μg/kg/day triptolide with 10 days treatment of chronic allograft 
rejection in rats. The gene expression levels of VCAM-1 and 
TGF-β exhibited significant associations with the CADI scores of 
the experimental groups.

Importantly, Hong et al. (2002) showed triptolide is a potent 
suppressant of C3, CD40 and B7h expression in activated human 
proximal tubular epithelial cells (PTECs). Triptolide exerts 
inhibitory effects on C3, CD40, and B7h expression in TNF-α-
stimulated PTECs.

Therefore, triptolide might have a beneficial effect on kidney 
transplantation by inhibiting inflammatory molecules such as 
VCAM-1, TGF-β, C3, and CD40.

Renal Fibrosis
Renal fibrosis is associated with a decline in renal excretory 
function, and unresolved inflammation promotes progressive 
renal fibrosis, which can culminate in end-stage renal disease 
(Zhou et al., 2016). It has been found that 0.6 mg/kg per day 
triptolide attenuates renal interstitial fibrosis by decreasing 
α-SMA and TGF-β1 expression and interstitial collagen 
deposition in the kidney (Yuan et al., 2011). Triptolide could also 
inhibit macrophage and myofibroblast infiltration.

Gastrointestinal Disease
Inflammatory Bowel Disease
Inflammatory bowel disease (IBD) includes ulcerative colitis 
and Crohn’s disease (CD) and is characterized by chronic 
inflammation of the gastrointestinal tract (Abraham and Cho, 
2009). An estimated 1.6 million Americans are affected by IBD, 
and approximately 2.5–3 million people in Europe currently have 
IBD. Previous studies found that triptolide could deal with IBD 
in mouse model and patients.

Two kinds of inflammatory bowel disease animal models 
including dextran sulfate sodium (DSS) induced colitis mice 
and interleukin-10 gene-deficient (IL-10−/−) mice were adopt in 
these studies. 0.07 mg/kg/day Triptolide with 8 weeks treatment 
alleviated diarrhea, edema, hyperemia, and inflammatory cells 
infiltration in the animal models (Wei et al., 2008). In addition, 
researchers also investigated the mechanism of triptolide in the 
treatment of IBD. Li et al. (2010) found that triptolide ameliorates 
colitis by suppressing the IL-6/signal transducer and activator of 
transcription 3 (STAT3) signaling pathway and downregulating 
IL-17. Zhang et al. (2014) found that 0.6 mg/kg/day triptolide 
administration ameliorates intestinal injury by inhibiting the 
expression of secondary lymphoid tissue chemokine chemokine 
(C-C motif) ligand 21 (CCL21), which has chemotactic effects 
on T cells, B cells, NK cells, and DCs. However, they only 
investigated the expression of CCL21, which is not sufficient 
to demonstrate triptolide influence the chemotactic effects of T 
cells, B cells, NK cells, and DCs.

Inflammatory bowel disease is associated with an increased 
risk of developing colorectal cancer. Wang et al. demonstrated 
that triptolide with 0.1, 0.3, or 1 mg/kg/day for 20 weeks inhibited 
colitis-related colon cancer progression in vivo via downregulating 
Rac1 and the Janus kinase (JAK)/STAT3 pathway (Wang et al., 
2009). In vitro cell cycle analysis revealed that triptolide inhibits 
the proliferation, migration and colony formation of colon cancer 
cells. Triptolide could reduce the secretion of IL6 and levels of 
JAK1 and IL6R by interrupting the IL6R-JAK/STAT pathway. The 
shortcoming in this study was that the high dose group was 1 mg/
kg/day which might lead to organ damage. However, Wang et al. 
have not investigated the organ damage in this group.

Intestinal Fibrosis
Intestinal fibrosis is a common complication of inflammatory 
bowel disease that is characterized by abnormal deposition of 
extracellular matrix proteins produced by activated myofibroblasts 
in the intestine (Rieder and Fiocchi, 2008). Tao et  al. (2015) 
discovered that 45 mg/kg per day triptolide ameliorates colonic 
fibrosis in an experimental rat model. Triptolide could reduce 
collagen production and extracellular matrix deposition in the 
colon. Collagen I protein and collagen Iα1 transcript expression 
were also inhibited after treatment in the isolated subepithelial 
myofibroblasts of rats with colonic fibrosis.

Liver Fibrosis
Liver fibrosis is the excessive accumulation of extracellular matrix 
that occurs in most types of chronic liver diseases (Bataller and 
Brenner, 2005). Chong et al. (2011) found that 20 μg/kg triptolide 
exerts antihepatofibrotic effects in animal model of liver fibrosis. 
Triptolide inhibited the NF-κB signaling pathway in hepatic 
stellate cells. In addition, triptolide treatment reduced hepatic 
fibrosis scores in vivo.

Respiratory Disease
Asthma
Asthma is a common long-term inflammatory airway disorder. 
Airway smooth muscle cells, goblet cells and eosinophils 
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contribute to asthmatic airway inflammation (Cohn et al., 
2004). Approximately 8% of the adult population in worldwide 
are diagnosed asthma. Triptolide could inhibit asthma airway 
remodeling by suppressing the inflammatory signaling pathway, 
interfering with the production of pro-inflammatory chemokines 
and cytokines.

In the ovalbumin (OVA)—sensitized asthma mice model, 
Chen et al. showed that 40 μg/kg/day triptolide treatment 
may function as an inhibitor of asthma airway remodeling 
(Chen et al., 2011; Chen et al., 2015b).Triptolide could inhibit 
mucous gland hypertrophy, goblet cell hyperplasia and collagen 
deposition through the suppression of TGF-β1/Smad and NF-κB 
signaling pathways in airways. However, they only tested p-P65 
protein in NF-κB signaling pathway which was not sufficient 
to demonstrated NF-κB signaling pathway was involved in 
the mechanism of triptolide. Furthermore, they revealed that 
triptolide inhibits the proliferation and migration of rat ASMCs 
(Chen et al., 2015a). Triptolide exerts a time- and dose-dependent 
inhibition of TGF-β1-induced ASMC proliferation by blocking S 
and G2/M phases without apparent cytotoxic effects.

Apart from signaling pathways, researchers also focused on 
the inflammatory cells in asthma. Ji et al. (2015) have shown that 
triptolide modulates the CD4+ T cell balance in an asthmatic 
animal model. Triptolide could regulate Th1/Th2 balance 
and Th17/Treg equilibrium. Inflammatory cytokines in the 
bronchoalveolar lavage fluid (BALF), such as IL-10, IL-13, IL-17, 
TNF-α, and TGF-β, are downregulated after treatment. Mao et al. 
(2008) found that 2 weeks of 40 μg/kg/day triptolide treatment 
alleviated eosinophil recruitment in BALF by inhibiting bone 
marrow eosinophilopoiesis. The number of eosinophils in the 
peripheral blood and bone marrow were significantly reduced 
after triptolide treatment

Acute Lung Injury
Acute lung injury (ALI) is a disorder of acute inflammation 
consisting of acute hypoxemic respiratory failure (Rubenfeld 
et al., 2005). Triptolide was found to alleviate ALI in LPS-induced 
mouse model and chlorine exposure mouse model.

In mouse models of chlorine gas-induced acute lung injury, 
triptolide ranged 100–1,000 μg/kg/day administration showed 
anti-inflammatory effects by decreasing neutrophils infiltration 
to the lung lavage fluid and lung tissue (Hoyle et al., 2010). In 
the LPS-induced ALI mouse model, 1–50 μg/kg/day triptolide 
ameliorated ALI by inhibiting the NF-κB signaling pathway (Wang 
et al., 2014). Triptolide inhibited chemokines such as macrophage 
inflammatory protein alpha (MIP-1α), MIP-1β, regulated upon 
activation normal T cell express sequence (RANTES) in the lung 
tissue and inflammatory cytokines such as TNF-α, IL-1β, IL-6 in 
the BALF of mice with ALI. Suppressed expression of p-IκB-α 
and p-NF-κB p65 showed that triptolide inhibits the NF-κB 
signaling pathway. Moreover, in the same animal model, Wei 
et al. found that triptolide with 5, 10, and 15 μg/kg treatment 
attenuated the LPS-induced inflammatory response by inhibiting 
the MAPK signaling pathway (Wei and Huang, 2014). Triptolide 
inhibits the phosphorylation of p38, JNK, and ERK. However, 
there have some significant disadvantages in LPS-induced ALI 
mouse model. LPS preparations might be contaminated with 

bacterial materials and other bacterial lipoproteins. LPS does 
not induce injury of epithelial and endothelial cells occurring in 
acute respiratory distress syndrome of humans.

Pulmonary Arterial Hypertension
Pulmonary arterial hypertension (PAH) is an incurable disease 
characterized by increased blood pressure in the arteries of 
the lungs (Farber and Loscalzo, 2004). There is an increasing 
appreciation of inflammation in the pathogenesis of PAH with 
an accumulation of inflammatory cells and elevated cytokines. 
Triptolide could attenuate the development of pulmonary 
hypertension by down-regulating expression of functionally 
related genes.

In a rat experimental pulmonary arterial hypertension model, 
it has been shown that 0.25 mg/kg/day triptolide can effectively 
attenuate the development of pulmonary hypertension (Faul 
et al., 2000). By Day 35, the mean pulmonary arterial pressure 
was diminished in triptolide-treated rats compared with vehicle-
treated rats. Triptolide-treated rats also showed significantly 
less pulmonary arterial neointimal formation and right 
ventricular hypertrophy. Another study analyzed longitudinal 
transcriptional expression in pulmonary hypertension rats 
administered 0.25 mg/kg/day triptolide treatment for 30 
days (Vaszar et al., 2004). Transcriptional analysis with total 
lung RNA was performed for every experimental time point. 
They found that a group of functionally related genes, such 
as matrix metalloproteinase (MMP) and mast cell chymases, 
were significantly coexpressed with the development of PAH. 
The global gene expression pattern also resembled that seen 
in intermediate stages of severity. Functionally related genes 
were downregulated in response to triptolide treatment. 
Monocrotaline (MCT)-induced pulmonary hypertension 
(MCTP) was used as animal model in these two studies. 
Compared with chronic hypoxia PAH animal model, MCTP 
is easily to be therapeutically improved owning to the acute 
nature, which is not alike the characteristics of PAH in human.

Pulmonary Fibrosis
Pulmonary fibrosis is a chronic, debilitating and lethal lung 
disorder. Pulmonary fibrosis is estimated to have prevalence of 
13 to 20 per 100,000 people worldwide. It has been demonstrated 
that 0.25 mg/kg triptolide effectively reduced radiation-induced 
lung fibrosis (Yang et al., 2015; Chen et al., 2016). Triptolide 
improved the pulmonary function by inhibiting myofibroblast 
activation, collagen deposition and ROS production in lung 
tissues. Triptolide also mitigated pulmonary fibrosis partly by 
downregulating nicotinamide adenine dinucleotide phosphate-
oxidase 2 (NOX2) through the NF-κB pathway.

Endocrine Diseases
Diabetic Nephropathy
Diabetic nephropathy (DN) is a serious complication in those 
with diabetes mellitus. Podocyte injuries, such as decreased 
density of podocytes due to chronic inflammation and oxidative 
stress, are observed in the development of diabetic glomerular 
injury (Navarro-González and Mora-Fernández, 2008). Triptolide 
exerted protective effects on DN of DN animal model.
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In an in vitro model of db/db diabetic mice with increased 
albuminuria, it has been revealed that triptolide markedly 
attenuates albuminuria. It has been shown that 50 μg/kg/day 
triptolide with 12 weeks treatment attenuates inflammation in the 
kidneys accompanied by alleviated podocyte injury. Triptolide 
could reduce the expression of desmin protein, MCP-1 protein 
and CD68-positive macrophages in db/db diabetic mouse 
kidneys (Gao et al., 2010).

Apart from db/db diabetic animal model, investigators also 
used streptozocin-induced DN model to reveal the mechanism 
of triptolide against DN. db/db diabetic animal model was used 
to be type 2 diabetes model, while streptozocin-induced DN 
model was used to be type 1 diabetes model.

Ma et al. demonstrated that 8 weeks of 100 μg/kg/day 
triptolide administration significantly reduces the expression 
of TGF-β1 and osteopontin to alleviate inflammation in the 
kidney. (Ma et al., 2013). Later, Guo et al. discovered that 4 weeks 
of 6, 12, or 24 mg/kg/day triptolide improves DN by regulating 
Th cell balance and macrophage infiltration (Guo et al., 2016). 
Triptolide could inhibit proinflammatory cytokines and increase 
anti-inflammatory cytokines by regulating the Th1/Th2 cell 
balance. Triptolide also inhibits macrophage infiltration and 
macrophage-mediated inflammation in the kidneys. Han et al. 
(2017) confirmed that triptolide significantly inhibits mesangial 
cell proliferation by suppressing the PDK1/Akt/mTOR pathway. 
More recently, Dong et al. (2017) reported that triptolide alleviates 
oxidative stress in the kidneys of DN. Renal homogenate SOD 
and MDA were significantly downregulated after treatment.

So, Th cell balance, macrophage, oxidative stress might be 
involved in the mechanism of triptolide in treating DN.

Diabetic Cardiomyopathy
Diabetic cardiomyopathy is one of the leading cardiovascular 
complications in diabetic patients. Chronic inflammation plays 
an important role in diabetic cardiomyopathy (Frati et al., 2017).

Studies have suggested that triptolide ranged 100, 200, 
or 400 μg/kg/day improves cardiac diastolic and systolic 
function in diabetic rats (Wen et al., 2013; Guo et al., 2016). 
Triptolide treatment prevents myocardial fibrosis and collagen 
accumulation in diabetic myocardium by decreasing the 
expression of cardiac inflammatory mediators including TGF-
β1, α-SMA, TNF-α, IL-1β, and vimentin. Triptolide treatment 
also inhibits the recruitment of macrophages and T lymphocytes 
in diabetic rat hearts. The inhibitory effect of triptolide on 
diabetic cardiomyopathy might be mediated by the suppression 
of the NF-κB immune pathway. More recently, Liang et al. (2015) 
detected that 100, 200, or 400 μg/kg/day triptolide improves 
cardiac function and increases cardiac energy metabolism by 
activating the MAPK signaling pathway.

Thus, triptolide could inhibit inflammatory cells recruitment 
and cytokines expression to reduce myocardial fibrosis, apoptosis 
and necrosis in diabetic cardiomyopathy. The shortcomings of 
these studies were that the researchers only tested N-κB p65 
in NF-κB signaling pathway and p38 MAPK protein in MAPK 
signaling pathway when they studied the related pathways. Only 
one protein in the inflammatory signaling pathway was not 

persuasive to demonstrate the related pathways were involved in 
the mechanism.

Rheumatic Diseases
Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a systemic inflammatory autoimmune 
disorder in which genetic and environmental risk factors 
contribute to disease development (Collison, 2016). Descriptive 
epidemiology studies of RA showed a population prevalence 
of 0.5–1% in worldwide. The disease is characterized by 
inflammation of synovial joints leading to the destruction 
of articular cartilage and erosion of the bone. Fibroblast-like 
synoviocytes (FLS), T cells, macrophages, DCs, osteoclasts, 
and chondrocytes play important roles in the pathogenesis of 
RA. Previous studies have observed antirheumatic properties 
of triptolide. In an animal model of RA, triptolide ameliorates 
the severity of arthritis (Gu and Brandwein, 1998). The anti-
inflammatory effects of triptolide in dealing with RA have thus 
far been attributed to the aspects described in Figure 2.

Fibroblast-Like Synoviocytes
Fibroblast-like synoviocytes, also known as synovial fibroblasts, 
are special cells that play a crucial role in the pathogenesis of RA 
(Bartok and Firestein, 2010). In RA, FLSs are the most common 
cell type at the cartilage–pannus junction and perpetrate 
inflammation through their massive production of inflammatory 
cytokines, chemokines, and matrix-degrading molecules and 
through immigration and invasion of joint cartilage (Bustamante 
et al., 2017).

Triptolide has been found to inhibit inflammation of 
fibroblast-like synoviocytes in several studies. Triptolide with 

FIGURE 2 | Anti-inflammatory effect(s) of triptolide on RA.Triptolide has a 
broad array of cellular mechanisms and potential therapeutic applications 
(Table 1).
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100 ng/ml concentration could inhibit inflammatory cytokine 
production of FLS and inhibit invasive capacities of FLS. Lu 
et al. (2008) demonstrated that triptolide inhibits the expression 
of IL-18 and its receptor in PMA-stimulated FLSs in a dose-
dependent manner by suppressing NF-κB activity. However, 
Lu et al. (2008) only analyzed one inflammatory cytokine 
produced by FLS. Lin et al. (2001) demonstrated that 28–140 
nM triptolide suppresses the production of proMMP1 and 3 in 
IL-1α-induced FLSs. In addition, triptolide downregulates the 
expression of PGE-2 in activated FLSs by selectively suppressing 
the production of COX-2. Kusunoki et al. (2004) revealed that 
100nM triptolide decreases viability, inhibits proliferation, 
and induces apoptosis of FLSs in a concentration-dependent 
manner at very low concentrations. Later, Yang et al. (2016) 
discovered that 10–50 nM triptolide reduces the migratory 
and invasive capacities of FLSs by affecting the cytoskeletal 
rearrangement of FLSs. They also indicated that triptolide 
blocks the activation of the JNK MAPK pathway in FLSs. Thus, 
triptolide suppresses the inflammatory mediators including 
IL-18, COX-2, proMMP1 and 3 in activated FLS. NF-κB and 
MAPK pathways might be involved in the mechanism of 
inhibiting FLS inflammatory activities.

T Cells
T cells take center stage in the pathogenesis of rheumatoid 
arthritis (Cope et al., 2007). The predominance of T cells in 
lymphocytic infiltrates in the tissue of patients with RA has 
been defined.

Previous studies have demonstrated the immunosuppressive 
effects of triptolide in regulating T cell function. Inflammatory 
cytokine production, apoptosis, cell proliferation, and 
inflammatory pathways were involved in the effects of 10–500 
nmol triptolide on T cells. Inflammatory cytokines production 
of T cells including IL-2, IFN-γ, IL-13, IL-17 were inhibited by 
triptolide (Chan et al., 1999; Dai et al., 2013). Qiu et al. (1999) 
reported that triptolide inhibits IL-2 expression in T cells at the 
level of purine-box/nuclear factor of activated T cells and NF-κB 
transcriptional activation triggered by all stimuli examined. 
Dai et al. (2013) demonstrated that triptolide inhibits IL-13 
expression by inhibiting GATA3 and nuclear factor of activated 
T cells 1 (NFAT1) nuclear translocation and their binding rates 
to the IL-13 gene promoter region. However, Dai et al. have not 
revealed the relationship between IL-13 and GATA3 in T cells 
clearly. They only examined the expression of IL-13 and GATA3 
after triptolide administration.

In the aspects of apoptosis and signaling pathways, Yang 
et al. (1998) discovered that 10–100 ng/ml triptolide induces T 
cell apoptosis accompanied by increased caspase activity and 
degradation of the caspase substrate PARP. Liu et al. (2000) 
showed that 2–10 μg/L triptolide attenuates T cell NF-κB 
activation by upregulating IκBα mRNA expression. In addition, 
Ho et al. (2013) discovered that 50–200 ng/ml triptolide 
attenuates both the NF-κB and MAPK signaling pathways.

Monocytes/Macrophages
Monocytes/macrophages play an important role in the 
pathogenesis of rheumatoid arthritis (Davignon et al., 2013). A 
number of monocytes/macrophages infiltrate into the rheumatoid 
synovium. They are a potent source of cytokines, chemokines 
and ROS that participate in the initiation, maintenance, and 
resolution of inflammation. The number of macrophages in the 
inflamed synovial membrane and cartilage-pannus junction are 
correlated with cartilage and bone destruction in RA (Kinne 
et al., 2007). As such, monocytes and macrophages are viewed as 
relevant therapeutic targets in treating RA.

Triptolide has been found to inhibit inflammation of 
monocytes and macrophages. Triptolide inhibited inflammatory 
cytokines and costimulatory molecules in monocytes. Triptolide 
suppressed the production of IL-12 in the THP-1 human 
monocytic leukemia cell line at dosage of 2.5–0.625 µg/L (Liu 
et al., 2005). Triptolide also suppressed expression of the 
costimulatory molecules CD80 and CD86 on LPS-activated 
THP-1 cells. In addition, 5–25 nM triptolide prompted THP-1 
apoptosis by inhibiting the NF-κB pathway and activating the 
MAPK pathway (Park and Kim, 2013). Interestingly, MAPK 
pathway was activated in this study, which is different with 
other studies. Activated MAPK pathway might contribute to the 
apoptosis of monocytes induced by triptolide.

Apart from monocytes, triptolide inhibits the inflammatory 
activities of macrophages through multiple mechanisms. First, 
5–40 ng/ml triptolide inhibits some key inflammation-related 
cytokines in LPS-activated macrophages, including TNF-α, 
IL-1β, IL-6, IL-8, and IFN-γ (Wu et al., 2006; Yang et al., 2010). 
Some proinflammatory chemokines, including CCL-1, 2, 5, 7, 
and 12, as well as CXCL-10 and 11, are attenuated after triptolide 

TABLE 1 | Cellular target(s) modulated by triptolide in rheumatoid arthritis.

Type of cells Mechanism(s) of action

Fibroblast-like 
synoviocytes

Inhibits viability, proliferation, migration and invasive 
capacities. Affects cytoskeletal rearrangement. Arrests 
the cell cycle. Induces apoptosis. Reduces inflammatory 
mediators, including IL-18, prostaglandin E2 (PGE-2), 
cyclooxygenase-2 (COX-2), pro-MMP1 and 3. Inhibits the 
NF-κB and MAPK pathways.

T cells Inhibits proliferation and differentiation. Induces apoptosis. 
Reduces inflammatory cytokines, including IL-2, IL-13, IL-17 
and IFN-γ. Inhibits the NF-κB and MAPK pathways.

Monocytes/ 
Macrophages

Reduces inflammatory cytokines, including IL-1β, IL-6, 
IL-8, IL-12, IL-37, TNF-α and IFN-γ. Reduces inflammatory 
chemokines, including CCL-1, 2, 5, 7, and 12 as well as 
chemokine (C-X-C motif) ligand (CXCL)-10 and 11. Reduces 
the expression of costimulatory molecules CD80 and CD86. 
Reduces production of nitric oxide (NO), superoxide anion 
and ROS. Induces apoptosis. Inhibits the NF-κB pathway 
and TAK1 kinase activity.

Dendritic cells Inhibits differentiation, maturation, allostimulatory capacities, 
chemotactic responses and migration. Induces apoptosis. 
Reduces inflammatory mediators, including MIP-1α, MIP-1β, 
MCP-1, PGE-2 and COX-2. Reduces the expression of 
costimulatory molecules CD1a, CD40, CD80 and CD86. 
Inhibits the PI3-K/Akt and NF-κB pathways.

Osteoclasts Inhibits differentiation and osteoclastogenesis. Regulates the 
RANKL/RANK/osteoprotegerin signaling pathway. Inhibits 
NF-κB activation.

Chondrocytes Reduces inflammatory mediators, including TNF-α, 
IL-6, PGE-2, COX-2, MMP-3 and MMP-13. Inhibits 
aggrecanase-1 expression. Inhibits NF-κB activation.
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administration with concentrations as low as 10–50 nM (Matta 
et al., 2009). Second, several studies have revealed that 5–25 ng/
ml triptolide suppresses nitric oxide (NO) and ROS production in 
activated macrophages (Wang et al., 2004; Bao et al., 2007). Kim 
et al. (2004) discovered that triptolide abrogates inducible NO 
synthase (iNOS) gene expression and inhibits NO production in 
a dose-dependent manner. Wu et al. (2006) found that triptolide 
inhibits superoxide anion and ROS production in murine 
peritoneal macrophages. Third, triptolide down-regulates NF-κB 
activation and JNK phosphorylation. Kim et al. (2004) revealed 
that triptolide significantly inhibits the DNA binding activity of 
NF-κB, whereas Premkumar et al. (2010) showed that myeloid 
differentiation primary response 88 (MyD88)-dependent and 
independent pathways of toll-like receptors (TLRs) are engaged in 
the biological activity of triptolide. So, triptolide could influence 
the inflammatory cytokines production, oxidative stress, and 
related inflammatory signaling pathways in the macrophages to 
alleviate inflammation.

Dendritic Cells
Dendritic cells play important roles in the induction of immunity 
and in mediating immune tolerance as professional antigen-
presenting cells (Khan et al., 2009). In the synovial fluid of 
RA joints, DCs amplify immune responses by ingesting and 
presenting antigens to T cells (Bell et al., 2017).

It has been found that triptolide could suppress the 
migration and differentiation of dendritic cells DCs. Chen 
et  al. (2005) found that triptolide is a potent suppressor of 
DCs maturation and trafficking. The allostimulatory capacities 
and chemotactic responses of DCs are inhibited by 2.5–10 
nM triptolide over a pharmacologic concentration range. Zhu 
et al. (2005) discovered that 20 ng/ml triptolide prevents the 
differentiation of immature DCs by inhibiting CD1a, CD40, 
CD80, CD86 and HLA-DR expression. Thus, triptolide could 
inhibit the trafficking, maturation, and differentiation of 
DCs and. In another article, triptolide inhibits DC-mediated 
chemoattraction of neutrophils and T cells by inhibiting 
DC production of CC and CXC chemokines, including 
MIP-1α, MIP-1β, and MCP-1, in response to LPS (Liu et al., 
2006). However, they have not revealed the mechanisms of 
triptolide inhibiting DC-mediated chemoattraction of other 
inflammatory cells. Later, Liu et al. (2007) revealed that 
10–100 ng/ml triptolide impairs DC migration by inhibiting 
the phosphatidylinositol-3 kinase (PI3-K)/Akt and NF-κB 
pathways. Triptolide-mediated suppression of the NF-κB 
pathway, STAT3 phosphorylation and an increase in suppressor 
of cytokine signaling 1 (SOCS1) expression in DCs may be 
involved in the inhibitory effect of triptolide. (Liu et al., 2004).

Osteoclasts
Extensive bone destruction is a feature of patients with rheumatoid 
arthritis, leading to severe deformity of the affected joints. As a 
result, ameliorating bone destruction is a very important issue in 
the treatment of RA.

Triptolide has been shown to efficiently ameliorate the 
progression of bone destruction in rheumatoid arthritis by 
inhibiting osteoclast activities. The related signaling pathways 

might include receptor activator of the nuclear factor kappa-B 
ligand (RANKL)/RANK/osteoprotegerin (OPG) and NF-κB 
signaling pathways. Liu et al. (2013) showed that 8-32μg/kg/
day triptolide prevents bone destruction and inhibits osteoclast 
formation in an animal model of RA by regulating the RANKL/
RANK/OPG signaling pathway. Later, Huang et al. (2015) 
reported that 1.25nM triptolide inhibits osteoclastogenesis 
and osteoclastic bone resorption by suppressing RANKL-
induced activation of NF-κB and p65 nuclear translocation in 
osteoclast-like cells. More recently, Xu et al. (2016) found that 
triptolide inhibits osteoclast differentiation and bone resorption 
by increasing expression of the immunosuppressive cytokines 
IL-10 and TGF-β1 by Tregs. Therefore, these data show that 
triptolide is effective in treating bone destruction by regulating 
osteoclast inflammatory activities, which is a hallmark of 
RA physiopathology.

Chondrocytes
Rheumatoid arthritis is characterized by synovitis in joints and 
destruction of cartilage. Cartilage is destroyed by enzymatic 
and mechanical processes. The chondrocytes themselves also 
synthesize cytokines and MMPs or respond to local cytokine 
release to accelerate articular cartilage destruction (Otero and 
Goldring, 2007).

Triptolide could reduce the expression of inflammatory 
mediators including TNF-α, IL-6, COX-2, and MMPs in 
chondrocytes to prevent cartilage damage. In 2005, Liacini et al. 
(2005) showed that triptolide at 125–250 nM concentrations 
possesses cartilage-protective effects by suppressing MMP 
expression in chondrocytes in vitro. 100nM triptolide inhibits 
proinflammatory cytokine-induced MMP-3 and MMP-13 
expression in chondrocytes in a dose-dependent manner. 
Later, Lin et al. (2007) discovered that triptolide suppresses 
inflammation and cartilage destruction in RA mice. In 2009, 
Xiao et al. (2009) demonstrated that triptolide reduces the 
expression of the proinflammatory cytokines COX-2 and 
NF-κB in paw cartilage in arthritic rats. Immunohistochemistry 
staining revealed that triptolide inhibits the expression of 
TNF-α, IL-6, COX-2 and NF-κB in superficial cartilage. The 
flaw of this study was that they only test NF-κB protein in the 
tissue. Other proteins in the NF-κB signaling pathway have not 
been investigated.

Neurologic Diseases
In the last decade, many studies have demonstrated that triptolide is 
a promising neuroprotective agent and alleviates neuroinflammation 
in animal models of neurodegenerative diseases.

Alzheimer’s Disease
Alzheimer’s disease (AD) is a chronic neurodegenerative 
disease that devastates later decades of life. Increasing evidence 
suggests that the pathogenesis of AD is not restricted to the 
neuronal compartment but includes strong interactions with 
neuroinflammation in the brain (Heneka et al., 2015). The 
prevalence of AD in worldwide is approximately as high as 24 
million. Triptolide could alleviate the immune-inflammatory 
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pathology including Aβ deposition, cytokines expression, and 
oxidative stress in the treatment of AD.

Triptolide treatment with 0.4 mg/kg/day administration of 18 
days could reduce Aβ deposition and neuroinflammation in the 
hippocampal and cortical areas by upregulating the degradation 
pathway of Aβ in a transgenic Alzheimer’s disease model (Cheng 
et al., 2014). Another study found that 20 μg/kg/day triptolide 
for 8 weeks exerted anti-inflammatory and antioxidative effects 
on the transgenic mouse brain (Wang et al., 2014). Triptolide 
inhibited the expression of proinflammatory markers TNFα and 
IL-1β in the hippocampus in the hippocampus. Recently, Li et al. 
(2016) demonstrated that 5 μg/kg/day triptolide treatment for 45 
days inhibits the activation and proliferation of microglial cells 
and astrocytes in the hippocampus in a transgenic AD mouse 
model, reducing neuroinflammation in the brain. Additionally, 
Cui et al. (2016) found that triptolide with 20 µg/kg/day for 15 
weeks alleviates neuroinflammation by suppressing MAPK 
activity. In the previous studies, APP transgenic mice were used 
as animal models. The brain of APP transgenic mice is similar 
to the brain pathology of AD patients with Aβ deposition and 
neuroinflammation.

Similar to what is observed in animal models of Alzheimer’s 
disease, the protective effect of triptolide has been found in vitro. 
Xu et al. demonstrated that triptolide has a protective effect in 
PC12 cells against Aβ25–35-induced cytotoxicity by inhibiting the 
autophagy pathway (Xu et al., 2015). Furthermore, they found 
that triptolide protects PC12 cells by reducing oxidative stress. 
Triptolide downregulated the expression of ROS, hydrogen 
peroxide and MDA induced by Aβ25–35 (Xu et al., 2016). PC12 
cell line was used to mimic AD in vitro model in these studies. 
Apart from PC12 cell line, human neuroblastoma and human 
induced pluripotent stem cells are also used as in vitro model for 
AD research. However, these cell lines are not really satisfactory 
in vitro model in order to mimic the features of AD.

Parkinson’s Disease
Parkinson’s disease (PD) is a chronic and progressive disorder. 
Chronic inflammation is a major characteristic of PD (Herrero 
et al., 2015). There were 6.1 million prevalent cases of PD globally. 
The worldwide the burden of Parkinson’s disease has more than 
6.1 million patients. Triptolide shows anti-inflammatory and 
neuroprotective effects in vivo and in vitro. Triptolide protected 
dopaminergic cells and reduced inflammatory cytokines 
expression in the brain of PD.

It has been demonstrated that triptolide protects dopaminergic 
neurons from inflammation-mediated damage. Moreover, 1–10 
nM triptolide has been found to suppress LPS-induced activation 
of microglia and excessive production of TNFα and NO (Li et al., 
2004). The administration of triptolide 1 or 5μg/kg for 24 days 
also attenuated the depletion of dopamine in the striatum and 
protected dopaminergic neurons from the injury induced by 
intranigral LPS injection (Zhou et al., 2005). Hu and colleagues 
have shown that 50 nM triptolide promotes the clearance of 
pathogenic proteins in neuronal cells using in vitro models of PD 
(Hu et al., 2017).

In addition, using an in vitro Parkinson’s disease model of 
lipopolysaccharides -stimulated PC12 cells, it has been shown 

that 10–100 ng/ml triptolide downregulates inflammatory 
mediators such as COX-2 and PGE-2 by inhibiting the NF-κB 
and MAPK signaling pathways in LPS-stimulated PC12 cells 
(Geng et al., 2012). Triptolide with concentration more than 
200ng/ml showed cytotoxicity effects on PC12 cells. PC12 cells 
were also used to mimic AD as in vitro model. So, this cell lines 
are not really satisfactory in vitro model in order to mimic the 
features of PD.

Multiple Sclerosis
Multiple sclerosis (MS) is a chronic inflammatory autoimmune 
disease, and experimental autoimmune encephalomyelitis 
(EAE) is considered an animal model for MS (Constantinescu 
et al., 2011). MS affects more than 2 million individuals in the 
worldwide. Triptolide alleviate MS in animal models by reducing 
inflammation and demyelination pathology.

Kizelsztein et al. (2009) discovered that 100 μg/kg/day 
triptolide for 2 weeks reduces cellular infiltration and tissue 
damage in experimental autoimmune encephalomyelitis mice. 
EAE-promoting cytokines, including IL-2, IL-6 and TNF-α, 
were reduced in inflamed brains. Molecular analysis revealed 
that triptolide suppressed NF-κB signaling pathway. Another 
study conducted by Wang et al. (2008) found that 100 μg/kg/day 
triptolide for 4 weeks modulates T-cell inflammatory responses 
and ameliorates EAE. Triptolide inhibited the mRNA expression 
of both Th1/Th(IL-17) and Th2 cytokines in spleen mononuclear 
cells and in spinal cord tissues. The levels of IFN-γ, TNF-α, IL-12, 
IL-6, IL-17 and IL-23 were significantly reduced in both spleen 
MNCs and spinal cord tissues after triptolide administration. 
EAE animal model was used to mimic MS in these studies. 
However, there are some limitations of EAE animal model. 
Firstly, EAE model offer little information on the progression of 
MS. EAE is an infectious disorder affecting white matter of spinal 
cord, whereas MS affects cerebral and cerebellar cortex.

CONCLUSION
With an increasing worldwide rate of inflammatory disorders, 
there is an urgent need for the improvement of the therapeutic 
activity of anti-inflammatory agents. The anti-inflammatory 
and immunosuppressive properties of triptolide make it a 
promising agent to treat inflammatory disorders. In this review, 
we systemically discussed the potential effects and mechanisms 
of triptolide in the treatment of different inflammatory diseases 
including MN, lupus nephritis, kidney transplantation, IBD, 
asthma, ALI, PAH, etc. Firstly, triptolide could reduce the 
production of inflammatory mediators such as TNF-α, IL-6, 
IL-17. Secondly, triptolide alleviated oxidative stress of damaged 
organs in animal model and related cell lines. Thirdly, triptolide 
could inhibit the activities of inflammatory cells such as T cells 
and macrophages. The most related signaling pathway involved 
in the mechanisms of triptolide was NF-κB and MAPK signaling 
pathways. Despite the great therapeutic potential of triptolide, 
there are still some shortcomings in the process of developing 
it as a new drug. The most studies were focused on the studies 
of animal models and cell lines. The successful track records of 
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real patients in randomized controlled trials seem very poor. 
The triptolide cytotoxicity in other healthy organs have not been 
investigated clearly, either. Hopefully, future stringent preclinical 
studies on triptolide will provide crucial information regarding its 
pharmacokinetics and dosage, allowing for further optimization 
of this compound.
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