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A B S T R A C T

Diacerein is a symptomatic slow-acting drug in osteoarthritis (SYSADOA) and the active metabolite is rhein. It is
a non-steroidal anti-inflammatory drug with unique pharmacological properties as anti-oxidant and anti-apop-
tosis. Diacerein has recently shown to have a potential role by mediating anti-inflammatory as well as anti-
oxidant and anti-apoptosis in kidney injury, diabetes mullites, and a beneficial effect on pain relief. It may have a
therapeutic role in cancer, ulcerative colitis, testicular injury and cervical hyperkeratosis. Furthermore, diacerein
has a valuable addition in combination therapy as a synergetic agent. This review, the first of its kind, highlights
the proposed roles of diacerein in osteoarthritis and discusses recent results supporting its emerging roles with a
particular focus on how these new insights may facilitate the rational development of diacerein for targeted
therapies in the future.

1. Introduction

Diacerein is an anthraquinone derivative (Fig. 1b) [20], a non-
steroidal anti-inflammatory drug, which has demonstrated great effi-
cacy with safety profile and symptomatic slow-acting treatment of os-
teoarthritis. Clinically, diacerein has unique pharmacological actions
and biological activities including anti-inflammatory, anti-catabolic,
pro-anabolic properties on cartilage and synovial membrane. It also has
protective effects against subchondral bone remodeling [1]. Recent

studies have been shown that diacerein has protective effects against
subchondral bone remodeling and the recommended starting dose is 50
mg once daily with evening meal for the first 2–4 weeks of treatment
[2].

The principal mechanism of action of diacerein is to inhibit the
interleukin-1b system and related downstream signaling [1]. In chon-
drocyte and synovial membrane of osteoarthritis, metalloprotease-3,
collagenase, disintegrin, metalloproteinase domain with thrombos-
pondin motifs-4.5, nitric oxide, inducible nitric oxide synthase, IL-1b-
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inhibition of collagen, and proteoglycans downregulated whereas, L-1b-
induced prostaglandin E2 and cyclooxygenase-2 upregulated in dia-
cerein treatment. On the other hand, diacerein modulated metallopro-
tease-13, vitamin D3-induced osteocalcin, urokinase-type plasminogen
activator, prostaglandin E2 and cyclooxygenase-2 in subchondral bone
osteoblasts as well as metalloprotease-13, cathepsin K with cell Survival
and differentiation decreased in osteoclast [3]. Following the interac-
tion between IL-1 and cell surface receptors, there is an activation of the
mitogen-activated protein kinase (MAPK) pathway through the inhibi-
tion of the MEK/ERK (mitogen-activated protein kinase/extracellular-
signal-regulated kinase) cascade. [4]. Moreover, diacerein modulates
integrin-FAK-MAPKs, STAT3 and focal adhesion kinase (FAK) in os-
teoarthritis chondrocytes and reduces IL-6 by blocking the IL-1β
pathway via MEK/ERK and NF-ᴋB DNA binding [5]. (Fig. 1a) sum-
marized the role of diacerein in osteoarthritis. Diacerein has few ad-
verse side effects, the most common adverse side effects being common
gastrointestinal disorders, mostly soft stools, and diarrhea. In 2014, the
Pharmacovigilance Risk Assessment Committee (PRAC) and the Eur-
opean Medicines Agency's (EMA) committee established the safety
profile of diacerein, which has not changed in the last two decades, and

decided that its benefit-risk balance remained positive in the sympto-
matic treatment of knee and hip OA [1]. Since diacerein’s worldwide
spread for over 20 years, numerous studies concerning other potential
indications have illustrated many promising pharmacological effects
(Summarized in Table 1) includes nephrotoxicity and kidney injury
protective effect [6,7], glycemic control [8,9], improvement in insulin
sensitivity and glucose tolerance [10], the antinociceptive effect
[11–13], anti-neuropathic pain [14], anti-inflammatory pain [15], anti-
ulcerative colitis [16], testicular injury protective effect [17,18], cer-
vical hyperkeratosis preventive effect [19], the anti-cancer effect
[20–22], the hepatoprotective effect [23–25], a therapeutic role in
epidermolysis bullosa [26], thyroid dysfunction [27] and management
of the periodontal disease [28,29] as well intervertebral disc degen-
eration [30]. In addition to cardiac function improvement effect [31], it
has a valuable addition in combination therapy as synergetic agent
[13,20,32–34]. In this article, we review the recent findings related to
diacerein and summarize the mechanism of action of diacerein that may
provide a framework of specific targeted therapies.

Fig. 1. (a) Summary of the influence of diacerein on osteoarthritis. (b) the chemical structure of diacerein.
ADAMTS: disintegrin and metalloproteinase domain with thrombospondin motifs; COX-2: cyclooxygenase-2; DKK: Dickkopf; IL-1b: interleukin-1b; iNOS: inducible
nitric oxide synthase; MMP: metalloproteinase; NO: nitric oxide; PGE2: prostaglandin E2; uPA: urokinase-type plasminogen activator; MAPK: mitogen-activated
protein kinase; MEK/ER: mitogen-activated protein kinase/extracellular-signal-regulated kinase; FAK: focal adhesion kinase; AP-1: activating protein-1.
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2. Kidney and diacerein effect

Acute kidney injury (AKI) is a crucial clinical disorder with a huge
health problem over the world. Thus, the efforts for valuable therapy to
accelerate the cure and/or to avoid AKI has attracted much attention
[35]. The protective effect of diacerein in the kidney has been de-
monstrated in different models of nephropathy as IgA induced ne-
phropathy, obstructive nephropathy, chronic allograft nephropathy,
and high glucose and angiotensin II-induced nephropathy [36].

Many studies have been conducted to confirm the protective role of
diacerein and its active metabolite rhein in AKI. Al-Saedi et al. and
Rashid et al. observed that the histopathological changes significantly
improved with coadministration of diacerein in doxorubicin-induced
nephrotoxicity treated group (25 and 50 mg/kg/day) [37,38]. As well
as, Zhao et al. reported the antioxidant protective effect of rhein on
acetaminophen-induced hepatotoxicity and nephrotoxicity in rats.
Downregulation of malondialdehyde (MDA) and total nitrites (NOx) on
coadministration of rhein plus acetaminophen group compared to the
acetaminophen group was observed [36]. A recent study of AKI induced
by glycerol, and nephrotoxicity showed that functional and structural
changes in kidney were significantly attenuated by modulating in-
flammation, oxidative stress, apoptosis and necroptosis with diacerein
(25 and 50 mg/kg/day) [6,35].

Related studies have examined the protective effect of rhein lysinate
(RHL) (25 and 50 mg/kg/day) against kidney impairment in senes-
cence-prone inbred strain 10 (SAMP10) mice. MDA levels significantly
decreased in the kidney after treatment with RHL [39]. Moreover,
diacerein treatment also associated with diminished the rise in heme
oxygenase −1 activity (HO-1) in glycerol-induced AKI and that the
effect was dose-dependent (25 and 50 mg/kg/day) [6]. The results
came in line with Chueakula et al., who attributed the decreasing of
HO-1 level in the diacerein-treated group to reduced nuclear factor-E2-
related factor (Nrf2) expression and hence inactivation of Nrf2 pathway
and Nrf2-mediated antioxidant enzymes as HO-1 [7]. Additionally,
there is an increasing trend for an accumulation of evidence as a po-
tential antioxidant effect of diacerein [6,37,38]. Boutaud et al. sug-
gested that renal oxidative markers might be accredited to myoglobin
deposition that generates mitochondrial reactive oxygen species (ROS)
production, recruits lipid peroxidation along with antioxidant enzymes
depletion. [40]

Interestingly, the levels of free radical scavengers have been re-
ported to be reversed in a dose-dependent manner by diacerein treat-
ment (25 and 50 mg/kg/day) which indicated to suppression ROS
production and its potent antioxidant capacity [6,41]. Besides anti-
oxidant properties, the anti-inflammatory activity of diacerein on dia-
betic nephropathy had also been proved and may be effective in the
pathogenesis of diabetic nephropathy through suppressing the in-
flammatory cytokines [12,42]. In addition to decreases level of in-
flammatory mediators, a study on endotoxin-induced AKI detected that
rhein (diacerein-derived metabolite) significantly improves the renal
function, decrease the concentration of serum urea and creatinine along
with strongly attenuate the severity of renal injury in vivo and in vitro
experimental sepsis [43].

To improve renal function, in parallel with the reduced inflamma-
tion, it was reported that diacerein (50 mg/kg/day) attenuated not only
renal inflammation, decreased renal inflammatory cytokine secretion
but also altered tubular water and sodium handing, blocked the re-
duction of aquaporins AQPs (AQP1, AQP2, AQP3) and sodium trans-
porter expression leading to an improvement of renal function [44].

These findings may agree with Zhou et al. and Mehta et al. who
reported that the diacerein has also been shown to improve renal
function, in parallel with the reduced inflammation, in diabetic ne-
phropathy in mice as well as doxorubicin nephrotoxicity in obese in-
sulin-resistant rats and ameliorated renal injury in several animal
models [45,46].

The renoprotective effect [47] and renal function improvementTa
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activity in nephropathy animal models was demonstrated as a result of
attenuating inflammation and oxidative stress [7]. Diacerein intake was
also associated with the anti-apoptotic effect [48]. This effect reported
by Z.Q et al. in the early phase of glomerulosclerosis. Rhein (150 mg/
kg/day) was protected against kidney injury by decreasing the activities
of caspase-3 and nuclear factor kappa B (NF-κB) as well as ameliorated
renal lesions [49]. Overall, diacerein (25 and 50 mg/kg/day) has been
reported for its potential applications in the improvement of AKI via
inflammatory pathway modulation, anti-oxidant, anti-apoptotic and
anti-necroptotic effects [6]. Concluding that, the many pharmacological
activities, including anti-inflammatory, antitumor, and antioxidant of
rhein (75, 150, and 300 mg/kg) have been previously described. It also
significantly improves the symptoms of nephropathy via decreasing
proinflammatory cytokines production, including IL-1β, TNFα and
prostaglandin E2. [48].

3. Diabetes disease and diacerein effects

Many clinical studies have shown that diacerein has beneficial ef-
fects and reduces the incidence of diabetes disease [8,9,50]. In Mexico,
a randomized clinical trial in drug-naïve patients with type 2 diabetes
mellitus (T2DM). The insulin secretion increased and glycemic meta-
bolic control improved with diacerein administration (50 mg once
daily) [50]. A small clinical trial found that the oral dose of diacerein
(50 mg/day) for 90 days as an add-on to metformin in patients with
T2DM showed an improvement in glycemic control compared with the
placebo group [9]. Moreover, a random clinical trial assessed the effi-
cacy and safety of a 48-week treatment with diacerein (100 mg/day) in
patients with T2DM. The diacerein was well tolerated and useful as an
assistant treatment in patients with type 2 diabetes. The peak of im-
provement in glycemic control (HbA1c) was at the 24th week of treat-
ment compared with placebo (P = 0.014) and (P = 0.005), respec-
tively [8]. Furthermore, the efficacy of the drug on obesity and diabetes
in animal models was recorded that diacerein (50 mg/kg/day) has been
demonstrated to increase insulin secretion and beta-cell mass [51,52]
and reduce peripheral insulin resistance, particularly in the liver and
adipose tissue [53] resulting in a marked improvement in glucose tol-
erance [51,54].

In addition to the capacity of diacerein in increasing insulin secre-
tion [51–53], improvement in glycemic metabolic control [8,9] glucose
tolerance enhancement [51–54], decreasing the diabetes frequency
[54], lowering of fasting glucose [9,50,53], reducing postprandial
glucose [9] and HbA1c [8,9,50]. It is claimed that diacerein intake was
also associated with a decrease of diabetes frequency with down-
regulating proinflammatory cytokines, such as IL-1β and TNF-α
[50,53,54]. A related study reported that the decrease of inflammatory
cytokines by diacerein did not accompany changes in insulin sensitivity
after diacerein administration in a clinical trial was carried out in 40
adult patients with type 2 diabetes. Although, there is a significant
decrease in fasting glucose (P<0.01) and in HbAlC levels (P<0.001)
in diabetic patient after diacerein administration with significant ele-
vate in first (P<0.01), late (P<0.01), and total insulin, (P<0.01)
secretions and significantly decreased TNF-a and lL-lß [50].

Similarly, diacerein treatment was associated with a decrease of the
diabetes frequency, HbAlC levels and proinflammatory cytokines TNF-a
and IL-1-β according to Malaguti et al. [54], Tobar et al. [53] and Tres
et al. reports [55]. Inhibition of IL-lß and TNF-a has been suggested as a
possible mechanism way through which diacerein administration may
have potential usefulness in the treatment of T2DM [50,53] which re-
sulted in an improvement in glucose tolerance and in insulin signaling
mainly in the adipose tissue and liver [50]. Therefore, this medicine (20
mg/kg/day) may be an alternative therapy for insulin resistance with
enhancement insulin sensitivity in obesity, mediated by the reversal of
subclinical chronic inflammation [53]. Moreover, Pakala et al. and
Pelletier et al. supported the association between the anti-inflammatory
effect for diacerein and diabetes. They reported that the most suitable

property attributed to diacerein is the inhibition of proinflammatory
cytokines, such as IL-1β and TNF-α synthesis [56,57] leading to im-
proves insulin sensitivity and regulation of insulin signaling [58].

A study on targeting inflammation in the treatment of T2DM
showed that the fundamental role of inflammatory pathways in T2DM
pathogenesis and its associated long-term complications is well ac-
cepted [59]. The two main physiopathological mechanisms underlying
T2DM development and progression, namely defective pancreatic b-cell
insulin secretion and peripheral insulin resistance, both have in-
flammatory-mediated bases and closely related to interleukin-IL-1b
pathways [59,60]. Suggestions that were targeting inflammatory
pathways may be a potential treatment for T2DM [61,62].

Interleukin IL-1β and tumor necrosis factor-α TNF-α have been in-
volved in apoptosis of pancreatic beta-cells, decreasing insulin secretion
with the consequential hyperglycemia characteristic of T2DM [61,63].
Besides, dysregulation of inflammation of adipose tissue and endocrine
function also induces systemic inflammatory pathways and insulin re-
sistance in overweight patients and obesity, which may lead to T2DM
development [64]. Therefore, the anti-inflammatory capacity of dia-
cerein due to the decrease of some cytokine concentrations, mainly IL-
1β and TNF-α, that may be responsible for the improvement of insulin
resistance [54] and the diacerein could be considered as a pharmaco-
logical option to counter the systemic inflammation and insulin re-
sistance characteristic of patients with obesity due to anti-inflammatory
effects [9].

While the related study on T2DM patients did not support the anti-
inflammatory effect of diacerein. There are no significant effects of
diacerein observed regarding serum inflammatory biomarkers, and lack
of any effect on fasting glycemia levels. Although compared with pla-
cebo, significantly reducing mean HbA1c was showed by 0.41 % (P =
0.023) in the per-protocol analysis and by 0.35 % (P = 0.038) in the
intention-to-treat (ITT) analysis. The authors proposed, although sig-
nificantly reducing mean HbA1c, that the result of the lack of any effect
of diacerein on level of fasting glycemia was intriguing [8].

The suspected mechanism of diacerein in glycemic control com-
pared with metformin (is an oral glucose-lowering agent) has been
previously described by Villa et al. [9] and summarized in (Fig. 2).

4. Pain and diacerein effects

Pain can be broadly divided into three classes: nociceptive pain,
pathological pain and neuropathic pain [65]. At the daily oral dose of
50 mg/kg, diacerein is known to produce efficacious anti-inflammatory
and analgesic actions, and even a slight disease-modifying action, in
patients with osteoarthritis [66], and demonstrated benefits in alle-
viating joint pain in humans and in rodent models of the disease in vivo
and in vitro [12]. Its effect on different types of pains had been studied
extensively, which confirmed the significant role of diacerein in pain
relief [11,12,14,15].

Diacerein has been reported for its substantial potential effect
against three types of pain, the antinociceptive effect [11–13], anti-
neuropathic pain [14], anti-inflammatory pain [15]. Practically, in a rat
model of acute inflammatory pain, analgesic activity for diacerein with
a potent and selective inhibitor of palmitoylethanolamide inactivation
was reported [15]. Based on experimental results, Bisogno et al. and Di
Marzo et al. found that the mammalian cells produced palmitoyletha-
nolamide (PEA) [67,68] during neurodegenerative conditions and in-
flammatory to exert analgesic and anti-inflammatory properties [69].
PEA inactivated to ethanolamine and palmitic acid, more specifically,
by N-acylethanolamine-hydrolyzing acid amidase (NAAA) [70]. PEA
can produce the anti-nociceptive and anti-inflammatory effects per-
formed by another fatty acid anandamide (AEA), ethanolamide which is
often synthesized together with PEA [68,71,72]. Experimental studies
of pain have also revealed the antinociception effect of diacerein
[11–13]. In vitro and in vivo experimental models, diacerein (10, 25
mg/kg) exhibited a high inhibitory activity on human recombinant
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NAAA and significantly inhibited inflammation which led to increasing
endogenous levels of PEA. NAAA inhibition might be the mechanism
through which this compound exerts its effects, as well as a suitable
therapeutic strategy to reduce inflammatory pain also in humans [15].

A study on visceral and somatic pain reported that the anti-
nociceptive effect performed by diacerein might be depending on a
direct effect on pro-inflammatory cytokines released after glutamate
agonist injection. Diacerein (25 mg/kg, intraperitoneal injection.)
showed to inhibit significantly and dose-dependent the nociceptive
responses induced by IL-1β and TNF-α as well as inhibiting glutama-
tergic transmission. [12].

Furthermore, inhibition of neuropathic pain by diacerein was ex-
amined and presented that neuropathic pain induced by partial ligation
of the sciatic nerve was inhibited with diacerein treatment (25, 50, and
100 mg/kg) and produced anti-allodynic effects against carrageenan-
and complete Freund's adjuvant (CFA)-induced inflammatory nocicep-
tion [73].

C-X-C motif chemokine 13 (CXCL13) has been documented to
mediate orofacial neuropathic pain in the trigeminal ganglion (TG) of
mice. Moreover, a study revealed the critical role of diacerein (5 μg
intra-TG injection) in blocking CXCL13 and reducing neuropathic pain
via proinflammatory cytokines TNF-α and IL-1β downregulation [14].
These results supported by Watkins et al., who found that neuropathic
pain was inhibited by decreasing the level of proinflammatory cyto-
kines as TNFα and NFκβ. In addition, it was confirmed that TNF-α and
IL-1β are important proinflammatory cytokines that mediate chronic
pain in both dorsal root ganglion (DRG) and spinal cord [74], essential
in mediating orofacial neuropathic pain [14] as well as regulating
chronic pain in both the peripheral nervous system and the central
nervous system [75].

On the other hand, according to Raffa, that the combination treat-
ment is commonly used to improve pain management and minimize the
incidence of adverse side effects, while the analgesic effects can be

maximized [76]. The combination therapy of diacerein (10–300 μg/
paw and 12.50–200 mg/kg), and antiepileptic (gabapentin, topiramate,
and carbamazepine) in the rat formalin test, showed the efficacy of
combination therapy better than monotherapy in pain management.
The diacerein has been found to possess a significant and dose-depen-
dent antinociceptive role for its use as an antinociceptive effect through
a synergistic combinational approach with an antiepileptic drug. Con-
cluding that the reduction of almost half of the dose requirements with
a safe adverse effect profile proposes that these combinations may well
have clinical importance to control inflammatory pain [13]. The sum-
mary of the role of diacerein in pain, shown in the (Fig. 3).

5. Gastrointestinal protective effect of diacerein

Inflammatory bowel disease (IBD) is a chronic inflammatory, life-
threatening disease affecting the colon, including ulcerative colitis (UC)
which is a premalignant disease. The drugs used in the treatment of UC,
such as biologic medications, corticosteroids, aminosalicylates and
immunosuppressants aim to reduce symptoms or to maintain remission,
but they can have side effects as nephritis, fluid retention im-
munosuppression, hepatitis and others [77]. Ongoing investigations
aim to explore new preparations that may be more beneficial in ame-
liorating the disease or have synergistic and additive effects to the
previously used therapies for better disease control with less adverse
effects [78].

A study in Egypt, on acetic acid-induced ulcerative colitis in rats,
documented that diacerein (50 mg /kg) pretreatment performed sig-
nificantly alleviating effect against the UC model. Suggested that
probably attributed to its anti-oxidant anti-inflammatory and anti-
apoptotic effects [16]. Besides activity against ulcerative colitis, it is
reported that diacerein has an anti-gastric ulcer effect by inhibition of
ROS production. Diacerein (10, 30, 100 mg/kg) significantly inhibited
gastric ulceration induced by indomethacin and HCl/ethanol in a dose-

Fig. 2. Mechanism of action of diacerein and
metformin for glycemic improvement.
GLP-1: glucagon like peptide 1; DPP-4: di-
peptidyl-peptidase 4; ER: endoplasmic re-
ticulum; mRNA: messenger RNA; IL-6: inter-
leukin 6; IL-1β: interleukin1β; TNF-α: tumor
necrosis factor α; pIR-β: phosphorylated in-
sulin receptor type β; PTP1B: protein-tyrosine
phosphatase 1B; IRS-1: insulin receptor sub-
strate1; pAkt: activated protein kinase B.
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dependent manner. The mode of action might be inhibiting ROS pro-
duction. Summarizing that duo to diacerein prevents gastric ulceration
induced by non-steroid anti-inflammatory drugs (NSAIDs), it might be
beneficial in combination with NSAIDs in the treatment of chronic cases
of joint diseases during clinical therapy [79].

6. Role of diacerein in testicular injury and cervical
hyperkeratosis

In recent studies, an exciting role of pharmacological activities of
diacerein including, anti-testicular injury effects and anti-cervical hy-
perkeratosis effect via anti-inflammatory, anti-oxidant and anti-apop-
totic activity have been explored [17–19]. Diacerein (50 mg/kg/day)
has been found to significantly protect the testicular toxicity induced by
cadmium in the rat model. The changes in the biochemical markers
observed with cadmium (CdCl2) injection were significantly alleviated
with diacerein intake as well maintained the normal testicular archi-
tecture, preserved spermatogenesis, and reduced the expression of
NOD-like receptor family protein 3 (NLRP3) inflammasome in testes
[18]. Similarly, previous studies on male gonadal toxicity induced by
cadmium revealed that anti-apoptotic agents and anti-inflammatory
effectively guarded against testicular toxicity [80,81].

Da Silva et al. [82] and Leite et al. [83] showed that diacerein
significantly guarded against apoptotic and inflammatory injuries in
both human and animal research. The mechanisms of diacerein action
include its ability to inhibit caspase-1 necessary for IL-1β activation and
to downregulate IL-1β-specific receptors [4,17]. Furthermore, a recent
study, ischemia-reperfusion-induced testicular injury (TIR) in rats, re-
vealed that diacerein (50 mg/kg) has a strong protective effect against
dysfunction and experimental testicular injury via its anti-inflammatory
and antioxidant activities. Diacerein was also able to normalize both
serum testosterone and testicular weight, with correction of histo-
pathological changes along with a reduction of oxidative stress para-
meters and IL-1 b induced by TIR [17]. These results in accordance with
a report by Yu et al. which found that the structural, functional and
metabolic disturbances were ameliorated with diacerein treatment (50
mg daily), that is indicative to the protective effect against TIR which
may be attributed to its anti-oxidant, anti-inflammatory and conse-
quently anti-apoptotic effect which was previously documented [34].

On the other hand, female cervical hyperkeratosis was prevented
with use diacerein (50 mg/kg/day) and improved all abnormal mea-
sured parameters to normal values via its anti-inflammatory,

antioxidant and antiapoptotic effects [19].

7. Anti-cancer effect of diacerein

Emerging evidence suggests that diacerein has significant antitumor
effects, supporting the potential uses of diacerein as an antitumor agent
[84]. The role of inflammatory cytokines, especially IL-6, in the de-
velopment and progression of many inflammatory conditions as well as
cancer, was reported [85]. Increased level of IL-6 has been reported in a
wide range of cancers, such as breast cancer [86]. It is reported that IL-6
participates in tumor progression by activating some tumorigenic
pathways [87].

Many reports demonstrated that diacerein also has an important
role in the inhibition of some types of cancer and able to fight against
tumors via IL-6 modulation and that diacerein-prompted apoptosis was
correlated with suppression of IL-6/STAT3 [20–22].

An experimental study, the role of diacerein (50 mg/kg/day) in
endometrial hyperplasia and atypia, showed significant enhancement
of the histopathological changes, repress tumor growth in endometrial
hyperplasia by inhibition of proinflammatory cytokines pathways and
increased apoptosis in tumor remnants [84].

The results support the previously suspected anticancer influence of
diacerein as reported by Bharti et al., remarkably the potent apoptotic
and antiproliferative effect of diacerein (20 and 40 mg/kg) was de-
tected against breast cancer. The antitumor effect was correlated with
hampering IL-6/IL-6R/STAT3/MAPK/Akt network cancer (Fig. 4)
pathway and considered a novel blueprint for cancer therapy [21].
Additionally, it has been proven a valuable addition of diacerein in
combination therapy for which the drug has shown synergistic actions.
The drug became advantageous for a combinational therapeutic ap-
proach. In a study on breast cancer therapy, diacerein (DN) has been
found to potentiate the effect of somatostatin analogue (SST) against
breast cancer cells. Moreover, the combination displayed significantly
better anti-tumor efficacy as compared to free drug in breast cancer
models by inducing apoptosis in breast cancer cells and effectively in-
hibiting the oncogenic IL-6/ IL-6R /STAT3/MAPK/Akt signaling path-
ways. It is proposed that the combination provides a novel strategy with
better efficacy for breast cancer therapy [20].

Furthermore, the effect of the drug on non-small cell lung cancer
(NSCLC) have been evidenced. A recent study has focused on the spe-
cific molecular mechanism of action of rhein and diacerein (60 and 100
mg/kg; 30, 60 and 100 μM) that exert their antitumor effects against

Fig. 3. Some ways by which the diacerein re-
lieve pain.
a- Diacerein inhibited human recombinant
NAAA and inflammation and followed by ele-
vation of PEA levels which is able to enhance
the anti-inflammatory and anti-nociceptive ef-
fects. b- Diacerein produced antinociception by
inhibiting glutamatergic transmission as well
as activity of pro-inflammatory cytokines. c-
Diacerein inhibited orofacial neuropathic pain
through partially blocking of CXCL13 and in-
hibition of proinflammatory cytokines.
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non-small-cell lung cancer. These findings indicated the potent effec-
tiveness against non-small-cell lung cancer via inhibiting the IL-6/
STAT3 pathway. Rhein has a promising potential to be applied as a
novel antitumor therapy for NSCLC [22].

8. Hepatoprotective effect of Diacerein

In the 2018 study by Tianci et al., diacerein (50 and 100 mg/kg) has
been found to protect the liver injury. The hepato-protective char-
acteristic of the drug was due to its protective action against liver
toxicity and liver damage induced by methotrexate (MTX). An extra
feature of the drug (5, 10 and 20 μM) is its capacity to increasing the
cell survival rate and reduced the number of apoptosis cells in MTX-
treated normal human hepatocyte (L02 cells). Moreover, diacerein
significantly reduced the elevation of liver enzymes and improved liver
morphological damage induced by MTX [23].

Furthermore, in 2019, a randomized, placebo-controlled trial, 2-
year diacerein (100 mg/day) use in non-alcoholic fatty liver patients
(NAFLD) and T2DM disease. Liver stiffness was significantly decreased
which reflects fibrosis diminution in contrast to placebo by 1.6 kPa (95
% CI: –2.6 to −0.5 kPa; p = 0.003). Eight patients diminished fibrosis
stage through treatment, seven of whom were in the group of diacerein
(p = 0.020) [83]. Besides, data from animal investigations showed that
diacerein inhibits inflammatory cytokines and enhances insulin re-
sistance in the adipose tissue and liver [53,54], resulting in useful

influences in experimental NAFLD models [25,88]. Contrary, Zheng
et al. reported that diacerein could cause a hepatic adverse events, but
the extensive preclinical animal toxicology data with diacerein in-
dicated that the liver was not a target organ for toxicity [89]. The
mechanism of action of this hepatic toxicity is not fully understood, but
an idiosyncratic mechanism is suggested [1].

9. Diacerein as synergetic agent

The additional vital aspect of diacerein is its use in combinational
studies. Besides the single effect of the drug, it has also been discovered
that the drug has a strong synergistic effect. Many studies have docu-
mented that diacerein plays a critical role and a combined therapeutic
approach may be established more beneficial than signal therapeutic
agent [13,32–34]. In a prospective clinical study, diacerein (50 mg
daily for the first 2 weeks and twice per day for another 10 weeks) has
been found to potentiate the effect of febuxostat drug against refractory
gout. The treatment with both drugs for 12 weeks synergistically had a
better therapeutic effect along with reducing the levels of serum IL-1b
and serum amyloid with enhancement effect on joint damage and al-
leviating disease activity of refractory gout as compared with febuxo-
stat [34].

In the research of Jia ZH et al., rhein was studied in combination
with benazepril on the treatment of and explored the ability to induce
renal-protection of combined therapy in diabetic nephropathy on

Fig. 4. The role of diacerein in breast cancer therapy.
IL-6/IL6R contributes to tumor progression through sequentially activating many tumorigenic pathways: JAK1/JAK2/STAT3, Ras/Raf (MAP3k)/MAPK (MAP kinase)
and PI3K/Akt oncogenic signaling pathways. Activated STAT3 and MAPK participate in cell survival and tumor progression by regulating Bcl-2 family proteins and
activate NF-kB which is the transcription factor that promotes the transcription of inflammatory cytokines e.g. IL-6. Expression of anti-apoptotic proteins Bcl-2 and
Bcl-xL were reduced, as well as apoptotic protein Bax was upregulated in diacerein-treated breast cancer cells. Expression of IL-6/IL-6R and its related mediators P-
STAT3, P-MAPK and Akt were also inhibited.
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mouse of T2DM model. These findings suggest that a therapeutic ap-
proach combining rhein (150 mg/kg/day) and benazepril may be useful
in the treatment of diabetic nephropathy compared with the ther-
apeutic effects of single treatment [32].

In addition, the other combination was aimed to evaluate the
treatment effect of celecoxib (CLX) combined with diacerein (knee joint
injection of 0.045 mg/mL) on OA and delineate the underlying mole-
cular mechanism. Compared with single treatments, the combination
was markedly capable of attenuated OA, improved bone cartilage me-
tabolism, and suppressed chondrocyte apoptosis with inhibition of in-
flammatory mediators by regulating three signaling pathways, in-
cluding NF-κB, JNK and p38 MAPK Signaling Pathways. The
conclusively resulted in therapeutic actions and suggested that combi-
nation has satisfactory treatment effects on OA [33].

On the other hand, in one study in which diacerein loaded lipo-
somes (DNL) were prepared and decorated with somatostatin (SST-
DNL). SST-DNL displayed significantly better anti-tumor efficacy as
compared to free diacerein (DN) and DNL in breast cancer in rat models
[20]. Furthermore, the diacerein has been found to have a significant
effect as an antinociceptive agent by a synergistic combinational ap-
proach with an antiepileptic drug. The combination therapy of dia-
cerein with each antiepileptic drug (gabapentin, topiramate, and car-
bamazepine) produced a dose-dependent antinociceptive effect at
different levels of pain in the rat formalin test [13].

10. Role of diacerein in many other disorders

In many studies, the additional potential effects of diacerein on
many diseases and disorders have been discovered.

A recent clinical study in 2019, epidermolysis bullosa (EBS). A study
evaluated the effect of 1% diacerein cream in the treatment of the pa-
tients of EBS, suggested that the topical diacerein is a potential drug to
enhance the curing of skin wounds in EBS patients via the autoin-
flammatory activities and IL‐1 downregulation [26].

Thyroid dysfunction was involved in the evaluation of diacerein
activity. In a study of 21 days of treatment with diacerein (30 mg/kg/
day), the concentration of the hormone of the thyroid gland and all
other thyroid-related markers were corrected in carrageenan-induced
thyroid dysfunction. It was suggesting that anti-inflammatory and anti-
peroxidative effects of diacerein in an animal model of inflammation
were possibly facilitated via thyroid function alteration [90].

Additionally, it was apparent that diacerein (100 mg/kg/day), as an
effective anti-inflammatory drug, can offer a therapeutic effect in the
managing of periodontal disease. A potential therapeutic effect of the
drug was due to its ability to decreasing inflammatory cytokine and
regulating of signaling pathways, which ameliorate the inflammation-
induced periodontal damage. Thus, the results indicated that diacerein
could be of a pivotal role in controlling periodontal disease because of
its established ability to diminish periodontal inflammation [28,29].

Furthermore, the ability of inflammatory blockage of diacerein (80
mg/kg) was associated with cardiac function, ventricular remodeling
enhancement with decreased fibrosis in the left ventricular LV during 4
weeks of follow up with diacerein treatment [91] as well as inhibition
of the development of intervertebral disc degeneration [30,92].

11. Conclusion

As reviewed here, different published researches with additional
exploration of the clinical effect and possible mechanism of diacerein
have convincingly reported the abilities of diacerein to exert various
benefits. Depending on the pharmacological efficacy which mediated
by anti-inflammatory, antioxidant and anti-apoptosis, diacerein shown
to have a potential role in moderating the risk of many diseases such as
kidney injury, diabetes mellites, cancer, ulcerative colitis, testicular
toxicity, cervical hyperkeratosis, and pain, etc. In addition, the dia-
cerein has a valuable addition in combination therapy as a synergetic

agent leading support to the diseases; the linkage of these effects is
shown in graphical abstract. Furthermore, many questions such as
whether all of these potential indications of diacerein can be applied
clinically and whether the molecular mechanisms and targets involved
are enough, need to be elucidated by considerable essential clinical
trials and experiments.

Declaration of Competing Interest

The authors declare that they have no conflict of interest.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (No. 31460240, 81560301), the National Natural
Science Foundation of Qinghai (No. 2018-ZJ-772) and was also sup-
ported by Qinghai Province “High-end Innovative Talents and
Thousand Talents Program” Leading Talent Project.

References

[1] K. Pavelka, et al., Diacerein: benefits, risks and place in the management of os-
teoarthritis. An opinion-based report from the ESCEO, Drugs Aging 33 (2) (2016)
75–85.

[2] J.P. Pelletier, et al., Efficacy and safety of diacerein in osteoarthritis of the knee: a
double-blind, placebo-controlled trial, The Diacerein Study Group. Arthritis Rheum
43 (10) (2000) 2339–2348.

[3] J. Martel-Pelletier, J.P. Pelletier, Effects of diacerein at the molecular level in the
osteoarthritis disease process, Ther. Adv. Musculoskelet. Dis. 2 (2) (2010) 95–104.

[4] J. Martel-Pelletier, J.-P. Pelletier, Effects of diacerein at the molecular level in the
osteoarthritis disease process, Ther. Adv. Musculoskelet. Dis. 2 (2) (2010) 95–104.

[5] B. Lohberger, et al., Mechanical exposure and diacerein treatment modulates in-
tegrin-FAK-MAPKs mechanotransduction in human osteoarthritis chondrocytes,
Cell. Signal. 56 (2019) 23–30.

[6] R.N. Abd-Ellatif, et al., Diacerein protects against glycerol-induced acute kidney
injury: modulating oxidative stress, inflammation, apoptosis and necroptosis,
Chem. Biol. Interact. 306 (2019) 47–53.

[7] N. Chueakula, et al., Diacerein alleviates kidney injury through attenuating in-
flammation and oxidative stress in obese insulin-resistant rats, Free Radic. Biol.
Med. 115 (2018) 146–155.

[8] C.R. Cardoso, et al., Efficacy and safety of diacerein in patients with inadequately
controlled type 2 diabetes: a randomized controlled trial, Diabetes Care 40 (10)
(2017) 1356–1363.

[9] M.M.-d. Villar, et al., Effect of diacerein as an add-on to metformin in patients with
type 2 diabetes mellitus and inadequate glycemic control, Arch. Endocrinol. Metab.
61 (2) (2017) 188–192.

[10] T. TRANSLATIONALHIGHLIGH, Diacerhein improves glucose tolerance and insulin
sensitivity in mice on a high-fat diet, J. Clin. Endocrinol. Metab. 96 (10) (2011)
3264–3266.

[11] M.D. da Silva, et al., Diacerein reduces joint damage, pain behavior and inhibits
transient receptor potential vanilloid 1, matrix metalloproteinase and glial cells in
rat spinal cord, Int. J. Rheum. Dis. 20 (10) (2017) 1337–1349.

[12] V.M. Gadotti, et al., Diacerein decreases visceral pain through inhibition of gluta-
matergic neurotransmission and cytokine signaling in mice, Pharmacol. Biochem.
Behav. 102 (4) (2012) 549–554.

[13] A. Zúñiga‐Romero, et al., Combination of diacerhein and antiepileptic drugs after
local peripheral, and oral administration in the rat formalin test, Drug Dev. Res. 75
(8) (2014) 510–520.

[14] Q. Zhang, et al., Chemokine CXCL13 mediates orofacial neuropathic pain via
CXCR5/ERK pathway in the trigeminal ganglion of mice, J. Neuroinflammation 13
(1) (2016) 183.

[15] S. Petrosino, et al., Diacerein is a potent and selective inhibitor of palmitoyletha-
nolamide inactivation with analgesic activity in a rat model of acute inflammatory
pain, Pharmacol. Res. 91 (2015) 9–14.

[16] Abdelzaher, W.Y., S.A. Abdel-Gaber, and N.D. Toni, The effect of diacerein versus
sulfasalazine on acetic acid-induced ulcerative colitis in rats.

[17] S.A. Abdel-Gaber, R.K. Mohammed, M.M. Refaie, Mechanism mediating the pro-
tective effect of diacerein in ischemia-reperfusion-induced testicular injury in rats,
Life Sci. 209 (2018) 57–62.

[18] A.A. Fouad, A.M. Abdel-Aziz, A.A. Hamouda, Diacerein downregulates NLRP3/
Caspase-1/IL-1β and IL-6/STAT3 pathways of inflammation and apoptosis in a rat
model of cadmium testicular toxicity, Biol. Trace Elem. Res. (2019) 1–7.

[19] M.M. Refaie, M. El-Hussieny, Diacerein inhibits Estradiol-benzoate induced cervical
hyperkeratosis in female rats, Biomed. Pharmacother. 95 (2017) 223–229.

[20] R. Bharti, et al., Somatostatin receptor targeted liposomes with Diacerein inhibit IL-
6 for breast cancer therapy, Cancer Lett. 388 (2017) 292–302.

[21] R. Bharti, et al., Diacerein-mediated inhibition of IL-6/IL-6R signaling induces
apoptotic effects on breast cancer, Oncogene 35 (30) (2016) 3965–3975.

[22] L. Yang, et al., Rhein shows potent efficacy against non-small-cell lung cancer
through inhibiting the STAT3 pathway, Cancer Manag. Res. 11 (2019) 1167.

[23] T. Bu, et al., Hepatoprotective effect of rhein against methotrexate-induced liver
toxicity, Eur. J. Pharmacol. 834 (2018) 266–273.

M. Almezgagi, et al. Biomedicine & Pharmacotherapy 131 (2020) 110594

8

http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0020
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0020
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0025
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0025
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0025
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0075
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0075
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0075
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0090
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0090
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0090
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0095
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0095
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0100
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0100
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0115


[24] N.C. Leite, et al., Efficacy of diacerein in reducing liver steatosis and fibrosis in
patients with type 2 diabetes and non‐alcoholic fatty liver disease: a randomized,
placebo‐controlled trial, Diabetes Obes. Metab. 21 (5) (2019) 1266–1270.

[25] X. Sheng, et al., Rhein ameliorates fatty liver disease through negative energy
balance, hepatic lipogenic regulation, and immunomodulation in diet-induced
obese mice, American Journal of Physiology-Endocrinology and Metabolism 300
(5) (2011) E886–E893.

[26] C. Prodinger, et al., Epidermolysis bullosa: advances in research and treatment, Exp.
Dermatol. 28 (10) (2019) 1176–1189.

[27] R. Jatwa, A. Kar, Anti‐inflammatory and anti‐peroxidative roles of diacerein are
possibly mediated through an alteration in thyroid functions in animal model of
inflammation, Fundam. Clin. Pharmacol. 23 (4) (2009) 465–471.

[28] R.-Y. Huang, et al., Diacerein: a potential therapeutic drug for periodontal disease,
Med. Hypotheses 79 (2) (2012) 165–167.

[29] B.M. Zaki, E.A. Mahmoud, A.A. Aly, Diacerein: a potential therapeutic drug for the
management of experimental periodontitis in rats, Electron. Physician 7 (5) (2015)
1290.

[30] H. Li, et al., Rhein: a potential biological therapeutic drug for intervertebral disc
degeneration, Med. Hypotheses 77 (6) (2011) 1105–1107.

[31] A.G. Torina, et al., Diacerein improves left ventricular remodeling and cardiac
function by reducing the inflammatory response after myocardial infarction, PLoS
One 10 (3) (2015).

[32] Z. Jia, et al., Combined therapy of rhein and benazepril on the treatment of diabetic
nephropathy in db/db mice, Exp. Clin. Endocrinol. Diabetes 115 (09) (2007)
571–576.

[33] Z. Li, et al., Celecoxib combined with diacerein effectively alleviates osteoarthritis
in rats via regulating JNK and p38MAPK signaling pathways, Inflammation 38 (4)
(2015) 1563–1572.

[34] Y.-K. Yu, et al., Combination therapies of diacerein and febuxostat inhibit IL-1β
responses and improve clinical symptoms in patients with refractory gout, Am. J.
Ther. 24 (3) (2017) e290–e297.

[35] M.M. Refaie, et al., Possible protective effect of diacerein on doxorubicin-induced
nephrotoxicity in rats, J. Toxicol. 2016 (2016).

[36] J.J. Zhao, et al., Pharmacokinetics and bioavailability of montelukast sodium
(MK‐0476) in healthy young and elderly volunteers, Biopharm. Drug Dispos. 18 (9)
(1997) 769–777.

[37] H.F. Al-Saedi, A.A. Al-Zubaidy, Y.I. Khattab, The possible effects of montelukast
against doxorubicin-induced nephrotoxicity in rabbits, Int. J. Adv. Res. 2 (11)
(2014) 723–729.

[38] S. Rashid, et al., Alleviation of doxorubicin-induced nephrotoxicity and hepato-
toxicity by chrysin in Wistar rats, Toxicol. Mech. Methods 23 (5) (2013) 337–345.

[39] G. Hu, et al., Rhein lysinate increases the median survival time of SAMP10 mice:
protective role in the kidney, Acta Pharmacol. Sin. 34 (4) (2013) 515–521.

[40] O. Boutaud, L.J. Roberts II, Mechanism-based therapeutic approaches to rhabdo-
myolysis-induced renal failure, Free Radic. Biol. Med. 51 (5) (2011) 1062–1067.

[41] R.H. Mahmoud, Mega doses of resveratrol enhance oxidative and nitrosative stress
and accelerate inflammations in glycerol-rat model, J. Am. Sci. 7 (9) (2011)
430–437.

[42] C. Hu, et al., Argirein alleviates diabetic nephropathy through attenuating NADPH
oxidase, Cx43, and PERK in renal tissue, Naunyn Schmiedebergs Arch. Pharmacol.
383 (3) (2011) 309–319.

[43] C. Yu, et al., Rhein prevents endotoxin-induced acute kidney injury by inhibiting
NF-κB activities, Sci. Rep. 5 (2015) 11822.

[44] G. Yu, et al., Inhibition of inflammation using diacerein markedly improved renal
function in endotoxemic acute kidney injured mice, Cell. Mol. Biol. Lett. 23 (1)
(2018) 1–12.

[45] R.L. Mehta, G.M. Chertow, Acute renal failure definitions and classification: time
for change? J. Am. Soc. Nephrol. 14 (8) (2003) 2178–2187.

[46] Y.-X. Zhou, et al., Rhein: a review of pharmacological activities, Evid. Based
Complement. Altern. Med. 2015 (2015).

[47] E. Ozbek, Induction of oxidative stress in kidney, Int. J. Nephrol. 2012 (2012).
[48] Z. Meng, et al., Anti-hyperuricemic and nephroprotective effects of rhein in hy-

peruricemic mice, Planta Med. 81 (04) (2015) 279–285.
[49] Z. Ji, et al., Effects of rhein on activity of caspase-3 in kidney and cell apoptosis on

the progression of renal injury in glomerulosclerosis, Zhonghua Yi Xue Za Zhi 85
(26) (2005) 1836–1841.

[50] M.G. Ramos-Zavala, et al., Effect of diacerein on insulin secretion and metabolic
control in drug-naive patients with type 2 diabetes: a randomized clinical trial,
Diabetes Care 34 (7) (2011) 1591–1594.

[51] H. Du, et al., Improvement of glucose tolerance by rhein with restored early-phase
insulin secretion in db/db mice, J. Endocrinol. Invest. 35 (6) (2012) 607–612.

[52] J. Liu, et al., Rhein protects pancreatic β-cells from dynamin-related protein-
1–mediated mitochondrial fission and cell apoptosis under hyperglycemia, Diabetes
62 (11) (2013) 3927–3935.

[53] N. Tobar, et al., Diacerhein improves glucose tolerance and insulin sensitivity in
mice on a high-fat diet, Endocrinology 152 (11) (2011) 4080–4093.

[54] C. Malaguti, et al., Diacerhein downregulate proinflammatory cytokines expression
and decrease the autoimmune diabetes frequency in nonobese diabetic (NOD) mice,
Int. Immunopharmacol. 8 (6) (2008) 782–791.

[55] G.S. Tres, et al., Effect of diacerein on metabolic control and inflammatory markers
in patients with type 2 diabetes using antidiabetic agents: a randomized controlled
trial, J. Diabetes Res. 2018 (2018) p. 4246521-4246521.

[56] S.V. Pakala, et al., In autoimmune diabetes the transition from benign to pernicious
insulitis requires an islet cell response to tumor necrosis factor α, J. Exp. Med. 189
(7) (1999) 1053–1062.

[57] J.-P. Pelletier, et al., Diacerein reduces the excess synthesis of bone remodeling
factors by human osteoblast cells from osteoarthritic subchondral bone, J.
Rheumatol. 28 (4) (2001) 814–824.

[58] K.L. Calisto, et al., Diacerhein attenuates the inflammatory response and improves

survival in a model of severe sepsis (Retraction of vol 16, R158, 2012), Crit. Care 20
(2016).

[59] M.Y. Donath, Targeting inflammation in the treatment of type 2 diabetes: time to
start, Nat. Rev. Drug Discov. 13 (6) (2014) 465–476.

[60] C. Herder, et al., The IL-1 pathway in type 2 diabetes and cardiovascular compli-
cations, Trends Endocrinol. Metab. 26 (10) (2015) 551–563.

[61] M.Y. Donath, Multiple benefits of targeting inflammation in the treatment of type 2
diabetes, Diabetologia 59 (4) (2016) 679–682.

[62] M.I. Maiorino, et al., Cooling down inflammation in type 2 diabetes: how strong is
the evidence for cardiometabolic benefit? Endocrine 55 (2) (2017) 360–365.

[63] B. Gustafson, Adipose tissue, inflammation and atherosclerosis, J. Atheroscler.
Thromb. 17 (4) (2010) 332–341.

[64] Y.E. Kang, et al., The roles of adipokines, proinflammatory cytokines, and adipose
tissue macrophages in obesity-associated insulin resistance in modest obesity and
early metabolic dysfunction, PLoS One 11 (4) (2016).

[65] C.J. Woolf, What is this thing called pain? J. Clin. Invest. 120 (11) (2010)
3742–3744.

[66] K. Singh, R. Sharma, J. Rai, Diacerein as adjuvant to diclofenac sodium in os-
teoarthritis knee, Int. J. Rheum. Dis. 15 (1) (2012) 69–77.

[67] T. BISOGNO, et al., Biosynthesis, release and degradation of the novel endogenous
cannabimimetic metabolite 2-arachidonoylglycerol in mouse neuroblastoma cells,
Biochem. J. 322 (2) (1997) 671–677.

[68] V. Di Marzo, et al., Leptin-regulated endocannabinoids are involved in maintaining
food intake, Nature 410 (6830) (2001) 822–825.

[69] N.A. Darmani, et al., Involvement of the cannabimimetic compound, N-palmitoyl-
ethanolamine, in inflammatory and neuropathic conditions: review of the available
pre-clinical data, and first human studies, Neuropharmacology 48 (8) (2005)
1154–1163.

[70] N. Ueda, K. Yamanaka, S. Yamamoto, Purification and characterization of an acid
amidase selective for N-palmitoylethanolamine, a putative endogenous anti-in-
flammatory substance, J. Biol. Chem. 276 (38) (2001) 35552–35557.

[71] B. Costa, et al., The endogenous fatty acid amide, palmitoylethanolamide, has anti-
allodynic and anti-hyperalgesic effects in a murine model of neuropathic pain: in-
volvement of CB1, TRPV1 and PPARγ receptors and neurotrophic factors, Pain 139
(3) (2008) 541–550.

[72] L. De Petrocellis, J.B. Davis, V. Di Marzo, Palmitoylethanolamide enhances ana-
ndamide stimulation of human vanilloid VR1 receptors, FEBS Lett. 506 (3) (2001)
253–256.

[73] N.L. Quintão, et al., The effects of diacerhein on mechanical allodynia in in-
flammatory and neuropathic models of nociception in mice, Anesth. Analg. 101 (6)
(2005) 1763–1769.

[74] L. Watkins, S. Maier, Immune regulation of central nervous system functions: from
sickness responses to pathological pain, J. Intern. Med. 257 (2) (2005) 139–155.

[75] P.M. Grace, et al., Pathological pain and the neuroimmune interface, Nat. Rev.
Immunol. 14 (4) (2014) 217–231.

[76] R. Raffa, Pharmacology of oral combination analgesics: rational therapy for pain, J.
Clin. Pharm. Ther. 26 (4) (2001) 257–264.

[77] U. Colitis–Pathophysiology, Inflammatory bowel disease part I: ulcerative colitis–-
pathophysiology and conventional and alternative treatment options, Altern. Med.
Rev. 8 (3) (2003) 247–283.

[78] S. Perrier, F. Darakhshan, E. Hajduch, IL‐1 receptor antagonist in metabolic dis-
eases: dr Jekyll or Mr Hyde? FEBS Lett. 580 (27) (2006) 6289–6294.

[79] T. Tamura, T. Yokoyama, K. Ohmori, Effects of diacerein on indomethacin-induced
gastric ulceration, Pharmacology 63 (4) (2001) 228–233.

[80] N. Bashir, et al., The molecular and biochemical insight view of grape seed
proanthocyanidins in ameliorating cadmium-induced testes-toxicity in rat model:
implication of PI3K/Akt/Nrf-2 signaling, Biosci. Rep. 39 (1) (2019).

[81] R. Li, et al., The protective effects of melatonin against oxidative stress and in-
flammation induced by acute cadmium exposure in mice testis, Biol. Trace Elem.
Res. 170 (1) (2016) 152–164.

[82] K.L.C. da Silva, et al., Atorvastatin and diacerein reduce insulin resistance and in-
crease disease tolerance in rats with sepsis, J. Inflamm. Lond. 15 (2018) p. 8-8.

[83] N.C. Leite, et al., Efficacy of diacerein in reducing liver steatosis and fibrosis in
patients with type 2 diabetes and non-alcoholic fatty liver disease: a randomized,
placebo-controlled trial, Diabetes Obes. Metab. 21 (5) (2019) 1266–1270.

[84] M.M.M. Refaie, M. El-Hussieny, The role of interleukin-1b and its antagonist (dia-
cerein) in estradiol benzoate-induced endometrial hyperplasia and atypia in female
rats, Fundam. Clin. Pharmacol. 31 (4) (2017) 438–446.

[85] F. Colotta, et al., Cancer-related inflammation, the seventh hallmark of cancer: links
to genetic instability, Carcinogenesis 30 (7) (2009) 1073–1081.

[86] Y. Guo, et al., Interleukin-6 signaling pathway in targeted therapy for cancer,
Cancer Treat. Rev. 38 (7) (2012) 904–910.

[87] T. Hideshima, et al., Biologic sequelae of interleukin-6 induced PI3-K/Akt signaling
in multiple myeloma, Oncogene 20 (42) (2001) 5991–6000.

[88] Y.-J. Lin, et al., The protection of Rhein lysinate to liver in diabetic mice induced by
high-fat diet and streptozotocin, Arch. Pharm. Res. 38 (5) (2015) 885–892.

[89] J.P. Pelletier, et al., Efficacy and safety of diacerein in osteoarthritis of the knee: a
double-blind, placebo-controlled trial. The Diacerein Study Group, Arthritis Rheum.
43 (10) (2000) 2339–2348.

[90] R. Jatwa, A. Kar, Anti-inflammatory and anti-peroxidative roles of diacerein are
possibly mediated through an alteration in thyroid functions in animal model of
inflammation, Fundam. Clin. Pharmacol. 23 (4) (2009) 465–471.

[91] A.G. Torina, et al., Diacerein improves left ventricular remodeling and cardiac
function by reducing the inflammatory response after myocardial infarction, PLoS
One 10 (3) (2015) p. e0121842-e0121842..

[92] E.M. Bartels, et al., Symptomatic efficacy and safety of diacerein in the treatment of
osteoarthritis: a meta-analysis of randomized placebo-controlled trials, Osteoarthr.
Cartil. 18 (3) (2010) 289–296.

M. Almezgagi, et al. Biomedicine & Pharmacotherapy 131 (2020) 110594

9

http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0145
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0145
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0145
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0150
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0150
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0160
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0160
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0160
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0165
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0165
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0165
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0170
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0170
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0170
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0175
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0175
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0180
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0180
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0180
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0185
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0185
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0185
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0190
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0190
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0195
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0195
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0200
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0200
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0205
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0205
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0205
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0210
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0210
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0210
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0215
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0215
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0220
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0220
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0220
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0225
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0225
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0230
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0230
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0235
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0240
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0240
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0245
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0245
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0245
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0250
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0250
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0250
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0255
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0255
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0260
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0260
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0260
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0265
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0265
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0270
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0270
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0270
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0275
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0275
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0275
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0280
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0280
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0280
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0285
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0285
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0285
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0290
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0290
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0290
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0295
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0295
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0300
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0300
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0305
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0305
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0310
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0310
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0315
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0315
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0320
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0320
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0320
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0325
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0325
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0330
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0330
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0335
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0335
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0335
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0340
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0340
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0345
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0345
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0345
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0345
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0350
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0350
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0350
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0355
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0355
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0355
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0355
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0360
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0360
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0360
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0365
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0365
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0365
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0370
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0370
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0375
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0375
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0380
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0380
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0385
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0385
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0385
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0390
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0390
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0395
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0395
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0400
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0400
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0400
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0405
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0405
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0405
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0410
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0410
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0415
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0415
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0415
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0420
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0420
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0420
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0425
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0425
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0430
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0430
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0435
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0435
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0440
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0440
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0445
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0445
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0445
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0450
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0450
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0450
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0455
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0455
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0455
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0460
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0460
http://refhub.elsevier.com/S0753-3322(20)30787-3/sbref0460

	Diacerein: Recent insight into pharmacological activities and molecular pathways
	1 Introduction
	2 Kidney and diacerein effect
	3 Diabetes disease and diacerein effects
	4 Pain and diacerein effects
	5 Gastrointestinal protective effect of diacerein
	6 Role of diacerein in testicular injury and cervical hyperkeratosis
	7 Anti-cancer effect of diacerein
	8 Hepatoprotective effect of Diacerein
	9 Diacerein as synergetic agent
	10 Role of diacerein in many other disorders
	11 Conclusion
	Declaration of Competing Interest
	Acknowledgments
	References




