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Flavonoids consist a wide range of naturally occurring compounds which are exclusively
found in different fruits and vegetables. These medicinal herbs have a number of favourable biological and therapeutic activities such as antioxidant, neuroprotective, renoprotective, anti-inflammatory, anti-diabetic and anti-tumor. Troxerutin, also known as vitamin P4,
is a naturally occurring flavonoid which is isolated from tea, coffee and cereal grains as
well as vegetables. It has a variety of valuable pharmacological and therapeutic activities
including antioxidant, anti-inflammatory, anti-diabetic and anti-tumor. These pharmacological impacts have been demonstrated in in vitro and in vivo studies. Also, clinical trials
have revealed the efficacy of troxerutin for management of phlebocholosis and hemorrhoidal diseases. In the present review, we focus on the therapeutic effects and biological
activities of troxerutin as well as its molecular signaling pathways.
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ABBREVIATIONS
PCNA, proliferating cell nuclear antigen; CP, cisplatin; OTA,
ochratoxin; SOD, superoxide dismutase; BDE-47, 2,2’-4,4’-tetrabromodiphenyl ether; ACR, albumin-to-creatinine ratio; OX2, cyclooxygenase-2; GR, glutamate reductase; iNOS, inducible
nitric oxide synthase; G6PD, glucose-6-phosphate dehydrogenase; NF-kB, nuclear factor kappa-light-chain-enhancer of
activated B cells; CXCR4, C-X-C chemokine ligand 12 recptor 4;
HO-1, heme oxygenase-1; TXNIP, thioredoxin interaction protein; Bcl-2, b-cell lymphoma 2; Ni, nickel; ROS, reactive oxygen
species; CMS, chronic mild stress; CFTR, cystic fibroblast transmembrane conductance regulator; CLC2, chloride channel 2;
NLRP3, nod-like receptor subset inflammasome; HFD, high-fat
diet; NOX2, NADPH oxidase 2; Nrf2, nuclear factor erythroid
2-related factor-2; Ab, amyloid beta; PARP, poly ADP ribose
polymerase; BBB, blood-brain barrier; L-NAME, N-nitro-L-arginine methyl ester hydrochloride; TBARS, thiobarbituric acid

reactive substances; GSH, glutathione; AChE, acetylcholinesterase; CAT, catalase; STAT3, signal transducers and activation of
transcription 3; 2-AA, 2-aminoantherace; TH, tyrosinehydroxylase; TCHI, troxerutin and cerebroprotein hydrosylate; eNOS,
endothelial nitric oxide synthase; NO, nitric oxide; ERβ, esterogen receptor β; PI3K, phosphatidylinositol 3-kinase; 6-OHDA,
6-hydroxydopamine; GCLC, glutamate cysteine ligase catalytic;
GCLM, glutamate cysteine ligase modifier; MDA, malondialdehyde; GFAP, glial fibrillary acid protein; AMPK, adenosine
monophosphate-activated protein kinase; SIRT1, silent mating
type information regulation 2 homolog 1; TID, type I diabetes;
GPX, glutathione peroxide; TNF-α, tumor necrosis factor-α;
IRS1, insulin receptor substrate 1; INF-γ, interferon-γ; CK, creatinine kinase; TAC, total antioxidant capacity; IRAK1, interleukin-1 receptor-associated kinase 1; TRAF6, transmembrane
factor receptor-associated factor 6; I/R, ischemic/reperfusion;
PCV, premature ventricular; rBMECs, rat brain microvascular
endothelial cells; AST, aspartate aminotransferase; NOD, nu-
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cleotide oligomerization domain; LDH, lactate dehydrogenase;
ICAM-1, intercellular adhesion molecule-1; HFFD, high fat or
fructose diet; RIP2, interacting protein-2; cTnI, cardiac troponin I; ER, endoplasmic reticulum.

INTRODUCTION
From the beginning of drug discovery revolution, a large
number of naturally occurring compounds have been discovered and over the past decades, much attention has been made
towards the medicinal herbs which is due to their low side effects and valuable biological activities. The dietary intake of
vegetables and fruits has demonstrated to have health promoting effects which are because of the presence of bioactive compounds having a number of pharmacological effects such as
anti-oxidant, anti-inflammatory, anti-tumor, anti-diabetic, antiobesity and so on [1, 2]. Dietary flavonoids comprise a vase
range of polyphenolic compounds exclusively found in fruits,
vegetables, grains, herbs and beverages [3]. Flavonoids share a
common benzo-γ-pyrone structure which are synthesized in
response to microbial infection through phenylpropanoid route
[4]. It has been reported that the consumption of flavonoids is
at the range of 20 to 1,000 mg/day and their bioavailability is
various among individuals. Flavonoids are absorbed either by
small or large intestines and a large part of them is exposed to
the colonic microbiota. Then, the microbiome digests flavonoids into phenolic and aromatic acids to facilitate their absorption [5, 6].
Troxerutin, also known as vitamin P4, is a derivative of naturally occurring bioflavonoid rutin and is extensively found in
tea, coffee, cereal grains and a number of vegetables and fruits.
It has been shown that troxerutin can be significantly absorbed
by the gastrointestinal system because of its high water solubility and exerts protective effects without making cytotoxic
impact. This naturally occurring compound has various favorable biological activities such as antioxidant, anti-inflammatory,
anti-diabetic and anti-tumor. Besides, clinical trials have demonstrated the efficacy of troxerutin in management of phlebocholosis and hemorrhoidal diseases which is associated with
capability of troxerutin in promoting microcirculation and
protection of endothelial cells [7-15]. In this review, we present
a mechanistic introduction about the pharmacological effects of
troxerutin (Table 1).
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PHARMACOLOGICAL EFFECTS
1. Renoprotective effect
Kidney is one of the important organs for secretion, reabsorption of aminoacids and glucose, production of active form
of vitamin D, and also plays a significant role in immunologic
and metabolic functions [16-20]. Troxerutin has shown high efficacy in protection of kidney (Fig. 1). In a study, the protective
effect of troxerutin in gentamycin-induced acute kidney injury
was examined [21]. The results of this study demonstrated the
great protective effect of troxerutin, so that troxerutin administration promoted renal function through enhancing glomerular
filtration rate and reducing the levels of urinary albumin, urinary albumin to creatinine ratio, serum creatinine and blood
urea nitrogen. Also, troxerutin remarkably alleviated gentamycin-induced renal tissue injury by decreasing expression level
of renal tubular injury marker KIM-1, renal histopathological
alterations and oxidative stress. Besides, troxerutin administration was associated with decreased level of inflammatory
cytokines such as IL-10, TNF-α and IL-6 and also diminished
the level of apoptosis as well as increased the level of tissue
regenerative capacity through upregulation of proliferating cell
nuclear antigen (PCNA), showing the potential renoprotective
effect of troxerutin. Yang and coworkers investigated the protective effect of troxerutin on ochratoxin (OTA)-mediated renal
lipotoxicity [22]. The results of this study exhibited the potential
effect of troxerutin in renal protection, so that troxerutin administration remarkably attenuated nephrotoxicity, promoted
endurance and healed systemic energy metabolism and renal
inflammation in OTA-induced nephrotic mice. Also, it was
shown that troxerutin is able to stimulate reduction in the levels
of triglycerides, phosphatidylcholines and phosphatidylethanolamines in nephropathy. Examination of molecular mechanisms
revealed that the effect of troxerutin in decreasing renal injury
is associated with enhanced expression of sphingomyelinase,
the cystic fibrosis transmembrane conductance regulator and
chloride channel 2. Shan and colleagues investigated the protective effect of troxerutin against 2.2’-4.4’-tetrabromodiphenyl
ether (BDE-47)-induced inflammatory damage in kidney [23].
The results of this study demonstrated that troxerutin significantly decreases ROS level and urine albumin-to-creatinine
ration (ACR) and reduces the activities of inflammatory factors
such as cyclooxygenase-2 (OX-2), inducible nitric oxide synthase (iNOS) and nuclear factor kappa-light-chain-enhancer of
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Table 1. The valuable biological activities of troxerutin
In vitro

In vivo

Major outcomes

Reference

-

Diabetic rats

Increasing the level of testosterone and GPX and improving sperm quality
as well as decreasing blood sugar

[67]

Brain tissues

-

Exerting neuroprotective effect through decreasing oxidative stress and
angiogenesis improving

[16]

-

Wistar rats

Exerting renoprotective effect by decreasing oxidative stress, inflammation
and improving glomerular filtration rate

[21]

-

Albino Wistar rats

Decreasing oxidative stress and enhancing the level of enzymatic and nonenzymatic antioxidants

[34]

Cardiomyocyte

Rat

Exerting anti-apoptotic effect in I/R injury through inhibition of miR-146a-5p

[71]

Hepatocellular
carcinoma cell line
(HuH-7)

-

Exerting anti-tumor effect by reduction of Nrf2 and HO-1 and inhibition of
NF-kB

[48]

Hepatocellular
carcinoma cells

-

Exerting anti-tumor activity through disruption of MDM2-p53 interaction

[49]

-

Mice

Decreasing renal injury through inflammation reduction

[22]

-

Adult male rats

Decreasing anxiety- and depressive-like behaviors induced by chronic mild
stress

[55]

-

Wistar rats

Improving HFD-induced spatial memory impairments of the offspring via
serum and hippocampal apelin level modulation

[56]

-

Wistar rats

Improving Johns score’s, sperm count and levels of FSH and LH and eerting
anti-apoptotic effect in rats exposed to I/R

[72]

-

Male rats

Exerting neuroprotective effect through modulation of endothelial nitric
oxide synthase (eNOS) coupling/decoupling status

[57]

Neurons, astrocytes and
rBMECs

-

Exerting protective effect against cerebral I/R injury through decreasing
inflammatory cytokines and proapoptotic factors and upregulation of GAP43, Claudin-5 and AQP-4

[73]

-

Mice

Exerting renoprotective effect through CXCR4-TXNIP/NLRP3 signaling
pathway

[23]

-

Rat

Improving learning and memory levels and enhancing antioxidant capacity
via Nrf2 upregulation

[68]

-

Rat

Decreasing lipid peroxidation markers and increasing nonenzymatic and
enzymatic antioxidants

[24]

-

Mice

Exerting renoprotective effect

[25]

-

Male Wistar rats

Decreasing inflammatory cytokines and exerting anti-arrhythmogenic effect
in I/R injury of diabetic myocardium

[74]

-

Female Wistar rat

Improving anxiety- and depressive-like behaviors in the offspring of HFD diet
dams

[58]

-

Animal model of
Alzheimer’s disease

Exerting neuroprotective effect through increasing the activities of SOD and
GPx and decreasing the level of MDA and AChE activity

[59]

-

Rat model of myocardial
I/R injury

Exerting protective effect against myocardial I/R injury via Akt/PI3K pathway

[75]

-

Male mice

Decreasing ROS production and inhibition of apoptosis through Nrf2
activation and NOX2 inhibition

[26]

-

Mice

Decreasing mitochondrial oxidative stress and myocardial apoptosis

[79]

Hepatocellular
carcinoma cell

Cancer bearing animal

Exerting anti-tumor effect through stimulation of ROS production and
improving liver markers

[50]
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Table 1. Continued
In vitro

In vivo

Major outcomes

Reference

Human gastric cancer
cells

Mice xenograft models

Sensitizing human gastric cancer cells via inhibition of STAT3/NF-kB and
Bcl-2 pathways

[51]

-

Rat model of type II
diabetes

Inhibition of diabetic cardiomyopathy through NF-kB/Akt/IRS1 pathway

[69]

-

Rat model of Parkinson’s
disease

Exerting neuroprotective effect through PI3k/ERβ induction

[60]

-

Male rats

Enhancing exercise endurance capacity and decreasing oxidative stress
and MMP-9 levels

[77]

3T3-L1 and MDAMB-231 cells

-

Inhibition of DNA and 2-aminoanthracene interaction and exerting antimutagenic effect

[52]

-

Diabetic rats

Decreasing hippocampal mRNA levels of NF-kB, IRAK-1 and TRAF-6 through
miR-146a and miR-155 upregulation

[70]

-

High-fat diet-treated
mice

Alleviation of hepatic gluconeogenesis through Nucleotide oligomerization
domain (NOD) inhibition

[82]

-

Diabetic rats

Improving cognitive deficits and the levels of glutamate cysteine ligase
subunits

[61]

Thymocytes

-

Inhibition of apoptosis induction induced by irradiation through suppressing
PTEN and JNK and induction of Akt

[78]

-

Rat model of I/R injury

Suppressing cell-cell interaction and release of inflammatory mediators

[76]

Figure 1. The involvement signaling pathways in modulation of renoprotective effects of troxerutin. PCNA, proliferating cell nuclear antigen;
CFTR, cystic fibroblast transmembrane conductance regulator; CLC2, Chloride channel 2; NLRP3, Nod-like receptor subset inflammasome;
CXCR4, C-X-C chemokine ligand 12 receptor 4; TXNIP, thioredoxin interaction protein; OX-2, cyclooxygenase-2; iNOS, inducible nitric oxide
synthase; NOX2, NADPH oxidase 2; Nrf2, nuclear factor erythroid 2-related factor-2; ROS, reactive oxygen species; PARP, poly ADP ribose polymerase; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells.
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activated B cells (NF-kB) in kidney tissues exposed to BDE-47.
Also, troxerutin administration decreased the expression level
of NLRP3 inflammasome and C-X-C chemokine ligand 12
receptor 4 (CXCR4) as well as thioredoxin interaction protein
(TXNIP), showing the role of CXCR4-TXNIP/NLRP3 pathway
in renoprotective effect of troxerutin. Elangovan and colleagues
have indicated the protective effect of troxerutin on nickle
(Ni)-induced renal dysfunction [24]. Biochemically, troxerutin
decreased the levels of lipid peroxidation merkers, while it enhanced the levels of nonenzymatic and enzymatic antioxidants.
Histopathologically, troxerutin maintained normal histologic
structure of renal tissue, demonstrating the nephroprotective
potential of troxerutin. In another study, Dehnamaki and coworkers evaluated the effect of troxerutin on the cisplatin (CP)induced kidney injury in mice [25]. It was found that troxerutin
administration decreases serum creatinine, blood urea nitrogen
and MDA levels, enhances the activities of SOD and glutathione peroxidase, and improves histopathological alterations of
kidney tissue. In a study, the renoprotective effect of troxerutin
against BDE-47-mediated kidney damage was evaluated [26].
It was shown that troxerutin decrease renal cell apoptosis and
urinary protein secretion and suppresses the release of cytochrome C from mitochondria with increasing Bcl-2/Bax ratio.
Besides, troxerutin prevents the activation of procaspase-9 and
procaspase-3 and the cleavage of PARP, decrease the production of ROS and enhances the antioxidant activity. It was found
that these protective effects are mediated by inhibition of NOX2
activity and stimulation of Nrf2 activity.

2. Antioxidant effect
Oxidative stress is defined as a condition which the balance
of antioxidant defense system is impaired, and proteins, lipids
and DNA expose to excess oxidative molecules, resulting in
oxidation of lipids and proteins and DNA damage. The studies
show the potential role of oxidative stress in pathological conditions [27-33]. So, a number of drugs has been designed with
this strategy. Troxerutin has shown high antioxidant activity. In
a study, the effect of troxerutin on the N-nitro-L-arginine methyl ester hydrochloride (L-NAME)-mediated oxidative stress was
examined [34]. It was found that troxerutin is able to reverse all
the harmful effects of L-NAME, so that troxerutin administration decreased the level of thiobarbituric acid reactive substances (TBARS) and effectively enhanced the activities of enzymatic
and non-enzymatic antioxidants such as glutathione (GSH),

vitamin C and vitamin E. In a study, the antioxidant activity of
troxerutin and its acylated derivatives was investigated [35]. The
results of hydroxyl radical, ABTS and ORAC assays demonstrated that troxerutin and its acylated derivatives have similar
antioxidant activity, whereas acylated derivatives of troxerutin
exhibited higher inhibitory effect on 2,2’-azobis (2-amidinopropane) dihydrochloride-induced erythrocyte hemolysis compared to troxerutin. In another study, the ameliorative effect of
troxerutin on the nickel (Ni)-induced testicular toxicity in Wistar rats was examined [36]. The administration of troxerutin effectively improved SOD, catalase (CAT), GPx, GST, glutathione
reductase (GR), glucose-6-phosphate dehydrogenase (G6PD),
glutathione, ascorbate, total sulfhydryl groups and testis-organ
weight, whereas it significantly decreased the accumulation
of Ni, lipid peroxidation products and protein carbonyl levels.
Panat and colleagues examined the protective effect of troxerutin against oxidative stress-induced cell death [37]. The results
of this study demonstrated that troxerutin protects a number of
cells such as epithelial cells, fibroblasts and lymphocytes against
peroxyl radical-induced apoptosis, necrosis and mitotic death
through scavenging intracellular basal and inducible ROS levels
and enhancing intracellular GSH levels.

3. Anti-tumor effect
In spite of progress and advancement in cancer prevention and treatment, it is still one of the most challenge diseases
around the world [38-47]. Troxerutin has indicated great antitumor activity and a number of studies showing its anti-tumor
effect are included in this review (Fig. 2). In a study, the antitumor activity of troxerutin against hepatocellular carcinoma
cell line was assessed [48]. The results of this study demonstrated that troxerutin exerts anti-tumor activity on HuH-7 cells by
induction of heme oxygenase (HO)-1 and nuclear translocation
of Nrf2. Also, it was shown that troxerutin reduces the nuclear
translocation of NF-kB (p65 subunit) through LKKB downregulation and consequently, resulting in decreased inflammatory responses, proliferation and cell survival. In another study,
the inhibitory effect of troxerutin on hepatic tumorigenesis was
evaluated [49]. It was shown that troxerutin diminishes hepatic
nodule formation, changes in enzymatic status, frequencies of
glutathione-s-transferase and PCNA and marker of S phase
progression. Besides, it was found that troxerutin administration is associated with impairment in MDMd-p53 interaction,
resulting in mitoinhibitory effect of troxerutin in hepatic tuwww.journal-jop.org
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Figure 2. The involvement signaling pathways in stimulation of anti-tumor activity of troxerutin. HO-1, heme oxygenase-1; Nrf2, nuclear factor
erythroid 2-related factor-2; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; STAT3, signal transducer and activation of
transcription 3; Bcl-2, b-cell lymphoma 2.

morigenesis. In a study, the anti-tumor activity of troxerutin
against hepatocellular carcinoma was examined [50]. In vitro
experiment demonstratd that troxerutin exerts anti-tumor activity and decreases the viability of HuH-7 cells through ROS
production. Also, in vivo experiment indicated that troxerutin
is able to reduce the survival of cancer cells through promoting liver markers and decreasing GST-P, 8-OHdG and Ki-67
expression. In another study, Xu and Jang evaluated the effect of
troxerutin on the efficacy of 5-fluorouracil (5-Fu) in treatment
of human gastric cancer [51]. It was found that a combination
of troxerutin and 5-Fu exerts inhibitory effect on the growth
of human gastric cancer cells and results in inhibition of cell
proliferation in a dose-dependent manner. It was shown that
troxerutin suppresses p65 by downregulating signal transducers and activation of transcription 3 (STAT3) and sensitizes
cancer cells to 5-FuU apoptosis through Bcl-2 prevention. Furthermore, the pro-apoptotic proteins such as Bax and Bid were
increased and caspase was cleaved, resulting in apoptosis induction, demonstrating the potential of troxerutin in treatment of
human gastric cancer. Subastri and coworkers investigated the
effect of troxerutin on DNA and 2-aminoantheracene (2-AA)
interaction [52]. Fluorescence spectroscopy showed the direct
contact of 2-AA and DNA which was prevented by troxerutin.
Also, troxerutin administration was associated with inhibition
of 2-AA and UVA radioation-mediated damage. Anti-mutagen-
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icity study demonstrated that troxerutin suppresses mutation
induced colony formation in mutant strain of S. typhymurium.
Thomas and colleagues examined antineoplastic impact of
troxerutin on rat preneoplastic liver [53]. Troxerutin administration improved enzyme activities and hepatic structure in the
hepatocellular carcinoma-bearing rat. Also, troxerutin remarkably suppressed DNA damage, cell proliferation, inflammation,
fibrosis and hepatic hyperplasia. In another study, Panat and
coworkers introduced a novel method of function of troxerutin
[54]. The redioresistant (DU145) and sensitive (PC3) prostate
cancer were used, and it was shown that pretreatment with
troxerutin and γ-radiation enhances cytotoxicity through ROS
production and DNA damage. It was found that DNA binding
at minor groove by troxerutin leads to the strand breaks and
subsequently, elevated radiation induced cell death.

4. Neuroprotective effect
A number of studies have evaluated the neuroprotective effect of troxerutin which are included in this review (Fig. 3). In
a study, the protective effect of troxerutin and cerebroprotein
hydrosylate (TCHI) on the cerebral ischemia was investigated
[16]. It was shown that this combination increases the lactate
dehydrogenase levels and SOD activity, whereas it decreases
lactic acid and MDA levels in ischemic brain tissues. Besides,
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Figure 3. The involvement signaling pathways in neuroprotective effect of troxerutin. PI3K, phosphatidylinositol 3-kinase; ERβ, esterogen receptor β; MDA, malondialdehyde; ROS, reactive oxygen species; GFAP, glial fibrillary acid protein; AMPK, adenosine monophosphate-activated protein kinase; SIRT1, silent mating type information regulation 2 homolog 1; TNF-α, tumor necrosis factor α; INF-γ, interferon-γ.

TCHI induced microvessel formation and enhanced vascular
maturation mechanisms such as proliferation, adhesion, migration and tube formation. Azarfarin and colleagues investigated
the effect of troxerutin on the anxiety- and depressive-like
behaviors mediated by chronic mild stress (CMS) [55]. The
results of this study demonstrated that troxerutin effectively
diminishes immobility and enhances swimming time. Also,
troxerutin elevates open arm entrance and time spent in the
center and number of entrances crossing, while it decreases
serum cortisol levels, demonstrating the efficacy of troxerutin
in protection against CMS. In a study, the protective effect of
troxerutin on maternal high-fat diet (HFD)-induced impairments of spatial memory and apelin in male offspring was assessed [56]. The results of this study revealed that troxerutin
administration remarkably enhances traveled distance and
time spent, and also serum and hippocampal levels of HFDfed dams, whereas it diminishes the serum apelin levels in
damsm showing the potential of troxerutin in improving HFDinduced spatial memory impairments of the offspring. Zhao
and coworkers examined the protective effect of TCHI against
damage induced by traumatic brain injury (TBI) [57]. It was
shown that TCHI leads to attenuation of neurological disorders, decrease of infarct volume, promotion of proliferation,

endothelial cell loss and blood-brain barrier (BBB) integrity. It
was found that these neuroprotective effects of troxerutin are
mediated by modulation of endothelial nitric oxide synthase
(eNOS) coupling/decoupling status that not only enhanced nitric oxide (NO), but also diminished peroxynitrate level expression. Bayandor and colleagues examined the potential effect
of troxerutin on anxiety- and depressive-like behaviors in the
offspring of HFD fed dams [58]. HFD offspring demonstrated
higher anxiety and depressive-like behaviors, higher blood
sugar, cholesterol and cortisol levels compared to the control
groups. In a study, the protective effect of troxerutin against the
amyloid beta (Aβ)-induced oxidative stress and apoptosis was
investigated [59]. It was shown that troxerutin administration
significantly alleviates MDA levels and acetylcholinesterase
(AChE) activity and enhances SOD and GPx activities in the
hippocampus. Furthermore, troxerutin administration was related to the decreased number of apoptotic cells. In a study, the
involvement of phosphatidylinositol 3-kinase (PI3K)/estrogen
receptor β (ERβ) signaling pathway in neuroprotective effect of
troxerutin in 6-hydroxydopamine (6-OHDA) lesion rat model
of Parkinson’s disease was evaluated [60]. It was shown that
troxerutin decreases apomorphine-induced motor asymmetry and reduces striatal MDA and ROS levels. Also, troxerutin
www.journal-jop.org
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administration diminished glial fibrillary acid protein (GFAP)
as a marker of astrogliosis, and DNA fragmentation as well as
inhibited the loss of nigral tyrosine hydroxylase (TH)-positive
neurons. It was found that these neuroprotective effects of troxerutin are mediated by stimulation of ERβ and PI3K signaling
pathways. Zhang and coworkers evaluated the neuroprotective
effect of troxerutin in T1DM rats [61]. Biochemically, troxerutin administration decreased escape latency and MDA levels,
whereas it enhanced glutamate cysteine ligase modifier (GCLM)
and glutamate cysteine ligase catalytic (GCLC) levels as well as
SOD activity and GSH levels. Histopathologically, troxerutin
administration was associated with lower pyramidal cells in the
hippocampus, with disorganized layers, karyopyknosis, reduced
endochylema and cavitation comparted to the diabetic groups.
Gui and colleagues investigated the impact of troxerutin on the
CCI-induced neuropathic pain [62]. The results of this study
demonstrated that troxerutin significantly reversed mechanical
allodynia and thermal hyperalgesia. Furthermore, troxerutin
suppressed the expression of INF-γ, IL-1β, TNF-α and activation of NF-kB (p65) as well as prevented microglial activation.
Mechanically, it was found that these protective effects of troxerutin are mediated by AMPK activation and upregulation of
SIRT1.

5. Anti-diabetic effect
The estimates indicate the enhanced incidence rate of diabetes mellitus around the world which has resulted in designing a number of pharmacological options for its treatment and
prevention [63-66]. Troxerutin is one of these pharmacological
options which has shown great anti-diabetic activity. In a study,
the impact of troxerutin on the male fertility in type I diabetes
(T1D) rats was evaluated [67]. The results of this study showed
that troxerutin effectively decreases blood sugar and also enhances testosterone and glutathione peroxide (GPX), but it has
no impact on the insulin, FSH, LH, malondialdehyde (MDA),
total antioxidant capacity (TAC) and superoxide dismustase
(SOD). Besides, it was found that troxerutin is able to diminish
diabetes-mediated testicular structural damage and promote
sperm numbers, motility and viability. In a study, Zhang and
coworkers evaluated the protective effect of troxerutin on the
diabetic cognitive dysfunction [68]. The results of this study
showed that rats exposed to troxerutin have higher learning and
memory levels. Also, it was found that troxerutin increases SOD
activity and diminishes MDA content through nuclear factor
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E2-related factor 2 (Nrf2) upregulation. In a study, the protective effect of troxerutin against diabetic cardiomyopathy was
assessed [69]. Troxerutin administration was associated with
reduction in heart rate, blood pressure, blood glucose and plasma triglyceride levels, ROS concentrations and NF-kB protein
expression. Besides, troxerutin prevented the phosphorylation
of Akt, insulin receptor substrate 1 (IRS1) and c-Jun N-terminal
kinase, demonstrating the potential of troxerutin in protection
against diabetic cardiomyopathy. Yavari and colleagues assessed
the effect of troxerutin on the inflammatory NF-kB pathway in
hippocampus of diabetic rats [70]. It was found that troxerutin
effectively reduces hippocampal microRNA levels of NF-kB,
interleukin-1 receptor-associated kinase-1 (IRAK1) and tumor
necrosis factor receptor-associated factor 6 (TRAF6) via upregulation of miR-146a and miR-155.

6. Protective effect against ischemic/reperfusion
Ischemic/reperfusion (I/R) plays a significant role in induction of cell and organ dysfunction and after reperfusion, oxidative stress and inflammatory response result in deterioration
of condition. So, finding compounds which prevent I/R injury
is of interest and troxerutin has shown promising profile in
this field. In a study, the inhibitory effect of troxerutin on the
myocardial cell apoptosis following myocardial I/R injury was
evaluated [71]. The in vitro (cardiomyoctes) and in vivo (rat)
demonstrated that troxerutin administration exerts antiapoptotic effect through miR-146a-5p downregulation. Kheirollahi
and colleagues examined the protective impact of troxerutin
on I/R-induced damages in rat’s disease [72]. The results of this
study demonstrated potential protective effect of troxerutin on
I/R injury, so that troxerutin administration significantly increased Johnson score’s, sperm count and levels of LH and FSH,
and simultaneously, exerted anti-apoptotic effect. In another
study, the impact of TCHI on neurovascular units exposed to
oxygen-glucose deprivation and reoxygenation was evaluated
[73]. It was found that TCHI increases the expression level of
GAP-43, Claudin-5 and AQP-4 and attenuates abnormalities
of unltrastructure of neurons and rat brain microvascular endothelial cells (rBMECs). Besides, TCHI effectively decreased
the levels of inflammatory cytokines (IL-1β, IL-6 and TNF-α)
and cell adhesion molecules (VCAM-1 and ICAM-1) as well
as proapoptotic factors (Bax, p53 and caspase-3), showing the
efficacy of troxerutin in management of I/R injuries. Najafi
and colleagues examined the effect of troxerutin on the I/R in-
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jury of diabetic myocardium [74]. It was shown that treatment
with troxerutin decreases the number of premature ventricular
(PCV) complexes and duration and incidence of ventricular
fibrillation, and also diminishes the duration and incidence of
most arrhythmias. Also, it was found that troxerutin administration is associated with decreased level of inflammatory cytokines such as TNF-α and IL-1β. Shu and colleagues examined
the protective effect of troxerutin against myocardial I/R injury
[75]. It was shown that troxerutin administration effectively
decreases myocardial infarct size, promotes cardiac function
and reduces the levels of creatinine kinase (CK), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) in the I/
R injury rat model. Also, troxerutin diminishes the serum and
mRNA levels of TNF-α and IL-10 as well as some apoptotic
markers (Bax and caspase 3). It was found that these protective
effects of troxerutin are mediated by increased phosphorylation
of Akt and PI3K inhibition. Badalzadeh and colleagues examined the protective effect of troxerutin after myocardial injury
[76]. Pretreatment with troxerutin was associated with reduced
level of inflammatory cytokines such as TNF-α and IL-1β and
decreased activity of intercellular adhesion molecule-1 (ICAM1). The results of posttreatment with troxerutin were similar to
pretreatment results, showing the protective effect of troxerutin
against myocardial I/R injury through inhibition of cell-cell interaction and release of inflammatory mediators.

7. Performance promoting effect
Zamanian and colleagues examined the antifatigue effect of
troxerutin in trained male rats [77]. Troxerutin administration
remarkably increased exhaustion swimming time, glucose level
and SOD activity, while it decreased creatinine kinase activity,
alkaline phosphatase and LDH activities and blood urea nitrogen as well as MMP-9 levels.

8. Protection against radiation
As a promising procedure in treatment of tumors, radiotherapy has harmful effects on normal cells. Troxerutin has shown
promising profile in inhibiting the adverse effects of irradiation.
In a study, Xu and colleagues examined the effect of troxerutin
on radiation-induced PTEN activation [78]. It was found that
troxerutin inhibits the apoptosis stimulation by irradiation in
thymocytes. Mechanically, troxerutin stimulated the activation
of Akt through PTEN inhibition, consequently resulting in JNK

prevention and protection of cells.

9. Cardioprotective effect
In a study, the effect of troxerutin on the myocardial damage
in mice fed fat and fructose-rich diet was evaluated [79]. It was
shown that this kind of diet reduces the levels of antioxidant
and increases ROS generation, lipid peroxidation and oxidatively modified adducts of 6-OH6, 4-HNE and 3-NT. Also, high
fat or fructose diet (HFFD) increased Ca2+ levels and decreased
calcium transportes and cardiolipin content. Besides, alterations
in mitochondrial structure were observed and cytochrome C
release, increase in proapoptotic proteins (APAF-1, Bax, caspase-9 and -3) and reduction in antiapoptotic protein (Bcl-2)
demonstrated apoptosis induction. It was found that troxerutin
administration alleviates cardiac apoptosis and exerts protective role through its antioxidant effect as well as promoting
mitochondrial fusion. In another study, the ameliorative impact
of troxerutin on the diet-induced oxidative stress in mice was
examined [80]. It was shown that troxerutin administration inhibits oxidative stress and promotes the oxidative capacity and
biogenesis and recovers fission/fusion imbalance in the cardiac
mitochondria of HFFD-fed mice. Mokhtari and coworkers investigated the impact of troxerutin on reperfusion injury of diabetic myocardium [81]. The results of this study demonstrated
that troxerutin administration remarkably diminishes cardiac
troponin I (cTnI) levels and apoptotic index via GSK-3β inhibition.

10. Hepatoprotective effect
In a study, the effect of troxerutin on the increased hepatic
gluconeogenesis in HFD-treated mice was examined [82]. The
results of this study indicated the promotion of obesity and related metabolic parameters as well as liver injuries by troxerutin
administration. Also, increased level of hepatic gluconeogenesis and upregulation of NF-kB p65 transcriptional activation
as well as release of inflammatory cytokines were suppressed
following troxerutin administration. It was found that these
protective effects of troxerutin are mediated through downregulation of Nucleotide oligomerization domain (NOD) and
inhibition of interaction between NOD1/2 with interacting protein-2 (RIP2) through reduction of oxidative stress-mediated
endoplasmic reticulum (ER) stress.
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