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Abstract: Troxerutin (TRX), a semi-synthetic bioflavonoid derived from rutin, has been reported to 
exert several pharmacological effects including antioxidant, anti-inflammatory, antihyperlipidemic, 
and nephroprotective. However, the related molecular details and its mechanisms remain poorly 
understood. In the present review, we presented evidences from the diversity in vitro and in vivo 
studies on the therapeutic potential of TRX against neurodegenerative, diabetes, cancer and cardio-
vascular diseases with the purpose to find molecular pathways related to the treatment efficacy. 
TRX has a beneficial role in many diseases through multiple mechanisms including, increasing 
antioxidant enzymes and reducing oxidative damage, decreasing in proapoptotic proteins (APAF-1, 
BAX, caspases-9 and-3) and increasing the antiapoptotic BCL-2, increasing the nuclear transloca-
tion of nuclear factor erythroid 2-related factor 2 (Nrf2) and downregulating the nuclear factor κB 
(NFκ). TRX also reduces acetylcholinesterase activity and upregulates phosphoinositide 3-
kinase/Akt signaling pathway in Alzheimer’s disease models. Natural products such as TRX may 
develop numerous and intracellular pathways at several steps in the treatment of many diseases. 
Molecular mechanisms of action are revealing novel, possible combinational beneficial approaches 
to treat multiple pathological conditions. 
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1. INTRODUCTION 

 Troxerutin (TRX) also known as vitamin P4 is a naturally 
occurring flavonoid derived from rutin (3’,4’,7’-Tris[O-(2- 
hydroxyethyl)] rutin) that has recently attracted the attention 
of many studies due to its pharmacological properties [1, 2]. 
TRX is mainly found in tea, coffee, cereals, fruits and vege-
tables. Due to its high water solubility, it is easily absorbed 
in the gastrointestinal tract (GIT) and presents low tissue 
toxicity [3, 4]. It has been indicated that TRX has interesting 
pharmacological effects including antioxidant, anti-
inflammatory, antihyperlipidemic, antineoplastic, antithrom-
botic, antifibrotic and nephroprotective [1, 5, 6]. 

 Previous review studies have shown that some polyphe-
nolic natural products such as resveratrol, rutin and ellagic  
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acid play an important role in the prevention and treatment 
of chronic diseases such as Alzheimer's disease (AD), Park-
inson's disease (PD), type 2 diabetes, cardiovascular diseases 
(CVDs) and cancer [7-10]. According to the findings of 
these studies, these antioxidants mainly exert their protective 
and therapeutic effects with anti-oxidant and anti-
inflammatory properties on vital organs. 
 Similarly, TRX has a protective role in many tissues such as 
brain, kidney, heart, vascular and liver [3]. In addition, TRX 
inhibits testicular toxicity induced by nickel in rats [6]. TRX 
also has the capability to improve learning and memory im-
pairments induced by amyloid-beta (Aβ) in AD models [1, 5, 6]. 

 Moreover, TRX has beneficial activity against insulin 
resistance and diabetes and improves testicular function and 
sperm production in prepubertal type 1 diabetic male rats via 
reducing oxidative stress [11]. 

 Oxidative stress is an imbalance between free radicals 
such as ROS and RNS species and the antioxidant systems. 
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Free radicals with an uneven electron can lead to large chain 
chemical reactions with important macromolecules like pro-
teins, nucleic acids and membrane fatty acids. Therefore, 
oxidative stress can disrupt the function of these macromole-
cules and induce apoptotic processes [12]. Oxidative stress is 
directly involved in many pathological conditions such as 
cancer, Parkinson disease, AD, heart failure, diabetes and 
depression [13, 14]. A study on Wistar rats reported that 
TRX exerts a protective effect on hippocampal neurons 
against oxidative stress and apoptosis induced by Aβ, associ-
ated with a decrease in malondialdehyde (MDA) levels, the 
major product of lipid peroxidation, and an increase in SOD 
and GPx activities [1]. Similarly, TRX improves oxidative 
stress in the blood of streptozotocin (STZ)_induced type-1 
diabetic evidenced by a decrease in MDA level and an in-
crease in the activity of antioxidant enzymes SOD, GPX, and 
CAT compared with diabetic groups with no significant ef-
fect on non-diabetic rats [15]. An investigation on mice fed 
calorie-rich diet has illustrated that TRX prevented mito-
chondrial oxidative stress and myocardial apoptosis, related 
to decrease in ROS production, lipid peroxidation, proapop-
totic proteins (APAF-1, BAX, caspases-9 and-3 and increase 
in the antiapoptotic protein (BCL-2) [16]. TRX also pre-
vented BDE-47-induced kidney cell apoptosis through an 
antioxidant and antiapoptotic activity [3]. TRX showed anti-
cancer properties in hepatocarcinoma cell line via increasing 
nuclear translocation of Nrf2, a key regulator of the antioxi-
dant response, decreasing oxidative stress and suppressing 
the expression of IKKβ, and downregulating NF-κB medi-
ated inflammation and proliferation [17-19]. Similarly, TRX 
protects against diabetic cardiomyopathy in a rat model of 
type 2 diabetes by reducing ROS levels, NF-κB protein ex-
pression and Akt activation [20]. 
 The purpose of this review was to review recent scientific 
reports on TRX, analyzing its antioxidant effect and its po-
tential role as a therapeutic agent, providing a picture of the 
chemistry, mechanisms of action and elucidating the effects 
on patients. 
 The present review focuses and summarizes the impor-
tant findings regarding the health impacts of TRX and the 
diversity of its pharmacological effects of TRX on chronic 
diseases, including AD, PD, metabolic syndrome, diabetes, 
cancer, cardiovascular diseases as well as its related molecu-
lar mechanisms. 

2. BACKGROUND OF TROXERUTIN 

 TRX is a flavonol obtained from rutoside, a natural fla-
vonoid, which is hydroxylated at the 3', 4' and 7th positions in 
the rutin structure. TRX is a yellow powder and comfortably 
soluble in water [15]. It was isolated from Styphnolobium 
japonicum  Styphnolobium japonicum (L.) Schott, 
1830, and also is found in significant amounts in tea, coffee, 
some fruits and plants [21]. TRX should be stored at 2-8°C 
and protected from air and light to avoid its degradation. 
TRX belongs to the class of organic compounds identified as 
flavonoid-3-o-glycosides. These are phenolic compounds, 
including a flavonoid moiety that is O-glycosidically linked 
to a carbohydrate moiety at the C3-position (Fig. 1) [22]. 
TRX constitutes approximately 80% of tris rutin as the main 
compound, whereas bis rutin, tetrakis rutin, and mono rutin 

are occurring in a negligible extent [23]. A study indicated 
that synthesizing troxerutin-acylated derivatives, signifi-
cantly increases the bioavailability and antioxidant activities 
of TXR in cells via improving its lipophilicity. Indeed, acy-
lation of TRX by P. aeruginosa and P. stutzeri allow obtain-
ing two products, troxerutin monoester and troxerutin di-
ester, which showed better bioavailability, absorption and 
antioxidant activities than native TRX [24]. 

3. TROXERUTIN IN THE TREATMENT OF 
NEURODEGENERATIVE DISEASES 

 Millions of people around the world suffer from neu-
rodegenerative diseases [25]. Neurodegenerative diseases 
comprise a chronic and heterogeneous group of central nerv-
ous system disorders characterized by the functional and 
structural damage of neurons or neuronal cell death in the 
specific brain and spinal cord regions [26, 27]. The common 
pathological mechanisms underlying the development of 
neurodegenerative diseases include dysfunction of neuronal 
excitability, oxidative stress, aggregation of abnormal pro-
tein, mitochondrial dysfunction, induction of apoptosis, dys-
function in the function of proteases, and neuroinflammation 
[27, 28]. Common neurological diseases such as AD, PD, 
ALS, HD and MS are the most important medical topics. 
These disorders are mainly associated with increased mortal-
ity in individuals, and their prevalence around the world is 
increased by aging [29]. AD is the most prevalent form of 
age-related progressive neurodegenerative disease and, while 
the PD is recognized as the second most prevalent degenera-
tive neurological movement disorder of adult-onset. Cur-
rently, available treatments are not completely effective to 
reduce the progress of these diseases; therefore, therapeutic 
interventions and successful preventions are emphasized [30, 
31]. AD as escalating dementia is characterized by the neu-
ronal and synaptic loss in the cerebral cortex and certain 
subcortical regions, including degeneration in the temporal 
lobe, regions of the frontal cortex, the cingulate gyrus and in 
brainstem nuclei like the locus coeruleus [32]. Accumulation 
of the extracellular Aβ resembling plaques senile, tau deposi-
tion and intracellular NFTs in the brains of AD patients are 
the main hallmarks of AD [33]. The brain is one of the tis-
sues which is most susceptible to oxidative stress and dam-
age due to its high oxygen consumption, poor antioxidant 

 

Fig. (1). The structure of TRX. (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article). 
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defense and high content of unsaturated fats with high sus-
ceptibility to lipid peroxidation [34]. The damage caused by 
oxidative stress in the brain is harmful since it is a post-
mitotic tissue formed by nerve cells with a poor capacity for 
self-renewal due to their low proliferative capacity. Increas-
ing evidences show that oxidative stress is implicated in the 
pathogenesis of AD [35-37]. 

 Some studies have shown that the generation of free radi-
cals such as ROS leads to mitochondrial dysfunction and 
increased Aβ peptide accumulation in the brain [38-40]. 
Several studies have been designed to determine the possible 
effect of TRX as a neuroprotective agent (Table 1). For ex-
ample, in in vivo and in vitro experimental models, TRX has 
been shown to reduce ischemic damage by reducing oxida-
tive stress in a process mediated by increased SOD activity 
and decreased MDA levels in the rat cerebral tissues [41]. In 
addition to the neurovascular unit (NVU) model for oxygen-
glucose deprivation and reoxygenation (OGD/R) damage, 
TRX has protective effects on neurons after cerebral ische-
mia/reperfusion (I/R) injury via reducing the levels of in-
flammatory cytokines such as IL-1β, IL-6, and TNF-α, 
proapoptotic markers (Bax, p53, and caspase-3), and improv-
ing blood-brain barrier maintenance [42]. Lu and colleagues 
demonstrated the neuroprotective effects of TRX in the D-
galactose-treated mouse model induced by subcutaneous 
injections of D-galactose for 8 weeks. In this study, TRX 
effectively improved learning and memory through decreas-
ing advanced AGEs, ROS and protein carbonyl levels in the 
basal forebrain, hippocampus and frontal cortex. The results 
evidenced that TRX reduced the activity of AchE, increased 
neuronal acetylcholine receptor subunit alpha-7(nAchRa7) 
expression and interaction between nAchRa7 and the mem-
ory-related proteins either postsynaptic density protein 95 
(PSD95) or NMDAR1 in the basal forebrain, hippocampus 
and front cortex of mice [43]. In addition, Lu and colleagues 
reported that oral administration of TRX improved the spa-

tial learning, memory deficits and cognitive performance and 
reduced oxidative stress via NGF-dependent activation of the 
TrkA pathway in D-galactose-treated 8-week-old male 
Kunming strain mice [44]. It has been reported that TRX 
possesses neuroprotective properties and reduces oxidative 
stress via decreasing the levels of neurotoxic ROS, protein 
carbonyl and AGEs in the hippocampus of mice fed a high 
cholesterol-induced diet for 20 weeks. In addition, TRX sig-
nificantly reduced the cognitive deficits by increasing phos-
phoinositide 3-kinase/Akt signaling pathway activity and 
inhibiting the endoplasmic reticulum stress pathway in the 
mouse hippocampus [45]. Babri and colleagues demon-
strated the effectiveness of TRX in a mouse model of AD 
induced by intracerebroventricular injection of Aβ1-42. In this 
study, the oral administration of TRX (300 mg/kg) for a pe-
riod of 8 days, significantly attenuated the impairments in 
learning and improved memory. This ability is probably re-
lated to its anti-inflammatory and antioxidant properties, 
which enhance hippocampal LTP, improve the functionality 
of the cholinergic system, and reduce the AChE activity 
and/or levels of AGEs in different regions of the brain, espe-
cially, in the hippocampus [46]. Lu and colleagues showed 
that DA (2 mg/kg, intraperitoneal injection) administration 
for 3 weeks induced a significant impairment in mitochon-
drial function, increased ROS generation, GFAP and Cox-2 
levels and induced the release of inflammatory cytokines 
such as IL-1β and TNF-α, leading to memory impairment via 
the PKC-z–dependent K-ras/Raf/MEK/ERK1/2 signaling 
pathway in the hippocampus of mice. They also found that 
oral administration of TRX significantly improved learning 
and memory by inhibiting Cdk1 expression [47]. In an elec-
trophysiological study on male Wistar rats, it was observed 
that intracerebroventricularly (i.c.v.) administration of Aβ1-42 
in to right lateral ventricle dramatically reduced the LTP of 
the DG. Continuous administration of the TRX for two 
weeks evidenced an improvement in LTP and prevented the 
hippocampal synaptic failure induced by Aβ peptide [48]. 

Table 1. Some of the studies on TRX. 

Type of Study /Model Dosage of TRX Duration Results Refs. 

Animal (rat)/ 
MCAO model 

40 mg/ml NIL TRX and cerebroprotein hydrolysate injection reduced cerebral ischemic 
damage via the reduce of oxidative stress and amelioration of angiogenesis. 

[36] 

In vitro/ NVU TRX and cerebroprotein 
hydrolysate injections 
10, 100 and 1000 µM 

NIL TRX has protective effects on neurons after cerebral ischemia/reperfusion 
injury via reducing the levels of inflammatory cytokines, proapoptotic 

markers, and improving blood-brain barrier maintenance. 

[42] 

Animal (mice)/ D-gal-
treated model 

150 mg/kg/day 8 weeks TRX improved learning and memory through decreasing AGEs,  
ROS and protein carbonyl levels in the basal forebrain,  

hippocampus and front cortex 

[44] 

Animal (mice)/ D-gal-
treated model 

150 mg/kg/day 8 weeks TRX reduced cognitive impairment and brain oxidative stress via NGF-
dependent activation of TrkA pathway 

[43] 

Animal (mice)/ choles-
terol-induced cognitive 

deficits model 

150 mg/kg/day 20 weeks TRX reduced oxidative stress and the cognitive deficits by increasing 
PI3K/Akt signaling pathway activity in the hippocampus  

[45] 

(6-OHDA)- induced rat 
model of PD 

150 mg/kg/day 1 week TRX inhibiting astrogliosis, apoptosis and oxidative stress  [55] 
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Additionally, intraperitoneal injection of TRX for 6 weeks, 
improved cognitive performance through reducing oxidative 
stress, decreeing MDA level and increasing the levels of 
GSH and the activity of SOD and in STZ-induced diabetic 
rats. The principal mechanism of the effects of TRX, as men-
tioned above, probably involves glutamate-cysteine ligase 
expression, especially glutamate-cysteine ligase catalytic 
subunit in hippocampal tissues [49]. 

 Farajdokht et al., demonstrated that intracerebroventricu-
lar injection of Aβ1-42 (300 mg/kg) enhanced the levels of 
MDA and AChE and also reduced the activities of SOD and 
GPx in the hippocampus of rats [1]. According to this study, 
chronic administration of TRX also exerts significant anti-
apoptotic and neuroprotective effects on hippocampal neu-
rons probably due to its antioxidant and AChE-inhibitory 
effects. In a STZ-induced diabetic rat model, TRX improved 
cognitive dysfunction by enhancing SOD activity and in-
creasing the content of Nrf2 as a core transcription factor of 
antioxidant proteins in the hippocampus [50]. Diba et al., 
investigated the effect of chronic TRX treatment on high-fat 
diet-induced in pregnant rats. In this study, TRX improved 
learning and spatial memory impairment by enhancing se-
rum and hippocampal apelin levels in the offspring and de-
creasing the pro-inflammatory cytokines in the hippocampus 
[51]. 
 In LPS-induced rat inflammation and oxidative damage 
model, intraperitoneal TRX administration for 6 consecutive 
days improved memory impairment via reducing ROS pro-
duction and MDA levels and ameliorating the release of in-
flammatory mediators such as TNFα and NF-κB [52]. The 
mechanism of action of the TRX is mediated by the SIRT1 / 
SIRT3 signaling pathway. PD is a progressive and chronic 
neurodegenerative disorder caused by degeneration dopa-
minergic neurons in the substantia nigra and the progressive 
aggregation of α-synuclein protein and accumulation of 
Lewy bodies and Lewy neurites [53, 54]. Baluchnejadmo-
jarada et al., studied the neuroprotective effects of TRX (150 
mg/kg/day) for 1 week in 6-hydroxydopamine (6-OHDA)-
induced rat model of PD. TRX treatment reduced apomor-
phine-induced rotational behavior and improved the per-
formance of rats in the narrow beam test by inhibiting astro-
gliosis, apoptosis and also reduced oxidative stress in the 
striatum in a process probably mediated by PI3K / ERβ sig-
naling cascade [55]. 

4. TROXERUTIN IN THE TREATMENT OF 
CHRONIC METABOLIC DISEASES 

 Today, chronic non-communicable metabolic diseases, 
such as obesity, T2DM and NAFLD are increasing dramati-
cally in developed and developing countries [56, 57]. 
 The International Diabetes Federation (IDF) reported that 
451 million people between the ages of 18 to 99 years were 
affected by diabetes in 2017. The number of patients is ex-
pected to increase to 693 million by 2045 [58]. T2DM is a 
metabolic disease characterized by an elevated level of blood 
glucose, arising due to a decline in pancreatic β-cell function 
and insulin resistance in peripheral tissues [59, 60]. The 
prevalence of diabetes has increased over the past decade, 
with obesity being one of the main causes in 90% of cases 

[61, 62]. T2DM has been strongly associated with micro- 
and macrovascular diseases such as coronary artery diseases, 
peripheral arterial disease, retinopathy, chronic kidney dis-
ease and end-stage renal disease [63]. In T2DM, it is well 
established that abnormalities such as hyperglycemia, insulin 
resistance, hyperinsulinemia and dyslipidemia increase oxi-
dative stress, which is ultimately associated with damage to 
endothelial cells in large and small vessels [64]. The pancreas 
contains lower antioxidant defense enzymes such as SOD, 
catalase, and GPx compared to other tissues. Thus, chronic 
hyperglycemia makes the pancreatic β cells more vulnerable 
to oxidative stress through increasing ROS generation [65, 
66]. Type 1 diabetes is a heterogeneous autoimmune disease 
in which the activity of T lymphocytes and inflammatory 
cytokines leads to the destruction of insulin-producing pan-
creatic islet β cells and chronic hyperglycemia [67, 68]. 
 Ranjith et al., studied the antidiabetic effects of the TRX 
in monosodium glutamate -induced insulin resistance by 
mediating PPARs in rats. The administration of TRX re-
duced the concentrations of plasma glucose and insulin and 
also improved insulin sensitivity. In addition, TRX had pro-
tective effects against liver damage by decreasing the activ-
ity of aminotransferases (AST and ALT) enzymes. TRX 
reduced oxidative stress via increasing the activities of en-
zymatic antioxidants (SOD, CAT and GPx) and non-
enzymatic antioxidants (reduced GSH, vitamin C and E) in 
plasma and liver tissue. The treatment also increased the 
mRNA expression of adiponectin in the liver, which has 
anti-fibrotic activity via an inhibitory effect on hepatic stel-
late cell-mediated adenosine monophosphate-activated pro-
tein kinase and PPAR-α pathways [69]. In an in vitro study, 
it has been demonstrated that TRX prevented protein glyca-
tion such as albumin through hydrophobic interactions and 
also reduced the development of complications in hypergly-
cemia [70]. Administration of TRX for a period of 4 weeks 
in high fat and sucrose-induced diabetic adult male rats re-
duced fasting serum glucose, lipid profile and insulin levels, 
probably through improving insulin sensitivity resulting 
from glucose tolerance. TRX increased the mRNA and pro-
tein levels of the insulin receptor in the gastrocnemius mus-
cle of the diabetic group. It also, increased b-arrestin-2 and 
c-Src protein levels, glucose uptake, oxidation, glycogen 
level and increased expression of GLUT4 in the gastrocne-
mius muscle of T2DM group [71]. At the early stage of dia-
betic retinopathy induced by STZ, the oral administration of 
TRX has been shown to significantly reduce the concentra-
tion of VEGF protein compared to the diabetic control 
group, and this effect might be related to its antioxidant 
properties [72]. Vascular damage in aorta from a rat model 
of diabetes, TRX administration once daily for 4 weeks sig-
nificantly reduced lipid aggregation in tunica intimae and 
tunica media of the aorta in diabetic rats. According to this 
study, the mechanism of action of the TRX is related to the 
reduction in MDA level and the increase in the activity of 
SOD and GPx, which ultimately leads to a decrease in oxida-
tive stress [73]. In an in vivo study on diabetic rats, TRX 
administration once daily for 4 weeks significantly reduced 
the NF-κB protein expression and ROS levels, and also acti-
vated the AKT/IRS/JNK signaling pathway, in myocardial 
tissue [20]. Additionally, it has been shown that other dam-
aging effects of diabetes include myocardial apoptosis [74]. 
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Mokhtari et al., in STZ-induced diabetic rats, evidenced that 
TRX administration once daily for 4 weeks reduced cardiac 
troponin levels in the myocardium and protected from myo-
cardial I/R via increasing the phosphorylation and inactiva-
tion of GSK-3β, a protein kinase with a critical role in mito-
chondrial dysfunction and apoptosis. The authors assumed 
that the TRX probably exerts its anti-apoptotic effects by 
increasing the phosphorylation of GSK-3β via activation of 
PI3K/Akt signaling pathway in the myocardial tissue [75]. 
Dietary administration of TRX for 4 weeks significantly re-
duced the mRNA levels of NF-κB, IRAK-1, and TRAF-6 in 
the hippocampus tissue of healthy and diabetic rats. The pro-
tective effects of TRX have been suggested to be related to 
its ability to inhibit the NF-κB mRNA expression and its 
adaptor proteins TRAF-6 and IRAK-1 via regulation of their 
targets such as miR-146a [76]. The administration of TRX 
after induction of T1DM in rats for 6 weeks significantly 
attenuated the oxidative stress via reducing MDA levels and 
increasing the antioxidant defenses, including GSH and SOD 
in the hippocampus tissue. It has been suggested that the 
mechanism of action might involve GCLC [49]. Badal-
zadehb et al., indicated that TRX improved the oxidative 
stress in the blood of STZ-induced T1DM rats. The results of 
their study indicated that the antidiabetic effects of TRX 
derive from the reduction of oxidative stress by decreasing 
lipid peroxidation and increasing the activities of antioxidant 
enzymes in plasma of diabetic rats [15]. In another study, the 
effect of TRX on diabetic male Sprague-Dawley rats signifi-
cantly increased the SOD activity in the hippocampus [77]. 
The administration TRX was suggested to delay the devel-
opment of diabetes-induced cognitive dysfunction by in-
creasing the expression level of Nrf2 in the hippocampus 
[77]. It has been shown that diabetes mellitus can cause male 
infertility in pre-testis, testis and post-testis associated with 
the excessive production of free radicals which can damage 
the sperm DNA [78, 79]. A study by Oskuye et al., reported 
that the administration of TRX in STZ-induced diabetic rats 
for 4 weeks significantly reduced the damage to testicular 
tissue and improved the quantity and quality parameters of 
sperm. The protective effects of the TRX have been sug-
gested to be related to its ability to reduce oxidative stress 
and serum glucose in diabetic rats [11]. Additionally, it was 
investigated the protective effects of TXR on testicular func-
tion and structure in T1DM adult rats by reduction of apop-
tosis. It has been shown TRX significantly reduced plasma 
glucose levels, improved the number of spermatogonia, 
spermatocyte, round and elongated spermatid, and Sertoli 
and Leydig cells due to its antiapoptotic and antioxidant ac-
tivity [80]. 

 In mice fed a high-fat, high-fructose diet (HFFD), TRX 
has been demonstrated to ameliorate glucose tolerance, insu-
lin sensitivity, regulate electrocardiogram patterns and re-
duce cardiomyocyte hypertrophy [81]. It was shown that 
TRX downregulated superoxide production, NADPH oxi-
dase (NOX) p22phox subunit and reduced the levels of TGF-
β1 and α–SMA, which have a key role in fibrogenesis. In 
addition, TRX decreased the levels of matrix metalloprotein-
ase (MMP)-9 and -2 with increasing in tissue inhibitors of 
metalloproteinases (TIMP)-1 and -2 in the heart of mice. The 
authors found that TRX was an effective compound to man-
age T2DM and cardiac dysfunction linked to metabolic syn-

drome [81]. Malinska and colleagues, in a hereditary hyper-
triglyceridemic (HHTg) rat model of metabolic syndrome 
treated with TRX (150 mg/kg, for 4 weeks), found that TRX 
was able to reduce non-fasting blood glucose, hyperinsu-
linemia and hepatic cholesterol accumulation owing to its 
effects on genes related to cholesterol synthesis and lipid 
oxidation. The researchers also found that TRX reduced the 
expression of 3-hydroxy-3-methylglutaryl-CoA reductase 
(HMGCR), involved in cholesterol synthesis, and increased 
the expression of PPARα, a key regulator of lipid and glu-
cose metabolism, in the hepatic tissue of HHTg rats. Moreo-
ver, TRX significantly reduced lipogenic enzymes such as 
stearoyl-CoA desaturase (SCD1), which might be associated 
with the increase in the activity of CYP1A1 (cytochrome 
P450, family 1, subfamily A, polypeptide 1) in the liver [82]. 
 The antioxidant activity of TRX has been studied by 
Geetha and colleagues using mice fed HFFD for 45 days. 
TRX administration (150 mg/kg) has been found to signifi-
cantly ameliorate whole-body insulin sensitivity and oxida-
tive stress by increasing the activity of enzymatic and non-
enzymatic antioxidants and reducing the lipid content in the 
heart tissue. Moreover, TRX increased the expression of 
genes involved in fatty acid oxidation (PPAR-α, PGC-1 α, 
and CPT-1β), and decreased the expression of genes involv-
ing in fatty acid synthesis such as SREBP-1c and fatty acid 
transport (CD 36 and FATP-1) in the heart tissue [83]. In 
another study, it has been found that TRX (150 mg/kg) has 
protective effects in male offspring of high-fat diet-fed rats 
via reducing the hippocampus and serum levels of TNF-α 
and IL-6 and increasing brain-derived neurotrophic factor 
(BDNF) levels [84]. In addition, the administration of TRX 
(150 mg/kg) during pregnancy significantly increased the 
serum levels of apelin-13 and down-regulated the expression 
of apelin-13 receptor mRNA in the ovarian tissue of the off-
spring of HFD fed mothers. Additionally, TRX increased the 
number of primary, secondary, and graph follicles, and re-
duced atretic follicles [85]. Zhang and colleagues studied the 
anti-obesity effects of TRX (150 mg/kg, orally, for 20 
weeks) in HFD mice. They established that TRX signifi-
cantly ameliorated obesity and reduced the mass of epididy-
mal adipose tissue, and increased the levels of serum adi-
ponectin. The authors also showed that TRX inhibited in-
flammatory response via suppressing the nuclear transloca-
tion of NF-κB p65 and reduced oxidative stress via decreas-
ing the levels of 4-hydroxynonenal (4-HNE), ROS genera-
tion and increasing GSH levels in the liver tissue. TRX also 
reduced the expression of the nucleotide oligomerization 
domain (NOD), as well as interaction between NOD1/2 with 
interacting protein-2 (RIP2), by reducing oxidative stress-
induced endoplasmic reticulum in the liver tissue [86]. 
 An investigation on mice fed with HFD has been indi-
cated that TRX (150 mg/kg, orally) prevented obesity, liver 
steatosis and injury via increasing GSH content and SOD1 
protein expression. TRX also modulated NAD+ metabolism 
by increasing NAD+ level and sirtuin 1 (Sirt1) activity, and 
promoting the nuclear entry of lipin 1 (which modulates fatty 
acid oxidation gene expression) and reducing the ratio of 
Lpin 1b/a. Finally, TRX improved lipid homeostasis in the 
liver by increasing fatty acid oxidation and triglyceride se-
cretion and inhibiting lipogenesis [87]. 
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5. NEPHROPROTECTIVE EFFECTS OF TRX 

 The nephroprotective effects of TRX have been reported 
by different authors. For example, Fan and colleagues stud-
ied the effect of TRX (150 mg/kg, orally) for 4 weeks on the 
renal injury induced by D-galactose in the male Kunming 
strain mice [88]. The authors found that TRX significantly 
reduced the renal injury induced by D-gal via three different 
molecular mechanisms: increasing antioxidant enzyme ac-
tivities such as SOD, CAT and GPx, reducing MDA content 
and, inhibiting the expression of NF-κB, iNOS and COX-2 
[88]. In another study on D-galactose-treated mice have been 
found that chronic administration of TRX (150 mg/kg) by 
oral gavage for a period of 8 weeks reduced renal dysfunc-
tion and histopathologic changes. It also reduced the 
NADPH oxidase activity, increased the activities of SOD, 
CAT and GPX, down-regulated the levels of ROS and 8-
hydroxy-2' -deoxyguanosine (8-OHdG), and reduced the 
number TUNEL-positive cells in the and DNA damage in 
the kidney cells. Thereafter, the nephroprotective effects of 
TRX in the D-galactose-induced DNA damage model have 
been suggested to be related to its antioxidant activity [89]. 
Shan et al., studied the nephroprotective effect of TRX (100 
mg/kg) against 2,2',4,4'-tetrabromodiphenyl ether (BDE-47)-
induced apoptosis in male C57BL/6J mice. The administra-
tion of TRX reduced the ubiquitination of Nrf2, increased 
Nrf2 activity and improved oxidative stress of kidney cells 
via increasing the activities of SOD, GPx, and CAT, and also 
reduced release of mitochondrial cytochrome c. The results 
of this study indicated that TRX inhibited the expression of 
FAS, FAS ligand, and caspase-8 as well as prevented cyto-
toxicity induced by BDE-47 in the kidney [3]. In another 
study by Shan and colleagues, it was found that administra-
tion of TRX (100 mg/kg, orally) in male C57BL/6J mice for 
8 weeks regulated the deleterious effects of inflammation 
through CXCR4-TXNIP/NLRP3 inflammasome in the kid-
ney of mice treated by BDE-47 [50]. The nephroprotective 
activity of TRX was studied on liposoluble toxin ochratoxin 
A (OTA)-induced nephrotic mice. TRX at 150 mg/kg dose 
for 12 weeks improved the weight loss of kidney and the 
inflammatory response via reducing the expression of proin-
flammatory cytokines such as IL-6, Kim1, TGF-α, and TGF-
β in the cortex and medulla of the kidney. In addition, TRX 
decreased renal lipotoxicity by elevating the mRNA levels of 
sphingomyelinase (SMase) and activated chloride channels 
(CLCs) in the damaged kidney [90]. Dehnamaki and col-
leagues described the beneficial effects of TRX on kidney 
injury induced by cisplatin in mice. In this model, TRX (150 
mg/kg, orally) for 3 days significantly reduced the levels of 
blood urea nitrogen (BUN), creatinine and improved oxida-
tive stress by increasing SOD activity and reducing MDA 
levels in renal tissue [91]. In another study, the administra-
tion of TRX (100 mg/kg, orally) for 20 days in rats signifi-
cantly reduced the renal toxicity of nickel (20 mg/kg body 
weight) and protected the normal histological structure of the 
renal tissue. These findings suggest that the nephroprotective 
effect of TRX occurs via reducing oxidative stress [92]. 
Similarly, the treatment with TRX (150 mg/ kg, orally) for 
15 days against gentamicin-induced acute kidney injury rat 
model showed that TRX significantly prevented the reduc-
tion in glomerular filtration rate (GFR) induced by gentamy-
cin as well as normalized the levels of serum creatinine, 

blood urea nitrogen, urinary albumin, and the urinary albu-
min to creatinine ratio. In addition, TRX significantly de-
creased lipid peroxidation, protein oxidation and kidney in-
jury molecule-1 (KIM-1) protein abundance. TRX protective 
effects were related to an attenuation of oxidative stress, 
anti-inflammatory activity through reducing the levels of 
inflammatory cytokines such as TNF-α, IL-6 and IL-10, anti-
apoptotic effects through increasing the proliferating cell 
nuclear antigen (PCNA) protein and inhibition of the phos-
phorylation of p38 mitogen activated protein kinase (MAPK) 
and c-Fos [93]. 

6. HEPATOPROTECTIVE EFFECTS OF TRX 

 Several studies have investigated the therapeutic poten-
tial of TRX against liver damage. For example, Adam and 
colleagues have shown the beneficial hepatoprotective of 
TRX on coumarin –induced liver injury in rats. The results 
of their study indicated that TRX promoted liver repair 
through reducing lipid peroxidation, ALT and LDH activities 
induced by coumarin. TRX reduced the metabolism of cou-
marin and its metabolite levels in bile, such as 3-
hydroxycoumarin and 7-hydroxycoumarin [94]. Similarly, 
Zhang et al., demonstrated the positive effects of TRX (150 
mg/kg, orally, 4 weeks) on D-Galactose-induced liver injury 
in rats. The hepatoprotective effects of TRX in this model 
were related to a decrease in the lipid peroxidation levels and 
oxidative stress through elevating the activities of antioxi-
dant enzymes as well as ameliorating the upregulation of 
NF-κB, iNOS, and COX-2 in the liver of D-galactose treated 
rats [95]. In another report, it has been found that the treat-
ment with TRX (5 and 10 mg/kg) for 6 days before gamma 
irradiation significantly reduced the oxidative stress via in-
creasing the activity of SOD and reducing the MDA level in 
mouse liver. TRX (10 mg/kg) also decreased the irradiation-
induced pathological changes such as edema and necrosis in 
livers of affected mice [96]. Zamanian et al., suggested that 
TRX (300 mg/kg, orally) had hepatoprotective and antifa-
tigue effects in rats, evidenced by a delayed muscle fatigue 
during exhausting swimming exercise. The mechanism re-
sponsible for its effects was related to a reduction in ALT, 
apoptotic markers such as Bax and increasing SOD activity 
in the hepatic tissue as well as the Bcl-2/Bax ratio [4]. 

7. TROXERUTIN IN THE TREATMENT OF CANCER 

 Several studies reported that TRX treatment leads to 
apoptosis and anticancer effects. In this sense, Thomas and 
colleagues found that TRX administration (50 mg/kg, orally) in 
rats with preneoplastic liver induced by N-nitrosodiethylamine 
(NDEA) protected against the development of NAFLD to 
NASH and HCC. TRX enhanced the antioxidant defenses 
and reduced oxidative damage and the generation of ROS. In 
addition, the treatment reduced the levels of CYP enzymes 
(CYP450 and CYP2E1), inhibited cell proliferation and in-
flammatory processes, reduced fibrosis and formation of 
nodules, modulated the imbalance in the MDM2–p53 inter-
action and also modulated apoptosis by reducing expression 
of MDM2 and Bcl-2, and increasing the expression of p53 
and Bax [97]. Another in vitro study has been shown that 
TRX inhibited the cell viability, cell migration and induced 
apoptosis in HuH-7 hepatocarcinoma cells in a time-
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dependent manner. Subsequently, the suppression of the oxi-
dative stress in the hepatocarcinoma cell line by TRX was 
mediated by triggering the keap-1/Nrf-2/HO-1 signaling 
pathway. The results of this study showed that the TRX anti-
inflammatory activity was related to the inhibition of the NF-
κB pathway and its downstream targets in order to induce 
apoptosis. Therefore, it was suggested that the anti-apoptotic 
effect of the TRX related to NF-κB inhibition and Nrf2 acti-
vation might be related to the simultaneous regulation of 
both molecular pathways [19]. 

 Panat and colleagues explored the effect of TRX (0.5-5 
mM) against both PC3 (radiosensitive) and DU145 (a ra-
dioresistant) prostate cancer cell lines using the MTT assay. 
Pretreatment with TRX before γ-radiation considerably in-
creased the generation of ROS and DNA strand breaks in 
DU145 cells and had a synergistic effect with γ-radiation. 
TRX also showed a cytotoxic effect in PC3 cells due to its 
binding to the DNA and inducing DNA strand breaks [98]. 
Xu and colleagues have evaluated the inhibitory effects of 
TRX on human gastric cancer cells resistant to 5-
Fluorouracil (5-Fu). They found that TRX and 5-FU co-
treatment in a dose-dependent manner reduced cell prolifera-
tion. TRX, in combination with 5-FU, reduced the phos-
phorylation and the activity of the signal transducer and acti-
vator of transcription 3 (STAT3) which plays a key role in 
the suppression of p65. Additionally, TRX induced apoptosis 
in gastric cancer cells resistant to 5-FU by suppressing Bcl-2 
and regulating proapoptotic proteins such as Bax and Bid. 
The mechanism responsible for the anticancer effects of 
TRX could derive from the suppression of p-STAT3/NF-κB 
(p65 and p50) and Bcl-2 [99]. In an in vitro study, Subastri 
and coworkers reported that TRX has pro-oxidant activity 
against Huh-7 cells in complex with copper (Cu), via genera-
tion of free radicals such as superoxide and hydroxyl radi-
cals, DNA damage, and induction of apoptosis by reducing 
Bcl-2 and Bcl-xL. In addition, TRX significantly protected 
rat liver tissue from diethylnitrosamine (DEN)-induced HCC 
by reducing the levels of AST, LDH, ALP, GST and lipid 
peroxidation and reducing the preneoplastic lesion formation 
[100]. Rajamanickam and colleagues reported that supple-
mentation with TRX inhibited the activities of phase I en-
zymes such as cytochrome P450 and b5 and increased the 
activities of phase II enzymes such as GST, DT-diaphorase 
(DTD) and uridine diphospho glucuronyl transferase 
(UDPGT) in 1,2-dimethylhydrazine (DMH) induced experi-
mental rat colon carcinogenesis. The treatment with TRX 
also reduced the activity of bacterial enzymes such as the 
mucinase, β-glucosidase and β-galactosidase when compared 
with the DMH-treated group, and thus, increased mucin con-
tent in the colon. TRX, at the dose of 25 mg/kg, dramatically 
reduced the formation of aberrant crypt foci (ACF) and its 
total number via suppressing the progression of preneoplasia 
to malignant neoplasia. In addition, TRX reversed the his-
tological changes in hepatic tissue and inhibited colon in-
flammation through decreasing of lymphoid aggregation and 
penetration of the inflammatory cells into the mucosal and 
submucosal layers [101]. A study on embryonic fibroblast 
cells 3T3-L1 and breast cancer cells MDA-MB-231 has been 
illustrated. Fluorescence spectroscopy showed that the pre-
treatment with TRX prevented the interaction of 2-

aminoanthracene (2-AA, a carcinogenic agent) with DNA as 
well as gel-electrophoresis demonstrated that TRX inhibited 
the 2-AA + UVA radiation-induced DNA injury [102]. 

8. TROXERUTIN IN THE TREATMENT OF 
CARDIOVASCULAR DISEASES 

 Cardiovascular diseases (CVD) comprise a range of 
situations that affects the heart and blood vessels, including 
coronary artery disease, heart failure, hypertensive heart dis-
ease, cardiomyopathy, peripheral artery disease and etc. [103, 
104]. In 2008, 30% of all worldwide deaths was attributed to 
CVD. It is estimated that by 2030, above 23 million people 
will die from CVD each year [105]. Pharmacological inter-
ventions in people with CVD may cause potential side ef-
fects and, consequently, numerous natural products have 
been assessed for pharmacological therapy [82]. Shu et al., 
have shown that TXR has cardioprotective effects in in vivo 
and in vitro models via decreasing levels of TNF-α, IL-10 
and some apoptosis markers such as Bax and caspase 3 as 
well as activating PI3K/Akt signaling pathway and markedly 
reducing myocardial infarct size [106]. In another study in 
rats, TRX alleviated myocardial I/R damage by inhibiting 
miR‐146a‐5p, apoptotic factors such as Bcl-2, attenuated 
the insufficiency of hemodynamic factors of the heart in-
duced by I/R, creatine kinase (CK), LDH and proinflamma-
tory cytokines [107]. TRX also showed a beneficial role as a 
cardioprotective agent on arrhythmias induced by I/R. The 
treatment significantly decreased the number of premature 
ventricular complexes and duration and frequency of ven-
tricular fibrillation as well as markedly decreased myocardial 
proinflammatory cytokine levels of TNF-α and IL-1β respect 
to the untreated group [108]. Another investigation sug-
gested that TRX had an inhibitory effect on GSK-3β via in-
creasing its phosphorylation form, thus, attenuating the 
apoptotic index after I/R in diabetic myocardium of rats [75]. 
Badalzadeh et al., demonstrated that TRX has protective 
effects on diabetes-induced vascular injuries in rat aorta and 
reduced vascular histopathological injuries when compared 
with untreated diabetic rats. They have also shown that TXR 
elevated the activity of antioxidant enzymes and reduced the 
levels of MDA [73]. Mitochondrial dysfunction plays an 
important role in the establishment of heart disease associ-
ated with metabolic syndrome. In a mouse model of HFFD-
induced metabolic syndrome, a decrease in respiratory chain 
complex activity mtDNA content and mitochondrial bio-
genesis as well as an increase in oxidative stress factors and 
ROS generation occurred [109]. TRX administration was 
capable to reverse these effects and showing beneficial roles 
in a mouse model of metabolic syndrome. 

9. OTHER PROPERTIES OF INTEREST OF 
TROXERUTIN 

 Raja and colleagues evaluated the effect of TRX on Nω-
nitro-L-arginine methyl ester hydrochloride (L-NAME)-
induced hypertension, oxidative stress and dysregulation of 
lipid metabolism in male albino Wistar rats. TRX (100 
mg/kg) treatment significantly reduced systolic blood pres-
sure (SBP), thiobarbituric acid reactive substances (TBARS) 
levels, lipid hydroperoxides (LOOH), liver and kidney lipid 
content (total cholesterol, triglycerides, free fatty acids), and 
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increased the activities of enzymatic antioxidants and the 
levels of non-enzymatic antioxidants [110]. 
 Another in vivo study with mice treated with a high-fat 
diet indicated that chronic administration of TRX (150 
mg/kg) during the pregnancy improved anxiety- and depres-
sive-like behaviors probably via reducing the serum levels of 
cortisol, glucose and cholesterol. The results suggest that 
these effects of TRX may be related to its anti-inflammatory 
and anti-oxidant properties [111]. 
 Ma and coworkers demonstrated that the administration 
of TRX (40 mg/ml) and cerebroprotein hydrolysate (TCHI) 
in a rat model of cerebral ischemia injury increased HDL 
levels and reduced LDL levels. It also significantly attenu-
ated oxidative stress via increasing SOD activity and reduc-
ing MDA levels. Moreover, TCHI treatment improved angi-
ogenesis by increasing proliferation and enhancing endothe-
lial cell function, including adhesion, migration, and capil-
lary formation [41]. 

 In an in vitro investigation, Xue and colleagues showed 
that TRX (20 µM) has an interesting potential for the im-
provement of osteoarthritis. Pretreatment with TRX inhibited 
the AGEs-induced production of pro-inflammatory factors in 
chondrocytes, such as COX-2, iNOS, nitric oxide, prosta-
glandin E2 (PGE2), TNF-α, and IL-6, and suppressed the 
MAPK activity. On the other hand, the treatment with TRX 
reduced the damaging effect of AGEs on extracellular matrix 
(ECM) in chondrocytes [22]. In Wistar rats with nickel-
induced testicular toxicity, the treatment with TRX (100 

mg/kg/day) for 30 days reduced oxidative stress via increas-
ing in SOD, CAT, GPx, GST and GR. TRX also reduced 
glucose-6-phosphate dehydrogenase (G6PD) activity, GSH, 
ascorbate, total sulphydryl groups, and testis-organ weight. 
In addition, nickel accumulation, lipid peroxidation products 
and carbonyl protein concentrations were significantly de-
creased in TRX-treated animals [112]. 
 Zamanian and coworkers studied the antifatigue effects 
of TRX (75, 150 and 300 mg/kg, for 30 days) in trained male 
rats. The TRX administration at all three doses of delayed 
muscle fatigue during exhausting swimming exercise. TRX 
significantly increased the serum levels of glucose and re-
duced CK activity. In addition, TRX (300 mg/kg) reduced 
the oxidative stress process by increasing the activity of 
SOD, and also reduced ALP and LDH activities and MMP-9 
and BUN serum levels [2]. In another study by Zamanian 
and colleagues, the short-term effects of TRX on muscle 
fatigue and Bcl-2 and Bax gene expression were evaluated in 
the hepatic tissue of rats. TRX (300 mg/kg) treatment dra-
matically delayed swimming muscle fatigue. The results of 
this study indicated that TRX (300 mg/kg) attenuated oxida-
tive stress via increasing the activity of SOD in the liver tis-
sue, and reduced the serum ALT activity. It also reduced 
apoptosis presses by reducing mRNA expressions of Bax 
and increasing the Bcl-2/Bax ratio [4]. 

CONCLUSION 
 We summarized the major beneficial effects of the TRX 
in Figs. 2 & 3. Based on several in vitro and in vivo studies, 

 

Fig. (2). Some of the main effects of TRX. (A higher resolution / colour version of this figure is available in the electronic copy of the  
article). 
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TRX, a natural flavonol, had a significant role in the preven-
tion and treatment of diseases, emphasizing the important 
use of plant compounds. TRX acts through several mecha-
nisms primarily associated with its antioxidant and anti-
inflammatory capacity that show beneficial effects against 
various pathological conditions, including neurogenerative, 
liver diseases, diabetes or cancer. TRX has the ability to ac-
tivate both enzymatic and non-enzymatic antioxidant defense 
mechanisms and decrease the degree of oxidative damage, 
especially in the lipids. The signaling pathways involved in 
the beneficial effects of TRX include the activation of the 
Nrf2 pathway and the inhibition of the NF-κB pathway. Al-
though in vitro studies or in preclinical models have shown 
promising positive effects on several diseases, future clinical 
trials using the TRX and/or its derivatives are necessary to 
find new candidates for therapeutic medications in the future. 

LIST OF ABBREVIATIONS 
AChE = Acetylcholinesterase 

AGE = Advanced Glycosylated End products 

ALS = Amyotrophic lateral sclerosis 

ALT = Alanine transaminase 

APAF-1 = Apoptotic protease activating factor 1 

AST = Aspartate transaminase 

Aβ = Amyloid-β peptide 

BAX = Bcl-2-like protein 4 

CAT = Catalase 

Cdk1 = Cyclin-dependent kinase 1 

CNS = Central nervous system 

COX-2 = Cyclooxygenase-2 

DA = Domoic acid 

DG = Dentate gyrus 

GFAP = Glial fibrillary acidic protein 

GIT = Gastrointestinal tract 

GPx = Glutathione peroxidase 

HCC = Hepatocellular carcinoma. 
HD = Huntington's disease 

IL-1β = Interleukin 1 beta 

IL-6 = Interleukin 6 

iNOS = inducible nitric oxide synthase 

 

Fig. (3). Role of oxidative stress in some chronic diseases and TRX was able to decrease oxidative stress through several molecular mecha-
nisms. (A higher resolution / colour version of this figure is available in the electronic copy of the article). (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article). 
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LPS = Lipopolysaccharides 

LTP = Long-term potentiation 

MDA = Malondialdehyde 

MS = Multiple sclerosis 

NAFLD = Non-alcoholic fatty liver disease 

NASH = Nonalcoholic steatohepatitis 

NFTs = Neurofibrillary tangles 

NF-κB = Nuclear factor kappa-light-chain-enhancer 
of activated B cells 

NMDAR = N-methyl-D-aspartate receptor 

Nrf2 = Nuclear factor erythroid 2-related factor 2 

PI3K = Phosphoinositide 3-kinase 

RNS = Reactive nitrogen species 

ROS = Reactive oxygen species 

SOD = Superoxide dismutase 

T2DM = Type 2 diabetes mellitus 

TNF-α = Tumor necrosis factor alpha 

TRX = Troxerutin 

VEGF = Vascular endothelial growth factor 

α-SMA = α-smooth muscle actin 
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