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Diabetes mellitus is a common metabolic disorder that is caused by a deficit in the production of (type 1) or
response to (type 2) insulin. Diabetes mellitus is characterized by a state of chronic hyperglycemia and such
symptoms as weight loss, thirst, polyuria, and blurred vision. These disturbances represent one of the major
causes of morbidity and mortality nowadays, despite available treatments, such as insulin, insulin secretagogues,
insulin sensitizers, and oral hypoglycemic agents. However, many efforts have been made to discover new drugs
for diabetes treatment, including medicinal plant extracts. Silymarin is a powder extract of the seeds from
Silybum marianum, a plant from the Asteraceae family. The major active ingredients include four isomers:
silybin, isosilybin, silychristin, and silydianin. Silymarin is indicated for the treatment of hepatic disorders, such
as cirrhosis, chronic hepatitis, and gallstones. Moreover, several studies of other pathologies, including diabetes,
sepsis, osteoporosis, arthritis, hypercholesterolemia, cancer, viral infections, and Alzheimer’s and Parkinson’s
diseases, have tested the effects of silymarin and reported promising results. This article reviews data from
clinical, in vivo, and in vitro studies on the use of silymarin, with a focus on the complications of diabetes,
including nephropathy, neuropathy, healing delays, oxidative stress, hepatotoxicity, and cardiomyopathy.
Copyright © 2017 John Wiley & Sons, Ltd.
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INTRODUCTION

Diabetes is a metabolic disturbance that is characterized
by chronic hyperglycemia, resulting in a deficiency in in-
sulin secretion (type 1 diabetes mellitus) or a deficiency
in the response to insulin (type 2 diabetes mellitus).
Characteristic symptoms include weight loss, thirst,
polyuria, and blurred vision (Alberti and Zimmet,
1998). In 2015, 415 million people were estimated to
be living with diabetes, representing one in every 11
adults, and 5.0 million deaths occurred as a consequence
of this disease. The number of cases is expected to in-
crease to 642 million in 2040, representing one in every
10 adults, and $673bn was spent for healthcare for
diabetic patients in 2015 (International Diabetes
Federation, 2015).
Numerous complications result from diabetes. De-

spite the available treatments, such as injectable insulin,
insulin secretagogues, insulin sensitizers, and oral hypo-
glycemic agents, the mortality and morbidity associated
with diabetes remain high. Moreover, agents that are
traditionally used for the treatment of diabetes and
diabetes complications can cause severe side effects
(Mirhoseini et al., 2013). Therefore, exploring new
therapeutic interventions is necessary.
The use of complementary and alternative medicine,

including herbal medicine, is increasing, and the action,

safety, and efficacy of these products need to be investi-
gated (Mirhoseini et al., 2013). Several medicinal plants
are used for the treatment of diabetes, but not all of
them have been pharmacologically tested (Baharvand-
Ahmadi et al., 2016). Some plants that are being tested
for the treatment of diabetes or diabetes complications
have antioxidant properties (Nasri et al., 2015; Nasri
and Rafieian-Kopaei, 2014).

In this context, the natural compound silymarin has
received increasing interest in recent decades. The aim
of this article is to review data from in vitro, in vivo,
and clinical studies on the use of silymarin for the treat-
ment or prevention of diabetes complications, including
nephropathy, neuropathy, healing delays, oxidative
stress, hepatotoxicity, and cardiomyopathy.

SILYMARIN

Silymarin is a standardized extract that is obtained from
the seeds of Silybum marianum (L.) Gaertn (Fig. 1A), a
plant from the Asteraceae family (Ottai and Abdel-
Moniem, 2006). The extract consists of approximately
65%–80% silymarin (i.e., a flavonolignan complex).
Isolation and the complete characterization of the main
constituents of silymarin by high-performance liquid
chromatography revealed that the most abundant com-
pounds are silybins A and B (also known as silibinins
A and B), followed by isosilybins A and B. Three other
flavonolignans (i.e., silychristin, isosilychristin, and
silydianin) were also isolated, in addition to the flavo-
noid taxifolin. The structures of compounds (Fig. 1B)

* Correspondence to: Alexandra Acco, Federal University of Paraná
(UFPR), Biological Science Sector, Department of Pharmacology, Centro
Politécnico, Cx. P. 19031, Curitiba, Paraná, Brazil.
E-mail: aleacco@ufpr.br

PHYTOTHERAPY RESEARCH
Phytother. Res. (2017)
Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/ptr.5768

Copyright © 2017 John Wiley & Sons, Ltd.

Received 22 July 2016
Revised 16 December 2016

Accepted 17 December 2016

http://orcid.org/0000-0003-3977-687X


were confirmed by two-dimensional nuclear magnetic
resonance spectroscopy and circular dichroism spectros-
copy (Kim et al., 2003 ).
The classic indication for silymarin is for the treat-

ment of gallbladder (Kazazis et al., 2014) and hepatic
diseases, such as cirrhosis, chronic hepatitis (Ferenci
et al.,1989; Salmi and Sarna, 1982), and non-alcoholic
fatty liver disease (NAFLD; Aller et al., 2015). The
treatment regimen for hepatic cirrhosis is 140 mg three
times daily (Ferenci et al., 1989). After oral administra-
tion in a single dose, silymarin (Legalon 140™) is well
tolerated, even at higher doses (>700 mg, or more than
five capsules). An average of 10% of the administered
silybin is found in plasma in an unconjugated form; 4
to 6 h after administration, plasma levels are undetect-
able. Urinary elimination as total silybin represents only
5% in cirrhotic patients (Weyhenmeyer et al., 1992).
In addition to label indications, many studies have re-

ported the beneficial effects of silymarin for the treat-
ment of several diseases (Fig. 2), including sepsis
(Kang et al., 2004; Toklu et al., 2008), burns (Toklu
et al., 2007), osteoporosis (Kim et al., 2013; Mohd Fozi
et al., 2013), arthritis (Gupta et al., 2000), hypercholes-
terolemia (Krecman et al., 1998; Skottova and Krecman,
1998), cancer (Singh et al., 2008; Bosch-Barrera and

Menendez, 2015; Scavo et al., 2015; Yurtcu et al., 2015),
viral infections (Lani et al., 2015), diabetes (Malekinejad
et al., 2012; Soto et al., 2014; Zhang et al., 2014;
Ebrahimpour Koujan et al., 2015), Alzheimer’s disease
(Duan et al., 2015; Kumar et al., 2015), and Parkinson’s
disease (Haddadi et al., 2014; Lee et al., 2015). Silymarin
treatment likewise attenuated the severity of
radiotherapy-induced mucositis in a clinical trial (Elyasi
et al., 2016). Concerning diabetes, studies have also indi-
cated that silymarin may be used to treat or attenuate
specific diabetes complications, as discussed in the
following sections and shown in Table 1.

Several articles have reported the findings of in vitro,
in vivo, and clinical studies of silymarin and its constitu-
ent compounds and found that its main beneficial action
involves antioxidant effects in different organs and dis-
eases. Different mechanistic explanations for the antiox-
idant effects of silymarin have been described, including
(i) preventing free radical formation by inhibiting spe-
cific reactive oxygen species (ROS)-producing enzymes
or improving the integrity of mitochondria in conditions
of stress, (ii) decreasing inflammatory responses by
inhibiting nuclear factor κB (NF-κB)-dependent
pathways, and (iii) maintaining an optimal redox bal-
ance in the cell by activating a range of antioxidant

Figure 1. (A) Silybum marianum plant (https://pixabay.com, accessed May 2016) and (B) chemical structures of compounds of silymarin
(Pferschy-Wenzig et al., 2014) [Fig. 1B was reproduced with kind permission of Dr. Atanas G. Atanasov]. [Colour figure can be viewed at
wileyonlinelibrary.com]

Figure 2. Schematic representation of off-label effects of silymarin reported in the literature. [Colour figure can be viewed at
wileyonlinelibrary.com]
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enzymes and non-enzymatic antioxidants, mainly via the
activation of nuclear factor-erythroid two-related factor
(Nrf2; Surai, 2015; Tan et al., 2015; Zhao et al., 2015;
Fallahzadeh et al., 2012; Salamone et al., 2012a; Soto
et al., 2010; Vengerovskii et al., 2007). Growing evidence
indicates that the Nrf2 antioxidant response plays an
important role in cellular defense by activating a wide
variety of genes that are involved in early antioxidant
defense reactions (Surai, 2015), inflammatory processes,
apoptotic processes, metabolism, detoxification, and cel-
lular proliferation (Morales-Gonzáles et al., 2015). Data
have shown that silymarin improves liver regeneration
(Morales-Gonzáles et al., 2015) and lung injury (Zhao
et al., 2015) by mediating the Nrf2 signaling pathway.
Nrf2 is a key regulator of oxidative stress, which is in-
volved in the pathogenesis of diabetes, and then, the
therapeutic potential of silymarin for the treatment of
diabetes complications has become increasingly evident.

NEPHROPATHY

Diabetic nephropathy involves impairment of the glo-
merular filtration barrier as a consequence of high
blood glucose levels, inflammation, and oxidative stress
(Faulkner et al., 2015). High blood pressure also repre-
sents an important risk factor for disease onset. Diabetic
nephropathy is the primary cause of end-stage renal
failure worldwide (Conserva et al., 2016).
Evidence indicates that silymarin may produce bene-

ficial effects in renal diseases. In a model of renal
ischemia–reperfusion injury, mice were treated with
100 mg/kg silymarin for 7 days before the induction of
ischemia. Compared with the control group, silymarin-

treated animals had low levels of serum creatinine and
urea. The treatment also attenuated damage in renal
tubule cells and the number of apoptotic cells. Renal
myeloperoxidase, tumor necrosis factor α (TNF-α),
interleukin 1β (IL-1β), and IL-6 levels also decreased.
The expression of renal CD68 in silymarin-treated mice
was lower, whereas Bcl-2 expression was higher (Tan
et al., 2015).

Animal models of diabetes have provided evidence of
the beneficial effects of silymarin against diabetic
nephropathy. Rats with diabetic nephropathy that was
induced by streptozotocin and nicotinamide received
60 and 120 mg/kg silymarin for 60 days. Silymarin-
treated animals exhibited reductions of blood glucose,
glycosylated hemoglobin, urine albumin and volume,
serum creatinine, and uric acid. The histopathological
evaluation revealed preservation of the tubular epithe-
lium and a reduction of intertubular hemorrhage,
mainly at a higher dose (Sheela et al., 2013). In similar
studies, silymarin treatment reduced oxidative stress in
renal tissue through the recovery of antioxidant en-
zymes (Soto et al., 2010; Vessal et al., 2010). Data results
from our laboratory corroborated these data, in which
we found a reduction of oxidative stress (i.e., decreases
in lipoperoxide levels and increases in catalase activity)
in homogenates of renal tissue from rats with
streptozotocin-induced diabetes that were treated with
silymarin (104.1 mg/kg) for 10 days (Stolf, 2016).

A randomized, double-blind, placebo-controlled
study was performed in patients with type 2 diabetes
mellitus with persistent macroalbuminuria. The patients
underwent treatment for 6 months with a renin-
angiotensin system inhibitor plus an angiotensin-
converting enzyme inhibitor or angiotensin receptor
blocker at the highest dose that is approved by the US

Table 1. Posological regimen of silymarin or silybin applied experimentally for the treatment of diabetes complications

Drug Species Dose, via, and treatment period Complication Reference

Silymarin Rats 100 mg/kg, ip, 2 months Neuropathy Baluchnejadmojarad et al. (2010)
Silybin Rats 100 mg/kg, vo, 20 days Neuropathy Di Cesare et al. (2012)
Silybin Rats 10 or 30 mg/kg, vo, 22 weeks Retinopathy Zhang et al. (2014)
Silymarin Rats 30 mg/kg, t, 5, 50 or 25 days Healing Sharifi et al. (2012)
Silymarin Rats 6 mg/mL/rat or 12 mg/mL/rat,

t, 10, 20 or 30 days
Healing Oryan et al. (2012)

Silymarin Rats 70 mg/kg, vo, 14 days Metabolic disorders Vengerovskii et al. (2007)
Silymarin Human 200 mg/day, 4 months Metabolic disorders Huseini et al. (2006)
Silymarin Mice 25, 50 or 100 mg/kg, ip,

3 or 4 weeks
Cardiomyopahy Taghiabadi et al. (2012)

Silymarin Rats 120 mg/kg, ip, 10 days Cardiomyopahy Tuorkey et al. (2015)
Silybin Mice 20 mg/kg, ip, 4 weeks Cardiomyopathy and hepatopathy Salamone (2012b)
Silybin and vitamin E Rats 47 + 15 mg/rat, vo,

7, 14, 30 or 60 days
Hepatopathy Grattagliano et al. (2013)

Silymarin Rats 50 mg/kg, vo, 28 days Hepatopathy Malekinejad et al. (2012)
Silymarin Gerbil 100 mg/kg, vo, 7 weeks Hepatopathy Bouderba et al. (2014)
Silybin-beta-
cyclodextrin

Humans 135 mg/d, vo ,6 months Hepatopathy Lirussi et al. (2002)

Silymarin Mice 20 mg/kg, ip, 4 weeks Nonalcoholic steatohepatitis
(NASH)

Salamone et al. (2012a)

Silymarin Mice 100 mg/kg, vo, 7 days Nephropathy Tan et al. (2015)
Silymarin Rats 60 or 120 mg/Kg, 60 days Nephropathy Sheela et al. (2013)
Silymarin Rats 200 mg/kg, vo, 9 weeks Nephropathy Soto et al. (2010)
Silymarin Rats 100 mg/kg, vo, 4 weeks Nephropathy Vessal et al. (2010)
Silymarin Humans 420 mg/d, vo, 3 months Nephropathy Fallahzadeh et al. (2012)

“vo” means oral via, “t” means topical via, “ip” means intraperitonial via.
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Food and Drug Administration. Among these patients,
60 were divided equally into placebo-treated and
silymarin-treated groups. The silymarin-treated group
received three daily doses of 140 mg silymarin for
3 months. Silymarin-treated patients presented a better
urinary albumin-creatinine ratio and lower levels of uri-
nary TNF-α and urinary and serum malondialdehyde
(Fallahzadeh et al., 2012).

NEUROPATHY

Approximately, 50% of diabetic patients develop neu-
ropathy. This condition can be either symptomatic or
asymptomatic. Symptoms can include numbness, prick-
ling, pain, and allodynia. The mechanisms of diabetic
neuropathy involve ischemia, impaired growth factor
support, and oxidative stress. Severe cases can lead to
toe, foot, and leg amputation (Gordois et al., 2003;
Baluchnejadmojarad et al., 2010).
Some studies have reported the potential beneficial

effects of silymarin in in vitro and in vivo models of neu-
ropathy. Di Cesare et al. (2013) evaluated the effects of
treatment with silybin and α-tocopherol in the
neuronal-derived SH-SY5Y cell line and primary cul-
tures of rat cortical astrocytes that were challenged with
oxaliplatin, an antineoplasic agent that can induce neu-
rotoxicity. Such toxicity is caused by oxidative damage
in nervous system tissues, leading to neuropathic pain.
The treatment protected the cells against the generation
of superoxide anions, malondialdehyde, carbonylated
proteins, and DNA oxidation. The treatment did not
suppress the apoptotic effect of oxaliplatin when tested
in neoplastic cells. A similar study was performed in
rats. Oxaliplatin was administered intraperitoneally
daily for 21 days at a dose of 2.4 mg/kg, leading to neu-
ropathic pain and increases in oxidative stress parame-
ters in the sciatic nerve, spinal cord, and plasma.
Treatment with 100 mg/kg silybin and α-tocopherol re-
duced pain and improved motor coordination (Di
Cesare et al., 2012).
In rats with streptozotocin-induced diabetes, daily

treatment with 100mg/kg silymarin for 2months reduced
the deficit in sciatic motor nerve conduction velocity and
reduced hyperalgesia. The activity of superoxide dismut-
ase was restored, and malondialdehyde levels decreased
(Baluchnejadmojarad et al., 2010). The authors con-
cluded that silymarin had a potential beneficial effect in
the treatment and prevention of diabetic neuropathy.
However, these findings have not yet been confirmed in
clinical trials.

RETINOPATHY

Retinopathy is one of the most common complications
associated with diabetes and one of the major causes
of adult blindness (International Diabetes Federation,
2015). The mechanisms that are involved in this condi-
tion include damaged retinal vasculature, neurodegen-
eration, and inflammation (Jonsson et al., 2016;
Vindeirinho et al., 2016). Ocular imaging techniques
are very important for diagnosis and the evaluation of
treatment efficacy (Tan et al., 2016).

Lin et al. (2013) evaluated the effects of silybin in age-
related macular degeneration in vitro and in vivo. Reti-
nal pigmented epithelial cells were subjected to hypoxic
conditions. The treatment increased the expression of
proline hydroxylase-2 and inhibited hypoxia-inducible
factor 1α (HIF-1α) and vascular endothelial growth fac-
tor, molecules that are related to angiogenesis. In rats,
silybin prevented retinal edema and neovascularization.
In another experiment with Sprague Dawley rats, diabe-
tes was induced by streptozotocin and a high-fat diet.
Silybin was administered for 22 weeks (Table 1). This
treatment prevented the obliteration of retinal capil-
laries and reduced leukostasis and retinal intercellular
adhesion molecule-1 (ICAM-1) in experimental diabe-
tes (Zhang et al., 2014). The authors concluded that
silybin prevented vascular retinal damage, which at least
partially occurred as a consequence of a reduction of
ICAM molecules and leukostasis. We found no clinical
trials on silymarin for the treatment of retinopathy.

IMPAIRED HEALING

Neovascularization is essential to wound healing (King
et al., 2014). Because of this, another consequence of mi-
crovascular deficiency in diabetic patients is impaired
healing. Reports have indicated that silymarin and re-
lated compounds can improve healing. An in vitro study
evaluated the efficacy of silybin against the toxicity of
sulfur mustard, a vesicant agent that can cause serious
skin injuries. HaCat cells (i.e., an aneuploid immortal
keratinocyte cell line from adult human skin) were
treated with silybin-bis-succinate, a water-soluble
prodrug of silybin. The treatment reduced cytotoxicity,
apoptosis, and IL-6 and IL-8 production, with a reduc-
tion of inflammation. These results may suggest the po-
tential use of silybin for the treatment of skin injuries
(Balszuweit et al., 2013). Gadad et al. (2013) developed
sterile lyophilized wafers that were impregnated with
silymarin and investigated their in vitro actions. They
used a model of cell migration and microvascular endo-
thelial cells from the adult dermis (HMVECad). In an
environment with high glucose concentrations that
simulated cellular conditions associated with diabetes,
the use of the silymarin-containing wafers improved
endothelial cell migration. The results indicated that
silymarin at least partially prevented the reduction of
angiogenesis in diabetes, improved endothelial cell
migration, and consequently promoted better healing
in these patients.

The topical application of 30 mg/kg silymarin in
Wistar rats reduced inflammation and increased epithe-
lialization in excision wounds, with no differences in the
percentage of wound contraction, collagen deposition,
or hydroxyproline levels (Sharifi et al., 2012). However,
another study with Wistar rats reported differences in
collagen and hydroxyproline levels. Oryan et al. (2012)
investigated the effects of topical application of
silymarin on incisional wounds. Treatment with 6 or
12 mg/mL in rats for 10, 20, or 30 days increased tissue
healing, collagen and glycosaminoglycan deposition,
and tensile strength. Differences were observed be-
tween the 6 and 12 mg/mg doses. The lower dose de-
creased the number of lymphocytes and increased the
number of fibrocytes. The higher dose increased the
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number of lymphocytes and macrophages and increased
the number of fibrocytes. The topical application of
10% and 20% silybin accelerated the time of healing
and increased the levels of stromelysine 1 (i.e., an en-
zyme involved in the remodeling process), N-acetyl glu-
cosamine, N-acetyl galactosamine, and hydroxyproline
(i.e., components of the extracellular matrix) with 10,
20, or 30 days of treatment. These effects occurred in a
dose-dependent and time-dependent manner. The re-
sults indicated an improvement in the remodeling phase
and augmentation of the index of collagen and glycos-
aminoglycan content that was induced by silybin in rats
(Tabandeh et al., 2013). We found no clinical trials
concerning would healing in patients who are treated
with silymarin or its constituent compounds.

METABOLIC DISORDERS

Diabetes involves disturbances in the metabolism of
carbohydrates, fat, and protein, resulting from alter-
ations in insulin secretion or action. In severe forms,
ketoacidosis may occur, leading to stupor, coma, and
death. Mitochondrial mutations are also related to dia-
betes (Alberti and Zimmet, 1998). Evidence shows that
silymarin can reverse metabolic damage and improve
mitochondrial respiratory activity. Streptozotocin-
induced diabetes in Wistar rats was treated
intragastrically with 70 mg/kg silymarin for 14 days.
The treated animals exhibited lower levels of blood glu-
cose and cholesterol, a reduction of the lipoperoxidation
index, and normalized oxidative phosphorylation distur-
bances in liver mitochondria (Vengerovskii et al., 2007).
Similarly, Detaille et al. (2008) evaluated the activity of
silymarin in isolated hepatocytes. After isolation, the
cells were perfused with Krebs–bicarbonate-calcium in
the presence or absence of silybin. This compound
decreased hepatic glycolysis by inhibiting pyruvate
kinase and reducing dihydroxyacetone phosphorylation.
Silybin also reduced the levels of ROS that were pro-
duced within the electron transport chain. ROS produc-
tion was fully abrogated by 100 μM silybin.
Liver gluconeogenesis and glycogenolysis were evalu-

ated in a perfusion system, in which silybin treatment
reduced glucose-6-phosphate hydrolysis, leading to
the inhibition of gluconeogenesis and glycogenolysis.
These effects were attributed to inhibition of the en-
zyme glucose-6-phosphatase in rat liver microsomes
(Vengerovskii et al., 2007).
Ligeret et al. (2008) evaluated hepatic alterations af-

ter cold preservation (i.e., a necessary condition for or-
gan transplants). The assays involved liver perfusion
after 24 h with silybin added to the cold preservation
solution. Compared with the control group, silybin re-
stored bile secretion and glutathione (GSH) production,
reduced lipoperoxidation (LPO) and superoxide pro-
duction, and increased the respiratory control ratio.
The results suggested that silybin may be useful for im-
proving the outcome of liver transplantation (Ligeret
et al., 2008). These data are relevant because some pa-
tients develop diabetes after liver transplantation. The
preoperative risks for developing this condition include
advanced age, alcoholic hepatitis, ascites, hepatic coma,
and esophageal varices (Liu et al., 2016).

Although only a few clinical studies of silymarin have
been conducted, the results have reflected the findings
of laboratory studies (Costa Pereira et al., 2016), includ-
ing with regard to glycemia and lipid profiles. A clinical
trial that included patients with type 2 diabetes mellitus
(n = 25) who received silymarin (200 mg/day) for
4 months reported significant decreases in fasting glyce-
mia, total cholesterol, low-density lipoprotein, and tri-
glycerides compared with placebo and compared with
the respective indices at the beginning of the study.
The authors concluded that silymarin treatment has a
beneficial effect on improving the glycemic profile
(Huseini et al., 2006).

HEPATOPATHY

Other complications of diabetes include liver diseases
that are mainly caused by insulin resistance and oxida-
tive stress (Bouderba et al., 2014). Two hepatic compli-
cations are largely present in patients with diabetes: (i)
concomitant autoimmune hepatitis (Matsumoto et al.,
2016) and (ii) NAFLD (Forlani et al., 2016). A study
of 118 diabetic patients found a prevalence of 24.5%
of concomitant autoimmune hepatitis in diabetic pa-
tients (Matsumoto et al., 2016). NAFLD is a public
health concern, the major treatment for which remains
lifestyle changes, including weight reduction, the pre-
vention of weight gain, a healthy diet, and physical activ-
ity (Zelber-Sagi et al., 2016).

Oxidative stress is involved in the pathogenesis of
NAFLD and non-alcoholic steatohepatitis (NASH),
and treatment with antioxidant substances, including
silymarin and silibinin, can contribute to the control of
these imbalances in lipid metabolism (Salomone et al.,
2016; Salamone et al., 2012a). Treatment with silibinin
(20 mg/kg) reduced the activation of NF-κB in a model
of obese mice with NASH and counteracted the
progression of liver injury through anti-inflammatory
actions (Salamone et al., 2012a). These data have trans-
lational importance because patients with type 2 diabe-
tes mellitus also commonly have NAFLD, with a very
high rate of NASH (Tilg et al., 2016). In another model
of liver steatosis, Wistar rats were treated with a com-
plex that contained silymarin and vitamin E. The
treated animals presented less hepatic lipid infiltration,
lower serum transaminase levels, and improvements in
parameters of nitrosative and oxidative stress, including
reductions of malondialdehyde and thiobarbituric acid,
nitrosothiols, nitrotyrosine, and proinflammatory kera-
tins in the liver and blood. Mitochondrial oxidative
phosphorylation complexes were evaluated in the liver,
heart, and skeletal muscles. The treatment exerted a
protective effect on respiratory chain proteins, which
were more expressive in the liver (Grattagliano et al.,
2013). Notably, however, silymarin (47 mg) was com-
bined with vitamin E (15 mg) in the study by
Grattagliano et al. (2013), thus hindering definitive
conclusions concerning the antioxidant effects of
silymarin per se. Cytochrome P450 (CYP) 3A2 and
oxidative stress were also evaluated in the liver in rats
with streptozotocin-induced diabetes. Treatment with
50 mg/kg silymarin for 28 days abrogated oxidative
stress, reflected by reductions of malondialdehyde and
nitric oxide levels and an increase in glutathione
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peroxidase and total thiol molecules. In diabetic ani-
mals, CYP3A2 was upregulated, and silymarin treat-
ment restored these levels to normal (Malekinejad
et al., 2012).
The sand rat (Psammomys obesus) is a rodent species

of the Gerbillidae class. In the natural environment, its
diet is based on vegetables. When these animals receive
a high-fat diet, they develop diabetes, obesity, and met-
abolic syndrome. For this reason, this species is fre-
quently used as an animal model of human diabetes
(Berdja et al., 2016; Bolton et al., 2012; Scherzer et al.,
2011). Bouderba et al. (2014) induced diabetes in
P. obesus with a high-calorie diet for 14 weeks. Diabetic
animals presented hepatic steatosis, hepatic and plasma
oxidative stress, hyperinsulinemia, hyperglycemia, and
dyslipidemia. Daily treatment with 100 mg/kg silybin
beginning on week 7 reduced oxidative stress, hepatic
steatosis, triglycerides, and insulin resistance. In mice
with streptozotocin-induced diabetes, silymarin treat-
ment restored the activity of hepatic catalase (Stolf,
2016).
Silybin-β-cyclodextrin (IβI/S) is a formulation of

silybin with improved solubility and absorption. A
double-blind, randomized study of IβI/S vs. placebo
was performed in patients with diabetes and chronic
liver disease who received 6 months of treatment. The
treated group presented reductions of blood glucose,
triglycerides, and malondialdehyde. The conclusion of
this study was that silymarin may be useful in conditions
with augmented mitochondrial ROS formation because
of its antioxidant properties (Lirussi et al., 2002). Thus,
regarding hepatic benefits, silymarin acts through its
antioxidant and anti-inflammatory properties and
stimulates liver regeneration (Bahmani et al., 2015;
Vargas-Mendoza et al., 2014).

CARDIOMYOPATHY

Metabolic alterations in diabetic patients lead to func-
tional and structural changes in the myocardium. Dia-
betic cardiomyopathy is associated with high rates of
mortality (Hayat et al., 2004). This form of cardiomyop-
athy is related to insulin resistance, hyperinsulinemia,
and alterations in mitochondria and the endoplasmic
reticulum and occurs independently of hypertension
and coronary artery disease (Jia et al., 2016).
In an in vitro model of hypoxia/reoxygenation,

neonatal rat cardiomyocytes were treated with
2,3-dehydrosilybin, a minor component of silymarin.
Treated cells had a lower index of cell death and lower
activity of lactate dehydrogenase. Treated cells also
exhibited decreases in ROS, reactive nitrogen species,
hydrogen peroxide, and the formation of protein car-
bonyls (i.e., a marker of protein oxidative modification).
Furthermore, the treatment regulated the activity and
phosphorylation of protein kinase Cε, a component of
cell survival and mitogenesis (Gabrielova et al., 2015).
The treatment of H9c2 embryonic rat heart cells with
silybin reduced the hypertrophic response that was
induced by phenylephrine by inhibiting oxidative stress
(Anestopoulos et al., 2013).
Acrolein is a highly reactive aldehyde that is able to

induce apoptosis, oxidative stress, and inflammation,
thus leading to neurodegenerative and cardiac diseases.

A protective effect was demonstrated in mice that were
treated with silymarin. Lower malondialdehyde levels
and the restoration of GSH, superoxide dismutase
(SOD), and catalase levels were observed in the heart
in treated animals, indicating a reduction of oxidative
stress. Serum cardiac troponin and creatine kinase-
MB, indicators of cardiac lesions, were also reduced.
The Bax/Bcl-2 ratio, cytosolic cytochrome c content,
and cleaved caspase-3 were also reduced, indicating
protection against apoptosis (Taghiabadi et al., 2012).
Another study that treated db/db mice with 20 mg/kg
silybin, i.p., daily for 4 weeks found that silybin
exerted antioxidant and anti-inflammatory actions by
lowering the levels of isoprostanes, 8-deoxyguanosine,
nitrites/nitrates, and TNF-α in the heart and liver.
Silybin treatment also restored GSH levels in both
tissues (Salamone et al., 2012b). These authors con-
cluded that silybin improved both myocardial and
hepatic injury.

Silymarin afforded cardiac protection against
hyperglycemia-induced apoptosis in cardiomyocytes. In
rats with alloxan-induced diabetes that was treated with
120 mg/kg silymarin, immunohistochemistry of the heart
showed lower immunoreactivity of caspase 3, a pro-
apoptotic protein, and augmented Bcl-2, an anti-
apoptotic protein, in treated animals. The ratio of DNA
cardiac fragmentation was also reduced in treated ani-
mals, indicating protection against apoptosis. The treat-
ment also reduced the plasma levels of cholesterol,
triglycerides, glycemia, creatinine, aspartate transami-
nase (AST), alanine transaminase (ALT), and the
AST/ALT ratio. Plasma insulin levels were restored after
treatment, reflecting the restoration of pancreatic cells
(Tuorkey et al., 2015). We found no clinical trials that
evaluated the effects of silymarin in cardiomyopathy.

FINAL CONSIDERATIONS

The studies reviewed herein provide evidence that
treatment with silymarin or its constituent compounds
are capable of attenuating common diabetic complica-
tions in several organs. The data were obtained from
in vitro investigations, animal models, and clinical stud-
ies. However, data are still lacking concerning the safety
of silymarin and its constituent compounds in diabetic
patients, mainly with prolonged treatment. Cheng et al.
(2014) warned about this problem because their study
showed that silymarin treatment led to insulin resistance
in rats. A recent meta-analysis evaluated five random-
ized controlled trials that included 270 diabetic patients
who were treated with silymarin. Silymarin reduced
fasting blood glucose but had no effect on lipid profiles.
Few data are available on the effects of silymarin on
diabetic complications in randomized controlled trials
(Voroneanu et al., 2016) or its pharmacokinetics profile.
Regarding drug interactions, silymarin may interact
with metronidazole (Izzo et al., 2016) and ribavirin (Liao
et al., 2016), lowering the plasma concentrations of both
drugs and thus compromising its pharmacokinetics and
therapeutic efficacy. Silymarin appears to be a promis-
ing drug for controlling diabetes complications, but
further investigations of its pharmacokinetics, safety,
and possible adverse effects in this particular patient
population are necessary and should be encouraged.

A.M. STOLF ET AL.
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