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Abstract

Objective The beneficial effects of silymarin have been extensively studied in the context of
inflammation and cancer treatment, yet much less is known about its therapeutic effect on diabetes.
The present study was aimed to investigate the cytoprotective activity of silymarin against
diabetes-induced cardiomyocyte apoptosis.

Methods Rats were randomly divided into: control group, untreated diabetes group and diabetes
group treated with silymarin (120 mg/kg-d) for 10 d. Rats were sacrificed, and the cardiac muscle
specimens and blood samples were collected. The immunoreactivity of caspase-3 and Bcl-2 in the
cardiomyocytes was measured. Total proteins, glucose, insulin, creatinine, AST, ALT, cholesterol, and
triglycerides levels were estimated.

Results Unlike the treated diabetes group, cardiomyocyte apoptosis increased in the untreated rats,
as evidenced by enhanced caspase-3 and declined Bcl-2 activities. The levels of glucose, creatinine, AST,
ALT, cholesterol, and triglycerides declined in the treated rats. The declined levels of insulin were
enhanced again after treatment of diabetic rats with silymarin, reflecting a restoration of the pancreatic
B-cells activity.

Conclusion The findings of this study are of great importance, which confirmed for the first time that
treatment of diabetic subjects with silymarin may protect cardiomyocytes against apoptosis and
promote survival-restoration of the pancreatic B-cells.
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Biomed Environ Sci, 2015; 28(1): 36-43 doi: 10.3967/bes2015.004 ISSN: 0895-3988
www.besjournal.com (full text) CN: 11-2816/Q Copyright ©2015 by China CDC
INTRODUCTION failure of various organs and blood vessels®?,

Accordingly, diabetes is associated with cardiac

iabetes type 2 is a metabolic disorder that abnormalities and pathological changes, since the

Dis primarily characterized by insulin increased levels of plasma glucose caused by diabetes
resistance, altered insulin secretion and may induce death of cardiomyocytes due to
hyperglycemiam. It is also accompanied with apoptosism. Apoptosis in myocardial and skeletal
disturbance of carbohydrate, fat and protein muscle dysfunction have been observed in patients
metabolism, which in turn leads to damage and with chronic heart failure®®. Apoptosis is a form of
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programmed cell death occurring under certain
physiological and pathological conditions as a
common mechanism of cell replacement, tissue
remodeling and elimination of damaged cells. As a
cause of the homeostasis of mammalian tissues linked
to enormous disorders, it plays a central role in
normal cell cycle and tumor biology. Unlike necrosis,
apoptosis is a form of death characterized by cell
shrinkage, plasma membrane blebbing, chromatin
condensation and genomic DNA fragmentation, which
is essential for tissue development and homeostasis®".
Apoptosis has been implicated in a number of
diseases such as congestive heart failure and ischemic
injuryuo]. Cardiomyocyte death may also occur
through necrosis other than apoptosis during cardiac
ischemia and reperfusion[u'm.

Silymarin is a flavonoid mixture extracted from
Silybum marium™.  The potential therapeutic
properties of silymarin are attributed to its
anti-inflammatory, antioxidant, and anti-cancer
activities™. Recently, silymarin has been suggested to
have an antidiabetic activity in streptozotocin treated
DM (type 1) in male albino rats™. In addition, various
clinical studies have revealed that silymarin has
potential anti-diabetic activities™™®. Recently, it has
been confirmed that silymarin can prevent
nephropathy-induced premature death in diabetic
rats"’*®. The present study was aimed to investigate
the potential cardio-protective effect of silymarin
against apoptotic death of cardiomyocytes associated
with diabetes.

METHODS

Animals

Thirty adult male albino rats, each weighing
10045 g, were used in the study. The animals were
kept under the same natural environmental condition
of temperature and photoperiod and with free access
of food and water. All the procedures were in
accordance with the protocol of National Animal Care
and Use Committee and Guidelines for the Care and
Use of Experimental Animals. The animals were
randomly divided into three groups (control group,
diabetes group and diabetes group treated with
silymarin). Each group had 10 rats.

Induction of Diabetes

Diabetes was induced with two intraperitoneal
(i.p.) injections of alloxan (Sigma) previously dissolved
in ice cold phosphate-buffered saline, pH 6.8 (Merck).

The first dose was 150 mg/kg as recommended by
Bromme et al.[lgl, while the second dose was 100
mg/kg given two days after the first dose to ensure
the induction of diabetes throughout the
experimental duration. Diabetes threshold was serum
glucose level >250 mg/dL (Diagnostics, Indianapolis,
IN, USA). The rats in control group were injected with
normal saline. Silymarin was from Sigma Chemical Co.
(St. Louis, MO, USA). Silymarin was dissolved in
sodium hydroxide with pH <7.8. Seven days after
diabetes induction, the rats in silymarin treated group
was given i.p. injection of silymarin for ten days at
dosage of 120 mg/kg-d. At the end of experiment, the
rats were sacrificed by decapitation after 12 h fasting,
and the blood and cardiac tissues samples were
collected for further analysis.

Plasma Measurements

Total protein contents were determined
according to the method of Lowry et al. using bovine
serum  albumin as  standard™®. Aspartate
transaminase (AST) and Alanine transaminase (ALT)
activates were tested as previously described™.
Creatinine level was measured by kinetic method as
described by Henrym]. Cholesterol level was
estimated  using  available = commercial kit
(Sigma-Aldrich-MAKO043).  Triglycerides level was
determined according to the method of Buccolo and
David®. Serum glucose level was estimated
according to the instructions of kit's manufacturer
(ab65333). Finally, insulin level was determined
according to the instructions of kit's manufacturer
(Mercodia-10-1251-01).

Histological and Immunohistochemical Studies

For haematoxylin and eosin dye (H&E) staining,
the cardiac muscle specimens from the left ventricles
of the animals in all groups were fixed in 10% neutral
formalin, dehydrated through alcohols, cleared in
xylene, and then embedded in paraffin in order to
obtain 5 pm sections. The immunohistochemical
staining for detection of the immunoreactivity of
caspase-3 and Bcl-2 proteins was done as previously
described®. Immunohistochemical reaction was
carried out by using avidin biotin peroxidase method
by Nova Castra Laboratories Ltd, UK. Endogenous
peroxidase activity was inhibited by incubation with
0.3% H,0, in methanol for 30 min. The sections were
blocked with normal goat serum for 1 h to prevent
non-specific binding followed by incubation with the
primary antibody caspase-3 (apoptotic marker) or
Bcl-2 protein (antiapoptotic marker) for 1 h at room
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temperature. The sections were incubated with the
secondary antibody (biotinylated anti-mouse IgM) for
30 min. The sections were then incubated with
ExtrAvidin (Sigma) for 45 min at 37 °C. Staining was
visualized using diaminobenzidine (DAB, Sigma), then
slides were washed and counterstained with
haematoxylin, cleared, mounted and examined by
light microscopy. Finally, the caspase-3 or Bcl-2
cytoplasmic site of reaction was stained brown and
nuclei stained blue. The quantification of caspase-3
and Bcl-2 intensity was carried out with NIH Image)
software. In order to investigate whether the over
expression of caspase-3 in the diabetes group was
equivalent to apoptosis, the total and fragmented
DNA in the cardiomyocyte was measured
colorimetrically as previously described™’.

Statistical Analysis

The data were analyzed with Sigma Plot 10
software (Systat Software Inc.), and Prism 3.0 package
(GraphPad Software, Inc, San Diego, CA, USA).
One-way ANOVA Newmane Keuls multiple test was
used as a post-hoc comparison test. P values were
calculated using student t-test and a significant
difference was determined as P<0.05.

RESULTS

Total Plasma Protein Content and Creatinine, AST
and ALT levels

As shown in Figure 1, Data shown a slightly
significance decrease (P<0.05) in total plasma protein
content in untreated diabetes group compared with
the others groups. However, the level of plasma
creatinine  significantly increased (P<0.001) in
untreated diabetes group (1.8+0.09 mg/dL) compared
with control group (0.6+0.07). Although the level of
plasma creatinine declined (P<0.001) in treated
diabetes group (0.9+0.06) in comparison with
untreated diabetic group, it was still much higher than
that in control group (P<0.05). This obvious increase
of the plasma creatinine level in untreated diabetic
rats by 3 and 2 folds in comparison with other groups
reflected a failure of the creatinine clearance system
in the untreated diabetic rats. The levels of AST and
ALT and their relative ratio were calculated since
diabetes is associated with elevated AST/ALT ratio.
The data revealed an obvious increase in the levels of
AST and ALT in all groups (18.2+1.99 and 15.3+2.3
IU/dL in untreated diabetes group, 7.5+0.74 and
10.2+1.5 I1U/dL in control group, 13.3%0.98 and

12.8+1.65 IU/dL in treated diabetes groups). The
treatment with silymarin for diabetic rats resulted in a
significant decrease in the levels of AST and ALT,
however still there was a significant increase in AST
level compared with control group. The AST/ALT ratio
was calculated, since the mild to moderate increase in
AST/ALT ratio was considered a specific indicator
closely related to diabetes type 2 and metabolic
syndromes. It was noteworthy that in both untreated
and treated diabetes groups, the AST/ALT ratio was >1,
while it was <1 in control group (Figure 2).

Blood Glucose and Insulin Alteration

The level of plasma glucose could provide direct
and full information about diabetes status. As shown by
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Figure 1. Plasma total protein content,
creatinine, AST and ALT levels in control
group, untreated diabetes group and
silymarin treated diabetes group. There was
a slightly significance decrease (*P, 0.05) in
total plasma protein content in untreated
diabetes group compared with the rest
groups. Elevated plasma creatinine in treated
diabetes group compared with control group
(***P, 0.001) declined after silymarin
treatment compared with  untreated
diabetes group (***P, 0.001). AST activity
increased in both untreated and treated
diabetic rats compared with normal control
rats (P, 0.001 and P, 0.01). Finally, ALT
activity in untreated diabetic rats increased
compared with normal control rats (MP,
0.001), but compared with untreated, it
declined after silymarin treatment in treated
diabetes group (**P, 0.01), while no
significance difference in ALT activity was
observed between the normal rats and
diabetic rats treated with silymarin.



Silymarin protects cardiomyocytes against apoptosis in diabetes 39

the data, the level of blood glucose significantly
decreased (P<0.001) in silymarin treated diabetes
group (224+43.84 mg/dL) compared with untreated
diabetes group (437+67.5 mg/dL) and control group
(154438.2 mg/dL). It was noteworthy that the level of
glycemia increased in the diabetic rats by factor 2.83
and reduced to 1.45 after treatment with silymarin
(Figure 3), which indicated that the level of glycemia
significantly declined by a factor 1.95 in silymarin
treated diabetes group compared with untreated
diabetes group. In order to confirm these findings, the
insulin level was measured in each group. The level of
insulin in control group was recorded to be 15.4+3.22
mg/dL, and in untreated diabetes group it significantly
declined to 7.5£1.27 mg/dL (P<0.001). The level of
insulin significantly increased to 11.242.31 mg/dL in
treated diabetes group after the treatment with
silymarin (P<0.001), which might reflect survival and
restoration of the pancreatic B-cells in the diabetic
rats due to the restoration of insulin secretion after
treatment with silymarin.

Cholesterol and Triglycerides

The recorded levels of cholesterol and
triglycerides were 58.2+7 and 80.6+12.34 mg/dL in
control group, respectively. A significant elevation of
cholesterol and triglycerides levels in the untreated
and treated diabetes groups was recorded (Figure 4).
In the untreated diabetes group the levels of
cholesterol and triglycerides were 140.5£13.81 and
210.1£21.57 mg/dL, respectively, while the levels of
cholesterol and triglycerides in treated diabetes group
declined to 95%15.96 and 120%9.22 mg/dL,
respectively.

Histological Observations

In rats in control group, by using H&E, the
myocardium was striated and arranged in a linear
array that branched and anatomized in a specific pattern
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Figure 2. AST/ALT ratio in plasma of control
group, untreated diabetes group, and
silymarin treated diabetes group.

giving the appearance of a sheet. The cardiac muscle
fibres were joined together by intercalated discs. They
contained acidophilic cytoplasm with oval centrally
located nuclei. The cardiac muscle fibres were
separated by delicate layer of connective tissue with
well evidenced myocardial blood capillaries (Figure
5A). In diabetic rats, many cardiac myocytes showed
remarkable disorganization and fragmentation. Also,
sarcoplasmic vacuolation, loose of cross striation of
cardiac muscles, appearance of necrotic areas and
inflammatory cells, disappearance of intercalated
discs in many cardiac myocytes, pyknotic nuclei and
marked congestion with dilatation of the myocardial
blood vessels were observed. The treatment with
silymarin at dosage of 120 mg/kg-d for 10 d in diabetic
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Figure 3. Total plasma insulin (A) and glucose
(B) in the control group, untreated diabetes
group and diabetes group treated with
silymarin. Insulin level significantly declined
in diabetes group compared with control
group ( P, 0.001) and increased after
silymarin treatment ( P, 0.01). A significant
decrease in the level of insulin was observed
in the treated diabetic group compared with
control group ( P, 0.05). In the contrary, the
total plasma glucose increased in diabetes
group compared with normal control and
treated diabetic rats ( P 0.001). Although
plasma glucose declined after silymarin
treatment compared with diabetic rats (P,
0.001), but there was still a significant
difference compared with normal control
rats( P 0.01).
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rats resulted in an obvious recovery and restoration of
the normal architecture of the muscle fibres.

Immunohistochemical Observations

Immunohistochemical observations of
apoptosis-related proteins by measuring caspase-3
showed a strong positive reactivity of its expression in
the sarcoplasm of cardiomyocytes and the walls of
blood vessels of diabetic rats. The data showed that
Bcl-2 antiapoptosis-related proteins were expressed
intensively in the sarcoplasm of cardiomyocytes of
normal control rats. The expression of caspase-3
immunoreactive protein in the sarcoplasm of
cardiomyocytes exhibited a marked positive
expression in diabetic rats, much higher than that in
normal  control rats, indicatihng a  weak
immunoreactivity (Figure 5A). After the treatment
with silymarin for diabetic rats, a marked reduction of
immunoreaction for caspase-3 expression was
observed, which was similar to that in normal control
rats. However, the immunohistochemical expression
of Bcl-2 in cardiomyocytes showed significant
difference and strong positive reaction in
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Figure 4. Plasma cholesterol and triglycerides
levels in the control group, untreated diabetes
group and silymarin treated diabetes group.
The plasma cholesterol level increased in
either untreated diabetes group or treated
digbetes group compared with control group
(P, 0.001). However, compared with
untreated silymarin treatment decreased
plasma cholesterol level in treated diabetes
group ( P, 0.01). The level of triglycerides
significantly increased in untreated diabetic
rats compared with normal controls ( P,
0.001), but significantly declined in silymarin
treated diabetic rats ( P, 0.001) compared
with untreated.
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Figure 5. (A), H&E and immunohistochemical stained cardiac tissue sections in control group, untreated
diabetes group and treated diabetes group (Bar=6.25 um). (B), Caspase-3 immunoreactivity increased
in untreated diabetes group by quantifying staining intensity compared with control group (**P, 0.01),
meanwhile, the difference was not significant between treated diabetic rats and normal control rats. In
the contrary, the immunoreactivity of Bcl-2 in diabetic rats significantly declined compared with normal
control rats and treated diabetic rats (MP, 0.001), but increased after sylimarin treatment (MP, 0.001).
The level of caspase-3 increased in untreated diabetes group by 1.38 and 1.3 folds compared with
control and treated diabetic groups, respectively. Of note, the level of Bcl-2 decreased by 1.6 fold in the
untreated diabetic rats compared with either control rats or treated diabetic rats.
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the sarcoplasm of cardiomyocytes of normal control
rats, and weak immunoreactivity in the case of
diabetic rats. Silymarin treatment for diabetic rats
showed a marked restoration of positive reaction in
the sarcoplasm approximately similar to normal
appearance. The level of caspase-3 increased in
untreated diabetes group by 1.38 and 1.3 folds
compared with that in the control and treated
diabetes groups, respectively. However, the level of
Bcl-2 decreased by 1.6 folds in untreated diabetes
group compared with that in both control group and
treated diabetes group (Figure 5B).

Since all cells expressed caspase-3 and its
expression might not be equivalent to apoptosis, the
ratio of DNA fragmentation, a gold stander for the
incidence of apoptosis, was measured, which
reflected the DNA damage. The data revealed an
obvious increase in the level of DNA damage in the
cardiac tissues of diabetes group compared with other
groups (P<0.001). There was also a significant increase
in the DNA damage level in silymarin treated diabetes
group compared with control group (P<0.01).
However, the level of the fragmented DNA
significantly declined in silymarin treated diabetes
group compared with untreated diabetes group
(P<0.001). In summary, silymarin might have DNA
protective activities against diabetes induced damage,
and thus could prevent its severe long-term effects.

DISCUSSION

A recent study has concluded that the increased
level of plasma glucose could promote apoptosis in
B-cells of human pancreas[ZG]. In the present study, the
level of hyperglycemia in treated diabetes group
declined twice, suggesting a hypoglycemic activity of
silymarin. The hypoglycemic effect of silymarin could
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Figure 6. DNA fragmentation % in the cardiac
tissues of rats in control group, untreated
diabetes group and treated diabetes group
( P,0.001; P,0.001).

be attributed to the restoration of insulin secretion
and its elevated levels in the treated diabetes group,
reflecting an additional cytoprotective effect of
silymarin on the pancreatic B-cells of diabetic subjects.
On the other hand, the data showed high elevated
level of plasma creatinine in untreated diabetes group
compared with other groups. Hyperglycemia also
causes osmotic diuresis and depletion of extracellular
fluid volume™, which could explain the elevated
plasma creatinine in untreated diabetes group. It is
noteworthy that creatinine is a metabolic product of
creatine and phosphocreatine found mainly in the
muscles. Thus, creatinine could directly provide a
clear picture for any muscle mass alteration.
Furthermore, creatinine does not bind to plasma
proteins, and is freely filtered by the glomerulus of the
kidney. That has an important clinical implication for
overestimating creatinine clearance of kidney
function™?. The data showed high elevated levels of
cholesterol and triglycerides in diabetic rats which
declined after the treatment with silymarin. This
finding might suggest a hypocholesterolemic activity
of silymarin.

On the other hand, diabetes is associated with
elevated AST/ALT ratio. Since the mild to moderate
increase in AST/ALT ratio have been considered a
signal closely related to diabetes type 2, and also a
metabolic syndrome[3°'31]. In  an open-label
uncontrolled clinical trial using exenatide to assess the
safety of the drug in patients with diabetes, aspartate
aminotransferase (AST) and insulin sensitivity were
improved over a 3.5-year follow-up periodm]. In this
study, the AST/ALT ratio in control group was <1,
while >1 in both untreated diabetes group and
treated diabetes group. This finding is of great
importance because AST/ALT ratio >1 is usually
considered a determinant of progressing liver damage
and cirrhosis®>. Therefore, AST/ALT ratio could be
part of the evaluation and prediction of diabetes type
2 development[34]. Currently, some studies have
revealed that cardiovascular disease is closely related
to the elevated AST levels®®.

In the present study we investigated the
protective effect of silymarin against apoptotic death
of cardiomyocytes associated with diabetes. The
expression of caspase-3 immunoreactive protein in
the sarcoplasm of cardiomyocytes was markedly
elevated in diabetic rats compared with rats in other
groups. As shown in Figure 5B, the level of caspase-3
increased in untreated diabetes group by 1.38 and 1.3
folds compared with control and treated diabetes
groups, respectively. However, as a result of
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treatment with silymarin, a marked reduction of
immunoreaction for caspase-3 expression was
observed in diabetic rats, similar to that in control
group. The activity of the anti-apoptotic Bcl-2 protein
could explain the previous findings. Since Bcl-2 is an
antiapoptotic  protein  which is present in
mitochondria, endoplasmic reticulum, and nuclear
membrane, different protective mechanism may lie
behind®*3. In untreated diabetic rats, the level of
Bcl-2 decreased by 1.6 folds compared with either
control group or treated diabetes group (Figure 5B).
The data showed a strong positive expression of Bcl-2
in the sarcoplasm of cardiomyocytes of normal
control rats, and weak immunoreactivity in diabetic
rats. Our findings are in consistent with the results by
Bhan and his colleagues that diabetes was associated
with increased apoptosis and less expression of Bcl-2
protein on diabetic rat wounds®.  Meanwhile,
silymarin treatment for diabetic rats showed a
marked restoration of positive reaction in the
sarcoplasm similar to normal appearance. It is
extremely important that Bcl-2 percentage of
cardiomyocytes in diseased heart is higher than in the
control heart which may maintain cell survival in
myocarditis[4°]. Moreover, Yan and his colleagues
demonstrated  that  Bcl-2  increased  after
cardiopulmonary resuscitation in rats“Y.  Bcl-2
regulates mitochondrial permeability processes by
regulating mitochondrial protein release into the
cytoplasm, and so it constitutes a key point for the
mitochondrial pathway of apoptosis[“], thus
preventing intracellular oxidation which triggers
apoptotic program[42'43].

The data have also revealed that silymarin has a
DNA protective activity against damage induced by
diabetes, which provide more information for
developing new therapeutic strategy to protect
diabetes patients from severe long-term effects on
cardio-vascular system.

CONCLUSION

The data have revealed that silymarin has
histoprotective and cellular restoration activities not
only for the pancreatic B-cells by promoting insulin
secretion restoration in the treated diabetic rats, but
also for the cardiomyocytes by preventing apoptosis
associated with diabetes. Finally, the AST/ALT ratio is
an extremely important indicator for health, since
either in human or animal it must be less than 1 in
normal subjects. The effects of silymarin as described

above are obvious and might be of significant clinical
imortance given the large number of diabetes
patients and the severe long-term effects on
cardio-vascular system and the well-known safety
characteristics of silymarin as a therapeutic and
prophylactic compound. Preclinical and clinical trials
using silymarin as an adjuvant supplement for
diabetes therapy are urgently needed to facilitate the
clinical use of this fascinating agent.

CONFLICT OF INTERESTS

The corresponding author declares no conflict of
interest.
Received: July 30, 2014;
Accepted: October 13,2014

REFERENCES

1. Wolpin BM, Bao Y, Qian ZR, et al. Hyperglycemia, Insulin
Resistance, Impaired Pancreatic beta-Cell Function, and Risk of
Pancreatic Cancer. J Natl Cancer Inst, 2013; 105, 1027-35.

2. Schuster DP, Duvuuri V. Diabetes mellitus. Clin Podiatr Med Surg,
2002; 19, 79-107.

3. Diagnosis and classification of diabetes mellitus. Diabetes Care,
2010; 33 Suppl 1, S62-9.

4. Kumar S, Kain V, Sitasawad SL. High glucose-induced ca”
overload and oxidative stress contribute to apoptosis of cardiac
cells through mitochondrial dependent and independent
pathways. Biochim Biophys Acta, 2012; 1820, 907-20.

5. Adams V, Jiang H, Yu J, et al. Apoptosis in skeletal myocytes of
patients with chronic heart failure is associated with exercise
intolerance. J Am Coll Cardiol, 1999; 33, 959-65.

6. Hambrecht R, Adams V, Gielen S, et al. Exercise intolerance in
patients with chronic heart failure and increased expression of
inducible nitric oxide synthase in the skeletal muscle. J] Am Coll
Cardiol, 1999; 33, 174-9.

7. Paneni F, Costantino S, Cosentino F. Insulin resistance, diabetes,
and cardiovascular risk. Curr Atheroscler Rep, 2014; 16, 419.

8. Meigs JB, Rutter MK, Sullivan LM, et al. Impact of insulin
resistance on risk of type 2 diabetes and cardiovascular disease
in people with metabolic syndrome. Diabetes Care, 2007; 30,
1219-25.

9. Elmore S. Apoptosis: a review of programmed cell death. Toxicol
Pathol, 2007; 35, 495-516.

10.zhao ZQ, Nakamura M, Wang NP, et al. Reperfusion induces
myocardial apoptotic cell death. Cardiovasc Res, 2000; 45,
651-60.

11.Senthamizhselvan O, Manivannan J, Silambarasan T, et al.
Diosmin pre-treatment improves cardiac function and
suppresses oxidative stress in rat heart after
ischemia/reperfusion. Eur J Pharmacol, 2014; 736, 131-7.

12.Lu S. Heart protective effects and mechanism of quercetin
preconditioning on anti-myocardial ischemia reperfusion (IR)
injuries in rats. Gene, 2014; 545, 149-55.

13.Soto C, Perez J, Garcia V, et al. Effect of silymarin on kidneys of
rats suffering from alloxan-induced diabetes mellitus.
Phytomedicine, 2010; 17, 1090-4.

14.Jose MA, Abraham A, Narmadha MP. Effect of silymarin in
diabetes mellitus patients with liver diseases. J Pharmacol
Pharmacother, 2011; 2, 287-9.



Silymarin protects cardiomyocytes against apoptosis in diabetes 43

15.Huseini HF, Larijani B, Heshmat R, et al. The efficacy of Silybum
marianum (L.) Gaertn. (silymarin) in the treatment of type Il
diabetes: a randomized, double-blind, placebo-controlled,
clinical trial. Phytother Res, 2006; 20, 1036-9.

16.Jacobs BP, Dennehy C, Ramirez G, et al. Milk thistle for the
treatment of liver disease: a systematic review and meta-analysis.
Am J Med, 2002; 113, 506-15.

17.Nasri H. Re: effect of silymarin on streptozotocin-
nicotinamide-induced type 2 diabetic nephropathy in rats. Iran J
Kidney Dis, 2013; 7, 414-5.

18.Sheela N, Jose MA, Sathyamurthy D, et al. Effect of silymarin on
streptozotocin-nicotinamide-induced type 2 diabetic
nephropathy in rats. Iran J Kidney Dis, 2013; 7, 117-23.

19.Bromme HJ, Morke W, Peschke D, et al. Scavenging effect of
melatonin on hydroxyl radicals generated by alloxan. J Pineal Res,
2000; 29, 201-8.

20.Lowry OH, Rosebrough NJ, Farr AL, et al. Protein measurement
with the Folin-Phenol reagents. J Biol Chem, 1951; 193, 265-75.

21.Reitman S, Frankel S. A colorimetric method for the
determination of serum glutamic oxalacetic and glutamic pyruvic
transaminases. Am J Clin Pathol, 1957; 28, 56-63.

22.Henry RJ. Clinical Chemistry Principles and Technique. Harper
and Row, 1974; 2nd edition, 543.

23.Buccolo G, David H. Quantitative determination of serum
triglycerides by the use of enzymes. Clin Chem, 1973; 19, 476.

24 .Kieman JA. Histological and Histochemical Methods: Theory and
Practice. Bloxham: Scion, 2008; 4th edition.

25.Kurita-Ochiai T, Fukushima K, Ochiai K. Lipopolysaccharide
stimulates butyric acid-induced apoptosis in human peripheral
blood mononuclear cells. Infect Immun, 1999; 67, 22-9.

26.Donath MY, Ehses JA, Maedler K, et al. Mechanisms of beta-cell
death in type 2 diabetes. Diabetes, 2005; 54 Suppl 2, S108-13.

27.Patel SS, Shah RS, Goyal RK. Antihyperglycemic,
antihyperlipidemic and antioxidant effects of Dihar, a polyherbal
ayurvedic formulation in streptozotocin induced diabetic rats.
Indian J Exp Biol, 2009; 47, 564-70.

28.Heymsfield SB, Arteaga C, McManus C, et al. Measurement of
muscle mass in humans: validity of the 24-hour urinary
creatinine method. Am J Clin Nutr, 1983; 37, 478-94.

29.Garasto S, Fusco S, Corica F, et al. Estimating Glomerular
Filtration Rate in Older People. Biomed Res Int, 2014; 2014,
916542.

30.Schindhelm RK, Diamant M, Dekker JM, et al. Alanine
aminotransferase as a marker of non-alcoholic fatty liver disease
in relation to type 2 diabetes mellitus and cardiovascular disease.

Diabetes Metab Res Rev, 2006; 22, 437-43.

31.Schindhelm RK, Dekker JM, Nijpels G, et al. Alanine
aminotransferase predicts coronary heart disease events: a
10-year follow-up of the Hoorn Study. Atherosclerosis, 2007; 191,
391-6.

32.Klonoff DC, Buse JB, Nielsen LL, et al. Exenatide effects on
diabetes, obesity, cardiovascular risk factors and hepatic
biomarkers in patients with type 2 diabetes treated for at least 3
years. Curr Med Res Opin, 2008; 24, 275-86.

33.Giannini E, Botta F, Fasoli A, et al. Progressive liver functional
impairment is associated with an increase in AST/ALT ratio. Dig
Dis Sci, 1999; 44, 1249-53.

34.Loureiro C, Martinez-Aguayo A, Campino C, et al. [Hepatic
steatosis as diabetes type 2 predictor]. Nutr Hosp, 2014; 29,
350-8.

35.Alberton M, Wu P, Druyts E, et al. Adverse events associated
with individual statin treatments for cardiovascular disease: an
indirect comparison meta-analysis. QJM, 2012; 105, 145-57.

36.Cunha DA, Gurzov EN, Naamane N, et al. JunB protects beta-cells
from lipotoxicity via the XBP1-AKT pathway. Cell Death Differ,
2014; 21, 1313-24.

37.Zhang W, Ruvolo VR, Gao C, et al. Evaluation of Apoptosis
Induction by Concomitant Inhibition of MEK, mTOR, and Bcl-2 in
Human Acute Myeloid Leukemia Cells. Mol Cancer Ther, 2014;
13, 1849-59.

38.Martinou JC, Youle RJ. Mitochondria in apoptosis: Bcl-2 family
members and mitochondrial dynamics. Dev Cell, 2011; 21,
92-101.

39.Bhan S, Mitra R, Arya AK, et al. A study on evaluation of
apoptosis and expression of bcl-2-related marker in wound
healing of streptozotocin-induced diabetic rats. ISRN Dermatol,
2013; 2013, 739054.

40.Zorc-Pleskovic R, Alibegovic A, Zorc M, et al. Apoptosis of
cardiomyocytes in myocarditis. Folia Biol (Praha), 2006; 52, 6-9.

41.Ping Y, Shou-quan C, Zhang-ping L, et al. Effect of exogenous
phosphocreatine on cardiomycytic apoptosis and expression of
Bcl-2 and Bax after cardiopulmonary resuscitation in rats. World
J Emerg Med, 2011; 2, 291-5.

42 Xia W, Jiang Y, Li Y, et al. Early-life exposure to bisphenol a
induces liver injury in rats involvement of mitochondria-
mediated apoptosis. PLoS One, 2014; 9, e90443.

43.Magalhaes J, Goncalves 10, Lumini-Oliveira J, et al. Modulation of
cardiac mitochondrial permeability transition and apoptotic
signaling by endurance training and intermittent hypobaric
hypoxia. Int J Cardiol, 2014; 173, 40-5.



