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Oxidative stresses are increasingly implicated in the pathogenesis of diabetic complications which may either
cause direct pancreatic βββββ -cell damage or lead to metabolic abnormalities that can induce or aggravate diabe-
tes. The valuable effect of antioxidant nutrients on the glycemic control of diabetic patients has been reported
in experimental and clinical studies. The present study was designed to investigate the effects of the herbal
medicine, Silybum marianum seed extract (silymarin), which is known to have antioxidant properties on the
glycemic profile in diabetic patients. A 4-month randomized double-blind clinical trial was conducted in 51
type II diabetic patients in two well-matched groups. The first group (n ===== 25) received a silymarin (200 mg)
tablet 3 times a day plus conventional therapy. The second group (n ===== 26) received the same therapy but a
placebo tablet instead of silymarin. The patients were visited monthly and glycosylated hemoglobin (HbA1c),
fasting blood glucose (FBS), insulin, total cholesterol, LDL and HDL, triglyceride, SGOT and SGPT levels
were determined at the beginning and the end of the study. The results showed a significant decrease in
HbA1c, FBS, total cholesterol, LDL, triglyceride SGOT and SGPT levels in silymarin treated patients com-
pared with placebo as well as with values at the beginning of the study in each group. In conclusion, silymarin
treatment in type II diabetic patients for 4 months has a beneficial effect on improving the glycemic profile.
Copyright © 2006 John Wiley & Sons, Ltd.
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INTRODUCTION

Silybum marianum (L.) Gaertn. is a member of the
Asteraceae family and its seed extract contains large
numbers of chemical constituents including several
flavonolignans collectively known as silymarin (Pepping,
1999). Silymarin has powerful antioxidant properties
and has a beneficial effect on various hepatic disorders,
including hepatotoxicity secondary to acute and chronic
viral hepatitis and mushroom poisoning (Sonnenbichler
et al., 1986; Flora et al., 1998; Parish and Doering, 1986).

Diabetes mellitus is a continuously growing health
problem, which causes substantial morbidity, mortal-
ity and long-term complications even in developed
countries.

The favorable effect of antioxidants in the treatment
of oxidative metabolic derangement in diabetes has been
reported in several experimental studies (Rudich et al.,

1999; Packer et al., 2000; Maddux et al., 2001). In addi-
tion, several clinical trials, albeit of short duration, have
demonstrated that treatment with antioxidants such as
vitamin E, vitamin C, or glutathione improves insulin
sensitivity in insulin-resistant individuals and/or patients
with type II diabetes (Jacob et al., 2000; Evans and
Goldfine, 2000). Two placebo-controlled clinical trials
have also reported that Silybum marianum seed extract
administration to diabetic cirrhotic patients reduces
insulin resistance and the need for exogenous adminis-
tration of insulin (Velussi et al., 1993; Velussi et al.,
1997). The present study was undertaken to evaluate
the effects of 4 months silymarin administration on the
glycemic state in type II diabetes patients.

METHODOLOGY

A total of 51 patients (19 male, 32 female) with type II
diabetes from the Diabetes Clinic of Shariati Hospital
were enrolled in this study. The research protocol was
approved by the Ethics Committee of the Endocrinology
and Metabolism Research Center of Shariati Hospital
and written informed consent was obtained from each
patient prior to study.
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Statistical analysis. The statistical analysis of the
recorded data at the beginning and after 4 months was
performed using independent and paired Student’s
t-test employing SPSS statistical software for quantita-
tive variables. A value of p < 0.05 was considered as
statistically significant.

RESULTS

All 51 patients completed the study and there were no
dropouts. The patients’ demographic characteristics are
summarized in Table 1.

The baseline findings of patients in the two groups
(silymarin and placebo) were compared with each other
regarding FBS, HbA1c, lipid profile, insulin and liver
enzymes. The two groups were completely comparable,
except for the triglyceride levels that were higher in the
silymarin group (Table 2).

Glucose

The average fasting blood glucose level in the silymarin
group at the beginning of the study was 156 ± 46 mg/
dL, which decreased significantly (p < 0.001) to 133 ±
39 mg/dL after 4 months of silymarin treatment. The
average fasting blood glucose level in the placebo group
at the beginning of the study was 167 ± 47 mg/dL, which
increased significantly (p < 0.0001) to 188 ± 48 mg/dL
after 4 months of placebo treatment.

HbA1c

The average HbA1c level in the silymarin group at the
beginning of the study was 7.82 ± 2.01%, which de-
creased significantly (p < 0.001) to 6.78 ± 1.05% after 4
months silymarin treatment. The average HbA1c level

All the patients who participated were aged between
40 and 65 years, and had a confirmed diabetes type II
diagnosis according to ADA criteria (American Diabe-
tes Association, 2003). The patients had a fasting blood
glucose level less than 250 mg/dL, the duration of dia-
betes was more than 2 years, and their diabetes was not
controlled exclusively by diet. The exclusion criteria
were insulin therapy, cardiovascular disease, infectious
diseases, pregnancy and breast-feeding. The patients
were then randomly allocated to two groups using a
balanced randomization method.

The patients and the investigators who carried out
clinical and paraclinical assessments were unaware of
the treatment groups and type of medication. Silymarin
(200 mg) and placebo tablets were of the same shape
and kindly provided by the Institute of Medicinal Plants
(Tehran, Iran). The conventional oral hypoglycemic
agent (metformin and glibenclamide) treatment con-
tinued in the two groups. The compliance was assessed
indirectly using a pill count method.

The first group (25 patients) received a 200 mg
silymarin tablet three times a day before meals. The
control group (26 patients) received a placebo tablet
three times a day before meals.

The blood levels of HbA1c and fasting blood glucose,
insulin, total cholesterol, LDL and HDL, triglyceride,
SGOT and SGPT were determined at the beginning
and after 4 months of the study in both groups.

Blood samples were drawn after an overnight fast-
ing (12 h). Fasting glucose levels were determined by
the glucose-oxidase method using a Beckman Glucose2
Analyzer immediately after blood sampling at the
Endocrine Research Center laboratory. Glycosylated
hemoglobin levels were determined by a D-10 Hemo-
globin testing system (Bio-Rad Laboratories, Inc.). All
the other blood sample parameters were measured by
an auto analyzer Hitachi 902 using commercial kits.

Patients were visited and examined every month and
the efficacy of treatment was checked by determination
of the fasting blood glucose level.

Table 2. Paraclinical characteristics of the two groups at the beginning of study

Group

Silymarin Placebo
(mean ± SD) (mean ± SD) p value

FBS (mg/dL) 156 ± 46 167 ± 47 0.39
HbA1c (%) 7.8 ± 2.0 8.3 ± 1.9 0.39
Insulin (ng/mL) 0.4 ± 0.3 0.3 ± 0.2 0.43
Cholesterol (mg/dL) 225 ± 64 211 ± 46 0.38
HDL (mg/dL) 140 ± 47 130 ± 47 0.08
LDL (mg/dL) 70 ± 33 94 ± 60 0.44
Triglyceride (mg/dL) 284 ± 206 185 ± 78 0.02
SGOT (U/L) 22 ± 5 22 ± 5 0.396
SGPT (U/L) 19 ± 9 17 ± 9 0.041

Table 1. The demographic characteristics of patients in placebo and silymarin treated groups

Group Silymarin (n = 25) Placebo (n = 26) Total

Age (year) (mean ± SD) 53.0 ± 6.6 54.1 ± 6.0 53.5 ± 6.3
Sex (male/female) 14M/11F 5M/21F 19M/32F
Duration of disease (year) (mean ± SD) 7.6 ± 4.9 11.7 ± 6.1 9.6 ± 5.9
Weight (kg) (mean ± SD) 77.2 ± 14.8 69.9 ± 10.9 73.4 ± 13.1
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of hyperglycemia (Rudich et al., 1999; Jacob et al., 2000;
Maddux et al., 2001). Silymarin has been shown to
increase and normalize the pancreatic levels of free radi-
cal quenching enzymes such as superoxide dismutase,
glutathione peroxidase and catalase in alloxan-induced
diabetic animals (Soto et al., 2003). This can exert
potent inhibitory effects on enhanced lipid peroxida-
tion seen in diabetes. Two clinical studies (Velussi
et al., 1993; Velussi et al., 1997) also reported that
silymarin reduces insulin resistance and the need for
exogenous administration of insulin in diabetic cirrhotic
patients. In diabetic patients, aldose reductase enzyme
levels increase. Silymarin, as an inhibitor of this
enzyme, inhibits its deleterious effect on the nerves and
red blood cells (Zhang et al., 1993). It has also been
reported that silymarin inhibits insulin secretion in
response to glucose stimulation (Lirussi et al., 2002).
This effect may inhibit hyperinsulinemia and subsequent
insulin resistance.

In addition, there is evidence that lipoperoxidation
may negatively affect patients with diabetes (Tsuzura
et al., 2004). Silymarin is a powerful inhibitor of lipo-
peroxidation that may counteract its deleterious effect
on the glucose profile in diabetic patients (Skottova
et al., 1999).

Silymarin also inhibits the toxic effect of alloxan and
cyclosporin on pancreatic cells in experimental animals
(Soto et al., 1998; Soto et al., 2004; Von Schonfeld et al.,
1997). This effect may protect pancreatic cells from
harmful metabolic products in hyperglycemic patients.
Furthermore, silymarin is a well-known hepatoprotec-
tive herbal medicine (Velussi et al., 1993). Thus the
correction of liver function following silymarin admin-
istration may positively influence lipid and glucose
metabolism.

In conclusion, the results showed that silymarin treat-
ment has a beneficial effect in reducing the glycemic
state in type II diabetic patients. The use of antioxi-
dants such as silymarin as a complementary therapy in
type II diabetes patients needs further investigation in
large multi-centre studies.

Acknowledgements

This study was supported by a research grant number R507/2003
from the Endocrinology and Metabolism Research Center, Tehran
University of Medical Sciences Tehran Iran. We thank the adminis-
tration of the Institute of Medicinal Plants and the Medical and Nurs-
ing staff of the Diabetic Center of Shariati Hospital for their support
in providing the necessary facilities for conducting this study.

Table 3. The average serologic parameters at the beginning and after 4 months of the study in placebo and silymarin treated groups

Silymarin (mean ± SD) Placebo (mean ± SD)

Group Beginning After 4 months p value Beginning After 4 months p value

FBS (mg/dL) 156 ± 46 133 ± 39 0.001 167 ± 47 188 ± 48 0.0001
HbA1c (%) 7.8 ± 2.0 6.8 ± 1.1 0.001 8.3 ± 1.9 9.5 ± 2.2 0.0001
Insulin (ng/mL) 0.4 ± 0.3 0.3 ± 0.2 0.123 0.3 ± 0.2 0.3 ± 0.2 0.396
Total cholesterol (mg/dL) 225 ± 64 198 ± 41 0.0001 211 ± 46 215 ± 50 0.565
LDL cholesterol (mg/dL) 140 ± 47 123 ± 30 0.005 130 ± 47 130 ± 44 0.933
HDL cholesterol (mg/dL) 70 ± 33 61 ± 19 0.027 94 ± 60 85 ± 91 0.392
Triglyceride (mg/dL) 284 ± 206 211 ± 136 0.004 185 ± 78 207 ± 93 0.127
SGOT (U/L) 22 ± 5 17 ± 3 0.008 22 ± 5 20 ± 5 0.039
SGPT (U/L) 19 ± 9 12 ± 6 0.0001 17 ± 9 18 ± 9 0.283

in the placebo group at the beginning of the study was
8.29 ± 1.88%, which increased significantly (p < 0.0001)
to 9.45 ± 2.16% after 4 months of placebo treatment.

Silymarin treatment also significantly lowered blood
levels of total cholesterol, LDL, triglyceride, SGOT and
SGPT. The results of the clinical findings in both groups
at the beginning and after 4 month of the study are
summarized in Table 3.

Finally a slight but non-significant decrease in weight,
systolic and diastolic blood pressure in patients on
silymarin was found. In addition, no side effects of the
treatment were reported during the study and there
were no changes in therapy or surgical intervention in
either group. At the end of the study, many of the
silymarin-treated patients wished to continue the same
treatment.

DISCUSSION AND CONCLUSION

The present study investigated the effect of silymarin
on the glucose profile in patients with type II diabetes.
The results show that although there were no statisti-
cally significant differences in the main parameters
between the two groups of patients at the beginning
of study (Table 2), silymarin treatment significantly
lowered the HbA1c and fasting blood glucose levels in
diabetic patients at the end of the study.

The mechanism underlying the glucose lowering
effect of silymarin is not clear. Silymarin is a Silybum
marianum seed extract that contains a wide number
of active constituents including flavonoids with anti-
oxidants, that increases cellular glutathione levels and
cellular membrane stabilizing properties (Flora et al.,
1998; Sonnenbichler et al., 1986; Parish and Doering,
1986; Von Schonfeld et al., 1997; Pepping, 1999). In
type II diabetic patients the elevation of glucose and
free fatty acid (FFA) levels leads to the generation of
reactive oxygen species and oxidative stress (Brownlee,
2001; McGarry, 2002). These metabolic abnormalities
not only induce late diabetic complications but also lead
to insulin resistance, β-cell dysfunction and impaired
insulin secretion (Boden, 1997). Silymarin, with its
powerful antioxidant properties, is active against
oxidative stress and may induce a positive effect on
diabetic metabolic abnormalities. In support of this
hypothesis, several experimental and clinical studies
indicate that substances with antioxidant properties have
favorable effects on oxidative metabolic derangement



SILYBUM MARIANUM FOR DIABETES 1039

Copyright © 2006 John Wiley & Sons, Ltd. Phytother. Res. 20, 1036–1039 (2006)
DOI: 10.1002/ptr

REFERENCES

American Diabetes Association. 2003. Screening for type 2
diabetes. Diabetes Care 26(Suppl 1): 12–13.

Boden G. 1997. Role of fatty acids in the pathogenesis of insu-
lin resistance in NIDDM. Diabetes 46: 3–10.

Brownlee M. 2001. Biochemistry and molecular cell biology of
diabetic complications. Nature 414: 813–820.

Evans JL, Goldfine. 2000. ID: alpha-lipoic acid: a multi-functional
antioxidant that improves insulin sensitivity in patients with
type 2 diabetes. Diabetes Technol Ther 2: 401–413.

Flora K, Hahn M, Rosen H, Benner K. 1998. Milk thistle (Silybum
marianum) for the therapy of liver disease. Am J Gastro-
enterol 93: 139–143.

Jacob S, Lehmann R, Rett K, Häring HU. 2000. Oxidative stress
and insulin action: a role for antioxidants. In Antioxidants
in Diabetes Management, Packer L, Rösen P, Tritschler HJ,
King GL (eds). Marcel Dekker: New York, 319–338.

Lirussi F, Beccarello A, Zanette G et al. 2002. Silybin-beta-
cyclodextrin in the treatment of patients with diabetes mellitus
and alcoholic liver disease. Efficacy study of a new prepara-
tion of an anti-oxidant agent. Diabet Nutr Metab 15: 222–231.

Maddux BA, See W, Lawrence JC Jr, Goldfine AL Goldfine, ID,
Evans JL. 2001. Protection against oxidative stress-induced
insulin resistance in rat L6 muscle cells by micro molar
concentrations of alpha-lipoic acid. Diabetes 50: 404–410.

McGarry JD. 2002. Banting Lecture 2001: dysregulation of fatty
acid metabolism in the etiology of type 2 diabetes. Dia-
betes 51: 7–18.

Packer L, Rosen P, Tritschler H, King GL, Azzi A (eds). 2000.
Antioxidants and Diabetes Management. Marcel Dekker:
New York.

Parish RC, Doering PL. 1986. Treatment of Amanita mushroom
poisoning: a review. Veter Human Toxicol 28: 318–322.

Pepping J. 1999. Milk thistle: Silybum marianum. Am J Health
Syst Pharm 56: 1195–1197.

Rudich A, Tirosh A, Potashnik R, Khamaisi M, Bashan N. 1999.
Lipoic acid protects against oxidative stress induced
impairment in insulin stimulation of protein kinase B and
glucose transport in 3T3–L1 adiposities. Diabetologia 42:
949–957.

Skottova N, Krecman V, Simanek V. 1999. Activities of silymarin
and its flavonolignans upon low density lipoprotein oxidiza-
bility in vitro. Phytother Res 13: 535–537.

Sonnenbichler J, Goldberg M, Hane L, Madubunyi I, Vogl S,
Zetl I. 1986. Stimulatory effect of silibinin on DNA synthesis
in partially hepatectomized rat livers: non-response in
hepatoma and other malign cell lines. Biochem Pharmacol
35: 538–541.

Soto C, Mena R, Luna J et al. 2004. Silymarin induces recovery
of pancreatic function after alloxan damage in rats. Life Sci
75: 2167–2180.

Soto CP, Perez BL, Favari LP, Reyes JL. 1998. Prevention of
alloxan-induced diabetes mellitus in the rat by silymarin.
Comp Pharmacol Toxicol 119: 125–129.

Soto C, Recoba R, Barron H, Alvarez C, Favari L. 2003. Silymarin
increases antioxidant enzymes in alloxan-induced diabetes
in rat pancreas. Comp Biochem Physiol Toxicol Pharmacol
136: 205–212.

Tsuzura S, Ikeda Y, Suehiro T et al. 2004. Correlation of plasma
oxidized low-density lipoprotein levels to vascular complica-
tions and human serum paraoxonase in patients with type
2 diabetes. Metabolism 53: 297–302.

Velussi M, Cernigoi AM, De Monte A, Dapas F, Caffau C, Zilli M.
1997. Long-term (12 months) treatment with an anti-
oxidant drug (silymarin) is effective on hyperinsulinemia,
exogenous insulin need and malondialdehyde levels in
cirrhotic diabetic patients. J Hepatol 26: 871–879.

Velussi M, Cernigoi AM, Viezzoli L, Dapas F, Caffau C, Zilli M.
1993. Silymarin reduces hyperinsulinemia, malondialdehyde
levels, and daily insulin needs in cirrhotic diabetic patients.
Curr Ther Res 53: 533–545.

Von Schonfeld J, Weisbrod B, Muller MK. 1997. Silibinin, a
plant extract with antioxidant and membrane stabilizing
properties, protects exocrine pancreas from cyclosporin
toxicity. Cell Mol Life Sci CMLS 53: 917–920.

Zhang JQ, Mao XM, Zhou YP. 1993. Effects of silybin on red
blood cell sorbitol and nerve conduction velocity in dia-
betic patients. Zhongguo Zhong xi yi jie he za zhi Zhongguo
Zhongxiyi jiehe zazhi 12: 725–726.


