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Abstract. Secoisolariciresinol diglucoside (SDG) from 
flaxseed has been shown to be effective in preventing/ 
delaying the development of type-1 and type-2 diabetes. 
The hypoglycemic effect of SDG in type-2 diabetes has 
been suggested to be due to its antioxidant activity. 
Hyperglycemia in type-2 diabetes could be due to an 
increase in the expression of phosphoenolpyruvate 
carboxykinase (PEPCK), a rate-limiting enzyme in the 
gluconeogenesis in the liver. It is possible that the hy- 
poglycemic effect of SDG in type-2 diabetes is due to 
suppression of expression of PEPCK gene. An investi- 
gation, therefore, was made on the effect of SDG on the 
PEPCK gene expression. Primary hepatocyte culture 
was treated with insulin, a physiological inhibitor of 
PEPCK gene expression, or with SDG for 12 hours. 
After RNA extractions, Northern blot analysis was 
done. SDG in the concentration of 100 pM completely 
suppressed the expression of PEPCK gene. Insulin in the 
concentration of 10 nM almost completely suppressed 
the PEPCK gene expression. The results suggest that 
SDG suppresses the expression of PEPCK gene and that 
its known hypoglycemic effect may be due to suppres- 
sion of PEPCK gene expression. 

Introduction 

Type-2 diabetes is characterized by hyperglycemia, im- 
paired glucose tolerance, insulin resistance and hyperli- 
pidemia. Its complications are numerous, including 
coronary artery disease, stroke, potyneuropathy, 
nephropathy and retinopathy. Besides impaired insulin 
secretion and insulin resistance [1-3], increased hepatic 
glucose production is a major cause of hyperglycemia in 
patients with type-2 diabetes. Increased hepatic glucose 
production has been reported to be due to increased 
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hepatic gluconeogenesis [4-6]. Phosphoenotpyruvate 
carboxykinase (PEPCK) is a rate-limiting enzyme for 
gluconeogenesis in liver [7] and is elevated in all models 
of diabetes irrespective of the origin (chemical or ge- 
netic) [8-11]. Regulation of the activity of PEPCK is 
primarily controlled through gene expression [12]. 
Troglitazone, a hypoglycemic drug used in type-2 dia- 
betes [13] inhibits the expression of PEPCK [14] and has 
antioxidant activity [15]. 

Recently SDG, an antioxidant [16,17], has been shown 
to prevent the development of type-1 diabetes (both in 
streptozotocin-induced and in BBdp rats) [18,19] and 
type-2 diabetes (zucker diabetes fatty [ZDF] female rats) 
[20]. The antidiabetic effects were related to a decrease in 
the oxidative stress. SDG was shown to be hypoglyce- 
mic in both the type-1 and type-2 animal model of di- 
abetes. However, the biochemical mechanism by which 
SDG suppresses serum glucose levels still remains un- 
clear. Hypoglycemic effects of SDG could be due to 
suppression of PEPCK, a rate-limiting enzyme for 
gluconeogenesis. The aim of the present study is to as- 
sess the ability of SDG to suppress PEPCK. Since the 
regulation of PEPCK activity is primarily determined at 
the level of transcription, the effect of SDG on PEPCK 
gene expression was investigated. 

Methods 

Male Sprague-Dawley rats weighing between 150-200 g were anes- 
thetized with pentobarbital sodium (40 mg/kg intraperitoneally) and 
primary hepatocytes were isolated by collagenase method 121]. Via- 
bility of the cells that was greater than 90% was determined by Trypan 
blue exclusion method, Cett cultures were prepared as described by 
Davies et al. [14]. Cell cultures were treated with 10 nM insu!in 
(physiological inhibitor of PEPCK), 100 pM of SDG, and vehicIe 
control, and incubated for 12 hours in 5% CO2 in a humiditied at- 
mosphere at 37°C. The methods for RNA extraction and Northern 
blot analysis were as previously described [18]. Total RNA was ex- 
tracted from the primary cultured hepatocytes using Trizo! reagent 
(Gibco-BRE) according to manufacturer's instructions. For Northern 
blot analysis, 20 lag of RNA was resolved on 1% agarose-formatdehyde 
gels and transferred on to Hybond membranes by capillary elution. 

Ultraviolet cross-linked membranes were hybridized with the 3~_p 
radio-labelled 2 kb cDNA fragment of PEPCK at 65°C overnight. The 
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Fig, 1. EffecL of SDG and insulin on the 
levels of PEPCK mRNA in primary rat 
hepatocytes. Lanes i-3, basal PEPCK; 
Lanes 4-6, PEPCK with insulin (t0 nM) 
treatment; Lanes 7-9, PEPCK with SDG 
(t00 ftM treatment. 18S ribo-probe for 
RNA loading equivalent. 

membrane was exposed to XAR-5 film (Eastman Kodak) overnight at 
-80°C, The blot was stripped and re-probed with 32p labelled cDNA 
fragment of 18 S ribosomal RNA for verification of equivalent RNA 
loading. 

Results 

SDG in the concentration of 100 gM completely 
suppressed the PEPCK gene expression. Representa- 
tive blots from three independent experiments are 
shown in Figure 1. Insulin in the concentration of 10 
nM almost completely suppressed the expression of 
PEPCK gene. 

Discussion 

PEPCK is the rate-limiting enzyme for hepatic gluco- 
neogenesis and alterations in PEPCK mRNA levels 
have been reported to accurately reflect changes in the 
PEPCK enzyme activity and the rate of gluconeogenesis 
[22]. SDG, a lignan isolated from flaxseed, has been 
shown to be effective in prevention of both type-1 and 
type-2 diabetes [18-20]. Prasad [19,20] and Prasad et at. 
[18] have suggested that the prevention of diabetes may 
be due to reduction in oxidative stress. The present re- 
sults suggest that hypoglycemic effect of SDG could be 
due to inhibition of PEPCK gene expression in addition 
to reduction in oxidative stress. Troglitazone, a known 
antidiabetic agent, suppresses PEPCK gene expression 
[14,15] and is an antioxidant [23]. Vitamin E, an an- 
tioxidant [24], also suppresses PEPCK gene expression 
[15]. Rosiglitazone, which has very little antioxidant 
activity, is ineffective in inhibition of PEPCK gene ex- 
pression [15]. It therefore appears that inhibition of 
PEPCK gene expression by SDG could be due to its 
antioxidant activity. 

Conclusion 

The preliminary results suggest that secoisolariciresinol 
diglucoside isolated from flaxseed suppresses the ex- 
pression of PEPCK gene, a rate-limiting enzyme in the 
gluconeogenesis in liver. The antidiabetic effect of SDG 
could be due to this inhibition of PEPCK gene expres- 
sion. 
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