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Radix Astragali (RA), known as Huangqi in traditional Chinese Medicine, is one of
the most popular herbal medicines learnt to treat diabetes. However, its scientific effect
and mechanism needs to be established. It has been reported that RA displayed various
effects such as oxidative stress, scavenging free radicals, and ameliorating inflammation
function etc. Type 2 diabetes (T2DM) has been recognized as a low-level inflammatory
disease. Abundant studies have indicated RA could significantly reduce the diabetic
inflammation. The aim of this review is to highlight advances of RA on T2DM from the
perspective of inflammation.

Introduction

Diabetes mellitus (DM), namely Xiao Ke in traditional Chinese
Medicine, is a group of metabolic diseases in which a person appears
over-high concentration of blood glucose. With the increment in
the number of elderly population and the prevalence of obesity,
the World Health Organization (WHO) estimates that more than
347 million people worldwide have diabetes and diabetes deaths
will double between 2005 and 2030 without urgent action [1]. In
China, the Chinese Diabetes Society estimates that 92.4 million
people have DM, and more than 90%DM cases are suffering from
type 2 diabetes (T2DM) [2]. DM often accompanies with a series of
complications including cardiovascular and neuropathic diseases
and seriously decreased the quality of life in DM population [2].
Therefore, preventing and controlling the progression of DM is of
great significance.

DM mainly includes 2 types, namely type 1 (TIDM) and T2DM.
T1DM results from the body’s failure to produce enough insulin, thus
daily administration of insulin is the main solution. Distinguished
from TIDM, T2DM, as the major form of DM, is characterized by
high plasma level of insulin accompanied with insulin resistance in
peripheral tissues [3]. However, with the lasting of the disease, the
beta cells from is let will occur damage or even death, which will result
in insulin deficiency. In that case, insulin should be administrated
to the patients. Typical drug treatments for T2DM mainly include
insulin sensitizers, e.g. rosiglitazone [2,4], sulfonylurea [2] and
metformin [2,5]. Although effective at reducing the process of T2DM,
these drugs may cause serious side effects. It has documented that
thiazolidinediones (TZDs), a group of insulin sensitizer medicines
which are widely used in clinic, could increase risk ofheart failure
and bone fractures [6,7]. Previously, it was reported that pioglitazone
and rosiglitazone showed modest or even negative effects on blood

lipid variables in DM patients [8]. Fibrates, Peroxisome proliferator-
activated receptor alpha (PPAR-a)-agonist, which are effective in
lowering triglycerides and low-density lipoprotein (LDL) while raising
high-density lipoprotein (HDL) levels in dyslipidemic patients, were
found to have no sufficient activity as anti-diabetic agents [9].

Traditional Chinese Medicines, with multi-target therapeutic
effects and low side effects, have been proven to possess availability
and effectiveness towards T2DM and its complications clinically.
Radix Astragali (RA) is one of the most common used Chinese
Medicines in clinic and T2DM has now been widely recognized as a
“low grade inflammatory disease”, the present article aims to review
the therapeutic effects of RA on DM, especially T2DM, from the
perspective of inflammation.

Radix astragali and T2DM

Radix Astragali (RA, the root of Astragalusmembranaceus),
which can refuel energy, enhance the immune system, expel the toxin,
promote health activities and promote skin growth etc., is a common
Chinese herbal medicine. In traditional Chinese Medicine, RA was
often applied accompanying with other herbs, such as Angelica and
Ginseng, to constitute various complex prescription formulas. Such
herbal formulas have been used for thousands of years in China to
treat strokes, tumors, kidney dysfunctions efc. [10,11].

The use of RA to treat DM, namely Xiao Ke in Chinese Medicine,
has been recorded in Shen Nong’s Classic of Materia Medica (Shen
Nong Ben Cao Jing) in the Western Han Dynasty (206 BC - 24 AD).
Reports from both clinic and experimental studies have observed
satisfactory effects of RA on the classical symptoms of T2DM including
polyuria, polydipsia and polyphagia [12-14]. Currently, most diabetic
herbal formulas sold in the market contain RA. However, the exact
active components of RA and its diabetic-ameliorating mechanisms
have not yet been fully understood.
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It has been demonstrated that inflammatory factors are significant
enhancer of insulin resistance. Amounts of inflammatory cytokines
could be detected in apparently “healthy” individuals who later
develop into T2DM [15-17], suggesting that inflammation occurs
early during the period of impaired glucose tolerance and appeared
before the diagnosis of T2DM. In fact, recent investigation have
demonstrated that pro-inflammatory molecules including inducible
nitric oxide (NO), cytokines such as tumor necrosis factor-alpha
(TNF-a), interleukine-6 (IL-6) and advanced glycosylation end
products (AGEs) could lead to inflammation and promote the process
of insulin resistance [18]. Therefore, T2DM has been recognized as a
low grade inflammatory disease [5,19].

Inflammation contributes to insulin resistance in T2DM

Recently, much has been learned about the intracellular
signaling pathways activated by inflammatory and insulin signaling
[20]. Insulin affects cells through binding to its receptor on the
insulin-responsive cell membrane. The stimulated insulin receptor
phosphorylates itself and the substrates (insulin receptor substrate,
IRS), and finally initiate downstream signaling events. It has been
demonstrated that the inhibition of signaling downstream of the
insulin receptor is a primary mechanism through which inflammatory
signaling leads to insulin resistance [21]. Amounts of studies have
shown that exposure of cells to inflammatory factors, such as TNF-q,
could inhibit the phosphorylation of IRS [16,22,23] and finally induce
insulin resistance. In this sense, ameliorating inflammation possesses
potential role in controlling T2DM.

The nuclear factor-kappa B (NF-kB) pathway has been well
known to play an important role in inflammation-induced insulin
resistance. Report indicated that inflammatory cytokines could
stimulate I-kappa-B (IkB) kinase-p (IKKp), which is a downstream
inhibitor of insulin receptor, and induce the activation of NF-kB [24].
Following activation, NF-kB translocates to the nucleus, increases
the expression of inflammatory cytokines and finally promotes
development of insulin resistance [24]. Therefore, NF-«B plays in a
central role in this vicious cycle and the inhibition of NF-kB activation
should help to ameliorate T2DM.

RA directly inhibited diabetic inflammation

As discussed above, the use of RA to treat DM has received
satisfactory effect, e.g. it can alleviate diabetic albuminuria. However,
its exact mechanism is not well recognized. Known biologically active
fractions of RA mainly include two classes of chemical compounds,
flavonoids and saponins [25]. The effect of components from RA on
hyperglycemia has been demonstrated. Recently, Hoo and colleagues
[18] found the active fraction from RA including calycosin-7-
B-D-glucoside, ononin, calycosin and for mononetin efc. could
significantly decrease the plasma glucose and triglyceride levels in db/
db mice via inhibiting inflammatory process [18].

Studies suggested that inflammatory cytokines,TNF-a for
example, can inhibits insulin sensitivity by activating different key
steps in the insulin signaling pathway [26-28], while active fraction
of RA (eg. calycosin) could significantly reduce the secretion of
pro-inflammatory cytokines (eg. TNF-a, IL-6and MCP-1) [29]
in human THP-1 macrophages and lipopolysaccharide (LPS)-

induced activation of NF-kB in mouse RAW-Blue macrophages in
a dose-dependent manner. Most recently, Li and colleagues [30]
demonstrated that a component from RA namely Astragaloside IV
could decrease high-glucose-induced translocation of NF-kB p65
and increase matrix metalloproteinase (MMP)-2 expression in bone
marrow mesenchymal stem cells; more importantly, Astragaloside
IV could decrease TNF-a expression in patients and ameliorate high
blood glucose. Hoo and colleagues [18] found active components
of RA could directly inhibit LPS-induced NF-«B activity in mouse
macrophages. Advanced glycation end products (AGEs), which were
the key initiator and promoter of T2DM, have been demonstrated
to be a class of NF-kB-involved inflammation activators [31].
Recently, we also found and reported that calycosinand calycosin-7-
B-D-glucoside could significantly decrease inflammatory cytokines
secretion, inhibit macrophage inhibition and ameliorate AGEs-
induced NF-«B activation in human umbilical vein endothelial cells
(HUVEGCs) [32,33].

Converging lines above indicate the direct inflammation-
ameliorating effects of active fractions from RA should be one of
the pivotal mechanisms that contribute to its therapeutic effects on
T2DM.

RA in directly inhibited inflammation via ameliorating
oxidative stress

Hyperglycemia promotes formation of reactive oxygen species
(ROS), which can interact with both DNA and proteins, cause
mitochondrial superoxide overproduction in cells [34], this could
induce or exacerbate intracellular oxidative stress (OS) [34], and
finally induce cell and tissue damage. Recent studies indicate that
OS contributes a lot to the development of T2DM and diabetic
complications [35,36]. However, the exact role of OS on T2DM has
not been fully understood to now.

Free radicals are formed in T2DM by glucose oxidation or non-
enzymatic proteinglycation. Abnormal high levels of free radicals
and the simultaneous decline of antioxidant substances can lead
to damage of cellular organelles and enzymes, increment of lipid
peroxidation, and development of insulin resistance. These increased
superoxide production and OS would cause increased formation of
AGEs, over-high expression of the receptor for AGEs (RAGE) [34],
and finally exacerbate diabetic complications. This process seemed
to be more important for T2DM. Therefore, targeting OS is an
alternative way towards T2DM treatment. In fact, reports have shown
that antioxidant therapy could protects against the development of
diabetes in rats [37], and experimental evidence obtained from in
vitro studies also showed that prevention of ROS generation could
defend against the damaging effects of a hyperglycemic milieu on
mesangial cell function [38] (Figure 1).

Studies involving the anti-oxidant effect of RA have been
abundant. Flavonoids, which are abundant in RA as discussed above
[25], have been demonstrated to protect cells from OS damage [39].
It has been reported from us and other research groups that calycosin
has protective effect in endothelial cells against hypoxia-induced
barrier impairment [40], and calycosin-7-O-p-D-glucosidehas free
radicals scavenging activity [41] and it could significantly ameliorate
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Figure 1: Schematic chart of Radix Astragali’s effects against diabetic-inflammation.

AGEs-induced cell OS and apoptosis in a concentration-dependent
manner [32,41].

Amounts of reports indicated that besides influences on nitric
oxide availability and lipoprotein modifications, the adverse effect of
OS on the body inflammatory response may also play a significant
role in promoting T2DM [5,42,43]. As have been demonstrated, OS
will increase the production of oxidative products, AGEs for example,
and AGEs have direct effects on inducing diabetic inflammation; thus
RA may also function via decreasing AGEs production and finally
ameliorating inflammatory signs and symptoms in T2DM (Figure 1).

Others

Peroxisome proliferator-activated receptor (PPAR)-a is mainly
expressed in tissues such as liver, kidney, heart, and muscles where
lipoprotein metabolism is important. PPAR-a is the predominant
therapeutic target of the fibrates [44]. PPAR-y, the target for ligands
such as 15-deoxy-prostaglandin J2 and TZDs, is highly expressed
in adipose tissue, where it controls insulin sensitivity, adipocyte
differentiation, and lipid storage [44]. Pioglitazone and rosiglitazone
are efficacious in the treatment of T2DM by control high glucose and
prevent a series of critical complications. Summarizing from recent
studies, active fraction of RA could active PPAR similarly to that of
TZDs [45,46]. Formononetin and calycosin have been shown to be
activators of PPAR-a and -y [47]. A report from Xu and colleague
[48] indicated that astragaloside II and isoastragaloside I from RA
have ability to enhance sensitization of insulin thus ameliorate T2DM
progression.

Besides activities as discussed above, recent studies have observed
some other effects and mechanisms of RA on T2DM. For instance, Xu

and colleague [13] indicated that astragaloside II and isoastragaloside
I from RA ameliorate glucose intolerance and hyperglycemia by
increasing the secretion of the insulin sensitizing hormone and
adiponectin from adipocytes. Therefore, converging with the
discussions above, RA may ameliorate T2DM via multi-pathways.

Conclusion

Radix Astragali (RA) has been proven to be availability and
effectiveness on T2DM, and recent studies indicate that the active
fractions of RA are effective in its complications, such as Diabetic
Retinopathy [48,49]. Reports suggested that RA possesses multiple
activities including anti-oxidant effects and lowering blood glucose;
recent studies from us and other research groups indicated that
theanti-inflammatory effects of RA may be one of the key mechanisms.
Due to its distinct characteristics, e.g. low toxic, multi-target and
comprehensive effects etc., its clinical effects are becoming more
and more recognized and accepted by modern medicine. However,
there are still many works to be done to systemically demonstrate the
efficacy and active components of RA on T2DM.
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