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Abstract

Asparagus racemosus roots have been shown to enhance insulin secretion in perfused pancreas and isolated islets. The present study

investigated the effects of ethanol extracts of A. racemosus roots on glucose homeostasis in diabetic rats, together with the effects on insulin

action in 3T3 adipocytes. When administered orally together with glucose, A. racemosus extract improved glucose tolerance in normal as

well as in two types of diabetic rats. To investigate the possible effects on carbohydrate absorption, the sucrose content of the gastroin-

testinal tract was examined in 12 h fasted rats after an oral sucrose load (2·5 g/kg body weight). The extract significantly suppressed post-

prandial hyperglycaemia after sucrose ingestion and reversibly increased unabsorbed sucrose content throughout the gut. The extract also

significantly inhibited the absorption of glucose during in situ gut perfusion with glucose. Furthermore, the extract enhanced glucose trans-

port and insulin action in 3T3-L1 adipocytes. Daily administration of A. racemosus to type 2 diabetic rats for 28 d decreased serum glucose,

increased pancreatic insulin, plasma insulin, liver glycogen and total oxidant status. These findings indicate that antihyperglycaemic activity

of A. racemosus is partly mediated by inhibition of carbohydrate digestion and absorption, together with enhancement of insulin secretion

and action in the peripheral tissue. Asparagus racemosus may be useful as a source of novel antidiabetic compounds or a dietary adjunct

for the management of diabetes.
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Liver glycogen: Glucose uptake: Insulin

Asparagus racemosus (Liliaceae), locally known as Shatavari,

is available throughout India, Asia, Australia and Africa.

Asparagus is a popular vegetable consumed in many parts

of the world. The shoots, the edible part of the plant, are

frequently used in salads, vegetable dishes and soups. In

India, asparagus is used mainly for its medicinal properties

in the treatment of diarrhoea, dysentery, rheumatism and

nervous breakdown(1,2). Studies on crude extracts and isolated

components have revealed a wide range of biological activi-

ties, such as anti-tumour(3), antifungal(4), anti-mutagenic(5),

immunostimulatory(6–8) and diuretic(9) properties. Asparagus

also has been used as a lactogogue in lactational inade-

quacy(10) and appears to help in the prevention and manage-

ment of post-operative adhesions(7). Extracts exerted potent

antioxidant properties on liver mitochondrial membranes

in vitro (11). The chemical constituents of A. racemosus have

been studied, revealing flavonoids, oligosaccharides, amino

acids, sulphur-containing acids and steroidal saponins(3).

Various reports have suggested that polysaccharides from

A. racemosus exhibit potent antioxidant as well as radio-

protective properties(12,13–15).

It has been reported that asparagus decreased gastric emp-

tying(16), whereas other studies have shown that methanolic

root extract decreased intestinal propulsive movement,

castor oil-induced diarrhoea and intestinal fluid accumulation

in rats. Yohimbine, an a2-adrenoceptor blocker, attenuated

the anti-diarrhoeal effect of the extract(17). A. racemosus

reversed the effects of cisplatin on gastric emptying and

normalised cisplatin-induced intestinal hypermotility(18).

The root of asparagus has been claimed to possess

antidiabetic properties by traditional healers. It has been

reported that A. racemosus reduced blood glucose in rats(19)
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and rabbits(20). Furthermore, recent studies have demonstrated

that the extract of A. racemosus roots enhanced insulin

secretion from perfused pancreas, isolated islets and clonal

pancreatic b-cells(21). These studies have revealed that the

ethanol extract and each of the hexane, chloroform and

ethyl acetate partition fractions of A. racemosus concen-

tration-dependently stimulated insulin secretion(21). Further-

more, the stimulatory effects were potentiated by glucose,

3-isobutyl-1-methyl xanthine, tolbutamide and a depolarising

concentration of KCl, indicating that the insulin-releasing

machinery of b-cells has been triggered through specific

secretory pathways(21). These findings reveal that constituents

of A. racemosus root extracts have wide-ranging stimulatory

effects on physiological insulinotropic pathways.

The aim of the present study was to further evaluate the

hypoglycaemic effects of A. racemosus in animal models of

diabetes and to examine the possible effects on intestinal

glucose absorption, gastrointestinal (GI) motility and cellular

glucose uptake.

Materials and methods

Plant material and preparation of extract

Roots of A. racemosus were purchased from Ramkrishna

Mission (Kolkata, India) and botanically authenticated, and

voucher specimens were deposited in the National Herbarium

(Bangladesh). The roots were dried at 408C and ground

into a fine powder (200 mesh) by a cyclotec-grinding machine.

The powder (2 kg) was extracted with 80 % ethanol (10 litres)

in a stainless-steel extraction tank for approximately 4 d

at room temperature by changing ethanol daily. The combined

extract was filtered and evaporated to dryness using a rotary

evaporator. A membrane pump was used to evacuate the extract

in order to remove the residual solvent. The extract was

then freeze-dried (275 g) using a Varian 801 LY-3-TT freeze-

dryer (Varian, Lexington, MA, USA). The dry sample was

stored at 48C.

Experimental animals and induction of diabetes

Long–Evans male rats (180–220 g body weight) bred at

the Bangladesh Institute of Research and Rehabilitation in

Diabetes, Endocrine and Metabolic Disorders animal

house (Dhaka, Bangladesh) were used in the study. Rats

were maintained at a constant room temperature of

22 ^ 58C with a humidity of 40–70 % and a 12 h light–12 h

dark cycle. A standard pellet diet and water were supplied

ad libitum. The overall nutrient composition of the diet was

36·2 % carbohydrate, 20·9 % protein, 4·4 % fat and 38·5 %

fibre, with a metabolisable energy content of 11·8 MJ/kg

(2820 kcal/kg). Insulin-dependent (type 1-like) diabetes was

induced by a single intraperitoneal injection of streptozotocin

(65 mg/kg body weight, freshly dissolved in 0·5 M-citrate

buffer, pH 4·5) to 12 h fasted rats (180–220 g). Blood

glucose level was checked 7 d after streptozotocin adminis-

tration. Animals having blood glucose levels .20 mmol/l

were considered to have diabetes. Diabetes representing

type 2 was induced by a single intraperitoneal injection of

48-h-old rats with 90 mg streptozotocin/kg body weight(22).

The experiments were carried out for 3 months after strepto-

zotocin injection. Rats having a blood glucose level of

8–9 mmol/l at fasting and 10 mmol/l and above after the

glucose load were taken as type 2 diabetic model rats for

the experiments. All experiments involving animals were

conducted according to the UK Home Office regulations

(UK Animals Scientific Procedures Act 1986) and the

‘Principles of Laboratory Animal Care’ (National Institutes of

Health publication no. 86-23, revised 1985).

Acute and chronic effects of plant extract on glucose
homeostasis

To study the acute effects of A. racemosus on basal blood

glucose, the ethanol extract was administered orally

(1·25 g/kg body weight) to 12 h fasted non-diabetic, type 1

and type 2 diabetic rats. Toxicity tests were carried out on

ethanol extracts of A. racemosus and did not have any harmful

effects in rats including histology of liver, kidney, pancreas,

stomach and lungs. The control group received an equal

volume of deionised water (10 ml/kg). In another set of

experiments, the extract was similarly administered together

to the three groups of rats with glucose (2·5 g/kg body

weight). Controls received glucose only. To evaluate the

long-term effects of A. racemosus on glucose homeostasis,

the extract (1·25 g/kg body weight) was administered to

type 2 diabetic rats by oral administration twice daily for

28 d. Control rats received an equal dose of water. Blood

samples were collected and serum was separated by centrifu-

gation and stored at 2208C until measurement of different

biochemical tests.

Effect of plant extract on residual gut sucrose content

The effects of A. racemosus on sucrose absorption from the

gut were determined by the measurement of unabsorbed

sucrose content after an oral sucrose load. Non-diabetic and

type 2 diabetic rats, fasted for 12 h, received a 50 % sucrose

solution by oral administration (2·5 g/kg body weight) with

or without ethanol extract of A. racemosus (1·25 g/kg body

weight). Blood samples were obtained from the tail vein

before and at 30, 60, 120 and 240 min after the sucrose load

for the determination of glucose. Some of the rats were

killed at the same timings for the determination of unabsorbed

sucrose contents of the GI tract. The GI tract was excised and

divided into six segments: the stomach, the upper 20 cm,

middle and lower 20 cm of the small intestine, the caecum

and the large intestine. Each segment was washed with acidi-

fied ice-cold saline and centrifuged at 3000 rpm (1000g) for

10 min. The resulting supernatant was boiled for 2 h to hydro-

lyse sucrose followed by the neutralisation of the solution with

NaOH. Blood glucose concentrations and the amount of

glucose liberated from residual sucrose in the GI tract were

measured. GI sucrose content was calculated from the

amount of liberated glucose(23).
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Plant extract effect on intestinal glucose absorption

An in situ intestinal perfusion technique(24) was used to evaluate

the effect of A. racemosus on intestinal absorption of glucose in

normal rats fasted for 36 h and anaesthetised with sodium pen-

tobarbital (50 g/kg body weight). The extract of A. racemosus

(25 mg/ml), equivalent to 1·25 g/kg, suspended in Krebs–

Ringer buffer, supplemented with glucose (54 g/l), was passed

through the pylorus and the perfusate was collected from a

catheter inserted at the end of the ileum. The control group

was perfused only with Krebs’ solution supplemented with glu-

cose. Perfusion was carried out at a constant rate of 0·5 ml/min

for 30 min at 378C. The results are expressed as a percentage

of absorbed glucose, calculated from the amount of glucose in

solution before and after the perfusion.

Effects of extract on intestinal disaccharidase activity and
gastrointestinal motility

The extract (1·25 g/kg body weight) was fed orally to 24 h

fasted normal rats. The control group was administered with

an equal volume of water. After 60 min, rats were killed and

the small intestine was isolated, cut longitudinally, rinsed

with ice-cold saline and homogenised in 10 ml saline (0·9 %

NaCl). Aliquots of the homogenate were then incubated

with 40 mM-sucrose at 378C for 60 min. The converted glucose

in the solution and protein of the homogenate were deter-

mined. Disaccharidase activity was calculated from the glu-

cose concentration converted from sucrose as mmol/mg

protein per h.

GI motility was evaluated using BaSO4 milk as described

previously by Chatterjee(25). BaSO4 milk was prepared by

adding BaSO4 as 10 % (w/v) in 0·5 % carboxy methyl cellulose

suspension. The ethanol extract was administered orally at the

dose of 1·25 g/kg body weight 1 h before the oral adminis-

tration of BaSO4 milk. Control rats received distilled water

(10 ml/kg). Treated and control rats were killed 15 min after

BaSO4 administration. The distance traversed by BaSO4 milk

was measured and is expressed as a percentage of the total

length of the small intestine (from the pylorus to the ileocaecal

junction).

Effects of extract on glucose uptake and insulin action

3T3-L1 cells (ATCC, Manassas, VA, USA) were used to evaluate

the effect of extract on glucose uptake and insulin action. 3T3-

L1 fibroblasts were cultured and differentiated into adipocytes

according to the method described by Frost & Lane(26). Cell

monolayers were washed and then incubated for 15 min at

378C in Krebs–Ringer buffer supplemented with ethanol

extract of A. racemosus and insulin, as indicated in Fig. 6.

After 15 min, glucose uptake was initiated, according to the

established protocol of Frost & Lane(26), by the addition of

50 ml tritiated 2-deoxyglucose (18·5 MBq/well) plus glucose

(50 mmol/l final concentration). The experiment was termi-

nated after 5 min by three rapid washes with ice-cold buffer,

after which the cells were detached and lysed with 0·1 %

SDS and subsequently lysed. Radioactivity was measured on

a Wallac 1409 scintillation counter (Wallac, Turke, Finland)

and glucose uptake is expressed as disintegrations per min.

Analysis

All samples were stored at 2208C until analysis. Glucose was

measured by the glucose–oxidase method, using kits from

Sera Pak (Berkeley, CA, USA). Hepatic glycogen was deter-

mined by using the anthrone method(27). Protein contents

were determined using the detergent-compatible protein kit

(Bio-Rad, Hercules, CA, USA). Total antioxidant status was

determined using the ABTSw substrate assay kit according to

the manufacturer’s instructions (Sera Pak). Insulin was

measured by ELISA using kits supplied by Crystal Chem, Inc.

(Downers Grove, IL, USA) or RIA(28).

Statistical analysis

Statistical analysis was performed using Statistical Package for

Social Science software for Windows version 12 (SPSS, Inc.,

Chicago, IL, USA). Results are presented as means and stan-

dard deviations. Groups of data were compared using

unpaired Student’s t test and the Mann–Whitney U test,

where appropriate. Where data were collected over a

number of time points, analysis was based on repeated-

measures ANOVA, with Bonferroni adjustment to ensure an

overall error rate of 5 %. One-way ANOVA was performed

and pairwise comparisons were made with the control

group using Dunnett’s test to preserve an overall error rate

of 5 %. A two-tailed P value of ,0·05 was considered statisti-

cally significant.

Results

Acute and chronic effects of ethanol extract of Asparagus
racemosus on glucose homeostasis

Oral administration of ethanol extract of A. racemosus did not

show any hypoglycaemic effect in the fasting state in either

normal, type 2 or type 1 diabetic rats (Fig. 1(a)–(c)). The

extract improved glucose tolerance at 30 min (P,0·05 and

,0·01, respectively) when fed simultaneously with glucose

in normal and type 2 diabetes rats (Fig. 1(d)–(f)).

Administration of plant extract twice daily for 28 d to type 2

diabetic rats significantly lowered serum glucose levels

(P,0·01; Table 1). In addition, it increased serum insulin

level by 30 % compared with controls (Table 1). Total antiox-

idant status was significantly increased with the treatment of

extract compared with the control group (P,0·01; Table 1).

After chronic feeding of the extract, pancreatic insulin and

liver glycogen content was increased significantly (P,0·05)

compared with control rats (Table 1).

Effects of Asparagus racemosus on serum glucose after the
sucrose load

A peak serum glucose level for non-diabetic as well as type 2

diabetic rats was achieved 30 min after sucrose ingestion
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(Fig. 2). The rise in blood glucose after sucrose loading was

suppressed by the administration of ethanol extract at 30 min

(P,0·05) and 60 min (P,0·05) in both normal and type 2 dia-

betic rats. This may reflect the positive effects of extract on

insulin secretion/action but evidence for delayed absorption

is provided by direct measurement of sucrose in the gut.

Effects of Asparagus racemosus on unabsorbed sucrose
content in the gut

In non-diabetic rats, little carbohydrate was detected as liber-

ated glucose in the GI tract after the 20 h fast (data not shown).

After sucrose loading (average 425 mg/rat), sucrose was

detected in the stomach and the upper, middle and lower

small intestine at 1 h as well as in the stomach, upper and

middle intestine at 2 h. However, at 4 h, sucrose content was

almost nil throughout the GI tract, indicating that sucrose

was rapidly hydrolysed and absorbed in the upper part

of the intestine (Fig. 3). The unabsorbed sucrose content

after the administration of sucrose (2·5 g/kg body weight)

with ethanol extract (1·25 g/kg) was increased significantly

(P,0·01) in the stomach, upper and middle intestine after

30 min, in the upper and middle intestine after 1 h and in

the middle and lower intestine after 2 h. After 4 h, sucrose

was not detected in the gut of either group (Fig. 3).

After the administration of sucrose in type 2 diabetic rats, it

remained in the stomach, upper, middle and lower small intes-

tine at 1 h as well as in the stomach at 2 h. This indicates that

sucrose was more slowly absorbed in type 2 diabetic rats

given the plant extract (Fig. 3).

When extract was administered to type 2 diabetic rats with

the sucrose load, the residual sucrose content was increased

significantly (P,0·001) in the upper intestine after 30 min,

in the whole small intestine after 1 h and in the entire small

intestine as well as in the caecum after 2 h. After 4 h, sucrose

content were almost nil in the control group. However,
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Fig. 1. Effects of ethanol extract of Asparagus racemosus ( ) on (a–c) fasting and (d–e) glucose tolerance in (a, d) non-diabetic, (b, e) type 1 and (c, f) type 2

diabetic rats. Values are means and standard deviations represented by vertical bars (n 6). Fasted rats were given ethanol extract by oral administration

(1·25 g/kg body weight) with or without glucose (2·5 g/kg body weight). Mean values were significantly different from those of respective control ( ) rats: *P,0·05,

**P,0·01 (derived from repeated-measures ANOVA and adjusted using Bonferroni correction).
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at this time, sucrose was detected in the lower intestine as

well as in the caecum (Fig. 3).

Effects of Asparagus racemosus on intestinal glucose
absorption

Intestinal glucose absorption was almost constant during

30 min of perfusion with glucose. The glucose solution

when supplemented with the extract, intestinal glucose

absorption was decreased significantly (P,0·05 to P,0·01)

during most of the perfusion period (Fig. 4).

Effects of Asparagus racemosus on intestinal
disaccharidase activity and gastrointestinal motility

The ethanol extract of A. racemosus inhibited disaccharidase

(sucrose) activity significantly (P,0·05) in normal rats. In con-

trast, the extract did not show any effect on GI motility (Fig. 5).

Effects of ethanol extract of Asparagus racemosus on
glucose uptake in 3T3-L1 cells

Ethanol extract of A. racemosus significantly enhanced glu-

cose uptake compared with the control (no insulin,

P,0·05). This effect was further increased by the presence

of 1029
M-insulin (P,0·001; Fig. 6).

Discussion

The present study was undertaken to assess antihyperglycae-

mic properties and the mechanism of action of A. racemosus.

The findings show that the ethanol extract of A. racemosus

roots elicited glucose-lowering effects in normal and type 2

diabetic rats when administered simultaneously with glucose.

However, no significant effects were observed in type 1 dia-

betic rats. This indicates that the antihyperglycaemic effects

of the active plant constituent(s) are partly mediated by

improving the insulin secretory capacity of the b-cells(21) or

enhancing insulin action(29). The former is consistent with

increased serum and pancreatic insulin in 28 d chronic studies,

whereas the latter accords with observations made with 3T3

adipocytes.

In acute experiments, when A. racemosus was administered

simultaneously with glucose, significant glucose lowering was

observed in non-diabetic as well as type 2 diabetic rats. In the

postprandial state, this effect may partly result from interfer-

ence with intestinal absorption of glucose(29). Indeed, A. race-

mosus extract significantly inhibited glucose absorption during

gut perfusion. In addition, postprandial hyperglycaemia was

suppressed after sucrose ingestion and the amounts of unab-

sorbed sucrose were measured throughout the gut when
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Fig. 2. Effects of ethanol extract of Asparagus racemosus ( ) on serum

glucose after the sucrose load in (a) non-diabetic and (b) type 2 diabetic rats.

Rats were fasted for 20 h and administered orally with a sucrose solution

(2·5 g/kg body weight) with or without ethanol extract (1·25 g/kg body weight).

Values are means and standard deviations represented by vertical bars (n 6).

Mean values were significantly different from those of respective control ( )

rats: *P,0·05 (derived from repeated-measures ANOVA and adjusted using

Bonferroni correction).

Table 1. Effects of ethanol extract of Asparagus racemosus† roots on serum levels of glucose and other
parameters in type 2 diabetic rats after 28 d of feeding‡

(Mean values and standard deviations, n 12)

Day 0 Day 28

Control A. racemosus Control A. racemosus

Parameters Mean SD Mean SD Mean SD Mean SD

Glucose (mmol/l) 8·84 1·3 9·14 1·0 8·90 1·0 6·50** 0·8
Insulin (ng/ml) 0·434 0·1 0·454 0·1 0·442 0·1 0·579* 0·1
Pancreatic insulin (nmol/g pancreas) 0·79 0·2 1·07* 0·4
Liver glycogen (g/100 g tissue) 1·69 0·4 2·45* 0·7
Total antioxidant status (mmol/l) 0·87 0·1 0·91 0·1 0·89 0·1 1·16** 0·1

Mean values were significantly different from those of type 2 diabetic control rats: *P,0·05, **P,0·01 (unpaired t test).
† A. racemosus was administered orally (1·25 g/kg body weight) twice daily for 28 d.
‡ Diabetes was induced by a single intraperitoneal injection of 90 mg streptozotocin/kg to neonatal rats 3 months previously.
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administered with A. racemosus. The extract also inhibited

intestinal disaccharidase enzyme activity, which suggests that

retardation of carbohydrate absorption was at least partially

due to the inhibition of gut enzyme activity. However, further

studies may be required to evaluate further such effect on

animal models of diabetes. When GI motility was evaluated

in non-diabetic rats under physiological conditions using

BaSO4 milk as described previously by Chatterjee(25) and

expressed as a percentage of BaSO4 milk passed through from

the total length of the small intestine (from the pylorus to the

ileocaecal junction), the extract did not show any significant

effect on the motility of the GI tract compared with the control.

However, further studies may be required to evaluate the effects

of A. racemosus on GI motility in diabetic models.

To further elucidate the possible mechanisms underlying

the antihyperglycaemic effects of A. racemosus, studies of
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Fig. 3. Effects of ethanol extract of Asparagus racemosus ( ) on gastrointestinal sucrose content after oral sucrose loading in (a) non-diabetic and (b) type 2

diabetic rats. Rats were fasted for 20 h before the oral administration of a sucrose solution (2·5 g/kg body weight) with or without ethanol extract (1·25 g/kg body

weight). Values are means and standard deviations represented by vertical bars (n 6). * Mean values were significantly different from those of control ( )
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glucose uptake by 3T3-L1 cells were performed. These revealed

that ethanol extract significantly enhanced glucose transport

with further stimulation in the presence of 1029
M-insulin.

These results suggest that actions of the plant extract on

glucose transport may be achieved, to some extent, without

accompanying elevation of insulin. Further work is required

to elucidate the in vivo effects of A. rascemosus on glucose

uptake, related transporter/enzyme activities or their gene

expression in tissues such as liver, fat and muscle. However,

the significance of such effect seems less likely, given the

absence of the effect of plant extract in type 1 diabetic rats.

In the chronic study, A. racemosus extract significantly

increased total antioxidant status, which confirms the idea

that the extract has potent antioxidant activities(11). Interest-

ingly, liver glycogen content was increased in type 2 diabetic

rats compared with the controls after administration for 28 d.

This novel finding is possibly due to the stimulation of insulin

release from b-cells plus enhancement of insulin action,

thereby improving hepatic glucose uptake.

In conclusion, the present study has shown that in addition

to the effects of A. racemosus root extract on pancreatic

b-cells(21), antihyperglycaemic activities in normoglycaemic

and diabetic animals are associated with decreased intestinal

glucose absorption and enhanced tissue glucose utilisation.

The identification of active principle(s) from this antidiabetic

plant may provide an opportunity to develop new agents for

the treatment of type 2 diabetes. Meanwhile, a sound scientific

basis appears to exist for the use of A. racemosus as a dietary

adjuvant for type 2 diabetes.
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