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ABSTRACT
Glycowithanolides (WSG) is the extract of Withania somnifera leaves was tested to find its effect on fucose
content in salivary glands of D-galactose(Dg) stressed adult and old male mice (Mus musculus). Adult and old male
mice were divided in to protective group and curative group. Both the groups were further divided into four batches
viz. 1st is the control batch received 0.5 ml 0.9 % saline per day for 20 and 40 days for protective and curative group
respectively. Mice from 2nd, 3rd and 4th batches of protective group received 0.5 ml D-galactose (Dg), Dg+
centrophenoxine(CPH) and D-galactose (Dg) + (WSG) respectively for 20 days. Mice from 2nd, 3rd and 4th batches
of curative group received 0.5 ml D-galactose (Dg) for 20 days then followed by 0.5ml saline, centrophenoxine and
WSG alone for further 20 days respectively. Fucose content (μg/mg proteins) in salivary glands was estimated. In Dgalactose stressed adult and old mice it was decreased significantly, but restored by the treatment of WSG and
centrophenoxine. The restoration was not exactly up to the normal level but was near to the normal level in adult. In
D-galactose stressed old mice there was restoration in fucose content but it was not like that of adult. Restoration
was significantly higher in WSG treatment. Thus WSG can be used as a powerful natural antioxidant and
antistresser.
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1.

INTRODUCTION

The aging process is one of the serious problems of the modern world. Due to various medicines against
terminal diseases like cancer, diabetes, atherosclerosis, rheumatism and various infectious diseases, life is saved but
ageing process is not stopped. Modern medicines are unable to solve the problems of old age and disability
[1].Salivary glands are affected due to these medicines and also due to the old age. The root cause is free radicals
formed during aging, due to stress or toxicity of various medicines. Free radicals have been implicated in etiology of
several human diseases as well as aging [2]. In old age free radicals are not removed efficiently by defense
mechanism of the cell which includes Super Oxide Dismutase (SOD), Catalase (CAT) and Glutathion Peroxidase
(GPx) and some other antioxidants. There is a long list of antioxidants, suggested by various scientists and
flavonides are supposed to be very good antioxidants extracted from various plants. Withania somnifera is an
amazing and popularly used ayurvedic plant commonly called as ‘Indian ginseng’ [3]. It acts as anti-stress,
adaptogenic agent as well as increases life span and delay ageing [4]. In present study glycowithanolides extracted
from Withania somnifera leaves was tested to find out its effect on fucose content in salivary glands of mice during
aging. Salivary glands play important role in growth, differentiation and development [5, 6]. Several biologically
active polypeptides such as Epidermal Growth Factor (EGF), Nerve Growth Factor (NGF), and Transforming
Growth Factor (TGF) etc. are secreted by salivary glands [7]. During old age salivary glands undergo changes in
morphology [8], histology [9], biochemistry [10, 11, 12] and ultrastructure [13]. Several studies reported diminished
functions of salivary glands leads to various old age related diseases such as xerostomia, dental caries, Sjogren’s
syndrome, periodontal disease etc [14]. There is a close relationship between oral and systemic health [15]. Thus
salivary glands are the biomarkers of aging as they are adversely affected during aging [16]. Salivary glands are rich
in glycoproteins mainly sulfated hexoses, fucose and sialic acids [17]. Fucose is deoxyhexose sugar and is found in
N-linked glycanes on the mammalian, insect and plant cell surface. It is required for optimal functions of cell to cell
communication. Fucosylated glycans play important role in variety of biological settings [18, 19]. It is a powerful
immune modulator. It has significant role in slowing the growth of cancer cells. Its deficiency is accompanied by a
complex set of phenotypes both in human and mice. Fucosylated glycanss have been implicated in the pathogenesis
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of several human diseases [20, 21, 22] in rheumatoid arthritis patient [23, 24] in cystic fibrosis [25]. Fucose
deficiency in animal causes a large number of phenotypic consequences, underscores the crucial role of fucosylated
glycanes to many physiological and developmental processes [26]. For fucosylation fucose is obtained from GDPfucose. GDP-fucose is synthesized by de- Novo and salvage pathway [27]. In salvage path way free fucose required
for GDP-fucose synthesis is derived from extracellular of lysosomal fucose or lysosomal catabolism of
glycoproteins and glycolipids. GDP-fucose thus synthesized is then transported into lumen of the Golgi apparatus
for fucosylation [26]. Thus lysosomes and Golgi apparatus play important role in fucosylation.
This shows that fucosylated glycoproteins play important role in salivary glands which are biomarkers of
aging. It is essential to study the fucose in salivary glands and prevention of its loss during aging and stress. In the
present study WSG extracted from Withania somnifera was used to prevent the loss of fucose from aged and
stressed salivary glands. For comparison a known antioxidant CPH was used. CPH is an efficient free radicals
scavenger described earlier by several researchers [28,29].
2.

MATERIALS AND METHODS

Adult (5 to 6 months old weighing 50 to 55 ± 2 g body wt.) and old (16 to 18 months old weighing 40 to 45
± 2 g body wt.) male mice (Mus musculus) were selected for the study. They were supplied with Amrut mice feed
(Pranav Agro Industries Pvt. Ltd. Sangli) and water ad libitum. Both adult as well as old mice were divided into two
group viz. protective group and curative group. Each group further divided into 4 batches.
Batch 1 – Control: Control batch received 0.5 ml 0.9% saline/day for 20 days and 40 days for protective
and curative groups respectively.
Batch 2 – D-galactose (Dg) stressed: Mice received 0.5 ml 5% D-galactose (prepared in 0.9% saline) per
day for 20 days [30, 31] for protective group. Curative group received D-galactose for 20 days and then saline for
further 20 days subcutaneously. Protective batch denoted as Dg-stressed and curative batch as Dg → saline.
Batch 3 – Centrophenoxine (CPH) treated: Mice of protective group received 0.5 ml 5% D-galactose along
with centrophenoxine–a synthetic antioxidant per day (80 mg/kg body wt.) for 20 days [32]. Curative group received
0.5 ml 5% D-galactose for 20 days and then centrophenoxine alone for further 20 days, sacrificed on 41st day.
Protective batch denoted as Dg + CPH and curative batch denoted as Dg → CPH.
Batch 4 – Glycowithanolides (WSG) treated: Mice received 0.5 ml 5% D-galactose along with WSG (20
mg/kg body wt.) [33] per day for 20 days in protective group and denoted as Dg + WSG. In curative group mice
received 0.5 ml 5% D-galactose for 20 days and then followed by 0.5 ml WSG alone per day for 20 days. Protective
batch denoted as Dg + WSG and curative batch denoted as Dg → WSG.
All treatments were given at 9.00 am. After completion of the treatments animals were sacrificed by
cervical dislocation between 9.00 am to 12.00 noon. Submandibular and sublingual glands were pulled, weighed,
homogenized and centrifuged at 5000 rpm for 10 minutes at 10o C temperature to prepare sample and used for
estimation of proteins and fucose. The protein contents in both the salivary glands of adult as well as old mice were
estimated by [34] and fucose by [35] method.
Preparation of plant extract: Glycowithanolides was extracted from fresh green leaves of Withania somnifera. Fresh
leaves were shade dried, crushed and chloroform extract was prepared as described by [33]. The aqueous
concentrate of Withania somnifera leaves was exhaustively extracted with chloroform to remove fatty material and
free withanolides. The aqueous solution was then spray dried and contained sitoindosides VII – X and withaferin
collectively referred as glycowithanolides (WSG). The later was determined with the help of HPTLC as described
by [33]. Glycowithanolides was freely soluble in water and saline. Plant extract was dissolved in sterile water and
was given to the experimental mice subcutaneously (20 mg/kg body wt.)
3.

RESULTS
[The results were depicted in table number 1 and 2 and graphs 1 to 8].

In old mice fucose content in submandibular and sublingual glands was reduced significantly compared to
adult. The fucose content in submandibular and sublingual glands of D-galactose stressed batches of both the adult
(Table I, Graphs 1 to 4) and old (Table II, Graphs 5 to 8) mice was decreased significantly (P<0.001) as compared to
their respective control batches. But in both antioxidants i.e. WSG and CPH treatment there was increase in fucose
content in both the salivary glands of adult as well as old mice as compared to the respective D-galactose stressed
batches.

ISSN : 0975-9492

Vol 4 No 3 Mar 2013

58

R. N. Mote et al. / International Journal of Pharma Sciences and Research (IJPSR)

The fucose level was maintained to its normal level by both the antioxidants in adult. In case of WSG
treatment loss of fucose in both the salivary glands in protective batches of adult and old was prevented well than
the curative batches. Similar effect was also observed in CPH treatment. When prevention of loss of fucose in case
of WSG treatment was compared to CPH, the WSG seems to be more effective than CPH in both the glands of adult
and old mice.
4.

DISCUSSION

The reduction in the fucose content of salivary glands may be due to the reduction in glycoprotein
synthesis. The progressive decline in the rate of protein synthesis with age in the salivary glands was described in rat
[36, 37, 38] in mice [39]. This decline in protein synthesis is due to free radicals induced structural damage in
salivary glands cells [40, 41, 42]. D-galactose induces oxidative stress followed by AGEs [30,31].
The changes observed in salivary glands of D-galactose stressed mice such as reduction in total proteins
[39], structural damage [43] etc are similar to the changes observed in naturally aged animals [44,8,41]. Similarly
the increase in lipid peroxidation in brain [20], in mitochondrial fraction of brain[45], alterations in lysosomal
enzymes [46,47] were observed in D-galactose stressed mice. Fucosylation of proteins takes place in luminal part of
endoplasmic reticulum and Golgi apparatus. But this process may be impaired due to damage to these cell
organelles. Damage to the cell organelles during aging was reported by [48], [49] in rat salivary glands.
When D-galactose stressed adult and old mice were treated with CPH and WSG there was recovery in
fucose content of submandibular and sublingual glands of both protective and curative groups of adult. The recovery
was not up to the normal level in old. These antioxidants may help in removal of free radicals. CPH possess OHradical scavenging capacity [50], which can help to protect the cellular damage. WSG is a powerful natural
antioxidant described by many [33, 51, 52, 53, 54]. The antioxidant potential of Withania somnifera inhibit ROS
induced lipid peroxidation [55, 56,57] which may prevent damage of Golgi, ER and other cell organelles and they
remain intact to carry out cellular function. WSG increases cell’s antioxidant enzymes i.e. SOD, CAT and GPx in
Wistar rats [55, 52] and prevent free radical mediated cellular damage.
Though with CPH and WSG there is recovery of fucose content in salivary glands both in D-galactose
stressed adult and old mice it is more significant in WSG treatment.
Though CPH and WSG are capable of recovery of fucose content and the structure of salivary glands, this
is remarkable in the adult mice treated with D-galactose but in old mice (16 to 18 month old) this recovery is not
like that of adult. This shows that during normal aging there may be permanent loss of certain cellular structures due
to free radicals which are not removed or regenerated afterwards. This shows that WSG can be useful in treatment of
alterations in salivary glands due to certain diseases like xerostomia, cancer or other medicines. But physiology of
old salivary glands can’t be changed up to satisfaction.
5.
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Table I:Effect of Glycowithanolides (WSG) on fucose content ( in μg/mg protein) in salivary glands of D-galactose stressed adult male mice ( 5 to 6 months age)
of protective and curative groups
Sr.
No.

Batches

Fucose content

Submandibular gland
I

Protective Group

μg Fucose

A

Control (5)

1.32 ± 0.1303

A:B

Sublingual gland

t-value

p-value

μg Fucose

5.2195

p<0.001

1.62 ± 0.1303

t-value

p-value

A:B

6.2415

p<0.001

B

Dg treated (5)

0.458 ± 0.0192

B:C

32.0470

p<0.001

0.5 ± 0.1581

B:C

5.0317

p<0.001

C

Dg + Cent (5)

01.27 ± 0.01581

C:D

0.9428

p>0.1

1.51 ± 0.0380

C:D

0.9954

p>0.1

D

Dg + WSG (5)

1.29 ± 0.01581

B:D

32.8364

p<0.001

1.558 ± 0.0319

B:D

5.2765

p<0.001

II

Curative Group

μg Fucose

p-value

μg Fucose

A

Control (5)

1.3 ± 0.0790

A:B

6.1282

p<0.001

1.6 ± 0.1

A:B

8.6908

p<0.001

B

Dg → Saline (5)

0.65 ± 0.0790

B:C

5.0537

p<0.001

0.5 ± 0.01

B:C

25.1030

p<0.001

C

Dg → Cent (5)

1.158 ± 0.0228

C:D

2.0162

p<0.1

1.12 ± 0.0474

C:D

2.3172

p<0.05

D

Dg → WSG (5)

1.25 ± 0.0790

B:D

5.6568

p<0.001

1.26 ± 0.01581

B:D

52.4449

p<0.001

a)

t-value

values in the parenthesis denote the
values are mean ±

f) p<0.001 = highly significant

s.d.
c)
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p-value

e) p>0.1 = non significant

number of mice
b)

t-value

d)

p<0.02 = significant
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Table II:Effect of Glycowithanolides (WSG) on fucose content ( in μg/mg protein) in salivary glands of D-galactose stressed old male mice ( 16 to 18 months age)
of protective and curative groups
Sr.

Batches

No.

fucose content

Submandibular gland
I

Protective Group

μg Fucose

p-value

μg Fucose

A

Control (5)

0.39 ± 0.0169

A:B

8.1057

p<0.001

0.47 ± 0.0187

A:B

7.9056

p<0.001

B

Dg treated (5)

0.216 ± 0.002

B:C

5.9497

p<0.001

0.27 ± 0.02

B:C

7.0103

p<0.001

C

Dg + Cent (5)

0.36 ± 0.0689

C:D

0.2291

p>0.1

0.452 ± 0.0130

C:D

1.0357

p>0.1

D

Dg + WSG (5)

0.38 ± 0.01

B:D

39.7037

p<0.001

0.47 ± 0.0122

B:D

7.7266

p<0.001

II

Curative Group

μg Fucose

p-value

μg Fucose

A

Control (5)

0.394 ± 0.0270

A:B

5.1192

p<0.001

0.464 ± 0.0207

A:B

5.3007

p<0.001

B

Dg → Saline (5)

0.218 ± 0.0083

B:C

10.3709

p<0.001

0.32 ± 0.0158

B:C

5.6247

p<0.001

C

Dg → Cent (5)

0.35 ± 0.0158

C:D

0.9428

p>0.1

0.444 ± 0.0207

C:D

0.6698

p>0.1

D

Dg → WSG (5)

0.37 ± 0.0158

B:D

11.9422

p<0.001

0.462 ± 0.0130

B:D

6.8162

p<0.001

a)

t-value

Sublingual gland

t-value

values in the parenthesis denote the

e)

number of mice
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b)

values are mean ± s.d.

c)

p<0.01 = significant

f)

t-value

t-value

p-value

p-value

p>0.1 = non significant
p<0.001 = highly
significant

d)

p<0.02 = significant
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g) p<0.01 = significant
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