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ABSTRACT

Significant increase in the salivary gland lipid peroxidation, fluorescence

product as well as accumulation of lipofuscin granules—age pigment was
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observed after injection of 5% D-galactose 0.5 ml daily for 30 days.
Supplementations of turmeric extract (30mg/kg body weight) for 30 days
during and after D-galactose treatment significantly reduced all the above

parameters. Histochemical changes in the form of accumulation of age

E-mail: priti.sarvalkar@rediffmail.com

QUICK RESPONSE CODE

IJPSR:
ICV (2011)- 5.07

Website:
WWW.ijpsr.com

pigment were observed in the submandibular gland (SMG) of experimental
animals. The normalization of levels of all the studied parameters in the SMG
by curcumin supplementation in D-galactose induced aging accelerated mice
is suggestive of the possible ameliorating effect of curcumin on SMG. While
in curative group Il the levels of all parameters were elevated as compared to
D-galactose treated group mice.

INTRODUCTION: Reactive Oxygen Species (ROS) are
major sources of primary catalyst produced in our body
during aerobic metabolism that initiates oxidation in
vivo and in vitro and are created oxidative stress which
results in numerous diseases and disorders such as
cancer *, Alzheimer disease ?, aging 3,

Organisms have evolved a wide array of enzymatic and
nonoenzymatic endogenous antioxidant defenses to
balance the physiological generation of free radicals.
But in situation of increased free radical generation the
reinforcement of endogenous antioxidants with dietary
antioxidants may be particularly important in
diminishing the cumulative effects of antioxidants of
oxidatively damaged molecules. Antioxidants are
mainly involved in neutralization of oxidants. Natural
antioxidants are the secondary metabolites of
phytochemicals *.
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Lipofuscin pigments commonly referred as age
pigments since the histological and biochemical
observations that pigments concentration in cells
increases with age >10 are proposed to be the stable

metabolic end products of in vivo lipid peroxidation -
12

Medicinal herbs that are relatively safe, cheap and
easily available constitutes the cornerstone of
traditional medicinal practice worldwide. These
medicinal plants represent a great deal of untapped
reservoir of the drugs and the structural diversity of
their component molecules makes a valuable source of
novel lead compounds 13

Curcuma longa (Family - Zingiberaceae) is a perennial
shrub commonly called as ‘turmeric’. Curcumin, a
yellow pigment in turmeric, has received attention as a
promising dietary supplementation for the protection
against fibrogenic insults ** *>.
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A wide range of biological and pharmacological
activities of curcumin have been investigated by Okada
e Hepatoprotective, oxidative, antimutagenic and
anticarcinogenic effect of curcumin have been shown
by previous studies of Premkumar .

D-galactose is a normal reducing sugar in the body. At
its normal level, it is usually converted into glucose by
galactose-1-phosphate uridyltransferase and
galactokinase. However, at high levels, it can be
oxidized into aldehydes and H,0, in presence of
galactose oxidase '®. Administration of D-galactose
induces symptoms similar to those of normal aging;
many investigations using rodents have demonstrated
that the injection of D-galactose can lead to excessive
formation of ROS, neural damage and a significant
decline in learning and memory capacity 19-20

MATERIAL AND METHODS: 30 Swiss albino male mice
Mus musculus weighing 50-55 gm were used for
present study. The mice were kept in clean and dry
plastic cages having bedding of rice husk and with 12
hr light-dark cycle at standard environmental
conditions. The animals were fed with palletized
commercial mice chow (Amrut mice feed, Sangli, MS,
India), without any restriction to food or drinking water
during the experimental period.

Mice were assigned into 5 groups of six animals each.
The control group mice received 0.5 ml of sterile
distilled water (sc) daily for 30 days. Animals in aging
accelerated group were injected with 0.5 ml of 5% D —
galactose /day for 30 days. Mice in protective group
receive D-galactose (sc) + curcumin (obtained from
Sigma, USA- 30mg/kg body weight/day) orally for 30
days. In curative groups, | and Il, animals receive D-
galactose (sc) for 30 days and then were orally fed with
once daily with curcumin for next 30 and 45 days
respectively.
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All animals were treated in accordance with the
CPCSEA. After 24 hr of completion of treatment, all
animals were sacrificed by cervical dislocation, SMG
were removed, weighed, freezed and homogenized in
respective homogenization media.

1. Total and mitochondrial lipid peroxidation was
done by Wills >* method.

2. Fluorescence was measured by Dillard and Tappel
2 method.

3. Histochemical demonstration of lipofuscin
granules was done by Zeihl Neelson Carbol fuscin
method .

For histochemical demonstration of lipofuscin
granules, SMGs were fixed in NBF, hydrated to remove
excess fixative and then dehydrated through alcohol
grades, cleared in xylene and embedded in paraffin
wax. 5um thick sections were taken with the help of
microtome (Yorco, Lipshaw type).

RESULT:

A. Assay of lipid peroxidation and fluorescence
product: The MDA content as well as fluorescence
product of submandibular gland was increased
significantly in D-galactose treated group, as
compared to control. While in protective and
curative group | the same parameters were
decreased as compared to D-galactose treated
group. And the decrease was significant as
compared to D-galactose induced aging
accelerated group in each group. In case of
curative group Il the increase in MDA content as
well as fluorescence as compared to D-galactose
treated group was observed (Table 1 and 2).

TABLE 1: LIPID PEROXIDATION (N MOLES MDA /MG WET WEIGHT OF TISSUE) IN SMG OF AGING INDUCED MALE MICE AND EFFECT OF

CURCUMIN ON THE SAME (Values are mean +S.D.)

Age of animals Total lipid Statistical Mitochondrial Statistical
Groups .  yes . . . - I

S/N (in weeks) peroxidation significance Lipid peroxidation significance

1 Control (6) 24 11.589+0.074 20.83+0.01581

2 Aging Accelerated (6) 28 34.648+0.0031 1:2 P<0.001 69.2944+0.05292 1:2P<0.001

3 Protective (6) 28 17.362+ 0.0530 2:3 P<0.001 57.6518+0.003651 2:3 P<0.001

4 Curative | (6) 32 11.57+0.0484 2:4 P<0.001 23.077310.0274 2:4 P<0.001

5 Curative Il (6) 34 51.9056+0.0118 2:5 P<0.001 103.832+0.03564 2:5 P<0.001

(Numbers in parenthesis denoted number of animals)
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TABLE 2. FLUORESCENCE PRODUCT IN THE SMG OF AGING INDUCED MALE MICE AND EFFECT OF CURCUMIN FEEDING ON THE SAME

(Values are mean +S.D.)

Age of animals Fluorescence Statistical
S/N Groups . .

(in weeks) product significance
1 Control (6) 24 0.00184+0.000089
2 Aging Accelerated (6) 28 0.00585+0.000084 1:2 P<0.001
3 Protective (6) 28 0.0019093+0.000011 2:3 P<0.001
4 Curative | (6) 32 0.001886%0.00002 2:4 P<0.001
5 Curative Il (6) 34 0.005420 £0.00022 2:5P<0.001

(Numbers in parenthesis denoted number of animals).

B. Lipofuscin granules: The light microscopic
observation of lipofuscin granules in SMG was
displayed in figure. The increased accumulation of
lipofuscin granules were observed in SMG of aging
accelerated group, as compared to control group
(Fig. 1A, B). While in curcumin co-treated group,
(Protective) there was decrease in accumulation of
lipofuscin granules as compared to aging
accelerated group (Fig. 1C). A similar type of
changes was observed in curative | group (Fig. 1D).
But in case of curative Il group, number of
lipofuscin granules was increased as compared to
curative | group (Fig. 1E).

FIG. 1A: CROSS SECTION OF SUBMANDIBULAR GLAND OF
CONTROL GROUP MICE.

FIG. 1B: CROSS SECTION OF SUBMANDIBULAR GLAND OF D-
GALACTOSE TREATED GROUP MICE.

FIG. 1C: CROSS SECTION OF SUBMANDIBULAR GLAND OF
PROTECTIVE GROUP MICE.

FIG. 1D: CROSS SECTION OF SUBMANDIBULAR GLAND OF
CURATIVE GROUP | MICE.
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FIG. 1E: CROSS SECTION OF SUBMANDIBULAR GLAND OF
CURATIVE GROUP II MICE.

MA: MUCOUS ACINAR CELLS, SA: SEROUS ACINAR CELLS, LG:
LIPOFUSCIN GRANULES.

DISCUSSION: Normal biochemical processes produce
free radicals in the cells. Thus the cells are always
subjected to the attack of free radicals . These
radicals are scavenged by various antioxidant enzymes
such as glutathione peroxidase 2 catalase ** and
superoxide dismutase 2, Unscavenged free radicals
exert peroxidative effect on polyunsaturated fatty
acids of the membrane of cells as well as cell
organelle527.

Malonicdialdehyde is formed in extensive membrane
lipid peroxidation. These peroxidized membranes are
digested by lysosomes. The free radicals also bring
about damage to lysosomes and lysosomal enzymes,
making them inefficient which turn into residual bodies
2830 These are the lipofuscin granules. As lipofuschin
granules are auto fluorescent they lead to increase in
fluorescence product also.

The accumulation of lipofuscin pigment as a function of
age, oxidative stress and antioxidant deficiency has
been known for many vyears. Present knowledge
suggests that these pigments results from lipid
peroxidation *.

Lipofuscin is often called age pigment and considered a
hallmark of aging. This is not only because the amount
of lipofuscin increases with age, showing an almost
linear dependence 2, but also and more importantly
because the rate of lipofuscin accumulation correlates
negatively with longevity (i.e. positively correlates with
the rate of aging) > 3°.

It has been shown repeatedly that oxidative stress
promotes lipofuscin formation, whereas antioxidant
defense prevents it.
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Accelerated lipofuscinogenesis was observed in
fibroblast, glial cells, cardiac myocytes and retinal
pigment epithelium (RPE) cells with cultured at high
(40%) ambient oxygen *'.

Decrease in lipofuscin pigment after curcumin feeding
curative group- | could be explained as a result of cell
proliferation. Conceivably, proliferating cells many
replace older lipofuscin-loaded ones. Curcumin has
decreased the lipofuschin granules in the sub-
mandibular glands and thereby resulted in highly
significant decrease in fluorescence. While in curative
group Il in which mice were fed with curcumin for 45
days increase in lipofuscin pigments were observed.
This may be due to long term administration of
curcumin leads to accumulation of lipofuscin granules.

The antioxidant mechanism of curcumin has recently
been a focus of interest of free radical chemist and
biologist > “°. Barclay and collaborators compared the
antioxidant activities of curcumin and dimethyl-
curcumin against free radical initiated peroxidation of
styrene in chlorobenzene solution and concluded that
curcumin is a classical phenolic chain breaking
antioxidant, donating H —atoms from the phenolic
groups 37, Recently, Priyadarshani 9 also compared the
antioxidant activity of curcumin and dimethylcurcumin
against radiation-induced lipid peroxidation of rat liver
microsomes and the free radical-scavenging activity
against 2, 2- diphenyl-1 picryltry-drazyl (DPDH) and
concluded that the phenolic group plays a major role in
the activity of curcumin.

CONCLUSION: In conclusion, curcumin is effective
antioxidant which can protect mice SMG cells from
free radical induced oxidative stress and the H-atom
abstraction from the phenolic group is responsible for
its anti-oxidative property. Its lengthy history as a
foodstuff might lead some consumers to conclude that
turmeric is completely safe to use as a health aid.
However, like virtually every other medicinal
substance, man-made or natural, turmeric is not free
from side effects, especially when taken in excessive
doses.

ACKNOWLEDGEMENT: Authors are thankful to the
Department of Science And Technology-Promotion Of
University Research And Scientific Excellence (DST-
PURSE), for providing the financial assistance and to

Available online on www.ijpsr.com

ISSN: 0975-8232

the Head, Department of Zoology, and Shivaji
University Kolhapur for providing infrastructural
facilities.

REFERENCES:

1. Kinnula VL, Crapo JD. Superoxide dismutases in malignant cells
and human tumors. Free Rad Biol Med. 2004;36:718-744.

2.  Smith MA, Rottkamp CA, Nunomura A, Raina AK, Perry G :
Oxidative stress in Alzheimer’s disease. Biochim Biophys Acta.
2000; 1502: 139-144.

3.  Hyun DH, Hernandez JO, Mattson MP, De Cabo R. The plasma
membrane redox system in aging. Aging Res Rev. 2006; 5: 209-
220.

4. Krishnaiah D, Rosalam S, Awang B. Phytochemical antioxidants
for health and medicine — A move towards nature.
Biotechnology and Molecular Biology Review.2007; 1(4):97-104.

5. Brizzee KR, Harkin JC, Ordy JM, Kaack B: Accumulation and
distribution of lipofuscin, amyloid, and senile plaques in the
aging nervous systems. In: Aging. Vol. 1, Raven Press, New York,
(Brody, H., Karman, D, Ordy, J. M., eds.), 1975: 39-78.

6. Reichel W: Lipofuscin pigment accumulation and distribution in
five rat organs as a function of age. ] Gerontol. 1968; 23:145-
153.

7. Ferrendelli JA, Sedzwick WG, Suntzeft V. Regional energy
metabolism and lipofuscin accumulation in mouse brain during
aging. J Neuropath. 1971; 30: 638-649.

8. Brizzee KR, Ordy, JM. , Kaack B. Early appearance and regional
differences in intraneuronal and extraneuronal lipofuscin
accumulation with age in the brain and non human primate
(Macaca mulatta). ) Gerontol.1974; 29: 366-381.

9. Sheldahl JA, Tappel AL. Fluorescent products from aging
Drosophila melanogaster: An indicator of free radical lipid
peroxidation damage. Exp Geront. 1974; 9: 33-41.

10. Tonna EA. Accumulation of lipofuscin (age pigment) in aging
skeletal connective tissue as revealed by electron microscopy. J
Geront. 1975; 30: 3-8.

11. Chio KS, Reiss U, Fletcher B, Tappel AL. Peroxidation of
subcellular organelles: Formation of lipofuscin like fluorescent
pigments. Science. 1969; 166: 1535-1536.

12. Dillard CJ, Tappel AL: Fluorescent products of lipid peroxidation
of mitochondria and microsomes. Lipids 1971; 6:715-721.

13. Samson A, Adzu B, Binda L, Wambebe L, Gamaniel K.
Neuropharmacological effect of aqueous extract of
Sphaeranhus senegalensis in mice. J Ethnopharmcol. 2001; 78:
33.

14. Chuang SE, Cheng AL, Lin JK, Kuo ML. Inhibition by curcumin of
diethylnitrosamine-induced hepatic hyperplasia, inflammation,
cellular gene products and cell-cycle-related proteins in rats.
Food Chem Toxicol. 2000; 38: 991-995.

15. Park EJ, Jeon CH, Ko G, Kim J, Sohn DH. Protective effect of
curcumin in rat liver injury induced by carbon tetrachloride. J
Pharm Pharmaco.2000; 52: 437-440.

16. Okada K, Wangpoengtrakul C, Tanakat, Toyokunis, Uchida K,
Osawa T. Curcumin and especially tetrahydrocurcumin
ameliorate oxidative stress-induced renal injury in mice. J Nutr.
2001; 131: 2090-2095.

17. Premkumar K, Kavitha S, Sathiyavedu T, Santhiya ST, Ramesh A.
Interactive effects of saffron with garlic and curcumin against
cyclophosphamide induced genotoxicity in mice. Asia Pac J Clin
Nutr. 2004; 13: (3) 292-294.

18. Ho SC, Liu JH, Wu RY. Establishment of mimetic aging effect in
mice caused by D-galactose. Biogerontoly. 2003; 4: 15.

4799



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Walvekar et al, 1JPSR, 2012; Vol. 3(12): 4796-4800

Lu J, Zheng YL, Luo L, Wu DM, Sun DX, Feng YJ: Quercetin
reverse D-galactose induced neurotoxicity in mouse brain.
Behva Brain Res. 2006; 171: 251.

Zhang Q, Li X, Cui X, Zuo P: D- galactose injured neurogenesis in
the hippocampus of adult mice. Neurol Res.2005; 27: 552.

Wills ED. Mechanisms of lipid peroxide formation in animal
tissues. Biochem J. 1966; 99: 667-676.

Troyer H: Pigments and minerals. In: Principles and Techniques
of Histochemistry, Little Brown and Company, Boston, 1980:
163-171.

Witkop CJ (Jr.). Inherited disorders of pigmentation. Clin.
Dermatol. 1985; 3:70134.

De Marchena O, Gumieri M, Mekharn G Glutathione
peroxidase levels in brain. J Neurochem. 1994; 22: 773-776.
Chance B, Sies H, Boveris A. Hydroperoxide metabolism in
mammalian organs. Physiology. 1979; 59:527-605.

Forman HJ, Kennedy J. Dihydrolate dependent superoxide
production in rat brain and liver. A function of primary
dehydrogenase. Arch Biochem Biophys. 1976; 173: 219-224.
Schroeder F. Role of membrane lipid asymmetry in aging.
Neurobiol Aging. 1984; 5: 323-333.

Ivy GO, Schottler F, Wenzel J, Boudry M, Lynch G. Inhibitors of
lysosomal enzymes: Accumulation of lipofuscin like dense
bodies in the brain. Science. 1984; 226: 985-987.

Zs Nagy, I: An attempt to answer the questions of theoretical
gerontology on the basis of membrane hypothesis of aging. In
Advances in Biosciences, London, Pergamon, vol. 64, 1987: 393-
413.

Thakkar BK, Dastur DK, Manghani DK. Neuropathology and
pathogenesis of experimental fenfluramine toxicity in young
rodents. Indian J Med Res. 1990; 13(92) 54-65.

Terman A, Brunk UT: Lipofuscin: mechanisms of formation and
increase with age. APMIS1998; 106:265-276.

32.

33.

34.

35.

36.

37.

38.

39.

40.

ISSN: 0975-8232

Strehler BL, Mark DD, Mildvan AS, Gee MV. Rate of magnitude
of age pigment accumulation in the human myocardium. J
Gerontol.1959; 14: 430-439.

Munnel JF, Getty R. Rate of accumulation of cardiac lipofuscin
in the aging canine. J Gerontol 1968; 23:154—-158.

Nakano M, GotohS . Accumulation of cardiac lipofuscin depends
on metabolic rate of mammals. J. Geronto./1992; 47:B126—
B129.

Hosokawa H, Ishii N, Ishida H, Ichimori K, Nakazawa H ,Suzuki K.
Rapid accumulation of fluorescent material with aging in an
oxygen-sensitive mutant mev-1 of Caenorhabditis elegans.
Mech Ageing Dev. 1994; 74:161-170.

Sheehy MR, Greenwood JG, Fielder DR. Lipofuscin as a record of
“rate of living” in an aquatic poikilotherm. J Gerontol.1995; 50:
B327-B336.

Barclay LRC, Vingvist MR, Mukai K, Goto H, HashimotoY,
Tokuanga A . On the antioxidant mechanism of curcumin:
classical methods are needed to determine antioxidant
mechanism and activity Organic Letters 2, 2000:2841-2843.
Jovanovic SV, Steenken S, Boone CW, Simic MG. H-atom
transfer is a preferred antioxidant mechanism of curcumin.
Journal of the American Chemical Society. 1999; 121: 9677-
9681.

Priyadarsini KI, Maity DK, Naik GH, Kumar MS, Unnikrishnan
MK, Satav JG .Role of phenolic O-H and methylene hydrogen on
the free radical reaction and antioxidant activity of curcumin.
Free Radical Biology and Medicine. 2003; 35: 475-484.

Zheng RL, Kang JH, Chen FY, Wang PF, Ren JG, Liu QL. Difference
in antioxidation for schisandrins and schisantherin between bio-
and chemo-systems. Phytotherapy Research. 1997; 11: 600—
602.

How to cite this article:

Walvekar MV, Sarvalkar PP and Pol SB: Effect of Curcumin Supplementation on the Submandibular Salivary Glands of D-Galactose

induced Male Mice. Int J Pharm Sci Res. 3(12); 4796-4800.

Available online on www.ijpsr.com

4800



