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ABSTRACT 

Objectives: Oxidative stress an unavoidable consequence of oxygen metabolism in aerobic cells is 

postulated to be one of the most important causes of age related changes. The changes induced by free 

radicals are believed to be the major source of ageing, disease development, destruction of normal cell 

function and membrane rigidity. The present study was intended to determine the effect of chloroform 

extract of Solanum trilobatum (CST) on membrane surface charge density in aged rat erythrocytes upon 

oxidative stress. 

Methods: The leaves of Solanum trilobatum were subjected to chloroform and the extract was prepared. 

Chloroform extract of Solanum trilobatum (CST) (150 mg/day/kg body weight) was administered orally 

for 90 days to young and aged rats. The erythrocyte membrane was isolated and was used to perform the 

studies such as estimation of protein carbonyls, glycoproteins, surface charge and enzymatic and non 

enzymatic levels. 

Key findings: A noteworthy decline in surface charge levels with simultaneous increase in protein 

carbonyls and shrink in glycoprotein and antioxidants status was prominent in erythrocytes of aged rats 

contrast to young rats. Administration of CST improved the erythrocyte surface charge density to near 

normalcy in aged rats. In addition a decrease in protein carbonyls level and increase in glycoproteins as 

well as antioxidant status was observed in aged rat erythrocytes on CST therapy.  

Conclusions: Therefore the polyphenols and flavanoids are the phytochemical compounds in CST that 

might play a central role in defending the oxidative stress related loss of membrane surface charge in a 

way maintaining the erythrocyte membrane integrity and functions in aged individuals. 

______________________________________________________________________________
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INTRODUCTION 

Oxidative damage apparently increases with age 

and thus may overwhelm the natural repair 

system in the organism
1
leading to the onset of 

age-related diseases with a progressive increase 

in the chance of morbidity and mortality. At the 

cellular level, the reactive oxygen species 

inclination due to oxidative stress damages vital 

cell components like poly unsaturated fatty 

acids, protein and nucleic acids
2
. Free radical 

attack on cellular proteins, damages the proteins
3
 

leading to oxidation of side chains of lysine, 
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arginine, proline and threonine thereby yield 

protein carbonyl derivatives the markers of 

protein oxidation
4
. These oxidative 

modifications cause loss of structural and 

catalytic functions of the cell contributing to 

serious deleterious changes affecting cell 

survival
5
.      

The cell membrane is a structural barrier that 

plays an essential role in protecting cellular 

integrity and underlying cause of ageing 

process
6
. Changes in the macromolecules of 

membrane are one of the earliest signs of 

erythrocytes membrane alterations during 

ageing. Reactive oxygen species generated in the 

aqueous or lipid phase can attach to the 

erythrocyte membrane and can induce oxidation 

of lipids, proteins and carbohydrates, triggering 

disruption in membrane
7
and further enhances 

the development of one or better-recognized age 

related modifications, such as alteration of 

intrinsic membrane properties (fluidity, ion 

transport, loss of enzyme activity, protein 

crosslinking), inhibition of protein synthesis and 

DNA damage
4
, ultimately resulting in the cell 

death. 

Carbohydrates in erythrocytes have many 

important functions that are necessary for the 

proper functioning of the cell to survival. 

Carbohydrate is thought to be highly necessary 

for cell surface negative charges and have a 

crucial role in the clearance of senescent cells 

and essentially to prevent aggregation of 

erythrocytes from each other
8
. Like most 

biological surfaces, erythrocytes exhibit a 

negative surface charge that is mainly attributed 

to sialic acid residues located on the 

glycoproteins in the membrane surface
9
. 

Oxidative stress or other damaging effects to 

surface sialosaccharide may itself play role in 

aggregation of erythrocytes, increasing the 

adhesiveness to endothelial cells contributing for 

the development of various pathologies 

including diabetes mellitus, atherothrombotic 

complications
10

and sequestration of circulating 

erythrocytes by macrophages
11

. Age associated 

oxidative changes in the glycomoieties of 

erythrocyte glycoprotein affects the surface 

charge including aggregation and binding of 

erythrocytes to macrophages
12

 and found to be 

associated with cardiovascular risk factors such 

as, hypertension, hyperlipoproteinemia and 

myocardial ischemia
13

and thus crucial for 

erythrocyte survival
14

.  

During lifetime, an antioxidant network 

counteracts the deleterious action of free radicals 

and reactive species on macromolecules. Cells 

synthesize some of their antioxidant enzymes, as 

the superoxide dismutase, catalase, and 

glutathione peroxidase, as well as the peptides 

with thiol groups, as glutathione, while other 

non-enzymatic antioxidants from nature through 

nutrition, as vitamin C, vitamin E, and 

carotenoids. Several repair systems help 

antioxidant action by the recovery of damaged 

macromolecules
15

. Together, these systems play 

an important role in the ability of the body to 

respond to the oxidant challenge of using 

molecular oxygen to drive reactions that yield 

the necessary energy for life processes. 

However various anti ageing agents are being 

ushered into the field of medicine to conflict 

ageing and age-associated disorders. Flavonoids, 

the potential dietary antioxidant found 

ubiquitously in plants, attracted global interest in 

combating the devasting effects of oxidation in 

cells and tissues of an organism. Dietary 

antioxidants are considered beneficial because of 

their potential protective role against oxidative 

stress, which is involved in the pathogenesis of 

multiple diseases such as cancer and coronary 

heart disease
16,17

. The potential antioxidant 

effect in vivo of individual food polyphenols 

(PP) or concentrated extracts has been widely 

investigated in cultured cells
18,19

  live animals
20 

and men
21,22,23

. Herbal remedies as antioxidant 

supplement is thus globally growing up owing to 
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broad spectrum of beneficial biological 

properties. Owing to the presence of phenolic 

compounds and the free radical scavenging 

properties
24

  of an anti cancer herabal extract 

Solanum trilobatum
25

, the present study is 

carried out to study the effect of Chloroform 

extract of Solanum trilobatum (CST) on 

erythrocyte membrane surface charges during 

animal aging. The study also explores the effect 

of CST on erythrocyte membrane protein 

carbonyl levels and the antioxidant status in 

aged rats. 

 

2. MATERIALS AND METHODS 

 

2.1. Chemicals 

Dextran 500 (500,000 molecular weight), 

Polyethylene glycol (PEG, 8000 molecular 

weight), Bovine serum albumin (BSA), and 2,4-

dinitro-phenylhydrazine (DNPH) were 

purchased from Sigma Chemical and Company, 

Saint Louis, MO, USA. All other chemicals 

were of reagent grade. 

2.2. Preparation of Chloroform extract of 

Solanum trilobatum (CST) 

Extraction of plant materials 

The leaves of Solanum trilobatum were 

collected from the local market and samples of 

the plant were identified and authenticated by 

Dr. Brindha, Botanist, Dept. of Pharmacognosy, 

Captain Srinivasa Murti Drug Research Institute 

for Ayurveda (CCRAS, New Delhi), 

Arumbakkam, Chennai, Tamil Nadu. The fresh 

leaves were shad dried, powdered and extracted 

successively with 1.2 L of chloroform, in a 

Soxhlet extractor for 18-20 h. The extracts were 

concentrated to dryness under reduced pressure 

and controlled temperature (40
o
-50

o
C). The 

chloroform, extract yielded a brown semisolid 

residue weighing 6.2 g (2.39% w/w).  The 

extract was then filtered through Whatmann 

No.1 filter paper and concentrated using 

concentrator. Then it was frozen and subjected 

to lyophilization. 

2.3. Animals, treatment and fixation of 

dosage and duration 

Male albino rats of Wistar strain, weighing 

approximately 120–160 g (young) and 380–420 

g (old) were used. The animals were obtained 

from King Institute of Preventive Medicine, 

Chennai. The animals were divided into two 

major groups namely, Group Ia: normal young 

rats (3–4 months old) and Group IIa: normal 

aged rats (about 24 months old) and two 

experimental group Id (Young rats) and group 

IId (Aged rats) on CST administration for 90 

days. Each group consisted of six animals. The 

animals were maintained on commercial rat feed 

containing 5% fat, 21% protein, 55% nitrogen 

free extract, 4% fiber (w/w) with adequate 

mineral and vitamin contents and had access to 

water ad libitum. CST (Chloroform extract of 

Solanum trilobatum) was supplemented orally 

(oral gavage) at the dosage of 150 mg/kg body 

weight/day for 90 days, whereas young control 

and aged control rats received vehicle alone in a 

similar manner. On completion of 90 days of 

CST supplementation, the blood was collected 

with 3.8% sodium citrate from jugular vein and 

used for the isolation of erythrocytes and 

erythrocyte membranes.  

Fixation of dose and duration: Trial studies were 

carried out with different concentrations of 

Chloroform extract of Solanum trilobatum (50, 

100, 150, 200 and 250 mg) dissolved in 

physiological saline and supplemented at various 

durations (30, 60, 90 and 120 days) orally to 

rats. The effectual dosage (150 mg/kg body 

weight/day) was selected on the basis of the 

concentration at which Chloroform extract of 

Solanum trilobatum was capable of inhibiting 

lipid peroxidation significantly above which 

there was (200 and 250 mg/kg body weight) no 

significant inhibition of lipid peroxidation. 

Similarly the effectual duration was found to be 
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90 days above which there was insignificant 

inhibition of lipid peroxidation. As per the 

results obtained, the forthcoming biochemical 

and molecular parameters were carried out with 

Chloroform extract of Solanum trilobatum 

supplementation for 90 days alone.  

The body weight of the animals were increased 

at the end of experiment as in group Ia (from 

74.50 ± 5.6 to 80.40 ± 6.7), group Id (from 

74.50 ± 5.6 to78.30 ± 3.3), group IIa (from 

120.4 ± 4.8 to 155.9 ± 5.0) and group IId (from 

126.2 ± 5.0 to 162.0 ± 5.3) in respect to their 

initial body weight.  

2.4. Preparation of erythrocytes and 

erythrocyte membranes 

Isolation of erythrocytes and erythrocyte 

membranes was done according to Dodge et al. 

(1963)
26

 with slight modifications. Briefly, 

blood collected from animals with 3.8% sodium 

citrate was subjected to centrifugation at 3000 

rpm for 10 min at 4
0
C. The plasma and buffy 

coat were removed by aspiration and the 

erythrocytes were washed three times with cold 

(4
0
C) phosphate-buffered saline (PBS: 0.15 M 

NaCl, 1.9 mM NaH2PO4, 8.1 Mm Na2HPO4, pH 

7.4). Washed erythrocytes were hemolyzed in 40 

volumes of 5 mM sodium phosphate buffer (pH 

8.0) (containing 1 mM EDTA and 0.5 mM 

phenylmethylsulfonyl fluoride, as protein 

inhibitor), and centrifuged for 20 min at 4
0
C at 

15,000 rpm. The supernatant (or hemolysate) 

was decanted carefully and saved, while the 

pellet were washed repeatedly and incubated for 

45 min at 37
0
C to reseal the membrane in the 

presence of 0.8 Mm MgCl2-ATP solutions, for 

hemoglobin free ghosts. Hemoglobin amount 

was estimated by Drabkin and Austin (1932)
27

 

method and erythrocyte membrane protein 

content by Lowry et al. (1951)
28

. 

 

 

2.5. Determination of erythrocyte surface 

charge  

Erythrocyte partition coefficients were 

determined at room temperature by a two-phase 

aqueous system containing 5% Dextran 500 and 

4.3% PEG 8000 in isotonic phosphate buffer 

(pH 6.8) by the method of Walter (1985)
29

. The 

two-phase system used is ‗charge sensitive‘ 

whose partition coefficient ratio indicates the 

level of erythrocyte surface charge. 

2.6. Determination of protein carbonyls 

Protein carbonyls content was determined by the 

reliable method based on the reaction of 

carbonyl groups with 2, 4- dinitro-

phenylhydrazine to form 2, 4-dinitro-

phenylhydrazone as suggested by Levine et al. 

(1994)
30

. 

2.7. Determination of glycoproteins 

Lipids were extracted from the erythrocyte 

membrane pellets according to the method of 

Folch et al. (1957)
31

using chloroform–methanol 

mixture (2:1 v/v). The resulting defatted residue 

was suspended in sodium acetate buffer 

(containing 2 mg cysteine HCl/ml, final pH 7.0) 

and deproteinized by 4–5 volumes of ethanol, 

evaporated to dryness in the cold under a 

vacuum and subjected to hydrolysis by heating 

with 2 ml of 4 N HCl for 4–6 h. The hydrolyzed 

material was neutralized with 4 N sodium 

hydroxide and used for estimating erythrocyte 

hexose (Niebes, 1972)
32

, hexosamine (Wagner, 

1979)
33

 and sialic acid (Warren, 1959)
34

. 

2.8. Determination of antioxidants 

Superoxide dismutase (SOD) in hemolysate was 

assayed by the method of Marklund and 

Marklund (1974)
35

, while erythrocyte 

membranes were used to estimate catalase 

(CAT) (Beers and Seizer, 1952)
36

. Hemolysate 

glutathione peroxidase (GPx) was determined by 

Rotruck et al. (1973)
37

 method, glutathione 

reductase (GR) by the procedure of Staal et al. 

(1969)
38

, glucose-6-phosphate dehydrogenase 

(G6PD) by Zinkham et al. (1958)
39

 and 
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glutathione-S-transferase (GST) according to 

Habig et al. (1974)
40

. Hemolysate reduced 

glutathione (GSH) was estimated by Moron et 

al. (1979)
41 

and oxidized glutathione (GSSG) 

was assayed according to the method of Tietze 

(1969)
42

. Erythrocyte redox state was 

determined by the redox index: (GSH + 2 X 

GSSG) / (2 X GSSG / 100).  

 

2.9. Statistical analysis 

The results are expressed as mean standard 

deviation (SD) for six rats in each group. 

Differences between groups were assessed by 

one-way ANOVA using the SPSS version 7.5 

software packages for Windows, USA. Post hoc 

testing was performed for inter-group 

comparisons using the least significance 

difference (LSD) test; statistical significance at 

p-values<0.05, have been given respective 

symbols in the figures and tables. 

 

3. RESULTS 

Figure 1 illustrates surface charge in 

erythrocytes of young and experimental rats in 

terms of partition coefficient ratio. Significant (p 

< 0.05) decrease in surface charge level in 

erythrocytes was noticed in aged rats when 

compared to young rats. CST supplementation to 

aged rats showed increment in surface charge 

(p<0.05) when compared to control aged rats. 

The result illustrated significant surface charge 

loss and increased free radical attack on 

membrane proteins in aged animal. 

Figure 2 shows age related changes in protein 

carbonyls in erythrocytes of control and 

Chloroform extract of Solanum trilobatum 

treated young and aged rats. Increase in protein 

carbonyl by 1.7 fold was observed in erythrocyte 

membrane and plasma of aged rats when 

compared with young rats. Such an elevation in 

protein carbonyl content indicates increased 

protein oxidation with advancement of animal 

age. Chloroform extract of Solanum trilobatum 

treatment to aged rats showed significant 

decrease in protein carbonyl levels by 1.6 fold in 

erythrocytes and 1.5 fold in plasma. The 

observed partition coefficient ratio and protein 

carbonyls level were normal in erythrocytes of 

control and Chloroform extract of Solanum 

trilobatum treated young rats. Thus the results 

reveal the membrane integrity and functions are 

maintained at normal levels in erythrocytes of 

young rat. 

Figure 3 depicts the levels of glycoproteins like 

hexose, hexosamine and sialic acid in 

erythrocyte membrane of control and 

Chloroform extract of Solanum trilobatum 

treated young and aged rats. The glycoprotein 

levels in erythrocytes of young rats were at 

normal level and did not show any significant 

alterations on Chloroform extract of Solanum 

trilobatum treatment.  Profound decrease in the 

levels of hexose, hexosamine and sialic acid by 

23%, 33% and 22 % respectively in erythrocytes 

of aged rats was observed. However 

supplementation of Chloroform extract of 

Solanum trilobatum enhanced the level of 

hexose by 30%, hexosamine by 40% and sialic 

acid by 23% in aged rat erythrocytes.  

Figure 4 highlights the activities of enzymatic 

antioxidants SOD, CAT, GPx, GST, GR and 

G6PD in erythrocytes of young and aged rats. 

Young control rats had normal level of 

enzymatic antioxidants and showed insignificant 

changes on CST supplementation.  The activities 

of SOD, CAT GPx, GR, GST and G6PD were 

decreased significantly by 33%, 47% 38% and 

39% 39% and 45%respectively in aged rats 

when compared to young rats. However CST 

supplementation to aged rats improved the 

activities of SOD by 31%, CAT by 68%. GPx 

by 39%, GST by 43%, GR by 44% and G6PD 

by 59%. 

Table 1 demonstrates the glutathione status in 

erythrocytes of control and CST treated young 

and aged rats. Erythrocyte glutathione status was 
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observed to be at normal levels in control and 

treated young rats. Remarkable decline in GSH 

level (38%) with increase in GSSG level (66%) 

was noted in aged rat erythrocytes. These 

alterations indicate increased oxidation of 

glutathione in erythrocytes with advancement of 

age. Further significant decrease in both 

GSH/GSSG ratio and redox index by 2.7 fold 

was also observed in aged rat erythrocytes. CST 

treatment to aged rats increased the GSH level 

by 41% and reduced GSSG levels by 40% with 

subsequent increase in GSH/GSSG ratio by 2.3 

fold and redox index by 1.4 fold.  

 

4. DISCUSSION 

Cell membrane is an important target for all 

radical damages and blood can reflect the 

liability of the whole animal to oxidative 

conditions, erythrocytes and erythrocyte 

membranes have been used extensively for 

determining the effects of ageing. Change in 

erythrocyte membrane accompanying red cell 

ageing, lead to certain disorders such as -

thalasemia, sickle cell anemia, and hereditary 

spherocytosis and therefore responsible for the 

selective removal of erythrocytes prematurely 

from circulation. Preservation of the cell 

membrane structure and suitable charge levels 

on its surface decides the accurate course of 

many processes. Alteration in erythrocyte 

membrane surface charge being a measure of 

cell condition indicated the augmented risk of 

erythrocytes aggregation involving in the 

changes in erythrocyte structure, functions and 

pathologic conditions such as chronic renal 

insufficiency and purulent intoxication
43

. In 

accordance the present study demonstrated a 

significant reduction of surface charge in aged 

rats when compared with young rats. This 

decrease could be possibly due to the increased 

protein oxidation leading to carbonyl formations 

in aged rat erythrocytes. Consequently, our 

results are in accordance with the work of 

Sangeetha et al., 2005
14 

who also specifies 

modifications in the surface charge due to an 

increase in the protein carbonyl levels in aged 

rat erythrocytes. Furthermore, enhanced level of 

carbonyl formation can be endorsed to age 

dependent changes in the rate of oxidized 

protein degradation
44, 45

. Addition reactions by 

highly reactive intermediate products of LPO or 

and glycosidation, and direct oxidative 

modification of macromolecules during 

oxidative stress may probably be the reasons for 

the modification of proteins
46

. Though several 

antioxidant defense systems have evolved to 

prevent free radical mediated damage, oxidized 

proteins appear to accumulate with animal age
47

 

and may represent 30-50% of the total protein in 

old cells
48

. Thus, increased oxidative damage on 

membrane proteins during animal aging may 

lead to the attenuation of negative surface charge 

in erythrocytes.  

Additionally, the observed decrease in 

glycoproteins may also be attributed to the 

surface charge determination with advancement 

of animal age. It has been publicized that 

sialosaccharide chains of glycophorin A changes 

the sialic acid levels upon oxidation that 

eventually decreases membrane surface charges 

thereby contributing to rouleaux formation
11

. 

Earlier studies have made known, decline in 

sialic acid levels on erythrocytes decreases 

surface charge level leading to the appearance of 

non-IgG covered epitopes on the surface of 

oxidized erythrocytes
49

, therefore allowing the 

recognition of erythrocytes by macrophages
11

. 

Furthermore, Vomel (1984)
50

 has confirmed the 

decrease of sialic acid in old individuals result in 

surface charge modifications. 

Chloroform extract of Solanum trilobatum 

supplementation lead to an increase in 

glycoproteins especially sialic acid level and 

ultimately increased the membrane surface 

charge. A significant increase in surface charge 

noted in erythrocytes of Chloroform extract of 
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Solanum trilobatum treated rats would have 

been possibly due to the preservation of protein 

carbonyl levels by polyphenolic compounds 

functioning as an in vivo antioxidant that 

prevents protein oxidation
51

 with advancement 

of age.  These alterations may perhaps be due to 

the free radical scavenging and reduced thiol 

group elevating properties of 

phytochemicals
52

that protects the membrane 

proteins from oxidative insults. Moreover the 

ability to maintain redox state of sulphydryl 

groups in membrane proteins by 

flavonoids
53

would has contributed to the 

maintenance of glycoprotein levels and thus the 

membrane surface charge in erythrocytes of 

aged rats.  

The inequity flanked by protective antioxidant 

defense and increased radical production during 

aging would transform the red cells towards 

oxidative stress resulting in amendment of 

membrane properties and cell dysfunction. The 

biological effects of reactive oxygen species are 

tightly controlled by a wide spectrum of 

enzymatic antioxidant defense systems
54

.  

Erythrocytes being regularly exposed to free 

radicals are however equipped with antioxidants 

far in excess of normal requirement and also 

function as an effective oxidative sink in the 

organism
55

. Enzymatic antioxidants present in 

the cells significantly delay and prevent 

oxidation and related damages. Cu-Zn SOD, a 

major antioxidant enzyme in erythrocytes, 

protects against oxygen free radicals by 

catalyzing the removal of superoxide radical 

(O2
-
) and catalase, (CAT) a haemoprotein, 

primarily works to catalyze the decomposition 

of hydrogen peroxide to water. In particular, the 

oxidation or autooxidation of hemoglobin (Hb-

-

the continuous formation of superoxide radicals 
56

 which is reflected as declined activities of 

SOD and CAT in erythrocytes of aged rat in the 

present study.  Because cellular membranes 

house the production apparatus of these radicals 

and since membranes suffer great damage from 

these radicals, modification of macromolecules 

has been proposed to play a major role in the 

process of animal ageing
57

. Significant increase 

in SOD and CAT activity on supplementation of 

Chloroform extract of Solanum trilobatum to 

near normalcy in aged rat erythrocyte may be 

due to the potential quenching of free radicals
24

 

by phenolic acids present in it. Further reports 

have suggested that polyphenols in CST are 

effectual scavenger of superoxide and hydroxyl 

radicals
58

 thereby sparing the antioxidant 

enzymes valuable in protecting erythrocytes 

from oxidative damages.  

Glutathione, a tripeptide containing -glutamic 

acid, cysteine and glycine, provides the first line 

of defense against ROS and protects 

erythrocytes from oxidative damage that acts as 

a ―radical quencher‖. The glutathione redox 

enzymes, glutathione peroxidase, glutathione-s-

transferase, glutathione reductase and glucose-6-

phosphate dehydrogenase provide the second 

line of defense through detoxification of noxious 

by-products and alleviation of free radicals 

mediated macromolecular damages in 

erythrocytes
59

. An intense increase in the level 

of GSSG with a concomitant depletion in the 

concentration of GSH, the redox status and the 

glutathione metabolizing enzymes may represent 

an imbalance in prooxidant and antioxidant 

status in aged rats. Significant decrease in the 

activity of glutathione metabolizing enzymes is 

well correlated with the declined availability of 

its substrate, glutathione with advancement of 

age
14

. The elevated exposure of erythrocytes to 

free radicals may likely be the motivation for 

GSH depletion
6
. Further studies suggested that 

enhanced utilisation of glutathione by enzymes 

such as GPx, GST and reduced activity of 

glutathione regenerating enzyme G6PD, due to 

the upsurge of reactive oxygen species 

production may decrease the GSH status in 
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erythrocytes of aged animals
61

. Thus fall in the 

activity of G6PD essential for an adequeate 

supply of NADPH (enzymes involved in GSH 

regeneration) creates an imbalance in 

GSH/GSSG ratio
62

 and thereby a shift in the 

redox state of cells with advancement of age
63

. 

The flavanoids and polyphenols in Chloroform 

extract of Solanum trilobatum protected the 

sulphydryl groups and thiols from oxidative 

damage thereby elevating their levels
64

. Also the 

metal chelating action of Chloroform extract of 

Solanum trilobatum improved the activities of 

glutathione metabolizing enzymes (GPx, GST, 

GR, and G6PD) in aged rats
65

. Moreover the 

decrease in free radical levels by polyphenols in 

CST might also have contributed to the 

improvement of glutathione metabolizing 

enzymes
66

.  

 

5. CONCLUSION 

Ageing can thus be viewed as an irreversible 

process associated with the accumulation of 

these oxidative changes wherein Chloroform 

extract of Solanum trilobatum potentially 

enhances the antioxidants levels by protecting 

erythrocyte membrane from free radical attack 

and eventually preventing the loss of surface 

charge levels during ageing. The outcome of the 

present study thus indicates, Chloroform extract 

of Solanum trilobatum supplementation could be 

an exact therapy for minimizing the age related 

alterations in erythrocytes for the existing 

population, as the health care and welfare of the 

aged have been attracting considerably as a 

social problem. 
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Table 1: Levels of GSH, GSSG, GSH/GSSG and redox state in control and CST treated young and 

aged rats 

 

Parameters 

Young rats Aged rats 

Group Ia  Group Id Group IIa   Group IId  

GSH  3.12 ± 0.37 3.20  0.39 1.95 ± 0.21
a*

 2.76 ± 0.34
b*

 

GSSG 0.06 ± 0.006 0.06 ± 0.007 0.10 ± 0.01
a*

 0.06 ± 0.006
b*

 

GSH/GSSG Ratio 52.00 ± 5.03 53.33 ± 4.18 19.50 ± 2.15
a*

 46.33 ± 5.12
b*

 

Redox State 0.27 ± 0.02 0.27 ± 0.03 0.17 ± 0.00
a*

 0.24 ± 0.02
b*

 

 
Group Ia – Young control, Group Id– Young CST treated, Group IIa – Aged control, Group IId – 

Aged CST treated  Units: GSH, GSSG: µmoles/g Hb. Values are expressed as Mean ± SD for six 

rats.'a' - Group IIa compared with Group Ia, 'b' - Group IIb compared with Group  IIa. * 

represents p < 0.05 
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Level of surface charge in erythrocytes of control and CST treated

young and aged rats. The surface charge was analyzed using two

phase aqueous system and expressed in terms of partition co-

efficient ratio 

Figure  1

 

Group Ia – Young control, Group Id– Young CST treated, Group IIa – Aged control, Group IId – Aged CST 

treated.Values are expressed as Mean + for six rats. 'a' - Group Ia compared with Group IIa, 'b' - Group IIa 

compared with Group IId * represents p < 0.05 

 

 

Figure 2: Levels of erythrocyte membrane and plasma protein carbonyls in  

              control and CST treated young and aged rats 
 

 

 

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      Group Ia – Young control, Group Id– Young CST treated, Group IIa – Aged control, Group IId – Aged CST treated.Values are expressed 

as Mean + for six rats. 'a' - Group Ia compared with Group IIa, 'b' - Group IIa compared with Group IId * represents p < 0.05 
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Figure 3 Levels of Glycoprotein in erythrocytes and plasma of

          control and CST treated young and aged rats 
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Group Ia – Young control, Group Ib – Young CST treated, Group IIa – Aged control, Group IIb – Aged CST 

treated Units: µg/mg protein Values are expressed as Mean ± SD for six rats.'a' - Group IIa compared with 

Group Ia, 'b' - Group IId compared with Group IIa * represents p < 0.05 
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