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4.1. Review of literature

Reactive oxygen species (ROS) are constantly generated under normal 

conditions as a consequence of aerobic metabolism. ROS include free radicals 

such as the superoxide anion (O2-), hydroxyl radicals (OH-) and the non radical 

hydrogen peroxide (H2O2). They are particularly transient species due to their 

high chemical reactivity and can react with DNA, proteins, carbohydrates and 

lipids in a destructive manner which leads to various pathophysiological diseases 

like Parkinson's, Alzheimer, diabetes, retinal degeneration etc.

Glucotoxicity, leading to chronic hyperglycemia in diabetics involves 

oxidative stress as an important mechanism for inducing various metabolic 

complications including insulin resistance. Pancreatic islets seemed to be very 

sensible to oxidative stress since it expresses a very low amount of anti-oxidant 

enzymes (Grankvist et al., 1981; Tiedge et al., 1997), like superoxide dismutases 

(SOD-1, SOD-2), catalase, and glutathione peroxidise (GPx). In contrast, gene 

expression of the catalytic subunit of Y-ghitamylcysteine ligase (GCLC), the rate- 

limiting enzyme for glutathione (GSH) synthesis, is well expressed in islets (Tran 

et al., 2004). GSH is the major intrinsic antioxidant in cells. Levels of GCLC 

mRNA are comparable to those found in liver and greater than those found in 

muscle, lung and fat (Tran et al., 2004). It has been reported, however, that long­

term exposure to high glucose concentrations decreases GCLC expression in 

mesangial as well as retinal cells, and that this is associated with a decrease in 

GSH levels (Catherwood et al., 2002; Lu et al., 1999).

Many clinical studies documented chronic oxidative stress in type 2 diabetes 

are subjected to chronic oxidative stress (Ghiselli et al., 1992; Gopaul et al., 1995; 

Nourooz et al., 1995; Rehman et al., 1999; Shin et al., 2001; Sakuaba et al., 2002). 

Murakami et al. (1989) reported that red blood cells from diabetic patients 

contain low levels of the reduced form of glutathione (GSH), high levels of the 

oxidized form (GSSG), and a 51% reduction in the GSH/GSSG ratio (Murakami
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et al., 1989). Sharma et al. (2000) also reported that type 2 diabetic patients with 

poor glycemic control had depressed red blood cell GSH levels. After decreasing 

red blood cell HbAlc levels by sulfonylurea treatment, the red blood cell GSH 

levels increased twofold, almost reaching the values found in a non-diabetic 

control group. Similar data were reported by Yoshida et al. (1995) who, in 

addition, reported that activity of the rate-limiting enzyme of GSH synthesis, c- 

glutamylcysteine synthase, increased with improved glycemic control. This 

group also reported that red blood cell thiol transport was significantly and 

inversely correlated with levels of HbAlc.

Much of the early work addressing molecular mechanisms of glucose 

toxicity in P cells was performed with the HIT-T15 cell line. Some authors 

reported that HIT-T15 cells chronically cultured for 6 months in media containing 

11.1 mM glucose, a concentration exceeding that necessary to elicit maximal 

insulin responses, caused loss of insulin mRNA, greatly diminished levels of 

insulin content, and almost complete disappearance of insulin secretion 

(Robertson et al., 1992).

It is now well established that the generation or addition of ROS or RNI 

(reactive nitrogen species) can cause cell death either by apoptosis or necrosis. 

Apoptosis is a tightly regulated form of cell death characterized by 

morphological and biochemical changes. These include mitochondrial 

depolarisation and alterations in phospholipid asymmetry, chromatin 

condensation, nuclear fragmentation, membrane blebbing, cell shrinkage and the 

formation of membrane bound vesicles termed apoptotic bodies (Kerr et al., 

1972). Many of the morphological changes associated with apoptosis are 

orchestrated by activation of a cascade of proteases termed caspases (Cohen, 

1997; Porter and Janicke, 1999). The caspases are a family of cysteine proteases 

comprising at least 14 members, all of which contain an active site thiol group 

necessary for activity (Thomberry and Lazebnik, 1998). This thiol group renders
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them particularly susceptible to redox modification by S-nitrosylation or 

oxidation. Such modifications result in the inhibition of their catalytic activities.

Caspases are also susceptible to oxidative modification by reactive oxygen 

species such as H2O2 and can be readily converted to disulfides and mixed 

disulfides tinder conditions of oxidative stress (Fadeel et al., 1998; Shacter, 2000). 

Caspase-3 activation is often considered as the point of no return in apoptosis 

and, thus, inhibition of caspases might provide a mechanism to abort the 

apoptotic cascade. A role for oxidative stress in the induction of apoptosis is 

provided by studies where the addition of low levels of ROS induces apoptosis 

and the observation that various antioxidants such as N-acetylcysteine (NAC) 

can inhibit cell death (Lennon et al., 1991).

In type 1 diabetes, P-cell mass is reduced by 70-80% at the time of diagnosis. 

Because of the variable degrees of insulitis and absence of detectable P-cell 

necrosis, it was suggested that P-cell loss occurs slowly over years (Kkfppel et 

al., 1985). These pathology findings are in line with the progressive decline in 

first-phase insulin secretion in antibody-positive individuals, long before the 

development of overt diabetes (Srikanta et al., 1983). It was later shown that P- 

cell apoptosis causes a gradual P-cell depletion in rodent models of type 1 

diabetes. Activated macrophages secrete cytokines which are responsible for 

P-cell apoptosis; probably mediated by three main pathways—namely JNK, ER 

stress, and liberation of pro-apoptotic proteins from the mitochondria (Kutiu et 

al., 2003) (Fig. 4.2).

In type 2 diabetic subjects, initial pathological studies suggested a p-cell loss 

of 25-50% (Kloppel et al., 1985; Clark et al., 1988), but this was debated by others 

(Guiot et al., 2001). Earlier studies, which matched diabetic patients and control 

subjects for BMI, showed a significant reduction in p-cell mass (Sakuraba et al., 

2002; Butler et aL, 2003) and a threefold increase in p -cell apoptosis (Butler et aL, 

2003). These observations suggest that P-cell mass is decreased in type 2 diabetes,
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secondary to increased rates of j}-cell apoptosis, but it remains unclear whether

this explains the observed functional loss (Kahn, 2003). p -Cell apoptosis may
/

thus be a common feature of type 1 and type 2 diabetes (Fig. 4.1).

Natural flavonoids are emerging as potent therapeutic drugs for free 

radical-mediated diseases. For example, isoliquiritigenin, baicalein, naringin, and 

catechin showed neuroprotection through inhibition of ROS, suggesting 

pharmacologic interest agent for the treatment of Parkinson's disease (Guo et al., 

2007; Lee et al, 2005; Singh and Chopra, 2004; Zhan and Yang, 2006). It has been 

demonstrate that the citrus flavanones hesperidin, hesperetin, and 

neohesperidin, even at physiological concentrations, have neuroprotective effects 

against LhCh-induced cytotoxicity in PC12 cells. Flavonoids such as butin were 

investigated for cytoprotective effect against EhCh-induced cell damage. 

Isoflavone puerarin was evaluated for its cytoprotective effect against H2O2- 

induced rat pancreatic islets damage (Fu-Liang et al, 2006). Similarly antioxidant 

properties and protective effects of a extract of Hypericum perforatum on H2O2- 

induced oxidative damage in PC12 cells has been evaluated (Benedx et al., 2004). 

Some of the medicinal plant extracts viz. Hypericum perforatum and isolated 

compounds like butin and salvinoic acid have been studied to see their protective 
role on various cells including islets challenged with hydrogen peroxide induced 

damage.

Enicostemma littorale contains diversified phytochemicals, some of the 

important constituents of the plant include betulin, a triterpenoid sapogenin, 

swertiamarin, a secoirridoid glycoside, monoterpene alkaloids like enicoflavine 

and gentiocrucine. Extract of the plant and its major phytochemical swertiamrin 

have been reported as antioxidant candidate 0aishree et al., 2008). EL is known to 

have good antioxidant activity in diabetic rats (Maroo et al., 2003) as well as in 

newly diagnosed NIDDM patients (Vasu et al., 2003). In this context, the herb 

Enicostemma littorale was screened for checking its protection against H2O2- 

induced oxidative damage leading to apoptosis on cultured rat pancreatic islets.
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Figure 4.1: Overview of the putative sequence of events leading to P-cell death 

in animal models of type 1 and type 2 diabetes. T1D, type 1 diabetes; T2D, type 

2 diabetes.

4.2. Experimental Design

Islets were isolated from normal rats by the method of Xia et al. (1993), and 

then subjected to purification. Islets were handpicked under microscope (approx 

1000 islets/group). Purified islets were incubated with cumin H2O2 at a dose of 

50pM for 30 minutes then centrifuzed at 1000 rpm for 10 mins and washed thrice 

with PBS and used for measurement of different parameters. Another group of 

islets were pre-ineubated with methanolic extract of EL then subjected to H2O2 

exposure. Dose and time dependent study was carried out with extract. The 

viability of the islets was checked by trypan blue dye exclusion test (Warburton 

and James 1995) using 0x4% (W/V) Trypan blue. Blue stained islets were scored 

as non-viable and the unstained were scored as viable islets. Protection of islets
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against oxidative damage which was measured by parameters like fluorescent 

stains viz., DCF and DAPI, estimation of caspase 3 as an important apoptotic 

marker. Important antioxidant enzymes viz., SOD, catalase, GSH and GPx were 

also evaluated. Effect of herbal extract (EL extract) against H202-induced DNA 

fragmentation was observed by performing Comet assay. For comet assay islets 

of langerhans were subjected mild trypsin digesion to obtained single cell 

suspension. Single cells suspension then exposed to H2O2 treatment for 30 mins 

with and without EL preincubation.

IL-1($ FasL IFN-y

Figure 4.2: Proposed model for the different pathways contributing to the 

execution of cytokine-induced P-cell apoptosis.

Arrows indicate genes for which expression was modified by cytokines in a time 

course microarray analysis (Kutlu et al., 2003). P-Cell apoptosis is probably 

mediated by three main pathways—namely JNK, ER stress, and liberation of pro- 

apoptotic proteins from the mitochondria.
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4.3. Results

4.3.2. Effect of EL on HiOz-induced loss of islets viability
In order to assess the cytoprotective effect of EL on islet of langerhans 

against the oxidative stress, trypan blue viability test was conducted. As seen in 

Fig. 4.3, treatment with 50 pM H2O2 for 0.5 h (30 mins) resulted in viability loss. 

Preincubation with EL (0.25, 0.5, 1, 2 and 4 mg/ml of assay volume) for above 

time points; partially protected the islets from the toxicity of H2O2 in a dose 

dependent & time dependent manner.

Chapter 4

70
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Figure 4.3: Dose dependent and time dependent study of EL on islets of 

langerhans exposed to 50 pM H2O2.

4.3.2. Effect of EL on Eh02-induced apoptosis in isolated islets
The percentage of apoptosis was analyzed quantitatively by PS/PI dual 

staining (Fig. 4.4A). A significant increase in the apoptotic rate was observed 

after the islets were treated with 50 pM FI2O2 for 0.5 h. Pretreatment with 2 

mg/ ml of EL significantly inhibited TECE-induced apoptosis.

4.3.3. Comet Assay
Damage to cellular DNA induced by H2O2 exposure was detected by using 

an alkaline comet assay. The exposure of cells to H2O2 increased the comet
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parameters of tail length as shown in Fig. 4.4. Treatment with EL decreased the 

comet tail length, indicating a protective effect of EL on LhCh-induced DNA 

damage (Fig 4.4B).

4.3.4. Caspase-3 Activity

Elevation of caspase 3 enzyme activity was observed in H2O2 treated islets 

of langerhans and was reduced by EL treatment by 42%. (Fig: 4.5)

4.3.5. Effect of EL on HzOi-induced reactive oxygen species in isolated islets 

Intracellular reactive oxygen species were detected by fluorescein-labeled

dye, DCF-DA. As seen in Fig. 4.4.C, 50 pM H2O2 significantly increased the 

fluorescent intensity of reactive oxygen species in islet cells. Pre-incubation with 

EL (2mg/ml) for 2 h significantly decreased the fluorescent intensity in a dose- 

dependent manner.

4.3.6. Effect of EL on the antioxidant enzyme activities in isolated islets

As seen in Fig. 4.6, 4.7, 50 pM H2O2 significantly (101%) increases lipid 

peroxidation levels and significantly decreases GSH level (75%). These islets also 

showed reduced (43%) SOD> catalase (53%) and GPx (44%) activities (Fig 4.8, 4.9 

& 4.10). Pre-incubation with EL for 2 h decreases lipid peroxidation by 58% and 

increases GSH content by 68%. Pre-incubation with EL for 2 h also increased 

SOD, catalase and GPx activities by 55%, 51% and 44% respectively (Fig 4.8,4.9 & 

4.10).

4.4. Discussion

Diabetes mellitus (DM) is a group of metabolic disorder with different 

underlying etiologies, characterized by hyperglycemia due to underutilization of
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PS(-)/PI (-) PS(+)/PI(-) PS(-)/PI(-)

Control 112O2 treated EL treated

Figure 4.4: Effect of EL treatment on PS/PI staining (A), DNA tailing in comet 

assay (B), DCF-DA fluorescence staining (C) of islets of Langerhans exposed to 

50 pM H2O2.
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Figure 4.5: Effect of EL on Caspase-3 activity 
in H2O2 exposed islets

Figure 4.6: Effect of EL on lipid peroxidation
of islets of langerhans exposed to H2O2

Figure 4.9: Effect of EL on catalase activity Figure 4.10: Effect of EL on glutathione
of islets of langerhans exposed to H2O2 peroxidase activity of islets of langerhans

exposed to H2O2

Values are expressed as mean ± SEM (n=6 in each group), a, P<0.05, aa, 

P<0.01, aaa,P<0.001 vs. C, b,P<0.05, bb P<0.01, bbb, P<0.001 vs. F.

Figure 4.7: Effect of EL on reduced 
glutathione of islets of langerhans exposed 
to H2O2

Figure 4.8: Effect of EL on superoxide 
dismutase activity of islets of langerhans 
exposed to H2O2
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glucose. Under hyperglycemia, the increased blood level of various reducing 

sugars promotes protein glycation through the Maillard reaction, which 

consecutively produces Schiff bases, Amadori products and advanced glycation 

end products (Kiyoko et al., 2003). Reactive oxygen species are formed in this 

process and trigger tissue damage. Due to intrinsically very low levels of 

antioxidant enzyme expression and activity (Tiedge et al., 1997; Sigurd et al., 

1996), islets are particularly at risk for reactive oxygen species-induced damage 

as compared with other tissues. Excessive reactive oxygen species may lead to 

necrosis or apoptosis of islets (Tanaka et al., 2002; Robertson et al., 2003). 

Treatment of antioxidant chemicals, such as cysteines or N-aceiylcysteine, 

provides some protection to P-cells both in vitro and in vivo (Tanaka et al., 1999; 

Rasilainen et al., 2002).

EL has been used for the therapy of diabetes mellitus in India as a folk 

medicine. EL can improve the insulin secretion, decreases insulin resistance 

(Maroo et al., 2002; Vasu et al., 2003) and also decreases oxidative stress by 

improving antioxidant status in diabetic animals (Maroo et al., 2003). It is also 

having hypolipidemic effect (Vasu et aL, 2005). These beneficial effects may 

contribute to its antidiabetic activity. Swertiamarin is a secoiridoid glycoside 

present in EL, has been reported for its number of activity namely, 

hepatoprotective, antiedematogenic, free radical scavenging activity, antispastic 

activity (Vaijanathappa and Badami, 2009). However, little is known about the 

direct effect of EL on p-cells against oxidative stress induced apoptosis.

In the present study, islets exposed to 50 pM H2O2 showed apoptosis. 

Preincubation with EL (2mg/ml of assay) for 2 h caused suppression of the P-cell 

death induced by H2O2. H2O2 was used instead of known P-cell-specific toxins 

such as alloxan or streptozotocin because H2C>2-induced apoptosis is a well- 

established model of a biologically active oxygen-derived intermediate and has 

been used extensively in the study of reactive oxygen species. Many researches 

(Krippeit et al., 1994; Maechler et al, 1999; Peter et al., 1999; Tang and Zhang,
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2000) showed that transient exposure to H2O2 caused a significant damage in islet 

cells. Our study also showed that 50 pM H2O2 increased the reactive oxygen 

species, which resulted in the damage of islet cells.

Caspase-3 acts as an apoptotic executor and can be activated by H2O2. In 

this study, activities of caspase-3 with EL treated cells were clearly lower than 

those of untreated cells. Hydrogen-peroxide-associated ROS-mediated DNA 

damage takes place via direct attack on chromosome or mitochondria pathways, 

leading to necrosis or apoptosis. Oxidative stress-induced cellular death can be 

prevented by blocking DNA damage. Our present results suggest that the EL 

protected H202-induced cells from apoptosis by blocking DNA damage.

In pancreatic islets, antioxidant enzymes CAT, SOD and GPx genes are 

expressed at low levels. The high expression levels of catalase and SOD in insulin 

secretion cells through genetic engineering provide protection against the toxicity 

of reactive oxygen species (Rita et al., 2002; Markus et ai, 1998). In the present 

study, significant changes of GSH content, SOD, CAT and GPx activities were 

found at 0.5 h after H2Q2 addition compared with normal control. Therefore, 

elimination of H2O2 is critical for reducing oxidative stress. The pivotal cellular 

enzymes for eliminating H2O2 are catalase and GPx. In the present study, CAT, 

SOD and GPx activity were improved in cells along with increased GSH content 

with EL pre-incubation to islets exposed to H2O2. Improvement in antioxidant 

enzyme activities suggests that the EL strengthened the ability to combat 

oxidative stress of islet cells.

In summary, the present study provides the evidence that EL can protect 

pancreatic islets from H202-induced damage by stimulating the activities of 

antioxidant enzymes and therefore decreasing DNA damage, but the underlying 

molecular mechanism remains to be clarified. Our data favour the view that the 

protective effect of EL may be due to its antioxidant activity.
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4.5. Summary

Progressive loss of P-eells is major area of concern in type 1 and type 2 

diabetes. Oxidative stress is one of the causal factors for induction of apoptosis 

of islets of langerhans, responsible for reduction of islet mass in diabetic 

condition! H202-induced apoptosis is a well establish method to study the 

cytoprotective effect of any antioxidant compound. In our study we confirmed 

the apoptosis event in islets of langerhans upon exposure to H2O2 by PS/PI 

staining, Caspase-3 activity, DNA tailing in comet assay. Cells exposed to H2O2 

also showed high fluorescence with DCF-DA fluorescence dye; indicator of cell's 

total oxidative stress. Upon H2O2 treatment cell's antioxidant defense system 

goes down and unable to reverted back apoptotic event as indicated by increase 

in Caspase-3 activity. Pre-treatment with EL extract decreases fluorescence in the 

cells, indicating reduced oxidative stress in these cells and also showed 
improvement in the antioxidant defense system. This improvement in the 

antioxidant defense system revert back the apoptotic events by decrease in DNA 

damage as well as decrease in Caspase-3 activity. Thus, our results clearly 

demonstrated that EL extract is able to protect islets of langerhans from oxidative 

stress induced apoptosis.

(Effect of (EL on }[2 OrlnducecCApoptosis of Islets ofLangerRans 178



CHapter4

4.6. References

Butler, A. E., Janson, J., Bonner-Weir, S., Ritzel, R., Rizza, R. A., and Butler, P. C, 

(2003) Beta-cell deficit and increased beta-cell apoptosis in humans with type 

2 diabetes, Diabetes 52,102-110.

Catherwood, M. A., Powell, L. A., Anderson, P., McMaster, D., Sharpe, P. C, and 

Trimble, E: R. (2002) Glucose-induced oxidative stress in mesangial cells, 

Kidney Int. 61,599-608.

Clark, A., Wells, C. A., Buley, I. D., Cruickshank, J. K., Vanhegan, R. I., Matthews, 

D. R., Cooper, G. J., Holman, R. R., and Turner, R. C, (1988) Islet amyloid, 

increased A-cells, reduced B-cells and exocrine fibrosis: quantitative changes 

in the pancreas in type 2 diabetes, Diabetes Res. 9,151-159.

Cohen, G. M. (1997) Caspases: the executioners of apoptosis, Biochem. J. 326,1.

Fadeel, B., Ahlin, A., Henter, J. I., Grrenius, S., and Hampton, M. B. (1998) 

Involvement of caspases in neutrophil apoptosis: regulation by reactive 

oxygen species, Blood 92,4808.

Ghiselli, A., Laurenti, O., De Mattia, G., Maiani, G., and Ferro-Luzzi, A. (1992) 

Salicylate hydroxylation as an early marker of in vivo oxidative stress in 

diabetic patients, Free Radic. Biol. Med. 13,621-626.

Gopaul, N. K., Anggard, E. E., Mallet, A. I., Betteridge, D. J., Wolff, S. P., and 

Nourooz-Zadeh, J. (1995) Plasma S-epi-PGF2 alpha levels are elevated in 

individuals with non-insulin dependent diabetes mellitus, FEBS Lett, 368, 

225-229.

Grankvist, K., Marklund, S. L., and Taljedal, I. B. (1981) CuZnsuperoxide 

dismutase, Mn-superoxide dismutase, catalase and glutathione peroxidase in 

pancreatic islets and other tissues in the mouse, Biochem. J. 199,393-398.

Guiot, Y., Sempoux, C, Moulin, P., and Rahier, J. (2001) No decrease of the P-cell 

mass in type 2 diabetic patients, Diabetes 50 (Suppl. 1):S188,

Guo, S., Yan, J., Yang, T., Yang, X., Bezard, E., and Zhao, B. (2007) Protective 

effects of green tea polyphenols in the 6-OHDA rat model of Parkinson's 

disease through inhibition of ROS-NO pathway, Biol. Psychiatry 62,1353-1362.

‘Effect of EL onfftOz-InducedApoptosis ofIslets ofLangerRans 179



Jaishree, V., Badami, S. and Suresh, B. (2008). In vitro antioxidant activity of 

Enicostemma axillare, J. Health Sri., 54 (5), 524-528.

Kahn, S. E. (2003) The relative contributions of insulin resistance and beta-cell 

dysfunction to the pathophysiology of type 2 diabetes, Diabetologia 46,3-19.

Kerr, J. F., Wyllie, A. H., and Currie, A. R. (1972) Apoptosis: a basic biological 

phenomenon with wide-ranging implications in tissue kinetics, Br. J. Cancer 

26,239.

Kiyoko, K., Kenji, S., Takako, K., Yoshiaki, H., Hitoshi, I., Hidenori, K, Eisuke, I., 

Tomomi, O., Keiichiro, S., Koichi, H., and Hideki, O. (2003) Gliclazide protects 

pancreatic p-cells from damage by hydrogen peroxide, Biochem. Biophys. Res. 

Commun. 303,112-119.

Kloppel, G., Lohr, M., Habich, K., Oberholzer, M., and Heitz, P. U. (1985) Islet 

pathology and the pathogenesis of type 1 and type 2 diabetes mellitus 

revisited, Surv. Synth. Pathol. Res. 4,110 -125.

Krippeit, D. P., Lang, F., Haussinger, D., and Drews, G. (1994) H2O2 induced 

hyperpolarization of pancreatic (3-cells, Pflugers Arch.. 426,552-554.

Lee, H. J., Noh, Y. H., Lee, D. Y., Kim, Y. S., Kim, K. Y., Chung, Y. H., Lee, W. B., 

Kim, S. S. (2005) Baicalein attenuates 6-hydroxydopamine-induced 

neurotoxicity in SH-SY5Y cells, Eur.}. Cell Biol. 84,897-905.

Lennon, S. V., Martin, S. J. and Cotter, T. G., (1991) Dose-dependent induction of 

apoptosis in human tumour cell lines by widely diverging stimuli, Cell Prblif. 

24,203.

Lu, S. C., Bao, Y., Huang, Z. Z., Sarthy, V. P., and Kannan, R. (1999) Regulation of 

gamma-glutamylcysteine synthetase subunit gene expression in retinal 

Muller cells by oxidative stress. Invest. Ophthalmol. Vis. Sri. 40,1776-1782.

Maechler, P., Jomot, L., and Wollheim, C. B. (1999) Hydrogen peroxide alters 

mitochondrial activation and insulin secretion in pancreatic beta cells, J. Biol. 

Chem. 274,27905-27913.

Markus, T., Stephan, L., Rex, M., and Sigurd, L. (1998) Complementary action of 

antioxidant enzymes in the protection of bioengineered insulin-producing

V

effect of(EL on HzOz-IwfucetfApoptosis of Islets ofLangerfums 180



RINm5F cells against the toxicity of reactive oxygen species, Diabetes 47,1578- 

1585.

Maroo, J., Ghosh, A., Mathur, R., Vasu, V. T„ and Gupta, S. (2003) 

Antidiabetic efficacy of Enicostenima littorale methanol extract in alloxan 

induced diabetic rats, Pharm. Biol. 41,388-391.

Maroo, J., Vasu, V. T., Aalirikeel, R., and Gupta, S. (2002) Glucose lowering 

effect of aqueous extract of Enicostemma littorale blume in diabetes: a possible 

mechanism of action, J. Ethnopharmacol. 81,317-320.

Murakami, K., Kondo, T., Ohtsuka, Y., Fujiwara, Y., Shimada, M., and 

Kawakami, Y. (1989) Impairment of glutathione metabolism in erythrocytes 

from patients with diabetes mellitus, Metabolism 38,753-758.

Nourooz-Zadeh, J., Tajaddini-Sarmadi, J., McCarthy, S., Betteridge, D. J., and 

Wolff, S. P. (1995) Elevated levels of authentic plasma hydroperoxides in 

NIDDM, Diabetes 44,1054-1058.

Peter, K. D., Claudia, K., Susanne, W., Florian, L., Hermann, P. T. A., and Gisela, 

D. (1999) Interference of H2O2 with stimulus-secretion coupling in mouse 

pancreatic p-cells. J. Physiol. 514,471-481.

Porter, A. G., and Janicke, R. U. (1999) Emerging roles of caspase-3 in apoptosis, 

Cell Death Differ. 6,99.

Rehman, A., Nourooz-Zadeh, J., Moller, W., Tritschler, H., Pereira, P., and 

Halliwell, B. (1999) Increased oxidative damage to all DNA bases in patients 

with type II diabetes mellitus, FEBS Lett. 448,120-122.

Rita, B., Balamurugan, A. N., Suzanne, B., Massimo, P., Massimo, T., and 

Piganelli, J. D. (2002) Preservation of human islet cell functional mass by 

antioxidative action of a novel SOD mimic compound, Diabetes 51,2561-2567.

Robertson, R. P., Harmon, J., Tran, P. O., Tanaka, Y., and Takahashi, H. (2003) 

Glucose toxicity in p-cells: type 2 diabetes, good radicals gone bad, and the 

glutathione connection, Diabetes 52,581-587.

Robertson, R. P., Zhang, H. J., Pyzdrowski, K. L., and Walseth, T. F. (1992) 

Preservation of insulin mRNA levels and insulin secretion in HIT cells by

'Effect of EC on3[2Oz-IndiicedApoptosis of Islets ofLangerHans 181



avoidance of chronic exposure to high glucose concentrations, J. Clin. Invest 

90,320-325.

Sakuaba, H., Mizukami, H., Yagihashi, N., Wada, R., Hanyu, C., and Yagihashi, 

S. (2002) Reduced beta-cell mass and expression of oxidative stress related 

DNA damage in the islet of Japanese Type II diabetic patients, Diabetologia 45, 

85-96. :

Sakuraba, H., Mizukami, H., Yagihashi, N., Wada, R., Hanyu, C, and Yagihashi, 

S. (2002) Reduced beta-cell mass and expression of oxidative stress-related 

DNA damage in the islet of Japanese type II diabetic patients, Diabetologia 45, 

85-96.

Shacter, E. (2000) Quantification and significance of protein oxidation in 

biological samples, Drug Metab. Rev. 32,307.

Sharma, A., Kharb, S., Chugh, S. N„ Kakkar, R., and Singh, G. P. (2000) 

Evaluation of oxidative stress before and after control of glyeemia and after 

vitamin E supplementation in diabetic patients, Metabolism 49,160-162.

Shin, C. S., Moon, B. S., Park, K. S., Kim, S. Y., Park, S. J., Chung, M. H., and Lee, 

H. K. (2001) Serum 8-hydroxy-guanine levels are increased in diabetic 

patients, Diabetes Care 24,733-737.

Sigurd, L., Jens, D., and Markus, T. (1996) Low antioxidant enzyme gene 

expression in pancreatic islets compared with various other mouse tissues, 

Free Radio. Biol. Med. 20,463-466.

Singh, D., and Chopra, K. (2004) The effect of naringin, a bioflavonoid on 

ischemia-reperfusion induced renal injury in rats, Pharmacol. Res. 50,187-193.

Srikanta, S., Ganda, O. P., Jackson, R. A., Gleason, R. E., Kaldany, A., Garovoy, M. 

R., Milford, E. L., Carpenter, C. B., Soeldner, J. S., and Eisenbarth, G. S. (1983)
s.

Type I diabetes mellitus in monozygotic twins: chronic progressive beta cell 

dysfunction, Ann. Intern. Med. 99,320-326.
Tanaka, H., Gleason, C. E., Tran, P. 6., Harmon, J. S., Robertson, R. P. (1999) 

Prevention of glucose toxicity in HIT-T15 cells and Zucker diabetic fatty rats 

by antioxidants, Proc. Natl. Acad. Sci. U. S. A. 96,10857-10862.

Effect of EL onttzOz-Inditced[Apoptosis of Istets ofLangerfians 182



Cftapter4

Tanaka, Y., Tran, P. O., Harmon, J., and Robertson, R. P. (2002) A role for 

glutathione peroxidase in protecting pancreatic P-cells against oxidative stress 

in a model of glucose toxicity, Proc. Natl. Acad. Sci. U. S. A. 99,12363-12368.

Tang, J. P., and Zhang, J. H. (2000) Mechanisms of [Ca2+]i elevation by H2O2 in 

islets of rats, Life Sci. 68,475-481.

Thomberry, N. A., and Lazebnik, Y. (1998) Caspases: enemies within, Science 281, 

1312.

Tiedge, M., Lortz, S., Drinkgen, J., and Lenzen, S. (1997) Relation between 

antioxidant enzyme gene expression and antioxidative defense status of 

insulin-produdng cells, Diabetes 46,1733-1742.

Tiedge, M., Lortz, S., Drinkgem, J., and Lenzen, S. (1997) Relation between 

antioxidant enzyme gene expression and antioxidative defense status of 

insulin-producing cells, Diabetes 46,1733-1742.

Tran, P. O., Parker, S. M., LeRoy, E., Franklin, C. C., Kavanagh, T. J., Zhang, T., 

Zhou, H., VHet, P., Oseid, E., Harmon, J. S., et al. (2004) Adenoviral 

overexpression of the glutamylcysteine ligase catalytic subunit protects 

pancreatic islets against oxidative stress, J. Biol. Chem. 279,53988-53993.

Vaijanathappa, J., and Badami, S. (2009) Antiedematogenic and free radical 

scavenging activity of swertiamarin isolated form Enicostemma axillare. Plarita 

Med. 75,12-17.

Vasu, V. T., Ashwinikumar, C., Maroo, J., Gupta, S., and Gupta, S. (2003) 

Antidiabetic effect of Enicostemma littorale blume aqueous extract in 

newly diagnosed non-insulin-dependent diabetes mellitus patients 

(NIDDM): a preliminary investigation, Orient. Pharma. Exper. Med. 3,84-89.

Vasu, V. T., Modi, H. R., Jyoti V. T., and Gupta S. (2005) Hypolipidaemic and 

antioxidant effect of Enicostemma littorale Blume aqueous extract in 

cholesterol fed rats, J. Ethnopharmacol. 101,282.

Xiong Fu-Liang, Sim Xiao-Hui, Gan Lu, Yang Xiang-Liang and Xu Hui-Bi. (2006) 

Puerarin protects rat pancreatic islets from damage by hydrogen peroxide, 

Eur. J. Pharmacol. 529,1-7.

I"Effect of$£ on 3t%OrInducedApoptosis of Ishts of Cangerhans 183



Yoshida, K., Hirokawa, ]., Tagami, S., Kawakami, Y., Urata, Y., and Kondo, T. 

(1995) Weakened cellular scavenging activity against oxidative stress in 

diabetes mellitus: regulation of glutathione synthesis and efflux, Diabetologia 

38,201-210.

Zhan, G, and' Yang, J. (2006) Protective effects of isoliquiritigenin in transient 

middle cerebral artery occlusion-induced focal cerebral ischemia in rats, 

Pharmacol. Res. 53,303-309.

'Effect of<EL onJCzPrlwCucetCjlpoptosis of Islets ofLangerfmns 184


