Cytokinetics of adult rat SVZ after EAE

1. Abstract
Cytokinetics regulating cell cycle division can be modulated by several endogenous factors. EAE (experimental autoimmune encephalomyelitis) increases proliferation of progenitor cells in the subventricular zone (SVZ). Using cumulative and single S-phase labeling with 5-bromo-2-deoxyuridine, we examined cell cycle kinetics of neural progenitor cells in the SVZ after EAE.20% of the SVZ cell population was proliferating in adjuvant control rats. However, EAE significantly increased them up to 27 % and these cells had a cell cycle length (TC) of 15.6h, significantly (P < 0.05) shorter than the 19h TC in non EAE SVZ cells. Few TUNEL (+) cells were detected in the SVZ cells of adjuvant controls .EAE increased (p<0.05) TUNEL (+) nuclei in SVZ suggesting early stage progenitor cell death. Cell cycle phase analysis revealed that EAE substantially shortened the length of the G1 phase (9.6h) compared with the G1 phase of 12.25h in adjuvant control SVZ cells (P < 0.05). This reduction in G1 contributes to EAE induced reduction of TC because no significant changes were detected on the length of S, G2 and M phases between two groups. Our results show a surge in proliferating progenitor cells in the SVZ with concomitant increase in apoptotic cell death after EAE. Furthermore, increase in the SVZ proliferation contributes to EAE-induced neurogenesis and this increase is regulated by shortening the G1 phase.

Our investigation suggests the activation of quiescent cells in SVZ to generate actively proliferating progenitors. Moreover, the increase in the cell death in proliferating population may contribute towards negative regulation of proliferative cell number and hence diminished regenerative capacity following EAE.
Keywords: EAE, neurogenesis, Apoptosis, cell cycle kinetics

2. Introduction
EAE (experimental autoimmune encephalomyelitis) is an autoimmune neuroinflammatory model which can be induced using several myelin antigens in a variety of laboratory animals.EAE has led us to valuable insights into the basic mechanisms of neuroinflammation in human multiple sclerosis.Autoantibodies, T-lymphocytes are the leading causes of the tissue destruction in EAE (Friese and Fugger., 2009).Demyelination is mediated by either phagocytosis of myelin or the death of oligodendrocytes (Mir Sajad et al., 2010) .Apart from demyelination, acute neuronal loss has been noticed in the lesions of EAE (Meyer et al.,2001).

Neuronal progenitor cell proliferation has been reported earlier in EAE leading to the generation of committed precursors of glial lineage. Neocortical development involves the aligned migration and differentiation of neuronal precursors that arise from proliferating ventricular zone (VZ) (Takahashi et al., 1993; Caviness et al., (2003); Noctor et al. 2004). In adult rodents, VZ is replaced by the ependymal layer, while the subventricular zone (SVZ) still persists (Morshead et al., 1998). The adult SVZ consists of actively proliferating progenitor cells and relatively quiescent stem cells, which generate neurons and glia throughout adulthood (Luskin, 1993; Lois and Alvarez-Buylla, 1994; Morshead et al., 1998). SVZ cells can be recruited to proliferate more extensively and differentiate into astrocytes in response to injury (Holmin et al., 1997; Weinstein et al., 1996). This proliferation can even replace specific neuronal populations after neuronal loss (Fallon et al., 2000).Furthermore, these cells have been demonstrated to proliferate, migrate, and differentiate into astrocytes and oligodendrocytes in response to lysolecithin-induced demyelination of the white matter (Nait-Oumesmar et al.,1999), suggesting that they could serve as an additional source of oligodendrocyte precursors for CNS remyelination.The inflammatory nature of EAE may upregulate several neurotrophins like brain derived neutrophic factor (BDNF) ( Kerschensteiner et al., 1999) since its receptors are expressed by astrocytes (Stadelmimn et al., 2002) to counter ongoing cellular pathology. Moreover, EAE increases neurogenesis in the SVZ and newly generated proliferative cells migrate towards carpus callosum, cortex and olfactory bulb where they undergo oligogenesis (Nathalie Picard-Riera et al., 2002).

Proliferation and differentiation of neural progenitor cells is strictly regulated by cell cycle kinetics (Takahashi et al., 1993; Caviness et al., 2003).Cellular signaling can impact neocortical neurogenesis by changing several parameters of cytokinetics e.g. growth fraction (GF; proportion of proliferating cells) and the length of cell cycle (TC) (Nowakowski et al., 1989; Takahashi et al., 1993; Caviness et al., 2003). Studies in neonatal and postnatal rats show that the cell cycle length of the SVZ ranges from 14 to 18.6 h (Schultze and Korr, 1981; Smith and Luskin, 1998). Increase in the proliferating cell population in the SVZ after EAE could result from increase of GF and/or shortening of TC of progenitor cells in the SVZ.However, the influence of EAE on cell cycle kinetics in the adult brain has not been investigated. Accordingly, using cumulative and single 5-bromo-2-deoxyuridine (BrdU) labeling protocols developed by Nowakowski et al. (1989), we investigated the sequence of cell cycle parameters including TC (total cell cycle length) and the length of four cell cycle phases G1, S, G2 and M, and the rate of the cells produced in the SVZ of adult rats after EAE.
3. Results

3.1 EAE Leads to Demyelination, Disruption of Blood Brain Barrier (BBB) and loss of CNP.
EAE was induced after a single injection of 50µg/Kg MOG subcutaneously and the signs of the disease were evident after 1 week post immunization (p.i) which included loss of tail tone. Mean neurological deficits were calculated groupwise which represents average score of an animal in a particular group. The disease reached its maximum neurological deficit after 14 ± 1 days p.i with hind limb paralysis. The first acute period lasted for about 18-20 days p.i (Fig.1) Disruption of (BBB) was evidenced by increased absorbance of Evans blue in EAE rats (Fig.2A) and increment in the fluorescence intensity of Evan’s blue-albumin dye complex in EAE rats when compared to adjuvant controls (Fig.2C).EAE rats displayed pronounced demyelination (Fig.3B) which was not limited to periventricular white matter in comparison to controls (Fig.3A). Some of the lesions could be also seen in grey matter. Moreover, there was a steep decrease (P<0.001) in the brain CNP activity (Fig.3C) suggesting oligodendrocyte loss after the first acute episode.
3.2 Expansion of the Subventricular Zone after EAE
The SVZ of the lateral ventricular wall in adjuvant control rats was approximately 21.11µm (21.11± 4.2 µm) wide on the coronal sections being analyzed (Fig.4A), whereas the width of the SVZ at 20 days after induction expanded to nearly 78.08 µm (78.08± 12.22 µm) from the lateral ventricle to the striatum (Fig.4B).Expansion of the SVZ was associated with increase in the number of BrdU+ cells in EAE rats comparison with the number in adjuvant control SVZ.These data indicate that BrdU+ cells in the SVZ represent proliferating cells.
3.3 Increased cell death in proliferative population after EAE
TUNEL assay labels nuclei undergoing apoptosis. Analysis revealed few TUNEL (+) cells in the adjuvant controls (Figure 5A) where as EAE increased their number significantly (P<0.05) in the SVZ (Figure 5B).Data suggests role of apoptosis in development of SVZ.The increased number of TUNEL (+) (Fig.5C) cells in EAE suggests early stage cell death in SVZ after MOG induced EAE.
3.4 EAE Increases Growth Fraction and Decreases the Length of the Cell Cycle
To test whether expansion of the SVZ after EAE is due to an increase in GF and/or shortening of TC of progenitor cells, we measured LI, the proportion of BrdU labeled cells to total cells in the SVZ, over time in EAE and adjuvant injected rats, using the cumulative BrdU labeling protocol. BrdU (+) cells were counted in each section representing one animal for a specific time point. A few BrdU-labeled cells were detected in the SVZ at 0.5 h after the initial cumulative BrdU injection (Fig.6). However, the number of BrdU+ cells increased with time in both adjuvant control and EAE rats, and more BrdU-labeled cells were detected in EAE than that in non EAE rats (Fig.6A). A plot of the LI versus the survival time for both EAE and non EAE rats shows that LI increased linearly to a maximum value 14.5 h in adjuvant controls and 12.3 h in EAE rats, and then leveled off (Fig.4-graph panel). EAE showed a higher GF plateau value (27%) when compared to adjuvant controls (GF, 20.0%), but showed no difference in the rate of ascent of LI for SVZ (Fig.4-graph panel). These data indicate that EAE increases the actively dividing cell population in the SVZ. Using this plot, TC and TS were determined according to equations (1) and (2), described in the Materials and methods. TC was 20 and 15.6 h (P < 0.05) in adjuvant control and EAE groups, respectively, while TS was 4.75 and 4.04h for controls and EAE rats, respectively (P > 0.05, Table 1). Thus, clearly EAE increases the proliferating cell population in the SVZ by shortening the length of cell cycle, but does not significantly affect the duration of the S phase.
3.5 EAE does not affect the Lengths of the G2 and M Phases of the Cell Cycle
A decrease of the length of the cell cycle in EAE SVZ compared with non EAE SVZ could result from changes in the duration of one or more particular cell cycle phases after EAE because the cell cycle is the sum of its component phases. To investigate the reason for the decreased length of the cell cycle in EAE SVZ, the combined length of the G2 and M phases was determined using the single BrdU labeling protocol where a single injection was done and number of BrdU(+) cells were counted in each section representing a time point. BrdU (+) mitotic figures after the injection were detected nearby the lateral ventricular surface (Fig.7).The combined length of TG2 +M phases corresponding to the time required for all of the mitotic figures to become labeled, had the same value of approximately 2 h in non EAE and EAE rats (Fig.5-graph panel). These data demonstrate that EAE does not change (P>0.05) the lengths of the TG2 +M phases of the cell cycle.
3.6 EAE Decreases the Length of the G1 Phase of the Cell Cycle
Although the length of the cell cycle decreases in EAE SVZ, the lengths of S, G2 and M phases are relatively invariant. This implies that a decrease in the length of the cell cycle in EAE SVZ could be due to a shortening of the length of G1 phase and not the S, G2 and M phases. Based on data from the cumulative and single BrdU labeling protocols, the length of the G1 phase was 12.25h and 9.56h in controls and EAE, respectively (Table 1). Thus, TG1 was 2.69h shorter in EAE than that in adjuvant control SVZ (P < 0.05).
4. Discussion
The molecular signaling pathways regulate proliferating population and the kinetics of the cell cycle in cortical neurogenesis during development and response towards injury which may include the depletion of a population of cells. The demeyelination in EAE is mediated by the loss of myelin sheaths and depletion of the oligodendrocyte pool. In other words, the cortical neurogenesis responds to the depletion of oligodendrocytes in EAE.Present study shows for the first time that EAE augments neurogenesis by increasing the GF and decreases the length of the cell cycle in SVZ cells, which results from shortening the G1 phase of the cell cycle. These data suggest that changes in the cell cycle kinetics contribute to EAE-induced neurogenesis in the adult rat brain. Our observation that approximately 20% of the SVZ population in the adult rat was actively dividing is consistent with the proliferating population (15% to 21%) in postnatal animals (Schultze and Korr, 1981; Smith and Luskin, 1998). EAE increases the proliferating cell population to 27%.However, the cumulative BrdU labeling protocol may underestimate the proliferating population in the SVZ after EAE because EAE increases SVZ cell migration towards the other structures including olfactory bulb and cortex compared with the number of SVZ cells in control rats (Nathalie Picard-Riera et al., 2002).Progenitors in SVZ descend from the epithelial wall to the ventricular border while passing from S-phase to G2 and M-phases and leave the ventricular wall in post mitotic phase (Takahashi et al., 1992) (Fig.8) Therefore these cells can migrate to different anatomical locations at different stages of cell cycle and lineage.

The proliferating population measured by the cumulative BrdU labeling protocol in control and EAE rats likely represents actively proliferating progenitor cells, because neural stem cells have a cell cycle of approximately 15 days in the adult SVZ (Morshead et al., 1994).Therefore, whether EAE affects the cell cycle of neural stem cells remains unknown. In addition, Calegari et al. (2005) showed that neural progenitor cells undergoing proliferative division or undergoing neuron-generating divisions have different cell-cycle lengths. However, the cumulative BrdU labeling protocol employed in the present study cannot differentiate between different types of cells. Data from cumulative BrdU labeling method indicated that the cell cycle length in the adjuvant controls was 19h. The cell cycle length in the pseudostratified ventricular epithelium of E14 mice is 15.1h (Takahashi et al., 1993) and 18 to 21h in the SVZ of adult rat (Schultze and Korr, 1981; Smith and Luskin, 1998). In adult rodents, the cell cycle length in the SVZ remains relatively constant throughout the animal lifetime (Smith and Luskin, 1998).

However, EAE substantially shortened the cell cycle length to a duration of 15.6h, which is close to the cell cycle length of (15.1h) in progenitor cells during cortical neurogenesis (Takahashi et al., 1993), indicating that, after EAE, the progenitor cells in the adult SVZ may recapture cell cycle kinetics of progenitor cells in the developmental brain (Cramer and Chopp, 2000). Analysis of the cell cycle phases revealed that EAE did not significantly change the lengths of the S and G2+M phases. However, EAE significantly shortened the G1 phase, indicating that a shortening of the G1 phase of the cell cycle likely contributes to EAE induced decreases in the cell cycle length. Our findings are comparable with data obtained from cortical neurogenesis in embryonic mice. The length of the cell cycle increases from 8 to 18h in E11 to E17, which results entirely from an increase in the length of G1 phase and no change in the length of S, and G2+M phases (Takahashi et al., 1993; Caviness et al., 1999, 2003; Cai et al., 2002). During cortical development, the proportion of cells that exit versus reenter the cell cycle regulates cortical neurogenesis and brain size (Caviness et al., 1999, 2003; Chenn and Walsh, 2002).The present study shows few TUNEL-positive cells in the adjuvant control SVZ and slightly higher number in the EAE SVZ, suggesting early stage cell death in this proliferative population.EAE derived neurospheres undergo increased spontaneous apoptosis in vitro as compared to the adjuvant controls neurospheres (unpublished data).Each proliferative cell can generate hundreds of cells which after lineage specification differentiates into oligodendrocytes and each oligodendrocyte mylinates several neurons. Therefore, loss of actively proliferating cells can hamper the regenerative capacity of CNS as compared to the quiescent or terminally differentiated cells. These data uncover one of the potential contributing mechanisms of the failure of the remyelination i.e. loss of progenitor/stem cells in early stage.

In summary, the present study shows for the first time that EAE changes cell cycle kinetics of neural progenitor cells in the adult brain, resulting in an increase of the progenitor cell population. Augmentation of the progenitor cell pool increases neurogenesis, which can replenish damaged neurons and restore the oligodendrocyte pool (Ansi Chang et al., 2002).Further understanding of the molecular signals that regulate cell cycle changes and how the decision to differentiate into neuronal or glial lineage along with decision to death and proliferation of neuronal progenitor cells after EAE in the adult brain will lend valuable insight into endogenous repair mechanisms in human multiple sclerosis and other neurodegenerative disorders.
5. Experimental Procedures

5.1 Antibodies and reagents
BrdU,3-3’ diaminobenzidine (DAB) with metal enhancer,anti-myelin basic protein antibody (MBP), normal goat serum(NGS),Freud’s complete adjuvant (CFA),Evan’s blue, JC-1 and Griess Reagent system were purchased from Sigma, St Louis, USA.Monoclonal anti-BrdU antibody(Abd Serotec),rabbit polyclonal staining kit(Bio SB U.S.A), Sheep anti-digoxigenin antibody(Exbio,Vestec Czech Republic) MOG (33-35) was purchased from Alexis Axxora USA. All other routine chemicals used in this investigation were of research grade.
5.2 Induction of active EAE
Young female Wistar rats (150±10) gm were obtained from Jamia Hamdard central animal house. All the procedures done were approved by ethical committee regulating use of laboratory animals for experimentation in Jamia Hamdard.Animals were housed (n=2/cage) under a 12:12 hr light- dark cycle starting at 08.00h for initial acclimatization for about 1 week, and permitted food and water ad libitum. Randomly each animal was assigned to two groups, group1-received 100µL of CFA(Sigma ,St Louis, USA) containing heat killed Mycobacterium strain HR 37 a subcutaneously (non EAE or adjuvant control group) and second receiving 100µL innoculum containing 50µg MOG in saline emulsified in Freud’s complete adjuvant (CFA) (1:1) (now onwards EAE group).The course of the disease was followed until the first acute period for neurological signs (0, healthy; 1, loss of tail tone; 2, hindlimb weakness; 3, hindlimb paralysis; 4, scale 3 plus forelimb weakness; 5, moribund or dead).
5.3 Evaluation Blood Brain Barrier (BBB) integrity after EAE
To estimate the damage incurred to BBB, rats were intraperitoneally injected with the albumin-binding dye Evans blue (5mL of 2% solution in 0.9% NaCl, Sigma, St. Louis, MO).1-2 hours after injection the anesthetized rats were decapitated, and the brains were quickly removed. The analysis of dye penetration in brain was studied using two different approaches.i) EAE or control brain slices were dissected, dissolved in 0.1 M phosphate buffer solution (10µL/mg tissue) containing 1% SDS (SD Fine, India), homogenized, and centrifuged (12,000xg; 5min.) with an Remi (India, New Delhi) centrifuge (C30BL) to precipitate confounding cell debris. Albumin–Evans blue complex concentrations were spectrophotometrically measured in the supernatant at 595nm wavelength using a microplate reader (BioRad U.S.A).In the second approach, 5-8µm coronal sections of the brain were cut after perfusion and subsequent fixation (Ernst Seiffert et al.,2004). The fluorescence intensity of the Evan’s blue-albumin dye complex was recorded at 580nm on a microscope with attached digital camera.
5.4 Assay for 2ˊ, 3ˊ-Cyclic Nucleotide 3ˊ-Phosphodiestrase activity (CNPase)
Tissues were homogenized in 9 volumes of 0.32 M sucrose. Aliquots (0.2mL) of homogenate was mixed with 0.5% (wt/vol) sodium deoxycholate(SD Fine, India) in 0.2 M Tris-HCl (Hi-Media) (pH 7.5) (0.3mL) and incubated for 10min. at 40C. The homogenates were diluted in three volumes of distilled water and the protein concentration measured by Bradford method. Homogenates (20µg protein) were incubated with 180mL of 10.5 mM 2ˊ-3ˊ cAMP in 50mM Trismaleate pH 6.2 for 10min. at 300C. The reaction was terminated by placing tubes in boiling water for 30s.The solutions were returned to 300C and 0.1mL of 0.3M Tris (p.H 9.0) containing 21mM MgCl2 and 0.72 units of alkaline phosphatase (Fermentas) were added and the mixture incubated at 300c for 20 min (Prohaska et al.,1973). A mixture of isobutanol and toluene (1:1) (1.2mL) was then added together with 1.2mL of 1.5% (wt/vol) (NH4)6 MO7 O24•4H2O in 0.5 M H2SO4. After 20min. of shaking, the solutions were centrifuged 1000xg for 4min. and the absorbance of the yellow upper layer was read spectrophotometrically at 410nm. Activity was expressed in Units (one unit defined as one µmole phosphate release per mg of protein per min.).
5.5 Immunohistochemistry
An already descried method was employed with some modifications (Mir Sajad et al., 2009).Briefly, animals were anesthesized by ether and perfused with 200mL of prechilled P.B.S (p.H 7.4) by transcardial perfusion. After the removal of the blood, 150mL of 4% paraformaldehyde was infused through the same procedure. The brains so obtained were preserved in the same preservative overnight followed by dehydration in 30%, 20% and 10% sucrose successively up till 3 days and were fixed after that in formaldehyde fixative until immunochemical staining.5µm thick sections of paraffin embedded blocks were cut through the coronal plane using grading type microtome. Sections were incubated in retrieval solution (0.01M Tris-Hcl) (p.H 1.0) at 70-800C for 15min. and allowed to cool appropriately. The endogenous peroxides were blocked by incubating sections in 0.3% H2o2 in methanol followed by incubation in blocking buffer containing 0.1M PBS,0.04% Triton X-100 and 10% NGS to block non specific epitopes.Sections were incubated in anti rat anti-MBP monoclonal antibody raised in rabbit (Sigma ,St Louis, USA) (1:100 diluted in NGS) for 72h at 40C.After rinsing in buffer, sections were processed using three layer peroxidase staining kit from BioSB (U.S.A) using 3,3-diaminobenzidine(DAB) as specific substrate. In case of BrdU immune staining, antigen retrieval was done sections permeabilising the sections with warm (370C) trypsin for 2min. and then incubated in 2N Hcl for 10 min. before the application of monoclonal anti BrdU antibody (1:100) (Sigma, St Louis, USA) for 72h at 40C .Lastly the slides were counterstained with hematoxylin (Merk, Germany) for 20s.Slides were then cleaned in xylene, gradually dehydrated with ethanol and cover slipped in mounting medium.
5.6 BrdU labeling
After successful induction of active EAE with, animals received injections of BrdU (a thymidine analog) (Sigma, St Louis, USA) intra peritoneally at a dosage of 50mg/Kg body weight prepared in phosphate buffered saline (p.H 7.4) containing 0.007N NaoH according to different schedules described in forthcoming sections.
5.7 Cumulative 5-Bromo-2-Deoxyuridine Labeling
To estimate the length of cell cycle (TC), the length of S phase (TS) and proliferating population of SVZ cells (GF),a cumulative BrdU labeling protocol established by Nowakowski et al. (1989) and Takahashi et al. (1993) was used. This protocol requires that the serial BrdU injections be spaced so that the length of nonlabeled intervals between injections is less than the length of S phase such that all nuclei passing through S phase will be labeled (Nowakowski et al., 1989; Takahashi et al., 1993). Briefly, adult rats were intraperitoneally injected with BrdU (50 mg/kg, Sigma) at 2h intervals over a total period of 18.5h, beginning at 08.00h. At 30min. after each of the BrdU injections, selected rats were killed. Three to four animals per time point were killed with a total of 10 time points. Adjuvant injected rats were used as controls. For analysis of BrdU-labeled cells, every 40th BrdU immunostained coronal section at the level of AP + 10.6mm and AP + 9.2mm (Paxinos and Watson, 1986) was digitized.5-Bromo-2-deoxyuridine- labeled and unlabeled cells along the SVZ of the lateral ventricular wall were counted on a computer monitor to improve visualization and in only one focal plane to avoid oversampling. Endothelial cells were excluded from the counting exercise. 5-Bromo-2-deoxyuridine-labeled and unlabeled cells in each SVZ coronal section are presented as the number of the cells /section. Density for the four sections per rat was averaged to obtain a mean density value for each brain according to published methods (Kuhn et al., 1996; Zhang et al., 2001). Using this method, we counted the number of BrdU cells in the SVZ and the dentate gyrus.The results are comparable to the number obtained from the stereology method (Kuhn et al., 1996; Zhang et al., 2001).For each brain, an average labeling index (LI), that is, the ratio of labeled cells to total cells, was determined by averaging the LIs of four nonadjacent sections at each time point, and was plotted as a function of time after the initial injection (Nowakowski et al., 1989; Takahashi et al., 1993). The GF, that is, the ratio of proliferating cells to the total cells in the population, and the parameters of TC and TS were calculated by using least-squares (LS) line fit to all considered data points (Nowakowski et al., 1989; Takahashi et al., 1993). TC and TS were calculated from the graphs based on two relationships: (1) the time required to label the GF, that is, the inflection point of the curve, is equal to TC/TS; and (2) the y-intercept of the curve is equal to (TC/TS) x GF (eq.1) (Nowakowski et al., 1989; Takahashi et al., 1993).
5.8 Single-Pulse 5-Bromo-2-Deoxyuridine Labeling
To estimate the G2 and M phases (TG2 +M) of the cell cycle, a single-pulse BrdU protocol was used (Nowakowski et al., 1989; Takahashi et al., 1993). Animals received a single intraperitoneal injection of BrdU at 0800 h. and were killed 30, 40, 50, 60, 90, 120, 160 and 180min. later. At the end of the experiment, brain samples were collected, fixed and stained with BrdU, as described already. The numbers of BrdU labeled and unlabeled mitotic cells in the SVZ were counted on every 40th BrdU immunostained coronal section per rat. A single injection of BrdU labels a cohort of cells that are in S phase at the time of the injection, and the labeled cells progress through the cell cycle (Nowakowski et al., 1989; Takahashi et al., 1993). The mitotic labeled index (MLI) (i.e., the ratio of labeled mitotic figures to total mitotic figures) was determined for each section and presented as the total number for each animal. Data for each rat were plotted as a function of time after the BrdU injection using an LS fit (Nowakowski et al., 1989; Takahashi et al., 1993). From the plot, the duration of TG2 and TG2 +M was calculated as follows: the time during injection of BrdU and the appearance of the first labeled mitotic figure is a determination of TG2; the time required for the leading cells of the labeled cohort to enter M phase and MLI to reach 100% is TG2 +M. TG1 was estimated by the equation: TG1 = TC – (TS + TG2 +M) (eq.2) (Nowakowski et al., 1989; Takahashi et al., 1993).
5.9 Insitu Tunnel assay
Tunnel assay was performed as described previously (Moshiri et al., 2009) after some modifications. Paraffin-embedded tissue sections cut on a microtome (5-10µm) were deparaffinized and rehydrated through an alcohol series (50%, 70%, 95%, and 100%; 2 minutes each) and rinsed twice in Tris-buffered saline. Next, sections were incubated in 5µg/mL proteinase K (SRL-India), followed by a 10-minute incubation of 1% peroxides in MeOH, and incubated for 20 minutes in terminal transferase buffer. Sections were incubated for 1 hour at room temperature in 300 U/mL terminal transferase enzyme and 10nM, dNTP-BrdU labeling mixture in terminal transferase buffer and then incubated in terminal transferase stop solution for 10 minutes (Gavrieli et al., 1992). Sections were rinsed, incubated for 10 minutes at room temperature in blocking solution (Tris buffered, 10% Goat serum, 10% Bovine serum albumin), and then incubated overnight at 4°C in horseradish peroxidase conjugated rabbit monoclonal anti-BrdU. Sections were rinsed extensively and the staining was visualized with Bio-SB colorimetric staining kit using DAB as substrate and briefly counterstained in hematoxylin (10s), then dehydrated through an ascending alcohol series ending with xylene and coverslipped in mounting medium.
5.10 Protein Content
Protein content was determined by an already described method (Bradford, 1976).
5.11 Statistical Analysis
All the data presented were Mean ±SEM.The variation within the groups was analyzed by unpaired one tailed t-test. Any variations with p<0.05 were considered to be significant.
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