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Ethidium bromide staining (iii), the merge of ii over iii (iv), 
overlay of iv over i (v).  Arrow indicates early apoptotic cells  
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Figure 2.11  Scratch/wound healing assay in C6 cells following treatment 
with BaBG, 45S5, or Temozolomide (TMZ) (A), time-
dependent percentage wound recovery in C6 cells treated with 
the above formulations (B) and comparison of time-dependent 
percent wound area recovery to wound area created in the 
presence of culture medium, BaBG, 45S5 or TMZ (C-F). All 
values are mean ± SD (n=3). aP<0.05, bP<0.05 and cp<0.05, 
compared to culture media, 45S5 and BaBG treatment and 
@p<0.05, #p<0.05 and $p<0.05 compared to 4, 8 and 16 h of 
incubation of C6 cells (Two-way ANOVA followed by 
Bonferroni post hoctest)  

72 

Figure 2.12  Effect of BaBG and 45S5 on IL-6 (A), TNF-α (B) and IL-10 
(C) level in C6 cells. All values are mean ± SD (n=3). aP<0.05, 
bP<0.05 and xp<0.05 compared to vehicle (culture media 
treated), LPS, and 45S5 treatment groups (Two-way ANOVA 
followed by Bonferroni post hoc test)  

74 

Figure 3.1  Schematic representation of the experimental protocol of the 
in-vivo single-dose oral pharmacokinetics study of BaBG  

80 

Figure 3.2  Schematic representation of the experimental protocol of the 
in-vivo biodistribution study after single-dose oral 
administration of BaBG  

82 

Figure 3.3  The release pattern of Ca (A), Si (B), and Ba (C) in SBF 
solution at pH 7.4 from BaBG at various time intervals for 7 
days using ICP-MS and their representation by heatmap(D)  

86 

Figure 3.4  Plasma concentration profile of Ca (i), Ba (ii), and Si (iii) 
released from BaBG administered orally with the heatmap 
representation of the plasma concentration of Ca, Ba, and Si 
(iv). All values are in mean ± SD (n=7 rats/ group). @p<0.05, 
ap<0.05, and bp<0.05 compared to control, dose 1mg/kg and 5 
mg/kg of BaBG respectively. wp<0.05, xp<0.05, and 
yp<0.05compared to 1, 24, 48 h respectively (Two-way 
ANOVA followed by Bonferroni post-hoc test)  

90-91 

Figure 3.5  Representative scanning electron microscopy image of the 
stomach of the control and BaBG-treated rat exhibiting the 
deposition of abundant hydroxyapatite (HA) crystals on the 
gastric epithelium layer of the stomach without any abrasion 
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of the protective layer qualitatively. The macroscopic 
photographs of the stomach of both the groups are also 
showing normal morphology. Magnification: 5k X; scale bars: 
2 µm  

Figure 3.6  Representative photograph of the scanning electron 
microscopy of liver (i), spleen (ii), kidney (iii), heart (iv), 
lungs (v), and brain (vi) section of control (A) and orally 
treated BaBG rat (B).  The liver section of the treated rat 
exhibited the presence of normal hepatocytes (H) surrounding 
the sinusoids (S) and central vein (CV). The deposition of 
hydroxyapatite (HA) along with the presence of erythrocytes 
(RBC; shown in red arrow) is seen. The spleen of BaBG-
treated rat exhibiting abundant hydroxyapatite (HA) 
deposition and the lungs of control and BaBG rats also 
exhibited normal alveoli (A) and alveolar duct (Ad). Similarly, 
the cross-section of the kidneys of treated rat exhibited normal 
architecture of the Bowman’s capsule (B; yellow arrow) along 
with the glomerular tuft. There are also podocytes (P) and 
erythrocytes (RBC) visible along with the deposition of 
crystals of HA. The SEM analysis of heart exhibited intact 
myofibres (Myo) with the presence of loose connective tissue 
and collagen fibers (CF). BaBG rats exhibited normal surface 
morphology in brain section similar to the control rats without 
any deposition of HA. Magnification of liver, spleen, lung, and 
heart: 550X and 5 kX; scale bars: 40 µm and 4 µm 
respectively. Magnification of kidneys: 450 X and 1.5 kX; 
scale bars: 50 µm and 10 µm respectively. Magnification of 
brain: 1 kX and 5 kX; scale bars: 20 µm and 4 µm respectively  

106 

Figure 4.1  Schematic representation of the experimental protocol for 
single-dose acute toxicity study (OECD 423) to determine the 
LD50 cut-off (mg/kg b.w.) value. The starting dose of 300 
mg/kg b.w. was selected. If 2-3 animals die, a lower test dose 
(i.e., 50 mg/kg) was tested and if no or one animal dies, the 
next higher dose (i.e., 2000 mg/kg) was tested. Black arrow 
indicates the test procedure followed in our study  

111 

Figure 4.2  Schematic representation of the repeated 28-day oral toxicity 
study as per OECD 407 guidelines. In the subacute toxicity 
study, rats (n=10/group) were administered BaBG (dose: 50, 
500, and 1000 mg/kg b.w.) and were observed daily for any 
sign of toxicity  

113 

Figure 4.3  Representative macroscopic photographs showing normal 
morphology of (i) 45S5 [liver (A), brain (B), kidneys (C), 
spleen (D), and lungs (E)] and (ii) BaBG [liver (F), brain (G), 
kidneys (H), spleen (I), and lungs (J)] treated rats after single-
dose administration of highest dose (i.e., 2000 mg/kg b.w.) at 
the end of day 14  

118 



xviii                                                         Indian Institute of Technology (BHU), Varanasi 
 

Figure 4.4  Effect of single-dose oral administration of BaBG and 45S5 
on body weight of rats at various time points during the 
experimental protocol. All values are in mean ± SD (n=6 
female rats/ group). (Two-way ANOVA followed by 
Bonferroni post hoc test)  

119 

Figure 4.5  Effect of single-dose oral administration of BaBG and 45S5 
on organ coefficient of the brain (A), heart (B), lung (C), 
kidneys (D), liver (E), and spleen (F) at the end of the 
experimental protocol. All values are in mean ± SD (n=6 
female rats/ group). (One-way ANOVA followed by Tukey’s 
multiple comparison post hoc test)  

121 

Figure 4.6  Effect of single-dose oral administration of BaBG and 45S5 
on serum concentration of AST (A), ALT (B), ALP (C), 
creatinine (D), CK-MB (E), and calcium (F) at the end of the 
experimental protocol. All values are in mean ± SD (n=6 
female rats/ group). (One-way ANOVA followed by Tukey’s 
multiple comparison post hoc test)  

126 

Figure 4.7  Effect of single-dose oral administration of BaBG and 45S5 
(dose of 300 and 2000 mg/kg b.w.) on highly perfused organs 
like brain, heart, lung, liver, kidney, and spleen tissue stained 
with hematoxylin and eosin  

129 

Figure 4.8  Effect of repeated-dose 28 days oral administration of BaBG 
and 45S5 (50, 500, and 1000 mg/kg) on body weight of male 
(A) and female (C) rats along with their food intake (B and D, 
respectively) during the experimental protocol. All values are 
in mean ± SD (n=5 rats/ group). (Two-way ANOVA followed 
by Bonferroni post -hoc test)  

131 

Figure 4.9  Schematic representation of the track plot of (i) male and (ii) 
female rats respectively divided into following groups: control 
(A), 45S5 (B, C, D; dose: 50, 500, and 1000 mg/kg b.w. 
respectively), and BaBG (E, F, G; dose: 50, 500, and 1000 
mg/kg b.w. respectively) recorded during 5 min test sessions 
on day 28 (ANYMAZE)  

139 

Figure 4.10  Histological analyses of the brain tissue of control (A), 45S5, 
and BaBG (B and C respectively; dose: 1000 mg/kg b.w.) 
treated male and female rats after repeated 28 days oral 
administration. Bar: 50 µm and 20 µm. Hematoxylin and eosin 
staining  

142 

Figure 4.11 Histological analyses of the lungs of control (A), 45S5, and 
BaBG (B and C respectively; dose: 1000 mg/kg b.w.) treated 
male and female rats in subacute toxicity study. 45S5 and 
BaBG treated rats exhibited normal appearance of alveoli with 
thin epithelial walls surrounded by capillaries similar to the 
control rats. Edema or alveolar hemorrhage in the alveolar 
cavities was also not observed in the treatment groups. Bar: 
100 µm. Hematoxylin and eosin staining  
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Figure 4.12  Histological analyses of the heart of control (A), 45S5, and 
BaBG (B and C respectively; dose: 1000 mg/kg b.w.) treated 
male and female rats. The heart of 45S5 and BaBG treated rats 
exhibited normal morphology with oval and centrally located 
nuclei in cardiomyocytes regularly arranged in myofibres. No 
vacuolar degeneration of the myofibrils was observed in 
455S5 and BaBG rats. Bar: 50 µm. Hematoxylin and eosin 
staining  
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Figure 4.13  Effect of repeated-dose 28 day oral administration of BaBG 
and 45S5 on microstructure of liver (dose: 1000 mg/kg b.w.) 
in male and female rats. (A) Control and (B) 45S5 treated male 
and female rats exhibited normal hepatocytes with intact 
vesicular nucleus radiating from the central vein surrounding 
the portal tract. No congestion of the central vein or dilation 
of the sinusoid was observed. (C) The female BaBG treated 
rats showed mild lymphoid infiltration in the portal areas 
without any sinusoid dilation. Bar: 100 µm. Hematoxylin and 
eosin staining  
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Figure 4.14  Effect of repeated-dose 28 day oral administration of BaBG 
and 45S5 on microstructures of kidney (dose: 1000 mg/kg 
b.w.) in male and female rats. The cross-section of (A) control, 
(B) 45S5, and (C) BaBG treated male and female rats 
exhibited normal architecture of glomeruli, bowman’s 
capsule, and renal corpuscles with intact proximal and distal 
convulated tubules. Bar: 50 µm. Hematoxylin and eosin 
staining  
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Figure 4.15  Effect of repeated-dose oral administration of BaBG and 45S5 
(dose: 1000 mg/kg b.w.) on spleen of male and female rats. 
The cross-section of (A) control, (B) 45S5, and (C) BaBG 
treated male and female rats showed normal appearance of the 
lymphatic nodules of white pulp, splenic cords of red pulp, and 
the spleen trabecula. Bar: 50 µm. Hematoxylin and eosin 
staining  

147 

Figure 5.1  Presents a graphical representation depicting the schematic 
diagram outlining the proposed hypothesis concerning the 
molecular mechanism underlying the pathogenesis of NP in a 
CCI-induced NP rat model. The injury to the sciatic nerve 
(SN) leads to the development of central sensitization due to 
upregulation in the expression of calcium channels (Cav2.2) 
in the dorsal horn of spinal cord (SC). Besides, there are also 
enhanced expression of heat-sensing TRPV1 channels in the 
SC. Upregulation in the expression of these channel results 
increase in the influx of calcium ions leading to 
hyperexcitation of the nociceptive neurons and development 
of NP phenotypes.  In addition, the resident immune cells of 
CNS i.e., glial cells (astrocytes and microglia) get activated 
post-CCI leading to increase in release of calcium-binding 
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proteins i.e., S100b. S100b gets activated in presence of 
calcium ions causing release of pro-inflammatory cytokines 
and progression of NP. Therefore, the temporal changes in the 
intracellular calcium and S100b protein level will help to 
identify the pharmacological window of opportunity. Besides, 
to validate the role of S100b in the pathogenesis and 
progression of NP in this model, we have used specific S100b 
inhibitor i.e., pentamidine to evaluate its effect on NP 
phenotypes  

Figure 5.2  Schematic representation of the experimental protocol 
followed for the CCI-induced neuropathic pain model and the 
behavioral assessment of the symptoms developed post-
surgery  
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Figure 5.3   Schematic representation of the experimental protocol 
followed for the temporal study performed to measure the 
intracellular calcium and S100b level in the CCI-induced 
neuropathic pain model  

157 

Figure 5.4  Schematic representation of the experimental protocol 
followed for validation of the role of S100b in the 
pathogenesis/progression of NP in the CCI-induced NP model 
in rats 

158 

Figure 5.5  Sensory and motor deficit due to chronic constriction injury in 
rats. The effect of CCI on the development of (A) thermal 
hyperalgesia, (B) cold allodynia, (C) mechanical hyperalgesia, 
and (D) changes in the BBB score. All values are in mean ± 
SD (n=4 rats/ group). ap<0.05, bp<0.05, and cp<0.05 compared 
to D-0, D-3, and D-7 respectively. (One-way ANOVA 
followed by Tukey multiple comparison post-hoc test)  

172 

Figure 5.6  Temporal changes in the intracellular calcium, S100b and 
TNF-α level in SN and SC post-CCI injury. All values are in 
mean ± SD (n=4 rats/ group). ap<0.05, bp<0.05, cp<0.05, 
dp<0.05, ep<0.05, and fp<0.05 compared to 0, 0.25, 0.5, 1, 3, 
and 7 days post-injury. (One-way ANOVA followed by 
Tukey’s multiple comparison post-hoc test)  

175 

Figure 5.7  (A) A correlation between intracellular calcium level, S100b, 
and TNF-α level on D-21 post-CCI. (B) A correlation between 
S100b level and NP phenotypes on D-21 post-CCI  

175 

Figure 5.7 (B) A correlation between S100b level and NP phenotypes on 
D-21 post-CCI of peripheral nerve. 

176 

Figure 5.8  Sensory and motor deficit due to chronic constriction injury in 
rats. Effect of pentamidine on (A) thermal hyperalgesia, (B) 
cold allodynia, (C) mechanical hyperalgesia, (D) dynamic 
mechanical allodynia, and (E) retention time on the rota-rod. 
All values are in mean ± SD (n=12 rats/ group). ap<0.05, 
bp<0.05, cp<0.05, and dp<0.05 compared to control, sham, 
CCI, and pentamidine respectively. (Two-way ANOVA 
followed by Bonferroni post-hoc test)  

179 
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Figure 5.9  Representative images of the (i) paw of the ipsilateral side and 
(ii) footprints of control, CCI, pentamidine and pregabalin 
treated rats. (ii) Effect of pentamidine on SFI and BBB score. 
All values are in mean ± SD (n=12 rats/ group). ap<0.05, 
bp<0.05, cp<0.05, and dp<0.05 compared to control, sham, 
CCI, and pentamidine respectively. (Two-way ANOVA 
followed by Bonferroni post-hoc test)  

181 

Figure 5.10  Effect of pentamidine on (i) intracellular calcium and (ii) 
S100b level in SN and SC. All values are in mean ± SD (n=4 
rats/ group). ap<0.05, bp<0.05, cp<0.05, and dp<0.05 compared 
to control, sham, CCI, and pentamidine respectively. (Two-
way ANOVA followed by Bonferroni post-hoc test for Fura 2-
AM assay) (One-way ANOVA followed by Tukey’s multiple 
comparison post-hoc tests for S100b level)  

183 

Figure 5.11  A correlation between S100b and NP phenotypes after the 
pentamidine treatment (10mg/kg b.w.)  

183 

Figure 5.12  Effect of pentamidine on CaV2.2 and TRPV1 mRNA 
expression in the SN (A and C respectively) and SC (B and D 
respectively). All values are in mean ± SD (n=4 rats/ group). 
ap<0.05, bp<0.05, cp<0.05, and dp<0.05 compared to control, 
sham, CCI, and pentamidine respectively. (One-way ANOVA 
followed by Tukey’s multiple comparison post-hoc test)  

186 

Figure 5.13  Effect of pentamidine on S100b expression in the SN. Scale 
bar was set at 50 μM with 20X magnification. All values are 
in mean ± SD (n=3 rats/ group). ap<0.05, bp<0.05, cp<0.05, 
and dp<0.05 compared to control, sham, CCI, and pentamidine 
respectively. (One-way ANOVA followed by Tukey’s multiple 
comparison post-hoc test)  

189 

Figure 5.14  Effect of pentamidine on S100b expression in the SC. Scale 
bar was set at 50 μM with 20X magnification. All values are 
in mean ± SD (n=3 rats/ group). ap<0.05, bp<0.05, cp<0.05, 
and dp<0.05 compared to control, sham, CCI, and pentamidine 
respectively. (One-way ANOVA followed by Tukey’s multiple 
comparison post-hoc test)  

190 

Figure 5.15  Effect of pentamidine on Iba-1 expression in the SC. Scale bar 
was set at 50 μM with 20X magnification. All values are in 
mean ± SD (n=3 rats/ group). ap<0.05, bp<0.05, and cp<0.05 
compared to control, sham, and CCI respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test)  

190 

Figure 5.16  Effect of pentamidine on GFAP expression in the SN. Scale 
bar was set at 50 μM with 20X magnification. All values are 
in mean ± SD (n=3 rats/ group). ap<0.05, bp<0.05, and cp<0.05 
compared to control, sham, and CCI respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test)  

191 
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Figure 5.17  Effect of pentamidine on GFAP expression in the SC. Scale 
bar was set at 50 μM with 20X magnification. All values are 
in mean ± SD (n=3 rats/ group). ap<0.05, bp<0.05, and cp<0.05 
compared to control, sham, and CCI respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test)  

191 

Figure 5.18 Effect of pentamidine on (i) NF- κB mRNA expression and 
(ii) TNF-α and IL-6 levels in the SN and SC. All values are in 
mean ± SD (n=4 rats/ group). ap<0.05, bp<0.05, cp<0.05, and 
dp<0.05 compared to control, sham, CCI, and pentamidine 
respectively. (One-way ANOVA followed by Tukey’s multiple 
comparison post-hoc test)  

193 

Figure 5.19 Representative images of Golgi-cox impregnated spinal cord 
slice of control, sham, CCI, pentamidine, and pregabalin 
treated rats. Scale bar was set at 200, 100, and 50 μM  

195 

Figure 5.20  (i) Representative image of the camera lucida drawing of 
neuron of SC which is superimposed over concentric circles 
using Sholl analysis. (ii) Effect of pentamidine on (A) number 
of branching points across the soma, (B) dendrite length at 
radial distance from the soma and (C) the total length of 
dendrites. All values are in mean ± SD (n=4 / group). ap<0.05 
and bp<0.05 compared to control and sham respectively. (One-
way ANOVA followed by Tukey’s multiple comparison post-
hoc test)  

195 

Figure 5.21  Effect of pentamidine on NF-L expression in the SN. Scale bar 
was set at 50 μM with 20X magnification. All values are in 
mean ± SD (n=3 rats/ group). ap<0.05, bp<0.05, and cp<0.05 
compared to control, sham, and CCI respectively. (One-way 
ANOVA followed by Tukey’s post-hoc test)  

198 

Figure 5.22  (A) Representative images of the gastrocnemius muscle of the 
contralateral and ipsilateral side of the leg.  (B) Representative 
image of the histological analyses of gastrocnemius muscle 
stained with hematoxylin and eosin at the end of 21st day post-
surgery. (C and D) Effect of pentamidine on gastrocnemius 
muscle weight and cross-section area of muscle fiber. All 
values are in mean ± SD (n=5 rats/ group). ap<0.05, bp<0.05, 
cp<0.05, and dp<0.05 compared to control, sham, CCI, and 
pentamidine respectively. (One-way ANOVA followed by 
Tukey’s multiple comparison post-hoc test)  

199 

Figure 5.23  Showcases the specific objective's outcome in exploring the 
molecular mechanism behind neuropathic pain (NP) in a CCI-
induced rat NP model. It suggests that the development and 
progression of NP is associated temporal increase in the 
intracellular calcium and calcium-binding protein i.e., S100b.  
Treatment with pentamidine, a specific S100B inhibitor, 
significantly reversed the neuropathic pain phenotypes 
induced by CCI. Besides, CCI of peripheral nerve caused 
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hyperactivation of astrocytes and microglia that was induced 
by S100B and pentamidine attenuated these observed changes. 
Treatment with pentamidine also lowered the S100B-induced 
increase in pro-inflammatory markers, specifically TNF-α and 
IL-6, in both the SC and SN post-injury. Therefore, these 
findings highlight that S100b is involved in progression and 
development of NP phenotypes in the CCI-induced NP model 
and could be the essential factor for an analgesic drug for 
better management of NP  

Figure 6.1  Presents a graphical representation depicting the schematic 
diagram outlining the proposed hypothesis concerning the 
molecular mechanism underlying the pathogenesis of NP in a 
CCI-induced NP rat model. The injury to the sciatic nerve 
(SN) leads to central sensitization due to upregulation in the 
expression of calcium channels (CaV2.2) in the dorsal horn of 
spinal cord (SC). Besides, there are also enhanced expression 
of heat-sensing TRPV1 channels in the SC. Enhanced 
expression of these channel results increase in the influx of 
calcium ions leading to hyperexcitation of the nociceptive 
neurons and development of NP phenotypes.  In addition, the 
glial cells get activated post-CCI leading to increase in release 
of calcium-binding proteins i.e., S100b that further triggers the 
release of pro-inflammatory cytokines and contributes to the 
progression of NP. Barium-doped bioactive glass (BaBG) 
leaches barium ion from its framework after coming in contact 
with the physiological fluid. BaBG, due to its calcium 
modulating effects may alleviate sensory and motor deficits 
observed in the CCI-induced NP in rats. It may also prevent 
the activation of calcium-binding protein i.e., S100b, reduce 
neuroinflammation, and concurrently cause axonal repair and 
remodelling; hence may have disease modifying effects  

206 

Figure 6.2  Schematic representation of the Plexiglas nerve bath chamber 
nerve apparatus with the ground, stimulating, and recording 
electrode used in the experiment. The isolated sciatic nerve 
(SN) is placed over the platform of nerve chamber in presence 
of physiological fluid containing the test compounds is 
stimulated and the compound nerve action potential (CAP) 
generated is recorded  

209 

Figure 6.3  Schematic representation of the experimental protocol 
followed for the pharmacological evaluation of BaBG for the 
treatment of NP in rat CCI model  

211 

Figure 6.4  Representative images of the EMG recording from the 
gastrocnemius muscle in response to the cold-stimulus-
evoked allodynia in the experimental rats  

216 

Figure 6.5  Effect of BaBG on the generation of CAP. All values are mean 
± SD (n=4). ap<0.05, bp<0.05, cp<0.05, dp<0.05, ep<0.05,  and 
fp<0.05 compared to groups i.e., in the PF, in the PF containing 
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Pregabalin, in the PF containing BaBG, in the PF containing 
BaCl2, in the PF containing 45S5, in the PF containing 
reduced calcium ions and BaBG, and in the PF containing 
BaBG and Pregabalin respectively. (One-way ANOVA 
followed by Tukey’s post hoc test)  

Figure 6.6  Effect of BaBG on (A) mechanical hyperalgesia, (B) thermal 
hyperalgesia, (C) cold allodynia, and (D) dynamic mechanical 
allodynia. All values are in mean ± SD (n=12 rats/ group). 
ap<0.05, bp<0.05, cp<0.05, dp<0.05, ep<0.05, and fp<0.05 
compared to control, CCI, BaBG-1, BaBG-5, BaBG-10, and 
45S5-10 respectively (Two-way ANOVA followed by 
Bonferroni post-hoc test)  

228 

Figure 6.7  Effect of BaBG on (A) SFI, (B) BBB score, and (C) time spent 
on rota rod. All values are in mean ± SD (n=12 rats/ group). 
ap<0.05, bp<0.05, cp<0.05, dp<0.05, ep<0.05, and fp<0.05 
compared to control, CCI, BaBG-1, BaBG-5, BaBG-10, and 
45S5-10 respectively (Two-way ANOVA followed by 
Bonferroni post-hoc test)  

230 

Figure 6.8  Effect of BaBG on the (i) mRNA expression of TRPV1 and 
Cav2.2, and on (ii) the intracellular calcium level in the SN 
and SC. (ii). All values are in mean ± SD (n=4 / group). 
ap<0.05, bp<0.05, cp<0.05, dp<0.05, ep<0.05, and fp<0.05 
compared to control, CCI, BaBG-1, BaBG-5, BaBG-10, and 
45S5-10 respectively. (One-way ANOVA followed by Tukey’s 
multiple comparison post-hoc test)  
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234 

Figure 6.9  Effect of BaBG on S100b expression in the SN. Scale bar was 
set at 50 μM with 20X magnification. All values are in mean 
± SD (n=3 rats/ group). ap<0.05, bp<0.05, cp<0.05, dp<0.05, 
ep<0.05, and fp<0.05 compared to control, CCI, BaBG-1, 
BaBG-5, BaBG-10, and 45S5-10 respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test)  

236 

Figure 6.10  Effect of BaBG on S100b expression in the SC. Scale bar was 
set at 50 μM with 20X magnification. All values are in mean 
± SD (n=3 rats/ group). ap<0.05, bp<0.05, cp<0.05, dp<0.05, 
ep<0.05, and fp<0.05 compared to control, CCI, BaBG-1, 
BaBG-5, BaBG-10, and 45S5-10 respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test)  

236 

Figure 6.11  Effect of BaBG on GFAP expression in the SN. Scale bar was 
set at 50 μM with 20X magnification. All values are in mean 
± SD (n=3 rats/ group). ap<0.05, bp<0.05, cp<0.05, dp<0.05, 
ep<0.05, and fp<0.05 compared to control, CCI, BaBG-1, 
BaBG-5, BaBG-10, and 45S5-10 respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test)  
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Figure 6.12  Effect of BaBG on GFAP expression in the SC. Scale bar was 
set at 50 μM with 20X magnification. All values are in mean 
± SD (n=3 rats/ group). ap<0.05, bp<0.05, cp<0.05, dp<0.05, 
ep<0.05, and fp<0.05 compared to control, CCI, BaBG-1, 
BaBG-5, BaBG-10, and 45S5-10 respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test)  

239 

Figure 6.13  Effect of BaBG in the mRNA expression of GFAP, S100b, and 
NF-kB expression in the SN (i) and SC (ii). All values are in 
mean ± SD (n=4 / group). ap<0.05, bp<0.05, cp<0.05, dp<0.05, 
ep<0.05, and fp<0.05 compared to control, CCI, BaBG-1, 
BaBG-5, BaBG-10, and 45S5-10 respectively. (One-way 
ANOVA followed by Tukey’s multiple comparison post-hoc 
test) 

242 

Figure 6.14  Effect of BaBG on TNF- α, IL-6, and IL-10 levels in the SN 
and SC. All values are in mean ± SD (n=4 / group). ap<0.05, 
bp<0.05, cp<0.05, dp<0.05, ep<0.05, and fp<0.05 compared to 
control, CCI, BaBG-1, BaBG-5, BaBG-10, and 45S5-10 
respectively. (One-way ANOVA followed by Tukey’s multiple 
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arrow) with high degree of myelin vacuolation (red star) in the 
disease group 
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PREFACE 

The thesis's research work entitled "Novel calcium-regulating mechanism of barium-

doped material for the treatment of neuropathic pain" is based on the assessment of 

the calcium-regulating mechanism of barium-doped biomaterial and its 

pharmacological potential for the treatment of neuropathic pain (NP) using chronic 

constriction injury (CCI) model. NP is a prominent clinical illness that arises as a 

consequence of injury to the somatosensory nervous system leading to either 

spontaneous or evoked pain. Globally, NP affects 7-10 % of people worldwide. Despite 

over a century of studies on nociception, the current treatments for chronic pain have 

limited effectiveness with adverse effects, leading to withdrawal and poor quality of 

life. Currently, calcium channel blockers (CCBs) are the first-line treatment for NP. The 

clinically prescribed CCBs include pregabalin and gabapentin which are organic in 

nature. Unlike inorganic compounds, organic compounds have various protein 

interactions which are linked to significant adverse effects. Therefore, it is imperative 

to develop novel therapeutic strategies that would work on calcium channels. We have 

selected an inorganic compound i.e., barium-doped bioactive glass (BaBG) that may 

have certain advantages over the organic compounds as barium that is doped in BaBG 

are endogenously present in the body so they may not pose any undesired effects. 

Besides, barium is present in exoplanets so we have evolved containing barium within 

us. Thus, BaBG was synthesized using the wet chemistry method i.e., sol-gel method. 

By using the ex vivo electrophysiological technique, the calcium-regulating properties 

of BaBG via its action on the calcium channel were assessed. Further, to examine its 

potential regenerative and anti-inflammatory properties, cell line-based studies were 

performed. To assess the therapeutic potential of BaBG for the treatment of NP, a 
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comprehensive calcium-modulating molecular mechanism was performed in CCI-

induced NP in rats. In extension, the sensory and motor abnormalities developed post-

CCI was evaluated using a variety of pain behavioral assessment tests. The synaptic 

rewiring occurring post-BaBG treatment was also examined by tracing the neurons. 

Furthermore, the in vivo biodistribution of the dopants leached from BaBG was 

determined using quantitative analytical techniques such as inductively coupled plasma 

mass spectrometry (ICP-MS) as BaBG not only contains barium under the permissible 

physiological limits but also has other elements that are involved in various 

physiological activities. By employing a multidisciplinary approach encompassing 

materials science, pharmacology, and toxicology, we strived to harness the unique 

properties of BaBG for the development of therapeutic interventions for NP. The entire 

work has been compiled into seven chapters: Chapter 1 describes the introduction and 

significance of the present study. Chapter 2 describes the synthesis and 

characterization of barium-doped bioactive glass (BaBG), investigating it’s in vitro 

regenerative and anti-inflammatory potential. Chapter 3 describes the in vivo 

pharmacokinetics, biodistribution, and excretion of dopants released from BaBG 

following oral administration. Chapter 4 describes the oral acute and sub-acute toxicity 

study of BaBG according to the OECD guidelines. Chapter 5 describes the temporal 

changes in the intracellular calcium and S100b protein levels in the pathophysiology of 

CCI-induced NP in rats. Chapter 6 describes the pharmacological evaluation of BaBG 

in the treatment of NP. Chapter 7 summarizes the entire study completed with its 

essential outcomes. 

 


