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Abstract 

Purpose: To investigate the neuroprotective effect of sulfanilamide benzotriazole tetrazole (SBT) in 
neonatal rats exposed to isoflurane, and also to elucidate the underlying mechanism.  
Methods: Rat pups (n = 60) were randomly assigned to six groups of 10 pups each:  normal control 
group, negative control group, 5 mg/kg SBT group, 10 mg/kg SBT group, 15 mg/kg SBT group, and 20 
mg/kg SBT group. With exception of normal control group, pups were exposed to isoflurane (0.75 %) for 
6 h on postnatal day 7. The negative control group was not treated, while pups in the four treatment 
groups received 5, 10, 15 and 20 mg/kg SBT, respectively, 1 h after exposure to anaesthesia. TUNEL 
assay was used to determine the extent of apoptosis in cornu ammonis area-1 (CA-1), cornu ammonis 
area-3 (CA-3) and dentate gyrus of rat hippocampal tissues. Expressions of apoptotic and anti-apoptotic 
proteins were determined using Western blotting. Evaluation of learning and memorizing ability was 
done using Morris water maze test.  
Results: Isoflurane significantly increased the extent of apoptosis in CA-1, CA-3 and dentate gyrus of 
rat hippocampal tissues (p < 0.05). However, treatment with SBT significantly and dose-dependently 
reduced neuronal apoptosis (p < 0.05). The expression of caspase 3 was significantly upregulated by 
isoflurane, but was significantly and dose-dependently down-regulated by SBT (p < 0.05). Isoflurane 
significantly increased Bax expression, and decreased the expression of bcl-2 (p < 0.05). The effects of 
isoflurane on the expression of these proteins were significantly and dose-dependently reversed by SBT 
(p < 0.05). The expression of bcl xL in rat hippocampal tissues was significantly down-regulated by 
isoflurane, but was significantly and dose-dependently upregulated by SBT (p < 0.05). The escape 
latency of pups was significantly higher in negative control group than in normal control group, but SBT 
treatment significantly and dose-dependently reversed this trend (p < 0.05).  
Conclusion: These results suggest that SBT prevents neuronal apoptosis, and improves the ability to 
learn and memorize in neonatal rats exposed to isoflurane via regulation of apoptotic, JNK and p38 
MAPK protein expressions.  
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INTRODUCTION 
 
Tetrazoles are a class of synthetic organic 
heterocyclic compounds consisting of a 5-
membered ring containing four nitrogen atoms 
and a carbon atom. The SBT ring is highly 
preferred for designing drugs because it enhances 
their bioactivity in living systems [1]. Compounds 
bearing SBT ring have been reported to act as 
anti-convulsant, anti-inflammatory and 
antinociceptive agents [1]. The SBT scaffold 
attached to sulfanilamide benzotriazole exhibited 
better anti-inflammatory effects than that of the 
standard therapeutic molecule, paracetamol [2]. 
Moreover, the combination of tetrazole with 
sulfanilamide benzotriazole produced 
antinociceptive activity comparable with that of 
pentazocine [2]. 
 
Developing brains are very sensitive to 
anaesthesia, the chronic exposure of which leads 
to neuronal degeneration [3-5]. Loss of memory 
and cognition has been reported in animals 
exposed to chronic doses of anaesthetics [3-5]. 
Studies involving isoflurane anaesthesia have 
shown that long-term exposure causes neuronal 
apoptosis in the central nervous system (CNS) via 
activation of mitochondrial pathway pathway of 
apoptosis [6,7]. Isoflurane activates members of 
mitogen activated protein kinases (MAPKs) family 
such as JNK, p38 MAPK and ERKs [5]. Neuronal 
apoptosis stimulated by the JNK pathway is 
associated with suppression of bcl-2 expression 
and phosphorylation of c-Jun [8]. It has been 
shown that MAPK and JNK pathways are 
associated with neuronal degeneration in the 
hippocampal region of rats [5]. 
 
Cognitive impairment in postoperative patients 
below 4 years of age has been reported [9,10]. 
Reports on the harmful effect of anaesthesia and 
its ability to cause neuronal degeneration during 
developmental stage abound. Therefore, it has 
become necessary to develop new treatment 
strategies that can effectively protect patients 
against anaesthesia-induced damage to the 
nervous system.  
 
The present study investigated the 
neuroprotective effect of SBT in neonatal rats 
exposed to isoflurane, and the underlying 
mechanism. 
 
EXPERIMENTAL 
 
Materials   
 
Fluorometric dead end TUNEL kit was purchased 
from Promega Corporation (USA); protein 

extraction kit was obtained from Bio-Rad 
Biotechnology; and bicinchoninic (BCA) protein 
assay kits were product of Beijing Solarbio 
Science & Technology Co. Ltd. (China). 
Enhanced chemiluminescence (ECL) system was 
obtained from Santa Cruz Biotechnology, Inc. 
(USA), while PVDF membranes were purchased 
from Roche Diagnostics. National Institute of 
Health image 1.41 software was a product of 
Bethesda (USA). Rabbit polyclonal anti-
caspase-3, bcl-xL, bad,  p-bad, bax, bcl-2,  
ERK1/2,  p-ERK1/2,  JNK,  p-JNK, p-c-Jun, p38,  
p-p38,  and β-actin  were products of Abcam 
(USA), while  ANY-maze was obtained from 
Stoelting Co., Ltd. (USA).              
 
Rats     
 
Pregnant Sprague Dawley rats (n = 12) were 
obtained from the Animal Centre of Shandong 
University, Jinan, China. The rats were housed in 
metal cages under controlled conditions of 12 h 
light/12 h dark cycle at 24 °C and humidity of 55 - 
60 %.  They were allowed free access to standard 
rat feed and clean water. The rats littered sixty 
pups which were housed separately in plastic 
cages under standard conditions. Approval for this 
study was obtained from the Ethics Committee for 
the Use and Care of Animals of Huazhong 
University of Agriculture (No. HAU/16/2067). The 
experimental procedures were based on the 
guidelines for Laboratory Animal Use, National 
Institutes of Health [11]. 
 
Treatment regimen 
 
The rat pups were randomly assigned to six 
groups of 10 pups each:  normal control group, 
negative control group, 5 mg/kg bwt SBT group, 
10 mg/kg bwt SBT group, 15 mg/kg bwt SBT 
group and 20 mg/kg bwt SBT group. With 
exception of normal control group, the pups were 
exposed to isoflurane (0.75 %) for 6 h on 
postnatal day 7. The negative control group was 
not treated, while pups in the 4 treatment groups 
received 5, 10, 15 and 20 mg/kg bwt SBT, 
respectively, 1 h after exposure to anaesthesia. 
 
Sample collection 
 
The pups were sacrificed on postnatal day 15 and 
their brains were excised using transcardial 
perfusion with ice-cold normal saline. The tissues 
were fixed in phosphate-buffered 
paraformaldehyde (4 %). Neuronal apoptosis and 
protein expression in pups hippocampal tissues 
were then determined. The pups were also 
subjected to analysis of memorising and learning 
ability on postnatal day 31. 
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Neuronal apoptosis assay 
 
Terminal deoxynucleotidyl transferase dUTP nick 
end labeling (TUNEL) assay was used for the 
determination of apoptosis in pups hippocampal 
tissues. The excised brain tissues were fixed in 
formaldehyde at 4˚C for 5 h and subsequently 
embedded in paraffin. The embedded tissues 
were then sliced into thin 2 μm sections using 
refrigerated microtome. Fluorimetric dead end 
TUNEL kit  was used for the determination of 
TUNEL-positive cell population, while inverted 
Eclipse Ti2 microscope was used for analysis of 
TUNEL- positive cells in CA-1, CA-3 and dentate 
gyrus. 
 
Western blotting 
 
The pups were euthanized and their hippocampal 
tissues were isolated. Cell suspension resulting 
from trypsinization of the tissues was washed 
twice with phosphate-buffered saline (PBS) and 
lysed with ice-cold radio-immunoprecipitation 
assay buffer (RIPA) containing protease inhibitor. 
The resultant lysate was centrifuged at 15, 000 
rpm for 15 min at 4 °C, and the protein 
concentration of the supernatant was determined 
using bicinchoninic (BCA) assay kit. A portion of 
total cell protein (30 μg) from each sample was 
separated on a 12 % sodium dodecyl sulphate 
(SDS)-polyacrylamide gel electrophoresis and 
transferred to a fixed polyvinylidene fluoride 
membrane at 110 V and 90 ° C for 120 min. 
Subsequently, non-fat milk powder (5 %) in Tris-
buffered saline containing 0.2 % Tween-20 (TBS-
T) was added with gentle shaking at 37 oC and 
incubated to block non-specific binding of the blot.  
 
The blots were incubated overnight at 4 ∘C with 
primary antibodies of rabbit polyclonal anti- 
caspase-3, bcl-xL, bad,  p-bad, bax, bcl-2,  
ERK1/2,  p-ERK1/2,  JNK,  p-JNK, p-c-Jun, p38,  
p-p38,  and β-actin at a dilution of 1 to 500. Then, 
the membrane was washed thrice with TBS-T and 
further incubated with horseradish peroxidase-
conjugated goat anti-rabbit IgG secondary 
antibody for 2.5 h at room temperature. The blot 
was developed using an X-ray film. Grayscale 
analysis of the bands was performed using ECL. 
The various protein expression levels were 
normalized to that of β-actin which was used as a 
standard. 
 
Morris water maze test 
 
The escape latency of pups was determined using 
Morris water maze test. Pups were given training 
from postnatal day 25 to day 28 using the Morris 
water maze. A platform of 10 cm diameter was 
placed in a circular water pool of diameter 210 cm 

and depth 64 cm. The temperature of the water in 
the pool was maintained at 24 ± 2 ˚C. The pups 
were put into the pool twice daily and allowed to 
locate the submerged platform within 60 sec. The 
pups that could not locate the platform in 60 sec 
were guided towards it.  
 
The time taken (latency time) by the pups to 
locate the platform was calculated using video 
tracking system (ANY-maze). After the completion 
of trial, the pups were warmed using infrared lamp 
in holding cages before being transferred to their 
cages. 
 
Analysis of cognitive impairment 
 
Impairment of cognitive behaviour was 
determined in the pups on postnatal day 30 using 
cued recall test. The pups were put into a 
particular portion of the swimming pool close to 
the end. A white cloth was used to cover the pool 
completely to prevent any visual cue. A rod placed 
around 20 cm above the water in any one of the 
40 quadrants randomly served as a cue to enable 
the pups locate the platform. Pups were given four 
chances 60 sec each to find platform and then 
rest on it for another 30 sec. Pups that could not 
find the platform were guided towards it and 
allowed to take 30 sec rest. After 4-trials, the pups 
were removed. 
 
Place trials 
 
The pools were uncovered after completion of 
cued recall test and the pups were again put in 
any one of the quadrants. The time taken by a 
pup to reach the platform in the absence of the 
cue rod and in the presence of the rod was 
recorded. Pups were placed in the same position 
throughout the trials to determine the time taken 
to reach the platform. 
 
Probe trials 
 
After 24 h of completion of place trials, 
memorising ability of the pups was determined 
using probe trials. The pups were put in opposite 
quadrant and the platform in the pool was 
removed. The rats were given 60 sec to make 
attempts to locate the position of the submerged 
platform. 
 
Statistical analysis 
 
Data are expressed as mean ± SD, and the 
statistical analysis was performed using SPSS 
(17). Groups were compared using Duncan's 
multiple range test. Values of p < 0.05 were 
considered statistically significant. 
 



Hu & Xiong 

Trop J Pharm Res, July 2019; 18(7): 1422 
 

RESULTS 
 
Inhibition of neuronal apoptosis by SBT  
 
Isoflurane significantly increased the extent of 
apoptosis in the CA-1, CA-3 and dentate gyrus of 
rat hippocampal tissues (p < 0.05). 
TUNEL-positive cell population was significantly 
higher in CA-1, CA-3 and dentate gyrus of rats 
exposed to isoflurane than in normal control group 
(p < 0.05). However, treatment with SBT 
significantly and dose-dependently reduced 
neuronal apoptosis (p < 0.05; Figure 1). 
 

 
 
Figure 1: Inhibition of neuronal apoptosis by SBT as 
revealed using TUNEL-assa; *p < 0.05, **p < 0.01, when 
compared with negative control group 
 
Degree of expressions of apoptotic and anti-
apoptotic proteins in rat hippocampal tissues 
 
The expression of caspase-3 was significantly 
upregulated by isoflurane, but was significantly 
and dose-dependently down-regulated by SBT (p 
< 0.05). Isoflurane also significantly increased the 
expression of bax and decreased the expression 
of bcl-2 (p < 0.05). The effects of isoflurane on the 
expression of these proteins were significantly 
and dose-dependently reversed by SBT (p < 
0.05). The expression of bcl-xL in rat hippocampal 
tissues was significantly down-regulated by 
isoflurane, but was significantly and dose-
dependently upregulated by SBT (p < 0.05). 
Isoflurane significantly increased the expression 
of bad and significantly decreased the expression 
of p-bad (p < 0.05). However, treatment with SBT 
significantly reversed the effects of isoflurane on 
the expressions of these proteins (p < 0.05). 
These results are shown in Figures 2 A and 2B. 
 

 
 
Figure 2: Expressions of apoptotic and anti-apoptotic 
proteins as measured using Western blotting. *P < 0.05, 
when compared with negative control group 
 

Expression of JNK, c-Jun, ERK and p38 in 
neonatal rats  
 
Isoflurane upregulated the expression of JNK, 
c-Jun, ERK and p38, and their phosphorylated 
forms in hippocampal tissues of neonatal rats (p < 
0.05). However, treatment with SBT significantly 
and dose-dependently down-regulated the 
expression of these proteins and their 
phosphorylated forms (p < 0.05).  Treatment with 
SBT also significantly inhibited isoflurane-induced 
phosphorylation of ERK1/2 (p < 0.05; Figure 3).  
              

 
 
Figure 3: Expression of MAPK pathway proteins. *P < 
0.05, when compared with negative control group 
 
Effect of SBT on isoflurane-induced changes 
in memory and behaviour of neonatal rats 
 
The escape latency of pups in negative control 
group was significantly higher than that of pups in 
normal control group (p < 0.05). However, 
treatment with SBT significantly and dose-
dependently reduced the escape latency of the 
pups (p < 0.05; Figure 4). 
 

 
 
Figure 4: Measurement of escape latency in rats. *P < 
0.05, **p < 0.01 and ***p < 0.001, when compared with 
negative control group 
 
Effect of SBT on the ability of rat pups to learn 
and memorize 
 
Exposure of neonatal rats to isoflurane 
significantly increased the time taken by them to 
reach the submerged platform, when compared 
with normal control group (p < 0.05). However, 
treatment with SBT significantly and dose-
dependently decreased the time taken to reach 
the submerged platform (p < 0.05). The results 
from place and probe tests showed that neonatal 
rats exposed to isoflurane took significantly longer 
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time to reach the new platform than those of 
normal control group (p < 0.05). Pups treated with 
SBT reached the new platform faster than those in 
the negative control group (p < 0.05).  
 
The time spent in target quadrant searching for 
platform was significantly less in negative control 
group than in the normal control group (p < 0.05). 
Treatment with SBT significantly and dose-
dependently increased the time spent in target 
quadrant searching for platform (p < 0.05). The 
rats treated with 20 mg/kg bwt SBT spent almost 
equal time in target quadrant as those of normal 
control group. These results are shown in Figure 
5. 
 

 
 
Figure 5: Evaluation of the ability of neonatal rats to 
learn and memorise. *P < 0.05, **p < 0.01 and ***p < 
0.001, when compared with negative control group 
 
DISCUSSION 
 
The present study investigated the 
neuroprotective effect of SBT in neonatal rats 
exposed to      isoflurane, and the underlying 
mechanism. The results showed that SBT 
prevented apoptosis of neurons, and improved the 
ability of neonatal rats to learn and memorise 
even when exposed to isoflurane. Studies have 
shown that neonatal rats experience neuronal 
damage which leads to memory loss and 
cognitive impairment on exposure to an anesthetic 
compound such as isoflurane [12].  
 
Brain development and maturation is associated 
with the elimination of approximately 60 % 
progenitor and neuronal cells through apoptosis 
[13]. It has been reported that anesthesia and 
pathological factors enhance neuronal apoptosis 
beyond that normally required for development 
[14]. In the developing brain of neonates, neuronal 
degeneration is usually induced via exposure to 
isoflurane [3,5]. In this study, neuronal apoptosis 
in CA-1, CA-3 and dentate gyrus was significantly 
increased on exposure to isoflurane. Treatment of 
isoflurane exposed pups with SBT significantly 
reduced neuronal apoptosis. 
 
Caspase-3 plays an important role in the induction 
of apoptosis [15]. The expression of cleaved 
caspase-3 is considered as a marker of cell death 
via the apoptotic pathway [3,5,13]. In this study, 

the expression of caspase-3 was significantly 
upregulated by isoflurane, but was significantly 
and dose-dependently down-regulated by SBT. 
The expression of bcl-xL in tissues of the nervous 
system is generally high, since it maintains 
survival of the neurons by regulating integrity of 
the mitochondrial membrane, thereby preventing 
cytochrome c release [16]. In this study, exposure 
of neonatal rats to isoflurane significantly down-
regulated the expression of bcl-xL in hippocampal 
tissues, when compared with normal control 
group. However, treatment with SBT significantly 
reversed the effect of isoflurane. 
 
Members of bcl-2 gene family regulate the 
expressions of pro-apoptotic and anti-apoptotic 
proteins [17]. A slight imbalance in the 
expressions of bcl-2 proteins causes cytochrome 
c release and activation of caspase-3, thereby 
inducing apoptosis [17]. The results of this study 
showed that isoflurane significantly increased the 
expression of bax and decreased the expression 
of bcl-2. The effects of isoflurane on the 
expressions of these proteins were significantly 
and dose-dependently reversed by SBT. The 
expression of bcl-xL in rat hippocampal tissues 
was significantly down-regulated by isoflurane, but 
was significantly and dose-dependently upregu-
lated by SBT.  
 
Isoflurane significantly increased the expression 
of bad and significantly decreased the expression 
of p-bad. However, treatment with SBT 
significantly reversed the effects of isoflurane on 
the expression of these proteins. These results 
suggest that treatment with tetrazole may 
effectively regulate the expression of bcl-2 protein 
in the hippocampal tissues of neonatal rats. 
Studies have shown that neuronal degeneration 
due to anesthesia exposure is associated with the 
activation of MAPK and JNK pathways [18]. The 
activation of JNK leads to phosphorylation of 
c-Jun which in turn causes transcription of 
apoptosis-related genes [19]. 
 
In this study, isoflurane upregulated the 
expressions of JNK, c-Jun, ERK and p38, and 
their phosphorylated forms in hippocampal tissues 
of neonatal rats. However, treatment with SBT 
significantly and dose-dependently downregulated 
the expression of these proteins and their 
phosphorylated forms. Treatment with SBT 
significantly inhibited isoflurane-induced 
phosphorylation of ERK1/2. These results suggest 
that SBT may prevent neuronal apoptosis induced 
by isoflurane in neonatal rats via down-regulation 
of p38 MAPK.  It has been reported that exposure 
of rats to isoflurane causes activation of p38 
MAPK in the nervous system [20]. It is likely that 
SBT inhibits the expressions of anti-apoptotic 
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proteins, and promotes apoptotic protein 
expressions in neonatal rats. 
 
Exposure of rodents to anaesthesia decreases 
learning and memorising ability [3,4]. Learning 
disabilities are associated with damage to 
hippocampal tissues [21]. In this study, escape 
latency of pups in the negative control group was 
significantly higher than that of pups in the normal 
control group. However, treatment with SBT 
significantly and dose-dependently reduced the 
escape latency of the pups, an indication that SBT 
may inhibit hippocampal tissue damage and 
ultimately prevent memory loss. 
 
CONCLUSION 
 
The results obtained in this study suggest that 
SBT prevents neuronal apoptosis, and improves 
the learning and memory of neonatal rats 
exposed to isoflurane via regulation of 
expressions of apoptotic, JNK and p38 MAPK 
proteins. 
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