
Translational Neuroscience

183

Research Article • DOI: 10.1515/tnsci-2018-0027 • Translational Neuroscience • 9 • 2018 • 183-189

* E-mail: OscarqHarriswy@yahoo.com
 © 2018 Guoqing Zhao et al., published by De Gruyter. 

This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 License.

Introduction

Isoflurane is used clinically for the induction 
of anesthesia during surgical procedure [1]. 
Studies suggested that in children below the 
age of 4 year use of anesthesia causes learning, 
writing and reading disability [2]. Reported 
studies reveals that use of isoflurane on the 
developing brain causes neuronal damage 
[3]. Isoflurane reported to induce apoptosis 
in neuronal cell at a regular anesthetic dose 
by reducing the ratio of ratio of Bcl-2/Bax [4]. 
Bcl-2 is a protein that regulates the integrity of 
mitochondrial membrane and thus it maintain 
the death and survival of cell [5].  Moreover, 
Akt protein does the phosphorylation of Bcl-
associated death protein (Bad) and thereby 
enhances the release of Bcl-xL. Bcl-2 and Bcl-
xL proteins contribute in the maintainance 
of mitochondrial membrane potential and 
thereby reduce the apoptosis [6]. Thus it is 
important to protect the developing brain 
from the injury induced due to exposure of 
anesthesia. 

In the recent years medicines from the 
herbal sources has shown potential effect 
for the management of neurodegenerative 
disorders including neuronal injury induced 
due to anesthesia on developing brain. Bletilla 
striata  (Orchidaceae) is traditionally used as a 
medicine in China [7]. Bletilla striata  reported 
to posses strong anti inflammatory, antioxidant 
and anti microbial activity [8-10]. Bletilla 
striata reported to contain several phytochemical 
compounds such as phenolic compound, 
dihydrophenanthrene, phenanthrene, bibenzyl 
and polysaccharides [11]. Moreover the 
compounds present in Bletilla striata reported for 
their antiviral, antibacterial and anti inflammatory 
activity [12-13]. Thus present study evaluates 
the neuroprotective effect of Bletilla striata  on 
isoflurane induced neuronal injury.

Material and methods

Animals
Sprague-Dawley rat pups of (15-20 g) 7 days 
old age were procured from Changzhou Cavens 

Laboratory Animal Co. Ltd. All the rat pups 
were maintained as per the guidelines. All the 
protocols of the study were approved by The 
Institutional Animal Care and Use Committee of 
China-Japan Union Hospital of Jilin University, 
China (IACUC/C-JUH/JU/2017/11). The given 
study followed the guidelines of Association 
for the Assessment and Accreditation of 
Laboratory Animal Care International (AAALAC) 
for experimentation and animal use [14].

Extraction of Bletilla striata 
Bletilla striata whole plant was shade dried and 
coarsely powdered. 50 g of Bletilla striata  was 
applied for the extraction in alcohol (95 %) 
by refluxing it for 60 min. Extract was filtered 
and further ethanol was evaporated by using 
vacuum evaporator. The practical yield of 
ethanolic extract of Bletilla striata was found to 
be 10.7 % w / w.

Experimentation
Neuronal injury was induced by exposing the 
pups (P7) isoflurane (0.75 %) in oxygen (30 %) for 
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the period of 6 hr. All the animals were separated 
in to five groups such as control group, Negative 
control group which receives only isoflurane and 
saline solution, BS 35, 70 and 140 mg / kg treated 
group receives Bletilla striata  at a dose of 35, 70 
and 140 mg / kg, p.o. for the period of 21 days. At 
the end of protocol pups were sacrificed and ice-
cold saline and 4% paraformaldehyde was used 
in the perfusion of animal transcardially.

Neurological examination
Behavior and motor changes were assessed 
using the 20-point neuro score. The behavior 
assessments included the response to and 
circling of nociceptive stimuli, postural and 
walking reflexes, extremity tonus, performance 
in a smooth climbing platform, and 
consciousness.

Estimation of cytokine levels
The plasma interleukin-1β (IL-1β) and tumor 
necrosis factor-α (TNF-α) concentrations 
were measured using enzyme-linked 
immunosorbent assays kits (CUSABIO, Wuhan, 
China), as per the manufacturer’s instructions.

Tissue Preparation
Brain was isolated from each animal and 
hippocampus was harvested for western 
blot assay. However for TUNEL and 
immunohistochemistry study pups were sacrificed 
and ice-cold saline and 4 % paraformaldehyde 
was used in the perfusion of animal transcardially. 
Brains were embedded in paraffin wax and later 
section it in to 5 mm thickness.

Immunohistochemical staining 
Tissue sections were incubated with anti-
cleaved caspase-3 primary antibody for the 
period of overnight at 4 oC and thereafter 
further incubate it for 40 min with a secondary 
antibody. Tissue sections were colorized with 
diaminobenzidine. NIS-Elements BR imaging 
processing and analysis software was used for 
the analysis of Cleaved caspase-3 positive cells 
in the isolated brain tissues.

Western blot assay
Tissue homogenate brain tissue was done 
and BCA protein assay kit was used for the 
estimation of protein in the tissue sample. 

Protein sample (60 µg) was incubated with the 
primary antibodies such as anti- Bcl-xl, anti-p-
Bad, anti-Bad, anti-p-Akt, anti-Akt and anti-β-
actin (Proteintech Group Inc, Wuhan, China) for 
the western blot assay. Images were scanned by 
an Image Master II scanner and were analyzed 
using Image Quant TL software.

TUNEL Assay
Dead End TM fluorometric TUNEL system kit 
was used to perform the TUNEL fluorescent 
assay as per the instructions of manufacturer. 
Slides were avoided to get expose under the 
direct sun light and cellular nuclei was stained 
using Hoechst staining. NIS-Elements BR image 
processing and analysis software was used for 
the estimating of TUNEL positive cell in the 
hippocampal region.

Statistical Analysis
All data are expressed as mean ± SEM (n= 6). 
Statistical analysis was performed using one 
way ANOVA. Post-hoc comparison of means 
was carried out by Dunnett’s post hoc test 
(Gradpad Prism 6.1, CA, USA).  The level of 
statistical significance was set at p<0.05.

Result

Effect of ethanolic extract of Bletilla 
striata on the neurological function
Effect of ethanolic extract of Bletilla striata  on 
the neurological function of isoflurane induced 
neuronal injured rat model was shown in Fig. 
1. It was observed that neurological function 

score was significantly (p < 0.01) enhanced in 
negative control group (10.5 ± 0.72) compared 
control group (1.7 ± 0.19).  However neurological 
function score was significantly reduced up to 
8.1 ± 0.41, 6.3 ± 0.33 and 3.1 ± 0.23 in BS 35, 
70 and 140 mg / kg treated group respectively 
compared to negative control group.

Effect of ethanolic extract of Bletilla 
striata on the level of inflammatory 
cytokines 
Fig.2. Shows the effect of Bletilla striata  on 
the concentration of inflammatory cytokines 
(TNF-αand IL-1β) in the serum of isoflurane 
induced neuronal injured rat model. There 
was significant (p < 0.01) increase in the serum 
concentration of TNF-α (46.8 pg / ml) and IL-1β 
(36.9 pg / ml) in negative control group control 
group of rats. Treatment with BS significantly 
attenuates the altered level of TNF-α and IL-1β 
in a dose dependent manner.

Effect of ethanolic extract of Bletilla 
striata on the cleaved caspase-3
Effect of ethanolic extract of Bletilla striata  on 
the cleaved caspase-3 of neuronal cells was 
estimated by immunohistochemical staining 
as shown in Fig. 3. There was significant (p < 
0.01) increase in the cleaved caspase-3 positive 
cells in the hippocampus CA1 region of the 
negative control group (159 mm2) compared to 
control (12 mm2). However caspase 3 positive 
cell quantities was significantly reduced in BS 
treated group compared to negative control 
group of rats in a dose dependent manner.

Fig. 1. Effect of ethanolic extract of Bletilla striata on the neurological function of isoflurane induced neuronal 
injured rat modelMean ± SEM (n = 10), ** p < 0.01 than control group; ## p < 0.01 than negative control group
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Effect of ethanolic extract of Bletilla 
striata on the expression of Akt, Bcl-
xL and Bad
Effect of ethanolic extract of Bletilla striata  on 
the expression of Akt, Bcl-xL and Bad in the brain 
tissue of isoflurane induced neuronal injured 
rat model was estimated by western blot assay 
(Fig. 4.). Data of the western blot study reveals 
that the expression of ratio of p-Akt / Akt and 
Bcl-xL / Bad was found to be significantly 
reduced (p < 0.01) and the expression of p-Bad 
protein was significantly enhanced in the brain 
tissue homogenate of negative control group 
compared to control group of rats. Whereas 
treatment with BS treated group attenuates 
the altered expression of Akt, Bcl-xL and Bad in 
the brain tissue of isoflurane induced neuronal 
injured rat in a dose dependent manner.

Effect of ethanolic extract of Bletilla 
striata on the neuronal apoptosis
Effect of ethanolic extract of Bletilla striata  on 
the neuronal apoptosis of isoflurane induced 
neuronal injured rat was estimated by 
determining the TUNEL positive cells (Fig. 5.I&II). 
It was observed that number of TUNEL positive 
cell was significantly enhanced (p<0.01) in the 
hippocampus CA1 region of negative control 
group compared to control group of rats. 
Data suggest that TUNEL positive cells were 
significantly reduced in the hippocampus 
CA1 region of BS treated group compared to 
negative control group of rats.

Discussion

Present study evaluates the neuroprotective 
effect of ethanolic extract of Bletilla striata  in 
isoflurane induced neuronal injury in 
developing brain in rat. Rat pups of 7 days age 
were exposed isoflurane (0.75 %) in oxygen 
(30 %) for the period of 6 hr. and thereafter 
rats were treated with BS for the period of 
21 days. At the end of protocol neurological 
score was estimated and serum concentration 
of inflammatory cytokines was estimated. 
Isolated brains tissue was prepared to perform 
immunohistochemical analysis, TUNEL assay 
and western blot assay. 

Literature reveals that developing brain 
exposed to inhale anesthetic causes neuronal 

Fig. 2. Effect of ethanolic extract of Bletilla striata on the level of inflammatory cytokines in the serum of isoflu-
rane induced neuronal injured rat model. Mean ± SEM (n = 10), .** p < 0.01 than control group; ## p < 0.01 than 
negative control group

Fig. 3. Effect of ethanolic extract of Bletilla striata on the cleaved caspase-3 of neuronal cells. A: Control; B: Nega-
tive control; C: BS 35 mg / kg; D: BS 70 mg / kg; E: BS 140 mg / kg. Mean ± SEM (n = 10),  ** p < 0.01 than control 
group; ## p < 0.01 than negative control group
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Fig. 4. Effect of ethanolic extract of Bletilla striata on the expression of Akt, Bcl-xL and Bad in the brain tissue of isoflurane induced neuronal injured rat model. Mean ± 
SEM (n = 10),  ** p < 0.01 than control group; # p < 0.05, ## p < 0.01 than negative control group
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(I)

(II)
Fig. 5. Effect of ethanolic extract of Bletilla striata on the neuronal apoptosis of isoflurane induced neuronal injured rat model. I: TS of hippocampus by TUNEL staining, 
II: TUNEL positive cells. Mean ± SEM (n = 10),  ** p < 0.01 than control group; ## p < 0.01 than negative control group
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injury [15] and data of this study suggest 
that isoflurane induces neuronal injury in the 
negative control group compared to control 
group of rats. Several reports reveal exposure 
of isoflurane causes impairment of cognitive 
function depending up on hippocampus 
region of the brain [16]. Our study evaluates the 
neuronal function and biochemical parameters 
were estimated in the hippocampus region 
of the brain. Injuries occur due to anesthetics 
expression of cleaved caspase-3 was used as 
a marker of neuronal apoptosis [17] and in 
our study expression of cleaved caspase-3 
was significantly reduced in BS treated group 
compared to negative control group in a dose 
dependent manner. 

Anesthetics are enhancing the intracellular 
Ca2+ ion due to over activation of IP3 receptor 

[18]. Cellular Ca2+ ion overload activates the 
apoptosis of neuronal cells and thereby causes 
neuronal injury [19]. Moreover inflammatory 
cytokine enhances the functional and 
morphological impairment of mitochondria 
[20]. Data of this study reveals that the level 
of inflammatory cytokines significantly 
reduced in BS treated group compared to 
negative control group. Bcl-2 family protein 
was responsible for the apoptosis and 
maintenance of integrity of mitochondrial 
membrane [21]. Result of the study reveals 
that expressions of pAkt, Bcl-xL and Bad 
protein were attenuated in BS treated group 
in isoflurane induced neuronal injury rats. 
Thus treatment with BS reduces the apoptosis 
of neuronal cell in isoflurane induced neuronal 
injury rats.

Conclusion

Present study concludes that ethanolic extract 
of Bletilla striata  protects the neuronal injury by 
reducing apoptosis in isoflurane induced neuronal 
injury rats. Neuronal apoptosis was reduced by 
attenuating the altered PI3K/Akt pathway.

Conflict of interest

No

Acknowledgement

All the authors of this manuscript are thankful to 
China-Japan Union Hospital of Jilin University, 
China for providing necessary facility for the 
presented work.

[1]	  Mohaghegh T, Yazdi B, Norouzi A, Fateh S, Modir H, Mohammadbeigi 
A. Effect of intravenous anesthesia with propofol versus  isoflurane 
inhalation anesthesia in postoperative pain of inguinal herniotomy: 
a randomized clinical trial. Medical Gas Research. 2017; 7(2): 86-92.

[2]	 Wilder RT, Flick RP, Sprung J, et al. Early Exposure to Anesthesia 
and Learning Disabilities in a Population-Based Birth 
Cohort. Anesthesiology. 2009; 110(4): 796-804.

[3]	 Tao G, Xue Q, Luo Y, Li G, Xia Y, Yu B. Isoflurane Is More Deleterious 
to Developing Brain Than Desflurane: The Role of the Akt/
GSK3β  Signaling Pathway.  BioMed Research International. 2016; 
2016: 7919640.

[4]	 Li Y, Zeng M, Chen W, et al. Dexmedetomidine Reduces Isoflurane-
Induced Neuroapoptosis Partly by Preserving PI3K/Akt Pathway in 
the Hippocampus of Neonatal Rats. Xie Z, ed. PLoS ONE. 2014; 9(4): 
e93639.

[5]	 Wang X, Welsh N. Bcl-2 maintains the mitochondrial membrane 
potential, but fails to affect production of reactive oxygen species 
and endoplasmic reticulum stress, in sodium palmitate-induced 
β-cell death.  Upsala Journal of Medical Sciences. 2014; 119(4): 306-
315.

[6]	 Hata AN, Engelman JA, Faber AC. The BCL-2 family: key mediators of 
the apoptotic response to targeted anti-cancer therapeutics. Cancer 
discovery. 2015; 5(5): 475-487.

[7]	 Bulpitt CJ, Li Y, Bulpitt PF, Wang J. The use of orchids in Chinese 
medicine.  Journal of the Royal Society of Medicine. 2007; 100(12): 
558-563.

[8]	 Jiang F, Li W, Huang Y, et al. Antioxidant, Antityrosinase and 
Antitumor Activity Comparison: The Potential Utilization of Fibrous 

Root Part of Bletilla striata(Thunb.) Reichb.f. Pintus G, ed. PLoS ONE. 
2013; 8(2): e58004.

[9]	 Yue L,  Wang W,  Wang Y,  Du T,  Shen W,  Tang H,  Wang Y,  Yin H. 
Bletilla striata polysaccharide inhibits angiotensin II-induced 
ROS and inflammation via NOX4 and TLR2 pathways. Int J Biol 
Macromol. 2016; 89: 376-88.

[10]	 Qian CD,  Jiang FS, Yu HS,  Shen Y,  Fu YH,  Cheng DQ,  Gan LS,  Ding 
ZS. Antibacterial Biphenanthrenes from the Fibrous Roots of Bletilla 
striata. J Nat Prod. 2015 Apr 24; 78(4): 939-43.

[11]	 He X, Wang X,  Fang J,  Zhao Z,  Huang L,  Guo H,  Zheng X. Bletilla 
striata: Medicinal uses, phytochemistry and pharmacological 
activities. J Ethnopharmacol. 2017; 195: 20-38.

[12]	 Shi Y, Zhang B, Lu Y, et al. Antiviral activity of phenanthrenes from 
the medicinal plant  Bletilla striata  against influenza A virus.  BMC 
Complementary and Alternative Medicine. 2017; 17: 273.

[13]	 Qian CD, Jiang FS, Yu HS, Shen Y, Fu YH, Cheng DQ, et al. Antibacterial 
Biphenanthrenes from the Fibrous Roots of  Bletilla striata.  J Nat 
Prod. 2015; 78: 939–943.

[14]	 Guide for the Care and Use of Laboratory Animals: Eighth Edition 
Committee for the Update of the Guide for the Care and Use of 
Laboratory Animals; National Research Council. 2010; ISBN: 0-309-
15401-4.

[15]	 Liu F, Guo L, Zhang J, et al. Inhalation Anesthesia-Induced Neuronal 
Damage and Gene Expression Changes in Developing Rat 
Brain. Systems pharmacology. 2013; 1: 1-9.

[16]	 Wang H-L, Ma R-H, Fang H, Xue Z-G, Liao Q-W. Impaired Spatial 
Learning Memory after Isoflurane Anesthesia or Appendectomy in 
Aged Mice is Associated with Microglia Activation.  Journal of Cell 

References

Translational Neuroscience

https://www.ncbi.nlm.nih.gov/pubmed/?term=Yue L%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang W%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang Y%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Du T%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen W%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang H%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang Y%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yin H%5BAuthor%5D&cauthor=true&cauthor_uid=27151672
https://www.ncbi.nlm.nih.gov/pubmed/27151672
https://www.ncbi.nlm.nih.gov/pubmed/27151672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qian CD%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang FS%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu HS%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen Y%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu YH%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng DQ%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gan LS%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding ZS%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding ZS%5BAuthor%5D&cauthor=true&cauthor_uid=25760525
https://www.ncbi.nlm.nih.gov/pubmed/25760525
https://www.ncbi.nlm.nih.gov/pubmed/?term=He X%5BAuthor%5D&cauthor=true&cauthor_uid=27865796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang X%5BAuthor%5D&cauthor=true&cauthor_uid=27865796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang J%5BAuthor%5D&cauthor=true&cauthor_uid=27865796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao Z%5BAuthor%5D&cauthor=true&cauthor_uid=27865796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang L%5BAuthor%5D&cauthor=true&cauthor_uid=27865796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo H%5BAuthor%5D&cauthor=true&cauthor_uid=27865796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng X%5BAuthor%5D&cauthor=true&cauthor_uid=27865796
https://www.ncbi.nlm.nih.gov/pubmed/27865796


189

Death. 2015; 8: 9-19.
[17]	 Hannan JL, Matsui H, Sopko NA, et al. Caspase-3 dependent nitrergic 

neuronal apoptosis following cavernous nerve injury is mediated 
via RhoA and ROCK activation in major pelvic ganglion.  Scientific 
Reports. 2016; 6: 29416.

[18]	 Joseph JD, Peng Y, Mak D-OD, et al. General Anesthetic Isoflurane 
Modulates Inositol 1,4,5-Trisphosphate Receptor Calcium Channel 
Opening. Anesthesiology. 2014; 121(3): 528-537.

[19]	 Weber JT. Altered Calcium Signaling Following Traumatic Brain 

Injury. Frontiers in Pharmacology. 2012; 3: 60.
[20]	 Yue L, Yao H. Mitochondrial dysfunction in inflammatory responses 

and cellular senescence: pathogenesis and pharmacological targets 
for chronic lung diseases.  British Journal of Pharmacology. 2016; 
173(15): 2305-2318.

[21]	 Martinou J-C, Youle RJ. Mitochondria in Apoptosis: Bcl-2 family 
Members and Mitochondrial Dynamics.  Developmental cell. 2011; 
21(1): 92-101.

Translational Neuroscience


