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Abstract. – OBJECTIVE: To explore the thera-
peutic effects of quercetin on rats with encepha-
litis, especially on cell apoptosis, and the levels 
of HMGB-1 and TLR-4. 

MATERIALS AND METHODS: 32 healthy rats 
were equally assigned into ZC group (healthy 
group), NY group (encephalitis group), DJ group 
(60 ml quercetin group), and GJ group (240 ml 
quercetin group) followed by analysis of cell 
apoptosis, brain tissue water content, neurons, 
HMGB-1, TLR-4 and other inflammatory factors. 

RESULTS: The ZC group showed normal neuron 
volume and equitable staining; compared with ZC 
group, NY group showed neuron volume shrinkage 
and chromatin condensation; the neuron and col-
or in DJ group were slightly better than NY group; 
the neuron volume in GJ group increased signifi-
cantly and chromatin is distributed evenly. TLR-4, 
IL-4, IL-6, HMGB-1 in ZC and DJ group were sig-
nificantly lower than those in NY group (p<0.05); 
IL-4, IL-6, HMGB-1 in GJ group significantly de-
creased compared with DJ group (p<0.05); MMP-
9 enzyme activity in ZC and DJ group was sig-
nificantly lower than NY group (p<0.05) with low-
er level in GJ group than DJ group (p<0.05). The 
water content was higher in brain tissue of NY 
group than ZC group (p<0.05) and lower in DJ 
group than NY group (p<0.05) with lower level in 
GJ group than DJ and NY group (all p<0.05). The 
hippocampal neurons and cortical neurons in ZC 
and DJ group were higher than those in NY group 
(p<0.05) and elevated in GJ group compared with 
DJ group and NY group (p<0.05). 

CONCLUSIONS: Quercetin is effective in 
treating encephalitis rats possibly through in-
hibition of neuronal cell apoptosis and level of 
HMGB-1 and TLR-4.
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Introduction

Encephalitis can be classified into viral en-
cephalitis and bacterial encephalitis according 

to its causes. Bacterial encephalitis is caused 
by bacterial infection and viral encephalitis is 
the virus infection of the nervous system. Viral 
infections can be caused by ordinary virus in-
fection and by spore cells. Viral encephalitis is 
relevant to over 100 kinds of diseases statistical-
ly1. Except disability, patients also suffer serious 
sequelae. The treatment has captured widespre-
ad attention in recent years2. Viral encephalitis 
is prone to occur in children because brain has 
not fully developed, and the viral central ner-
vous system leads to viral encephalitis3. For the 
severity of viral encephalitis, the immediate 
detection and treatment is critical to reduce its 
sequelae probability4. The common drug for 
encephalitis is glucocorticoid but having serious 
side effects, such as reducing the patient’s im-
munity and worsening the disease. Quercetin 
contains flavonol with anti-inflammatory and 
antibacterial effects which increases the pa-
tient’s immunity and depresses cell apoptosis5,6. 
HMGB-1 can activate inflammatory cells and 
is the only protein that can secrete factors from 
the cell. We found that HMGB-1 expression is 
closely related to the pathogenesis of the central 
nervous system and is highly expressed in brain 
injury. Abnormal HMGB-1 level will chemoat-
tract neutrophils, causing outside substances to 
invade epithelial cells, leading to brain damage. 
Zhang et al7 found that the decreased HMGB-1 
expression in patients can be used for the dia-
gnosis of bacterial meningitis. TLR-4 is compo-
sed of 879 amino acids across the cell membrane 
and can recognize bacterial lipoproteins, promo-
te the inflammatory factors release and increase 
immune function. TLR can release immune 
cytokines by recognizing pathogen-related mo-
lecular patterns to enhance immune response. 
When human body is infected by pathogens, 
TLR-4 increases8,9. Whether it has a certain 
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effect on inflammation has not yet been fully 
investigated. Therefore, our study assesses the 
effect of quercetin on the inflammatory factors 
(TLR-4 and HMGB-1) in rats with encephalitis 
and the brain cell apoptosis.

Materials and Methods

Laboratory Animals and Grouping
Rats aged 4-8 weeks old, weighted 206-225 

g with an average weight (213.25 ±12.37) g we-
re purchased from Yiming Fuxing (Beijing, 
China) Company. Rats were bred for 7 days 
23.3°C-27.2°C, humidity 51%-62%, for 0.5 days. 
32 healthy ACL female rats were equally assi-
gned into ZC group (control group), NY group 
(encephalitis modeling group), DJ group (60mk/
kg·d quercetin group), and GJ group (240 mk) /
kg·d Quercetin group). 

Rats were used for all experiments, and all 
procedures were approved by the Animal Ethics 
Committee of First Hospital of Lanzhou Uni-
versity.

Experimental Reagents
Strain: Neisseria meningitidis (Shanghai Seag 

Biotech Company, Shanghai, China); drug: Quer-
cetin (Jinan Yuncheng Biotechnology Company, 
Jinan, China); reagents: HMGB-1 Kit (Shan-
ghai Yingxin Laboratory Equipment Company, 
Shanghai, China); chloral hydrate (Guangzhou 
Su Ding Pharmaceutical Company, Guangzhou, 
China); toll-like receptor 4 (TLR-4) PCR primers 
(Chengdu Chaojiu Ba Biological Company, Chen-
gdu, China). MRI (Shenzhen Mei Rui Company, 
Shenzhen, China).

Model Establishment of Encephalitis Rats
Rats were anesthetized with 0.22 ml/kg chlo-

ral hydrate and punctured brain with a 24-gauge 
butterfly needle. The NY group was injected with 
Neisseria meningitidis suspension, and the ZC 
group was injected with normal saline at 23.5°C. 
After 10-day inoculation, comatose happened 
and rat activity was reduced, losing walking 
ability within 5 seconds then took out 51 μl cere-
brospinal fluid for culture. After modeling, the DJ 
group and GJ group were gavaged with 0.6% [60 
mg / (kg·d)] and 2.4% [240 mg / (kg·d)] quercetin 
solution (20 ml / 200 g) respectively every 24 
hours and 7 times. The rat brain was extracted, 
fixed with paraformaldehyde, dehydrated, em-
bedded, sectioned, and stained with HE.

Detection of Cell Morphology
The cover slide was soaked in ethanol for 5 

min and washed with PBS, and then, washed with 
cell culture solution followed by being stained 
with HE and observation under the microscope.

Detection of TLR-4 and HMGB-1
An appropriate amount of brain tissue from 

the encephalitis site was isolated followed by ad-
dition of phosphate buffer solution and grinding 
ultrasonically. After centrifugation, the superna-
tant was collected to measure the level of TLR-4, 
IL-4, IL-6, and HMBG1.

Detection of MMP-9 Enzyme Activity
SDS-PAGE gelatin zymography was used to de-

tect the MMP enzyme activity in cerebrospinal fluid.

Detection of Cerebral Edema
72 hours later, the rats were anesthetized with 

3.4% chloral hydrate followed by isolation of the 
brain which was weighed and recorded the wet 
weight. When the brain was dried, it was weighed 
and recorded as the dry weight.

Measurement of Cerebral Cortex 
and Hippocampal Dentate Gyrus 
Neurons in Rat

Rat brain tissue was fixed in formaldehyde 
solution, dehydrated, soaked in wax, embedded, 
sectioned, stained with HE followed by observa-
tion under a microscope.

Statistical Analysis
SPSS 17.0 software (SPSS inc., Chicago, IL, 

USA) analyzed data which were displayed as me-
an ± SD and were assessed by ANOVA. p<0.05 
indicates a statistical significance difference.

Results

Morphology of Nerve Cells in 
the Brain Tissues 

ZC group showed normal neuron size and equi-
table staining; NY group showed smaller neuron 
volume and chromatin agglutination; compared 
with NY group, neuron volume in DJ group in-
creased and chromatin was distributed evenly. 
Compared with the DJ group, the neuron volume 
in GJ group was significantly increased and chro-
matin distribution was more equitable. We can 
see evident effect in DJ group and GJ group with 
most evident effect in GJ group (Figure 1).
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Comparison of Indicators of 
Inflammatory Factors and HMGB-1 
in the Brain Tissue 

TLR-4 (1.12±0.23), IL-4 (1.10±0.22), IL-6 
(1.11±0.35), HMGB-1 (1.28±0.43) in ZC group 
was significantly lower than NY group (TLR-
4: 7.70±0.96, IL-4: 3.39±0.43, IL-6: 8.85±0.94, 
and HMGB-1: 8.27±1.09) (p<0.05); DJ group 
had lower TLR-4 (5.44±0.67), IL-4 (2.77±0.62) 
), IL-6 (6.43±0.73), HMGB-1 (5.98±0.82) level 
than NY group (p<0.05); compared with DJ 
group, GJ group had reduced TLR-4 (1.84± 
0.86), IL-4 (1.34±0.5), IL-6 (1.26±0.69), HM-
GB-1 (2.24±0.69) level (p<0.05), indicating that 
quercetin can inhibit inflammation (Table I, 
Figure 2).

Comparison of MMP-9 Enzyme Activity 
in Cerebrospinal Fluid 

ZC group had significantly lower MMP-9 
enzyme activity (38.23±21.02) than NY group 
(p<0.05). Meanwhile, DJ group also had reduced 
MMP-9 enzyme activity (601.25±59.26) compa-
red with NY group (1024.32±123.26) (p<0.05); 
the MMP-9 enzyme activity (425.39±60.46) of 
the GJ group was lower than DJ group with si-
gnificant differences (p<0.05), indicating that 
Cortin inhibits MMP-9 enzyme activity (Table II 
and Figure 3).

Comparison of Water Content in 
Brain Tissue 

The brain tissue water content of NY 
group (81.96±1.46) was higher than ZC group 
(71.03±0.97) and DJ group (77.42±1.28) 
(p<0.05). The brain water content of GJ group 
(75.12±1.02) was significantly lower than DJ 

Figure 1. The morphology of nerve cells of brain tissues in four groups (magnification×200).

Table I. Comparison of indicators of inflammatory factors and HMGB-1 in the brain tissue of four groups.

 Group Cases TLR-4 IL-4 IL-6 HMGB-1

ZC 8 112.15 ± 16.80 109.88 ± 8.78 112.72 ± 13.59 127.83 ± 16.49
NY 8 769.92 ± 6.48* 341.62 ± 27.71* 885.06 ± 18.79* 827.67 ± 28.9*
DJ 8 545.43 ± 46.35*# 277.65 ± 22.18*# 643.12± 24.70*# 599.40 ± 55.40*#

GJ 8 181.04 ± 29.52*#@ 134.95 ± 7.21*#@ 126.16 ± 17.30*#@ 225.10 ± 22.64*#@

f  410.7 287.3 3279 726.2
p  < 0.001 < 0.001 < 0.001 < 0.001

Note: *: p<0.05 compared with ZC group; #: p < 0.05 compared with NY group; @: p < 0.05 compared with DJ group.

Figure 2. Comparison of indicators of inflammatory factors 
and HMGB-1 in the brain tissue of four groups. Note: *: 
p<0.05 compared with ZC group; #: p<0.05 compared with 
NY group; @: p<0.05 compared with DJ group.
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group and NY group (both p<0.05), indicating 
that quercetin was effective on cerebral edema 
(Table III, Figure 4).

Comparison of the Number of 
Hippocampal and Cortical Neurons

Hippocampal neurons and cortical neurons in 
the ZC group (152.36±16.25 and 184.25±26.12) 
and DJ group (110.23±12.36 and 142.35±12.23) 
were higher than NY group (98.25±24.56) and 
(129.56±22.38) (p<0.05). The hippocampal neu-
rons (126.21±18.12) and cortical neurons in the 

GJ group (159.56±16.42) was increased compared 
with DJ group and NY group (p<0.05); indicating 
that quercetin can promote the regeneration of the 
above indicators (Table IV and Figure 5).

Discussion 

Bacterial encephalitis is caused by bacterial 
infection10. It is the lower respiratory tract that 
is often infected. It has been one of the world’s 
top three high-risk diseases with 10% death rate 

Note: *: p < 0.05 compared with ZC group; #: p < 0.05 com-
pared with NY group; @: p < 0.05 compared with DJ group.

Table II. Comparison of MMP-9 enzyme activity in cere-
brospinal fluid of four groups.

 Group Cases MMP-9 enzyme activity 

ZC 8 38.34 ± 7.23
NY 8 234.51 ± 31.54*
DJ 8 126.25 ± 19.71*#

GJ 8 72.29 ± 7.96*#@

f  157.1
p  < 0.001

Figure 3. Comparison of MMP-9 enzyme activity in 
cerebrospinal fluid of four groups. Note: *: p<0.05 compared 
with ZC group; #: p<0.05 compared with NY group; @: 
p<0.05 compared with DJ group.

Note: *: p < 0.05 compared with ZC group; #: p < 0.05 com-
pared with NY group; @: p < 0.05 compared with DJ group.

Table III. Comparison of water content in brain tissue of 
four groups.

 Group Cases Brain water content (%)

ZC 8 71.04 ± 0.72
NY 8 81.95 ± 0.83*
DJ 8 77.41 ± 0.80*#

GJ 8 73.11 ± 0.82*#@

f  298.2
p  < 0.001

Figure 4. Comparison of water content in brain tissue of 
four groups. Note: *: p<0.05 compared with ZC group; #: 
p<0.05 compared with NY group; @: p<0.05 compared with 
DJ group.
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among various diseases. At present, bacterial 
brain inflammation is the main cause of dea-
th in the low-developing countries11. The main 
component of quercetin is flavonoids, which can 
protect the nervous system, resist inflammation, 
and regulate cell damage and apoptosis. Me-
anwhile, quercetin is also effective in treating 
epilepsy, inhibiting tumors with anti-inflamma-
tory effects12.

The mass propagation of encephalitis virus 
leads to cell apoptosis. The virus can enter the 
cell through the thinned cell membrane. The cell 
apoptosis can be induced by specific reasons, in-
cluding intrinsic signals and the external signal13. 
The study shows that quercetin can inhibit the 
expression of inflammatory factors TLR-4, IL-
4, IL-6, and HMGB-1. The cerebrospinal fluid 
HMGB-1 level in patients with encephalitis is 
significantly higher14-16. It is believed that the 
cerebrospinal fluid HMGB-1 level can be used 
as an indicator to identify encephalitis. Previous 
studis17,18 showed that the expression of TLR-4 
in colitis is higher than that in normal tissues 
and inhibition of TLR4, TNF-α, and IL-1β is 
beneficial for the treatment. In addition, reduced 
HMGB-1 level was found in the serum of patients 
with cerebral infarction after treatment19. Accor-
ding to relevant studies20, the regulation of TLR-4 
on inflammation has been done through nuclear 
factor processing NF-kB. Increased inflammation 
can cause serious brain damage and nerve cell 
apoptosis. The damage to the brain tissue is con-
sistent with the degree of the inflammation cau-
sed by the disease, and TLR-4 level is positively 
related with the brain tissue damage.

This study found that Quercetin can reduce 
the activity of MMP-9. The group of low doses 
showed no differences, but the change of high 
dose group is extremely evident. Quercetin can 

reduce the water content of brain tissue in en-
cephalitis rats. The effect of GJ group is more 
evident than that of DJ group, indicating that 
quercetin is effective in the treatment of cerebral 
edema. Cell death has been shown to be promo-
ted through MMP-921. MMP-9 is overexpressed 
in cerebral ischemia and after inhibition of JNK, 
the condition of cerebral ischemia was relived22. 
MMP-9 is highly expressed in patients with me-
ningitis and inhibiting MMP-9 and IL-1β can 
protect the brain of patients23. Barillari24 has 
shown that MMP-9 is highly expressed in human 
myeloma and quercetin can inhibit its expression 
in the treatment of human myeloma. It has been 
found that MMP-9 can open the cerebrospinal 
fluid barrier. When inflammation occurs, the le-

Table IV. Comparison of the number of hippocampal and cortical neurons in the four groups.

                                                   Neurons
   
 Group Cases Hippocampal neurons Cortical neurons

ZC 8 152.38 ± 15.97 184.00 ± 16.12
NY 8 98.13 ± 10.06* 129.38 ± 20.33*
DJ 8 110.25 ± 13.55*# 142.00 ± 7.65*#

GJ 8 126.38 ± 14.15*#@ 159.63 ± 18.35*#@

f  23.77 16.79
p  < 0.001 < 0.001

Note: *: p < 0.05 compared with ZC group; #: p <0.05 compared with NY group; @: p < 0.05 compared with DJ group.

Figure 5. Comparison of the number of hippocampal and 
cortical neurons in the four groups of rats. Note: *: p<0.05 
compared with ZC group; #: p<0.05 compared with NY 
group; @: p<0.05 compared with DJ group.
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vel of MMP-9 is higher than normal, which cau-
ses the immune cells invasion to nerve tissue and 
elevated MMP-9 will bring more serious sequelae 
to patients25. A certain dose of quercetin can im-
prove the water content of brain tissue in patients 
with encephalitis and helpful for the treatment of 
patients with encephalitis26. The study found that 
after the treatment, the number of hippocampal 
and cortical neurons was effectively increased, 
indicating that quercetin can increase the number 
of cerebral cortex and hippocampal neurons. By 
the relevant medical researchers, hippocampal 
cells were damaged during the examination of 
patients with bacterial meningitis27, which con-
firms that bacterial encephalitis can damage the 
hippocampus. Injury of hippocampus tissue will 
cause the memory loss and bring more serious 
sequelae to the patient.

Conclusions

Quercetin is effective in the treatment of ence-
phalitis possibly through inhibition of apoptosis 
of brain nerve cells and secretion of inflamma-
tory factors TLR-4 and HMGB-1. This is the first 
time showing the protective effect of quercetin on 
encephalitis, which is the novelty of our study, in-
dicating that quercetin might be used for treating 
encephalitis.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
This work was supported by the Basic Clinical Fund 
Project of The Fist Hospital of Lanzhou University (No. 
ldyyyn2015-04).

References

 1) Chiu CT, Wen LL, Pao HP, Yang LY, Huang YN, 
Wang JY. Reparixin attenuates neuronal injury in 
experimental klebsiella pneumoniae meningoen-
cephalitis through dual effects on neuroprotection 
and neuroinflammation. Neuropathol Appl Neuro-
biol 2016; 42: 326-343.

 2) Parente A, Feltes PK, Vallez Garcia D, Sijbes-
ma JW, Moriguchi Jeckel CM, Dierckx RA, de 
Vries EF, Doorduin J. Pharmacokinetic analysis 
of 11c-pbr28 in the rat model of herpes encepha-
litis: comparison with (r)-11c-pk11195. J Nucl Med 
2016; 57: 785-791.

 3) Taddonio AP, Veloso EJ, Baldwin KJ. Human 
chronic necrotizing granulomatous meningoen-
cephalitis: A novel case report. Case Rep Neurol 
2018; 10: 302-308.

 4) Kersten M, Rabbe T, Blome R, Porath K, Sell-
mann T, Bien CG, Kohling R, Kirschstein T. Nov-
el object recognition in rats with nmdar dys-
function in ca1 after stereotactic injection of an-
ti-nmdar encephalitis cerebrospinal fluid. Front 
Neurol 2019; 10: 586.

 5) Kumar A, Gupta M, Sharma R, Sharma N. Del-
tamethrin-induced immunotoxicity and its protec-
tion by quercetin: An experimental study. Endocr 
Metab Immune Disord Drug Targets 2020; 20: 67-
76.

 6) Okamoto T, Suzuki T, Kusakabe S, Tokunaga 
M, Hirano J, Miyata Y, Matsuura Y. Regulation 
of apoptosis during flavivirus infection. Viruses 
2017; 9: 243.

 7) Zhang S, Hu L, Jiang J, Li H, Wu Q, Ooi K, Wang 
J, Feng Y, Zhu D, Xia C. Hmgb1/rage axis me-
diates stress-induced rvlm neuroinflammation in 
mice via impairing mitophagy flux in microglia. J 
Neuroinflammation 2020; 17: 15.

 8) Zhang L, Zhang J, Jiang X, Yang L, Zhang Q, 
Wang B, Cui L, Wang X. Hydroxytyrosol inhib-
its lps-induced neuroinflammatory responses via 
suppression of tlr-4-mediated nf-kappab p65 ac-
tivation and erk signaling pathway. Neuroscience 
2020; 426: 189-200.

 9) Panaro MA, Corrado A, Benameur T, Paolo CF, 
Cici D, Porro C. The Emerging Role of Curcum-
in in the Modulation of TLR-4 Signaling Pathway: 
Focus on Neuroprotective and Anti-Rheumatic 
Properties. Int J Mol Sci 2020; 21: 2299.

10) Yang XZ, Zhu HD, Ren HT, Zhu YC, Peng B, 
Cui LY, Guan HZ. Utility and safety of intrathe-
cal methotrexate treatment in severe anti-n-meth-
yl-d-aspartate receptor encephalitis: a pilot study. 
Chin Med J (Engl) 2018; 131: 156-160.

11) Zhou D, Jia F, Li Q, Zhang L, Chen Z, Zhao Z, Cui 
M, Song Y, Chen H, Cao S, Ye J. Japanese en-
cephalitis virus ns1’ protein antagonizes interfer-
on beta production. Virol Sin 2018; 33: 515-523.

12) Pascale R, Acquavia MA, Cataldi TRI, Onzo A, 
Coviello D, Bufo SA, Scrano L, Ciriello R, Guerri-
eri A, Bianco G. Profiling of quercetin glycosides 
and acyl glycosides in sun-dried peperoni di 
senise peppers (capsicum annuum l.) by a combi-
nation of lc-esi(-)-ms/ms and polarity prediction in 
reversed-phase separations. Anal Bioanal Chem 
2020; 412: 3005-3015.

13) Castellanos JE, Neissa JI, Camacho SJ. Dengue 
virus induces apoptosis in sh-sy5y human neuro-
blastoma cells. Biomedica 2016; 36: 156-158.

14) Asano T, Ichiki K, Koizumi S, Kaizu K, Hatori T, 
Mashiko K, Sakamoto Y, Miyasho T, Fujino O, 
Fukunaga Y. High mobility group box 1 in cere-
brospinal fluid from several neurological diseas-
es at early time points. Int J Neurosci 2011; 121: 
480-484.



Experimental study on encephalitis

5971

15) Tang D, Kang R, Cao L, Zhang G, Yu Y, Xiao W, 
Wang H, Xiao X. A pilot study to detect high mo-
bility group box 1 and heat shock protein 72 in ce-
rebrospinal fluid of pediatric patients with menin-
gitis. Crit Care Med 2008; 36: 291-295.

16) Doganyigit Z, Okan A, Kaymak E, Pandir D, Sili-
ci S. Investigation of protective effects of apilarnil 
against lipopolysaccharide induced liver injury in 
rats via tlr 4/hmgb-1/nf-kappab pathway. Biomed 
Pharmacother 2020; 125: 109967.

17) Lu Y, Li X, Liu S, Zhang Y, Zhang D. Toll-like re-
ceptors and inflammatory bowel disease. Front 
Immunol 2018; 9: 72.

18) Ungaro R, Fukata M, Hsu D, Hernandez Y, Breglio 
K, Chen A, Xu R, Sotolongo J, Espana C, Zaias 
J, Elson G, Mayer L, Kosco-Vilbois M, Abreu MT. 
A novel toll-like receptor 4 antagonist antibody 
ameliorates inflammation but impairs mucosal 
healing in murine colitis. Am J Physiol Gastroin-
test Liver Physiol 2009; 296: G1167-G1179.

19) Ye Y, Zeng Z, Jin T, Zhang H, Xiong X, Gu L. 
The role of high mobility group box 1 in ischemic 
stroke. Front Cell Neurosci 2019; 13: 127.

20) Fei X, He Y, Chen J, Man W, Chen C, Sun K, Ding 
B, Wang C, Xu R. The role of toll-like receptor 4 in 
apoptosis of brain tissue after induction of intra-
cerebral hemorrhage. J Neuroinflammation 2019; 
16: 234.

21) Xie Y, Mustafa A, Yerzhan A, Merzhakupova D, 
Yerlan P, A NO, Wang X, Huang Y, Miao L. Nucle-
ar matrix metalloproteinases: Functions resemble 
the evolution from the intracellular to the extra-
cellular compartment. Cell Death Discov 2017; 3: 
17036.

22) Dong X, Song YN, Liu WG, Guo XL. Mmp-9, a po-
tential target for cerebral ischemic treatment. Curr 
Neuropharmacol 2009; 7: 269-275.

23) Liechti FD, Grandgirard D, Leppert D, Leib SL. 
Matrix metalloproteinase inhibition lowers mor-
tality and brain injury in experimental pneumo-
coccal meningitis. Infect Immun 2014; 82: 1710-
1718.

24) Barillari G. The impact of matrix metalloprotein-
ase-9 on the sequential steps of the metastatic 
process. Int J Mol Sci 2020; 21: 4526.

25) Elkington PT, O’Kane CM, Friedland JS. The par-
adox of matrix metalloproteinases in infectious 
disease. Clin Exp Immunol 2005; 142: 12-20.

26) Anand David AV, Arulmoli R, Parasuraman S. 
Overviews of biological importance of quercetin: 
a bioactive flavonoid. Pharmacogn Rev 2016; 10: 
84-89.

27) Ostergaard C, Leib SL, Rowland I, Brandt CT. 
Bacteremia causes hippocampal apoptosis in ex-
perimental pneumococcal meningitis. BMC Infect 
Dis 2010; 10: 1.


