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Abstract. - OBJECTIVE: To study the structur-
al and functional changes in mitochondria in as-
trocytes of the cerebral cortex of the rats in the
simulated sepsis environment in vitro and the
relationship between these changes and the bio-
genesis of mitochondria in astrocytes by estab-
lishing models of sepsis astrocytes.
MATERIALS AND METHODS: The structural
and functional changes in mitochondria in astro-
cytes of the cerebral cortex of the rats were eval-
uated. The ultra structural changes in the mi-
tochondria, astrocytes, and ultrathin sections,
were observed with a transmission electron mi-
croscope. The expression of the regulatory fac-
tors related to biogenesis of mitochondria in as-
trocytes of the cerebral cortex of the rats was
evaluated in various experimental groups. RT-
PCR and Western blot were used to evaluate the
expression of the regulatory factors related to
biogenesis of mitochondria in astrocytes of the
cerebral cortex of the rats. The “point grid meth-
od” was used to evaluate the volume density of
the mitochondria in the astrocytes of the cere-
bral cortex of the rats in various experimental
groups. The Western blotting was used to evalu-
ate the role of fusion and fission of mitochondria
in the astrocytes of the cerebral cortex of the
rats in various experimental groups in regulat-
ing the expression of the protein-OPAIl and DRPI.
RESULTS: In the sepsis astrocyte models
established by co-incubation of LPS and IFN-y
and astrocytes of the cerebral cortex of the
rats, the mitochondria with a minor injury in
the 6 h group (2.97+0.92) increased significant-
ly when compared with those in the 0 h group
(1.08+0.95), 12 h group (1.70+1.01), and 24 h
group (1.59+0.55) (p<0.05); the concentration

of adenosine triphosphate (ATP) in the astro-
cytes of the cerebral cortex of the rats in the 6
h, 12 h, and 24 h groups increased significant-
ly when compared with that in the 0 h group
(p<0.05). PGC-1a mRNA, NRF-1 mRNA, NRF-2a
mRNA, NRF-28 mRNA, and mitochondrial tran-
scription factor A (TFAM) mRNA in the astro-
cytes of the cerebral cortex of the rats in the 6
h and 12 h groups increased significantly when
compared with those in the 0 h group (p<0.05);
the concentration of TFAM mRNA (1.20+0.19)
increased significantly when compared with
that in the 0 h group (p<0.05). The OPAI protein
concentration (1.21%+0.17:1.34+0.06) and DRPI
protein concentration (1.04+0.05; 1.05+0.05)
in the astrocytes of the cerebral cortex of the
rats in the 12 h group (1.25+0.17), 24 h group
(1.33+0.24), and 6 h group increased signifi-
cantly when compared with that in the 0 h
group (p <0.05).

CONCLUSIONS: The experimental sepsis con-
ditions can cause a minor injury of the ultrastruc-
ture of the mitochondria in the astrocytes of the
cerebral cortex of the rats. The biogenesis of the
mitochondria in the astrocytes of the cerebral
cortex of the rats was strengthened to cater for
the increased demand for energy of the astro-
cytes under the sepsis conditions and finally re-
cover the ultrastructure of the mitochondria with
a minor injury. In response to the increased mi-
tochondrial biogenesis, the activities of the mito-
chondrial fusion and fission of the astrocytes of
the cerebral cortex of the rats were increased.

Key Words:
Sepsis, Sepsis-associated encephalopathy, Astro-
cytes, Mitochondrial biogenesis.
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Introduction

The cerebral dysfunction caused by sepsis is cal-
led sepsis associated encephalopathy (SAE). SAE
is a disseminated cerebral dysfunction, caused by
sepsis-induced systemic inflammatory responses,
characterized by such clinical or laboratory bases as
no central nervous system infection, abnormal ce-
rebral anatomical structure, cerebral hemorrhage or
cerebral embolism, etc.'®. SAE seriously influences
the prognosis of the sepsis patients. SAE has beco-
me an independent factor for predicting the death
of sepsis patients*. The SAE survivors often suffer
from acute or chronic autonomic nerve dysfun-
ctions, delirium or damaged cognitive functions
of different degrees’. Also, SAE can influence the
functions of other important organs and accelerate
the occurrence and progression of the sepsis-related
multiple organ dysfunction syndrome by influen-
cing the functions of the automatic nervous system
and the neuroendocrine system due to the specifi-
city of the cerebral functions®®. The pathogenesis
of SAE is very complex and not completely clear.
Thus, discussing the molecular mechanism of onset
is significant to prevention and treatment of SAE and
improving the prognosis of the patients with sepsis
and multiple organ dysfunction syndrome. Previous
studies”'* have found that the mitochondrial dysfun-
ction is closely associated with the damage to the
energy supply for the brain tissue cells and the in-
crease in neurocytes apoptosis; it can exacerbate the
sepsis-induced cerebral dysfunctions; it has become
one of the major pathogenesis of SAE!"3, The mito-
chondrial biogenesis is subject to dual regulation by
the regulatory factors related to cell nucleus and mi-
tochondria biogenesis''"*>. Mitochondrial biogenesis:
the growth and differentiation of the existing mito-
chondria achieve dual regulation of the mitochon-
drial biogenesis including brain tissue by regulatory
factors related to cell nuclei and mitochondria'*'® by
expressing, infusing and assembling the cell nuclei
and mitochondrial encoded mitochondrial protein
and regulating the content and morphology of the
mitochondria. However, there is no systematic re-
search on the effect of biogenesis of the brain tissue
mitochondria in the course of sepsis. The astrocytes
can strengthen the formation of functional synapses
in the central nervous system and maintain the sta-
bility of the synapses, regulate synaptic transmis-
sion and neurogenesis, transform into nervous stem/
progenitor cells, develop a blood brain barrier, indu-
ce formation of the blood brain barrier and maintain
its functions, regulate cerebral blood flow, synaptic
interstitial fluid, ionic concentration, pH value, and

neurotransmitter steady state, energy and metaboli-
sm of the central nervous system'?. In the inflamma-
tory reactive diseases, the reactive astrocytes aggre-
gate in the vicinity of the brain abscess arising from
pathogenic microorganisms. As multifunction cells
of the central nervous system, the dysfunctions of the
astrocytes are closely associated with the neurocyte
and cerebral dysfunctions®. Normal mitochondrial
functions of the astrocytes are an important guaran-
tee for the astrocytes to exert normal functions. Stu-
dying the changes in the mitochondrial biogenesis
of the astrocytes in the course of sepsis is positively
significant to the understanding of the physiological
and pathological processes of SAE.

Materials and Methods

Materials and Reagents

This study was approved by the Animal Ethics
Committee of Mudanjiang Medical College Animal
Center. The SPF neonatal SD rats (aged one day,
Laboratory Animal Center of Mudanjiang Medical
College); gram-negative bacterium lipopolysaccha-
ride (LPS) (Sigma-Aldrich, St. Louis, MO, USA);
recombinant rat interferon-y (IFN-y) (Life Techno-
logy, Carlsbad, CA, USA); mouse anti-rat glial fi-
brillary acidic protein (GFAP) monoclonal antibody
(Cell Signaling Technology, Danvers, MA, USA);
rabbit anti-rat Iba-1 polyclonal antibody (Wako Pure
Chemical Industries, Osaka, Japan); tumor necrosis
factor-a. ELISA kit (Neobioscience Biotechnology
Co., Ltd., Shenzhen, China); interleukin-6 ELISA
kit (Neobioscience Biotechnology Co., Ltd., Shen-
zhen, China); nitric oxide detection kit (Beyotime
Biotechnology Research Institute, Nanjing, China);
dichlorodihydrofluorescein diacetate (DCFDA) cell
viability chalcogen kit (Abcam, Cambridge, MA,
USA); goat anti-rat PGC-la polyclonal antibody,
rabbit anti-rat OPAI monoclonal antibody (Ab-
cam, Cambridge, MA, USA); rabbit anti-rat NRF-1
polyclonal antibody, rabbit anti-rat NRF-2a. polyclo-
nal antibody, rabbit anti-rat NRF-2f3 polyclonal anti-
body, goat anti-rat mitochondrial transcription factor
A (TFAM) polyclonal antibody (Abcam, Cambrid-
ge, MA, USA); goat anti-rat DRPI polyclonal anti-
body (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). Instrumentation and equipment: SpectraMa-
xM5 Multi-functional microplate reader (GE MDS,
Rochester, NY, USA); ABI7500 fluorescent quanti-
tation PCR amplifier (Applied Biosystems ABI, Fo-
ster City, CA, USA); Olympus 1x71 inverted fluo-
rescence microscope, Olympus Sz61 stereoscopic
microscope (Olympus, Tokyo, Japan); H7650 tran-
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smission electron microscopy (Hitachi, Tokyo, Ja-
pan); Kodak Image station 4000R/Pro fluorescence/
chemiluminescence/in vivo isotope imaging analy-
sis system (Kodak, Rochester, NY, USA).

Preparation of Sepsis Astrocyte Models

The LPS (50 ng/mL) working solution and
IFN-vy (200 U/ml) working solution were co-incu-
bated with the astrocytes of the cerebral cortex of
the rats and the stimulus response of the sepsis to
the astrocytes was simulated in the in vitro envi-
ronment. The rats were divided into 4 experimen-
tal groups: 0 h group, normal control group, 6 h
group, 12 h group, 24 h group.

Culturing the Astrocytes

The cerebellum, meninges, large vessels, cerebral
medullary substance, and cerebral cortex of the neo-
natal Sprague Dawley (SD) rat aged 1 day were care-
fully separated with a pair of microsurgery tweezers
under the dissecting microscope. The complete sepa-
rated cerebral cortex was gently cut into tissue blocks
with a volume about 1 mm?* with a surgical knife bla-
de. The tissue blocks were filtered, inoculated in the
cell suspension, and placed in an incubator containing
5% carbon dioxide at 37°C. The solution was chan-
ged once by negative pressure suction with low-su-
gar Dulbecco’s Modified Eagle Medium (DMEM)
containing 10% fetal bovine serum (FBS) and 0.15%
penicillin-streptomycin mixture at 24 h after the tissue
blocks were inoculated in the cell suspension. The tis-
sue bocks were used after at 4 weeks after culturing?'.

Concentration Measurement
of TNF-a and IL-6

The battens were taken from the sealed bag,
which had been balanced to room temperature.
The standards and specimen diluent was added
to the blank wells. Specimens or standards (100
pl/well) of different concentrations were added to
the appropriate corresponding wells. The reaction
wells were sealed with adhesive tape. It was in-
cubated for 90 min at 36°C. The biotinylated an-
tibody diluent was added to the blank wells after
it was washed for 5 times. The biotinylated anti-
body working solution was added to other wells
(100 pl/well). The reaction wells were sealed with
the new battens. The solution was incubated for
60 min at 36°C. The enzyme combination dilute
was added to the blank wells after it was washed
5 times. The enzyme combination working solu-
tion was added to other wells (100 pl/well). The
cells were incubated in the incubator for 30 min
at 36°C after the reaction wells were sealed with
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adhesive tape. The chromogenic substrate was
added after it was washed 5 times. The OD450
value was measured with the multi-functional mi-
croplate reader after the solution was well mixed.

Concentration Measurement of ROS
and NO

The astrocytes inoculated into the 96-well mi-
croplate were washed carefully with PBS. The
cells were incubated at 37°C for 45 min in dark-
ness after the addition of the DCFDA mixture; the
fluorescence intensity of each well was detected.
The data were stored in the instrument.

Ultrastructure of the Mitochondria
in the Astrocytes

The glutaraldehyde osmic acid double fixation
method was used. The specimen was washed with
acetic acid and barbital buffer solution, dehydra-
ted, soaked, embedded, and aggregated. The ultra-
thin sections were stained for 30 min with uranyl
acetate, and washed 3 times with distilled water.
The water on the surface of the ultrathin sections
was absorbed with filter paper and air-dried. The
ultrathin sections were stored in a copper net box
for observation.

Volume Density of the Mitochondria

Volume density of the mitochondria in the
astrocytes of the cerebral cortex of the rats in va-
rious experimental groups was calculated using
the “point grid method” according to a previous
work?. The computational method was as fol-
lows: the transparent grids prepared with the
above method were placed on the transmission
electron microscope images of the astrocytes of
the cerebral cortex. Additionally, the crosses of
the transparent grid horizontal and vertical lines
on the mitochondria of the astrocytes on the ima-
ge were counted (excluding the junction points of
the horizontal and vertical lines of the transparent
grid on the four margins of the image).

Concentration of ATP

The culture solution in the 6-well microplate
containing the astrocytes of the cerebral cortex
of the rats was pipetted. 200 pL ATP lysis buf-
fer was added to each well. The solution was
pipetted up and down thus enabling the lysis so-
lution to sufficiently contact and decompose the
astrocytes. The decomposed astrocytes were col-
lected ina 1.5 mL centrifuge tube and centrifuged
at 12000xg for 10 min at 4°C. The supernatant
was removed. 100 pL. ATP working solution was
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added to each well. It was allowed to stand still
for 5 min for complete consumption of ATP 80
pL of the specimen or standard was added to the
inspection hole. It was well mixed quickly with
the pipette. The [UU value was determined with
the multi-function microplate reader at 2 s. The
ATP concentration in the sample was calculated
in accordance with the standard curve.

RT-gPCR and Western Blot

Real-time quantitative polymerase chain re-
action (detecting the levels of related proteins
with RT-PCR and Western-blot) was performed
according to a previous work®. The sequence of
the primers was showed in Table I.

Statistical Analysis

The SPSS 16.0 statistical software (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
The measurement data were expressed with mean +
standard deviation (X+sd). The comparison of mean
among various groups used the analysis of varian-
ce. The homogeneity test of variance was conducted
first. The Welch test would be used in the case of he-
terogeneity of variance. Pairwise comparisons were
conducted among various mean. The least-signifi-
cant difference (LSD) was used in the case of ho-
mogeneity of variance, and the Dunnett’ T3 method
was used in the case of heterogeneity of variance.
The difference was considered statistically signifi-
cant when p<0.05.

Results

Purity Identification for the Primary
Astrocytes

The specific protein GFAP in the astrocytes
and the specific protein Iba-1 in the microglial
cells were marked with the immunocytochemical
method; the morphology of the cells was observed.

Table I. The sequence of the primers.

The astrocytes accounted for more than 95% of
the primary cells cultured and the microglial cells
accounted for less than 5%. The results complied
with the experimental requirements (Figure 1).

Concentrations of ROS in Astrocytes and
TNF-A-a, IL-6, and NO in Sepsis

The heterogeneity of variance occurred to the
TNF-a concentration in various experimental
groups. The TNF-a concentration in 3 h group,
6 h group, 12 h group, and 24 h group increased
significantly when compared with that in the con-
trol group. The difference was statistically signi-
ficant (p<0.05). The concentrations of IL-6, ROS,
and NO in 3 h group, 6 h group, 12 h group, and
24 h group increased significantly when compa-
red with that in the control group. The difference
was statistically significant (p<0.05) (Figure 2).

Ultrastructure of the Mitochondria
in the Astrocytes.

In the models of sepsis astrocytes established
by co-incubation of the LPS and IFN-y and the
astrocytes of the cerebral cortex of the rats, we
observed the ultrastructure of the mitochondria
in the astrocytes of the cerebral cortex of the rats
with the transmission electron microscope. It was
found that the mitochondria with a mildly dama-
ged ultrastructure (mitochondria with the ultra-
structure score of 1 point) in the 6 h group incre-
ased significantly when compared with those in
the 0 h, 12 h, and 24 h groups; there was no signi-
ficant difference in percentages in various expe-
rimental groups between the mitochondria with a
normal ultrastructure (the mitochondria with the
ultrastructure score of 0 point) and the mitochon-
dria with a mildly damaged ultrastructure (the
mitochondria with the ultrastructure score of 2
points); no mitochondria with a severely damaged
ultrastructure and extremely seriously damaged
ultrastructure (the mitochondria with the ultra-

Gene Primer Sequence (5°-3') Annealing Temperature (oC) Product Length (bp)
PGC-la TGAAGCTTGAATAGTCACG 63.6 90

NRF-1 CTGGCTAGTGCATTAG 60.0 115

NRF-2a GGGGTCATGCATTTCA 60.0 120

NRF-2b CTCAGTCGGTCAGTCC 60.0 72

TFAM TGAGCTAGGTGCCGTGTG 64.3 146

B-actin GACAGGATGCAGAAGATT 58 142

NDI1 CCCAACATCGTAGTCATG 61.83 130

LPL CTCCTAGTCAGTCGAGTCGAT 61.22 100
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A B

Figure 1. Purity identification for the primary astrocytes of the cerebral cortex of the rats. 4, The astrocytes had abundant
cytoplasm, irregular soma, and long and thin processes, which interlaced to form a network. The oval-shaped cell nuclei were
usually inclined to one side (magnification x10); B, The green color represents the astrocytes with positive expression of spe-
cific protein GFAP; the red color represents the microglial cells with positive expression of the specific protein Iba-1; the blue
color represents the cell nuclei stained with DAPI (magnification x10).
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Figure 2. Comparison of concentrations of biomarkers in sepsis (x + s). 4, The TNF-a concentration in 3 h, 6 h, 12 h, and 24
h groups increased significantly when compared with that in the control group; B, The TNF-o concentration in the 3 h, 6 h, 12
h, and 24 h groups increased significantly when compared with that in the control group; C, The TNF-a concentration in the 3
h, 6 h, 12 h, and 24 h groups increased significantly when compared with that in the control group; D, The TNF-a concentration
in the 3 h, 6 h, 12 h, and 24 h groups increased significantly when compared with that in the control group. “represents p<0.05
based on a comparison with that in 0 h group.
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Table Il. Scores of the ultrastructure of the mitochondria in the astrocytes of the cerebral cortex of the rats in various experimental

groups (x = s)).

Mitochondria of Different Levels (%)
No. No. of

Group of cases 0 Point 1 Point 2 Points mitochondria
0 h Group 10 88.34+1.58 1.13+0.46 0.37+1.01 309

6 h Group 10 94.56+t1.14 2.97+0.864™ 0.87+1.21 342

12 h Group 10 94.39+0.56 1.78+1.21 0.49+1.23 332

24 h Group 10 95.78+0.31 1.49+0.35 1.12+0.53 331

F value 2.938 3.450 0.244

p value 0.047 0.021 0.793

“p <0.05 compared with 0 h group. “p <0.05 compared with 12 h group. 4p <0.05 compared with 24 h group.

structure score of 3 points and 4 points) were di-
scovered (Figures 2, 3 and Table II).

mMRNA Expression of PGC-1ca, NRF-1,
NRF-20., NRF-25, and TFAM

It was found that the concentrations of PGC-
lao mRNA in the 6 h and 12 h groups increased
significantly when compared with that in the 0
h group and the difference was statistically si-
gnificant (p<0.05); there was no significant dif-
ference in the astrocytes of the cerebral cortex
of the rats between the 24 h group and the 0 h
group (Figure 4A); the concentrations of NRF-
1 mRNA in the 6 h and 12 h groups increased
significantly when compared with that in the 0
h group and the difference was statistically si-
gnificant (p<0.05); there was no significant dif-
ference in the astrocytes of the cerebral cortex
of the rats between the 24 h group and the 0 h
group (Figure 4B); The concentrations of NRF-
20 mRNA in the 6 h group and the 12 h group
increased significantly when compared with that
in the 0 h group and the difference was statisti-
cally significant (p<0.05); there was no statisti-
cally significant difference in the astrocytes of
the cerebral cortex of the rats between the 24 h
group and the 0 h group (Figure 4C); The con-
centrations of NRF-23 mRNA in the 6 h group
and the 12 h group increased significantly when
compared with that in the 0 h group and the dif-
ference was statistically significant (p<0.05);
there was no statistically significant difference
in the astrocytes of the cerebral cortex of the rats
between the 24 h group and the 0 h group (Fi-
gure 4D); The concentration of TFAM mRNA
in the 6 h group, 12 h group, and 24 h group
increased significantly when compared with that
in the 0 h group. The difference was statistically
significant (p<0.05) (Figure 4E).

Protein Expression of PGC-1a, NRF-1,
NRF-20, NRF-23, and TFAM

The concentration of PGC-la protein in the 6
h group and 12 h group increased significantly
when compared with that in the 0 h group. The
difference was statistically significant (p<0.05).
There was no statistically significant difference
between the 24 h group and the 0 h group. The
concentrations of NRF-1 protein in the 6 h and 12
h groups increased significantly when compared
with that in the 0 h group and the difference was
statistically significant (p<0.05); there was no
statistical difference between the 24 h group and
0 h group. The concentrations of PGC-la in the
6 h group and 12 h group increased significantly
when compared with that in the 0 h group and the
difference was statistically significant (p<0.05).
There was no significant difference in the con-
centration of the NRF-2a protein in the astrocytes
in the cerebral cortex of the rats between the 24
h group and 0 h group. The concentrations of the
NRF-20 protein in the 6 h and 12 h groups incre-
ased significantly when compared with that in the
0 h group and the difference was statistically si-
gnificant (p<0.05); there was no significant diffe-
rence in the concentration of the NRF-2f3 protein
in the astrocytes in the cerebral cortex of the rats
between the 24 h group and 0 h group. The con-
centrations of the NRF-2f protein in the 6 h and
12 h groups increased significantly when compa-
red with that in the 0 h group and the difference
was statistically significant (p<0.05) (Figure 5).

Protein expression of OPAI and DRPI
OPAI was located in the space between the in-
ner and outer membranes of the mitochondria. It
played an important role in regulating fusion of
the inner membrane of the mitochondrion. Based
on the analysis, it was discovered that the con-
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Figure 3. Transmission electron microscope image (*400) for mitochondria in the astrocytes of the cerebral cortex of the rats in various
experimental groups. A, 0 h group (normal control group): the mitochondria had a normal mitochondrial structure; the crista was clear
without structural damage; B, 6 h group (sepsis group): The mitochondria were mildly swollen; the electron density of the matrix sli-
ghtly decreased; no mitochondrial membrane was structurally damaged; C, 12 h (sepsis group): the mitochondrial structure was mildly
damaged; the mitochondria were mildly swollen; the matrix density decreased slightly; no mitochondrial membrane was structurally
damaged; D, 24 h group (sepsis group): the mitochondrial structure was normal. The crista was clear without structural damage.

centrations of the OPAI protein in the 6 h and 12
h groups increased significantly when compared
with that in the 0 h group and the difference was
statistically significant (p<0.05); there was no
statistically significant difference in OPAI pro-
tein concentration between the 24 h group and the
0 h group; the concentrations of the DRPI pro-
tein in the 6 h and 12 h groups increased signifi-
cantly when compared with that in the 0 h group
(p<0.05). There was no statistical difference in
the DRPI protein concentration between the 24 h
group and the 0 h group (Figure 6).
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Discussion

Based on further in-depth laboratory and cli-
nical research on SAE, clinicians generally have
recognized the complexity pathogenesis of SAE.
It is the most common nervous system complica-
tions influencing the prognosis of the sepsis pa-
tients. The sepsis cell models play an important
role in studying the pathological and physiological
changes of certain cells in the organs with dama-
ged dysfunctions arising from sepsis®*. Combined
use of LPS and IFN-y for astrocytes is better than
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Figure 4. Comparison of expression of transcriptional levels of PGC-lo, NRF-1, NRF-2a, NRF-2p3, and TFAM in the
astrocytes of the cerebral cortex of the rats (x + s). 4, The concentrations of PGC-1lao mRNA in the 6 h and 12 h groups in-
creased significantly when compared with that in the 0 h group; B, The concentrations of NRF-1 mRNA in the 6 hand 12 h
groups increased significantly when compared with that in the 0 h group (p<0.05). C, The concentrations of NRF-2a mRNA
in the 6 h and 12 h groups increased significantly when compared with that in the Oh group (p <0.05); A, The concentrations
of NRF-28 mRNA in the 6 h and 12 h groups increased significantly when compared with that in the 0 h group (p <0.05); E,
The concentrations of TFAM mRNA in the 6 h group, 12 h group, and 24 h group increased significantly when compared with

that in the 0 h group (p <0.05).

sole use of LPS or IFN-y in simulating the sti-
mulation effect of the in vivo sepsis environment
on the astrocytes®. We have detected the chan-
ges in TNF-qo and IL-6 in the culture medium for
astrocytes after co-incubation of LPS, IFN, and the
astrocytes of the cerebral cortex of the rats, which
can reflect the inflammatory reaction degrees. We
have also detected the changes in the concentra-
tions of NO in the culture medium for astrocytes
and ROS in the astrocytes, which can reflect the

oxidization-nitridation stress degrees. The resear-
ch enables us to have a clear understanding of the
establishment of the models of sepsis astrocytes.
Regulation of the mitochondrial biogenesis is a
very complex process. Multiple cell nucleus and
mitochondrial regulatory factors jointly participa-
te in the mitochondrial biogenesis regulation. The
mitochondrial biogenesis refers to growth and fis-
sion of existing mitochondria?*. TFAM promotes
the transcription and replication of the mitochon-
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Figure 5. Comparison of expression of translational levels (total protein) of PGC-1a, NRF-1, NRF-2a, NRF-2f3, and TFAM
in the astrocytes of the cerebral cortex of the Rats in various experimental groups. 4, The concentrations of PGC-1a protein in
the 6 h group and 12 h group increased significantly when compared with that in the 0 h group and the difference was statisti-
cally significant (p <0.05); B, The concentrations of the NRF-1 protein in the 6 h and 12 h group increased significantly when
compared with that in the Oh group and the difference was statistically significant (p <0.05); C, The concentrations of PGC-la
protein in the 6 h group and 12 h group increased significantly when compared with that in the 0 h group. The difference was
statistically significant (p <0.05); D, The concentrations in the 6 h and 12 h groups increased significantly when compared with
that in the Oh group and the difference was statistically significant (p <0.05); E, The concentrations of the TFAM protein in the
6 h group, 12 h group, and 24 h group increased significantly when compared with that in the 0 h group.

drial DNA and participates in maintaining and
stabilizing the mitochondrial DNA structure. It is
bond at the upstream recognition sites of the light
strand promoter (LSP) and the heavy strand pro-
moter (HSP) of the mitochondrial DNA through
specificity for stimulating the DNA transcription?’
NRF-2 can regulate the expression of 10 types of
nuclear encoded cytochrome oxidase subunits®®. A
great deal of research has shown that transcribing
the assisted activated factor PGC-la is the main
regulatory factor of mitochondrial biogenesis in
mammals. PGC-1a can activate the mitochondrial
uncoupling protein 1(UCP-1)* by the interaction
between the y nuclear hormone receptor peroxiso-
me proliferator-activated receptor y (PPAR-y) and
the thyroid hormone receptors. We have not only
detected the PGC-1a concentration in the total lysis
solution of the cellular protein but also detected the
PGC-la concentration in the nuclear protein. We
have found that the transcriptional and translatio-
nal levels (total protein) of PGC-1a, NRF-1, NRF-
2a, NRF-2p, and TFAM in the astrocytes of the ce-
rebral cortex of the rats in the 6 h and 12 h groups
increase significantly when compared with those

in the control group and the nucleoprotein levels
of PGC-1a in the astrocytes of the cerebral cortex
of the rats in the 6 h and 12 h groups increase si-
gnificant when compared with those in the control
group, indicating that the mitochondrial biogene-
sis of the astrocytes increases at the two points in
time. The transcriptional and translational levels of
TFAM (total protein) increase significantly when
compared with those in the control group. The
research does not involve the factors that trigger
increased mitochondrial biogenesis of the cere-
bral cortex of the rats and related transduction
pathways. We only study the changes in the mi-
tochondrial biogenesis, mitochondrial fusion, and
fission of the cerebral cortex in in vitro sepsis. As
the in vivo environment is more complex and has
more influencing factors, the research requires fur-
ther in vivo experiments for demonstration.

Conclusions

The experimental sepsis conditions can cause
a minor injury of the ultrastructure of the mito-
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Figure 6. Expression of translational levels of OPAI and DRPI in the astrocytes of the cerebral cortex of the rats in various
experimental groups. A, The concentrations of the OPAI protein in the 6 h and 12 h group increased significantly when com-
pared with that in the 0 h group and the difference was statistically significant (p <0.05); B, the concentrations of the DRPI
protein in the 6 h group and 12 h group increased significantly when compared with that in the 0 h group and the difference

was statistically significant (p <0.05).

chondria in the astrocytes of the cerebral cortex
of the rats. The biogenesis of the mitochondria
in the astrocytes of the cerebral cortex of the rats
was strengthened to cater for the increased de-
mand for energy of the astrocytes under the sepsis
conditions and finally recover the ultrastructure
of the mitochondria with a minor injury. In re-
sponse to the increased mitochondrial biogenesis,
the activities of the mitochondrial fusion and fis-
sion of the astrocytes of the cerebral cortex of the
rats were increased.
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