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Abstract

AIM: To determine the alterations in rat enterocyte mi-
tochondrial respiratory function and enzyme activities
following traumatic brain injury (TBI).

METHODS: Fifty-six male SD rats were randomly
divided into seven groups (8 rats in each group): a
control group (rats with sham operation) and traumatic
brain injury groups at 6, 12, 24 h, days 2, 3, and 7
after operation. TBI models were induced by Feendy’
s free-falling method. Mitochondrial respiratory func-
tion (respiratory control ratio and ADP/O ratio) was
measured with a Clark oxygen electrode. The activities
of respiratory chain complex I -IV and related enzymes
were determined by spectrophotometry.

RESULTS: Compared with the control group, the mi-
tochondrial respiratory control ratio (RCR) declined at
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6 h and remained at a low level until day 7 after TBI
(control, 5.42 + 0.46; 6 h, 5.20 + 0.18; 12 h, 4.55 +
0.35; 24 h, 3.75 + 0.22; 2 d, 4.12 £ 0.53; 3 d, 3.45
+ 0.41; 7 d, 5.23 £ 0.24, P < 0.01). The value of
phosphate-to-oxygen (P/O) significantly decreased at
12, 24 h, day 2 and day 3, respectively (12 h, 3.30 £
0.10; 24 h, 2.61 £ 0.21; 2d, 2.95 £ 0.18; 3 d, 2.76 =
0.09, P < 0.01) compared with the control group (3.46
% 0.12). Two troughs of mitochondrial respiratory func-
tion were seen at 24 h and day 3 after TBI. The activi-
ties of mitochondrial complex I (6 h: 110 £ 10, 12 h:
115 £ 12,24 h: 85 £ 9, day 2: 80 + 15, day 3: 65 +
16, P < 0.01) and complex II (6 h: 105 £ 8, 12 h: 110
+ 92,24 h: 80 + 10, day 2: 76 + 8, day 3: 68 + 12, P
< 0.01) were increased at 6 h and 12 h following TBI,
and then significantly decreased at 24 h, day 2 and day
3, respectively. However, there were no differences in
complex I and II activities between the control and
TBI groups. Furthermore, pyruvate dehydrogenase
(PDH) activity was significantly decreased at 6 h and
continued up to 7 d after TBI compared with the con-
trol group (6 h: 90 + 8, 12 h: 85 + 10, 24 h: 65 % 12,
day 2: 60 £ 9, day 3: 55 + 6, day 7: 88 + 11, 2 < 0.01).
The changes in a-ketoglutaric dehydrogenase (KGDH)
activity were similar to PDH, except that the decrease
in KGDH activity began at 12 h after TBI (12 h: 90 £
12,24 h: 80 £ 9, day 2: 76 + 15, day 3: 68 + 7, day
7: 90 £ 13, P < 0.01). No significant change in malate
dehydrogenase (MDH) activity was observed.

CONCLUSION: Rat enterocyte mitochondrial respirato-
ry function and enzyme activities are inhibited following
TBI. Mitochondrial dysfunction may play an important
role in TBI-induced gastrointestinal dysfunction.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Many researchers over the years have at-
tempted to reveal the possible mechanism involved in
gastrointestinal dysfunction following traumatic brain
injury (TBI). Mitochondria are thought to be the pri-
mary target of oxidative damage and play an important
role in oxidative stress. However, alterations in rat en-
terocyte mitochondrial respiratory function and enzyme
activities following TBI have not been described previ-
ously. The purpose of this study was to determine the
effect of TBI on rat enterocyte mitochondrial respira-
tory function and enzyme activities, as well as to reveal
the alterations in rat enterocyte mitochondrial function
following TBI.

Zhu KJ, Huang H, Chu H, Yu H, Zhang SM. Alterations in en-
terocyte mitochondrial respiratory function and enzyme activities
in gastrointestinal dysfunction following brain injury. World J
Gastroenterol 2014; 20(28): 9585-9591 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i28/9585.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9585

INTRODUCTION

Traumatic brain injury (TBI) is an increasing problem
worldwide due to its high mortality and disability. There
are a number of complications after TBI, one of which
is gastrointestinal dysfunctionm. Conversely, gastroin-
testinal dysfunction may lead to malnutrition, electrolyte
imbalances, translocation of bacteria, and even systemic
inflammatory response syndrome (SIRS)**. These
complications delay recovery and increase mortality in
patients with TBI. Many researchers over the years have
attempted to reveal the possible mechanism involved in
gastrointestinal dysfunction following TBI. Most previ-
ous studies have focused on the microstructure of gut
mucosa, mucosal barrier disruption, mucosal blood flow,
inflammatory mediators, and cytokines[sfg]. However, the
exact mechanism of gastrointestinal dysfunction follow-
ing TBI is still unknown.

Ischemia or hypoperfusion of intestinal mucosa often
occurs after TBI in order to perfuse vital organs such as
the heart and brain. When TBI occuts, there is decreased
blood supply to the intestinal mucosa and intestinal
mucosal epithelial cells are under high pressure due to
oxidative stress'. Unfortunately, the energy store in the
intestinal mucosa is too small to cope with ischemia or
hypoperfusion, and intestinal epithelial cells are very sen-
sitive to ischemia and hypoxia. A large number of free
radicals are generated which attack the intestinal epithelial
cells and destroy intestinal mucosal barrier function in
the presence of ischemia. Mitochondria are an important
part of oxidative phosphorylation and energy supply. In
addition, they also generate reactive oxygen species (ROS)
and the bulk of mitochondrial ROS are generated at the
electron transport chain™"". For that reason, mitochon-
dria are thought to be the primary target of oxidative
damage and play an important role in oxidative stress.
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However, the alterations in rat enterocyte mitochondrial
respiratory function and enzyme activities following TBI
have not been previously described.

The purpose of this study was to determine the ef-
fect of TBI on rat enterocyte mitochondrial respiratory
function and enzyme activities, as well as to reveal the
mechanisms involved in the alterations in rat enterocyte
mitochondrial function following TBI.

MATERIALS AND METHODS

Rat models of TBI

Fifty-six male Sprague-Dawley rats, weighing 220-250 g,
were provided by the Experimental Animal Center of
Soochow University and randomly divided into seven
groups (8 rats in each group): a control group (rats with
sham operation) and TBI groups at 6, 12, 24 h, day 2,
day 3, and day 7 after operation. The TBI models were
induced as described by Feendy'"”. Briefly, rats were
anesthetized and fixed in a stereotactic frame after a 12-h
overnight fast. A right patietal bone window (diameter
5 mm) was drilled under aseptic conditions just behind
the cranial coronal suture and beside the midline. A
freefalling weight consisting of a steel rod weighing 40
g with a flat end diameter of 4 mm was allowed to fall
onto a piston resting on the dura from a height of 25
cm to produce a standardized parietal contusion in the
exposed intact cranial dura. The animals were sacrificed
at the appropriate time points and tissue specimens were
prepared. Animals in the control group were also anes-
thetized and fixed in the stereotactic frame with a right
patietal bone window alone and no brain injury.

All rats were housed two to three per cage with ad
libitum access to food and water and maintained on a
12/12-h light/dark cycle (lights on at 7:00 a.m.). All pro-
cedures were approved by the Institutional Animal Care
Committee.

Preparation of enterocyte mitochondria

Enterocyte mitochondria were isolated as previously de-
scribed™. Briefly, the experimental animals underwent
laparotomy and one segment of small intestine (30-cm in
length) was removed for subsequent procedures. Thirty
mL of 0.01 mol/L ice-cold PBS were used to wash the
intestinal contents and the gut was turned over to ex-
pose the intestinal mucosa. Intestinal epithelial cells were
shaved off and placed in 50 mL of ice-cold buffer (con-
taining 0.01 mol/L PBS and 10 mmol/L EDTA) and
centrifuged at 3500 r/min for 2.5 min. The supernatant
was discarded and the pellet was washed once with isola-
tion buffer containing 25 mmol/L sucrose, 10 mmol/L
Ttis, 2 mmol/L EDTA, pH 7.4. The buffer was centri-
fuged at 3500 t/min for 2.5 min. The pellet was washed
twice with isolation buffer and homogenates were pre-
pared. The homogenates were diluted to 50 mL and cen-
trifuged at 1700 r/min for 10 min. The supernatant was
collected and centrifuged at 10500 t/min for 8 min. The
mitochondrial pellet was suspended in isolation buffer.
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The mitochondrial protein concentration was determined
using a bicinchoninic acid method with bovine serum al-
bumin (BSA) as the standard. The above procedures were
carried out at 4 C.

Measurement of mitochondrial respiratory function
Mitochondrial respiratory function was measured using
a Clark oxygen electrode. A mitochondrial suspension
containing 1 mg mitochondrial protein was added to 1
mL of assay buffer at 30 ‘C. Oxygen consumption was
measured in the absence (state 4 respiration) and pres-
ence of 0.25 mmol/L ADP (state 3 respiration) and suc-
cinate (final concentration 5 mmol/L). The respiratory
control ratio (RCR) was expressed as the ratio of state 3
to state 4 activity, and ADP/O was expressed as the ratio
of ADP added to that of oxygen consumed during state
3 respiration.

Measurement of mitochondrial respiratory chain
complex I -1V activities

Complex [ activity was assayed by monitoring the de-
crease in nicotinamide adenine dinucleotide (NADH)
at 340 nm. The final concentration of mitochondrial
protein was 30 pg/mL. The reaction was started by
adding 200 ymol/L NADH and was scanned at 340
nm for 3 min. Rotenone (3 umol/L) was added to the
reaction system as a blank control. Complex II activity
was assayed with mitochondria (final concentration 30
ug/mL) and the reaction was started with 10 mmol/L
succinate and scanned at 600 nm for 2 min. Complex III
activity was assayed in a mixture containing 250 mmol/L
sucrose, 1 mmol/L. EDTA, 50 mmol/L KPi, pH 6.5
(adjusted to reduce auto-oxidation of reduced CoQ1),
2 mmol/L KCN, 50 umol/L cytochrome C, 0.1% BSA,
and the reaction was started by 20 pg/mL mitochondria
and 50 umol/ L reduced CoQ1, with the increase in ab-
sorption at 550 nm recorded for 2 min. Complex IV ac-
tivity was assayed by monitoring the dectease in reduced
cytochrome C at 550 nm.

Measurement of pyruvate dehydrogenase, o.-ketoglutaric
dehydrogenase, and malate dehydrogenase

The pyruvate dehydrogenase (PDH) assay was carried
out according to Hinman’s method"". Briefly, MDA re-
acted mitochondrial suspension was placed in assay buf-
fer containing 2.5 mmol/L NAD, 0.1 mmol/L coenzyme
A, 0.2 mmol/L thiamin pyrophosphate, 0.3 mmol/L
dithiothreitol, 1 mmol/L MgClz, 1 mg/mL BSA, 0.05 M
phosphate buffer, pH 7.8, 0.6 mmol/L INT, 0.1 mg/mL
dihydrolipoic acid dehydrogenase, and the reaction was
started with 5 mmol/L pyruvate and scanned at 500 nm
for 5 min. The activities of o-ketoglutaric dehydrogenase
(KGDH) and malate dehydrogenase (MDH) were as-
sayed as described by Humphries“ﬂ. Briefly, a mitochon-
drial suspension was diluted with water to 0.5 mg/mL.
After adding different concentrations of MDA (equal
volume of 0.01 mol/L HCI for control), the reaction so-
lution was incubated at 37 ‘C for 5 min. An aliquot was
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Table 1 Changes in mitochondrial respiratory function (mean

+ SD)
Groups State 3 State 4 RCR P/O
respiration respiration

Control ~ 2446+171  433+025 5.42 +0.46 3.46 +0.12
TBI6h  23.89+1.85  454+053  520+0.18° 342015
TBI12h 23.04+230 421+0.74  455+035°  3.30+0.10°
TBI24h 19.65+1.94 542+018  3.75+022° 2.61+021°
TBI2d  20.04+201 505+032  412+053° 295+0.18°
TBI3d  1873+1.88  527+0.61  345+041° 2.76+0.09°
TBI7d 25224176  436+046  523+024°  343+0.11

°P < 0.01 vs control. TBI: Traumatic brain injury; RCR: Respiratory control
ratio; P/O: ADP/O ratio.

then placed in the assay mixture containing 200 pmol/L
TPP, 0.5 mmol/L NAD", 130 umol/L coenzyme A,
2.5 pmol/L rotenone in plate wells (final mitochondtial
concentration 50 ug/mlL). The reaction was started by
2 mmol/L a-ketoglutarate and scanned at 340 nm for 2
min to measure NADH generation. MDH was assayed in
the same way, except the reaction was started by 5 mmol/
L malate.

Statistical analysis

The software SPSS 13.0 was used for statistical analysis.
The data were expressed as mean £ SD, and statistical
differences were calculated by one-way analysis of vari-
ance. Statistical significance was assigned at P < 0.05.

RESULTS

Changes in mitochondrial respiratory function

As shown in Table 1, compared with the control group,
RCR declined at 6, 12, 24 h, day 2, day 3 and day 7, re-
spectively (6 h: 5.20 = 0.18, 12 h: 455 + 0.35, 24 h: 3.75
1+ 0.22, day 2: 4.12 + 0.53, day 3: 3.45 = 0.41, day 7: 5.23
1 0.24, P < 0.01). The phosphate-to-oxygen (P/O) level
significantly decreased at 12, 24 h, day 2 and day 3, re-
spectively (12 h: 3.30 + 0.10, 24 h: 2.61 £ 0.21, day 2: 2.95
1 0.18, day 3: 2.76 £ 0.09, P < 0.01).

Changes in mitochondrial respiratory chain complex I -
1V activities

As shown in Figure 1, compared with the control group,
the activities of mitochondrial complex I (6 h: 110 £ 10,
12 h: 115 £ 12,24 h: 85 + 9, day 2: 80 £ 15, day 3: 65 £
16, P < 0.01) and complex II (6 h: 105 + 8,12 h: 110 £
92,24 h: 80 + 10, day 2: 76 £ 8, day 3: 68 £ 12, P < 0.01)
increased at 6 h and 12 h following TBI, and then sig-
nificantly decreased at 24 h, day 2 and day 3, respectively.
There were no differences in complex Il and IV activities
between the control and TBI groups.

Changes in PDH, KGDH, and MDH activities

As shown in Figure 2A-C, compared with the control
group, PDH activity was significantly decreased at 6 h
and continued up to 7 d after TBI compared with the
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Figure 1 Activities of rat enterocyte mitochondrial complex I -1V after traumatic brain injury. Activities of mitochondrial complex I (6 h: 110 + 10, 12 h: 115 £
12,24 h: 85 £ 9, day 2: 80 + 15, day 3: 65 + 16) and complex II (6 h: 105 £ 8, 12 h: 110 £ 92, 24 h: 80 £ 10, day 2: 76 + 8, day 3: 68 + 12) increased at 6 h and 12
h following traumatic brain injury, and then significantly decreased at 24 h, day 2 and day 3, respectively, and compared with the control group. There were no differ-
ences in complex Il and IV activities between the control and TBI groups. "P < 0.01 vs control group.

control group (6 h: 90 = 8,12 h: 85 £ 10, 24 h: 65 £ 12,
day 2: 60 = 9, day 3: 55 * 6, day 7: 88 = 11, P < 0.01).
The minimum PDH activity was seen at day 3. The
changes in KGDH activity were similar to those of PDH,
except that the decrease in KGDH activity began at 12 h
(12h: 90 + 12,24 h: 80 £ 9, day 2: 76 £ 15, day 3: 68 £ 7,
day 7: 90 £ 13, P < 0.01). No significant change in MDH
activity was observed.

DISCUSSION

Many studies have shown that the intestine may play an
important role in the development and progression of
SIRS, sepsis, and MODS. Thus, it is believed that the in-
testine is not only the target organ, but also the promoter
of MODS"""". Gastrointestinal dysfunction is often
seen during conditions of stress, such as TBI, burn, and
hemorrhagic shock, from which a sequence of complica-
tions then develop that may even be life threateningmzﬂ.
TBI is a major cause of death and disability throughout
the world. Many patients with severe TBI often die of
MODS, but not of the injury itself™”. For these reasons,
gastrointestinal dysfunction following TBI is an increas-
ingly recognized phenomenon and is currently an impor-
tant research hotspot in the bio-medical field.

Much progress has been made in the study of gas-
trointestinal dysfunction following TBI. Hang e# al”
confirmed that significant destruction of gut structure
and impairment of barrier function could be induced by
TBI 3 h after brain injury lasting for more than 7 d. An
increase in intestinal mucosal permeability, decrease in
intestinal motility and mucosal blood flow, and widen-
ing of intercellular tight junctions were also found in
TBI rats**!. There is evidence to suggest that increased
early apoptosis of intestinal mucosal epithelial cells and
attack by oxygen free radicals may contribute to stress-
damage of the intestinal mucosal barrier in the early
stage of TBI***!. Mitochondria are involved in energy
metabolism and provide energy for life activities. In ad-
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dition, oxygen radicals are generated in mitochondria
during oxidative phosphorylation and electron transport.
In the physiological state, the production and depletion
of free radicals are in equilibrium. The relative balance
is destroyed when TBI occurs and vast amounts of free
radicals are produced through strong lipid peroxidation.
Damaged mitochondria are associated with decreased
energy production and increased ROS production. In
turn, increased oxidant production may aggravate mito-
chondrial lesions, and even activate the apoptotic signal-
ing pathwaym. Previous studies have revealed the occut-
rence of mitochondrial swelling, matrix destruction, and
reduced enterocyte numbers following TBI*", which are
the morphological basis of mitochondrial dysfunction.
Thus, we hypothesized that mitochondrial dysfunction
may play an important role in TBI-induced gastrointesti-
nal dysfunction.

However, no studies on enterocyte mitochondrial
respiratory function and enzyme activities following
TBI have been reported to date. In this study, we found
that mitochondrial respiratory function and two related
enzyme activities (PDH and KGDH) decline following
TBI. The activities of mitochondrial complexes I and
II are also changed after TBI. Our findings showed that
TBI inhibited enterocyte mitochondrial respiratory func-
tion and related enzyme activities, suggesting that mito-
chondrial dysfunction may play an important role in TBI-
induced gastrointestinal dysfunction.

Mitochondsrial respiratory function is divided into five
states. Of these, the values of states 3 and 4 are stronger
for the evaluation of mitochondrial respiratory function.
The ratio of state 3 to state 4 is called the mitochondrial
RCR, and is the most sensitive indicator of mitochondrial
respiratory function. A decreased level of RCR indicates
a coupling defect in mitochondrial oxidative phosphory-
lation. State 4 represents permeability of the mitochon-
drial membrane, with an increase suggesting increased
permeability[zsl. The P/O ratio refers to the amount of
ATP produced during the movement of two electrons
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Figure 2 Activities of rat enterocyte mitochondrial related enzymes after
traumatic brain injury. A: Pyruvate dehydrogenase (PDH) activity was signifi-
cantly decreased at 6 h and continued up to 7 d after TBI compared with the
control group (6 h: 90 + 8, 12 h: 85 + 10, 24 h: 65 + 12, day 2: 60 + 9, day 3:
55 £ 6, day 7: 88 % 11). The minimum PDH activity was seen at day 3; B: The
changes in o-ketoglutaric dehydrogenase (KGDH) activity were similar to those
of PDH, except that the decrease in KGDH activity began at 12 h (12 h: 90 +
12,24 h: 80 £ 9, day 2: 76 + 15, day 3: 68 + 7, day 7: 90 + 13); C: No signifi-
cant change in malate dehydrogenase (MDH) activity was observed. °P < 0.01
vs control group.

through a defined electron transport chain by the reduc-
tion of an oxygen atom. The value of P/O is high in
intact mitochondria, but low in damaged or dysfunctional
mitochondria®. Mitochondrial RCR, respiratory state 4,
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and the value of P/O can reflect mitochondtial respira-
tory function to some extent. Impaired mitochondrial
respiratory function in intestinal epithelial cells has been
observed in animal models suffering shock or burns. Our
results revealed that mitochondrial RCR decreased sig-
nificantly at the eatly stage of TBI, and the drop in P/O
ratio was later than that of RCR. These findings suggest
that RCR is more susceptible to TBI than the P/O ratio.
Furthermore, two troughs in mitochondrial respiratory
function were found at 24 h and day 3 after TBI. We
hypothesize that the formation of the first trough may
be related to intestinal ischemia, while the second may
be associated with intestinal reperfusion and intracranial
hypertension.

The mitochondrial respiratory chain is a major source
of ROS in eukaryotic cells. Dysfunction of mitochon-
drial respiratory chain complexes may result in an imbal-
ance of ROS production, which has been implicated in
a number of degenerative diseases, tumors, sepsis, and
biological aging™ ™. The changes in respiratory chain
complex [ -1V activities following TBI were discovered
to be discrepant in our research. The activities of mi-
tochondrial complexes | and II increased in the early
stage of TBI and then significantly decreased until day
7. These activities were reduced to a minimum at day 3.
An increase in the early course of TBI is considered to
be a compensatory mechanism for energy requirements.
There were no differences in complex Il and IV activities
between the control and TBI groups. It has been con-
firmed that mitochondrial complex Il and IV activities
dectease with agem’m. We speculate that complexes Il
and IV may correlate with chronic oxidative stress, while
complexes I and II are responsible for acute mitochon-
drial injury.

Our findings also demonstrated that three mitochon-
drial dehydrogenases showed different tolerance to TBIL
More specifically, PDH and KGDH activities signifi-
cantly decreased in the eatly stage of TBI and continued
up to 7 d after TBI compared with the control group.
The minimum PDH and KGDH activities were seen at
day 3. However, no significant change in MDH activity
was observed. Long e/ a” found that the binding affin-
ity of PDH and KGDH to malondialdehyde (MDA) was
markedly higher than that of PDH. In addition, the level
of mitochondrial MDA increased in the oxidative stress
state. These may be the reasons for the different altera-
tions in the three mitochondrial dehydrogenases after
TBL

The main purpose of this paper was to investigate the
change in mitochondrial respiratory function and deter-
mine the mechanism of intestinal dysfunction after TBI.
In fact, there may be several such reasons, including isch-
emia, reperfusion, and changes in intracranial pressure,
which could explain intestinal dysfunction. TBI often
induces the abnormal release of pituitary hormones™ ™,
which can lead to intestinal dysfunction. The brain-gut
axis is also an interesting possible mechanism.

However, there are several limitations in this study.
Firstly, the studies were performed in rats and are still far
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from suitable for human experiments. Secondly, the find-
ings were limited by the small number of studies used
in the analyses. Thirdly, the studies could not be carried
out in living organisms to obtain dynamic outcomes re-
lated to mitochondrial function. Finally, the results were
derived only from male rats and there could be sexual
dimorphism in enterocyte functions. Further study is
needed to explain the mechanisms involved in the varia-
tion in the three dehydrogenases and respiratory chain
complex [ -IV activities. For example, mitochondrial
respiratory complexes and their enzyme related gene ex-
pression could be investigated.

In conclusion, rat enterocyte mitochondrial respira-
tory function and the activities of PDH and KGDH
declined following TBI. The activities of mitochondrial
complexes | and I also changed after TBI. In turn,
these alterations in mitochondrial function may aggra-
vate existing gastrointestinal dysfunction. Mitochondrial
dysfunction may play an important role in TBI-induced
gastrointestinal dysfunction. Larger studies are required
to explore what improvement in mitochondrial outcomes
mean and how to protect mitochondrial function. Never-
theless, this study suggests a possible strategy to attenu-
ate gastrointestinal complications after TBI by protecting
mitochondrial function in intestinal epithelial cells.
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Background

Traumatic brain injury (TBI) is a major cause of death and disability worldwide.
Many patients with severe TBI often die of multiple organ dysfunction syn-
drome, but not of the injury itself. Gastrointestinal dysfunction following TBI is
an increasingly recognized phenomenon, and is currently an important research
hotspot in the bio-medical field.

Research frontiers

Studies have confirmed that gastrointestinal dysfunction often occurs after TBI.
Increase in intestinal mucosal permeability, decrease in intestinal motility and
intestinal mucosal blood flow, destruction of gut structure, impairment of barrier
function, and widening of intercellular tight junctions were also found in TBI rats.
There is evidence suggesting that increased early apoptosis of intestinal muco-
sal epithelial cells and attack by oxygen free radicals may contribute to stress-
damage of the intestinal mucosal barrier in the early stage of TBI.

Applications

Mitochondrial dysfunction may play an important role in TBI-induced gastro-
intestinal dysfunction. It may be a new strategy to attenuate gastrointestinal
complications after TBI by protecting the mitochondrial function of intestinal
epithelial cells.

Terminology

Mitochondria are an important part of oxidative phosphorylation and energy
supply. In addition, they also generate reactive oxygen species. Mitochondria
are thought to be the primary target of oxidative damage and play an important
role in oxidative stress and apoptosis. Mitochondrial respiratory function can be
evaluated by respiratory control ratio, the phosphate-to-oxygen ratio, and the
activities of respiratory chain complexes 1 -IV and related enzymes.

Peer review

This is an original and interesting paper on the study of rat enterocyte mito-
chondrial respiratory function and the activities of related enzymes following
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TBI. Their findings demonstrated that rat enterocyte mitochondrial respiratory
function and activities of pyruvate dehydrogenase and o-ketoglutaric dehydro-
genase decline following TBI. Activities of mitochondrial complexes I and I
also changed after TBI. The study provides evidence that enterocyte mitochon-
drial dysfunction is induced by TBI.
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