
Abstract. Background/Aim: The aim of the study was to
evaluate the effect of rutin, which is a vitamin P1 flavonoid
with anti-inflammatory and anti-edema effects, on traumatic
brain injury (TBI) and edema in rats. Materials and Methods:
Rats were divided into 3 groups as sham group without brain
trauma (SG), brain trauma without medication (BT) group
and Rutin treated brain trauma (RBT) group. Fifty mg/kg rutin
was administered to the RBT group once a day for three days.
On the fourth day, rats were sacrificed. Extracted brain tissues
were examined biochemically and histopathologically. Results:
We found that the levels of malondialdehyde, nuclear factor-
kappa B and tumor necrosis factor-alpha decreased, and those
of total glutathione increased significantly. Furthermore, rutin
administration reduced pyramidal neuron degeneration and
poly-morpho-nuclear-leucocyte accumulation due to trauma
in brain tissue, while eliminating edema. Conclusion: Rutin
might be effective in the treatment of TBI and TBI-related
brain edema.

Traumatic brain injury (TBI) is an important public health
problem that can be associated with mortality and disability
(1). TBI is an important public health problem in the United
States with an annual incidence of approximately 1.7 million,
of which 50,000 injuries result in death (2). According to the

literature, the incidence of TBI is estimated to be 939 cases
per 100,000 individuals (3). 

TBI occurs as a result of various mechanical traumas due
traffic accidents and falls (4). TBI can be classified as primary
and secondary damage. Primary TBI occurs after impact. In the
primary TBI phase, contusions, rupture of blood vessels, and
intracranial hemorrhage constitute ongoing brain damage (5).
Secondary TBI occurs a few seconds after the primary injury.
This phase is characterized by neuroflamation, oxidative stress,
and increased intracranial pressure due to brain edema (6). Niu
X et al. have demonstrated the role of tumor necrosis factor
alpha (TNF-α) and other proinflammatory cytokines in the
pathogenesis of TBI. In addition, increased free oxygen radical
(FOR) and malondialdehyde (MDA) production and decreased
glutathione peroxidase (Gpx), glutathione (GSH) and
superoxide dismutase (SOD) levels have been associated with
TBI (7). Nuclear factor kappa B (NF-ĸB) is also known to
mediate the transcription of inflammatory genes in TBI (8).
Furthermore, it has been reported that NF-ĸB is responsible for
brain edema developing in TBI (9). All this information
suggests that antioxidant, anti-inflammatory and anti-edema
factors might be useful for the treatment of TBI and TBI-
related brain edema (TBIE).

In this study, we investigated the effect of rutin (3,3,4,5,7-
pentahydroxyflavone-3-rhamnoglucoside), a vitamin P1
flavonoid, against TBI in rats (10). Rutin has been found to be
effective against edema that develops as a result of increased
capillary permeability and plasma leakage into tissue (11). It has
been demonstrated that rutin suppresses the production of NF-
ĸB and TNF-α, two proinflammatory factors (12), indicating
that rutin can be useful in preventing TBIE development.
However, no studies have investigated the effect of rutin on
brain injury and edema induced by mechanical trauma in rats.
Therefore, the aim of this study was to evaluate the effect of
rutin on TBI in rats biochemically and histopathologically. 
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Materials and Methods

Rats were obtained from the Ataturk University Medical Experimental
Application and Research Center. Eighteen male albino Wistar rats
weighing 285-296 grams were used in the experiment. The animals
were fed and kept for one week at room temperature (22˚C, pressure
of 1 atm) for adaptation to the environment. After one week, the
experiment was performed on. The procedures and protocols were
approved by the Ataturk University Animal Experimentation Ethics
Committee (Date: 28.03.2019 Meeting No:4).

Chemicals. Ketamin was obtained from Pfizer (Istanbul, Turkey)
and Rutin was obtained from Solgar (Leonia, NJ, USA).

Experimental groups. Rats were divided into three groups: Sham
group (SG) with no trauma or medication, mechanical brain trauma
(BT) group, and 50 mg/kg rutin administered mechanical brain
trauma (RBT) group.

Experimental procedure. Surgical procedures were performed under
sterile conditions in an appropriate laboratory environment. The
Marmarou's impact acceleration model was modified and used to
create the brain trauma model (13). In this model, a cylindrical tube
with an inner diameter of 18 mm and an outer diameter of 19 mm
was used. Ketamine hydrochloride was administered
intraperitoneally at a dose of 60 mg/kg to the rats. Subsequently, rats
were placed in prone position on cork blocks. In order to prevent
collapse fractures in the skull, a 10 mm-diameter and 3 mm-thick
steel disc was inserted following skin incision between the coronal
and lamdoid sutures. Head trauma was created by applying a mass
of 300 g via free fall from a height of one meter. BT group and SG
group were orally administered with 0.5 ml normal saline (0.9%
NaCl) as solvent. Fifty mg/kg rutin was administered orally to the
RBT group. Rutin and distilled water were administered once a day
for three days. Animals were fed with standard rat feed, each in a
separate cage at an appropriate environment and room temperature
(22˚C). On the fourth day, rats were sacrificed by high-dose ketamine
(120 mg/kg) anesthesia and brain tissues were removed. MDA,
tGSH, NF-ĸB, and TNF-α levels were measured in the extracted
brain tissues. Brain tissues were also examined histopathologically. 

MDA analysis. Tissue samples were placed in 2 ml 1.15%
potassium chloride solution for MDA analysis or in pH=7.5
phosphate buffer for other measurements and homogenized on ice.
Then, the homogenates were centrifuged at +4˚C for 10 min at 9000
×g. The supernatants were used for the analysis.

MDA levels were measured according to the Ohkawa H et al.
method (14). This method is based on the spectrophotometric
measurement (at 532 nm) of the absorbance of the pink colored
complex formed by thiobarbituric acid (TBA) and MDA at high
temperature (95˚C). The homogenates were centrifuged at 5000×g
for 20 min and these supernatants were used to quantify MDA. One
hunderd μl of 8% sodium dodecyl sulfate (SDS), 250 μl of
homogenate, 750 μl of 20% acetic acid, 750 μl of 0.08% TBA and
150 μl of pure water were pipetted into capped tubes and vortexed.
The mixture was incubated at 100˚C for 60 min, and then 2.5 ml of
n-butanol were added and spectrophotometrically measured. The
resulting red color was measured using 3 ml cuvettes at 532 nm and
the MDA levels were determined by using a standard curve
generated using various concentrations of MDA.

tGSH analysis. DTNB [5,5’-Dithiobis (2-nitrobenzoic acid)] in the
measuring medium is a disulfide chromogen and is easily reduced
by compounds with sulfhydryl groups. The resulting yellow color
was measured spectrophotometrically at 412 nm (15). The
homogenates were centrifuged at 12,000×g for 10 min and the
supernatants were used to determine the amount of GSH. 1500 μl
measuring buffer (200 mM Tris-HCl containing 0.2 mM EDTA,
pH=8.2), 500 μl supernatant, 100 μl 5,5’-Dithio-bis (2-nitrobenzoic
acid) (DTNB), and 7,900 μl methanol were pipetted into capped
tubes and vortexed. The mixture was incubated at 37˚C for 30 min
and then the absorbance was measured at 412 nm. The GSH levels
in the samples were determined by using a standard curve generated
using various concentrations of GSH.

TNF-α and NF-ĸB  analysis. Tissue-homogenate TNF-α and NF-ĸB
concentrations were investigated using rat-specific sandwich
enzyme-linked immunosorbent assay Rat Tumor Necrosis Factor α
ELISA kit (Cat no: YHB1098Ra, Shanghai LZ, PR China) and Rat
Nuclear Factor- Kappa B ELISA immunoassay kit (Cat. No:201-11-
0288, SunRed, Shanghai, PR China). Analyses were performed
according to the manufacturers’ instructions. Monoclonal antibody
specific for rat TNF-α or NF-ĸB were coated onto the wells of the
micro plates. The tissue homogenate, standards and streptavidin-
HRP and biotinylated monoclonal antibody were pipetted into these
wells and then incubated at 37˚C for 60 min. Following the addition
of chromogen A and chromogen B, the samples were incubated at
37˚C for 10 min to develop the color. Than the stop solution was
added. The intensity of the colored product is directly proportional
to the concentration of rat TNF-α and NF-ĸB present in the original
specimen. At the end, the absorbance was measured at 450 nm and
the concentrations of TNF-α and NF-ĸB were calculated using the
corresponding standard curves.

Statistical analysis. Descriptive statistics were used for each group.
The results obtained from the experiments were expressed as “mean
value±standard deviation” (x±SD). Outlier analysis was performed
using the Tukey test. Differences between groups were compared
by one-way analysis of variance (ANOVA). All statistical analyses
were performed with “SPSS Statistics Version 18” statistical
software (IBM Statistics, USA) and p-values<0.05 were considered
significant.

Histopathological examination. First, all tissue samples were placed
in 10% formaldehyde solution for light-microscope investigation.
Then, tissue samples were washed with water for 24 h and serially
treated with increasing concentrations of alcohol (70%, 80%, 90%,
and 100%) to remove water from the tissues. The tissues were
incubated with xylol and embedded in paraffin. Forty-five micron
sections were cut from the paraffin blocks and were stained with
hematoxylin-eosin. The photos were taken using the Olympus DP2-
SAL microscope (Olympus® Inc. Tokyo, Japan). Histopathological
examination was performed blindly by the pathologist .

Results

MDA and GSH analysis results. While the amount of MDA
in brain tissue of the BT group was significantly higher
compared to the SG and RBT groups (p<0.001), the amount
of tGSH was found to be (p<0.001) (Figure 1). The
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difference between the amount of MDA and tGSH in RBT
and SG animal groups was statistically insignificant.

TNF-α and NF-ĸB analysis results: TNF-α and NF-ĸB levels
in brain tissue of BT group were significantly higher
compared to SG and RBT groups (p<0.001). However, the
difference between TNF-α and NF-ĸB levels in the RBT and
SG groups was not statistically significant (Figure 2).

Histopathological findings. Histopathological examination
showed normal histological architecture of the brain tissue
in the sections of the control group. Neurons had normal
oval soma shape and stained basophilic, centered
euchromatic nuclei and prominent nucleoli. Glial cells,
especially astrocytes were normal in shape and glial cells
were located was also normal and dense in appearance
(Figure 3). In the BT group, most of pyramidal neurons were
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Figure 1. MDA and tGSH levels of SG, BT and RBT groups. *p<0.0001 compared to SG and RBT groups (n=6).

Figure 2. TNF-α and NF-kB levels of SG, BT and RBT groups. *p<0.0001 compared to SG and RBT groups (n=6).
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Figure 3. Hematoxylin-eosin staining in brain tissue in the control group; : neuron, : astrocyte, : blood vessel, : endothelial cell, ✱: neuropile
×400.

Figure 4. Hematoxylin-eosin staining of brain tissue in the experimental trauma group; : edematous neuron, : degenerated neuron, : swollen
astrocyte, : dilated and congested blood vessel, : swollen endothelial cell, ✱: vacuolized neuropile, ×400.
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Figure 5. Hematoxylin-eosin staining of brain tissue in the experimental trauma group; : edematous neuron, : degenerated neuron, : swollen
astrocyte, : dilated and congested blood vessel, : swollen endothelial cell, PMNC: polymorphonuclear cell, ✱: vacuolized neuropile, ×400.

Figure 6. Hematoxylin-eosin staining of brain tissue in the rutin applied group after the experimental trauma; : neuron, : degenerated neuron,
: astrocyte, : blood vessel, : endothelial cell, ✱: neuropile, ×400.



irregular in shape and had dark stained nuclei. Other neurons
had pericellular halos and their nuclei had lost euchromatic
appearance and their nucleoli had become subtle. Neuron
blebbing and edema were also observed. Some neurons were
degenerated and in the process of apoptosis. These findings
were accompained by activation of astrocytes. Astrocytes
had pericellular halos and the surrounding neuropile was
intensely vacuolized. The blood vessels were dilated and
congested and, in addition, endothelial cells were swollen
(Figure 4). In some blood vessels polymorphonuclear cells
were remarkable (Figure 5). In RBT group, neurons were
generally normal in shape, they had euchromatic nuclei and
clear nucleoli. However, pyramidal neurons still degenerated.
Blood vessels, endothelial cells and astrocytes were normal
in shape but the surrounding neuropile was still vacuolized
in some regions (Figure 6).

Discussion

Primary TBI occurs immediately after impact. Secondary
TBI occurs a few seconds after the first injury. The
secondary phase is characterized by neuroinflammation,
oxidative stress, and increased intracranial pressure due to
brain edema (7). In this study, the effect of rutin on the
secondary phase of TBI was evaluated. Treatment of head
trauma usually aims at preventing secondary damage;
prevention of secondary brain injury significantly reduces
morbidity and mortality (16). Identification of novel
therapeutic targets for the treatment of cellular injury would
be beneficial to eliminate or reduce disability from nervous
system trauma (17). 

Head trauma has been shown to result in subsequent
neurotrauma as a result of elevations in nervous system
oxidative stress and free radical levels (18). Our
experimental results showed that the levels of MDA in
untreated brain tissue following mechanical trauma was
higher, whereas the levels of tGSH were lower compared to
the healthy group and rutin administered group. These results
demonstrate that the oxidant-antioxidant balance in untreated
damaged brain tissue is disrupted in favor of oxidants. The
results also indicate that ROS production in brain tissue is
induced. It has been shown that ROSs oxidize cell membrane
lipids and produce toxic products such as MDA, which is in
agreement with our biochemical findings. It has also been
argued that oxidative damage occurs when the endogenous
antioxidant system fails to neutralize excess ROS, which
cause cellular damage (19). In our study, it was found that
the oxidant-antioxidant balance was maintained in the brain
tissue of animals that were treated with rutin following
mechanical trauma. Rutin suppressed TBI-induced MDA
increase and tGSH decrease. GSH is an endogenous
antioxidant molecule that eliminates the harmful effects of
radicals (20). Previous studies have also reported that MDA

levels increase and those of tGSH decrease following TBI
(21). It has been reported that rutin protects brain tissue cells
from oxidative damage caused by increased MDA and
decreased tGSH (22, 23).

In our study, mechanical trauma applied to the rat brain
also caused an increase in the production of
proinflammatory cytokines such as TNF-α and NF-ĸB.
However, rutin suppressed the increase of TNF-α and NF-
ĸB in TBI. TNF-α, and NF-ĸB have been documented to be
cytokines responsible for the inflammatory process of
secondary TBI injury (24, 25). Gugliandolo et al. have
shown that TNF-α and NF-ĸB production increased
following TBI, and also injury regressed in brain tissue
where TNF-α and NF-ĸB production was suppressed (26).
There are no studies showing that rutin inhibits the
overproduction of TNF-α and NF-ĸB in damaged brain
tissue. However, there are studies reporting that the anti-
inflammatory effect of routine is associated with
proinflammatory cytokine inhibition (27).

The results of our biochemical experiments were
consistent with the histopathological findings. There was
marked dilated and conjunctival blood vessels,
polymorphonuclear leukocyte (PMNL) accumulation,
hemorrhage, and edema in traumatic brain tissue where
oxidative stress and proinflammatory markers were
increased. Degeneration, apoptosis, euchromatic nuclei, and
pericellular halos were observed in pyramidal and other
neurons. Halos and swelling were also detected in
astrocytes. It has also been reported that secondary injury
due to brain trauma is characterized neuroflamation,
oxidative stress and increased brain edema (7). The role of
NF-ĸB in the development of trauma-related brain edema
has been reported (9). Rutin administration reduced
pyramidal neuron degeneration and PMNL accumulation
due to brain tissue trauma, while eliminated edema and
other histopathological symptoms. Previous studies have
reported that rutin suppresses proinflammatory TNF-α and
NF-ĸB production (12). Also, Moutinho et al. reported that
rutin reduced cyclo-oxygenase-2 expression in the dermis
and tumor-associated inflammation in HPV16-induced
lesions on mice (28). It has also been reported that rutin
prevents edema developing as a result of increased capillary
permeability and plasma leakage into the tissue (11). In
addition, it has been shown that rutin prevents PMNL
adhesion and migration and maintains vascular barrier
integrity (12).

In conclusion, mechanical impact applied using an
established method caused oxidative and proinflammatory
damage in rat brain tissue. In addition, mechanical trauma
caused significant brain edema. Rutin alleviated oxidative
and proinflammatory brain damage and prevented brain
injury. Therefore, rutin might be useful in the treatment of
TBI and TBI-related edema.
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