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Objective : The aim of this study to investigate the normal values of erythropoietin (EPO) and neuroprotective effects of quercetin
and mannitol on EPO and hematocrit levels after acute severe traumatic brain injury (TBI) in rat model.

Methods : A weight-drop impact acceleration model of TBI was used on 40 male Wistar rats. The animals were divided into sham
(group 1), TBI (group II), TBI+quercetin (50 mg/kg intravenously) (group Ill), and TBl+mannitol (1 mg/kg intravenously) (group IV)
groups. The malondialdehyde, glutathione peroxidase, catalase, EPO, and hematocrit levels were measured 1 and 4 hour after
injury. Two-way repeated measures analysis of variance and Tukey's test were used for statistical analysis.

Results : The malondialdehyde levels decreased significantly after administration of quercetin and mannitol compared with those
in group Il. Catalase and glutathione peroxidase levels increased significantly in groups lll and IV. Serum EPO levels decreased
significantly after mannitol but not after quercetin administration. Serum hematocrit levels did not change significantly after
quercetin and mannitol administration 1 hour after trauma. However, mannitol administration decreased serum hematocrit levels
significantly after 4 hour.

Conclusion : This study suggests that quercetin may be a good alternative treatment for TBI, as it did not decrease the EPO levels.

Key Words : Brain injuries - Traumatic - Quercetin - Mannitol - Erythropoietin - Hematocrit.

INTRODUCTION economic problem worldwide™***”. TBI can result in perma-
nent cognitive and motor deficits due to primary and second-

Traumatic brain injury (TBI) is a common cause of death ary injuries'”. Many serum biomarkers have been used to
and disability in young people and a major health and socio- detect the severity of TBI. Glial protein S-100 beta (S100B),
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glial fibrillary acidic protein and ubiquitin C-terminal hydro-
lase-L1 (UCH-L1) serum levels incerases according to the se-
verity of the TBI"". Neurological damage occurs mostly from
secondary brain injury caused by brain edema, increased in-

1)

tracranial pressure, and decreased cerebral perfusion . How-

ever, no effective treatments are available for the secondary
.. . . . . 36,38)
injury except routine medical intervention and care™ ™.
Quercetin is a well-known flavonoid found widely in red
onions, grapes, apples, berries, cherries, broccoli, citrus, let-
tuce, chili peppers, tomatoes, apple nuts, tea, potatoes, soy-
beans, peanuts, and red wine®***". Quercetin can cross the
blood—brain barrier (BBB) and has neuroprotective effects on

27,40,50 . .
* Quercetin also has cardio-

the central nervous system
protective, antioxidant, anti-inflammatory, anti-apoptotic,
anti-tumoral, anti-thrombotic, antiviral, and antidepressant
properties™>'¢*2% 449,

Quercetin reduces oxidative stress and lipid peroxidation by
increasing catalase (Cat) and glutathione peroxidase (GSH-Px)
levels, which have an important roles as antioxidants™.
Malondialdehyde (MDA) is the endproduct of lipid peroxida-
tion and is a commonly used marker of oxidative stress”.

Mannitol is a hypertonic, hyperosmolar agent commonly
used to treat vasogenic, cytotoxic, and interstitial brain ede-
ma””. Mannitol also has an antioxidant effect by reducing ox-
ygen free radicals®.

Erythropoietin (EPO) and the EPO receptor (EPOR) play
important roles in erythropoiesis and are generally detected in
the kidney and liver'”. Tissue hypoxia activates EPO, which
has antioxidative, anti-inflammatory, anti-apoptotic, neuro-
trophic, and angiogenic effects”. EPO and EPOR are also ex-
pressed in the central nervous system, where they have a neu-
roprotective effect after TBI".

Low hematocrit level increases intracranial pressure after
traumatic brain injury’’. Hematocrit levels should not be low-
er than 30% in clinical practice*.

In this study, we investigated the normal EPO values and
the neuroprotective effects of quercetin and mannitol on EPO

and hematocrit levels after acute severe TBI in a rat model.

MATERIALS AND METHODS

All experimental procedures and animal care were in accor-

dance with the guidelines of Osmangazi University, Faculty of
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Medicine. The experimental protocols used in this study were
approved by the Animal Experimental Ethics Committee of
Dokuz Eylul University.

A weight-drop impact acceleration model of TBI was used on
**_Forty male Wistar rats (weight, 318.3%5
g) were divided randomly into four groups (n=10/group): group I,

the rats in this study

sham; group II, TBL group III, TBI+quercetin (50 mg/kg intrave-
nous); and group IV, TBI+mannitol (I mg/kg intravenous). The
rats were anesthetized intraperitoneally with 100 mg/kg s-ket-
amine (Ketanest S; Pfizer, New York, NY, USA) and 10 mg/kg
xylazine (Xylazin 296; Medistar, Ascheberg, Germany)”.

The rats were acclimatized in a suitable environment (21+2°C
and 60£5% humidity) for 1 week before starting the experi-
ment. The body weight of each rat was determined before sur-
gery. A heating pad and heating lamp were used to maintain a
rectal temperature of 36.5-37.5°C. Rats with a skull fracture, sei-
zure, or nasal bleeding or that did not survive the impact were
excluded from the study. All rats were sacrificed at 4 h after TBL

Blood (50 uL) was collected via a tail vein before injury and
1 and 4 h after TBI to determine the MDA (R&D Systems,
Minneapolis, MN, USA), Cat (Cusabio Biotec ELISA kit, Wu-
han, China), GSH-Px (Cusabio Biotec), and EPO (Sigma Al-
drich Chemie GmbH, Steinheim, Germany) levels in serum
using enzyme-linked immunoassay kits according to the

manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed with the SigmaStat 3.5
package (Systat Software Inc., San Jose, CA, USA). Data are
presented as meantstandard deviation. A two-way repeated-
measures analysis of variance (ANOVA) was used to evaluate
interactions among the groups, and Tukey’s test was used to
detect differences between groups and the repeated measures.

A p-value <0.05 was considered significant.

RESULTS

The MDA levels in groups I1I and IV were significantly low-
er than those in group II (p<0.005). The Cat levels were signif-
icantly higher in groups III and IV than those in group II
(p<0.001) (Table 1). However, no difference in Cat levels was
observed between groups III and IV (p=0.236). The GSH-Px
levels were significantly higher in groups I1I and group IV
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Table 1. Statistical analysis of 1 hour after TBI

1 hour Sham (n=10) Trauma (n=10) Quercetin (n=10) Mannitol (n=10)
MDA (ng/L) 4714041 10.38+115 6.71+0.44 5.84+0.78
Catalase (ng/mL) 18.38+2.70 8.63+173 10.40+1.62" 12.5042.76'
GSH-Px (pmol/mL) 61.90+6.65 4110+2.79 54.00+6.60 52.70+12.44°
EPO (OD: 450 nm) 1.70+0.34 3.80+0.44 2.80+0.72 240+0.66°
HTC (%) 4214041 2.80+0.82 2174017 1.85+0.31

*MDA levels were significantly lower than group Il (p<0.05). "Catalase levels were significantly higher than group Il (p<0.05). “GSH-Px levels
were significantly higher than group Il (p<0.05). *EPO levels were significantly lower than group Il (p<0.05). TBI : traumatic brain injury, MDA :
malondialdehyde, GSH-Px: glutathione peroxidase, EPO : erythropoietin, HTC : hematocrit

Table 2. Statistical analysis of 4 hour after TBI

4 hour Sham (n=10) Trauma (n=10) Quercetin (n=10) Mannitol (n=10)
MDA (ng/L) 4.23+0.81 10.75+1.57 7804152 6.43+195
Catalase (ng/mL) 18.55+1.56 940+0.66 1240+096' 11.90+2.55'
GSH-Px (pmol/mL) 62.20+6.13 4560+6.21 4990+737 47204691
EPO (OD: 450 nm) 1.50+0.44 3.20+0.54 3.00+0.50 210+040°
HTC (%) 4014129 3.65+0.94 3.50+093 240+0.30"

*MDA levels were significantly lower than group Il (0<0.05). "Catalase levels were significantly higher than group Il (p<0.05). “GSH-Px levels were
significantly higher than group Il (p<0.05). °EPO levels were significantly lower than group Il (<0.05). "HTC levels are were significantly lower than
group Il (p<0.05). TBI : traumatic brain injury, MDA : malondialdehyde, GSH-Px : glutathione peroxidase, EPO : erythropoietin, HTC : hematocrit

than those in group II after TBI (p<0.005) (Table 2). Querce-
tin more effective on GPH-Px levels compared with that of
mannitol but there was no significant difference (p<0.152)
(Fig. 1).

The serum EPO level in group II increased compared with
that in group 1. No differences were detected between the Cat
(p=0.576) and GSH-Px (p=1.415) levels 1 and 4 h after TBI.
Quercetin tended to decrease the EPO levels (p=0.102), where-
as mannitol significantly decreased the serum EPO levels
(p<0.005). Our data revealed that administering quercetin af-
ter TBI did not negatively change the EPO levels, whereas
mannitol lowered them significantly. Serum hematocrit did
not change significantly 1 h after TBI in response to quercetin
(p=0.170) or mannitol (p=0.130) administration. However,
mannitol decreased serum hematocrit significantly 4 h after
TBI (p<0.05) because mannitol has an osmotic effect on blood
plasma (Fig. 2). These results indicate that mannitol, but not

quercetin, changed the serum EPO levels after TBI.

DISCUSSION

TBI is a pathological condition with debilitating and possi-
bly lethal features as a result of primary and secondary dam-
age. Brain swelling has an important role in secondary brain
injury, as it results in increased intracranial pressure and de-
creased cerebral perfusion leading to neuronal death'”. Several
drugs, such as antioxidants and calcium channel blockers,
have been developed to prevent the secondary injury caused
by TBI; however, none are clinically effective.

A weakness of our study is that we studied biochemical pa-
rameters in blood. Some authors studied biochemical param-

4 Hematocrit normally in-

eters in traumatic brain tissue
creases within 2 weeks and returns to normal within 6 weeks
after trauma"™"”. Hematocrit changes drastically after a mas-
sive blood loss, dehydration, or hyper-hydration in patients
suffering from acute traumatic injury.

The proposed neuroprotective effect of quercetin is that it
directly decreases oxidative stress and iron-mediated lipid
peroxidation and inhibits myeloperoxidase activity and the

apoptotic pathways'”. Few studies have reported the levels of
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Fig. 1. A: Serum malondialdehyde (MDA) levels (mean+standard error
[SEMJ*) in the groups 1 and 4 h after traumatic brain injury (TBI). The MDA
levels decreased significantly in groups Ill and IV compared with that in
group Il after TBI (p<0.005). B : The serum Catalase (Cat) levels (mean+SEM¥)
in the groups 1 and 4 h after TBI. The Cat levels increased significantly in
groups lll and IV compared with those in group Il after TBI (p<0.001). C: The
serum Glutathione peroxidase (GSH-Px) levels (mean+SEM¥) in the groups
1 and 4 h after TBI. The GSH-Px levels increased significantly in groups llI
and IV compared with those in group Il after TBI (p<0.005). *MDA levels
were significantly lower than group Il (p<0.05). "Catalase levels were
significantly higher than group Il (p<0.05). *GSH-Px levels were significantly
higher than group Il (p<0.05).
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Fig. 2. A : Serum erythropoietin (EPO) levels (means+standard error [SEM]*) in the groups 1 and 4 h after traumatic brain injury (TBI). The serum EPO
level tended to decrease in group Ill compared with that in group | after TBI (p=0.102). The serum EPO levels decreased significantly in group IV
compared with that in group | after TBI (p<0.005). B : The hematocrit (HTC) levels (mean+SEM*) in the groups 1 and 4 h after TBI. The serum HTC levels
decreased significantly in group IV 4 h after TBI (p<0.05). ‘EPO levels were significantly lower than group Il (p<0.05). "HTC levels are were significantly

lower than group Il (p<0.05).

GSH-Px, Cat, and MDA after administration of quercetin and
mannitol in cases of TBI.

Quercetin has a neuroprotective effect by increasing GSH-
Px and decreasing the MDA levels after subarachnoid hemor-
rhage in rats. In our study, quercetin increased the GSH-Px
and Cat levels but significantly decreased the MDA level.

Schiiltke et al. reported that quercetin prevented the de-

crease in glutathione and MDA after fluid percussion injury

358 https://doi.org/10.3340/jkns.2016.0505.015

in a rat model*”. In the present study, quercetin was more ef-
fective than mannitol on MDA and GSH-Px levels in the rat
drop-weight model. Ossola et al. reported that quercetin did
not cross the BBB; however, other studies have demonstrated
that it does cross the BBB"™””. Mannitol can cross and disrupt
the BBB, which helps other drugs to cross the BBB. However,
the BBB is often damaged after TBI, which can allow other

drugs to cross the BBB as well. Low-dose mannitol provides
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improved the efficiency of quercetin in our study and could
be used in a combined treatment with quercetin in future
studies. Quercetin may increase antioxidant enzyme activities
(GSH-Px and Cat) and improve cognitive function after
TBI*. Our study demonstrated that quercetin activated anti-
oxidant enzymes and reduced lipid peroxidation.

Mannitol and hypertonic saline increase Cat and GSH-Px
levels; thus reducing the MDA level”. In the present study,
mannitol lowered MDA and increased GSH-Px and Cat levels
immediately after TBI, but quercetin had more of an effect on
MDA and GSH-Px levels than did mannitol.

Preclinical studies have shown that EPO protects against
neurological injury in several in vitro and in vivo experimen-
tal models'™*****"", In our study, the EPO levels increased after
trauma, presumably to promote neuroprotection, but querce-
tin and mannitol decreased the EPO levels. Further, no differ-
ences in the EPO levels were observed between the groups af-
ter quercetin or mannitol administration. We demonstrated
that mannitol reduced the EPO levels after TBI. Basarslan et
al. found that EPO reduced tissue MDA levels and increased
GSH-Px activity in a group that received EPO. They conclud-
ed that saline and dextran had no effect on lipid peroxidation
in an experimental rat drop-weight model”. Quercetin and
mannitol also reduced the MDA level and increased GSH-Px
activity for neuroprotection, similar to EPO. Administering
EPO and maintaining hemoglobin >10 g/dL in patients with
TBI did not result in neurobehavioral improvement, but neu-
rological improvement occurred after 6 months™. Peng et al.
reported that EPO helped to treat experimental TBI by reduc-
ing lesion volume and improving neurological outcome™.

Administering EPO to rats with traumatic axonal injury in-
creased the expression of EPOR, which plays an important
role in neuroprotection®. Schober et al. reported that EPO
inhibited caspase-dependent apoptosis and improved neu-
robehavioral outcomes early after a controlled cortical im-
pact43).

One study administered EPO 30 min after diffuse impact-
acceleration and evaluated the animal 2 h later”. They found
that brain hypoxia and cell edema were reversed by recombi-
nant human EPO. Hartley et al. demonstrated that EPO in-
creased extracellular glucose levels and decreased lactate and
pyruvate levels after acute TBI in a rat model, which main-
tained the energy requirements of the brain™. In our study,

we showed a neuroprotective effect of EPO in an acute severe

rat TBI model.

EPO significantly increases hematocrit in the long term af-
ter TBI. Zhang et al. reported that an increased hematocrit
level did not affect the neuroprotective or neurorestorative ef-
fects of EPO in rats after TBI, suggesting that the effect of
EPO was independent of hematocrit™. Balak et al. demon-
strated that serum osmolarity decreased during the first 3 h
after TBI”. We failed to show a significant role of hematocrit
as an independent parameter, and quercetin had no effect on
hematocrit. Hematocrit levels did not change 1 h after TBI,
but decreased after 4 h in group IV, possibly because of the os-

motic effect of mannitol on blood plasma.

CONCLUSION

No study has investigated the effects of quercetin or manni-
tol on the serum EPO levels. In our study, mannitol, but not
quercetin, changed the serum EPO levels after TBI. This study
suggests that quercetin may be a good alternative treatment
for TBL.
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