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Oz

Amacg

Bu calismada antihiperglisemik, hipolipidemik ve an-
tioksidan ozelliklere sahip olan linalool (LN), rifampi-
sine (RF) bagh olarak olusabilen nérodejenerasyonlar
ve noral bozukluklarin tedavisi amaciyla kullaniimistir.
Bu amacla, RF'ye bagl olusabilecek norotoksisitede,
antioksidan 6zelligi olan LN'nin koruyucu etkinligi hem
gen ekspresyonu seviyesinde hem de biyokimyasal
ve histopatolojik bulgularla arastiriimistir.

Gerec¢ ve Yontem

30 adet saglikh erkek Spraque-Dawley rat bes gruba
ayrildi (Grup 1: Kontrol grubu; Grup 2: Cozucu Kont-
rol (Dimetilsulfoksit-DMSO) grubu; Grup 3: Rifampi-
sin (RF) grubu; Grup 4: Linalool (LN) grubu; Grup 5:
Rifampisin-Linalool (RF+LN) grubu. Biyokimyasal ve
histolojik analizler ile gen ekspresyon seviyeleri igin
beyin dokulari, kan glikoz seviyelerini 6lgmek igin kan
ornekleri alindi.

Bulgular

Rifampisin uygulamasi, beyin agirhigini azaltirken,
CYP1Al ve CYP1A2 mRNA gen ekspresyonunu ve
kan glukoz duizeylerini 6nemli dlgiide artirmistir. Diger
yandan RF+LN grubunda CYP1Al ve CYP1A2 mRNA
gen ekspresyonu ve kan glukoz dizeylerinde anlamli

azalmalar olurken, beyin agirhiginda anlaml diizelme
gozlenmistir. Histolojik bulgular LN verilen gruplarda,
RF ye bagh olusan hasarlarin azaldigini géstermistir.

Sonug
LN'nin beyin dokusunu RF'nin toksik etkilerinden ko-
rumada oldukca etkili oldugu tespit edilmistir.

Anahtar Kelimeler: Beyin; CYP1A1l, CYP1A2, Lina-
lool, Rifampisin

Abstract

Objective

In this study linalool (LN), which has antihyperglycemic,
hypolipidemic and antioxidant properties, is intended
to be used in the treatment of neurodegenerations
and neural disorders that may occur due to rifampicin
(RF). For this reason, it was aimed to examine the
effects of LN on the expression of genes, biochemical
and histopathological parameters in these metabolic
pathways against neurotoxicity that may occur due
to RF, and to investigate the protective effects of LN,
which has antioxidant properties.

Material and Method
Thirty healthy male Spraque-Dawley rats were divided
into five groups (group 1; control, group 2; solvent
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control (DMSO); group 3, RF; group 4, LN; group 5;
RF+LN). Brain tissues were taken for biochemical,
histological and gene expressions analyses. Blood
samples were taken to measure blood glucose levels.

Results

Rifampicin treatment significantly increased CYP1Al
and CYP1A2 mRNA gene expression and blood
glucose levels, while reducing brain weight according
to findings. On the other hand, there was a significant
decrease in CYP1Al and CYP1A2 mRNA gene
expression and blood glucose levels in the RF+LN

Introduction

Rifampicin (RF) or rifampin is an antibiotic drug from
the rifamycin group with a bactericidal effect. It is gen-
erally used in the treatment of mycobacterial infec-
tions (tuberculosis, leprosy, etc.) (1).

Rifampicin has some side effects. A 56-year-old pa-
tient developed bilateral retrobulbar neuritis that pro-
gressed to sensory polyneuropathy and severe optic
atrophy 3 months after initiation of an antituberculo-
sis regimen with isoniacid, ethambutol, and rifampic-
in (2). Widely used antibacterial agents such as RF
have been associated with various neurotoxic reac-
tions such seizure disorders, encephalopathy, as cen-
tral nervous system toxicities, neuropsychiatric symp-
toms and swollen fontanelles (3).

CYP1A1 and CYP1A2 are two of the individual mem-
bers of cytochrome P450 (CYP), one of the most im-
portant enzyme groups involved in drug metabolism
(4). CYP1A1/1A2 enzymes have been shown to play
a key role in the expression of all genes. CYPs are
a super family of enzymes that catalyze the meta-
bolic activation and detoxification of a wide variety
of xenobiotics, including clinically used drugs, drugs
of abuse, toxins (5). In addition, CYPs are involved
in the metabolism of various endogenous chemicals
such as bile acids, hormones, neurosteroids, eicosa-
noids, cholesterol, and vitamins (6).

The genes encoding cytochrome P450 are regulated
by endogenous hormones such as growth hormone,
corticosteroids, thyroid and sex hormones secreted
from the hypothalamus-pituitary (7). Therefore, it has
been reported that brain CYPs play an important role
in the control of personality and behavior, brain activi-
ty, sensitivity and neuronal disorders. Members of the
CYP family most active in the metabolism of toxic and
chemical carcinogens include CYP1A1, 1A2, 1B1 and
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group, while a significant improvement in brain weight
was observed and as a result of histological analyzes,
it was observed that the damage caused by RF
decreased in the groups given LN.

Conclusion

LN was found to be highly effective in protecting the
brain from the toxic effects of RF.

Brain, CYP1A1, Linalool,

Keywords: CYP1A2,

Rifampicin.

2E1(8, 9).

The mammalian brain depends on glucose as its main
energy source, and glucose metabolism is critical to
brain physiology and function. Insulin secreted by the
pancreas plays a major role in the regulation of glu-
cose metabolism in peripheral tissues. The brain is an
insulin sensitive organ and insulin has been shown to
protect neurons against neurodegenerative disorders.
Impaired insulin signaling causes oxidative neuronal
damage and puts the brain at risk of neurodegenera-
tion (10).

Oxidative stress through the production of reactive
oxygen species (ROS) has been suggested as the
main cause underlying the development of insulin
resistance, impaired glucose tolerance, type 2 diabe-
tes mellitus (T2DM) and B-cell dysfunction (11, 12).
Hyperglycemia triggers several metabolic signaling
pathways that lead to inflammation, cytokine secre-
tion, cell death and thus diabetic complications. Dia-
betic peripheral neuropathy (DPN) results from hyper-
glycemia that induces inflammatory responses and
oxidative stress that damage nerve tissue (13). Hy-
perglycemia is also known to increase ROS produc-
tion and cause oxidative stress. The increase in the
production of ROS and the decrease in antioxidant
capacity increase the inflammatory response and ap-
optosis (14).

Medicinal and aromatic plants are used for antidiabe-
tes, anticancer, antihypertension, anticardiovascular,
antileprosy, etc., due to their ability to synthesize ther-
apeutic bioactive secondary metabolites has pharma-
cological properties. Although there are no treatment
strategies to reduce oxidative stress in general, an-
tioxidants are thought to be effective in this regard
(15, 16). In our study, we used linalool (LN), a natu-
ral monoterpene, to eliminate or reduce the common
side effects of RF.



Linalool has antioxidant activity, and antimicrobial,
anxiolytic, antiviral, antidepressive, anticancer, an-
ti-inflammatory, antinoceptive, anti-hyperlipidemic,
analgesic, anxiolytic, and neuroprotective effects. LN
has powerful antioxidant properties and eliminates
ROS produced by various toxic substances (17).

Studies have shown that LN has neuroprotective ef-
fects against cortical neuronal damage induced by
oxygen-glucose deprivation/reoxygenation (OGD/R)
(18). However, the protective and therapeutic effects
of LN in combination with RF on the brain have not
been studied. In this study, it was aimed to investi-
gate the effects of LN by giving RF to rats with gene
expression, biochemical and histopathological anal-
ysis.

Material and Method

Ethical Approval

All experiments in this study were approved by
Adiyaman University Animal Experiments Ethics
Committee (2021/026).

Chemicals

Rifampicin (CAS RN: 13292-46-1) were purchased
from TCI (Tokyo Chemical Industry) Chemicals. Lin-
alool and all other chemicals used in the study were
purchased from Sigma Aldrich.

Animals and Experimental Design

The study was carried out on a total of 30 healthy,
8-12 weeks old male Sprague Dawley rats, with an
average weight of 220-270 g, Rats were housed at
21 £ 2 °C, 45% + 5% humidity, and a 12:12 h light:
dark cycle in a well-ventilated room. Free access to
feed and water was provided. The rats were randomly
divided into 5 equal groups according to the inducing
and protective agents given to the rats. The first was
used as a control. The second group, solvent con-
trol, 50 mg/kg/day Dimethyl sulfoxide (DMSO) was
applied. The third group was given 50 mg/kg/day of
rifampicin (19). The fourth group was given linalool 50
mg/kg/day (20). The fifth group was given linalool 50
mg/kg/day (20) followed by rifampicin 50 mg/kg/day.

Preparation of Test Solutions

Rifampicin (50 mg/kg/day) was prepared by dissolv-
ing in dimethyl sulfoxide (DMSO, Sigma, USA) and
stored at -20 °C (21, 22). Linalool was administered
alone as 50 mg/kg/day.

Treatments of Test Solutions
Except for the intraperitoneal application of linalool, all

Siileyman Demirel Universitesi Tip Fakultesi Dergisi

applications were administered daily by oral gavage
for 15 days.

Measurement of Blood Glucose Level

Blood glucose levels were measured with Abbott Labs
Architect C16000 systems (Abbott GmbH & Co, Ger-
many) and the commercial Abbott kits were utilized.
Blood glucose levels were determined by spectropho-
tometric method in the wavelength range of 340-380
nm (23, 24). Glucose levels were expressed as mg/
dl serum.

Genetic Analysis

RNA Extraction, cDNA Synthesis and
Quantitative PCR Analysis

Fresh frozen rat brain was processed for RNA extrac-
tion using AccuZol™ Total RNA Extraction Solution
(Bioneer, K-3090) under RNAse-free conditions fol-
lowing the manufacturer's instructions and quantified
by measuring absorbance at 260/230 nm and 260/280
nm with the NanoDrop spectrophotometer (Denovix
DS). -11) and stored at -80 °C until use. For Q-PCR,
the first 5 ug of total RNA was reverse transcribed
using AccuPower® RT PreMix (Bioneer K-2041) us-
ing appropriate controls to ensure no genomic DNA
contamination.

gRT-PCR was used to detect the expression level of
CYP1A1 and CYP1A2 and was performed using the
ExiCyclerTM96 gRT-PCR system (Bioneer) following
the instructions of AccuPower GreenStar qPCR Pre-
Mix (Bioneer, Cat No: K-6210). The GAPDH gene was
amplified as an internal control. The primers were for
CYP1Al forward, 5- ATGAGTTTGGGGAGGTTACT-
GGT -3' and reverse, 5- ACTTCTTATTCAAGTCCTT-
GAAGGCA-3' (25), CYP1lA2 forward 5- AGTC-
CAGGAACACTATCAAGACTTCA-3' and reverse
5'- AGGGATGAGACCACCGTTGTC-3' (25). GAPDH
forward, 5'- CAACTCCCTCAAGATTGTCAGCAA-3'
and reverse, 5-GGCATGGACTGTGGTCATGA-3'
(23). The PCR conditions were: 95 °C for 1 minute,
then 45 cycles at 95 °C for 5 seconds and 55 °C for 40
seconds. The 2*-AACt method was used to calculate
the relative mRNA expression.

Histological Procedure

The brain tissues were fixed in 10% formalin solution
for 24 hours and washed in tap water one night after
fixation. Tissue samples were dehydrated in through
increasing concentrations of ethanol, cleared with
xylene, and embedded in paraffin. The sections at 4
pm thickness taken from paraffin blocksby using mi-
crotome (Leica SM2000R, Germany) were stained
by Hematoxylin—Eosin (H-E), and then covered with
entellan.
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Immunohistochemical Procedure

Tissues of 4um thicknesses were obtained and were
stained with CAS-8 primary ab (rabbit Caspase 8 anti-
body, ab25901, Abcam, Cambridge, USA, 1:100) and
INOS primary ab (rabbit anti INOS antibody, ab3523
Abcam, Cambridge, USA, 1:100) by using a sensitive
peroxidase-labelled streptavidin-biotin detection sys-
tem (B40931, Abcam, Cambridge, USA) and were
covered with entellan. At last, tissue samples were
analysed and evaluated, the receptor densities ob-
served were identified using the semi-quantitative
evaluation method (26).

Histological Evaluation

All specimens were examined under light micro-
scope (Nikon Eclipse Ni-U, JAPAN) and were photo-
graphed by digital camera (Nikon DS-Ri2, JAPAN).
On the specimens stained with Hematoxylin—Eosin, a
semi-quantitative analysis of histopathological results
were then calculated to allow comparison between
the groups. All groups were analysed and evaluated
according to scoring by Refaiy (26).

Histopathological findings were graded as follows:

0 (), negative score: No structural changes,

1 (+), 1 positive score: Light structural changes,

2 (++), 2 positive score: Middle structural changes,

3 (+++), 3 positive score: Serious structural changes
Immunohistochemical Evaluation

The staining intensity were identified using the
semi-quantitative evaluation method on immunuhis-

tochemically staining sections (26). Samples were
analyzed by examining five different sections in each

Table 1

Effect of Linalool on Brain Damage

sample, which were then scored from 0 to 3 (-, +, ++,
+++) according to the intensity of staining.

Immunoreactivity scores were graded as follows:

0 (-), negative score: absence of immunopositive re-
action,

1 (+), 1 positive score: slight immunopositive reaction,

2 (++), 2 positive score: moderate immunopositive re-
action,

3 (+++), 3 positive score: strong immunopositive re-
action.

For evaluation, 10 different fields for every section at
a magnification under 20X objective for all groups.
Results were subjected to statistical analysis.

Statistical Analysis

Data were analyzed and Mann-Whitney U and one-
way ANOVA test were conducted as described in (27)
via SPSS 18 software for all analysis. Differences
were considered as significant for P<0.05. The values
were expressed as mean + standard deviation (S.D),
as appropriate, and at least in triplicate.

Results

Effects of RF and LN on Fresh Brain Weight (g)
and Fresh Brain Weight/Body Weight Ratio

Brain weight measurements were shown in Table 1.
It is seen that the brain weight of the animals treat-
ed with RF decreased and this decrease was statisti-
cally significant compared to the control, LN, RF+LN
groups (p=0.000). On the contrary, a statistically sig-
nificant increase was found in the brain weight of the

Comparison of fresh brain weight (g) and fresh brain weight/body weight ratio between the

groups.
STUDY GROUPS
Control DMSO RF LN RF+LN p value
;';Z';‘tb(':)m 2,01+0,0038°¢¢ 1,9796+0,0033¢°¢ 1,7266+0,01122bde 1,9851+0,0030¢%¢ 1,8678+0,0187abcd 0,000
Fresh brain
weight/body | 0,0065+0,00003"¢¢ | 0,0065+0,00002°¢¢ | 0,0061+0,000032>4¢ | 0,0065+0,00002°¢ | 0,0066+0,000032"c¢ | 0,000
weight ratio

Each group represents the mean + SEM for experimental rats. The was used ANOVA test a; Significant from control; b; Significant
from DMSO; c;Significant from RF; d; Significant from LN; e; Significant from RF+LN. p<0.05. Abbreviations: RF: rifampicin 50 mg/
kg/day; DMSO: dimethyl sulfoxide; LN: linalool 50 mg/kg/day RF+LN: 50 mg/kg/day rifampicin+50 mg/kg/day linalool.
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Figure 1

Effect of RF and LN on blood glucose level in rats in a
15-day experiment. Each group represents the mean
+ SEM for six rats. The was used one-way ANOVA
with Graphpad 9 Prism. Data are the mean + SEM of
six individual rats. * p<0.05. Abbreviations: RF: rifam-
picin 50 mg/kg/day; DMSO: dimethyl sulfoxide; LN:
linalool 50 mg/kg/day RF+LN: 50 mg/kg/day rifampi-
cin+50 mg/kg/day linalool.

RF+LN group compared to the RF group (p=0.000)
(Table 1). In addition, the fresh brain weight/body
weight ratio was statistically different between all
groups (p=0.000) (Table 1). According to results, LN
showed preventive and ameliorative effect against the
common side effects of RF.

Biochemical Results

Effects of RF and LN on Blood Glucose Levels
The effects of RF and LN on blood glucose levels are
summarized in Figure 2. Significant differences were
detected between the various treatments for glucose
levels in rats. In RF group rats, blood glucose levels
had statistically significantly higher compared to con-
trol, DMSO and LN group rats (p<0.05). However, al-
though blood glucose values were low in the RF+LN
group than the RF group, it was not statistically signif-
icant (p=0.0768, p>0.05).

Genetic Results

Effect of RF and LN on Expressions of

CYP1A1l and CYP1A2 Gene

Figures 2A and 2B show the effects of RF versus LN on
CYP1Al and CYP1A2 mRNA expression in all study
groups. CYP1Al (p<0.0001) and CYP1A2 (p<0.01)
MRNA expressions were significantly increased in
the RF group compared to the control, DMSO, LN
and RF+LN groups. The RF+LN group significantly
reduced CYP1Al (p<0.0001) and CYP1A2 (p<0.01)
MRNA levels compared to the RF group (Fig. 2A and
2B).
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Figure 2

Effect of RF and LN on expressions of CYP1ALl (A)
and CYP1A2 (B) mRNA in rat brain. Results were
analyzed by real-time PCR and the values obtained
were normalized against the expression of the endog-
enous control GAPDH. The were used ANOVA with
Graphpad 9 Prism. Data are the mean = SEM of six
individual rats. **** p<0.0001, ** p<0.01. Abbrevia-
tions: RF: rifampicin 50 mg/kg/day; DMSO: dimethyl
sulfoxide; LN: linalool 50 mg/kg/day RF+LN: 50 mg/
kg/day rifampicin+50 mg/kg/day linalool.

Histological Findings

Normal histological structures were observed in the
control, DMSO and LN groups (Figs. 3 A, B, and D).
Histopathological findings were observed in RF and
RF+LN groups such as mononuclear cell infiltration,
neuropil vacuolization, neuron degeneration, picnotic
nucleus in neurons and hemorrhagic areas, decrease
in the number of neurons (p<0.05), (Figs. 3 Cand E).
Mentioned tissue damages were decreased in RF+LN
group compared to RF group (p<0.05), (Fig. 3 E).

Immunohistochemical Results

It was observed that the CAS-8 and iINOS receptors
in the brain sections were stained very slightly in the
control, DMSO and LN groups (Figs. 4A, Al, B, B1,
D, D1), (Table 2). On the other hand, they were more
intensely stained in the RF and RF+LN groups com-
pared to the control, DMSO and LN groups (p<0.05),
(Figs. 4C, C1, 4E, E1), (Table 2).

The staining intensity of the receptors is highest in RF

and RF+LN groups, respectively, while less in control,
DMSO and LN groups (p<0.05), (Fig. 4), (Table 2).
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Table 2

Effect of Linalool on Brain Damage

The mean immunoreactivity scores for INOS and Cas-8positive cells in brain tissues of the

groups.
Control DMSO RF LN RF+LN
iNOS 0.13+0.344¢# 0,28+0,254¢# 2,88+0,154abde 0.18+0.363¢¢ 1,68+0,154abcd
Cas -8 0.15+0.363¢%¢ 0,13+0,62¢¢ 2,15+0,263abde 0.13+0.254¢°¢ 1,42+0,2542bcd

Values are expressed as means = SD. The relationships between groups and results are assessed by one-way ANOVA. a, b, c, d,
e; different characters indicate statistically significant differences in the same column p<0.05, p<0.001. a; Significant from control;
b; Significant from DMSO; c;Significant from RF; d; Significant from LN; e; Significant from RF+LN.

Figure 3

Histopathological findings in brain tissues belonging to control and experimental groups: A, B, D; Control,
DMSO and LN groups; normal histological structure of brain. C, RF group; picnotic nukleus in neurons (yellow
arrow), mononuclear cell infiltration (red arrow), neuropil vacuolization (black arrowss), neuron degeneration

(blue arrowss). E, RF+LN group; mild histopatological findings, H-E, x20.

iNOS o .
CAS-8 :
Figure 4

iINOS and CAS-8 immune stainings in brain tissues belonging to control and experimental groups. A-Al, B-B1,
D-D1; Control, DMSO and LN groups; no positive staining, C-C1, RF group; intensive positive staining, E-E1,
RF+LN group; mild positive stainings, A-B-C-D-E; iNOS, A1-B1-C1-D1-E1; Caspase 8, immun satining, x20.

iINOS immunoreactivity was stronger than CAS-8 for
RF and RF+LN groups (p<0.05), (Fig. 4 C, C1, 4E, E1).

Discussion

In recent years, several studies have demonstrated
the presence of drug-metabolizing enzymes, particu-
larly cytochrome P450s, in all brain regions of differ-
ent species and in various brain cells (28). The possi-
bility of CYP1A1/1A2 being localized and inducible at
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the brain-CSF barrier and in leaky areas of the blood
brain barrier where they may act as a protective met-
abolic barrier was examined (29).

In present study, rifampicin (RF) was metabolized by
the cytochrome P450 (CYP) dependent monooxy-
genase system. RF induced CYP1Al and CYP1A2.
In a previous study, cells that differentiate into stem
cells transformed into neuronal subtypes showed
significant induction in the expression of AHR, CAR,



PXR, CYP1A1, 2B6, 2E1, 3A4 and GSTP1-1 when
exposed to the universal CYP inducer RF, support-
ing the results obtained from this study. (30). Ab-
normalities in the brain such as neurodegeneration,
incidence of dementia and mild cognitive impairment
occur due to neuronal redox imbalance and oxidative
damage (31).

According to present findings, was found that the brain
weights and also the ratio of brain/body weight of rats
treated with RF decreased. It was thought that this
situation is due to cytotoxicity and apoptosis that de-
velops increased CYP1A1/1A2 expression in the brain
caused by RF. In a previous study, showing increased
cytotoxicity, micronuclei formation, caspase 3/7 ac-
tivity, apoptosis and DNA damage in cells due to in-
creased expression of CYP1A1/1A2 provides consist-
ent evidence supporting this findings (32). In another
study, it was reported that increased CYP1A1/1A2
expression causes apoptosis and cell damage by in-
creasing oxidative stress (33). Studies have shown
that bioactive and unstable intermediate metabolites
are produced by the catalytic effect of CYP enzymes
from ubiquitous environmental carcinogens such as
polycyclic aromatic hydrocarbons (PAHSs), and these
metabolites are cytotoxic and mutagenic and are gen-
erally detoxified by the enzymatic effect of phase Il
enzymes. (34). Studies have found a positive relation-
ship between stimulation of CYPs and oxidative stress
(35). In the studies, it was observed that the formation
of DNA adducts increased as a result of the induction
of the CYP1A1 enzyme (36). In a study, it was report-
ed that rifampicin can cross the blood-brain barrier
and cause obstruction in the meninges (37). These
enzymes are thought to be involved in various central
nervous system functions, especially in the protection
of brain tissue from toxic substances, neurosteroid
synthesis and drug metabolism (38). In this study, sim-
ilar findings were observed with genetic results.

According to the results obtained from the present
study, it was thought that LN protects brain tissues
from apoptosis and cytotoxicity, especially by reduc-
ing CYP1A1/1A2 mRNA expression against the side
effects of RF, and LN achieves this effect by eliminat-
ing ROS caused by CYP1A1/1A2 expressions, thanks
to its antioxidant property. In a study, treatment with
LN showed attenuation of cancer activity by inhibit-
ing mMRNA expression of proapoptotic markers such
as BcL-2, Cas-3, CYP1A1 and NFkB (39). Caputo et
al (2021) found that LN prevented neurotoxicity by in-
hibiting the increase in the production of intracellular
ROS and the activation of caspase-3 (40). In studies
was found that apoptotic pathway was caused by the
intrinsic mitochondrial pathway with the decreased
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cleaved caspases (3-8) (41-43). Similar findings were
also observed immunohistochemically with staining
INOS and Cas-8 in this study. The higher degree of
iINOS staining than Cas-8 staining, indicates that ap-
optosis occurred due to the increase in NO.

In an another study, conducted on diabetic rats, con-
sumption of cinnamon, the active ingredient of which
is LN, significantly reduced blood glucose, triglyc-
eride, total cholesterol, VLDL, LDL and urea levels,
while on the contrary increased GSH activity (44).
Similar findings were observed in this study as well.

The brain is a glucose-dependent organ that can be
damaged by both hypoglycemia and hyperglycemia,
and has a key role in the control of energy metabo-
lism, glucose metabolism and body fat content (45).
In present study, blood glucose levels increased sig-
nificantly in rats treated with RF, while treatment with
LN improved blood glucose levels. The study, which
reported that plasma glucose and insulin increased by
192% and 45%, respectively, when 600 mg of RF was
administered to the subjects once a day for 7 days
supports our findings (46). It has been suggested that
elevated glucose levels in diabetes mellitus with RF
have deleterious effects on cells through the lysoso-
mal mechanism (47). Deepa et al shown that LN treat-
ment restored glucose metabolizing enzymes, colla-
gen content and GLUT-1 expression and protect from
oxidative stress and inflammation in diabetic rats (48).

In present study, high blood glucose level caused ap-
optosis and cytotoxicity by increasing ROS in the brain.
A study showing that high glucose levels cause an in-
crease in ROS in the brain and neuronal apoptosis by
increasing both oxygenase-1 (HO-1) expression from
astrocytes supports this study’s findings (49). Niemi
et al have reported that RF reduces the blood sug-
ar-lowering effect of glimepiride, an antidiabetic drug.
(50). Therefore, blood glucose levels should be close-
ly monitored, especially if RF is added to or removed
from the treatment of a diabetic patient. Studies have
shown that 1-week treatment with rifampicin impairs
glucose tolerance in healthy volunteers (46).

Conclusion

Studies show that there is a lack of literature on the
expression and inducibility of xenobiotic metabolizing
CYPs in the brain. For this purpose, in this study, it
was determined that the ameliorative and preventive
effects of LN on CYP1A1 and CYP1A2 expressions,
brain weights and blood glucose levels in the brain
tissues of RF administered rats. However, further clin-
ical studies are needed on this subject.
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