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Abstract

Introduction: Stroke is one of the most common causes of death worldwide. Inflammation and apoptosis play an important role in the
cascade of ischemic stroke.

Aim: The aim of the present study was to evaluate the pretreatment effects of Lamium album (L. album) extract on caspase-3 and cy-
clooxygenase-2 (COX-2) expression, infarct volume, and neurological deficit score in a rat model of middle cerebral artery occlusion
(MCAO).

Materials and methods: Wistar male rats were randomly divided into three groups: 1) MCAO group (1 h after MCAO, reperfusion
was allowed for 24 h by retracting the thread); 2) L. album + MCAO group [receiving L. album extract (100 mg/kg via intraperitoneal)
for a week before MCAO]; 3) sham group. The expression level of caspase-3 and COX-2 in the core, penumbra, and subcortex regions
was measured by real time-PCR technique. Infarct volume and neurological deficit score were also assessed.

Results: The mRNA expression of caspase-3 in the core, penumbra, and subcortex regions in L. album group was significantly reduced
compared to MCAO group (p<0.05). Expression level of COX-2 in the subcortex of the rats exposed to L. album was statistically
decreased relative to MCAO group (p<0.05). Infarct volume in the core, penumbra, and subcortex was significantly reduced in the L. al-
bum group compared with MCAO group (p<0.001, p<0.001, p<0.05, respectively). Neurological deficit score was remarkably decreased
in the L. album group in comparison with the MCAO group (p<0.05).

Conclusions: It appears that pretreatment with L. album extract may attenuate brain tissue damage after ischemic stroke. The potential
protective effects of this plant extract against this condition might be in part attributed to its anti-inflammatory and anti-apoptotic
activities.
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INTRODUCTION

Stroke is the second leading cause of death worldwide,
after heart disease. Ischemic stroke including acute and
chronic phases accounts for 80% of stroke cases.!"?] Fol-
lowing the acute phase, disruption of the blood-brain
barrier (BBB), migration of immune cells, activation of
microglia, impaired cerebral homeostasis, and hypoxia
occur.?l Several studies have shown that inflammation,
oxidative stress, and apoptosis play a key role in the patho-
genesis of brain injury, although the exact mechanisms
are not fully understood.!* In the early stages of injury,
the inflammatory response is essential for tissue repair but
the overexpression of inflammatory and apoptotic factors
such as tumour necrosis factor-a (TNF-a), interleukinl-f
(IL1-B), cyclooxygenase-2 (COX-2), caspase-3 increases
brain tissue damage.’

Following induction of cerebral ischemia, two regions of
the core and penumbra develop in the brain. In the core,
blood flow drops to less than 10%-25%. The penumbra lies
between the normally perfused part and the area where
the infarction is developing. Some previous studies report-
ed that expression of caspase-3 and COX-2 genes was in-
creased in both regions leading to cell death.[®”) Therefore,
use of anti-inflammatory and anti-apoptotic agents could
be one of potentially effective interventions to reduce the
complications of brain ischemia.!®!

Thrombolytic drugs were prescribed to treat ischemic
stroke, but their use was limited because of complications
such as intracranial hemorrhage, myocardial rupture, and
immune system disorders. Furthermore, the lack of efficient
and appropriate pharmacological treatment for ischemic
stroke might explain the growing interest in traditional
herbal medicines.®! Therefore, exploring new therapeutic
approaches to ischemic strokes seems to be essential. The
use of medicinal herbs has increased due to their lower
costs and fewer side effects than for chemical drugs.!'”) Also,
herbal treatment has increased the self-repair in cerebral
infraction and has reduced cell death in the brain.

White dead nettle or Lamium album (L. album), is a
plant of the Lamiaceae herb family used in traditional
Chinese medicine, North Africa, and Europe in the treat-
ment of several disorders such as trauma, paralysis, hyper-
tension, cancer, and arthritis.'!l In some previous studies,
anti-inflammatory, antioxidant, and free radical scaveng-
ing activities of L . album were reported.'>!3 Due to hav-
ing extensive biological properties, its potential therapeu-
tic effects are still being investigated.!'4]

AIM

With regard to the role of inflammatory and apoptotic sig-
nalling pathways in the extent and severity of stroke injury,
the aim of the present study was to evaluate the potential
protective effects of L. album extract on caspase-3 and
COX-2 expression, infarct volume (IV), and neurological

deficit score (NDS) in a rat model of middle cerebral artery
occlusion (MCAO).

MATERIALS AND METHODS

Twenty-four male Wistar rats, ranging in weight from 250
to 300 g, were obtained from the Animal Care Center of
Guilan University of Medical Sciences (Rasht, Iran). The
animals were adapted to the standard laboratory conditions
(12 h light: 12 h dark cycles at 22°-24°C) one week before
performing the experiment. The rats had free access to
adequate water and food during the experiment.

All experiments were carried out based on the inter-
national principles for laboratory animal use and care as
determined in the US guidelines (NIH publication #85-23,
revised in 1985). The Ethics Committee of Guilan Univer-
sity of Medical Sciences (Iran, Rasht) approved all proce-
dures in this study (IR.GUMS.REC.1395.291).

Study protocol

The animals were randomly divided into three groups: 1)
MCAO group: 1 h after MCAO, reperfusion was allowed for
24 h by retracting the thread (n=9); 2) L. album + MCAO
group with the rats receiving L. album extract [100 mg/kg
via intraperitoneal (IP)] for a week before MCAO, on the
7th day, 1 h after MCAO, reperfusion was allowed for 24 h
by retracting the thread (n=9); 3) the sham group: like the
MCAO group, they underwent surgery, but their middle
cerebral artery did not occlude (n=6). The animals’ motor
function was randomly assessed 24 h after ischemic induc-
tion, then the animals were euthanized and their brains
were removed to examine the expression level of caspase-3
and COX-2 and IV.

Plant materials

The L. album for the study was collected from the Rasht
region (Guilan Province, Iran). It was identified by Fate-
meh Yousefbeyk, Department of Pharmacognosy, Guilan
University of Medical Sciences (Rasht, Iran) (voucher spec-
imen No. 202HGUM). The hydroalcoholic extract was pre-
pared by macerating the powder of stems and leaves in 50%
ethanol (10 ml/g powder) for 72 h at 40°C. The extract was
then filtered through a 250-um mesh, centrifuged for 10
min at 2000 rpm, and its supernatant was dried in a water
bath (40°C). Based on our previous study, total phenolic
and flavonoid content in L. album extract was 0.61 (mg
GAL/g) and 2.10 (mg QE/g), respectively.!”)

MCAO induction

Induction of MCAO was performed according to the
method of Longa et al.!% In summary, the animals were
anesthetized by IP injection of ketamine (75 mg/kg) and
xylazine (10 mg/kg). 3-0 silicon-coated nylon was insert-
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ed into the external carotid artery (17-20 mm), as long as
low resistance was felt, which closed the middle cerebral
artery opening from the anterior and posterior cerebral
artery and the internal carotid artery. During surgery, body
temperature was controlled by rectal thermometry and
maintained at 37°C. One hour after occlusion, the sutures
were carefully removed and the animals were perfused for
24 h. The surgical incisor was sutured and the animals were
monitored until recovery.

NDS

NDS was randomly evaluated 24 h after MCAO according
to Longa et al. study.'®) NDS: 0 = no motor impairment,
1 = weakness in the forelimb and rotation in the same
direction while hanging from the tail, 2 = rotation to
the contralateral side and normal posture during rest,
3 = weight intolerance while resting on the injury side,
4 = no spontaneous motor activity, and 5 = death.

IV evaluation

The animals were killed and their brains were removed
rapidly and accurately 24 h after reperfusion. Eight coronal
sections (2 mm thick, Brain Matrix, Tehran, Iran) were pre-
pared from their brains. Sections were stained for 15 min
at 37°C in 2% 2,3,5-triphenyltetrazolium chloride (TTC)
solution (Merck, Germany). The slices were then digitally
photographed by a camera (Canon, DSC-W310) connected
to the computer. Unstained areas were defined as infarcts
and were measured using image analysis software. The le-
sion volume was calculated by measuring the unstained
and the stained areas in each hemisphere slice, and then
summation all of the eight slices according to the method
of Swanson et al.l'7): corrected IV = left hemisphere volume
- (right hemisphere volume - IV).

Quantitative real-time PCR

The brain tissue pieces were immediately transferred to lig-
uid nitrogen until assessment of COX-2 and caspase-3 gene
expression. In brief, total RNA was extracted based on the
manufacturer instructions (YEKTA TAJHIZ AZMA, Iran).
The purity of the extracted RNA was assessed by measuring
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the absorbance at 260/280 nm using the Nanodrop spectro-
photometer (Thermo Fisher Scientific Inc., USA). Then the
extracted RNA was treated with DNase to eliminate possi-
ble contamination. HyperScript™ First-strand Synthesis Kit
(GeneAll, South Korea) was used to synthesize cDNA at
55°C for 60 min in accordance with the protocols explained
by the manufacturer’s instructions. To quantify the mRNA
expression level of caspase-3 and COX-2, real-time PCR was
performed by using the ABI instrument (StepOne™, USA).
GAPDH was used as housekeeping gene for normalization
of COX-2 and caspase-3 expression levels. The PCR primers
(forward and reverse) of the studied genes were designed
with Primer3web (version 4.0.0) (Table 1). The designed
PCR primers were tested using the Primer-BLAST system
available at the National Center for Biotechnology Informa-
tion (NCBI). All steps were based on our previous study.'”)

Statistical analysis

Data are presented as mean * SD as appropriate. In-
ter-group comparisons were performed using the one-
way analysis of variance (ANOVA) followed by post-hoc
Tukey’s test. P<0.05 was considered statistically significant
for the tests. SPSS 16 software was used for data analysis.
Graphs were designed by GraphPad Prism 5.04 (Graphpad
Software, Inc).

RESULTS

Pretreatment with L. album extract
decreased NDS

NDS test was used to evaluate the motor function of rats in
different experimental groups. NDS in the rats pretreated
with L. album extract was significantly reduced compared
to MCAO group (p<0.05). Therefore, pretreatment with
this extract improved motor activity (Table 2).

L. album extract reduced IV

TTC stained coronal sections of the brains showed that IV
in the core, penumbra, and subcortex regions of the rats

Table 1. PCR primer sequences for the real time PCR analysis of selected genes

Genes name Sequence (5" >3") Annealing Product size
Cox-2-F ATGATCTACCCTCCCCACGT 54°Cx30's 119

Cox-2-R ACTCTGTTGTGCTCCCGAAG

Caspase-3-F GCTGGACCCGTATTGAGA 55°Cx30 s 142
Caspase-3-R CCATGACCCGTCCCTTGAAT

GAPDH-F CCACAGTCCATGCCATCACT 60°Cx25 s 101
GAPDH-R TGCAGGGATGATGTTCTGGG
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Table 2. Distribution of neurologic deficit score (NDS) in experimental groups (n=4)

Experimental groups NDS in each group Total
P value
0 1 2 3 4 5 (N)
MCAO 0 0 3 4 2 0 9
p<0.05*
L. album pretreatment 2 2 2 2 1 0 9

pretreated with L. album extract was significantly lower
than that in the MCAO group (p<0.001, p<0.001, p<0.05,
respectively) (Fig. 1).

Pretreatment with L. album extract
decreased caspase-3 and COX-2 genes
expression in the core, penumbra, and
subcortex

The expression level of caspase-3 was increased in the core,
penumbra, and subcortex in the MCAO group compared
with that in the sham group (Fig. 2). In the rats pretreat-
ed with L. album extract, mRNA level of caspase-3 was
decreased relative to MCAO group (p<0.05) (Fig. 2). Pre-
treatment with L. album extract for a week significantly

reduced COX-2 expression in the subcortex region com-
pared to the MCAO group (p<0.05) (Fig. 3).

DISCUSSION

In this experimental study, we investigated the potential
protective effects of L. album extract on caspase-3 and
COX-2 expressions (as apoptotic and inflammatory mark-
ers) in the MCAO model. The main findings were: (1) L.
album protected the brain from ischemia; (2) L. album
decreased caspase-3 and COX-2 expression level in core,
penumbra, and subcortex regions; (3) L. album decreased
the extent of lesion and improved motor activity.

Figure 1. (A) TTC stained sections for each group; (B) Core, penumbra and subcortex; (C) The effect of pretreatment with L. album

(100 mg/kg) on infarct volume (IV) in the core, penumbra, and subcortex regions. L. album group considerably exhibited less IV relative
to the MCAO group. Data are presented as mean £SD (n=4). * p<0.001, # p<0.05.
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Figure 2. Effect of L. album extract on caspase-3 gene expression in core, penumbra, and subcortex. Values are expressed as mean + SD
(n=5). * p<0.05 compared with sham group; # p<0.05 compared with L. album + MCAO group.

Figure 3. Effect of L. album extract on COX-2 gene expression in core, penumbra, and subcortex. Values are expressed as mean + SD
(n=5). * p<0.05 compared with sham group; # p<0.05 compared with the L. album + MCAO group.

L. album, a herbal plant with anti-inflammatory and
neuroprotective properties, is used in traditional Chinese
medicine to treat various diseases. Its antioxidant com-
pounds include iridoid, kaempferol, and verbascoside,
which have been studied for beneficial effects on stroke and
neurodegenerative diseases.[!!] The extract of this plant has
a high percentage of iridoid. In a study conducted by Ya et
al., pretreatment with iridoid reduced the expression level
of caspase-3, TNFaq, as well as improved activity of microg-
lia cells in the ischemic stroke model.'8) It was concluded
that L. album extract might exert neuroprotective effects by
inhibiting the inflammatory and apoptotic pathways.

It was previously documented that caspase-3 could have
a fundamental role in the execution phase of programmed

cell death. The expression level of this apoptotic mark-
er in cerebral ischemia was increased in penumbra and
core regions. Also, the important role of caspase-3 in the
progression of lesion extent and behavioural impairment
associated with injury was reported. It was determined that
neurons were main population undergoing apoptosis 1 h
after ischemia.'>?% In a study performed by Zhang et al., 1
h after MCAO induction, the expression level of caspase-3
in the penumbra region was increased, which was directly
associated with motor dysfunction.?!! In the present study,
pretreatment with L. album decreased the mRNA expression
of caspase-3. It was shown that the injury caused by isch-
emia stimulated microglial cells, and immune cells in brain,
which in turn increased the extent of the lesion in part by
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releasing inflammatory factors and increasing oxygen free
radical levels. These factors could stimulate the apoptotic
pathway, which was ultimately associated with increased
caspase-3 expression. It seems that antioxidant compounds
of L. album might have an effective role in controlling stroke
in part by reducing caspase-3, ROS, and iNOS.?223] Other
Lamiaceae family such as Scutellaria Baicalensis due to hav-
ing antioxidant properties decreased caspase-3 expression
in MCAO model. These herbal extracts partly by reducing
caspase expression might be protective against cerebral
ischemia and neurodegenerative diseases.!?>?*! For further
investigation about the potential neuroprotective role of L.
album extract, the COX-2 expression level following MCAO
was measured. The role of COX-2 in important brain func-
tions such as memory consolidation and synaptic activity
was proposed. It was shown that brain injury stimulated the
COX-2 expression, which could be a cause of cell death.?”]
The neurotoxicity mechanism of this enzyme has not been
well understood. Superoxide radicals as products of the
COX-2 reaction could increase brain tissue damage by nitric
oxide.?*) Regarding the role of this marker in neuroinflam-
mation, inhibition of its expression may be an appropriate
approach to prevent stroke complications. Im et al. reported
that the COX-2 expression level in neurons was increased
12 h and 48 h after cerebral ischemia in the penumbra.l?”]
But, in the present study, the COX-2 level was increased
only in the subcortex, on the other hand, the expression lev-
el of COX-2 was decreased in rats pretreated with L. album
extract. The extract of this plant decreased the expression
level of this isoenzyme in other organs. The study of Khana-
ki et al. demonstrated that L. album reduced hepatic tissue
injury in diabetic rats to some extent by reducing COX-2
expression.['”) In several previous studies, the beneficial
effects of Lamiaceae plants on COX-2 expression in cerebral
ischemia models were investigated. Hyptis fruticosa Salzm
belong to this family that showed neuroprotective effects by
inhibiting the COX-2 expression.2®!

In this experiment, the effects of L. album on the IV and
NDS were evaluated. This extract significantly reduced the
extent of injury and motor impairment, which may be due
to the inhibition of caspase-3 and COX-2 expression in
different regions of the brain following cerebral ischemia.
It was shown that the ischemic stroke was associated with
the production of inflammatory factors such as IL-1p,
COX-2, NO, IL-6, and TNF-a.?] Uncontrolled inflamma-
tion can stimulate programmed cell death and progression
of injury. Therefore, the management of ischemia at the
early stages might prevent the progression of injury and
could reduce its complications.*"! In the present study, L.
album extract reduced the level of caspase-3 in the core,
penumbra, and subcortex. Also, this extract inhibited
COX-2 expression in the subcortex, alleviated inflamma-
tion and reduced cell death, thereby led to a decrease in the
extent of lesion and motor impairment.

In the present study, practically all main regions of the
rat brain were examined separately. Moreover, the total
phenolic and flavonoids contents of L. album were evaluat-

ed. However, some limitations should be considered: 1) the
enzymatic activity of COX-2 and caspase-3 was not evalu-
ated. 2) One dose of this plant extract was utilized.

The potential protective effects of this plant extract
against this condition might be in part attributed to its
anti-inflammatory activity. Further investigation of the
neuroprotective effects of L. album on chronic inflamma-
tory processes, microglial cell activity, and adhesion mole-
cules in neurodegenerative diseases is warranted.

CONCLUSIONS

It appears that pretreatment with L. album extract may
attenuate brain tissue damage after ischemic stroke. The
potential protective effects of this plant extract against this
condition might be in part attributed to its anti-inflamma-
tory and anti-apoptotic activities, although further studies
in this field are needed.
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Pe3tome

BBepeHue: VHcynbT AB/IseTCs ORHOI 13 HanbojIee YaCThIX IPUYMH CMEPTU BO BCEM Mupe. BocIaneHne u anonTos NrparoT BaKHYIO
PO/b B KacKajie MIIeMUYECKOTO MHCY/IbTa.

Lenb: Llenb HacTOALETrO MCCIENOBAHNA 3aK/II0YaIach B OLIGHKe BO3NEICTBIA dKCTpaKTa Lamium album (L. album) [o nedenHus Ha
aKCIIpeccuio caspase-3 1 cyclooxygenase-2 (COX-2), 06béM nHbapKTa U OLieHKY HeBPOJIOTMYECKOro fedLuTa B KPHICMHO MO
cpepHero Mosra. okkmosus aprepun (MCAO).

Matepuanbl u merofbl: Kpbicbi-camipl nuany Wistar 6pumi cy4aiiHbIM 06pasoM pasgiesieHbl Ha Tpu rpynnbl: 1) rpymma MCAO
(4epes 1 4 mocie MCAO penepdysuio faBaau B TedeHye 24 4 IyTéM OTTAIMBaHMUA HUTH); 2) Tpymma L. album + MCAO [nonydenne
aKkcTpakTa L. album (100 Mr/kr BHyTpubprommnHaHo) 3a Hegeno jo MCAO]; 3) ¢pukTrBHaA rpymma. YpOBeHb SKCIIpeccuu caspase-3 u
COX-2 B cepplieB1He, HOMYTeHM U MOJKOpKe usMepsmu MetofoM PCR B peanbHOM BpeMeHu. Taxoke oreHMBanu o6béM nHdpapkra u
6a71 HeBpomorndeckoro geduura.

Pesynbrartbl: Sxcrpeccus MPHK caspase-3 B LleHTpa/IbHOI1, IOy TEHEBOIT 1 MOFKOPKOBOIL 061acTsX B rpymie L. album 6bina sHaum-
TE/IbHO CHIDKEHa 0 cpaBHeHuo ¢ rpymnoit MCAO (p<0.05). Yposens axcpeccun LIOI-2 B mogKopke KpbIC, Of{BEPIIINXCA BO3Tel-
ctBuIo L. album, 611 CTATUCTIYECKH CHIDKEH 0 cpaBHeHmo ¢ rpymnmoit MCAO (p<0.05). O6bém uHdapKTa B CepAlieBUHE, 0Ty TeHN
U TIOFKOpPKe OBbUI 3HAUMTEIbHO yMeHbllleH B rpymme L. album mo cpaBHenuio ¢ rpymmoit MCAO (p<0.001, p<0.001, p<0.05 cooTBeT-
cTBeHHO). [TokasaTe/lb HeBPOIOIMYECKOTO AebuINTa ObIT 3SHAYUTEILHO CHIDKeH B rpyiie L. album no cpaBHenuio ¢ rpymmnoit MCAO
(p<0.05).

3akntoueHue: IToxoxe, 4TO IpegBapuTeNbHas 06paboTKa sKCTpakToM L. album MOXeT 0CmabuTh NOBPEXIEHNe TKaHell TOJIOBHOTO
MO3Ta II0C/Ie MIIeMUIecKOro MHCYNbTa. IoTeHIManbHble 3alUTHEIE 9 dEKTHI 3TOr0 PaCTUTETLHOIO SKCTPAKTA OT STOTO COCTOSHUA
MOTYT OBITh YaCTUYHO CBA3AHBI C €T0 MIPOTMBOBOCIIAIUTEIBHON ¥ aHTHATIONTOTIYECKON aKTYBHOCTDIO.
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