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ABSTRACT

Homocysteine may mediate long-term oxidative danaadlee vascular interface through the generatidrpotent
reactive oxygen intermediates. In this study, weluated the effect of the anti-inflammatory andi@itant
Stachys mialhesi extract on the inflammation indubg hyperhomocysteinemia and damages in the abearnt
and liver of mice. Adult male Mus Musculus mierensystematically divided into four groups of fammean
body weights and fed for 21 days with control argegimental diets. The control group (F) was fedhwihite
bread (0.50mg/mice), group (M) was fed with L-n@ihmie (200mg/kg/day), group (MP) was fed with Lhiwgtine
(200mg/kg/day) plus S. mialhesi extract (50mg/agyl the positive control group (P) was treated vBthmialhesi
extract (50mg/kg/day). The experimental diets wgiken in white bread (0.50mg/mice). The plasma R®C
concentrations were elevated significantly aftez stdministration of methionine in high doses toamithis was
associated with the loss and degeneration of emdioth, fenestration and formation of foam cellshe media of
aorta, also the alteration of the cardiac muscledaliver necrosis. This is due to the angiotoxici@ttof
homocysteine directed to the aorta, and its toxioit the heart and liver. These changes were ne¢rvied in mice
treated with methionine plus the antioxidant andi-axflammatory S. mialhesi extract. Homocysteinéiated
inflammation and mediated early atherogenesis fesithrough increased oxidant stress, and the treatrwith S.
mialhesi extract prevented the endothelial and heglteration. So, combined to vitamin therapy, maku
phytochemicals are sources for natural antioxidaarid could be used to protect against the homoicystaediated
free oxygen radicals damages.

Key words: Methionine , Homocysteine, atherogenesis, inflationahs-CRP Stachys mialhesi.

INTRODUCTION

Elevated levels of plasma homocysteine have beesacised with cardiovascular risk in multiple lagmale
epidemiological studies [1] and have been recoghias a strong, independent, and causal risk fafctor
atherosclerosis [2, 3]. Studies froim vitro andin vivo investigation have suggested that generation ¢énpo
reactive oxygen intermediates, such as superoxiienaadical, hydrogen peroxide and impaired prdéidacof
endothelial nitric oxide, are central mechanismsvbich vascular exposure to elevated levels of hrysigine may
mediate long-term oxidative damage at the vasdntarface [4, 5]. Theses reactive oxygen interatedi may be a
target for therapy development and their inhibitioight be a strategy in preventing cardiovascuiseatses. Single
CRP measurement is one of the predictors of caadmyar events [6] and CRP was established as sitigen
marker of inflammation a long time ago [7]. Accumtihg evidence from various epidemiological prospec
studies over the recent years indicates that CRim isnportant marker of future cardiovascular [8KL.2]. CRP
deposition in human atherosclerotic lesigm®ow well established [13-15]. The moleculeaiszady detectable in
the arterial intima in the earliestages of atherogenesis and accumulates with Ipsagression. In this study, and
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following the oral administration of methioninehigh doses (200 mg/kg during 21 days to mice),aljective was
to measure the plasma hs-CRP concentration in caedetermine the effect of homocysteine on vascula
inflammation and atherogenesis, as CRP has beaetifidd as a powerful cardiovascular risk markes,[17], and
may also be causally involved in atherogenesis8- H1]. In parallel, we examined the aortic, hemmtl liver
histology of mice to confirm the angiotoxic and iaction of homocysteine. Treatment of hyperhonsteipemia
is primarily through vitamin supplementation; folicid, and vitamins B6 and B12 are the mainstayhefapy.
Betaine and 5-methyl tetrahydro-folate are alsedife in lowering homocysteine levels [22]. [22ported that
atherogenesis is promoted through increased oxistagss by elevated levels of plasma homocyst@ing, [23]
demonstratedn vivo that vitamin therapy in rats has reduced homoaystplasma levels. In this work, a
continuation of our previous works on Lamiaceae 324, we also substituted vitamin therapy by phytoapy. Our
objective was to evaluate the protective and prewereffect of S. mialhesiextract via its antioxidant and anti-
inflammatory activity.

MATERIALS AND METHODS

Animals and Diets

Adult maleMus Musculusmice (2.5-3 months old), weighing (26g—369) froemital pharmacy Algeria were used
in this work. They were systematically divided irfitar groups of similar mean body weights and fedZ1 days
with control and experimental diets. The contrawugy (F) was fed with white bread (0.50mg/mice),ugréM) was
fed with L-methionine (200mg/kg/day), group (MP)snied with L-methionine (200mg/kg/day) pl&s mialhesi
extract (50mg/kg/day), and the positive controlugrdP) was treated witB. mialhesiextract (50mg/kg/day). The
experimental diets were given in white bread (0.§0nice). The mice were housed 5 per cage and kegéru
standard laboratory conditions of humidity, tempam (25+ 1°C) and light (12 h day: 12 h night)dailowed free
access to food and water.

Blood Biochemistry

At the end of the study, mice were fasted overnightl the blood samples were collected from the @tital vein
into EDTA tubes by using glass capillaries. Theyeveentrifuged immediately, and the plasma wasstat -30°C.
The plasma hs-CRP values were measured by the iptovbidimetric method on a Cobas integra 400 plus
analyzer (Roche).

Histology

After the blood samples collectipthe animals were sacrificed, and samples for ligitroscopic investigations
were obtained from aorta, heart and liver. Forahigfical investigations the aorta was divided ifitsections (arch,
thoracic, abdominal, and iliac). Paraffin sliceapbthick were stained following the heamatoxylirsieostaining

method.

Statistical Analyses
Results were analyzed for differences between thapg across dietary treatments by one —way ANO&& and
Tukey’s multiple comparison tests (SPSS version 9).

RESULTS AND DISCUSSION
In this study, we have taken only 3 values feanh group because some are outliers.

The present data showed that there is a signifidiéference in the means for the plasma hs-CRP amnations
between groups P=0,010. The figure 1 showed tlapliisma hs-CRP concentration in group (M) (0,493189)
increased significantly when compared to the cdrgroup (F) (0,153+0,006) P= 0,015, and the posittontrol
group( P) ( 0,16+0,005) and P=0,017. Also, the RRQoncentration in the group (MP) (0.20+0,042)relased
significantly P=0,034 when compared to group (bDt didn’t reach the CRP concentration in the wdrgroup

(F).
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Figure 1: The interaction of L-methionine andS.mialhesiextract on the plasma ultra sensitive CREn mice during 21days application

In the group (M), which had been fed with 200mgfkgthionine, the aortic intima showed degeneratind
desquamation of endothelial cells, we also obsemeétie media lysis, fenestratiorormation of foam cells an
oval nuclei(Figures 2, 3, 8, 9, 13, 14, 19, 20, .

However, in the control group (F), the aortic seasi have intact endothelium and spindle shapedouogtgis nucle
(Figures 4, 5, 10, 15, 16, 22, 23)hese results weialso observed in the positive control groups (Figures 7, 12,
18, 26, 27).

We also observed in group (M), lysis in the hisgiidal section of the cardiac muscle and hepaticases in the
liver histology (Figures 28, 32, 33), contrary to the grougF) and (P) where the heart and liver histologyes
intact (Figures 29, 34, 35 and(Figures 31, 3i) respectively.

However, the aortic intima of the group (MP) thatd been fed with 200mg methioniplus S.mialhesiextract
showed intact endothelium, and spir-shaped mediocytes with the absence of foam ceitsdtion. Nevertheless,
oval-shaped mediocytauclei were observed(Figures 6 11, 17, 24, 25)In the histological sections of the card
muscle and livemo lysis or necrosis was obsen(Figures 30, 36, 37).

Figure 2 : Histological section of arch aorta, 21 Figure 3: Histqlogical sec_tior! of arch aorta, 21 days ¢
days of oral methionine application (20( oral methionine application (200 mg/kg/day)
mg/kg/day), Hematoxylin eosin staining(x100) Hematoxylin eosin staining(x1000).

FC: Foam cells,ON: Oval nuclei, ENS: Endolysis EF:

ENS: Endolysis, F: Fenestratio Elastic fiber
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Figure 4: Histological section of arch aorta, Figure 5: Histological section of arch aorta,
control’'s , Hematoxylin eosin staining (x400). control's , Hematoxylin eosin staining (x400).

IEND: Intact Endothelium, SN: Spindle nucleic ,

. SN: Spindle .nucleic, CT: connective tissue, FN:
L: Lumen

Fibroblast nuclei

Figure 6: Histological section of arch aorta, oral
methionine (200 mg/kg/day) + S.mialhesi extract Figure 7: Histological section of arch aorta, posive
(50mg/kg/day) application , Hematoxylin eosin control's Hematoxylin eosin staining (x400).
staining (x400).
IEND: Intact Endothelium , SN: Spindle nucleic
SN: Spindle nucleic, IEND: Intact Endothelium, ON:
Oval nuclei.

Figure 8: Histological section of thoracic Figure 9 Histological section of thoracic aorta, 21
aorta, 21 days of oral methionine application days of oral methionine application (200
(200 mg/kg/day), Hematoxylin eosin staining mg/kg/day), Hematoxylin eosin staining (x100).

(x400). FC: Foam cells, ENS: Endolysis, FN: Fibroblast

FC: Foam cells, ON: Oval nuclei, ENS: nuclei, F: Fenestration

Endolysis, FN: Fibroblast nuclei
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Figure 10: Histological section of thoracic Figure 11: Histological section of thoracic aorta,
aorta, Control's Hematoxylin eosin staining oral methionine (200 mg/kg/day) + S.mialhesi
(x100). IEND: Intact Endothelium, SN: Spindle extract (50mg/kg/day) application , Hematoxylin

nucleic eosin staining (x100). ON: Oval nuclei

Figure 12 Histological section of thoracic aorta,
positive control’'s Hematoxylin eosin staining
(x400). SN: Spindle nucleic , IEND: Intact
Endothelium CT: connective tissue,

Figure 13: Histological section of the abdominal Figure 14: Histological section of the
aorta, 21 days of oral methionine application abdominal aorta, 21 days of oral methionine
(200 mg/kg/day), Hematoxylin eosin staining application (200 mg/kg/day), Hematoxylin

(x100.) eosin staining (x400).
ENS: Endolysis, SN: Spindle nucleic, ON: Oval nucleic,

ENS: Endolysis,
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Figure 16: Histological section of the abdominal

Figure 15: Histological section of the abdominal aorta, control’s Hematoxylin eosin staining
aorta, control's Hematoxylin eosin staining (x400).
(x400).
SN: Spindle nucleic, IEND: Intact Endothelium, SN: Spindle nuclei
L: Lumen

Figure 17: Histological section of the abdominal

aorta, oral methionine (200 mg/kg/day) + Figure 18: Histological section of the abdominal
S.mialhesi extract (50mg/kg/day) application , aorta, Positive control’s Hematoxylin eosin
Hematoxylin eosin staining (x400). staining (x400).
SN: Spindle nucleic, ON: Spindle nucleic, SN: Spindle nucleic, IEND: Intact Endothelium

IEND: Intact Endothelium

Figure 20: Histological section of iliac aortapral
methionine (200 mg/kg/day) application

Figure 19: Histological section of iliac aorta, orh

methionine (200 mg/kg/day) application Hematoxylin ; )
eosin (x100). Heamatoxylin eosin (x100).

ENS:Endolysis L: Lumen ENS: Endolysis, L: Lumen, M: Migrgtion of
muscular cells CT : Connective tissue

217
Scholar Research Library



Zerizer Set al Der Pharmacia Lettre, 2013, 5 (2):212-223

Figure 21: Histological section of iliac aorta, @l Figure 22: Histological section of iliac aorta,
methionine (200 mg/kg/day) application Heamatoxyt control's Hematoxylin eosin staining (x400)
eosin (x400).
SN: Spindle nucleic, EF: Elastic fiber, CT:
MC : Muscular cells, ON : oval nuclei F: connective tissue,

Fibroblast

Figure 23: Histological section of iliac aorta, catrol’s
Hematoxylin eosin staining (x400).

SN: Spindle nucleic, IEND: Intact Endothelium

Figure 24: Histological section of iliac aorta, cal Figure 25: Histological section of iliac aorta, cal
methionine (200 mg/kg/day) + S.mialhesi extract methionine (200 mg/kg/day) + S.mialhesi extract
(50mg/kg/day) application Hematoxylin eosin (50mg/kg/day) application Hematoxylin eosin
staining (x400). staining (x400).

SN: Spindle nucleic, ON: Oval nuclei, FN: SN: Spindle nucleic, IEND: Intact Endothelium,
Fibroblast nuclei ON: Oval nuclei
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Figure 26: Histologicalsection of the iliac aorta, Figure 27: Histological section of the lliac
positive control’s Hematoxylin eosin staining
(x400) aorta, positive control’'sHematoxylin eosin staining
(x400).

SN: Spindle nucleicCT: connective tissuy,
IEND: Intact Endothelium

Figure 28: Histological section of the cardiac muscle Figure 29: Histological section of the cardiac must.
21 days of oral methionine applicatio (200 Control's Hematoxylin eosin stainin((x400).
mg/kg/day), Hematoxylin eosin staining(x400)
MCN: muscle cell nuclei, CMF: Cardiac musclfibers, CT:
MCN: muscle cellnuclei, Lysis Connective tissu.

Figure 30: Histological section of the cardiac muse Figure 31: Histological section of the cardiac musc.
21 days of oral methionine (200 mg/kg/day) positive Control’'s Hematoxylin eosin staining(x100).
S.mialhesi extract(50mg/kg/day)application

Hematoxylin eosin staining(x400). MCN: muscle ce CMF: Cardiac muscle fibers, CT: Connective tissue

nuclei, CMF: Cardiac muscle fibers, CT: Connectiv

tissue
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Figure 32: Histologicalsection of the liver,21 days of Figure 33: Histologicalsection of the liver,21 days of
oral methionine application (200 mg/kg/day), oral methionine application (200 mg/kg/day),
Hematoxylin eosin staining(x100). Hematoxylin eosin staining(x400).

CV: Centro lobular vein S: Sinusoid, HN: Hepatocyte nuclei, CV: Centro loblar

vein, NC: Necrosis

Figure 34: Histologicalsection of the liver, control’s Figure 35: Histologicalsection of the liver, control’s
Hematoxylin eosin staining(x100'. Hematoxylin eosin staining(x400).
H: Hepatocytes S: Sinusoid, HN: Hepatocyte nuclei, H: Hepatocyte

Figure 36: Histologicalsection of the liver,21 days of Figure 37: Histological section of the liver,21 days of oral

oral methionine (200 mg/kg/day) + S.mialesi extract methionine (200 mg/kg/day) + S.mialhesi extrac

(50mg/kg/day) applicationHematoxylin eosin staining (50mg/kg/day) applicationHematoxylin eosin staining
(x100). (x400).

S: Sinusoid, HN: Hepatocyte nuclei, H: Hepatocy
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Figure 38: Histological section of the liver, posite
control's Hematoxylin eosin ~ (x400).

HN: Hepatocvte nucle

The group (M) showed a significant increase in lthel of plasma hs-CRP compared to the control grdthnis
result could reflect the initiation of an inflammoag process confirmed by the histological invedtigaof the aorta.
In the group (PM) we noticed th&tmialhesextract lowered the plasma hs-CRP level becauie obnfirmed anti-
inflammatory effect, and this due to the presenteesiablished polyphenolic compounds such as taanuh
flavonoids [34]. However, the positive control gpo(P) revealed a higher plasma hs-CRP level tharctmtrol
group (F) both in a non significant way. This difface is interpreted by the fact that Biemialhesicompounds
could possess anti and pro-inflammatory propef8ss .

The oral administration of methionine exerted agiatoxic activity on the aorta and a toxic effectthe heart and
liver. This was observed through the loss and deggion of endothelium, formation of foam cellstle different
sections of the aorta, alteration of the cardiasatey and liver necrosis.

Deity excess methionine caused a toxic effect oarlikidney and heart tissuel®6] and our results are in
agreement with the previous experimental studie®f However, the aortic alteration was strongly obserive
the aortic arch in contrast to the previous stu@®g] which was mostly observed in the iliac aorta

When constant frictional forces are imposed oretigothelium, due to the passage of the bloodiifdimmatory
and antioxidant properties are conferred to theottradium [37]. But at curved and bifurcatingeaits impose a
physical constraint to the blood flow, which weakehe frictional forces, leads to homodynamic pértions of
the vascular endothelium, and generates endothdifafunction [38, 39] .This explains the fact thie
atherosclerotic plaque develops preferentiallyhand¢urved and bifurcating arteries [39].

Homocysteine can undergo autoxidation in the plasmiatracellularly, to form various reactive oxygepecies.
The potent reactive superoxide and hydrogen péesxiwhich are produced during this process, armlyna
responsible for the vascular toxicity of homocystevia the formation of oxidized low density lipopein (ox-
LDL). The oxidation of LDL in the artery wall iselieved to be the primary event leading to thedtiagn and
progression of atherosclerosis [40] .

Qualitative phytochemical analysis of tBe mialhesextract revealed that it contains natural physjally active
substances such as terpenoids, flavanoids and lihenmpounds, and it was also showed to exhilgiiicant
antioxidant effect in laboratory animals [24].

The vasculo-protective properties of flavonoidsemavealed by the observation of improvements ektidothelial
function after the consumption of flavonoids richinlls, such as black tea or red wine. These effease
apparently attributed to the neutralization of fremlical,s and pro-inflammatory mediators, but atsothe
strengthening of the bioactive nitric oxide, ani-amftammatory mediator and a vasodilator with amtiplatelet
concomitant activity [41]. It has been also reporteat Polyphenolic substances derived from coavedpr could
contribute to reducing the cholesterol LDL, inciegghe cholesterol HDL and limiting the LDL oxidarn [42]. In

addition, the study of [43] suggested that an iaseeintake of antioxidants appeared to be protciiv
cardiovascular diseases.
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The macrophages internalize the oxidized LDL [44H aare overloaded with cholesterol. This leadsheirt
transformation to foam cells that accumulate in dhierial wall [45]. These foam cells were not alied in the
aorta sections of group (PM), which confirms thamiocysteine mediated early atherogenesis lesiomsigh
increased oxidant stress. The treatment with thi@xddant S.mialhesiextract prevented the endothelial alteration.
S.mialhesiextract contains polyphenols that are effectiv@vsogers of free radicals by virtue of hydroxyl gps.
This confer them the ability to donate electromsi thus to quench the free radicals [46].

CONCLUSION

Following the oral administration of methionine high doses, its degradation product, homocystaiitated an
inflammatory process determined by the elevatiothefplasma hs-CRP, and confirmed by an angiotaciivity

on the aorta, and a toxic effect on the heart aret.I This was observed through the loss and degéoe of
endothelium, formation of foam cells, the alterataf the cardiac muscle, and hepatic tissue nexrbsilowing its
auto oxidation, homocysteine induced early athameges lesions by the production of free oxygenaadi The
treatment with the antioxidant and anti-inflammgt8t mialhesextract prevented the endothelial alteration, thed
heart and liver damages. The treatment of hypedegsteinemia is primarily through vitamin supplenagion in

order to reduce homocysteine plasma levels, lmatutd be also combined to an antioxidant treatrobtained from
natural phytochemicals, a source for natural aidemts to protect against the homocysteine medifésdoxygen
radicals damages.
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