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Abstract:

Lemon verbena Aloysia citriodora) is an herb characterized by
containing a large amount of phenols such as fladsn and
phenylpropanoids, which have been found to playe#fective role in
controlling digestive disordersSo that, this study sought to evaluate the
gastroprotective properties of lemon verbena agatomach ulcers in rats
induced by ethanol. Randomly , thirty male Albiradsr were divided into
five groups (6/each). Rats were injected with etthdn induce stomach
ulcers. The antiulcer activity of lemon verbenavks ethanol extract
(LVEE) were estimated at different doses (50 and m@/kg body weight)
and compared with omeprazole (OMZ) which used ataadard drug at
dose (40mg/kg body weight). To find out the possibhechanisms of
action, data of the present study estimated theldewf oxidative stress
parameters. Gastric juice volume, pH, and othenatt ulcer examinations
as well as histological examination of gastric tdcevere done. Rats that
were given ethanol only (positive group) showecdhifigant elevations in
ulcer score, ulcer index (Ul) and decreases amtan enzymes. Moreover,
the levels of malonaldehyde (MDA) remarkably inc@@ in the positive
group compared to the negative group. The pretesatof rats with LVEE
at different dose levels not only improved stomafder measurements and
the activities of antioxidants but also signifidgnmeduced the concentration
of MDA in stomach tissues. These results confirnatthVEE has
gastroprotective properties by stimulating antiexid enzymes. Finally,
lemon verbena leaves powder has been used in Boemdvith the goal of
producing a fortified bread that can be recommenfdedstomach ulcer
patients.

Keywords: Peptic ulcer aloysia, antioxidant activity, bread, ulcer index,
omeprazole.
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Introduction

Stomach ulcers are one of the most popular diseaseshe
gastrointestinal tract . These disease occurs st of several factors
resulting from a defect in the preventive factofstlee gastric mucosa
(pepsin) and factors that destroy the gastric mauc@id). The most
important other factors causing ulcers are infegtismoking , stress,
consumption of non-steroidal anti-inflammatory dsugr a long time and
excessive alcohol consumptigRark et al., 2020) Thus, the experimental
model of ethanol-induced gastric ulcers is ofteadutd estimate anti-ulcer
componentgKadasahet al., 2021).

Ethanol is a harmful substance that causes mamasks and can be
used orally to cause stomach ulcers in experimemti@hals. Gastric ulcers
caused by ethanol appear as a result of ruptutteeafastric mucosa, which
leads to increased bleeding and mucosal permaabilthite blood cells
(WBC) , like neutrophils, go to the location of ets in the stomach and
increase production of inflammation mediating coonpas and reactive
oxygen species (ROS) so oxidative and cellular dgnoeccurgShin et al.,
2020). Also, a precedent study demonstrated that oxidatvess during
ethanol-induced gastric ulcers increases lipid xdation, which is
demonstrated by elevated malondialdehyde concemtsain gastric tissues
(Tureyen and Ince 2021).

There are many modern drugs, such as antacidyicis, H2
receptor antagonists and proton pump inhibitordgPPwhich are largely
used to reduce stomach infectig@fiou et al., 2020) .Omeprazole (OMZ)
is one of the most important drugs that have shaweffective therapeutic
effect for stomach ulcers in several published issiflGuzman-Gomezet
al., (2018) and Zhouet al., 2020). Despite this, treatment with modern
medicines for a long period of time can cause mahgr health problems
(Raeesiet al., 2019)

Through previous studies , it was found that natieabs with broad
biological properties, better performance and $aftures are essential as
an alternative to chemical treatments. Thus, tieeegreat need to analyze
herbal products that are characterized by theirrpheological properties in
order to identify alternative plant components wiiological activity
(Asnaashariet al., 2018).0One of the most famous herbs is lemon verbena
which is scientifically calledAloysia citrodora and it is one of the plants
known for its medicinal propertie®loysia is one of the most important
aromatic plants high in phenolic and phenylpropd&cubstances, which
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are considered one of the most powerful antioxslawerbena is used in
traditional medicine to treat digestive disordersuch as indigestion,
flatulence and acidityRashidet al., 2022).Lemon verbena leaves extracts
are characterized by its high concentration of osdadie, also called
verbascoside . Studies have shown that it has tapotherapeutic effects
such as its role as an antioxidant, sedative, irgaxanticancer, anesthetic
and antimicrobial (Ghasempour et al., 2016 and Razaviet al.,
2017)Alcoholic and aqueous extracts of verbena leavesas@ntipyretic,
anti-inflammatory, antioxidant and analgediubey, 2014 .

Since there is insufficient evidence for the intesdt effects of
ethanolic lemon verbena extract, in this studigaeolic extract of lemon
verbena was prepared to study its gastroproteefifeet in rats exposed to
ethanol and comparing that effect with the theréipeffect of omeprazole
(OMZ) as one of the drugs recommended for gaslciers.

Material and methods
Plants: Lemon verbena leaves have been obtained from HéoraFood

Industry and Natural Products, Bab Alkhalqg, CakEgypt. The plant

part was confirmed by the faculty staff in the plaiepartment at

faculty of agriculture, menoufia university.
Chemicals: Ethyl alcohol (95%) and all other chemicals wergchased
from EIl- Gomhoriya Company for Trading Drugs, Cheafs and

Medical instruments. Omeprazole was purchased fooal pharmacy

Diet: The basal diet was prepared according to the rdetleveloped by
AIN (1993). As for the vitamin mixture and salts mixture useere
added according tBeevest al., (1993). Diet contents were obtained
from ElI-Gomhoriya Company for Trading Drugs, Cheatsc and
Medical instruments.

Preparation of LVEE

Lemon verbendeaves were milled to be a fine powder. 100 g of
verbena powder was mixed in 1000 ml of 96% eth&moK8 hours. The
mixture was then filtered using a filtered papdrelcohol was evaporated
and the extract was kept at -20 °C until (Sashayekhi-Sardooet al.,
2020).
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Determination of total phenolic contents, flavonoid flavones , flavonols
and the antioxidant activity of LVEE.

The level of antioxidant activity of LVEE was measd by
spectrophotometric estimation based on the decrgadi methanol extract
of DPPH according {®keet al., 2009). Flavonols and flavones were
estimated according tBopovaet al., (2004)and The results were presented
as mg quercetin per gram of dry weight of the san{plopovaet al.,
2004)Total flavonoid content was estimated according/ienichiniet al.,
(2009) quercetin was taken as the standard and the tb&adglic contents
were estimated according ¥Wojdyto et al., (2007) and gallic acid was
taken as the standard.

Experimental groups

Thirty male albino rats were used in the study dnded into five
groups (6 rats each).The first and second groupsiieBasel diet, The third
and fourth groups fed on standered diet and reddiv=E (50 and 100 mg
/ kg body weight) , respectively while the fifthogip fed on basel diet and
received omeprazole 40 mg / kg body weigWibfawi et al., 2019orally,
for 28 day as an experiment period.

Induction of gastric ulcer

On the last day of the experiment, which lasted Z8rconsecutive
days, rats were fasted for 24 hours, but water avadable. The rats of the
second, third, fourth and fifth groups were giversiagle oral dose of
ethanol at a dose of 10 ml/kg of body weifiiiang et al., 2014)to induce
stomach ulcers for two hours. While normal ratsugreeceived a single oral
dose of saline.

Biochemical analysis

After two hours of administration of ethyl alcotolrats, the rats were
anesthetized by diethyl ether, then the abdominall wf the rats was
opened, the pyloric opening was accurately idadifind then the stomach
was carefully tied from the esophageal openingy tieenoved and opened,
gastric juice was collected and centrifuged tonesté gastric secretion
ulcer index ( U.l ) was carried out by multiplyingcer score x 100
according to Radwanet al.,( 2003) while ulcer score was estimated
according toRobert et al., (1968).The ulceration (%) and the preventive
index were calculated according @haraet al., ( 1992)and Hano et al.
(1976) ,respectively. The pH value of stomach juice wasreged by pH
meter and the total acidity was determined byttaraof 1ml gastric juice in
D
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10ml of distilled water with 0.01IN NaOH using tworogs of
phenolphthalein as an indicataBakr, 2020). Malondialdehyde (MDA),
Superoxide dismutase (SOD) and Catalase enzyme )(@&fle assayed in
stomach tissue according@hkawa et al., (1979), Nishikimiet al., (1972)
andAebi (1984) ,respectively.

Histopathology examinations of the stomach

Specimens from stomach were collected directlyr aftarification of
animals at the end of experimental period (28dafys@d in 10% neutral
buffered formalin, dehydrated in ethyl alchoholeased in xylene and
embedded in paraffin 4 - 6 thick sections were @regp and stained with
hemetoxlin and eosin according@arleton , (1976)

Technological methods

Baladi bread was prepared accordingStaroubaet al., (2009),in
which wheat flour was replaced by 1-1.5% lemon &rébleaves. A set of
sensory tests were performed to evaluate the ptaafter the addition of
verbena by 20 judges according/t@tts et al., (1989).
Statistical Analysis

Data was statistically analyzed using the Costaggam , and the
results were presented in the form wlean_ + SD according {0Steel and
Torrie, 1980).
Results and Discussion
Total phenolic contents, total flavonoid , flavonesind flavonols content

and the antioxidant activity of LVEE

Data in Table (1) showed total phenolic content¢altflavonoid ,
flavones and flavonols content and the antioxidactivity of LVEE.
Regarding to total phenolic contents, data indatdbat the mean value of
total phenolic compounds in LVE&as 52.5:0.12 mg / g .In this context ,
Mohtashami et al., (2013)reported that there are many factors that affect
the medicinal plant's content of phenolic substanoee of them is growing
factors and the phenological phase .Also, the nietbfoextraction may
affect the plant content of measured phenolic sulests. The findings of the
present research which showed the percentageabiteenolic components
in LVEE are the same former results showed NaserAldeenet al.,
(2015)they reported that the mean value of total pherm@mponents in
verbena leaves extract starting from 228876 to 48.211.35 mg/g as
gallic acid. while , the amount of total phenotiontents in the present
study appeared to be higher than those reportecCligupani et al.,
(2014 .The difference is may be due to the phonologahse, time of
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harvest and nutrition of sofMoradi et al., 2014)The mean values of total
flavones and total flavonoids were 2.23 0.08 and 16.48).66 mg/g
guercetin , respectively. these result are in agreement with
HematianSourki et al.,( 2021 they found that the amount of flavone and
flavonols content and total flavonoids in the LVEEre 2.23 +0.08 and
14.54 £0.67 mg/g quercetin, respectively.

According to the data , the inhibitory force agai3PPH (2,2-
diphenyl-1-picryl-hydrazyl-hydrate) radicals in E¥ was 79.380.21. In
similar studies Farahmandfar et al., (2018) illustrated that raising the
amount of verbena essential oil of from 200 to G,pPm in sunflower oil
lead to improve the free radical scavenging agtieit DPPH from 10% to
56%. Also, the present study is in accordance ®lbupani et al., (2014)
they showed that the amount of DPPH radical scamgractivity in LVEE
was 85% and this percentage was greater than #tersc and aqueous
extract. In this regard als®ilia et al., (2009 andIsmail et al., (2010)
reported that LVEE showed a higher ability to restorganic compounds
compared to the aqueous extract of lemon verbena.

Table (1): Total phenolic contents, total flavonoid, Flavones and
flavonols contentand the antioxidant activity of LVEE

Component Mean+SD
Total phenols content
(mg Gallic acid/g) 525£0.12
Antioxidant activity
(DPPH) (%) 79.33+0.21
Flavones anc_zl flavonols content 2934 0.08
(mg Quercetin/g) -
Total flavonqld content 16.45+ 0.66
(mg Quercetin/g) -

Effect of OMZ and LVEE on gastric lesions

Data in Table (2) showed the effectladmon verbena leaves extract
on gastric juice volume (ml) , gastric ulcer (G@ngth (mm.) , pH of
gastric  juice and total acidity (%)in negativentrol and gastric ulcer
groups. It is known that alcohol rapidly permedie gastric mucosa leading
to smash the plasma membrane, this increases timeglility of the
membrane to sodium and wafé&l-Yahya and Asad, 2016) The positive
group was significantly lower ($0.05) in pH and higher in gastric juice
volume, ulcer length and total acidity comparedh® negative group. Oral
treatment with ethanol in positive control groud te reduce pH and raise
gastric juice volume, ulcer length and total agidENO et al., 2004) The
{ 32 )
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group which treated with 100 mg / kg body weighVHE showed more
efficient in reducing the amount of total aciditydagastric juice and
increasing pH than groups treated with 50 mg / kdeland omeprazole.
Treatment of rats with LVEE (100 mg/kg body weighior 28 days
increased gastric mucosal protection resultingastrc juice volume, pH
and pH levels reaching the negative control letglyew et al., (2014)
reported thatemon verbena leaves used in the treatment of gasdstinal
disorders, such as stomach pain, intestinal woraisjominal colic,
jaundice, and cholecystitis. There are many ofpifteposed mechanisms for
the anti-ulcer activity of polysaccharides , thiaynbe due to their capacity
to link to the mucosal surface and act as a prexetdyer, by reducing acid
secretion as well as free radical productif@ipriani et al, 2006). Also,
Romano et al., (2013) point out that flavonoids have a good anti-ulcer
effect because of their antioxidant influenddese results are consistent
with Kubicaet al., (2020)showing that lemon verbena leaves has a gastric
preventive influence, and the mechanism of acticay rbe due to the
antioxidant properties related to anti-ulcer atyivias free radicals are
developed in gastric mucosal lesions. Ethanolicaext of lemon verbena
leaves as a result of containing verbascoside miie active compound in
lemon verbena, showed more gastrointestinal piliotecthan aqueous
extract against indomethacin which caused stom#otrg) Mashayekhi-
Sardo et al., 2020.0n the other handSperoniet al., (2007) reported that
there were no significant changes observed in tleevof gastric pH and
the volume of gastric juice in the rats treatedhwiterbena extracts
comparison to positive group.

Table (2): Effect of OMZ and LVEE on gastric lesiors

Groups Gastric juice PHvalue Total acidity GU Length
volume (ml) (%) (mm)
control (-) 1.26'+0.21 4.9+0.2 0.024+0.01 0+ 0
control (+) 5.06+.49 1.23+0.15 0.133+0.02 5.9%+0.2
LVEE (50 mg/kg B.Wt.) 4.260+0.25 2.183+2.08 0.092+0.01 4.76+0.25
LVEE (100 mg/kg B.Wt.) 1.67+0.16 5.2+0.20 0.04¥+0.01 1.13'+0.20
OMZ (40 mg/kg B.Wt.) 25+0.36 3.63+0.21 0.06Z+0.08 3.16°+0. 20
L.S.D 0.578 0. 354 0.022 0. 354

"Data are expressed as the mean +SD (n = 5 per )grblgan values with the different
letters in the same column mean significantly défe at level g0.05.

Effect of LVEE and OMZ on ulcer score, ulcer index ulceration (%)
and preventive index
Table (3) indicated the effect of LVEE and OMZ wner score, ulcer
index, ulceration (%) and preventive index. Theultssshowed that the
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negative group did not have ulcer score, ulcerxnded ulceration (%)
because it received saline solution only. Howewvesitive group giving
ethyl alcohol had the higest ulcer score, ulcerexnénd ulceration (%)
compared to gastric ulcer groups treated with LMEED and 100 mg / kg
body weight) and omperazole. Preventive index hpplosite trend.The
best result was recorded to group 2 ( 100 mg / ¥g)Lcompared with rats
treated with LVEE (50 mg / kg body weight) and rdteated with
omperazole.Ko and Cho, (2000)showed that heavy consumption of
alcohol can lead to inflammation of the stomacimbin(gastritis), as well as
stomach ulcers .While,Speroniet al., (2007) indicated thatverbena can
reduce the effect alcoholdue to its content of flavonoids and polyphenols
which consider good antiulcer because of theiroaidant effect . Also,
Tajik et al., (2016) reported that aqueous extract of verbena for uwkno
reasons can more strongly treat ethanol-inducedrigaulcers in rats
compared to ranitidine as an effective ulcer didgese results had the same
trend reported byMashayekhi-Sardcet al . , (2020 showing that
treatment with LVEE ( 200 mg / kg) caused a fundataledecrease in the
ulcer index and ulcer score .
Table (3): Effect of LVEE and OMZ on ulcer score,ulcer index,
ulceration (%) and preventive index in rats exposedto

ethanol

Groups us ul Ulceration(%)  Preventive index
control (-) - - - -
control (+) 8.5 850 90.3 15.5
LVEE (50 mg/kg B.Wt.) 8 800 70.5 30.6
LVEE (100 mg/kg B.Wt.) 25 250 22.4 90.3
OMZ (40 mg/kg B.Wt.) 6.3 630 50.23 77.5
US= ulcer score Ul =ulcer index

Effect of OMZ and LVEE on oxidant and antioxidant gatus

Data in Table (4) shows the effect of LVEE on MDBAT and SOD
level of negative control and gastric ulcer groupseatment with LVE
(50,100 mg kg) and 40 mg/kg omperazole signifiganiproved the levels
of CAT and SOD when compared to positive contrdis.raHowever,
administration with LVEE led to decrease in MDAvéé The highest
reduction in MDA was observed in rats treated WithEE (100 mg/ kg
body weight) .
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Table (4): Effect of OMZ and LVEE on oxidant
status in the stomach of rats exposed to ethanol

and antioxidants

Groups MDA CA.‘T SOP
(nmoi/g tissue) (U/g tissue) (U/mg tissue)
control (-) 57.63 +1.61 18.36t 0.50 8.46+ 0.89
control (+) 87.93+1.77 3.18+0.32 1.83+0.30
LVEE (50 mg/kg B.Wt.) 82.56 +1.35 7.3+1.13 2.66+0.76
LVEE (100 mg/kg B.Wt.) 62.86'+ 2.00 15.46+ 0.89 8.16+ 0.65
OMZ (40 mg/kg B.Wt.) 73.6+1.80 10.8:1.08 5.56+0.60
L.S.D 3.139 1.543 1.224

"Data are expressed as the mean + SD (n = 5 pep)griean values with the different
letters in the same column mean significantly défe at level g0.05.

Lemon verbena due to the presence of polypheriasfliavones and
verbascoside shows great antioxidant possibilitaesd inhibition of
lipoxygenase enzym&asamassimat al., 2017 and also , catechol groups
have scavenging activityOpiedet al., 2008 )Verbascoside extracted from
lemon verbena leaves owns anti-inflammatory charetics because it
reduces superoxide radical generation ginththione peroxidaséunction,

and consequently

reducenducible nitric oxide synthase activity

(Speranzat al., 2010). In addition to,Funeset al., (2009) reported that
verbascoside as a strongradical scavenger can cdeseement in MDA
levels where the Daily use of lemon verbena extrémt athletes
significantly reduced MDA levels in neutrophils akdpt up these cells
from oxidative stress compared to the control gr@eynest al., 2011) .
Mashayekhi-Sardo et al ., (2020 supported the previous results, as they
indicated that the use of the aqueous and alcobatiact ofverbena (100
and 200 mg/kg body weight) leads to a decrease him level of
malonaldehyde in stomach tissues and improves stomlgers caused by
indomethacin . This possibly by discouragementlifpexygenase enzyme
orinhibiting leukotriene receptors and lipid pemation . This result
confirms the findings ofRashidet al., (2022 ) , in which they showed that
lemon verbenaas promising cytotoxic and antioxidant activities.
Sensory properties of bread supplemented wittemon verbenaleaves

powders

Interpretation of the data confirmed that fortifioca of bread with
verbena powder had a significant positive effectsensory characteristics
Adding the lemon verbena powder to bread in comagans( 1%- 1.5%)
increased the consumer acceptance in terms of rflasaor , texture,
appearance ,taste and overall acceptability.

N
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This results are agreement wittematianSourki et al ., (2021}hey
showed that adding various concentrations of vexlpwder and essential
oils to cookies improved the taste and aroma pt@seduring the storage
period, when evaluated sensory. This finding i® afs support of what
Shirzadet al., ( 2021) said, as they emphasized that lemon verbena can
maintaine shelf life, food safety, and retentionbadchemical compounds
by reducing the decomposition process in strawbeirn cold storage. Also,
Li et al., (202]) reported that the locust bean gum and sodiummaiegi
active coatings compacted with essential oil ofdaraerbena improved the
quality and protracted the shelf life of yellowoaker during storage.

Table (5): Mean scores for the sensory properties fobread
supplemented with lemon verbena leaves powders

Variable Control 1% LV 1.5% LV LSD
Color 8.062+ 0.25 8.36% 0.15 8.66+0.16 0.382
Flavor 8.16 +0.15 8.16+0.05 8.80+ 0.26 0.358
Taste 8.20°+ 0.26 8.58+0.35 9.13+0.20 0.561
Texture 8.03+0.15 8.5+ 0.5 9+0.20 0.645
Compressibility 8.63+0.15 8.6+0.1 8.9+0.1 0.240
Apprarance 9.23+0.25 8.16+0.28 9.06+ 0.30 0. 565
Over all acceptapility 8.23 +0.20 7.86+ 0.15 8.30+ 0.26 0.426

*Values are mean + SD. Values in the same raw s@dhie same superscript letters are not
statistically significantly different. LV: lemon vieena.

Histopathological examination of stomach

Microscopical examination of stomach of rats fromoup 1 showed
normal histological gastric layers (pic. 1a) . Qonitary, stomach of rat
from group 2 revealed focal necrosis of gastric osa¢ sub mucosal edema
and inflammatory cells infiltration (pic. 1 b). Meahile, stomach of rats
from group 3 exhibited apparent normal histologgastric layers, whereas,
some sections from this group revealed slight subasal edema (pic. 1 c).
Furthermore, gastric tissues of rats from group Howed no
histopathological alterations except slight sub osa¢ edema (pic. 1 d) in
some section .On contrary, Otherwise, stomach t§ feom group 5
described few mucosal and sub mucosal inflammatelg infiltration as
well as slight sub mucosal edema (pic. 1 e). Tts i@sult was recorded for
group 4.
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Picture (d)

Picture (e)

Picture 1. Effect of OMZ and LVEE on histopathological lesoim gastric mucosa in rats
exposed to ethanol (H&E , 100) (n = 5 per group). ¢ontrol group; (b)
experimental group; (c) LVE (50 mg/kg ) group ;LdE (100mg/kg) group
and (e) OMZ group (40mg/kg).The black arrows inthcsub mucosal edema
and inflammatory cells infiltration.

Conclusion

In brief , the results of this study showibat oral treatment with

LVEE at a dose of 50 and 100 mg/kg body weight haseaaptionary

influence on the augmentation of stomach ulceduced by alcohol.

Regarding the evidence for the effectiveness dbesma in treating stomach

C 37)
N




== Potential Protective Effects of Lemon verbena (Aloysia citriodora) Leaves Against Gastric Ulcer s

ulcers and how this occurs, many researches mustrishicted to prove the
effective role of verbena in reducing stomach dcéecause there is little
research in this scope.
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