Ak jRagal) Ay il jad) 4y gganl)
A i)
University Ferhat Abbas (ks Gila 3 daala
Setif 1 O 1 b
Faculty of Natural and Life 3liadl g dagihal) o gled s

DEPARTMENT OF BIOCHEMISTRY

Master dissertation
Presented by
Asma Boulahia

Nihal Boudiaf

Maroua Karoun

For the fulfillment of requirements for the diploma of

MASTER

Field: Biology
Specialty: Applied Biochemistry
Topic
Phytochemical Analysis, Antioxidant Capacity, and Biological Evaluation of

the Aqueous Extract of Marrubium Sp
Presented publicly on 29 / 06 / 2025

President Fatima Benchikh PR. UFA Sétif 1
Promotor Walid Mamache SLA. UFA Sétif 1
Examinator Hichem Meziti SLB. UFA Sétif 1

Laboratory of Phytotherapy Applied to Chronic Diseases




ACKNOWLEDGEMENTS

First and foremost, all praise and glory to God, the Most Gracious, the Most Merciful,

who granted us strength throughout the challenging times of completing this dissertation.

We extend our warmest thanks to all those who contributed directly or indirectly to the
successful completion of this research.

We are especially grateful to Dr. Walid Maamache, our research supervisor, for the
excellence of his instruction, invaluable guidance, and dedicated support, including his
meticulous re-reading and editing of this work. Your insights greatly enhanced the quality of

our analysis.

We also wish to thank Benchikh Fatima and Meziti Hichem, for honoring us by
evaluating this modest thesis. Your suggestions and remarks will profoundly influence our

future careers in research.

Our gratitude extends to:
To each one, we offer sincere thanks for your intellectual, moral, and technical assistance

throughout our journey.



DEDICATION
pn N Craa ) ) vy
" Galladl G o Aaad) o aa1Eed KA1
cliie e el hadd Loy aliaiy V) e 232 Vg dga o Lo dll deadl clallall 23 4lesiy @3 4 2eal)
s Lea Jagse i) ay SEIL Yy o laills dmalall 3 pie Caadl) dll (o Juniy 4 saa s 43 5y V) il gmaa g
gl cll) caihe g amy et A Aaal Al Ge i ol ST il e Jag A el (= 55 ) Gpa S
Wi A ind ) LS apaill clin L clalie w0 5 clilivn Gl Jae (A Jandl 138 Jasy o 5ol 5 53¢ 3540
(oY) (358 il IS il s ide e ) clea S s Ledling e g collaall e (g ol )l s ey
gy liles Vsl dll amy oty Ul juall Jo ) Lhabew e Jal s Jalaw Caed e ) o) o )
L0 e 2 e (J&) J8) 5 (2ena) A1 ) QlieYl s all IS e elld Glail) 13 ) clea s W il
Al GBSV A Figaeds o | sial s a5l 5 3 5L (sl 5 agilSaa Gl g lass (53038 ks g sa
) LS g Coram Adaa S 8 o sl ) ol TS gl 5 amy Tai s T 3 S 3, 50 5ad) g2 )
85l inie (o) LaSo g o1 1585 B shad JS 3 1o W sle s cailS ) ddgaal) o ) g dmsl 25l Lago cilS
A 2l
e il e qan ) cpadAl s Baas sy e ) ol iy Leela IS e IS (5 A8 Gl al
fid (Sl Glee Sl ) el 3500 Anslall o (Baa ) elie A siball Ana 5 )l A8 ) acll 5 el
S adla aal g Sl Jly o il 5 pSaca Y
Sl el me gl alS LS (e cagiler st agabi ligle | gb Ay ol o) Al o), U s ud )

ol gl

BOULAHIA ASMA



DEDICATION
pn N Craa ) ) vy
€ Osbalsalls A ghuyy aklae G4 (s b 1 slad) JB3)
A O o S8 V) il (e W g caie Uy W)l canday W 5 co S W) Jull) ey Y A
eles dgle 4l s dene U ALY (530 5 Al 0 &y e )
L a5 la sl ¢ paadind Cllla Laga s L B aladl (S ol g el (S5l g €8 jpual Als Il (S5 a1 Al ) gl
(o200 D G Flaadll ) ¢ al e S 5 AU e ) Jandl 128 Lﬂ;ui (Clital g 1538 ST cdlaalll oda i g
Ol 315 551 & pee e ol Jlad I 5ee J cuda s cJla 1 S b jeadl @l Gl 538 US4l Jaal 0l
ol gl s Lgdkd
cealad Hu lagles YIS e ) 2l S shall dans I ellal Lo Sl s e 358 alall 3 (SO s
A ghain AN el Jlm sl US 8 Hiad )l 5 18 ) A ¢ ol Dn g e e al ya pasdy Lgilia
A sl s e V5T e (Y15 ISV (5305 1ais gy 835 000 ) e ¥ (s il ol )
Blall 8 gaiw ol 3V el s sa) | )
Lo (3 38y ccamill 5 yeuall g Janll (SUS JL (o ¢ ) piiall 138 b 2508 5 coland 535 30 i sl Gilra ) 5
Lrpen Uialad 58 gl oalaid ol e 185 Ll J 581 65 S0 038 Slani] il shad (g 8 ks JS (8 Ui
138 alai] 5 Ligan 53 (& L UIS 5 claginilina 5 Lagae s Lile Say ol ¢ sall 2 Uil a3 031 o) <IN
s S Lo dll aal s cJanl)

BOUDIAF NIHAL



DEDICATION
asa ol Graa ) & it
(5l o &) iy 10y
) 4 iy o s enal) 138 S a5 5 by (530 b 2aal
) el siall sgall 13 (sal
Y nashplie pe g oin Wy Sha dal je IS G gt (5 pma ailes LS cpdlll ¢ 552l (531
Apall cllaall)l 8 3Lul sa g ac Hdan | 5ilS 5 el 5 2 a6 LE ol celial) 3l sal s AT ccacay
Bacal (Gada) s cany 8 jlee | sl g gy o) sl g celaal) g aladl can (8 50 53 )l SN 3
el o il 5 5 5 Yien s 1 638 15003 el 5W1 (Sha ) 5
Olial Gael i oK1 ¢gala sl (g sinn aed ddasal b Al ol g ¢Sl g (2 ol e IS
A Jlad 5 Sl Jy e oS ¢ e gt ol pdlae IS0 ) sa cJand) 138 lad) 8 1 Al IS e US )

KU dgn ) alla 5 Siila 4 a5 0 5l Lo Jasa O

KAROUN MAROUA



Contents

LISt OF FIQUIES. .o

LISt OF tabIES. ... .o
List Of @DDIeVIAtIONS. ..o
Ol s
ADSIIACT. .. .
Lo INEFOTUCTION .ot 1
2. Materials and MENOAS .........ccoiiriiiiiiees s 3
2.1.  Preparation of the aqUEOUS EXIIaCt............cccviiiieiieie e 3
2.2.  Dosage of POIYPNENOIS ..........coviiiiiiee e 3
2.3.  Dosage of flaVON0IdS ..........coeiiiiiiiiri e 4
2.4, D0Sage Of TANNINS ..o 4
2.5. DPPH radical SCAVENGING ASSAY .....covervirieriiriieieieeniesiesiesiesieeieeeeee e sie i sieeneas 5
2.6.  ABTS radical SCAVENGING ASSAY .....eovervirierieriieieiieniesiesiesiesiesseeeeee e sieeseas 5
2.7.  Reducing Power Test (Phenanthroline Method) ..........ccccoovviiiiiiniiiiies 6
2.8.  Ferrous ion Chelating aCtiVILY ...........ccoiiiiiiieiies e 6
2.9, ACULE OFal TOXICITY ...veviiieiiiieiee e 6
2.9.1.  Renal and hepatiC aSSESSMENT........c.ccvieieeriiiieie e 7
2.9.2.  Preparation of NOMOQENALE.......ccecvveiieiicc e 7
2.10. Intestinal transit and gastric empPLying.......cccccovveiieieiieeie e 9
3. StatiStiICAl ANAIYSIS .....veiveeiecie et e 9
A, RESUILS ..ot 10
4.1, EXraction YIeld ........oooiiiiicicce s 10
4.2.  Total polyphenols, flavonoids and tannins content .............cccccevvveniiencnnnnnns 10
4.3.  Invitro antioXidant aCHIVILY .........ccccoviiiiiiinieiee e 10
4.3.1.  DPPH radical SCAVENQING @SSAY ....veverververreriiriisiesiesieeieieesie st e sie e sieseeas 10
4.3.2.  ABTS radical SCAVENGING @SSAY ....veveveverieriiriesiesiesieeeesienieseesie e 10

4.3.3.  Ferrous ion chelating aCtiVity ........ccccoeieriniiinisieeeeee e 11



4.3.4.  Reducing Power Test (Phenanthroline Method) ..........cccccvevviiiiverincnne, 11

4.4, ACULE OFal TOXICITY ..oviviiiiiiiiieieeee e 11
44.1.  Effect of the MAQE on body Weight ... 11
4.4.2.  Biochemical Parameters .........ccoooiiiiiiieiiicsis e 12
4.4.3.  Effect of MAQE on Catalase ACHIVILY.........c.coovriiiiiiiiieie s 13
44.4.  Effect of MAQE on total protein level ... 13
445.  Effect of MAQE on MDA IEVEL ......cooiiiiiii 14
4.4.6. Effect of MAQE 0n GSH IEVEIS........cccvviieiiiiiie e 15

4.5, Effects of MAQE ON IT and GE.........coooiieiiiiiiireeceeee e 15
451,  Effects OF MAGE ON I T .oooiiiiie e 15
452, EffectsOf MAQE ON GE .....cooooiiiieee e 16
DISCUSSION. ...ttt bbbt b ettt b ettt b b 18
Conclusion and ProSPECLIVES .......ccvvcieieeieee et sre e 22

RETEIEINCES ..o ettt e e e e e e et e e e e e e e e e eeeeens 23



List of figures

Figure 1. Gallic acid calibration line for the dosage of polyphenols.............ccooveviiieiieinennnne, 3
Figure 2. Quercetin calibration line for the dosage of flavonoids...........cccccvevvieeiiiin e 4
Figure 3. Tannic acid calibration line for the dosage of tannins. ..........ccccooeieieienc i 5

Figure 4. Variation in the enzymatic activity of transaminases, alkaline phosphatase and

creatinine after 14 days of treatment with MAQE at 2 and 5 g/kg in the experimental groups.

.................................................................................................................................................. 12
Figure 5. Effect of MAQE on CAT activity in liver and kidney of rats. .........ccccoevinininnnnns 13
Figure 6. Effect of MAQE on total protein level in liver and kidney of rats. ............ccccceevenie 14
Figure 7. Effect of MAQE on MDA level in liver and kKidney of rats. ..........ccccccevvvevviiveinenne 14
Figure 8. Effect of MAQE on reduced glutathione level in liver and kidney of rats. ............... 15
Figure 9. Effects Of MAGE 0N 1T 1N MICE. .....oiuiiiiiiiiiieieeeee e 16
Figure 10. Effects of MAQE 0N GE INMICE. ....cc.ooviiiiiecc e 17
List of tables
Table 1. characterization and extraction yield of the aerial part of Marrubium sp................... 10
Table 2. Content of polyphenols, flavonoids, tannins MAQE ...........ccccceveiieiecve e, 10
Table 3. Antioxidant activity of MAGE. ... 11

Table 4. Effects of MaqE on rat’s body Weight..........ccooviieiiiiiiiiiiiiiieeeec s 11



List of abbreviations

ABTS:(2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)).
ABS: Absorbance.

AICl3: Aluminum Chloride.

ALP: Alkaline Phosphatase.

ALT: Alanine Aminotransferase.
ANOVA: Analysis of Variance.

AST: Aspartate Aminotransferase.

BHT: Butylated Hydroxytoluene.

CAT: Catalase.

CMC: Carboxymethyl Cellulose.

DPPH: 2,2-diphenyl-1-picrylhydrazyl.
DTNB: 5,5'-Dithiobis (2-nitrobenzoic acid).
EDTA: Ethylenediaminetetraacetic Acid.
FeCla: Ferric chloride.

FeCl: Ferrous chloride.

GE: Gastric emptying.

GSH: Reduced Glutathione.

1%: Percentage of anti-free radical activity.
ICs0: 50% inhibitory concentration.

IT: Intestinal transit.

MAGQE: Marrubium aqueous extract.
MDA: Malondialdehyde.

Na2COz: Sodium Carbonate.

NC: Negative Control.



OECD: Organisation for Economic Co-operation and Development.
OS: Oxidative Stress.

ROS: Reactive oxygen species.

SD: Standard Deviation.

SEM: Standard Error of the Mean.

TBA: Thiobarbituric Acid.

TNB: 2-Nitro-5-thiobenzoate.



gadlall
oaliiunall L o gl ) Al 5 BanSO sliaall bl ¢ Al AlasSl S il s ) A )all 38 Caags
el 268.5 &l 353 ms (13 i (3 samsa e LRI il Marrubium sp <l & sell o1 3a8) (e S
ol e /A8 el (s 3 65.6) DY sddl sl (e dndl e s o Galiinall o) gial (Sl el Gaadl)
3.72) Dy i Nl g o(Glall palitud) e ol j2 /i AL il aes 3e 60.46) gLl o(Slall aliiuall e
Caladi Ay e il HLEa) e aladiuly 3auS M saliaal) Alladl) ansi o | (Galadl paliiivdl (e al 18/ 880 Giins S il
Cialy Cun (U sale 500 1liae Ualis aliiind) jelal JI 5y 5,8 laal s (olaall (0133 cABTS «DPPH
gl a8 Alad ) A8LaYL e/l se 5 800 26.27 5 86.62 sl (A ABTS 5 DPPH (1« JSIICso o
il e G BB A ¢ (Ags = 399.01 + 18.33) Jyia) 5,3 5 Je/al s& 5 Ssa (ICs0 = 38.97 + 1.28) xaall
Al el Aol
Ol ad) ol elac W1 () 55 o 3K () 5581 3 & sime <l jad (g) Jaa D ol kel dpanal] Zpal) ) sy
&8 Uisina Laléas) Al sl Jallail) o jelal aliivndl) (1 4S/8 552 o s Las 15 80 Ugad Cialge
Sl ) S ghss ALP 5 (LA 538255578 £ 100.675 12.7 + 143.67)ALT 80.66522.12 + 82.41)
ol (S Al s (8 Ll A e (A 508085 13.37 £ AST  Cnl SI1 il e iy LS U sine
SIS e dla il s ga g are ey Lae il il s S5 2 Al 8 ganS slea Yl <l e el al
il giana (3 4y sine MDA il sisa (b (5 sine aliail Jas 5l clld oy JYUISH oy 33) bLis 5f GSH )
2.69 £ 0.67) 0.20 5ol 2/J 50580 2.13 + (A (185,50 (5 sima (& S (aliaily Usauasn ¢ 7.23 £0.34
Jo/ide 0.53 £4.665 5 sl Ao 84 gia ) i Jas o) i) 8 GSH Al (& KU oy 50
Al gl Jleall 48 jal Uaia 1580 Galiiiall jelal 28 ¢ o sl spudl) Jaliilly Glaty Lo 8 el Lad Ll IS))
sie 3,55+ %69.68 5 &8/de 50 de sa die 1,56% %71.38 small Jsunll (A (anddil) dps Caly Cua o) ydll
100 4e > xic 23.85+ %33.39 Ay gracal 5 (alddil s o 288 chaxall §1 8 Al g 35/3e 100 42 s
sLa% )Y inaS Galiivall dlaine 4dlad ) jady Les cOms V) e cilale A Gl (e el 4 a5 ¢3S/
e Jleall,
Sleal) 38 al alaia s 3auSH sliasS 320 5 paibad Marrubium sp il Sl Galiied) jelay
(el alall 8 L) 13 (aulil )il il o38 ac i 5 il cile jall wie i ol ) ALY ¢ canagll

A 50 il bae 3 aade 2 eS Ll shaill 45l<a) 5,4



slaal ) A8 ja 3alal) el 32083 Sliaall Lliill ¢ e palidius $Marrubium sp ;4 bisal) sl



Abstract

The present study investigates the phytochemical composition, antioxidant activity, and
biological effects of the aqueous extract from the aerial parts of Marrubium sp (MagE). The
extraction yielded a dark brown powder with a yield of 8.5%. Phytochemical screening revealed
high levels of polyphenols (65.6 mg EGA/g dry weight of extract), tannins (60.46 mg ETA/g
dry weight of extract), and flavonoids (3.72 mg EQ/g dry weight of extract).

Antioxidant potential was evaluated through various in vitro assays, including DPPH,
ABTS, metal chelation, and reducing power tests. The extract showed high antioxidant activity,
with ICso values of 86.62 ug/mL (DPPH) and 26.27 ug/mL (ABTS), The extract also
demonstrated ferrous ion chelating activity (ICso = 38.97 £ 1.28 ug/mL) and reducing power
(Ao.s =399.01 + 18.33), these values were significantly lower than standards.

In vivo, in acute toxicity, rats treated orally for 15 days with 2 and 5 g/kg doses of the
extract showed no significant changes in body or organ weights. Serum biochemical parameters
revealed significant decreases in ALP (143.67 + 12.7 and 100.67 + 5.78 IU/L), ALT (82.41 £
22.12 and 80.66 + 13.37 1U /L), and a non-significant decrease in AST. Serum creatinine levels
remained unchanged, confirming no nephrotoxicity.

Oxidative stress markers in liver and kidney tissues showed no significant changes in
MDA levels or CAT activity. However, liver GSH levels significantly decreased (2.69 + 0.67
and 2.13 + 0.20 umol/g), accompanied by a significant reduction in total protein content (7.23
+ 0.34 and 4.66 + 0.53 mg/ml; respectively). Kidney GSH and total protein levels showed no
significant differences.

Liver and kidney catalase and MDA levels remained stable, though total protein and GSH
levels in liver tissues decreased at higher doses.

Additionally, the extract inhibited gastrointestinal motility in mice, reducing IT in a dose-
dependent manner with 71.38% * 1.56 at a dose of 50 mg/kg and 69.68% + 3.55 at a dose of
100 mg/kg. As for gastric emptying, a significant decrease of 33.39% + 23.85 was recorded at
the 100 mg/kg dose, which is higher than that observed with atropine, suggesting potential
antispasmodic activity.

In conclusion, the MAQE exhibits promising antioxidant and gastrointestinal regulatory
properties, with a favorable safety profile. These results support its traditional medicinal use
and highlight its potential for further development in therapeutic applications.

Key words: Marribiums sp; Aqueous extract; Antioxidant activity; Acute toxicity;

intestinal motility.



1. Introduction

Reactive oxygen species (ROS) play a dual role in biological systems. At low to moderate
concentrations, they serve as redox signaling mediators that are crucial for the normal
physiological functioning of cells a state referred to as good stress or eustress Azzi (2022) . In
contrast, when present at moderate to high concentrations, ROS can damage all types of
biomolecules, including proteins, DNA, and membrane lipids. This harmful condition, marked
by an imbalance between ROS production and the antioxidant defense system in favor of ROS,
is known as oxidative stress (Sies, 2023) .

Oxidative stress (OS) has been linked to a wide range of diseases, including cardiovascular
disease, lung disease, chronic kidney disease (Hajam et al., 2022), cancer, diabetes, infections,
and inflammation (Rudrapal et al., 2022). It also plays a significant role in neurodegenerative
diseases like Alzheimer's (Forman and Zhang, 2021). Additionally, OS can affect
gastrointestinal motility(Vona et al., 2021).

Antioxidants are compounds that inhibit the oxidation of molecules and protect the body
from the effects of free radicals. They are found in fruits, seeds, foods (Rahaman et al., 2023),
and medicinal plants which are rich in flavonoids and phenols known for their antioxidant
activity (Zafar et al., 2023). The genus Marrubium which belongs to the Labiatae (Lamiaceae)
family and includes 97 species such as M. vulgare, M. parviflorum, M. globosum, M.
peregrinum, M. deserti and M. alysson. This plants grow mainly in temperate areas of Europe,
North Africa and Asia (Ibrahim et al., 2023). The first who describe Marrubium sp was Wood
and Bache in 1847 is a small tree with fibrous roots and numerous stems, which are
quadrangular, erect, very downy and from 12 to 18 inches high. Its leaves are roundish ovate,
dentate or deeply serrate, wrinkled, veined hoary on surface and supported in pairs(Lodhi et al.,
2017). Historically, this plant has been used in traditional medicine for treating respiratory tract
infections, inflammatory conditions, pain (Aitbaba et al., 2024), cough, rheumatoid arthritis
and loss of appetite (Ali Esmail et al., 2021). The traditional uses in Algeria showed that this
plant is used in the treatment of several diseases (fever, digestive pathologies pain) (Saad et al.,
2022), wound healing and disinfection, diabetes, high blood pressure, and respiratory diseases
(Boutabia et al., 2020). Marrubium sp produce a variety of bioactive compounds, such as
polyphenols (Caffeic acid, p-Coumaric acid, ferulic acid), flavonoids (Catechin, Quercetin,
Luteolin, Apigenin), and tannins are present in the aqueous extract(Michalak et al., 2024). The
plant has also demonstrated a range of health-promoting effects: antioxidant, antimitotic,
antidiabetic, antimicrobial (Gourich et al., 2023) and antifungal activity (Pehlivan et al., 2021).



However, despite the numerous medicinal properties attributed to species of the Marrubium
genus, scientific data regarding their detailed phytochemical composition and biological
effects remain limited, particularly for lesser-studied local species.This raises a central
question: What are the phytochemical constituents present in the aqueous extract of
Marrubium sp., and to what extent does this extract exhibit antioxidant capacity and beneficial

biological effects?



