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ABSTRACT

ABSTRACT
Artemisia campestris L. is a medicinal plant known for its antioxidant and anti-inflammatory

properties. However, its therapeutic potential in endocrine disorders, particularly polycystic
ovarian syndrome (PCOS) and hypothyroidism, remains underexplored. This study investigates
the biological activities of its aqueous extract and essential oil, evaluating their efficacy in
managing these conditions. Fifteen mature Wistar rats were divided into three groups: control,
PCOS-induced, and a PCOS group treated with 200 mg/kg A. campestris L. extract for 15 days.
Treatment significantly reduced luteinizing hormone (LH) levels and improved ovarian
histomorphometry. In a hypothyroidism model induced by Carbimazole, both the aqueous
extract and essential oil (administered at 200 mg/kg BW) enhanced thyroid function, as
indicated by increased FT4 and decreased TSH levels. The aqueous extract exhibited strong
antioxidant activity, with IC50 values of 4.34 pg/mL (DPPH®), 6.19 pg/mL (FRAP), and 3.27
ug/mL (B-carotene). It also demonstrated notable a-amylase inhibitory activity (IC50 = 2.418
pmg/mL). Histopathological analysis confirmed the protective effects on thyroid tissue
morphology. Chemical characterization using ultra-performance liquid chromatography
(UPLC) and gas chromatography-mass spectrometry (GC-MS) identified key bioactive
compounds. The aqueous extract contained B-sitosterol (14.3 pg/mL), Arteannuin B (12.6
pg/mL), Scopoletin (8.22 pg/mL), Artemisinin (6.13 pg/g), and Rutin (5.8 pg/mL). GC-MS
analysis of the essential oil revealed major constituents, including linalyl acetate (2.92%),
geranyl acetate (2.45%), cyclononasiloxane (2.37%), cyclohexanol (1.76%), and eucalyptol
(1.38%). The essential oil exhibited potent antioxidant activity (IC50 = 11.09 pg/mL for
DPPH®, 15.81 pg/mL for FRAP, and 22.70 ug/mL for p-carotene) and inhibited peroxidase
activity by 62% and 50%. In silico molecular docking studies supported these findings,
revealing strong interactions between the identified compounds and thyroperoxidase, a key
enzyme for thyroid function. Additionally, 3-cyclopentyl-N-(2-(3.4-dimethoxyphenyl)ethyl)
was identified as a potential candidate for pancreatic cancer therapy due to its high binding
affinity to cancer receptors. These findings highlight the therapeutic potential of A. campestris
L. in managing PCOS and hypothyroidism, with its aqueous extract and essential oil
demonstrating significant endocrine-modulating, antioxidant, and anti-inflammatory properties.
The molecular docking results further suggest possible applications in cancer therapy,
warranting further investigation into its pharmacological benefits.

Keywords: Artemisia campestris L, Polycystic ovary syndrome, Hypothyroidism, Essential oil,
Agueous extract, Molecular docking, Antioxidant activity, Anti-inflammatory properties, GC-

MS, UPLC, a-amylase inhibition, pancreatic cancer.
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Effet d"Artemisia campestris sur la santé des étres vivants

RESUME

Artemisia campestris L. est une plante médicinale reconnue pour ses propriétés antioxydantes
et anti-inflammatoires. Toutefois, son potentiel thérapeutique dans les troubles endocriniens, en
particulier le syndrome des ovaires polykystiques (PCOS) et [I'hypothyroidie, reste
insuffisamment exploré. Cette étude vise a évaluer les activités biologiques de son extrait
aqueux et de son huile essentielle, en analysant leur efficacité dans la gestion de ces
pathologies. Quinze rats Wistar adultes ont été répartis en trois groupes : un groupe témoin, un
groupe induit par le PCOS, et un groupe atteint du PCOS traité avec 200 mg/kg d'extrait de A.
campestris L. pendant 15 jours. Le traitement a entrainé une réduction significative du taux de
I'normone lutéinisante (LH) ainsi qu'une amélioration de I'nistomorphométrie ovarienne. Dans
un modele d'hypothyroidie induite par le carbimazole, I'extrait aqueux et I'huile essentielle
administrés a 200 mg/kg de poids corporel ont amélioré la fonction thyroidienne, comme en
témoignent I'élévation des niveaux de FT4 et la diminution des niveaux de TSH. L'extrait
aqueux a démontré une activité antioxydante significative, avec des valeurs IC50 de 4,34
ug/mL (DPPH?), 6,19 pug/mL (FRAP) et 3,27 ug/mL (B-carotene). Il a également présenté une
forte activité inhibitrice de 1'a-amylase (IC50 = 2,418 pg/mL). L'analyse histopathologique a
confirmé les effets protecteurs sur la morphologie du tissu thyroidien. L'analyse chimique par
chromatographie liquide ultra-haute performance (UPLC) et chromatographie en phase gazeuse
couplée a la spectrométrie de masse (GC-MS) a permis d'identifier des composeés bioactifs clés.
L'extrait aqueux contenait notamment B-sitostérol (14,3 pg/mL), Artéannuin B (12,6 pug/mL),
Scopolétine (8,22 pg/mL), Artémisinine (6,13 ug/g) et Rutine (5,8 pg/mL). L'analyse GC-MS
de I'huile essentielle a révélé des constituants majoritaires tels que l'acétate de linalyle (2,92 %),
I'acétate de géranyle (2,45 %), le cyclononasiloxane (2,37 %), le cyclohexanol (1,76 %) et
I’eucalyptol (1,38 %). L’huile essentielle a montré une forte activité antioxydante, avec des
valeurs IC50 de 11,09 pg/mL (DPPH°®), 15,81 pg/mL (FRAP) et 22,70 ug/mL (pB-caroténe),
ainsi qu'une inhibition de l'activité peroxydase de 62 % et 50 %. Les études de docking
moléculaire in silico ont corroboré ces résultats en mettant en évidence des interactions
positives entre les composeés identifiés et la thyroperoxydase, une enzyme clé de la fonction
thyroidienne. De plus, le 3-cyclopentyl-N-(2-(3,4-diméthoxyphényl)éthyl) a été identifié
comme un candidat prometteur pour le traitement du cancer du pancréas en raison de sa forte
affinité de liaison avec les récepteurs cancéreux. Ces résultats soulignent le potentiel
thérapeutique de A. campestris L. dans la gestion du PCOS et de I'hypothyroidie, grace aux
propriétés endocrino-modulatrices, antioxydantes et anti-inflammatoires de son extrait aqueux
et de son huile essentielle. En outre, les résultats du docking moléculaire suggerent une
application possible dans le traitement du cancer, nécessitant ainsi des recherches approfondies
sur ses bénéfices pharmacologiques.

Mots-clés : Artemisia campestris L., PCOS, Hypothyroidie, Huile essentielle, Extrait aqueux,
Docking moléculaire, Activité antioxydante, Propriétés anti-inflammatoires, GC-MS, UPLC,
Inhibition de I'a-amylase, Cancer du pancréas.



LISTE OF FIGURES

Figure 1. Artemisia campestris L. (A) General plant, (B) and (C) Inflorescence (Dib et al.,

70 SRS 29
Figure 2. An overview of the PCOS study's experimental protocol. ............ccccooevineniininnns 36
Figure 3. Comparative antioxidant activities of A. campestris essential oil and BHA.............. 45
Figure 4. Structure of some polyphenolic compounds identified in extracts from A. campestris.
.................................................................................................................................................... 47
Figure 5. Effect of A. campestris extracts on protein denaturation (albumin). ...........ccocceeenee. 53
Figure 6. Anti-inflammatory activity of A. campestris essential Oil.............ccocooiiiiiiiins 54
Figure 7. The inhibition of a-amylase by aqueous extracts of A. campestris. .........cccoceevvreenee. 55
Figure 8. The inhibition of Guaiacol peroxidase by aqueous extracts of A. campestris............ 57
Figure 9. Peroxidase activity activity of Artemisia campestris essential Oil..............cc.ccocvvvnne 58
Figure 10. (A) Histological analysis of normal rats. (B) rats with PCOS; (C) rats with PCOS
treated A. CAMPESIIIS BXIFACT. .....c..iiiiiiiiiieiee et eneas 59

Figure 11. The mean expression levels of TSH and T4 in Lot I (control). Lot 11 (CBZ). Lot Il
(CBZ + A. campestris). and Lot IV (CBZ + LEV). Values with letters (a) are considered
significantly different (p < 0.05). Many people sharing the same superscript letter exhibit no
significant differences in LEV. Lyvotyroxin. CBZ. carbimazole. TSH. and thyroid-stimulating
0T0] 0TSSR 61
Figure 12. The Mechanism of Beta-Sitosterol In The Treatment of Hypothyroidism. ............... 63
Figure 13. Microscopic views of thyroid histological lots in rats at varied magnifications

(Al. B1. C1. D1; 10x/ A2. B2. C2. D2; 40x/ A3. B3. C3. D3; 100x) across four distinct groups:
(A) Control. (B) Group Treated with CBZ. (C) Group treated with investigated plant. and (D)

Group Treated With LEVOTNYTOX®. ........c.vveereeeeesesesseseessees e sssees s s 64
Figure 14. Visualization of compound’s interactions with thyroid peroxidase protein (PDB ID:
5FF1) in 2D (2) and 3D (D) VIBWS. .....oiuieieiieiiieiesiesiee e e et sree e nee e steeneesneesseeneesneenseenee e 68

Figure 15. The crystallographic structure of targeted proteins of pancreatic cancer. Insulin-
like growth factor 1 receptor (A). Mitogen-activated protein kinase kinase-1 (B).
Phosphoinositide 3-kinase gamma (C). and Janus Kinase-1 (D). ......c.cccovvriiieneieneninesene 69
Figure 16. Visualization of interactions in 2D (A) and 3D (B) of linalyl acetate bio-compound
with active site residues of 3181(1). 3SLS(2). 5JHB(3) and 6SM8(4) receptors. .........c.cceeueee. 73



LISTE OF TABLES

Table 1. Total phenolic and flavonoid in A. campestris extracts’ aqueous extract. .................. 41
Table 2. UPLC was used to identify secondary metabolites in the leaf. This revealed the
presence of a total of 26 secondary metabolites belonging to different classes.............cc.co....... 42
Table 3. Antioxidant activity of A. campestris extracts. DPPH® activity. FRAP activity. and f-
CAPOTEINE ACTIVITY. ....eiuiieiiieteet ettt bbbttt bbbt bbbt e e e bbb bbb ne e 44
Table 4. GCMS identification of secondary metabolites in the leaf............ccccoooeniiiiiiininne 49

Table 5. UPLC was used to identify secondary metabolites in the leaf. .... s aa_sall 5 LdY/ 1lbs
A5

Table 6. Polyphenols bind to androgen and estrogen reCeptors. .......coovvvvreerenieieeriesieseeieas 56
Table 7. A comparison of the rats’ mean levels of FSH and LH in the experimental. PCOS. and
CONEFOL GIOUPS. vtttk bbbt e bbbt b bbbt e e b e bbbt beene e 58
Table 8. The conformability of compounds toward Lipinski's rules of five.........cccccoeevviviieenns 64
Table 9. The acute toxicity prediction results of COMPOUNTS. .........cccevvrierieerinie e 64
Table 10. Absorption. Distribution. Metabolism. and Excretion (ADME) results...................... 65
Table 11. Binding energy values of targeted compounds obtained by molecular docking

o]0 (0= Tod o PR USTSTRPR 65
Table 12. RMSD (in A°) and binding affinity (in Kcal/mol) of potent compounds against their
pancreatic CanCer targeted PrOtEIN. ... ..o it 69

Table 13. Binding energy (in Kcal/mol) of A. campestris bio-compounds against JAK1. PI3K.
MEKZL and IGFL PrOEINS. ....oviiiiiiiiiieieieie ettt bbbttt nb e eneas 70



LISTE OF ABBREVIATION

AICl; Aluminum chloride

ALP Alkaline phosphatase

ATCC American Type Culture Collection
Au’ Gold cation

BSA Bovine Serum Albumin

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

DPPH° 2.2-diphenyl-1-picrylhydrazyl
DTNB 5.5'-Dithiobis-(2-nitrobenzoic acid)
EDTA Ethylenediaminetetraacetic acid
FeCls Ferric chloride

FSH Follicle-stimulating hormone
GSH Glutathione

H.0, Hydrogen peroxide

LH Luteinizing hormone

LPO Lipid peroxidation

MDA Malondialdehyde

MHB Mueller Hinton Broth

PLT Platelet

RBC Red Blood Cell

ROS Reactive oxygen species

SEM Scanning electron microscopes
SPR surface plasmon resonance

Ts Triiodothyronine

TBA Thiobarbituric Acid

TBS Tris buffer saline solution

TCA Trichloroacetic Acid

TSH Thyroid stimulating hormone
uv Ultraviolet

UV-VIS UV-VIS: Ultraviolet-visible spectroscopy
WBC White Blood cell

Zn*? Zinc ion



SUMMARY

ACKNOWIBAGMENTS ...ttt b et et esreees 1
ABSTRACT ettt bbbt Rttt et e b e b bt e bt b et et et bbb b renneas 5
ORI |ttt Adjaa e e el 3 L3Y) [Uad
RESUIME ...ttt sttt s et e b et et et e s be e be e Rt e seene et e bestesaenreaneeneaneas 7
INTRODUGCTION ..ottt sttt ste s te e e s e e e e be st snenrenneanes 14
EXPERIMENTAL STUDY ..ottt bbbttt 27
CHAPTER et bbb bttt bbbt nreanes 28
Material & METNOUS .........ooieiie et nreenre e e sreenee s 28
R Y - 1= = PSSRSO 29
I S o F- 1o | SRR USSR 29
1.2. Extraction of essential 0ils..............ccccceeveviriiieeceeeen, Adjaa e e el 3 LaY) [Uad
1,30 ANHIMALS ettt b e bbbt 30
1.4, ChemicCals and FBAGENTS ........coiiiiiieieeie it 30
P Y, [=1 1 0 oo ST 30
2.1. Phytochemical analysis of Artemisia campestris L. .......c.cccceviiveiiieriiicsiere e 30
2.1.1. Extraction of A. campestris AQUEOUS EXIFACE..........ccoeririrerieieie e 30
2.1.2. Phytochemical SCreeNING.......ccoiviriiriiiiiieee e 31
2.1.3. Quantification of phytochemicals compounds ...........ccccoeveiiiiicnciinenee 31
2.1.3.1.  Estimation of total phenoliCs ...........cceiiiiiii e 31
2.1.3.2.  Estimation of total flavonoids............cccoeviriiiiiiiie e 31
2.1.3.3.  Estimation of condensed tannin ...........cccooeeiirieiieneeie e 31
2.1.3.4.  Qualitative analysis DY HPLC.........cooi oo 31
2.1.2. Extraction of A. campestris L essential oil .................ccccooeiiniiinninine. 32
2.1.2.1.  GC-MS analysis teChNIQUE.........coiiiiiiiiiee e 32
2.2. In Vitro Activity of the A. campestris aqueous extract and essential oil..................... 32
2.2.1. ANTIOXTIAANT ACTIVITY ... 32
2.2.1.1.  DPPH? free-radical Scavenging aCtiVity ............ccccorveriririeniienene e 32
2.2.1.2.  Ferric reducing antioxidant power assay (FRAP)........c.ccoovmiiiinenenenesenens 33

2.2.1.3.  f-carotene bIeaching @SSay ..........cccooveieiiieiiiiie i 33



SUMMARY

2.2.2. Anti-inflammatory activity (Albumin denaturation test) ...........c.ccocoevuennee. 34
2.2.3. a-amylase INhIDITION aSSAYS.........ccooiiiii 34
2.2.4. Measurement of guaiacol PEroXidase..........cccccvveriririiieieeese e 35
2.3.  Invivo activity of aQUEOUS EXIFACT ..........cccueieeiiiie e
2.3.1. PCOS EXPEriMENT........ccoiiiiiiiiiiii s 35
2.3.2. HypothyroidisSm EXPeriment ...........cooveieieiiniienisese e 36
2.3.3. Histopathological and blood sample...........cccooeiiiiiiiiiiic e 36
2.4.  Molecular DOCKING STUAY .........cccoiiiiiiiieieee e
24.1. Drug likeness of ligands and pharmacological studies...............c.ccocvvvnenne. 37
2.4.2. Ligands and receptors SeleCtion...........cccccevveiieie i 38
2.4.3. Ligands Preparation ............ccccoieieieeie s 38
2.5. STALISTICAl ANAIYSIS. . .cviiieiieiieie e r e ereenre e enes

CHAPTER T oot bbb bbbt bbbt nneanes 40

RESUILS AN DISCUSSION ......viiiiieiieiieiieie ettt bbbttt bbb neane e 40

1. Determination of the total polyphenols and flavonoids.............ccccooviiiinininiinns 41
1.1.  UPLC composition analysis of leaf eXtract...........ccccooviieiinieiniieeie e

2. ANT-0XIAANT ACTIVITY ..o 43
2.1.  DPPH SCAVENGING TEST ....cuviiiiiiiitiiieieeie et bbb
2.2, REAUCING POWET TEST.....ccuiiiiiiieiteitesiieie ettt bbbt
2.3.  f-carotene DIEACNING ASSAY .......ccciiiiiiiiieieie ettt
2.4.  Antioxidant activity of essential Oil ............ccccccceiiiiiieiiic
2.5. Gas Chromatography-Mass Spectrometry of Essential Oil ..............ccccoevviiiivenenne,

3. Anti-inflammatory aCtiVItY.........cccoov oo 52
3.1. Anti-inflammatory activity of aqUeous exXtract...........ccccoccevveeviiiiii v
3.2.  Anti-inflammatory activity of essential Oil ............cccooviiii i,

4. a-amylase iINNIDITION ... s 54

5. Guaiacol peroXidase ACHIVITY ..ot 56

B. TN VIVO @SSAYS...iiutiiitiieiieiie et ettt et e sttt et e e st e e e e et e et e e eat e be e b e e b e e aaa e e e e ana e reeenre e 58
5.1, PCOS @SSAY .. uttiiutieitieiitieitee ettt ettt ettt ettt et b e e bt he e b e e b e e e bt e nnneebeeaneeas
6.1.1. HOrmonal @nalysSis ..o s 58

8.2, HPO @SSAY ...ii ittt a e ree e



SUMMARY

.6.2.1 HOrmonal @nalysSis ........ccoiiiiiiiiiee s 60
6.2.2. Histopathology and morphometry of thyroid tisSue............ccocoovienininnne. 62
A Y/ o] L= Yo W] F= T 0 o Tod 2 o OSSPSR 64
7.1. Insilico study of pancreatic cancer proteins with essential oil............cc.ccooeiiinienn, 68
CONCLUSION ..ottt bttt bbb bbb n ettt 75

REFERENCES ... ..o e 78



INTRODUCTION



INTRODUCTION

Introduction

Artemisia campestris L. is a chamaephyte plant systematically classified within the tribe of
Anthemideae and the genus Artemisia (Brahmi et al. 2024). The main morphological feature
distinguishing this species is the yellow capitula, which contains functionally male disk
florets and pistillate ray florets with a glabrous receptacle (Dib and El Alaoui-Faris 2019).
These morphological traits allowed the first taxonomic classification of 4. campestris within
the subgenera Dracunculus Besser (Marghich et al. 2023). A. campestris possesses many
traditional uses (Dib ef al. 2017), many of them have been pharmacologically evidenced, Like
the antihypertensive (Rocha et al. 2021), anti-diabetic (Sriti et al. 2024), antihyperlipidemic
(Zahnit et al. 2022), anti-venom (Trifan et al. 2022), anti-inflammatory (Mammeri et al.
2022), anti-leishmaniasis (Metoui et al. 2022), wound healing (Boudjelal et al. 2020),
hepatoprotective (Saoudi et al. 2017), and kidney-protective (Sefi et al. 2012) effects, This
plant also possesses culinary properties, especially as a food preservative (Obolskiy et al.
2011). Artemisia campestris L. is traditionally used in the El Oued region, located in the
southeast of Algeria, for the treatment of various endocrine disorders, particularly
hypothyroidism and polycystic ovarian syndrome (PCOS). In local traditional medicine, it is
highly valued for its supposed benefits in hormonal regulation and metabolic balance.
However, these uses remain primarily based on empirical knowledge and anecdotal
observations, with limited scientific validation. Despite its widespread traditional application,
few studies have explored its mechanisms of action or rigorously assessed its therapeutic
potential through modern experimental and analytical approaches. This study aims to bridge
this gap by investigating, through experimental models and biochemical analyses, the effects
of A. campestris L. aqueous extract and essential oil on hypothyroidism and PCOS, providing

scientific insight into its potential medicinal properties.

Artemisia campestris L., a widely distributed plant, is recognized for its chemical complexity,
contributing significantly to its pharmacological efficacy. This species encompasses several
subspecies, including A. campestris subsp. glutinosa, campestris, and maritima have been
extensively studied, particularly for their flavonoid content. Research has shown that A.
campestris 1s particularly rich in flavones such as chrysin, apigenin, luteolin, and their
derivatives, including 6-methoxy apigenin (hispidulin), 7,4’-O-dimethyl apigenin, and
cirsimaritin. These compounds, alongside other flavonoids like eupafolin and luteolin, have
been found to exhibit potent antioxidant, anti-inflammatory, and antimicrobial activities,
which are likely responsible for many of the plant's traditional therapeutic uses (Dib et al.

2017). Additionally, the flavonol subclass, represented by kaempferol, quercetin, and
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myricetin, includes a range of derivatives, such as 7-O-methyl kaempferol and 3,7-O-
dimethyl kaempferol, which contribute to the plant’s ability to mitigate oxidative stress and
inflammation, essential factors in the prevention and treatment of chronic diseases such as

cardiovascular disorders, diabetes, and neurodegenerative diseases (Alrumaihi et al. 2024).

Beyond flavonoids, 4. campestris is also notable for its diverse phenolic acid content,
Chlorogenic acid, trans-ferulic acid, vanillic acid, and isochlorogenic acids A, B, and C are
among the key phenolic compounds in the plant, primarily responsible for its robust
antioxidant properties. These compounds, particularly chlorogenic acid and caffeic acid, have
been shown to possess anti-inflammatory, anti-hypertensive, and anticancer effects. Studies
conducted on extracts of 4. campestris from various regions, including Tunisia and Algeria,
support its use as a natural source of bioactive compounds that may offer therapeutic benefits
for a range of conditions, from metabolic diseases to inflammation-related disorders (Brahmi
et al. 2024; Megdiche-Ksouri et al. 2015; Sebai et al. 2014). Moreover, these phenolic acids
enhance the plant’s potential as an agent for managing oxidative stress, which is a critical

underlying cause of various chronic diseases.

While A. campestris does not traditionally contain coumarins, some studies have identified
the presence of several coumarin derivatives in its extracts, such as esculetin, fraxidin, and
scopoletin. These hydroxycoumarins are known for their diverse pharmacological actions,
including anticoagulant, anti-inflammatory, and anticancer properties. These findings
challenge earlier reports that suggested the absence of coumarins in the species (Chebbac et
al. 2024; Naili et al. 2010), indicating that further investigation into the coumarin content of
A. campestris may uncover additional bioactive compounds. Additionally, isocoumarins such
as artemisinin, E-artemisinin, and epoxyartemidin, isolated from A. campestris subsp.
campestris, further underscore the plant's value in traditional medicine, particularly in treating
malaria and other parasitic infections (Gonzalez-Minero, Bravo-Diaz, and Ayala-Gomez
2020; Sriti et al. 2024). Artemisinin and its derivatives have gained significant attention for
their potent antimalarial activity, further establishing A. campestris as a plant of considerable

pharmaceutical importance.

The rich phytochemical profile of 4. campestris highlights its traditional uses and emphasizes
its untapped potential as a source of therapeutic agents, with its diverse flavonoids, phenolic
acids, and coumarin derivatives, 4. campestris holds promise as a natural remedy for a wide
range of diseases, including inflammatory, metabolic, and infectious conditions. The plant’s
antioxidant, anti-inflammatory, antimicrobial, and anticancer properties position it as a

candidate for developing novel therapeutic agents. Further research into its chemical
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composition and biological activities is warranted to fully exploit the therapeutic potential of

A. campestris in modern medicine (Llauradé Maury et al. 2020).

The pharmacological properties of Artemisia campestris L. have been extensively studied,
revealing a broad spectrum of therapeutic effects that contribute to its potential applications in
both traditional and modern medicine. These effects encompass antioxidant, hepatoprotective,
nephroprotective, neuroprotective, anti-inflammatory, anti-hyperlipidemic, antidiabetic,
antihypertensive, and antimicrobial activities, all of which are attributed to its rich chemical
composition, including flavonoids, phenolic compounds, essential oils, and other bioactive
molecules. The antioxidant capacity of A. campestris is one of its most well-documented
features, with research showing that its aqueous extract effectively combats oxidative stress.
Additionally, it enhanced the activity of critical antioxidant enzymes, including catalase
(CAT), superoxide dismutase (SOD), and glutathione peroxidase (GSH-Px) in the kidney,
liver, and brain. These findings suggest that A. campestris may play a significant role in
protecting against diseases associated with oxidative damage, such as cardiovascular disorders
and neurodegenerative conditions (Saoudi et al. 2010).

In terms of hepatoprotective activity, A. campestris has shown considerable promise. In one
study, mice treated with carbon tetrachloride (CCls), a known hepatotoxin, displayed liver
damage, but the administration of the aqueous extract at a dose of 5 mL/kg facilitated
recovery, as evidenced by reduced serum levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), which are biomarkers of liver damage. Additionally, there
was an increase in the activity of aniline hydroxylase (anilineOH), a key enzyme involved in
liver detoxification. A similar hepatoprotective effect was observed in rats subjected to
oxidative stress induced by fenthion, a pesticide, where a diet supplemented with 5% A.
campestris led to a reduction in key hepatic biomarkers such as lactate dehydrogenase (LDH),
AST, and ALT, further supporting the plant’s potential as a natural remedy for liver damage
(Sagastegui-Guarniz William Antonio et al. 2020).

Artemisia campestris has also demonstrated nephroprotective effects. In rats treated with
diclofenac, a drug known to induce nephrotoxicity, the aqueous extract normalized serum
creatinine and urea levels, critical indicators of kidney function. In another study involving
diabetic rats induced by alloxan, treatment with the aqueous extract of A. campestris leaves at
a dose of 200 mg/kg for 21 days led to significant improvements in kidney function, with
decreased serum levels of creatinine, urea, and uric acid, and an increase in creatinine

clearance. These results indicate that A. campestris may be a promising therapeutic agent for
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kidney-related diseases, including those linked to diabetes and nephrotoxicity (Sefi et al.
2012).

The neuroprotective effects of A. campestris are also noteworthy, particularly in relation to
neurodegenerative diseases and neurotoxicity. In experiments involving deltamethrin, a
neurotoxic pesticide, rats co-treated with A. campestris essential oil experienced a significant
decrease in brain lipid peroxidation, as evidenced by lower levels of malondialdehyde
(MDA), a marker of oxidative damage. Additionally, pre-treatment with A. campestris
essential oil helped to preserve brain histology, protecting against severe vacuolation and
neuronal necrosis caused by deltamethrin exposure. These findings suggest that A. campestris
may provide protective benefits to the central nervous system in the face of chemical or
environmental stressors (Zahnit et al. 2022).

The plant also exhibits significant gastrointestinal protective effects. In rats with aspirin-
induced gastric injury, the agueous extract of A. campestris demonstrated superior protective
effects when compared to the standard treatment, famotidine. The extract reduced the ulcer
index by 13.66 mm?2 and provided 78% protection against gastric injury, indicating its
potential as a treatment for conditions like gastric ulcers and gastritis, often exacerbated by
oxidative stress and inflammation (Sebai et al. 2014).

Moreover, A. campestris has shown anti-hyperlipidemic properties, making it a valuable
candidate for managing lipid imbalances and reducing the risk of cardiovascular diseases. In
rats with alloxan-induced hyperlipidemia, the aqueous extract at 200 mg/kg for 21 days
significantly reduced total cholesterol, triglycerides, and low-density lipoprotein cholesterol
(LDL-C) levels. In pregnant rats with fenthion-induced hyperlipidemia, supplementation with
a 5% A. campestris powder diet for 21 days restored normal lipid levels in the liver of both
the mother rats and their offspring. These results suggest that A. campestris could be an
effective natural treatment for hyperlipidemia, with potential benefits for both maternal and
fetal health (Sefi et al. 2011).

In the context of diabetes, A. campestris has been shown to possess significant antidiabetic
effects. In a study of alloxan-induced diabetic rats, treatment with the aqueous extract at 200
mg/kg for 21 days resulted in a 63% reduction in blood glucose levels, along with a 30%
increase in serum insulin levels. Additionally, the plant extract improved glucose tolerance, as
shown by a reduction in blood glucose levels during the glucose tolerance test. These findings
highlight A. campestris as a promising candidate for managing diabetes, particularly in
regulating blood sugar and improving insulin sensitivity (Rabehi et al. 2023).

The antihypertensive properties of A. campestris were confirmed in both hypertensive and

normotensive rat models. In hypertensive rats treated with L-Nitro-Arginine Methyl Ester (L-
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NAME), a nitric oxide synthase inhibitor, the aqueous extract at a dose of 50 mg/kg prevented
the onset of hypertension. In normotensive rats, intravenous administration of A. campestris
extract caused a significant reduction in mean arterial pressure (MAP), systolic blood pressure
(SBP), and diastolic blood pressure (DBP) without affecting heart rate. Both the essential oil
and aqueous extract also exhibited vasorelaxant effects, inhibiting phenylephrine-induced
contractions in isolated aortic rings, suggesting their potential for managing hypertension and
improving vascular health (Sriti et al. 2024).

In wound healing studies, A. campestris has shown promising results. In rats with induced
wounds, the aqueous extract led to a 50% reduction in wound size after just six days of
treatment, with complete healing achieved by day 12. Histological examination revealed
healthy tissue regeneration, including well-formed epidermal and dermal layers, complete re-
epithelialization, and robust tissue granulation. These findings indicate that A. campestris may
have applications in wound care and tissue regeneration, potentially benefiting those with
chronic wounds or injuries (Ghlissi et al. 2016).

The anti-inflammatory effects of A. campestris are also significant. In one study, the essential
oil of A. campestris neutralized the inflammatory effects of Cerastes venom in mice, reducing
edema in the affected paw. Similarly, the aqueous extract administered at a dose of 200 mg/kg
reduced the inflammation caused by carrageenan injection in rats, reducing edema volume
and the number of inflammatory cells and restoring damaged tissues. This suggests that A.
campestris could be a valuable natural anti-inflammatory agent (Younsi et al. 2017).
Furthermore, the plant has shown promise in anti-venom applications. In an experimental
model of scorpion envenomation, the aqueous extract of A. campestris was administered prior
to venom exposure, leading to a 30% reduction in mean arterial pressure in pregnant rats and
a 10% reduction in non-pregnant rats. The co-administration of the extract with the venom
prevented the hypertensive rise typically seen with envenomation, highlighting A.
campestris's potential as a natural antidote for venomous bites or stings (Hasegawa et al.
2021).

A. campestris has demonstrated antimicrobial activity, which could be useful in food safety
and preservation. Due to their high phenolic content, its extracts' antimicrobial properties may
help inhibit bacterial growth by disrupting bacterial cell membranes and producing
hydroperoxides. This makes A. campestris a promising candidate for use in food control,
helping to extend the shelf life of products by preventing spoilage and pathogenic bacterial

contamination (Shaaban et al, 2020).
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Polycystic ovary syndrome (PCOS) is a complex and multifactorial endocrine disorder that
affects approximately 5-10% of women during their reproductive years, making it one of the
leading causes of infertility in this population (Kicinska et al. 2023). This syndrome is
characterized by hormonal, metabolic, and reproductive disruptions that impact a woman's
health. PCOS is primarily marked by chronic anovulation, which leads to irregular menstrual
cycles, an increased risk of infertility, and other systemic complications. However, it is
important to note that some women with PCOS may still experience spontaneous ovulation
and pregnancy, despite the common underlying reproductive dysfunction (Bilgory et al.
2023). The onset of menstrual irregularities often begins shortly after menarche and persists
throughout the reproductive years, making the disorder a lifelong concern for many women
(Karkera, Agard, and Sankova 2023).
The typical ovarian morphology observed in women with PCOS includes thickened ovarian
cortices, numerous small cysts, and arrested follicular development. Histological examination
reveals a range of abnormalities, including stromal hyperplasia, luteinization of the theca
interna, and the development of immature follicles that fail to mature and ovulate. These
morphological changes, which also include the presence of multiple cysts on the surface of
the ovaries, disrupt normal ovulatory cycles and contribute to the infertility commonly
associated with the disorder (Orsi, Baskind, and Cummings 2024). Ovarian size in women
with PCOS can vary from average to significantly enlarged, with some cases exhibiting
ovaries greater than 10 cm in diameter (Hoeger, Dokras, and Piltonen 2021). Ultrasonography
remains a vital diagnostic tool for PCOS, revealing the characteristic "string of pearls"
pattern, where multiple small antral follicles (typically between 6 and 10 mm in diameter) are
arranged around the perimeter of the ovary (McGlacken-Byrne, Gunn, and Simpson 2024).
This imaging characteristic is often seen in both humans and animal models of PCOS, further
supporting its diagnostic utility.
In rodent models, particularly rats, PCOS is induced through various pharmacological or
hormonal treatments, resulting in ovarian and metabolic changes that closely mimic those
observed in humans. Histopathological examination of ovaries in these animal models
typically shows an increase in atretic follicles, cystic follicles with thin granulosa cell layers,
and thickened theca interna. Additionally, signs of stromal hyperplasia and luteinized
unruptured follicles are often seen, reflecting similar pathophysiological processes to those
found in human PCOS (Wang et al. 2023). These animal models provide valuable insights
into the underlying mechanisms of PCOS and serve as a foundation for testing potential

therapeutic interventions.
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The hormonal imbalances that define PCOS include elevated levels of androgens such as
testosterone, androstenedione, dehydroepiandrosterone (DHEA), dehydroepiandrosterone
sulfate (DHEAS), and 17-hydroxyprogesterone. These elevated androgen levels are
responsible for many of the clinical manifestations of PCOS, including hirsutism, acne, scalp
hair thinning, and an increased risk of metabolic disturbances. The excess androgen
production is often due to the hyperactivity of the ovarian theca cells, which are stimulated by
increased luteinizing hormone (LH) levels. This elevated LH-to-follicle-stimulating hormone
(FSH) ratio further disrupts normal follicular development, preventing oocyte maturation and
causing the ovaries' characteristic cystic appearance (Sabuncu et al. 2003). The combination
of these hormonal changes leads to the characteristic symptoms of PCOS, which often include
oligomenorrhea (infrequent menstruation), amenorrhea (absence of menstruation), and
difficulty conceiving due to anovulation.
In addition to reproductive issues, women with PCOS often face several metabolic challenges,
including insulin resistance, obesity, dyslipidemia, and an increased risk of cardiovascular
disease. Insulin resistance is a key factor in the pathophysiology of PCOS, leading to
compensatory hyperinsulinemia. This excess insulin not only promotes ovarian androgen
production but also contributes to the accumulation of visceral fat, which exacerbates both
metabolic and reproductive dysfunction. Many women with PCOS are overweight or obese,
further complicating the metabolic issues associated with the disorder. Insulin resistance is
also a significant risk factor for the development of type 2 diabetes, with women with PCOS
being at a higher lifetime risk of developing this condition compared to the general population
(Vyrides, EI Mahdi, and Giannakou 2022). Additionally, PCOS is associated with a higher
risk of developing metabolic syndrome, a cluster of conditions that include hypertension,
hypertriglyceridemia, low HDL cholesterol, and central obesity. These metabolic disturbances
increase the long-term cardiovascular risk in women with PCOS, highlighting the need for
early and comprehensive management strategies.
The psychosocial impact of PCOS is also significant, as the condition can lead to emotional
distress due to symptoms such as infertility, hirsutism, weight gain, and acne. The chronic
nature of the disorder, combined with its visible and often stigmatizing symptoms, can lead to
feelings of anxiety, depression, and low self-esteem. Women with PCOS may experience
heightened psychological stress, which can further exacerbate metabolic and reproductive
issues. As such, it is crucial for healthcare providers to address the mental health needs of
women with PCOS as part of a holistic treatment plan. Psychological support, including
counseling and support groups, can be an important aspect of managing the emotional burden
of the condition (Vyrides, EI Mahdi, and Giannakou 2022).
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The management of PCOS requires a multifaceted approach that addresses both the
reproductive and metabolic aspects of the disorder. For women seeking to conceive, the
primary treatment goal is to restore ovulation. This can be achieved through ovulation
induction therapies, with clomiphene citrate being the most commonly prescribed medication.
Clomiphene citrate works by stimulating the release of FSH, promoting follicular growth and
ovulation. In cases where clomiphene is ineffective, gonadotropins or laparoscopic ovarian
drilling may be used to enhance fertility. However, these treatments must be closely
monitored to avoid complications such as ovarian hyperstimulation syndrome (OHSS)
(Barzegar et al. 2017). For women who are not seeking pregnancy, hormonal therapies such
as oral contraceptives are commonly used to regulate the menstrual cycle, reduce androgen
levels, and improve symptoms such as hirsutism and acne. Anti-androgenic drugs, such as
spironolactone, may be prescribed to reduce excessive hair growth, while metformin, a
medication used to treat type 2 diabetes, can improve insulin sensitivity and promote
ovulation (Vyrides, EI Mahdi, and Giannakou 2022).
In addition to pharmacologic interventions, lifestyle modifications, particularly weight loss
and regular physical activity, are critical for managing both the reproductive and metabolic
symptoms of PCOS. Even modest weight loss (5-10% of body weight) can significantly
improve insulin sensitivity, ovulatory function, and menstrual regularity. For overweight or
obese women with PCOS, a combination of a balanced diet and regular exercise is essential
not only for improving fertility but also for reducing the long-term risk of type 2 diabetes and
cardiovascular disease (Barzegar et al. 2017).
In conclusion, PCOS is a complex, heterogeneous disorder that affects many aspects of a
woman’s health, including reproductive function, metabolic health, and psychological well-
being. The pathophysiology of PCOS involves a combination of hormonal, metabolic, and
ovarian changes that disrupt normal ovulation and increase the risk of long-term
complications such as insulin resistance, type 2 diabetes, and cardiovascular disease. Early
detection, comprehensive management, and multidisciplinary care are essential for optimizing
health outcomes for women with PCOS. Ongoing research into the underlying mechanisms of
PCOS and the development of new treatment modalities holds promise for improving the
quality of life and long-term health of women affected by this prevalent and challenging
condition (Karkera, Agard, and Sankova 2023).
Hypothyroidism is a clinical condition characterized by insufficient production of thyroid
hormones, resulting in decreased circulating levels of thyroxine (T4) and triiodothyronine
(T3). It primarily arises from dysfunction within the thyroid gland itself, a condition known as

primary hypothyroidism. The causes of primary hypothyroidism include thyroidectomy,
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autoimmune thyroiditis (such as Hashimoto's thyroiditis), iodine deficiency, and the use of
medications that interfere with thyroid hormone synthesis, such as thionamides, lithium, and
iodine-based agents. Secondary hypothyroidism, or central hypothyroidism, occurs when the
hypothalamus or pituitary gland fails to adequately stimulate the thyroid through thyroid-
stimulating hormone (TSH) (lbrahim et al. 2021). This dysfunction can also result in
insufficient production of thyroid hormones, though less commonly. Both forms of
hypothyroidism are further categorized into clinical and subclinical types. Clinical
hypothyroidism presents with overt symptoms such as fatigue, weight gain, cold intolerance,
and bradycardia, while an elevated TSH level characterizes subclinical hypothyroidism
without the presence of significant clinical symptoms, though patients may still experience
subtle manifestations of the disorder (Chaker et al. 2017).

The pathophysiology of hypothyroidism is complex and multifaceted. Thyroid hormones,
particularly T3 and T4, play critical roles in regulating metabolism, thermogenesis, and
energy homeostasis. They also influence lipid metabolism, and their deficiency often leads to
lipid abnormalities. Hypothyroidism is commonly associated with elevated levels of low-
density lipoprotein (LDL) cholesterol and total cholesterol, increasing the risk of
atherosclerosis and cardiovascular diseases. A study by Ashwini et al. (2017) demonstrated
that hypothyroid patients exhibited significant increases in LDL and total cholesterol levels,
although other lipid fractions such as high-density lipoprotein (HDL) and triglycerides did not
show marked deviations. Furthermore, hypothyroidism is known to contribute to reduced
basal metabolic rate (BMR), which leads to common symptoms such as weight gain, cold
intolerance, and generalized fatigue. Beyond metabolic disturbances, hypothyroidism can also
affect the central nervous system, causing cognitive dysfunction, memory impairment, and
depression, which can significantly impact patients' quality of life (Schlenker et al, 2012).

To induce hypothyroidism in experimental animal models, researchers commonly use
antithyroid drugs such as methimazole and propylthiouracil (CBZ), which inhibit thyroid
hormone biosynthesis. These animal models help elucidate hypothyroidism's metabolic,
cardiovascular, and neurocognitive effects (Ferreira et al. 2007). In clinical practice, the
mainstay of hypothyroidism treatment is levothyroxine, a synthetic form of the inactive
thyroid hormone T4. Levothyroxine is typically administered to normalize thyroid hormone
levels, aiming to alleviate the symptoms of hypothyroidism and restore metabolic balance.
Despite being widely used, levothyroxine therapy does not always fully resolve the clinical
manifestations of hypothyroidism. Studies have shown that 10-15% of patients receiving
levothyroxine monotherapy continue to experience symptoms, including fatigue, depression,

and cognitive impairment. These persistent symptoms may be due to insufficient conversion
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of T4 to the more biologically active T3, or potentially due to peripheral resistance to thyroid
hormones (McAninch and Bianco 2016). This highlights the need for a more individualized
approach to treatment, as some patients may benefit from combination therapies involving
both T4 and T3, although such treatments remain controversial and lack conclusive evidence
in large-scale clinical trials (Chakera, Pearce, and Vaidya 2011).

Moreover, the management of hypothyroidism may be further complicated in patients with
comorbid conditions, such as autoimmune diseases, that require special attention to therapy
adjustments. While levothyroxine is considered the standard treatment, there has been
growing interest in exploring alternative or adjunctive therapies for hypothyroidism,
particularly through the use of herbal medicines and supplements. Various studies have
investigated the efficacy of herbs such as ashwagandha, guggul, and selenium in managing
hypothyroidism, with some suggesting that these may help enhance thyroid function and
mitigate symptoms. However, further clinical studies are necessary to assess their safety,
effectiveness, and potential integration into standard care (Pankhuri Wanjari and Jayadeepa
2012).

In conclusion, hypothyroidism is a complex metabolic and endocrine disorder that has far-
reaching effects on various organ systems, particularly the cardiovascular and nervous
systems. Despite the effectiveness of levothyroxine in managing the condition, a substantial
proportion of patients continue to experience significant symptoms, underscoring the need for
more personalized treatment strategies. Research into adjunctive therapies, including
combination therapy with T3 and the potential role of herbal treatments, is essential for
improving patient outcomes and enhancing quality of life. With appropriate treatment and
management, individuals with hypothyroidism can achieve a substantial improvement in their
health and well-being, though ongoing monitoring and adjustments to therapy are critical for
optimal care.

This thesis aims to investigate the therapeutic potential of Artemisia campestris L. in
modulating thyroid and ovarian functions, employing a multidisciplinary approach that
integrates in vitro, in vivo, and in silico methodologies. The primary objective is to explore
the effects of Artemisia campestris on thyroid and ovarian dysfunctions, with particular
emphasis on its therapeutic efficacy in vivo, a pioneering aspect of this research. This study is
structured into two principal sections, with the second part subdivided into three
subcomponents, each addressing different experimental approaches. The first section of the
thesis offers a comprehensive bibliographic overview of Artemisia campestris L., focusing on
its chemical composition. It then provides a detailed analysis of its bioactive compounds,

emphasizing their pharmacological properties and potential therapeutic implications.
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The second section of the thesis presents the experimental work, divided into three subparts:
in vitro, in vivo, and in silico studies. The in vitro component begins with an aqueous extract
of Artemisia campestris, followed by a thorough characterization of its bioactive compounds
through qualitative and quantitative analyses. Biological assays assess the plant extract's
antioxidant, anti-inflammatory, and enzymatic activities, identifying the bioactive compounds
responsible for its therapeutic effects. The in vitro studies are designed to provide insight into
the mechanisms by which Artemisia campestris exerts its effects at the cellular level,
particularly about endocrine functions.
In vivo studies form the second subpart of the experimental work, where the therapeutic
effects of Artemisia campestris are investigated in a rat model, specifically focusing on
thyroid and ovarian dysfunctions. This aspect of the research is pioneering, as it represents the
first in vivo investigation of the effects of Artemisia campestris on these endocrine systems.
The in vivo studies aim to determine whether the plant extract has the potential to restore
normal thyroid and ovarian function, assessing both hormonal and physiological markers of
endocrine health.
The third subpart involves in silico studies, which utilize molecular docking to explore the
interactions between the bioactive compounds of Artemisia campestris and key biological
targets relevant to thyroid and ovarian function. Among the primary targets is
thyroperoxidase, an enzyme essential for thyroid hormone synthesis. Additionally, proteins
associated with ovarian function and other endocrine-related pathways are studied. This
computational approach offers a molecular-level understanding of the interactions between
the plant's bioactive compounds and their targets, complementing the findings from the in
vitro and in vivo experiments.
The results and discussion section consolidates the findings from the experimental studies,
providing strong evidence for the pharmacological potential of Artemisia campestris L. in
modulating thyroid and ovarian dysfunctions. The data demonstrate that its bioactive
compounds may exert significant therapeutic effects, restoring balance to these endocrine
systems. These results are interpreted in the context of existing therapeutic approaches,
highlighting the potential of Artemisia campestris as a novel, plant-based therapeutic option.
The significance of this research lies in the fact that current treatments for thyroid
dysfunction, such as thyroidectomy or hormone replacement therapy, do not address the
underlying pathophysiology of these disorders. Although these therapies are widely used, they
often fail to restore normal thyroid function fully. By integrating in vitro assays, in vivo
experiments, and in silico modeling, this study offers a novel perspective on the therapeutic

mechanisms of Artemisia campestris, potentially leading to more effective plant-based
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therapeutic strategies for managing thyroid and ovarian disorders. The findings of this
research may contribute to the development of alternative treatments that address the root

causes of endocrine dysfunctions, offering a promising avenue for future therapeutic
interventions.
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CHAPTER I: Materials and Methods

1. Materials
1.1. Plant

Specimens of Artemisia campestris were collected in Sedrata, a city in the Souk-Ahras
province of northeastern Algeria. This province is strategically located, bordered by El-Taref
and Annaba to the north, Guelma to the west, Thessa to the south, and Tunisia to the east,
serving as a link between the northern region, the high plateaus, and the southern part of the
country. The landscape is predominantly mountainous, comprising about 60% of the total
area, with coordinates of approximately 36°17'36.98"N latitude and 7°53'14.23"E longitude,
at an altitude of 755 meters. The collection occurred in May 2022 in a clean, unpolluted area

and was conducted before sunrise to minimize the evaporation of bioactive compounds.

The leaves were then sent straight to the laboratory (LBEH). Dr. Chouikh Atef, a professor
in the biological sciences department of the Faculty of Sciences of Natural and Life from
Echahid Hamma Lakhedar University in EI-Oued, Algeria, defined the leaves scientifically.
The leaves were thoroughly cleaned and then air-dried. The premium dried leaves were kept

in a dry plastic container until required for the extraction processes.

Figure 1. Artemisia campestris L. (CHERFI Inasse)
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1.2. Animals

For this investigation, 30 adult albino Wistar rats were provided by the laboratory (LBEH).
The Molecular and Cellular Biology Department. Faculty of Natural and Life Sciences,
University of EI-Oued, Algeria, animal house housed all the rats. Under identical laboratory
circumstances of photoperiod (12 hours of light and 12 hours of darkness), relative humidity
of 62+3%, and room temperature of 25°C, the rats weighed 222.35+ 2.91g. During the trials,
tap water and standard rat food were freely available. The local ethical committee's suggested
methods were adhered to in the handling and care of the rats during all experimental

procedures.
1.3. Chemicals and reagents

Alpha amylase, 3.5-Dinitrosalicylic acid (DNS) ((O2N).CgH,-2-(OH)CO2H), p-
nitrophenyl a-D-glucopyranoside (PNPG) (Ci12HisNOg), Phosphate buffer (NaH;PO..
2H,0.20 mM, pH 6.7, including 6.7 mM sodium chloride), and Starch (250 ul, 0.5% wi/v).
Phosphate buffer (2.5 mL. 50 mM, pH=7), H,0, (1 mL, 1%), 1.1-Diphenyl-2-picrylhydrazyl
(DPPH®), ethylene diamine tetra-acetic acid (EDTA), trichloroacetic acid (TCA),
thiobarbituric acid (TBA) and nitro blue tetrazolium (NBT), Butylated hydroxyanisole
(BHA), were purchased from Biochem Chemophara. United Kingdom. However, commercial
kits procured from Spinreact (Barcelona, Spain) were employed to test biochemical
markers. Sigma-Aldrich provided the remaining chemicals, reagents, and organic solvents
(USA).

Guaiacol peroxidase (C7HgO, 1 mL, 1%) was obtained from the Department of Chemistry.
Poznan, Poland, Estradiol valerate, Carbimazole (CBZ, 5 mg tablets), Levothyrox® (LEV.
100 pg tablets), and estradiol valerate (EV 2mg tablets) were sourced from the El-Oued,
Algeria pharmacy.

2. Methods
2.1. Phytochemical analysis of Artemisia campestris L.

2.1.1. Extraction of A. campestris Aqueous extract

The A. campestris leaves (20g) were dried, powdered, and added to 250 mL of distilled

water. After 24 h at room temperature, the mixture was filtered with filter paper. Finally, the
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filtrates were evaporated in an oven at 45°C to produce dried residues (active principles). The

extract was stored at four °C in a refrigerator for subsequent experiments.

2.1.2. Phytochemical analysis

The standard methods include identifying phytochemical compounds in A. campestris
aqueous crude extract (polyphenols, flavonoids, tannins) (Harborne and Harborne 1973;
Evans 2009).

2.1.3. Quantification of phytochemicals compounds

2.1.3.1. Estimation of total phenolics

The folin-Ciocalteu method (Slinkard and Singleton 1977) was used to determine the total
amount of phenolics, 1 mL of 10% Folin-Ciocalteu reagent, and 0.2 mL of the aqueous
extract of A. campestris was added. After 4 minutes, 0.8 mL of sodium carbonate (75 g/L)
was added. After two hours of incubation at room temperature, the absorbance was measured
at 765 nm. Gallic acid was used as the standard for the linear calibration equation. The total

phenolic content was expressed in ug equivalent of gallic acid per mg of extract.

2.1.3.2. Estimation of total flavonoids

To ascertain the total flavonoid content of the A. campestris extract, the aluminum
chloride (AICI3) colorimetric method was employed (Wairata et al. 2022); 1 mL of the AICI;
solution was mixed with 1 mL of the sample. The same volume as the standard and the results
are determined using a linear calibration equation with quercetin as the standard after 30
minutes. The absorbance at 430 nm was measured against the prepared reagent blank. The

findings were shown as ug of quercetin for every milligram of extract.

2.1.3.3. Estimation of condensed tannin

The amount of tannin in the A. campestris leaf extract was measured (Kilig et al., 2024)
0.5 ml of the sample was well mixed with 3.0 mL of vanillin reagent (4% w/v vanillin in
methanol) before adding 1.5 mL of 8% hydrochloric acid. After fifteen minutes, the reaction's
absorbance was measured at 500 nm concerning water. The reference value of catechin was
used to blot the sample amounts and the standard absorbance curve. The results were given as

mg of extract divided by ug of catechin.

2.1.3.4. Qualitative analysis by UPLC
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As described by Stuper-Szablewska and Perkowski (Stuper-Szablewska and Perkowski
2017). UPLC was used to determine the bioactive compounds. A customized Aquity H class
UPLC system equipped with a Waters Acquity PDA detector (Waters, USA) was used to
analyze the samples. A mixture of methanol, Acetonitrile, and water (85:10:5) was used for
elution, with a flow rate of 0.4 milliliters per minute. An Acquity UPLC® BEH C18 column
(100mm x 2.1 mm. particle size 1.7 um) (Waters, Ireland) was used for the chromatographic
separation. Molecules were detected using a Waters Acquity PDA detector (Waters, USA) set
at 282 nm.

2.1.2. Analysis of A. campestris L’essential oil

2.1.2.1.Extraction of essential oil

The extraction process was conducted at the Laboratory of Biology, Environment, and
Health, Faculty of Natural Sciences and Life, EI-Oued University. ACEO was extracted using
hydro-distillation. Precisely, 100 g of the dried aerial parts were placed in a 500 mL flask
filled with distilled water and boiled for 2-3 h. The resulting vapors were condensed and
collected in a separating funnel; ACEO was stored in an opaque glass bottleat 4 + 1 °C in a
hermetically sealed vial to prevent air, light, and temperature degradation.

2.1.2.2. GC-MS analysis technique

The chemical composition of the ACEO was analyzed using gas chromatography-mass
spectrometry (GC-MS) following the method of Stuper-Szablewska (Stuper-Szablewska and
Perkowski 2017). The GC-MS analysis was performed on a Thermoquest-Finnigan Trace
GC/MS instrument equipped with a DB-1 fused silica column (30 m, 0.25 mm i.d., film
thickness 0.25 pm). The oven temperature was programmed to increase from 60 °C to 250 °C
at a rate of 5 °C/min, then held at 250 °C for 10 minutes. The transfer line temperature was set
to 250 °C. Helium was used as the carrier gas at a flow rate of 1.1 mL/min with a split ratio of
1:50. Identifying essential oil constituents was achieved by comparing their mass spectra and

retention times (Rt) with those reported in the literature and with authentic samples.

2.2. InVitro Activity of the A. campestris aqueous extract and essential oil
2.2.1. Antioxidant activity
2.2.1.1. DPPHP" free-radical scavenging activity

To evaluate the scavenging activity of 2.2-diphenyl-1-picrylhydrazyl (DPPH®). The
procedure of Kumar et al. (Kumar et al. 2012) was used that the stable free radical DPPH?® is
frequently used to assess the antioxidant component's capacity to scavenge free radicals; It
was modified slightly. A volume of A. campestris leaves extract at different concentrations (7
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to 125 pg/mL) was mixed with 1 mL of methanolic solution of DPPH® (0.1 mM; 4 mg
DPPH° was dissolved in 100 mL methanol). The mixture was forcefully agitated in the dark
and at a room-temperature environment and left to settle for 30 minutes at 517 nm. The
mixture's absorbance was measured using a spectrophotometer. The reaction mixture's lower
absorbance showed a higher percentage of scavenging activity. The following equation yields

the free radical scavenging activity:

DPPH?® scavenging effect (%) = ((Ap — A1)/Ay) X 100
A,. The absorbance of the control
A;. Sample extract's absorbance after 30 minutes.

2.2.1.2. Ferric reducing antioxidant power assay (FRAP)

The ferric-reducing power of the extract of A. campestris leaves was measured using
Oraiza (1986) methods with some modifications; 5-75 ug/mL concentrations of the samples
were mixed with 1 mL of both potassium ferricyanide (1%), and phosphate buffer (0.2 M. pH
= 6.6), After adding 0.5 mL of trichloroacetic acid (10% wi/v), After 20 min at 50 °C
incubation, the samples were centrifuged for 10 minutes. An identical amount of supernatant
and deionized water, 0.125 mL of ferric chloride (0.1%), were combined. The exact process
was used for ascorbic acid as a positive control. The absorbance was measured using a UV-
vis spectrophotometer at 700 nm.

Total antioxidant activity (FRAP) was measured in milligrams of AAE per milligram of
samples (Ahmouda et al., 2022).

2.2.1.3. p-carotene bleaching assay

The Artemisia campestris aqueous extract's ability to inhibit S-carotene bleaching was
evaluated following the methods outlined in the reference (Loucif et al., 2020). A stock
solution of p-carotene/linoleic acid was prepared by dissolving 0.5 mg of p-carotene, 25 mL
of linoleic acid, and 200 mL of Tween 40 in 1 mL of chloroform. The chloroform was
evaporated using a rotary evaporator at 40°C under vacuum. After this, 100 mL of bidistilled
water was added and vigorously agitated to form an emulsion prepared fresh for each
experiment. Aliquots (2.5 mL) of the p-carotene/linoleic acid emulsion were mixed with

varying concentrations of ACAE in test tubes. After a two-hour incubation at 50°C, the
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absorbance of each sample was measured at 470 nm, BHA was used as a positive control

standard, and a control tube without any sample was included.

The antioxidant activity in the s-carotene bleaching model was calculated as a percentage
using the following formula:

1-(Ao—-At)

@lo—art) 100

Antioxidant activity%:

Ao and A’y represent the sample and blank absorbances, respectively, measured at time
zero. At and A't represent the sample and blank absorbances, respectively, recorded two hours

later. The tests were run three times; BHT was used as a positive control in the same process.

2.2.2. Anti-inflammatory activity (Albumin denaturation test)

The albumin denaturation model was chosen to evaluate the anti-inflammatory properties
in vitro of crude extracts of A. campestris According to the method described by
Padmanabhan and Jangle (2012) with a few changes. 1 mL of the extract at various
concentrations was combined with 1 mL of 5% human albumin. The tubes were incubated at
27 °C for 15 minutes and then for 10 minutes at 70 °C in a water bath; 660 nm was the
wavelength for their absorbance after cooling to room temperature. As a baseline, diclofenac
sodium is utilized. The findings are shown as mg of equivalent diclofenac sodium per mg of

extract.

2.2.3. a-amylase inhibition assays

A 1% starch solution is prepared by dissolving 1 g of potato starch in 100 mL of a 20 mM
sodium phosphate buffer, which consists of 0.1324 g NaH:PO4-H.O and 0.2788 g Na:HPOQ.,
supplemented with 6.7 mM sodium chloride (0.039 g), and adjusted to a pH of 6.9.
Separately, an alpha-amylase solution is prepared by dissolving 0.0253 g of alpha-amylase in
100 mL of cold distilled water, yielding a concentration of 1 unit/mL. For the enzymatic
assay, 100 L of either the control, standard, or sample (comprising extracts or essential oils
at a concentration of 100 pg/mL) is mixed with 900 pL of the alpha-amylase solution,
followed by incubation at 37°C for 10 minutes. Subsequently, 500 uL of the starch solution is
introduced, and the mixture undergoes a second incubation at 37°C for an additional 10
minutes. Following the incubation steps, 500 pL of dinitrosalicylic acid (DNS) reagent is
added, and the reaction mixture is heated in a boiling water bath for 5 minutes. After cooling

in an ice bath, 3 mL of distilled water is added, and the absorbance is recorded at 540 nm
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against a blank. The assay measures maltose production, which is determined by the reduction
of 3,5-dinitrosalicylic acid to 3-amino-5-nitrosalicylic acid, detectable at 540 nm. When beta-
amylase inhibitors are present, maltose production decreases, leading to a corresponding

reduction in absorbance (Nadji et al., 2022).
Percentage inhibition is determined using the following equation:

(Ac — (As1 — As0))

inhibition (%) = P

* 100

In this context, Ac represents the absorbance of the control reaction, which includes all
components except the standard or sample. Asl denotes the absorbance measured in the
presence of the standard or sample (plant extract) combined with the enzyme and starch
solution. In contrast, AsO corresponds to the absorbance observed when the standard or
sample is present, but neither the enzyme nor the starch solution is included.

2.2.4. Measurement of guaiacol peroxidase

Guaiacol Peroxidase (GPX) activity was investigated using research methodology (Hadadi,
Nematzadeh, and Ghahari 2020), Phosphate buffer (2.5 mL. 50 mM. pH=7), H,0, (1 mL.
1%), guaiacol (1 mL. 1%). and enzyme extracts (20 pL) were the components of the reaction
mixture. Using a spectrophotometer (Biochrom WPA Biowave Il UV/Visible), the
absorbance of the reaction solutions was measured at 470 nm. The increase in absorbance at
470 nm was monitored for one minute. The activity was expressed as mg * protein mmole

activity.

2.3. Invivo activity of agueous extract
2.3.1. PCOS Experiment

The experimental design was modified from a recent study (Hosseini et al., 2023). The rats
were randomly divided into three groups:

Control Group: No injection; PCOS Group: Administered 2 mg/kg estradiol valerate for 60
days to induce polycystic ovary syndrome (PCOS); Experimental Group: Received 2 mg/kg
estradiol valerate for 60 days, followed by 200 mg/kg body weight of A. campestris extract
administered orally for an additional 15 days. The appearance of ovarian cysts was typically

noted 60 days after the estradiol valerate injection.
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Figure 2. An overview of the PCOS study's experimental protocol.

2.3.2. Hypothyroidism Experiment

For a broader examination of thyroid function, another cohort of rats was created,
consisting of four experimental lots with 20 albino rats (n = 5 per lot) based on the following
treatments:

Lot I (Control): Untreated; Lot Il: Induced hypothyroidism using carbimazole (CBZ)
(Siddiqui et al., 2015) at 20 mg/kg body weight; Lot 11l: Received CBZ alongside 200 mg/kg
body weight of A. campestris; Lot IV: Administered levothyroxine (LEV) at 0.1 mg in
conjunction with CBZ. At the beginning of the trial, all lots except Lot | had no HPO induced.
The diet was standardized, Comprising 10% mealworms, 30% wheat bran and 60% corn
without iodine. Post-30 days of carbimazole therapy. Group Il received an additional 30-day
treatment of A. campestris alongside carbimazole. In contrast, Group IV was given
levothyroxine concurrently with carbimazole. The study adhered strictly to ethical guidelines
for medical animal research. Consistent with the Helsinki Declaration. It has also received
approval from the Scientific Council of the Faculty of Natural Sciences and Life at EI-Oued

University. Algeria.

2.3.3. Histopathological and blood sample

After the rats were anesthetized and dissected, the sections of their thyroid and ovaries
were taken, and they were preserved in 10% formaldehyde until the time came to cut the
slices for examination. After being washed with xylene and submerged in paraffin, the

samples were dehydrated in an increasingly graded ethanol series (60. 70%. 80%. and 100%).
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Using a Thermo Scientific (Micron HM 325) Histoline Rotary Microtome, paraffin blocks
were sectioned into 4-6 um layers. The photograph was colored with hematoxylin and eosin,
The histopathological inspection was done with a light microscope.

Blood samples were collected and centrifuged at 3000 rpm for 15 minutes at 4 °C to
recover serum. The resulting plasma was stored at -20°C until analysis. Serum TSH levels
were analyzed using radioimmunometric assays (IRMA) employing commercial kits (IM3712
from Immunotech Inc, Beckman Coulter, France; A85726 from Cis Bio Bioassays. France).
Serum concentrations of FT4 and T3 were determined using radioimmunoassay (RIA) kits
(IM1363 and IM3321 for FT4 and A56719 for TPO-Ab assays, respectively, from
Immunotech Inc, Beckman Coulter. France). Serum concentrations of FSH and LH were

assessed using a Rat/mouse ELISA Kit (Cosmo Bio Co. Ltd.. Japan).
2.4. Molecular Docking Study

Five compounds were identified using UPLC and presented in Table 6 to study their
potential behavior against thyroid peroxidase receptors; this might give an insight into the

main compound that has the desired effect on the biological activity studied.

Using AutoDock tools 1.5.6 (Bullock et al., 2010). the targeted receptor (PDB ID: 5FF1.
resolution: 1.97 A°) is prepared by removing water molecules and heat atoms. Adding polar
hydrogen only. and adding the Kollman charges. Further, the grid box center was set to 4.147
x 4.077 x 34.338 for x. y, and z, in order, with default grid size and spacing of 0.375 A. LGA
algorithm was chosen for calculations; the number of runs was 40, and the initial population
was set to 150 individuals; all other parameters were set to default. The outcomes are
compared regarding the binding affinity score for best-docked conformation to investigate the
activity regarding binding affinity (Kcal/mol). The chosen compounds were based on the
majority concentration in the plant extraction. 2.3-Butanediol, 3-Sitosterol, $-Pinene. a-
Curcumene, and Arteannuin B were downloaded from the PubChem database
(https://pubchem.ncbi.nim.nih.gov/ ) in sdf format with CIDs: 262. 222284, 14896, 442360,
6543478, respectively. Then, it was transformed to pdb format using Discovery Studio V
2021 (BIOVIA 2021). The docking interactions were analyzed and visualized in 2D and 3D
according to the least binding affinity.

2.4.1. Drug likeness of ligands and pharmacological studies

Specific properties should be considered when it comes to drug discovery. The Lipinski

rules of five are essential to predict active compounds, as shown in Table 2. According to
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Lipinski's rules, several properties must be considered before conducting a molecular
investigation. The studded compounds should have a molecular weight of <500 Da. Log-P
value <5, donor hydrogen bond <5, Acceptor hydrogen bonds <10, and molar refractivity
between 40-130. The significant features of novel drugs are ADME (Absorption. Distribution.
Metabolism. and Excretion). The pharmacological properties of the drugs were evaluated

using the SwissADME online web server (http://www.swissadme.ch/) as the physicochemical

and pharmacokinetic ProTox-1I server was employed to examine the toxicological traits.
2.4.2. Ligands and receptors selection

Seven bioactive compounds identified in the essential oil of A. campestris were selected
for in silico studies based on their high concentration content, as determined by GC-MS

analysis, The compounds were retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov/).

The X-ray crystal structures of four target proteins—Insulin-like Growth Factor 1 Receptor
(IGF1. PDB ID: 3181). Mitogen-Activated Protein Kinase Kinase 1 (MEK1. PDB ID: 3SLS).
Phosphoinositide 3-Kinase Gamma (PI3K. PDB ID: 5JHB). and Janus Kinase 1 (JAK1. PDB
ID: 6SM8)—were obtained from the Protein Data Bank.

2.4.3. Ligands preparation

The selected compounds—Linalyl acetate (CID: 8294). 3-cyclopentyl-N-(2-(3.4-
dimethoxyphenyl)ethyl)propanamide  (CID: 918363), Cyclohexanol, 1-methyl-4-(1-
methylethyl)- 1-acetate (CID: 117304), Geranyl acetate (CID: 1549026), Isoeugenyl acetate
(CID: 1715136). Lavandulyl acetate (CID: 14268092), and Eucalyptol (CID: 2758)—were
downloaded from PubChem in SDF format. The SDF files were converted to PDB format
using Discovery Studio V2021 (Trott and Olson 2010); for docking studies. The biomolecules
were saved in pdbgt format using AutoDock Tools (V1.5.6) (BIOVIA 2021).

2.4.4. Insilico study of pancreatic cancer

After water and hetatm were removed from the receptor’s structure, the protein structures
were saved in pdbgt format, Co-crystallized ligands of selected targets for pancreatic cancer.
PDB IDs are BMS-754807, UCB1353770, PIKin3, and AZD4205 for IGF1 (Figure. 4. A),
MEKZ1 (Figure. 4. B), PI3K (Figure. 4. C) and JAK1 (Figure. 4. D), respectively, were
extracted from the receptor crystal structure and saved as pdbqt format using Auto Dock

Tools for further process.
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To evaluate the quality of the docking protocol, the extracted co-crystallized ligand, using
Auto Dock Tools. from the crystallographic structure of the protein, were re-docked using
AutoDock Vina packages (Trott and Olson 2010). and their Root Mean Square Deviation
(RMSD) values were retrieved. An RMSD value cut-off is less than 2 A° compared to the
crystallographic form of the ligand (Adeniji, Arthur, and Oluwaseye 2020). is considered a
good prediction for computed ligand-protein confirmation. The docking output files were
generated to analyze further the interactions between the biomolecules and the amino acids of
protein in the active site. and 2D and 3D views were obtained using Discovery Studio
Visualizer (Vianna and de Azevedo 2012).
2.5. Statistical analysis
The results are presented as mean + standard error of the mean (Mean * SE). The statistical
package for social sciences (SPSS), version 22. was used to compare the means of the various
groups. One-way ANOVA and Duncan's multiple range test (DMRT) at p=0.05 were used to
calculate significant differences between means. At p<0.05. differences were deemed
significant.

v' Significant (* or a P <0.05).

v’ Highly significant compared with the control (** or b P < 0.01).

v Very highly significant compared with the control (*** or ¢ P < 0.001).

39



CHAPTER II
Results and Discussion



CHAPTER I1: Results and Discussion

1. Optimizing Extraction Yield

Paying attention to the methodological approach, optimizing the hydro-distillation extraction
protocol of Artemisia Campestris L. leaves was conducted using Design Expert 12 software,
employing Response Surface Methodology (RSM) along with the Box-Behnken Design
(BBD). These approaches systematically evaluated the influence of three key parameters:
extraction time, extractor power, and the plant-to-water ratio (g/mL). The use of RSM and
BBD ensured a structured and scientific framework, helping to capture the interactions
between the variables while minimizing the number of experimental runs. The objective was
to identify optimal conditions that maximize extraction efficiency, demonstrating a rigorous

and methodological approach to improving the extraction protocol.
The yield of the plant in essential oil can be determined by calculating the following ratio:
Rdt (%) = P1/ P2 x 100

P1: weight of the essential oil obtained.
P2: weight of the initial plant material.
The yield is 22.22 percent.

2. Determination of the total polyphenols and flavonoids

Researchers have recently been interested in the pharmacological characteristics of
therapeutic plants (antioxidants and anti-inflammatories); these plants are considered
significant because they contain secondary metabolites. Table 1 shows the polyphenol,
flavonoid, and tannin contents of the Artemisia campestris aqueous extract. Aqueous extracts
have a significant polyphenol concentration. Djeridane et al., (2006) discovered that the A.
campestris extract had more total phenolic components than flavonoids and tannins. This

investigation found that the aqueous extract had a significant flavonoid content.

Table 1. Total phenolic and flavonoid in A. campestris extracts’ aqueous extract.

Concentration

Polyphenols content 88.89+11 mg GAE/g Ext
Flavonoids content 19.72+05 mg QE/g Ext
Condensed tannins 5.19 £ 02 mg CTE/g Ex

GAE: Gallic acid equivalent
QE: Quercetin equivalent
CTE :Catechin equivalent

2.1.UPLC composition analysis of leaf extract
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Table 2 showcases the secondary metabolites identified from the UPLC analysis of the A.
campestris leaf extract. A total of 26 secondary metabolites were detected, highlighting the
diversity of bioactive compounds present in the plant. These compounds belong to different
classes, including phenolic acids, flavonoids, and terpenoids; Each playing a potential role in
the biological activities of the extract. The compounds range from well-known substances
such as artemisinin, scopoletin, and PBsitosterol to various caffeoylquinic acid derivatives and
flavonoids like quercetin and rutin. Among these. B-sitosterol was found in the highest
concentration at 15.7 U/ug. followed by arteannuin B (3.1 U/ug) and scopoletin (1.2 U/ug).
This suggests that sterols, sesquiterpenes, and phenolic acids are prominent extract
components. Figure 1 presents the molecular structures of essential polyphenolic compounds
identified, such as quercetin, chlorogenic acid, rutin, and various caffeoylquinic acid
derivatives. These polyphenols are recognized for their antioxidant properties, contributing to
the potential therapeutic uses of the leaf extract. The data from UPLC confirms the presence
of a rich phytochemical profile in A. campestris, with various compounds exhibiting a wide
range of biological activities that could be explored for pharmacological applications. UPLC
was used to identify secondary metabolites in the leaf. This revealed the presence of a total of

26 secondary metabolites belonging to different classes.

Table 2. UPLC was used to identify secondary metabolites in the leaf. This revealed the
presence of a total of 26 secondary metabolites belonging to different classes.

Artemisinin 0.60 2.20

Scopoletin 1.20 5.57

Arteannuin B 3.10 2.5
5-O-((E)-Caffeoyl)quinic acid 0.61 4.18
Quinic acid 0.40 0.81
1.3-Di-O-caffeoylquinic acid 0.90 8.93
3.5-Di-O-caffeoylquinic acid 0.04 6.87
3.4-Di-O-caffeoylquinic acid 0.01 6.69
Methyl-3.4-di-O-caffeoylquinic acid 0.77 12.57
Chlorogenic acid 0.03 3.85
3.6’-O-diferuloylsucrose 0.05 16.74
Gallic acid 0.33 0.63
5'-B-D-glucopyranosyloxyjasmonic acid 0.08 19.74
Jasmonic acid 0.01 2.50
Chrysosplenol D 0.04 3.07
Artemisinic acid 0.004 9.20
Deoxy-artemisinin 0.032 9.47
Artemetin 0.01 4.76
P-hydroxybenzoic acid 0.01 5.45
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Nicotinic acid 0.04 2.98

Salicylic acid 0.06 13.31

B-sitosterol 15.7 2.90
Quercetagetin-6.7.3".4'-tetramethy! ether 0.22 14.87
Rutin 0.36 13.11

Quercetin 0.15 20.7

t-cinnamic acid 0.21 14.50

3. Anti-oxidant activity
3.1.DPPH° scavenging test

The ICs value is inversely related to a compound's antioxidant activity, meaning that a
lower IC50 indicates a more remarkable ability to scavenge free radicals. According to our
findings, the leaf extract demonstrates significant anti-free radical activity (IC50 = 4.34 + 0.02
pg/ml), notably superior to the reference antioxidant BHA (IC50 = 5.73 0.41 pg/ml). notably
superior to the reference antioxidant BHA (ICso = 5.73 £ 0.41 pg/ml).
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3.2.Reducing power test

In the FRAP test, ferric iron is reduced to ferrous iron. forming a chromogenic complex in
the presence of reductive agents and the potassium ferrocyanide complex (Kalita et al., 2013).
Our findings revealed that aqueous extract possesses a significant capacity for iron reduction.
Specifically, the aqueous extract demonstrated an average reducing power of 6.19 + 0.43
pg/ml, which is lower than the 21.68 + 0.51 pg/ml reported in a recent study (Trifan et al.,
2022). it still shows a more robust iron-reducing capability than BHA, which exhibited an
average reducing ability of 8.41 + 0.67 pg/ml.

3.3. p-carotene bleaching assay

Several writers state that the test of inhibiting linoleic acid oxidation connected to f-
carotene appears to be a beneficial mimetic model of lipid peroxidation in biological
membranes (Tepe et al., 2005). In the S-carotene/linoleic acid assay, the aqueous extract of A.
campestris inhibited linoleic acid peroxidation strongly with 3.27 (ug/mL). These results were
comparable to the standard, BHA 0.90 £ 0.02 (ug/mL) (Table 3).

Table 3. Antioxidant activity of A. campestris extracts. DPPH® activity. FRAP activity. and
[-carotene activity.

1Cso (Hg/mL)
Assay DPPH® Reducing Power (FRAP)  pg-Carotene
Plant extract  4.34 +0.02 6.19+0.43 3.27 £ 0.03
BHA 5.73+0.41 8.41 +0.67 0.90 + 0.02

3.4.Antioxidant activity of essential oil

The antioxidant potential of ACEO was evaluated using three well-established methods:
DPPH°®, B-carotene bleaching, and FRAP assays. ACEO exhibited notable antioxidant
activity, achieving values of 11.09 pg/mL in the DPPH° assay and 22.70 pg/mL in the -
carotene assay, which reflects its robust free radical scavenging properties, as illustrated in
Figure. 3. Additionally, the FRAP assay demonstrated a ferric ion reduction potential of 15.81
pg/mL, further emphasizing the compound's capacity as a potent antioxidant. For comparison,
the FRAP value reported by Djeridane et al., (2006) was 871.28 + 49.96 ug/mL, while the B-
carotene assay value was 26.58 + 3.34 pg/mL, underscoring the lower activity of ACEO
relative to previously reported values. In the study by Bendifallah (Bendifallah and Merah
2023), the essential oil from A. campestris demonstrated an impressive ECsy value of 2.55
pug/ml, This indicates a robust capacity to scavenge DPPH° radicals, suggesting a strong

antioxidant potential. The authors attributed this high activity primarily to hydrocarbon
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monoterpenes, which comprise about 40.76% of the oil. Among these, compounds like o-

pinene and B-pinene are noted for their significant antiradical effects.

In contrast, the essential oil of our study reported a DPPH°® value of 11.09 pg/mL, which is
considerably higher than the ICsy value observed for the previous study (Bendifallah and
Merah 2023). This difference suggests that our essential oil may have a lower radical
scavenging capacity. Several factors may contribute to this discrepancy. First, the specific
monoterpene profile and overall composition of essential oils can vary, influencing their
radical-scavenging abilities. Additionally, differences in extraction techniques can affect both
the yield and quality of essential oil components, which subsequently impacts their
antioxidant potential. Finally, variations in plant source, environmental conditions, and
harvesting times can lead to differences in phytochemical content. Together, these elements
play a significant role in the observed differences in antioxidant activity.

TABLE 4. COMPARATIVE ANTIOXIDANT ACTIVITIES OF A. CAMPESTRIS ESSENTIAL OIL AND BHA.

Assay DPPH?° Reducing Power (FRAP) p-Carotene
Plant EO 12 £0.02 17.5+0.43 23+0.03
BHA 5.73+0.41 8.41+0.67 0.90 + 0.02
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Figure 3. Structure of some polyphenolic compounds identified in extracts from A.
campestris.

3.5. Gas Chromatography-Mass Spectrometry of Essential Oil

The chemical composition of A. campestris essential oil was analyzed using gas
chromatography-mass spectrometry (GC-MS), with detailed results provided in Table 4 that
revealed the presence of 62 compounds, Collectively constituting 10.02% of the overall
chemical composition of A. campestris essential oil. Among these compounds, the major
constituents included linalyl acetate (2.92%), geranyl acetate (2.45%), cyclononasiloxane

(2.37%), cyclohexanol (1.76%), and eucalyptol (1.38%). Notably, levomenol (1.01%) was
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also a significant component. These compounds were categorized into different classes, with
monoterpenic hydrocarbons comprising the dominant class at 40.85%, followed by
sesquiterpene hydrocarbons at 27.40%, monoterpene alcohols at 0.76%, and a minor presence
of monoterpene aldehydes at 0.15%. Furthermore, as identified through ultra-performance
liquid chromatography (UPLC), Table 5 elucidates the presence of various secondary
metabolites in the ACEO, This analysis compares the differences in bioactive compounds
detected by UPLC and GC-MS, Notable compounds identified in the essential oil include -
sitosterol (14.3 pg/ml), arteannuin B (12.6 pg/ml), scopoletin (8.22 pg/ml), artemisinin (6.13
pg/g), rutin (5.8 pg/ml), 1.3-di-O-caffeoylquinic acid (4.3 pg/g), gallic acid (4.2 pg/ml) and t-
cinnamic acid (3.5 pg/g). These findings provide insights into the diverse secondary
metabolites in A. campestris, shedding light on its potential pharmacological properties and

therapeutic applications.
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Table 5. GCMS identification of secondary metabolites in the leaf.

Linalyl acetate

Cyclohexanol. 1-methyl-4-(1-methylethenyl)-. acetate

3-Cyclopentylpropionamide. N-(3.4-dimethoxyphenethyl)-

Geranyl acetate

Butanoic acid. hexyl ester

Phenol. 2-methoxy-4-(2-propenyl)-. acetate
4-Hexen-1-ol. 5-methyl-2-(1-methylethenyl)-. (R)-
Hexyl tiglate

Acetic acid. hexyl ester

Geranyl acetate

Eucalyptol

cis-p-Farnesene

3-Allyl-6-methoxyphenol

4-Hexen-1-ol. 5-methyl-2-(1-methylethenyl)-. acetate
1.3.7-Nonatriene-1.1-dicarbonitrile. 4.8-dimethyl-. (E)-
N.N.O-Triacetylhydroxylamine

Phenol. 2-methoxy-3-(2-propenyl)-

Butanoic acid. 2-methyl-. hexyl ester
1.3.7-Octatriene. 3.7-dimethyl-
Bicyclo[3.1.1]hept-2-ene. 3.6.6-trimethyl-
3.5-Heptadien-2-ol. 2.6-dimethyl-
14-Hydroxycaryophyllene

2-Butanone. 3-chloro-
Bicyclo[3.1.1]hept-2-ene. 3.6.6-trimethyl-
Bi-2-cyclohexen-1-yl

Cyclooctasiloxane. hexadecamethyl-
Eucalyptol

Camphor

Humulene

3-Octanol. acetate

Methyl Alcohol

Propyl pyruvate

2.6-Octadien-1-ol. 3.7-dimethyl-. acetate. (Z)-
(E)-B-Farnesene

Cyclononasiloxane. octadecamethyl-
trans-a-Bergamotene

Linalool

p-Cymen-7-ol

Fluorene. 9-benzenesulfonyl-
1.6-Octadien-3-ol. 3.7-dimethyl-. formate
Lavandulyl butyrate

Acetic acid. octyl ester

Thymol
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C12H200;
C12H200;
CigH27NO3
C12H200;
Ci10H2002
C12H1403
CioH10
C11H200,
CgH1602
C12H200;
C1oH180
C15H24
Ci0H120,
C12H200,
Ci3Hi6N>
CsHoNO,
Ci0H120,
C11H20,
CioH16
CioHe
CoH160
Ci5H240
C,H;ClO
CioHe
CioHig
C16H406Sig
C1oH180
Ci1oH160
CisHo
Ci10H2002
CH,0
CsH1003
C12H200,
ClSH24
C18H5404Sig
ClSH24
CioH10
ClOH 140
C1oH140,S
CllH 1802
C14H240,
Ci10H2002
CyoH140

814.602
752.824
1035.62
835.326
742.817
897.426
729.282
867.324
742.681
834.398
577.6
977.222
905.681
915.928
576.563
885.154
906.384
782.351
589.413
578.53
767.216
1092.73
551.249
578.692
927.63
1139.79
577.885
717.584
085.881
686.729
892.593
916.989
904.371
980.42
1356.82
964.645
658.179
840.636
1034.17
800.095
946.754
758.145
843.807

42.98
93.09
164.14
69.03
43.07
164.11
69.04
101.07
56.05
69.05
42.99
93.04
163.96

69.06
43.03
164.22
103.05
93.05
93.09
91.03
41.03
43.09
93.07
81.04
73.02
55.02
95.06
93.04
43.02
31.98
43.03
69.03
69.05
73.02
93.04
40.98
135.05
165.04
92.95
69.05
43.01
135.05

2.923
1.766
1.705
1.448
1.439
1.39

1.336
1.325
1.11

1.004
0.955
0.791
0.772
0.765
0.734
0.715
0.646
0.623
0.575
0.56

0.539
0.507
0.491
0.491
0.475
0.466
0.43

0.426
0.413
0.406
0.397
0.397
0.326
0.295
0.279
0.273
0.268
0.268
0.268
0.259
0.245
0.244
0.233
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Camphor CyoH160 716.599 95.13 0.196
3-Allyl-6-methoxyphenol C1oH1,0, 903.175 149.07 0.191
Hexanoic acid. hexyl ester CoH»0, 917.273 117.06 0.182
2.6-Octadien-1-ol. 3.7-dimethyl- CyoH130 816.08 69 0.173
3-Allyl-6-methoxyphenol C1oH10, 906.764 164.11 0.173
Naphthalene. 1.2.3.4-tetrahydro-1.6-dimethyl-4-(1-methylethyl)-. (1S- CisHy 1039.48 159.08 0.172
cis)-

Trimethoquinol C1gH,3NOs 906.878 164.07 0.154
a-Thujenal C1oH10 757.304  79.03 0.138
2-Furanmethanol. tetrahydro-a.a.5-trimethyl-5-(4-methyl-3-cyclohexen-  CisH,60, 1142.13 43.01 0.129
1-yI)-. [2S-[20.5B(R*)]]-

1H-Inden-2-ol. 2.3-dihydro-1-methoxy- C1oH1,0, 897.88 121.03 0.121
Naphthalene. 1.2.3.5.6.8a-hexahydro-4.7-dimethyl-1-(1-methylethyl)-. CisHay 1038.46 161.1 0.12
(1S-cis)-

Hotrienol C1oH160 684.085 71.02 0.115
Linalool CyoH10 682.753  70.96 0.106
0-Cymene CioHus 566.926 119.06 0.101
Bornyl isovalerate C15H560, 1025.58 57.05 0.1
Linalool Cy1oH130 683.528 55 0.095
Eucalyptol CyoH3s0 568.335 43.02 0.032
p-Cymene CioH1a 875.475 119.06 0.017

The essential oil composition of A. campestris varies significantly across different

geographic regions. as demonstrated by studies from El

Mergueb, Djebel Amour

(BAKCHICHE et al., 2022) and Beni-Khedache (Akrout et al., 2011). In these locations, -
pinene emerged as the main constituent, with proportions of 15.33%, 25.6%, and 45.8%,
respectively. In contrast, the sample from Boussaadda exhibited a markedly lower B-pinene
content of only 1.8%; Additionally, while all four samples contained notable amounts of
limonene and y-terpinene, these compounds were in lower concentrations in the Boussadda
sample (Belhattab et al., 2011). Notably, the absence of spathulenol and B-Endemol in the
Boussaada sample contrasts with their appreciable levels in the EI Mergueb and Djebel
Amour samples. Interestingly, compounds such as germacrene D and ledeneoxide were
identified in the Boussaada sample at 6.15% and 2.42%, respectively. while these compounds
were absent in the Djebel Amour sample. This variability in chemical composition across
regions underscores the influence of local environmental factors. In Poland. Lis and Kowal
(Lis and Kowal 2015) reported that A. campestris primarily contains germacrene D, -
caryophyllene, y-humulene, and (Z)-falcarinol. This further emphasizes that the monoterpene
fraction predominates in this species. The observed chemical variability of A. campestris

essential oil across Europe, Africa, and Asia can be attributed to seasonal, climatic, and
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geographical conditions (Benamar-Aissa et al., 2024). Factors influencing this variability
include exogenous elements such as sunlight, soil composition, temperature, altitude, and
endogenous genetic factors (Barragan-Ferrer et al., 2019). These parameters impact essential
oils' quality and chemical composition (Mansinhos et al., 2024). In contrast, our analysis of
the essential oil from A. campestris reveals the presence of distinct compounds, including
linalyl acetate, Cyclohexanol, 1-methyl-4-(1-methyl phenyl)-acetate, 3-cyclopentyl
propionamide, and N-(3.4-dimethoxyphenethyl)-geranyl acetate. The presence of these
constituents suggests a unique chemical profile that may differ significantly from those
reported in other studies. This highlights the importance of considering regional influences on

essential oil composition and the potential for distinct chemotypes within the species.

Table 6. UPLC was used to identify secondary metabolites in ACEO.

Compounds Concentration U/ml
Artemisinin 6,13
Scopoletin 8,22
Arteannuin B 12,6
5-0-((E)-caffeoyl)quinic acid 3.1
Quinic acid 1,8
1,3-di-O-caffeoylquinic acid 4,3
3,5-di-O-caffeoylquinic acid 0,16
3,4-di-O-caffeoylquinic acid 0,21
Methyl-3,4-di-O-Caffeoylquinic 3,22
acid

Chlorogenic acid 0,56
3,6'-O-diferuloylsucrose 11
Gallic acid 4,2
5'-B-d- 1,6
Glucopyranosyloxyjasmonic acid
Jasmonic acid 0,22
Chrysosplenol D 0,78
Artemisinic acid 1,43
Deoxy-artemisinin 2,01
Artemetin 0,23
p-hydroxybenzoic acid 0,18
Nicotinic acid 2,7
Salicylic acid 1,3
B-sitosterol 14,3
Quercetagetin-6,7,3',4'- 2,6
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Tetramethyl ether

Rutin 5,8
Quercetin 1,7
t-cinnamic acid 3,5

4. Anti-inflammatory activity

4.1. Anti-inflammatory activity of agueous extract

In the egg albumin denaturation assay, A. campestris demonstrates significant anti-
inflammatory effects with an 1C50 value of 123.25 (figure 5). Protein denaturation involves a
complex mechanism that includes alterations in electrostatic hydrogen bonds, hydrophobic
interactions, and disulfide bonding (Amaya-Farfan et al., 2021). This process produces
autoantigens associated with inflammatory conditions such as rheumatic arthritis, cancer, and
diabetes (Dharmadeva et al., 2018). Inhibition of protein denaturation can attenuate
inflammatory activity (Dharmadeva et al., 2018). This study investigates the anti-
inflammatory potential of A. campestris, supporting its traditional use in treating painful and
inflammatory conditions. Phytochemical analysis of the plant revealed the presence of
biologically active compounds such as flavonoids, tannins, phenolic compounds, and
phytosterols, suggesting that one or a combination of these constituents may contribute to its
analgesic and anti-inflammatory effects (Dharmadeva et al., 2018). Denaturation of protein
causes auto-antigens production in conditions such as rheumatic arthritis, cancer, and
diabetes, which are inflammation conditions, as mentioned above. Hence, by inhibiting
protein denaturation, inflammatory activity can also be inhibited (Mandal et al., 2000). The
egg albumin method provides a cheap alternative method of testing the anti-inflammatory
activity of herbal medicine using the denaturation technique, and this method should be

validated by conducting further studies.
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Figure 4. Effect of A. campestris extracts on protein denaturation (albumin).
4.2. Anti-inflammatory activity of essential oil

According to the results of protein denaturation (Figure 6) the ACEO shows promising
anti-denaturation activity with 1Csy = 16.12 pg/ml. Protein denaturation is when proteins lose
their tertiary and secondary structures due to external stressors such as strong acids, bases,
concentrated salts, organic solvents, or heat (Amaya-Farfan et al., 2021). This loss of
structure leads to a loss of function and is a well-documented cause of inflammation,
contributing to various inflammatory diseases. The denaturation process involves disrupting
electrostatic interactions, hydrogen bonds, hydrophobic interactions, and disulfide bridges that
maintain the protein's three-dimensional structure (Akbarian and Chen 2022). This study
suggests that the anti-denaturing activity of the ACEO may be due to interactions between
extract components and specific sites on proteins, particularly those rich in amino acids like
tyrosine, threonine, and lysine. These amino acids play crucial roles in maintaining protein
structure through their involvement in hydrogen bonding, hydrophobic interactions, and
electrostatic interactions. Stabilizing these bonds, the ACEO components prevents protein
from unfolding under stress. This stabilization can reduce inflammation, as denatured proteins
can trigger inflammatory responses. Therefore, the anti-denaturing properties of these ACEO
have significant implications for treating inflammatory diseases. highlighting their potential
as therapeutic agents (Fathima et al., 2024). The anti-denaturing activity of our extracts may

be due to the interaction of specific components with two sites (present in certain proteins
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such as albumin) of bonds rich in tyrosine. threonine. and lysine (Yahia, Benhouda, and
Takellalet 2023).
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Figure 5. Anti-inflammatory activity of A. campestris essential oil.
5. a-amylase inhibition

Figure 7 summarizes the leaf extract's in vitro antidiabetic evaluation (a-amylase) from A.
campestris. The antidiabetic review resulted in the inhibition of a-amylase activity. In vitro,
antidiabetic data of the leaf extract of A. campestris have indicated a-amylase inhibitory
activity. with an 1Cso value of 2.42 + 0.71 pg/mL, exhibited moderate inhibition, as
determined by the sample’s classification based on ICsy. An aqueous extract of A. campestris
is an inhibitor of a-amylase and can treat type Il diabetes mellitus, as indicated by the higher
than 50% inhibition of a-amylase. Because a-amylase activity in the small intestine correlates
with higher postprandial glucose levels (Zinjarde, Bhargava, and Kumar 2011). inhibiting it is
crucial in treating type Il diabetes mellitus, a-amylase inhibitors work by preventing
carbohydrates' breakdown, making them valuable tools for reducing postprandial
hyperglycemia (Wu and Xu 2014). Therefore, non-insulin-dependent diabetes mellitus
reduces glucose metabolism without encouraging insulin secretion (Vazquez-Armenta, Cruz-
Valenzuela, and Ayala-Zavala 2016). Suppose a diabetic patient has to maintain a healthy
blood glucose level while using an oral antidiabetic medication. This plant may also be
helpful (Dib and El Alaoui-Faris 2019); The extract from A. campestris may include
flavonoids, which might explain this (Table 1). According to reports, flavonoids can block a-
amylase and their mode of action is comparable to that of acarbose (Lo Piparo et al., 2008).

According to reports, flavonoids are now regarded as the preferred medications due to their
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ability to treat PCOS-related hyperlipidemia, hyperglycemia, oxidative stress, and
hyperandrogenism (Jahan et al., 2016).

Compared with the findings from the study on A. absinthium and our results on the leaf
extract of A. campestris, both plant extracts demonstrate significant inhibitory effects on
pancreatic a-amylase activity. The study on A. absinthium reported an 1C50 value of 0.68 +
0.01 mg/mL, indicating a notable level of efficacy in inhibiting the enzyme. In contrast, the
leaf extract of A. campestris exhibited a higher IC50 value of 2.42 + 0.71 pg/mL, suggesting
weaker inhibitory activity compared to A. absinthium.

The more potent activity of A. absinthium may be linked to its specific phytochemical
profile, potentially containing higher concentrations of active compounds that effectively
inhibit a-amylase. This finding aligns with the growing interest in discovering new pancreatic
a-amylase and intestinal a-glucosidase inhibitors from natural sources, particularly due to

many current hyperglycemic medications' side effects and toxicity (Daoudi et al., 2020).

Research has increasingly focused on plants that exhibit hypoglycemic effects with minimal
or no side effects. Numerous plant species have been evaluated for their enzyme-inhibitory
properties as part of diabetes management strategies (Hbika et al., 2022); while A. campestris
showed a higher IC50 value, its traditional uses, and potential bioactive compounds warrant

further investigation.
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Figure 6. The inhibition of a-amylase by aqueous extracts of A. campestris.
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TABLE 7. POLYPHENOLS BIND TO ANDROGEN AND ESTROGEN RECEPTORS.

Compound Detail Cell lines/model Dose Application Ref
Quercetin decreased 3p-HSD and/or  Letrozole-induced 25 mg/kg In vivo (Hong et al. 2018)
17B-HSD. the PCOS rats’ model
steroidogenic enzyme.
activity
Quercetin Suppressed the PI3K Testosterone 150 mg/kg In vivo (Shah and Patel
pathway to reduce the propionateinduced 2016)
CYP17; Cypl7al gene PCOS rats” mode
expression.
Quercetin increased the SOD. CAT.  Menopausal female  12.5, 25, 50 In vivo (Wang et al. 2018)
GPX. GST. GSH. and GR Sprague-Dawley mg/kg
levels. (SD) rats
Rutin increased GLUT4 Letrozole-induced 100. 150 In vivo (Jahan et al. 2016)
expression and improved PCOS rats” model mg/kg
insulin-dependent
receptor kinase activity
Rutin BAT activation increases DHEA-induced 100 mg/kg In vivo (Hu et al. 2017)
UCP1 expression and PCOS rats’ model
upregulates adiponectin
expression.
Rutin decreased LH and 50-DHT-induced 150. 300 In vivo (Gao et al. 2020)
testosterone output. as PCOS rats” model mg/kg

well as GnRH expression

(intraperiton
eal
injection)

6. Guaiacol peroxidase activity

Plants have evolved sophisticated antioxidant mechanisms that mitigate oxidative damage
during periods of mild stress and typical development. These mechanisms are crucial for
maintaining cellular integrity and overall plant health, mediated through enzymatic and non-
enzymatic pathways. Enzymatic antioxidants, such as Superoxide Dismutase (SOD), Catalase
(CAT), and Guaiacol Peroxidase (GPX), play significant roles (Gao et al., 2020). SOD
catalyzes the dismutation of superoxide radicals into oxygen and hydrogen peroxide,
preventing cellular damage. CAT converts hydrogen peroxide into water and oxygen,
avoiding its harmful accumulation (Sipka et al., 2024). GPX uses guaiacol as a substrate to
reduce hydrogen peroxide and organic hydroperoxides to their corresponding alcohols,
detoxifying peroxides and protecting cellular components from oxidative damage; in addition
to these enzymes, plants use non-enzymatic antioxidants like vitamins, flavonoids, and
phenolic compounds, which directly scavenge reactive oxygen species (ROS), chelate metal
ions, and regenerate oxidized enzymatic antioxidants. Plants often face environmental

stressors such as air pollution, dehydration, and temperature fluctuations, which enhance ROS

56



CHAPTER I1: Results and Discussion

production and necessitate a robust antioxidant response (Hadadi, Nematzadeh, and Ghahari
2020). The presence and activity levels of antioxidant enzymes like GPX indicate how well a
plant manages oxidative stress. This study assessed GPX activity and found significant
activity in ACEQO, as shown in Figure. 8. indicating that this species effectively detoxifies
peroxides and protects itself from oxidative stress. This significant GPX activity underscores
its importance in the plant's antioxidant strategy, highlighting the adaptive mechanisms that
enable plants to survive and thrive under varying stress conditions. Thus, the enzymatic
antioxidant defense system., including enzymes such as SOD, CAT and GPX, is essential for
plants to cope with oxidative stress induced by environmental factors (FEKETE et al., 2024).
The activity of GPX was assessed In this study, The outcomes are shown in Figure. 8 And
Figure. 9 As demonstrated. The guaiacol peroxidase activity assay revealed significant

activity in Artemisia campestris presence.
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Figure 7. The inhibition of Guaiacol peroxidase by aqueous extracts of A. campestris
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Figure 8. Peroxidase activity activity of Artemisia campestris essential oil.

7. Invivo assays
7.1. PCOS assay

7.1.1. Hormonal analysis

Hormonal observations revealed that LH levels were elevated in the PCOS group, whereas
FSH levels were diminished compared to the control group Upon administering varying doses
of A. campestris over a period of 15 days, compared to the PCOS control group, the injection
of A. campestris extract significantly raised FSH levels and significantly decreased LH levels

in all three experimental groups (Table 7).

Table 8. A comparison of the rats' mean levels of FSH and LH in the experimental. PCOS.
and control groups.

LH 0.23+0.03 0.34+0.03*** 0.21+0.02""
FSH 0.18+0.04 0.13+0.03** 0.14+0.05*

***p<(0.001; **P<0.01; *P<0.05.
7.1.2. Histomorphometric findings

The PCOS control group displayed a higher incidence of cystic follicles characterized by a
thin granular layer and a thick theca. Additionally, a reduced number of corpus luteum was
evident. indicating that the administration of estradiol valerate induced polycystic ovaries,
resulting in diminished ovulation and fewer active follicles (Figure. 10). Morphological
assessments of the treatment cohorts demonstrated that the administration of aqueous A.

campestris extract over 15 days resulted in an augmentation of follicle numbers across various
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stages. Moreover, it increased corpus luteum count while reducing the occurrence of cystic
follicles (Figure. 10). Injection of A. campestris extract displayed significant alterations in
ovarian tissues compared to the control group, with a notable reduction in cystic follicles.
Conversely, in the experimental groups receiving the extract, there was a significant increase
in the quantity of these follicles, while cystic follicles became far less common. It is
noteworthy that escalating doses of A. campestris extract would likely amplify these observed
changes (Table 7). PCOS induction was expected to result in elevated LH levels and reduced
FSH levels. Histomorphometric analysis revealed a decrease in cystic follicles and an increase

in primordial, primary, pre-antral, and antral follicles, as well as corpus luteum.

FIGURE 9. (A) HISTOLOGICAL ANALYSIS OF NORMAL RATS. (B) RATS WITH PCOS; (C) RATS
WITH PCOS TREATED A. CAMPESTRIS EXTRACT.

A recent study revealed that following PCOS induction. the experimental group's follicle
growth and development declined compared to the control group (Ghafurniyan et al. 2015).

These outcomes agree with the current study's conclusions. Additionally, Calabro, Willerson,
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and Yeh (2003) have reported that rats develop PCOS, causing the ovaries to develop many
cysts. These cysts were shown to have originated from atretic follicles, which were
distinguished by the thickening of the theca cells’ outer layer and granulosa cell degeneration.
Notably, our work shows that A. campestris extract reduces the first measurement of the
follicular theca layer thickness in PCOS rats. Our reduction may be mediated by increased
lipolysis and decreased layer hypertrophy; this layer's production of androgens and steroids
may decline due to its decreased thickness. Furthermore, the study's results indicated an
increase in ovarian cysts and a reduction in the corpus luteum and follicle count. It has been
shown that A. campestris extract increases corpus luteum and follicle counts while lowering
the incidence of cystic follicles in the ovary. Changes in sex hormones, especially steroids, are
known to be associated with PCOS. However, because of the increased estrogen levels in the
polycystic group. Alterations in the sensitivity of the pituitary and hypothalamus were seen
(Vigorito et al., 2007); The results of the 15-day infusion of A. campestris extract on hormone
levels demonstrated a considerable reduction in luteinizing hormone levels. Consequently,
there were persistently high levels of LH and low amounts of FSH. Hormone secretion can be
regulated by consuming A. campestris. Additionally, it modifies the receptors for hormones
and lessens the negative effects of hormone imbalance. In addition to causing phasic LH
release, which induced ovulation and corpus luteum formation, high FSH levels in the normal
control samples also led to follicular expansion and development.
7.2. HPO assay
7.2.1. Hormonal analysis

The serum TSH level increased considerably (p < 0.05) in Lot Il. Conversely, the levels in
rats given LEV or A. campestris were almost normal (Figure. 11). Serum FT4 levels
dramatically decreased. Relative to those found in Lot I (control), Il (CBZ + A. campestris),
and IV (CBZ + LEV), with a significance level of (p < 0.05) in Lot Il (CBZ). On the other
hand. Lot IV (CBZ + LEV) did not exhibit a statistically significant increase in serum FT4
levels in contrast to Lot I (control) and 111 (CBZ + A. campestris; Figure. 10). In this study,
CBZ was used to induce hypothyroidism. It inhibited thyroid functions, decreased the serum
level of T4 and T3 and increased TSH hormone. Our result confirmed that CBZ could induce
hypothyroidism and this is compatible with what has been reported in other studies (Alkalby
and Alzerjawi 2013; Chaalal et al., 2014). CBZ inhibited thyro-peroxidase enzyme
reversibility; this enzyme is required for tyrosyl peroxidation during thyroid hormone
synthesis. Furthermore, carbimazole inhibited deiodinase, which converts T4 to T3 in the

peripheral tissues (Vagenakis and Braverman 1976). This study is the first to assess the
60



FT4 (pmol/l)

CHAPTER I1: Results and Discussion

efficacy of Artemisia campestris “Tuguft” (the common name in Algeria) aqueous extract in
treating animal hypothyroidism. The animals' thyroid hormone levels improved when A.
campestris extract (200 mg/kg) was administered to hypothyroid rats; most of the time, the
modifications resembled the standard controls. Serum levels of T4 considerably rose in the
groups treated with Tuguft extract, while they declined in the negative control group. The
hypothyroid group saw a considerable rise in TSH, a compensatory response to boost thyroid
hormone production and secretion. Compared to the negative control group, the group that
received Tuguft aqueous extract showed a substantial drop in TSH levels. Propylthiouracil
reduced follicular diameters and colloids and had a deleterious effect on thyroid tissue. as
demonstrated by Hwang et al. (Hwang et al., 2018). In CBZ-treated rats, administering a
polyherbal medication raised thyroid hormones in theblood and enhanced the
histopathological characteristics in the thyroid tissue (Hwang et al., 2018). It is possible, then,
that the tuguft extract shields the thyroid gland from CBZ's harmful effects. Sitosterol, a
principal compound in A. campestris, can potentially enhance the expression of the
sodium/iodide symporter (NIS) and promote iodide absorption in the thyroid gland (Figure
11). Additionally, it may influence the activity of the thyroperoxidase enzyme, a hypothesis
that will be further validated through docking studies.
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Figure 10. The mean expression levels of TSH and T4 in Lot I (control). Lot Il (CBZ). Lot Il
(CBZ + A. campestris). and Lot IV (CBZ + LEV). Values with letters (a) are considered
significantly different (p < 0.05). Many people sharing the same superscript letter exhibit no
significant differences in LEV. Lyvotyroxin. CBZ. carbimazole. TSH. and thyroid-stimulating
hormone.
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7.2.2. Histopathology and morphometry of thyroid tissue

The control rats' thyroid glands showed many follicles of different sizes closely packed
with a uniform acidophilic colloid; cuboidal follicular cells with rounded nuclei surrounded
the follicles (Figure 13. A). On the other hand, Lot Il's thyroid tissues showed a lack of
standard follicular architecture and either little or no colloids. Numerous follicular cells
exhibited enlargement and vacuolation, with some lacking nuclei. A dilated and desquamated
cell cluster in the lumen and clogged blood vessels were observed (Figure 13. B). Other
follicles in this lot showed destroyed architecture, several layers of follicular cells, and
clogged capillaries (Figure 13. B). Lot Ill's thyroid tissues showed a typical architecture, and
most of the follicles with acidophilic colloids were restored; the follicular cells had round to
oval nuclei (Figure 13. C). Most follicles in Group IV showed a minor improvement. A small
amount of congestion was seen in some follicles, which had inflated and vacuolated cells
partly filled with acidophilic colloids (Figure 13. D). Carbimazole is absorbed and then
changes into methimazole, the active form. Tyrosine residues on thyroglobulin are not
iodinated by the thyroid peroxidase enzyme when methimazole is present, reducing the
production of thyroid hormones T3 and T4 (Nayak and Burman, 2006), followed by an
increase in TSH; this hormone was recognized for its ability to stimulate hyperplasia and
hypertrophy of follicular cells in the thyroid gland, leading to the development of nodular
goiter (Fountoulakis, Philippou, and Tsatsoulis 2007; Zbucki et al., 2007). Furthermore, it
corroborated the findings of Haiying et al., (2006), who found that hypothyroid individuals
were recognized when their T3 and T4 biochemical parameters fell below normal ranges.
Their TSH levels rose above normal limits. Compared to control rats, A.campestris extract

reduces TSH while increasing T4 and T3 levels in hypothyroid rat models (Figure. 13).

The current work used histological analyses to identify CBZ-induced follicular epithelial
hyperplasia and hypertrophy, Due to hypertrophy induced by an elevation in TSH and the
formation of numerous layers of follicular cells, follicle height increases (Amra et al., 2022).
The increased TSH level in Lot Il may be attributed to dilated and blocked blood capillary
infiltration into the interfollicular tissues. This conclusion aligned with another research study
by Krohn et al., (2005), which showed that methimazole medication causes the gland to
vascularize. According to a recent study by Ibrahim et al., (2021), CBZ raises TSH levels
while lowering thyroid hormone levels; thyroid hormone levels in Lot Il of the current
research sharply decreased (Figure. 11). CBZ prevents Thyroglobulin’s tyrosine clumps from

being iodinated and coupled by the thyroid peroxidase enzyme. Levothyroxine and CBZ were
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utilized in combination treatment to lower TH levels (Siddiqui et al., 2015), This result aligns
with our findings. Lot Il had a much higher TSH level than Groups I, 111, and IV (Figure. 11).
Increased lysosomal activity in Lot Il follicular cells is a phagocytosis marker since specific

cells may have undergone degenerative changes (Scanlan et al., 2004), Lot 11l was believed to
have considerably better histology for this inquiry (Figure 11).
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Figure 11. The Mechanism of Beta-Sitosterol In The Treatment of Hypothyroidism.
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Figure 12. Microscopic views of thyroid histological lots in rats at varied magnifications
(Al. B1. C1. D1; 10x/ A2. B2. C2. D2; 40x/ A3. B3. C3. D3; 100x) across four distinct
groups: (A) Control. (B) Group Treated with CBZ. (C) Group treated with investigated plant.
and (D) Group Treated with Levothyrox®.

8. Molecular Docking:

Tested compound molecular weight <500 g/mol, the hydrogen bond donor (HBD) is not
more than five, and the hydrogen bond acceptor (HBA) is less than ten so that the drug can
penetrate the cell membrane to reach its target receptors. A molecular weight of less than 500
Da will diffuse to the cell membrane more easily than high ones (Lipinski et al., 1997).

Table 9. The conformability of compounds toward Lipinski's rules of five.

2.3-Butanediol 90.12 2 2 1.26 23.67
B-Sitosterol 414.71 1 1 4,79 133.23
B-Pinene 136.23 0 0 2.59 45.22
o-Curcumene 202.34 0 0 3.50 69.55
Arteannuin B 248.32 0 3 2.86 67.73

MW: molecular weight (g/mol).. HBD: hydrogen bond donor. HBA: hydrogen bond acceptor. Log-P:
partition coefficient.. MR: molar refractivity.

All targeted compounds agreed with Lipinski criteria. while alpha curcumin. beta-pinene.
and beta-sitosterol were evaluated by the MLOGP rule (>4.15). Otherwise, they show more

than two Lipinski criteria, considered high permeability (Choy and Prausnitz 2011).

Table 10. The acute toxicity prediction results of compounds.

2.3-Butanediol Inactive Inactive Inactive Inactive Inactive 3380 5
p-Sitosterol Inactive  Active Inactive Active Inactive 890 4
B-Pinene Inactive  Active Inactive Inactive Inactive 4700 5
a-Curcumene Inactive Inactive Inactive Inactive Inactive 2000 5
Arteannuin B Inactive Inactive Inactive Active Inactive 502 4

The first step in assessing molecules' toxicity is to predict their acute toxicity. Indeed, as
shown in Table 8, the hepatoxicity test of all compounds was predicted to be nontoxic to the
liver; they also don’t affect renal function or heart damage. Meanwhile, B-Sitosterol. B-
Pinene, and arteannuin B are toxic to the nervous and respiratory systems. High toxicity class
of compound is considered as a low toxicity effect. which is revealed as the experimental
amount of compound that causes 50% of animal death (LDsy) when swallowed. 2.3-
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Butanediol, B-Pinene and a-Curcumene are in the fifth category with a low toxicity effect.

presented in Table 9, while B-Sitosterol and Arteannuin B are in the 4th class with 890 and

502 mg/kg, respectively.

Table 11. Absorption. Distribution. Metabolism. and Excretion (ADME) results.

2.3-Butanediol B-Sitosterol
Gl High Low
BBB No No
CYP2D6 No No
CYP2C9 No No
CYP3A4 No No
Log-Kp -7.50 -2.20

B-Pinene
Low

Yes

No

Yes

No

-4.18

a-Curcumene
Low

No
Yes
No
No

-3.71
Gl: gastrointestinal absorption. BBB: the blood-brain barrier. Log-Kp: skin permeability (cm/s).

Arteannuin B
High

Yes

No

No

No

-5.98

In drug discovery, it is essential to test the contraindicate of compounds toward

detoxification enzymes. Cytochrome P450 has a crucial role in the body, mainly in the liver,

oxidizing organic matter and excretion of drugs. Moreover, inhibition of these detoxification

isoforms may also lead to drug toxicity due to decreased metabolic clearance of substrate. It is

clear that from Table 9, 2.3-Butanediol, B-Sitosterol, and Arteannuin B compounds have no

inhibition tendency toward cytochrome enzymes so that the P450 enzyme can metabolize

them, except for a-Curcumene. The docked ligands with 5FFI receptors result in diverse

binding energy; the stable conformation, which corresponds to the lowest one, was chosen as

the best pose and used in the docking analysis. The binding energy of the docked compounds

and their interactions with a protein are presented in Table 10.

Table 12. Binding energy values of targeted compounds obtained by molecular docking

approach.

Complex Category Type

2.3- H-Bond Conventional

Butanediol Hydrophobic Alkyl
Pi-Alkyl

B-Sitosterol H-Bond Conventional

Hydrophobic Pi-Sigma

Alkyl

Name

GLU258

VAL354. LEU376

& HIS351

ALAl114

HIS351

ARG348. VAL354.
LEU417. MET101 &
VAL354

65

Distance (A°) -AG
(Kcal.mol™)

1.80 & 1.94 -3.09

3.71.4.92 & 4.64

2.42 -11.48

3.86

4.75.4.79.5.13.

444 & 4.31
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Pi-Alkyl HIS109 5.39.5.47.5.44.
3.95&5.23
HIS351 4.56.4.28.4.13 &
5.05
B-Pinene Hydrophobic ~ Alkyl ARG348 476 & 4.41 -6.16
MET101 511
Pi-Alkyl HIS109 4.47
H1S351 4.33.4.35 & 5.30
o- Electrostatic Pi-Anion ASP108 341 -7.33
Curcumene Hydrophobic ~ Alkyl VAL354 5.49.4.57 & 4.15
MET101 520 & 4.24
LEU417 5.05
ARG348 4.65
Pi-Alkyl PHE347 4.20
H1S351 4.86.5.09 & 5.30
ARG348 4.76
Arteannuin B H-Bond Conventional ALAl114 3.37 -7.22
C-H Bond PHE113 3.11
Hydrophobic Alkyl ARG348 4.06
LEU433 4.77
Pi-Alkyl HIS351 5.23.4.65 & 4.17

Calculated binding energy indicates a high binding affinity between receptor and chosen
compounds. The hydrophobic bonds are the most common interactions between ligands and
HIS351 and ARG348 protein residues, as pi-alkyl and alkyl types, with a distance range of
3.71-5.30 A°. Conventional hydrogen bonds are considered the most vital Van der Waals
forces between high electronegative atoms. such as F, Cl, O, N, and S, and low
electronegative, mostly hydrogen atoms, Two shortest hydrogen bond lengths are formed.
Besides all h-bonds formed with compounds, 2.3-butanediol exhibits two hydrogen bonds as
shorter bond lengths, 1.80 and 1.94, interacted with GLU258 amino acid, and had the highest
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binding energy -3.09 Kcal/mol. At the same time. pi-anion and carbon-hydrogen bonds are
the only interactions formed with a-Curcumene and arteannuin B., respectively (Figure 14).

Meanwhile. B-sitosterol is the only compound that has a pi-sigma bond and shows a pi-alkyl
bond. and B-pinene with HIS109 residue.
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Figure 13. Visualization of compound’s interactions with thyroid peroxidase protein (PDB
ID: 5FF1) in 2D (a) and 3D (b) views.

B-sitosterol is an ancient compound found in diverse plants with effective biological
activity. Hence, the molecule has apoor bioactivity effect, and its analogs exhibit very
convenient activity toward various diseases. Although UPLC analysis reveals that the -
sitosterol compound is the second compound content, the 2.3-butanediol compound is the
primary content. the docking results showed that the B-sitosterol compound had the lowest
binding energy value of -11.48 Kcal/mol, even though the synergic effect of the plant extract
component may improve its inhibition affinity to thyroid peroxidase receptor by enhancing its
stimulation behaver and increase the production of antioxidant enzymes, which lead to
hypothyroidism prevention (Saeidnia et al., 2014).

8.1. In silico study of pancreatic cancer proteins with essential oil

In this study, the high concentration of compounds in Artemisia campestris L. essential oil
was subjected to their bioactivity tendency. which presented as a binding affinity toward

common pancreatic cancer proteins, shown in Figure 15.
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Figure 14. The crystallographic structure of targeted proteins of pancreatic cancer. Insulin-
like growth factor 1 receptor (A). Mitogen-activated protein kinase kinase-1 (B).
Phosphoinositide 3-kinase gamma (C). and Janus Kinase-1 (D).

Co-crystalized ligands of EBI. 77D. 6K5. and LKT., which are active against pancreatic
cancer proteins with respective PDB_IDs 3181, 3SLS, 5JHB, and 6SM8 were their reduced
binding affinity scores -10.4, -10.9, -8.9, and -10.8 Kcal/mol. Those co-crystalized ligands
presented RMSD values of 1.0018, 0.7973, 1.5305, and 2.3271 A degrés, respectively,

as shown in Table 12.

Table 13. RMSD (in A°) and binding affinity (in Kcal/mol) of potent compounds against
their pancreatic cancer targeted protein.

EBI _ -10.4 1.0018
. IGF1

77D MEK1 -10.9 0.7973
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Among all screened molecules. compound C2. The second highest concentration content is
in plant essential oil, shows more interactions with all receptors, with the lowest binding
affinity -8.3, -8, -7.6, and -6.5 Kcal/mol towards PI3K, Janus kinase-1, MEK1 and Insulin-
like growth factor 1, in order, Table 12, four hydrogen bonds with 3181 protein, ASP1056,
LEU975, ASP1123, GLY1055 residues while exhibiting three hydrogen bonds with PHE209,
VAL211, SER212 amino acids of 3SLS binding site, Figure 13. Table 13. in order. Moreover,
electrostatic interactions have been made through LYS833 and ASP1021 with 5JHB and
6SM8 receptors. At the same time, only Pi-Sulfur was observed by MET804 amino acid of
5JHB binding site with bio-molecule 3, demonstrated in Figure 6, in order, Meanwhile, C3,
C5, C1, C4, C6, and C8 molecules reveal a binding affinity of -7.1,-6.6, -6, -6, -6, and -5.7
Kcal/mol towards JAK-1. Their inhibition tendency toward PI3K is -6.6 Kcal/mol for
molecule C3, -6.5 Kcal/mol for compounds C4 and C6, while -6.3, -6.2 and 5.5 Kcal/mol for
C1, C5 and C7, in order. as the lowest binding energy, presented in Table 13 and their
interactions with amino acid residues are summarized in Table 14, visualized in 2D (A) and
3D (B) in Figure 13 and Figure 14.

Table 14. Binding energy (in Kcal/mol) of A. campestris bio-compounds against JAK1.
PI3K. MEK1 and IGF1 proteins.
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Table 14. Hydrophobic and polar hydrogen binding of biomolecules with active site amino
acids of chosen receptors.

Molecules  Protein PDB IDs Bond Type Amino acids interacted with
C1 3181 H-Bond ASP1123
Hydrophobic LEU975. VAL983. ALA1001. MET1126
3SLS H-Bond VAL211. SER212
Hydrophobic LEU115. ILE99. LEU101. ILE139. ILE111. LEU215
5JHB H-Bond ASP964
Hydrophobic TYR867. VAL882. ILE963. PHE961
6SM8 Hydrophobic LEU1010. LEU881. ALA906. VAL889. PHE958
Cc2 3181 H-Bond ASP1056. LEU975. ASP1123. GLY1055
Hydrophobic LEU975. MET1112. MET1126. VAL983. ALA1001
3SLS H-Bond PHE209. VAL211. SER212
Hydrophobic PHE129. PHE209. LEU118. MET143. ILE111. LEU215
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ASP964. SER806. ASP841
MET804. PRO810. ILE831. LYS833. TYR867. ILE963
ARG1007. ASP1003
GLY882;GLU883;GLY884. LEU881. ALA906. LEU1010
ASP1123
LEU975. MET1126. VAL983. ALA1001
LEU118. ILE141. PHE209
LYS833
ILE831. TYR867. ILE963. ILE879
LEUS881. VAL889. ALA906. LEU1010
ASP1123
LEU975. LEU1051. MET1112. VAL983. ALA1001
VAL211. SER212
LEU118. ILE141. PHE209

ILE831. ILE879. ILE963. MET953. VALS882. ALAS8S5.
TYR867. PHE961
SER963

LEUS881. VAL889. ALA906. LEU1010
ASP1123. MET1052
LEU975. MET1126. VAL983. ALA1001
VAL211. SER212. GLY?210
LEU118. ILE141. PHE209
LYS833. ILE879. ILE963. TYR867. ILE831
ARG1007
LEUS881. ALA906. LEU1010. VALS889
ASP1123
LEU975. MET1126. VAL1033. MET1049
VAL211. SER212
LEU118. ILE141. PHE209
ASP964

LYS833. LEU838. ILE879. PRO810. ILE831. ILE963. TYR867

ASP1021
LEU881. ALA906. LEU1010. VALS889. PHE958
VAL983. MET1126. ALA1001
ILE111. ILE139. LEU115
LYS833. ILES79. ILE831
LEU1010. VAL889
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Figure 15. Visualization of interactions in 2D (A) and 3D (B) of linalyl acetate bio-compound with active

site residues of 3181(1). 35LS(2). 5JHB(3) and 6SM8(4) receptors.
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CONCLUSION

The findings of this study provide compelling evidence for the therapeutic potential of
Artemisia campestris L. in managing the complex symptoms associated with Polycystic
Ovary Syndrome (PCOS) and hypothyroidism, as well as its promising role in diabetes
management and cancer therapy. In the context of PCOS, the study corroborates previous
research that highlights the detrimental effects of induced PCOS on follicle growth and the
development of ovarian cysts. Treatment with A. campestris extract demonstrated significant
therapeutic benefits, notably through a reduction in the thickness of the follicular theca layer.
This effect may be mediated by increased lipolysis and reduced hypertrophy. potentially
leading to decreased androgen and steroid production, thereby alleviating some symptoms of
PCOS. The extract's ability to reduce luteinizing hormone (LH) levels and modulate hormone

receptor activity suggests it may help restore hormonal balance in affected individuals.

Furthermore, the inhibition of a-amylase by A. campestris extract indicates its potential
utility in managing type Il diabetes mellitus by lowering postprandial glucose levels. The
presence of flavonoids within the extract likely contributes to this inhibitory effect,
positioning it as a valuable adjunctive therapy for diabetic patients. The study also revealed
the robust antioxidant activity of A. campestris, characterized by significant guaiacol
peroxidase activity. This antioxidant capacity may provide protective benefits against
oxidative stress. often implicated in various health conditions, including PCOS. Regarding
hypothyroidism, the aqueous extract demonstrated a dose-dependent potential to restore
thyroid hormone levels in hypothyroid rats, along with in vitro antioxidant and anti-
inflammatory activities. Molecular docking studies showed promising bioactive interactions
of certain compounds with thyroid peroxidase, indicating the extract's potential as an enzyme
inhibitor. The binding energy of these compounds ranged from -3.09 to -11.48 kcal/mol. with
favorable drug-like properties as assessed through ADME analysis. This suggests that the
phenolic and flavonoid extracts of A. campestris warrant further investigation to identify

specific compounds responsible for their protective roles against thyroid dysfunction.

Additionally, the essential oil of A. campestris was chemically profiled, revealing
significant antioxidant and anti-inflammatory activities that support traditional uses of this

species. particularly in treating inflammatory diseases.

The in silico analysis of bioactive compounds derived from A. campestris and their

interactions with pancreatic cancer proteins using AutoDock Vina identified 3-cyclopentyl-N-
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(2-(3.4-dimethoxyphenyl)ethyl) as a compound with the highest binding affinity to pancreatic
cancer receptors. particularly phosphoinositide 3-kinase gamma. This highlights its potential

for development as an effective anti-cancer drug.

In summary, the results of this study not only underscore the multifaceted therapeutic
potential of A. campestris in addressing the symptoms of PCOS, hypothyroidism, diabetes,
and cancer but also pave the way for future investigations involving molecular dynamics
simulations and in vitro and in vivo studies to further elucidate its benefits and mechanisms of
action. Given its promising therapeutic properties, the industrial interest in A. campestris.

particularly within the pharmaceutical and food sectors, is thus warranted.
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Abstract

Polycystic Ovarian Syndrome (PCOS) is characterized by metabolic and reproductive
dysfunction, often associated with elevated oxidative stress markers in the bloodstream. This
study examines the potential antioxidant properties and a-amylase inhibitory activity of
Artemisia campestris leaves extract ( Artemisia campestris L) and its effects on rats with
induced PCOS. Estradiol valerate was administered to ten mature Wistar rats to induce PCOS,

while a control group consisted of five mature Wistar rats. Following a 16-day induction period,
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