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 ABSTRACT 

 Erectile  dysfunction  (ED)  is  a  prevalent  side  effect  associated  with  long-term  use  of  selective 

 serotonin  re-uptake  inhibitors  (SSRIs)  such  as  paroxetine,  mainly  due  to  the  disruption  of  nitric  oxide 

 (NO)  signaling  and  upregulation  of  phosphodiesterase-5  (PDE5)  and  arginase  activities.  Due  to  the 

 limitations  of  current  erectile  dysfunction  treatments,  this  study  investigated  the  effects  of  Syzygium 

 aromaticum  aqueous  extract  on  paroxetine-induced  erectile  dysfunction  in  male  Wistar  rats  as  a 

 safer,  plant-based  alternative.  Twenty-five  rats  were  randomly  divided  into  five  groups:  normal 

 control,  paroxetine-induced  untreated,  paroxetine  plus  sildenafil  (50  mg/kg),  paroxetine  plus 

 Syzygium  aromaticum  aqueous  extract  at  200  mg/kg,  and  400  mg/kg.  Paroxetine  administration  (10 

 mg/kg  orally  for  21  days)  significantly  (  p  <  0.05  )  increased  PDE5  activity  (42.7  ±  2.8  U/L  vs.  28.5  ± 

 2.1  U/L  in  control),  arginase  activity  (8.4  ±  0.7  mg/dL  vs.  6.2  ±  0.5  mg/dL),  and  reduced  penile  nitric 

 oxide  concentration  (24.8  ±  2.6  µmol/L  vs.  45.6  ±  3.4  µmol/L),  indicating  impaired  erectile  function. 

 Treatment  with  400  mg/kg  Syzygium  aromaticum  extract  significantly  (  p  <  0.05  )  reduced  PDE5  and 

 arginase  activities  and,  respectively,  while  increasing  nitric  oxide  concentration  compared  to  the 

 paroxetine-only  group.  Additionally,  paroxetine  elevated  total  cholesterol  (5.86  ±  0.27  mmol/L), 

 triglycerides  (2.83  ±  0.16  mmol/L),  and  LDL  cholesterol  (2.62  ±  0.14  mmol/L),  while  decreasing 

 HDL  cholesterol  (0.89  ±  0.08  mmol/L).  Syzygium  aromaticum  extract  at  400  mg/kg  normalized  these 

 values  close  to  control  levels,  with  total  cholesterol  at  3.78  ±  0.21  mmol/L,  triglycerides  at  1.44  ± 

 0.11  mmol/L,  LDL  at  1.36  ±  0.12  mmol/L,  and  HDL  at  1.62  ±  0.10  mmol/L.  These  findings 

 highlight  Syzygium  aromaticum  as  a  promising  natural  therapeutic  agent  capable  of  mitigating 

 paroxetine-induced  erectile  dysfunction  through  modulation  of  PDE5  and  arginase  activities, 

 enhancement of NO bioavailability, and lipid profile improvement. 

 5 



 LIST OF FIGURES 

 Figures  Title  Page 

 Figure 2.1  Pathophysiology of Erectile Dysfunction  10 

 Figure 2.4  Treatment of Erectile Dysfunction  17 

 Figure 4.1           Penile Organ-Body Ratios of Paroxetine-Induced  29 

 Dysfunctional Rats Administered  Syzygium 

 aromatic  Extract (SAAE) 

 Figure 4.2           Nitric Oxide Levels of Paroxetine-Induced Dysfunctional  30 

 Rats Administered  Syzygium  aromatic  Extract (SAAE) 

 Figure 4.3  The phosphodiesterase Activity of Paroxetine-Induced  31 

 Dysfunctional Rats Administered  Syzygium aromatic  Extract (SAAE) 

 Figure 4.4  The Arginase Activity of Paroxetine-Induced  31 

 Dysfunctional Rats Administered  Syzygium  aromatic  Extract (SAAE) 

 Figure 4.5  Creatinine Kinase Activity of Paroxetine-Induced  32 

 Dysfunctional Rats Administered  Syzygium aromatic  Extract (SAAE) 

 6 



 LIST OF TABLES 

 Table  Title  Page 

 Table 4.1        Phytochemical Screening of  Syzygium  aromaticum  Aqueous Extract  28 

 Table 4.2       Serum Lipid Profile of Paroxetine-Induced Dysfunctional Rats  33 

 Administered  Syzygium aromatic  Extract 

 7 



 TABLE OF CONTENT 

 CERTIFICATION  II 

 DEDICATION  III 

 ACKNOWLEDGEMENT  IV 

 ABSTRACT  V 

 LIST OF FIGURES  VI 

 LIST OF TABLES  VII 

 TABLE OF CONTENT  VIII 

 CHAPTER ONE  1 

 1.0 INTRODUCTION  1 

 1.1 Background of the Study  1 

 1.2 Justification for the Study  2 

 1.3 Problem Statement  3 

 1.4 Significance of the Study  4 

 1.5 Objectives of the Study  5 

 CHAPTER TWO  6 

 2.0 LITERATURE REVIEW  6 

 2.1 Erectile Dysfunction  6 

 2.2 Epidemiology of Erectile Dysfunction  7 

 2.3 Pathophysiology of Erectile Dysfunction  9 

 2.3.1 Phosphodiesterase 5  11 

 2.3.2 Arginase  12 

 2.3.3 Nitric oxide  13 

 2.3.4 Creatinine Kinase  15 

 2.4 Treatment of Erectile Dysfunction  16 

 2.4.1 Limitations of Current Erectile Dysfunction Treatment  18 

 2.5 Syzygium aromaticum  19 

 2.5.1 Bioactive Components of Syzygium aromaticum  20 
 8 



 CHAPTER THREE  22 

 3.0 MATERIALS AND METHODS  22 

 3.1 Materials  22 

 3.1.1 Plant Materials  22 

 3.1.2 Experimental Animal  22 

 3.1.3 Reagents and Kits  22 

 3.2 Methods  22 

 3.2.1 Preparation of Clove Extract  22 

 3.2.2 Experimental Design  23 

 3.2.3 Induction of Erectile Dysfunction  23 

 3.2.4 Determination of Body-Organ Weight Ratio  23 

 3.2.5 Determination of Phosphodiesterase 5 Activity  24 

 3.2.6 Determination of Penile Nitric Oxide Concentrations  24 

 3.2.7 Arginase Activity  24 

 3.2.8 Creatine Kinase (CK) Activity Assay  25 

 3.2.9 Lipid Profile  25 

 3.2.9.1 Serum Total Cholesterol Concentration  25 

 3.2.9.2 Triglycerides concentration  26 

 3.2.9.3 Serum High Density Lipoprotein-Cholesterol Concentration  26 

 3.2.9.4 Serum Low Density Lipoprotein-Cholesterol Concentration  27 

 3.2.9.5 Atherogenic Index  27 

 3.2.10 Statistical Analysis  27 

 CHAPTER FOUR  28 

 4.0 RESULTS  28 

 4.1 Percentage Yield of the Extract  28 

 4.2 Phytochemical Screening of Syzygium aromaticum Aqueous Extract  28 

 4.3 Penile Organ-Body Ratios  29 

 4.4 Nitric Oxide Concentration  29 

 4.5 In vivo Enzyme Assays  30 
 9 



 4.5.1 Phosphodiesterase 5  30 

 4.5.2 Arginase  31 

 4.5.3 Creatinine Kinase  32 

 4.6 Serum Lipid Profile  32 

 CHAPTER FIVE  34 

 5.0 DISCUSSION, CONCLUSION AND RECOMMENDATION  34 

 5.1 Discussion  34 

 5.2 Conclusion  36 

 5.3 Recommendation  37 

 REFERENCES  38 

 10 



 CHAPTER ONE 

 1.0 INTRODUCTION 

 1.1  Background of the Study 

 Erectile  dysfunction  (ED)  is  a  common  male  sexual  disease,  and  the  definition  of  chronic  failure  to 

 achieve  or  maintain  an  erection  sufficient  for  healthy  sexual  life  Abdel-Kader  et  al.,  2021).  Vascular 

 status  and  aging  remain  dominant  physiological  etiologies,  but  increasing  evidence  points  toward 

 pharmacological  etiologies,  particularly  antidepressants  like  paroxetine,  as  significant  etiologies. 

 Paroxetine,  an  SSRI,  is  usually  used  to  cure  depression  and  anxiety  but  has  been  associated  with 

 adverse  sexual  side  effects  such  as  low  libido,  delayed  ejaculation,  and  impaired  erectile  function 

 (Odetayo  &  Olayaki,  2023).  These  are  mostly  due  to  the  blocking  of  serotonergic  and  dopaminergic, 

 and  nitric  oxide,  mechanisms  that  play  significant  roles  in  sexual  arousal  and  penile  erection  (Besong 

 et al.,  2023; Odetayo & Olayaki, 2023). 

 As  a  result  of  these  limitations,  less  side-effect-prone  natural  products  are  in  greater  demand.  Among 

 such  plants  is  Syzygium  aromaticum  (clove),  a  plant  with  a  long  history  of  use  in  traditional  medicine 

 among  various  cultures  for  its  medicinal,  as  well  as  aphrodisiac  properties.  Recent  pharmacological 

 studies  have  shown  that  S.  aromaticum  contains  bioactive  compounds  such  as  eugenol  and 

 flavonoids  with  antioxidant,  androgenic,  and  nitric  oxide-stimulating  activities  (Adedayo  et  al., 

 2021).  These  mechanisms  were  believed  to  support  sexual  function  by  maintaining  testicular  tissues, 

 increasing  testosterone  levels,  and  increasing  penile  tissue  vasodilation  (Ajiboye  et  al.,  2018; 

 Abdel-Kader  et al.,  2021). 

 Though  aphrodisiac  activity  of  S.  aromaticum  has  been  demonstrated  in  intact  animal  models,  very 

 few  scientific  interests  have  been  focused  on  its  effectiveness  against  drug-induced  sexual 



 dysfunction,  including  paroxetine-induced  sexual  dysfunction.  Other  studies  have  indicated  that 

 antioxidants  from  medicinal  plants  can  reverse  the  oxidative  stress  and  hormonal  imbalance  caused 

 by  SSRIs  and  restore  normal  sexual  behavior  in  rats  (Adedayo  et  al.,  2021;  Kpomah  et  al.,  2024).  It 

 is  a  strong  rationale  for  investigating  the  aqueous  extract  of  S.  aromaticum  in  the  therapy  of 

 paroxetine-induced  erectile  dysfunction.  Such  research  is  important  to  its  validation  as  a  therapeutic 

 agent  and  to  the  development  of  alternative  interventions,  particularly  where  access  to  mainstream 

 pharmacological interventions is limited. 

 1.2 Justification for the Study 

 Sexual  dysfunction  is  a  prevalent  side  effect  of  selective  serotonin  re-uptake  inhibitors  (SSRIs), 

 particularly  paroxetine,  that  adversely  affects  sexual  desire,  erection,  and  ejaculation  (Odetayo  & 

 Olayaki,  2023).  While  one  of  the  most  effective  medications  for  depression  and  anxiety  disorders, 

 long-term  treatment  has  been  linked  with  heavy  impairment  of  male  sexual  function  by  disruption  of 

 hormonal  control  and  nitric  oxide-dependent  vasodilation  processes  (Besong  et  al.,  2023;  Odetayo  & 

 Olayaki,  2023).  These  effects  not  only  decrease  the  quality  of  life  but  also  threaten  medication 

 compliance  in  patients  taking  SSRIs.  Pharmacologic  treatments  for  erectile  dysfunction,  such  as 

 phosphodiesterase  type  5  inhibitors,  have  no  effect  in  all  and  may  be  cardiotoxic  in  certain 

 populations  (Odetayo  &  Olayaki,  2023).  It  has  prompted  the  search  for  other  safe,  accessible,  and 

 affordable therapies. 

 Medicinal  herbs  have  been  used  traditionally  to  enhance  sexual  function  from  ancient  times  in  many 

 systems  of  traditional  medicine.  Syzygium  aromaticum  (clove)  is  among  them,  which  is  known  for 

 its  widespread  availability  and  traditional  use  as  an  aphrodisiac.  Its  bioactive  constituents  such  as 

 eugenol,  flavonoids,  and  sterols  have  been  documented  with  antioxidant,  anti-inflammatory,  and 

 androgenic  activities  that  have  the  potential  to  be  beneficial  in  the  rehabilitation  of  sexual 

 performance  (Ajiboye  et  al.,  2018;  Abdel-Kader  et  al.,  2021).  However,  despite  numerous 



 investigations  that  have  described  S.  aromaticum's  pro-sexual  activity  in  healthy  rodents,  evidence  of 

 its  action  in  models  of  pharmacologically  induced  sexual  dysfunction,  and  in  models  specifically 

 representing clinical conditions such as SSRI-induced sexual dysfunction, is extremely meager. 

 1.3 Problem Statement 

 Sexual  dysfunction,  particularly  erectile  dysfunction  (ED),  is  an  upsetting  and  troubling  side  effect 

 seen  in  patients  under  treatment  with  selective  serotonin  re-uptake  inhibitors  (SSRIs)  such  as 

 paroxetine.  Paroxetine,  useful  in  treating  various  psychological  disorders,  has  been  consistently 

 reported  to  suppress  sexual  desire,  decrease  testosterone  levels,  delay  ejaculation,  and  interfere  with 

 erection  by  suppressing  dopaminergic  and  nitric  oxide  signaling  pathways  (Besong  et  al.,  2023; 

 Odetayo  &  Olayaki,  2023).  This  poses  a  double  clinical  challenge:  while  the  underlying  psychiatric 

 disorder  is  alleviated,  the  consequent  sexual  dysfunction  can  cause  negative  impact  on  the  patient's 

 quality of life, marital relationship, and adherence to treatment. 

 Although  drug  therapies  such  as  sildenafil  are  a  possibility,  they  are  not  always  effective  for  sexual 

 dysfunction  caused  by  SSRI  and  may  have  contraindications  in  certain  groups  of  patients.  Moreover, 

 these  man-made  drugs  are  not  always  accessible  or  affordable  in  resource-poor  environments.  Thus, 

 interest  is  growing  in  the  treatment  of  sexual  dysfunction  using  natural  products,  e.g.,  medicinal 

 plants,  with  fewer  side  effects  and  lower  cost.  Syzygium  aromaticum  (clove)  has  been  classically 

 used  as  an  aphrodisiac  and  is  also  known  to  possess  antioxidant,  anti-inflammatory,  and 

 androgen-stimulating  activity  (Ajiboye  et  al.,  2018;  Abdel-Kader  et  al.,  2021).  However,  the 

 majority  of  studies  that  have  been  performed  to  date  have  focused  on  its  effect  in  normal  animals  or 

 on  non-specific  models  of  sexual  disorder,  without  first-hand  analysis  of  its  effectiveness  against 

 SSRI-induced sexual disorder. 

 The  absence  of  scientific  evidence  on  the  putative  therapeutic  action  of  S.  aromaticum  against 

 paroxetine-induced  erectile  dysfunction  is  a  critical  knowledge  gap.  In  the  absence  of  targeted 



 research,  its  clinical  usefulness  in  controlling  antidepressant-induced  sexual  side  effects  can  only  be 

 speculative.  Thus,  there  is  a  need  to  examine  the  possibility  of  using  aqueous  extract  of  S  . 

 aromaticum  is  able  to  reverse  the  sexual  impairments  induced  by  paroxetine  and  identify  the 

 mechanisms  underlying.  The  current  research  will  provide  valuable  evidence  to  enable  the  safe  and 

 effective  administration  of  S  .  aromaticum  as  a  substitute  or  adjunct  treatment  for  SSRI-induced 

 erectile dysfunction. 

 1.4 Significance of the Study 

 The  present  study  involves  a  significant  interface  between  male  reproductive  health  and  mental 

 health  drug  therapy.  While  SSRIs  such  as  paroxetine  are  crucial  for  depression  and  anxiety 

 management,  they  often  cause  sexual  side  effects  such  as  ED,  reduced  libido,  and  delayed  ejaculation 

 (Besong  et  al.,  2023;  Odetayo  &  Olayaki,  2023).  These  adverse  effects  can  exert  a  significant 

 detrimental  effect  on  quality  of  life,  discourage  treatment  compliance,  and  increase  emotional 

 distress, especially in male patients of reproductive age. 

 The  significance  of  this  study  is  that  it  examines  Syzygium  aromaticum  ,  a  prevalent  medicinal  herb 

 with  traditional  aphrodisiac  and  healing  claims.  Previous  studies  suggest  that  S.  aromaticum  contains 

 pharmacologically  active  compounds  such  as  eugenol  and  flavonoids  with  antioxidant,  androgenic, 

 and  nitric  oxide-enhancing  activities  (Ajiboye  et  al.  ,  2018;  Abdel-Kader  et  al.,  2021).  Such  effects 

 can  be  directly  directed  against  the  oxidative  stress  and  hormonal  imbalance  caused  by  paroxetine, 

 reversing or slowing drug-induced sexual dysfunction. 

 By  studying  the  aqueous  extract  of  S.  aromaticum  within  a  paroxetine-induced  rat  model,  this  study 

 provides  evidence  for  its  possible  therapeutic  application  based  on  science.  This  discovery  is 

 particularly  beneficial  for  the  people  in  low-resource  communities,  where  conventional  ED 

 treatments  are  normally  unattainable  because  of  exorbitant  cost  or  contraindications.  In  addition,  the 



 study  may  be  used  as  a  basis  for  developing  safer  and  cheaper  phytotherapeutic  treatments  to  manage 

 SSRI-induced sexual dysfunction. 

 1.5 Objectives of the Study 

 The  overall  aim  of  this  study  was  to  evaluate  the  therapeutic  effects  of  aqueous  extract  of  Syzygium 

 aromaticum  on  erectile  dysfunction  induced  by  paroxetine  in  male  Wistar  rats.  The  specific 

 objectives of the study were to: 

 i.  prepare aqueous extract of  S. aromaticum; 

 ii.  induce erectile dysfunction in Wistar rats using paroxetine administration; 

 iii.  administer the induced rats with  S. aromaticum  extract; 

 iv.  assess the penile organ-body ratio, and enzymatic biomarkers of erectile dysfunction (PDE 5 and 

 Arginase) in the penile organs of experimental rats; 

 v.  examine the penile nitric oxide and protein levels of the experimental rats; 

 vi.  investigate creatinine kinase activity in serum of the animals; 

 vii.  carryout lipid profile assessment on serum of the experimental rats. 



 CHAPTER TWO 

 2.0 LITERATURE REVIEW 

 2.1 Erectile Dysfunction 

 Erectile  dysfunction  (ED)  is  the  repeated  or  persistent  inability  to  attain  or  maintain  a  penile  erection 

 sufficient  for  satisfactory  sexual  performance  (Kaltsas  et  al.,  2024;  Feng  et  al.,  2025).  It  is  a 

 prevalent  disorder  that  has  been  found  to  afflict  an  estimated  150  million  men  worldwide  and  is 

 projected  to  affect  over  300  million  men  by  2025.  While  its  incidence  increases  with  age,  ED  can 

 also  be  observed  among  the  young  population  due  to  multifactorial  etiologies,  which  include 

 vascular  diseases,  endocrine  diseases,  neurological  diseases,  psychiatric  diseases,  and  the  use  of 

 certain pharmacological medications (Kaltsas  et al.,  2024; Saikia  et al.,  2024). 

 The  penile  erection  physiology  is  a  complex  process  involving  neural,  vascular,  and  endocrine 

 interaction.  Nitric  oxide  (NO)  is  a  key  mediator  that  induces  relaxation  of  corpus  cavernosum 

 smooth  muscle  through  stimulation  of  the  guanylate  cyclase-cGMP  pathway,  thus  enabling  flow  of 

 blood  into  the  penile  tissue  (Mobley  et  al.,  2017;  Elekofehinti  et  al.,  2024).  Testosterone  also  plays 

 an  important  role  via  its  capacity  to  enhance  libido,  preserve  erectile  tissue  health,  and  regulate  the 

 expression  of  nitric  oxide  synthase  (NOS),  which  is  essential  for  NO  synthesis  (Kaltsas  et  al.,  2024; 

 Ademosun  et al.,  2019). 

 Oxidative  stress  is  also  strongly  implicated  in  the  pathophysiology  of  ED.  Elevated  reactive  oxygen 

 species  (ROS)  such  as  superoxide  anions  reduce  the  bioavailability  of  NO  by  forming  peroxynitrite, 

 thus  inhibiting  vasodilation  and  leading  to  endothelial  dysfunction.  Chronic  oxidative  damage  also 

 impairs  penile  architecture,  promotes  fibrosis,  and  reduces  sensitivity  to  endogenous  vasodilators 

 (Ademosun  et  al.,  2019;  Kassan  et  al.,  2013).  This  emphasizes  the  role  of  antioxidant  defense 



 mechanisms,  such  as  superoxide  dismutase  (SOD)  and  glutathione  peroxidase,  in  maintaining  normal 

 erectile function (Kaltsas  et al.,  2024). 

 Pharmacological  therapies,  particularly  selective  serotonin  reuptake  inhibitors  (SSRIs)  like 

 paroxetine,  can  also  induce  erectile  dysfunction.  Paroxetine  is  used  for  depression  and  anxiety 

 disorders  but  is  strongly  associated  with  undesirable  sexual  effects,  including  delayed  ejaculation, 

 anorgasmia,  and  decreased  erectile  function.  These  actions  are  mainly  the  result  of  increased 

 serotonergic  activity  that  suppresses  dopaminergic  and  NO-mediated  pathways,  in  addition  to 

 reductions  in  testosterone  levels  (Muritala  &  Bewaji,  2021;  Stefan  et  al.,  2020).  Experiments  using 

 animal  models  have  shown  that  paroxetine  decreases  testicular  weight,  serum  testosterone,  and 

 penile  NO  levels,  testifying  to  its  negative  action  on  sexual  function  (Ademosun  et  al.,  2019; 

 Elekofehinti  et al.,  2024). 

 Because  of  the  limitations  of  conventional  therapies  and  their  potential  contraindications  in  patients 

 with  cardiovascular  or  psychiatric  comorbidities,  recent  research  has  leaned  towards  the  exploration 

 of  herbal  remedies.  These  natural  alternatives  are  often  gifted  with  antioxidant,  androgenic,  and 

 NO-modulatory  properties,  offering  a  multimodal  approach  to  the  management  of  ED.  Medicinal 

 plants  such  as  Carpolobia  lutea  and  Syzygium  aromaticum  have  also  demonstrated  promising  results 

 in  experimental  models  via  testosterone  level  enhancement,  NO  synthesis,  and  reversal  of 

 SSRI-induced dysfunction (Elekofehinti  et al.,  2024;  Saikia  et al.,  2024). 

 2.2 Epidemiology of Erectile Dysfunction 

 Erectile  dysfunction  (ED)  is  a  universal  disorder  among  men  across  all  adult  age  groups,  with  risk 

 increasing  very  rapidly  with  increasing  age  and  with  chronic  comorbidity.  Recent  meta-analysis  of 

 over  20  countries  has  recently  reported  the  universal  prevalence  of  ED  as  between  20%  and  over 

 50%,  depending  on  population  being  studied  and  diagnostic  criteria  used  (Goldstein  et  al.,  2020). 

 Prevalence  rises  from  approximately  10%  for  men  below  the  age  of  40  years  to  more  than  60% 



 among  men  above  70  years  (Dilixiati  et  al.,  2024).  This  is  associated  not  only  with  age  but  also  with 

 the cumulative vascular, endocrine, and neurological deficits. 

 Age  is  consistently  identified  as  the  most  significant  non-modifiable  risk  factor  for  ED.  The 

 Massachusetts  Male  Aging  Study  and  subsequent  global  replications  have  shown  a  strong  age 

 gradient  in  ED  incidence.  For  example,  Svennersten  and  Reus  (2024)  reported  that  more  than  half  of 

 men  over  60  exhibit  moderate-to-severe  forms  of  ED.  Similarly,  Dutch  general  population  estimates 

 reflect  an  annual  incidence  of  2.3  per  1,000  in  men  aged  40-49,  rising  to  over  50  per  1,000  in  men 

 ≥70  years  (Gebeyehu  et  al.,  2023).  This  has  implications  for  the  cumulative  effect  of  aging  on 

 endothelial function and hormonal control, both important predictors of erectile capability. 

 Comorbidities  such  as  diabetes  mellitus,  hypertension,  cardiovascular  disease,  obesity,  and  chronic 

 kidney  disease  also  increase  ED  risk  and  severity.  A  Saudi  Arabian  cross-sectional  study  found 

 diabetic  men  had  72%  higher  prevalence  of  ED  compared  to  their  non-diabetic  counterparts 

 (Al-Qahtani  et  al.,  2025).  In  the  same  vein,  a  systematic  review  undertaken  by  Ziapour  et  al.  (2024) 

 emphasized  the  observation  that  ED  is  more  prevalent  in  cardiovascular  risk  factor-positive  men, 

 particularly  those  with  reduced  ejection  fraction  or  systemic  endothelial  dysfunction.  The 

 relationship  between  ED  and  these  chronic  conditions  is  bidirectional,  with  ED  serving  as  an  early 

 predictor of systemic vascular pathology. 

 Socioeconomic  and  psychological  determinants  are  also  crucial  in  ED  epidemiology.  Psychosocial 

 distress,  depression,  low  educational  levels,  and  restricted  healthcare  access  are  associated  with 

 higher  rates  of  undiagnosed  and  untreated  ED,  particularly  in  low-  and  middle-income  countries.  A 

 recent  Tanzanian  population-based  survey  found  the  prevalence  of  ED  was  28.1%,  with  higher 

 prevalence  in  men  with  low  income  and  not  being  engaged  in  regular  physical  activity  (Leyaro  et  al., 

 2020).  Besides,  sexual  dysfunction  is  stigmatized  and  hence  underreported,  limiting  accuracy  in  data 

 in the majority of regions. 



 Future  trends  suggest  that  ED  prevalence  will  continue  to  rise  as  the  world  witnesses  an  increase  in 

 lifestyle  disorders  and  aging  populations.  Public  health  interventions,  thus,  must  target  early 

 diagnosis,  management  of  comorbidities,  and  sensitization  programs  to  desensitize  the  sexual  health 

 discourse. 

 2.3 Pathophysiology of Erectile Dysfunction 

 Erectile  dysfunction  (ED)  is  actually  a  penile  hemodynamic,  neural  integrative,  and  hormonal 

 disorder.  At  the  core  of  the  erectile  process  is  relaxation  of  corpus  cavernosum  smooth  muscle  that  is 

 NO-mediated,  activating  guanylate  cyclase  to  increase  cyclic  guanosine  monophosphate  (cGMP), 

 leading  to  vasodilation  and  penile  engorgement  (Zhu  et  al.,  2025).  Disruption  of  any  aspect  of  this 

 signaling  cascade,  endothelial,  neurogenic,  or  hormonal,  can  impair  erectile  response.  Endothelium 

 integrity  is  essential  since  it  is  one  of  the  main  sources  of  NO  (Figure  2.1).  Endothelial  dysfunction, 

 which  results  primarily  from  systemic  disease  or  oxidative  stress,  is  thus  central  to  the  development 

 of ED (Salvio  et al.,  2021). 

 Oxidative  stress  is  a  key  factor  in  ED  pathogenesis  by  inducing  the  build-up  of  reactive  oxygen 

 species  (ROS)  that  consume  NO,  cause  vasoconstriction,  inflammation,  and  tissue  remodeling.  This 

 oxidation  imbalance  is  common  in  diabetic,  obese,  and  hypertensive  conditions  and  leads  to 

 endothelial  injury,  increased  vascular  tone,  and  disturbed  cavernosal  blood  flow  (Rastrelli  et  al., 

 2025). 



 Figure 2.1: Pathophysiology of Erectile Dysfunction 

 Source: Roushias & Ossei-Gerning (2018) 

 Chronic  exposure  to  ROS  also  induces  accumulation  of  collagen  in  corpus  cavernosum,  causing 

 fibrosis  and  penile  tissue  loss  of  elasticity  (Ziapour  et  al.,  2024).  Malondialdehyde  and  decreased 

 superoxide  dismutase  activity  have  been  reported  as  biomarkers  for  oxidative  damage  in  ED 

 (Alrumaihi  et al.,  2024). 



 Testosterone  plays  a  critical  role  in  erectile  function.  It  affects  libido,  penile  tissue  structure,  and 

 NOS  enzyme  expression.  Androgen  deficiency  has  been  associated  with  impaired  NO  bioavailability 

 and  dysfunctional  penile  vasodilation.  Low  levels  of  testosterone  are  also  the  cause  of  increased 

 oxidative  stress  and  lowered  PDE5  inhibitor  sensitivity  (Woo  et  al.,  2021).  Clinical  evidence  reports 

 that  testosterone  replacement  is  capable  of  recovering  erectile  function  in  hypogonadal  men  through 

 enhanced NOS function and vascular reactivity (Saikia  et al.,  2024). 

 Pharmacologically-induced  ED,  especially  from  selective  serotonin  reuptake  inhibitors  (SSRIs)  like 

 paroxetine,  is  more  and  more  a  clinical  concern.  SSRIs  also  alter  central  serotonergic  mechanisms 

 that  damage  sexual  desire  and  orgasmic  function.  Additionally,  they  suppress  dopaminergic  and  NO 

 signaling  in  erectile  tissue.  Paroxetine  downregulates  testosterone  production  and  suppresses  NOS 

 activity in penile tissue to induce ED (Alrumaihi  et al.,  2024; Xie  et al.,  2025). 

 2.3.1 Phosphodiesterase 5 

 Phosphodiesterase  type  5  (PDE5)  plays  a  central  role  in  the  regulation  of  penile  erection  by 

 controlling  intracellular  levels  of  cyclic  guanosine  monophosphate  (cGMP),  a  key  second  messenger 

 involved  in  smooth  muscle  relaxation.  During  sexual  stimulation,  nitric  oxide  (NO)  is  released  from 

 nonadrenergic  noncholinergic  neurons  and  endothelial  cells  in  the  corpora  cavernosa.  NO  activates 

 soluble  guanylyl  cyclase,  leading  to  the  conversion  of  guanosine  triphosphate  (GTP)  into  cGMP, 

 which  then  induces  relaxation  of  the  cavernosal  smooth  muscles  and  facilitates  blood  engorgement  in 

 the penis (Kaltsas  et al.,  2025; Saikia  et al.,  2022). 

 PDE5,  a  cGMP-specific  enzyme,  hydrolyzes  cGMP  into  its  inactive  form  5’-GMP,  thereby 

 terminating  the  vasodilatory  signal.  Overexpression  or  heightened  activity  of  PDE5  reduces  cGMP 

 bioavailability,  resulting  in  sustained  cavernosal  contraction  and  difficulty  maintaining  an  erection 

 (Zachariou  et  al.,  2025).  The  pharmacological  inhibition  of  PDE5  maintains  elevated  cGMP  levels  in 

 penile  tissue,  promoting  prolonged  smooth  muscle  relaxation  and  improved  erectile  function.  This 



 mechanism  underlies  the  clinical  utility  of  PDE5  inhibitors,  such  as  sildenafil,  tadalafil,  and 

 vardenafil,  which  have  revolutionized  the  treatment  of  erectile  dysfunction  (Nik-Ahd  &  Shindel, 

 2022). 

 Beyond  erectile  tissue,  PDE5  is  expressed  in  other  vascular  beds,  and  its  dysregulation  has  been 

 implicated  in  systemic  vascular  diseases,  including  pulmonary  hypertension  and  diabetic 

 vasculopathies.  These  associations  emphasize  the  broader  physiological  significance  of  the 

 NO–cGMP–PDE5  axis  (Campolo  et  al.,  2020).  Moreover,  recent  findings  suggest  that  certain 

 pathological  conditions  such  as  diabetes  and  endothelial  dysfunction  upregulate  PDE5  expression, 

 potentially contributing to treatment resistance among ED patients (Crescioli & Paronetto, 2024). 

 Emerging  research  also  points  to  the  therapeutic  versatility  of  PDE5  inhibitors  beyond  urology.  Their 

 antioxidative,  anti-inflammatory,  and  proangiogenic  effects  have  shown  potential  in  the  management 

 of  benign  prostatic  hyperplasia,  cardiovascular  diseases,  and  even  certain  neurodegenerative 

 conditions  (Kaltsas  et  al.,  2025;  Zachariou  et  al.,  2025).  However,  long-term  safety,  drug 

 interactions, and individual variations in response remain areas requiring continued investigation. 

 In  the  context  of  paroxetine-induced  erectile  dysfunction,  PDE5  inhibition  may  offer  a  potential 

 strategy  to  counter  the  SSRI-induced  suppression  of  NO  signaling.  Since  SSRIs  like  paroxetine 

 downregulate  NOS  activity  and  testosterone  levels,  which  in  turn  lowers  cGMP  synthesis,  restoring 

 cGMP via PDE5 blockade may help normalize erectile response (Ismail & El-Sakka, 2024). 

 2.3.2 Arginase 

 Arginase  is  a  manganese-containing  enzyme  that  catalyzes  the  hydrolysis  of  L-arginine  into  urea  and 

 ornithine.  Although  this  reaction  is  part  of  the  urea  cycle  in  the  liver,  arginase  is  also  expressed  in 

 extrahepatic  tissues,  including  the  penile  corpus  cavernosum,  where  it  has  significant  implications 

 for  erectile  physiology.  Importantly,  L-arginine  is  a  shared  substrate  for  both  arginase  and  nitric 



 oxide  synthase  (NOS),  the  latter  of  which  converts  L-arginine  to  nitric  oxide  (NO),  a  critical 

 mediator  of  penile  erection.  Therefore,  increased  arginase  activity  can  competitively  reduce  the 

 availability  of  L-arginine  for  NO  synthesis,  thereby  impairing  endothelial  function  and  cavernosal 

 smooth muscle relaxation (Sağır  et al.,  2025; Alrumaihi  et al.,  2024). 

 In  the  context  of  erectile  dysfunction  (ED),  elevated  arginase  activity  has  been  observed  in  several 

 pathological  states,  including  diabetes,  hypertension,  and  aging.  This  upregulation  leads  to  reduced 

 NO  production,  endothelial  dysfunction,  and  diminished  vasodilation  of  the  penile  arteries  (Zhu  et 

 al.,  2025).  Experimental  models  have  demonstrated  that  inhibition  of  arginase  activity  restores 

 L-arginine  availability,  enhances  NO  bioavailability,  and  improves  erectile  response  in  both  animal 

 and  human  studies  (Wang  et  al.,  2025).  This  indicates  that  arginase  acts  as  a  negative  regulator  of 

 NO signaling in penile tissue, with direct consequences on erectile capacity. 

 Arginase  exists  in  two  isoforms—arginase  I,  which  is  cytosolic,  and  arginase  II,  which  is 

 mitochondrial.  Both  isoforms  are  expressed  in  cavernosal  tissue,  with  arginase  II  particularly 

 implicated  in  age-related  and  diabetes-induced  erectile  dysfunction  (Sangiorgi  et  al.,  2021). 

 Increased  expression  of  arginase  II  has  been  shown  to  impair  endothelial  NOS  activity  and  promote 

 oxidative  stress,  leading  to  fibrosis  and  structural  deterioration  of  cavernosal  smooth  muscle 

 (Oyovwi  &  Atere,  2024).  Notably,  this  mechanism  overlaps  with  the  pathways  influenced  by 

 phosphodiesterase-5  (PDE5),  underscoring  the  interconnectedness  of  NO  bioavailability,  oxidative 

 injury, and enzymatic regulation in the pathogenesis of ED. 

 Pharmacological  agents  or  plant-derived  compounds  that  inhibit  arginase  activity  have  shown 

 promise  in  restoring  erectile  function.  For  instance,  certain  polyphenols  and  flavonoids  found  in 

 Syzygium  aromaticum  and  other  medicinal  plants  possess  arginase-inhibitory  effects,  which  may 

 account  for  their  vasodilatory  and  aphrodisiac  properties  (Alrumaihi  et  al.,  2024;  Wang  et  al.,  2025). 

 Targeting  arginase  not  only  boosts  NO  levels  but  also  limits  pro-fibrotic  and  inflammatory  pathways, 



 making  it  a  compelling  therapeutic  target  for  drug  development  and  phytotherapy  in  ED 

 management. 

 2.3.3 Nitric oxide 

 Nitric  oxide  (NO)  is  a  pivotal  signaling  molecule  in  the  physiology  of  penile  erection,  playing  a 

 central  role  in  smooth  muscle  relaxation  within  the  corpus  cavernosum.  It  is  synthesized  from  the 

 amino  acid  L-arginine  by  nitric  oxide  synthase  (NOS),  primarily  the  neuronal  (nNOS)  and 

 endothelial  (eNOS)  isoforms.  Upon  sexual  stimulation,  NO  is  released  from  nonadrenergic, 

 noncholinergic  nerve  terminals  and  endothelial  cells  into  the  smooth  muscle  tissue  of  the  penis.  This 

 triggers  the  activation  of  soluble  guanylate  cyclase  (sGC),  which  catalyzes  the  conversion  of 

 guanosine  triphosphate  (GTP)  to  cyclic  guanosine  monophosphate  (cGMP),  a  key  second  messenger 

 that  mediates  smooth  muscle  relaxation  and  vasodilation  (Kaltsas  et  al.,  2024;  Oyovwi  &  Atere, 

 2024). 

 The  increase  in  cGMP  levels  reduces  intracellular  calcium  concentrations,  resulting  in  the  relaxation 

 of  the  trabecular  smooth  muscles  and  dilation  of  penile  arterioles.  This  physiological  cascade 

 facilitates  rapid  blood  influx  into  the  corpus  cavernosum  and  compression  of  subtunical  venules, 

 thereby  sustaining  erection  (Wang  &  Chung,  2025;  Oyovwi  &  Atere,  2024).  A  deficiency  in  NO 

 bioavailability,  whether  due  to  reduced  NOS  activity,  substrate  limitation  (L-arginine),  or  increased 

 oxidative  degradation,  leads  to  insufficient  smooth  muscle  relaxation  and  subsequent  erectile 

 dysfunction (Zhu  et al.,  2025; Sangiorgi  et al.,  2021). 

 Multiple  pathophysiological  conditions  including  diabetes,  atherosclerosis,  hypertension,  and  aging 

 are  associated  with  diminished  NO  signaling.  In  these  states,  endothelial  dysfunction  impairs  eNOS 

 function,  while  elevated  reactive  oxygen  species  (ROS)  such  as  superoxide  anions  rapidly  scavenge 

 NO,  forming  peroxynitrite,  a  reactive  nitrogen  species  that  further  exacerbates  vascular  injury 

 (Kaltsas  et  al.,  2024;  Oyovwi  &  Atere,  2024).  Consequently,  NO  deficiency  is  now  recognized  as 



 one  of  the  core  molecular  mechanisms  underlying  both  organic  and  psychogenic  forms  of  erectile 

 dysfunction. 

 Furthermore,  the  activity  of  NOS  is  tightly  regulated  by  cofactors  and  intracellular  conditions.  For 

 example,  tetrahydrobiopterin  (BH4)  is  a  crucial  NOS  cofactor,  and  its  depletion  leads  to  uncoupling 

 of  NOS,  resulting  in  the  generation  of  superoxide  instead  of  NO.  In  addition,  asymmetric 

 dimethylarginine  (ADMA),  an  endogenous  inhibitor  of  NOS,  is  elevated  in  many  disease  states  and 

 negatively  impacts  NO  synthesis  (Tarcan  et  al.,  2022).  These  biochemical  disruptions  compromise 

 cavernosal  vasodilation  and  are  linked  with  reduced  responsiveness  to  phosphodiesterase-5  inhibitors 

 (PDE5is). 

 Therapeutic  strategies  targeting  the  NO  pathway,  such  as  L-arginine  supplementation,  NO  donors, 

 and  herbal  agents  with  NOS-modulating  properties,  are  being  actively  explored  for  ED  treatment. 

 Recent  studies  suggest  that  combining  L-arginine  with  antioxidants  or  PDE5  inhibitors  may 

 synergistically  enhance  erectile  function,  particularly  in  patients  with  endothelial  dysfunction  or 

 SSRI-induced ED (Tian  et al.,  2023; Oyovwi & Atere,  2024). 

 2.3.4 Creatinine Kinase 

 Creatine  kinase  (CK)  is  a  critical  enzyme  involved  in  cellular  energy  homeostasis,  catalyzing  the 

 reversible  conversion  of  creatine  and  adenosine  triphosphate  (ATP)  into  phosphocreatine  and 

 adenosine  diphosphate  (ADP).  This  reaction  forms  a  vital  energy  reservoir  in  tissues  with  high  and 

 fluctuating  energy  demands,  including  the  smooth  muscles  of  the  corpus  cavernosum  (Kim  et  al., 

 2001;  Salehiyeh  et  al.,  2024).  In  the  erectile  process,  CK  contributes  to  the  rapid  regeneration  of 

 ATP,  enabling  sustained  contraction  and  relaxation  of  smooth  muscle  cells  during  penile  tumescence 

 and detumescence. 



 In  erectile  tissues,  especially  during  erection,  the  energy  requirement  is  elevated  due  to  the 

 mechanical  and  biochemical  workload  of  vasodilation  and  smooth  muscle  modulation.  CK  is 

 localized  in  penile  smooth  muscle,  where  it  ensures  an  immediate  supply  of  high-energy  phosphates 

 for  myosin  ATPase  activity  and  calcium  reuptake  by  sarcoplasmic  reticulum  ATPases—essential  for 

 smooth  muscle  contraction  and  relaxation  cycles  (Lee  et  al.,  2014;  Giri  et  al.,  2024).  Altered  CK 

 activity  has  been  implicated  in  erectile  dysfunction  (ED),  especially  when  associated  with  systemic 

 metabolic  disorders  like  diabetes,  which  impair  ATP  synthesis  and  phosphocreatine  buffering 

 (Nguyen  et al.,  2024). 

 Experimental  studies  demonstrate  that  CK  levels  and  function  are  compromised  in  erectile  tissues 

 under  oxidative  stress  and  hypoxic  conditions,  leading  to  impaired  energy  metabolism.  A  study  by 

 Hersch  et  al.  (2004)  showed  that  hypoxia-induced  dysfunction  in  corpus  cavernosum  tissue  was 

 associated  with  altered  CK  activity  and  decreased  energy  availability.  Similarly,  reduced  CK  activity 

 has  been  linked  to  diminished  cavernosal  smooth  muscle  contractility  and  decreased  erectile 

 response in aging or disease states (Salehiyeh  et  al.,  2024). 

 The  measurement  of  CK  isoenzymes  (e.g.,  CK-MM  in  muscle)  can  also  serve  as  a  biomarker  for 

 muscular  integrity  and  stress  in  experimental  models  of  ED.  For  instance,  a  2024  study  assessing  the 

 effect  of  testosterone-boosting  herbal  compounds  reported  improvements  in  erectile  parameters 

 alongside  elevated  CK  levels,  suggesting  enhanced  muscular  energy  turnover  in  penile  tissue 

 (Obalana  et al.,  2024). 

 2.4 Treatment of Erectile Dysfunction 

 The  treatment  of  erectile  dysfunction  (ED)  has  evolved  significantly  over  the  past  two  decades, 

 encompassing  both  pharmacological  and  non-pharmacological  approaches  tailored  to  the  patient's 

 etiology,  comorbidities,  and  preferences.  The  cornerstone  of  pharmacological  therapy  remains  the 

 use  of  phosphodiesterase  type  5  inhibitors  (PDE5is),  such  as  sildenafil,  tadalafil,  vardenafil,  and 



 avanafil.  These  agents  enhance  the  nitric  oxide–cGMP  pathway  (Figure  2.2),  promoting  relaxation  of 

 cavernosal  smooth  muscle  and  improving  penile  blood  flow  during  sexual  stimulation  (Nik-Ahd  & 

 Shindel,  2022;  Kaltsas  et  al.,  2024).  PDE5is  are  effective  in  approximately  70–80%  of  patients, 

 although  their  efficacy  may  be  reduced  in  individuals  with  severe  endothelial  dysfunction,  diabetes, 

 or those using SSRIs (Zhu  et al.,  2025). 

 Testosterone  replacement  therapy  (TRT)  is  another  cornerstone  in  ED  management,  particularly  in 

 men  with  confirmed  hypogonadism.  Low  testosterone  levels  negatively  affect  libido,  penile  tissue 

 architecture,  and  nitric  oxide  synthase  expression.  Studies  show  that  TRT  improves  sexual  desire  and 

 may  enhance  responsiveness  to  PDE5is  in  men  with  borderline  testosterone  levels  (Paschou  et  al., 

 2024;  Rastrelli  et  al.,  2025).  However,  TRT  is  contraindicated  in  certain  patients,  including  those 

 with prostate cancer, and must be carefully monitored due to potential adverse effects. 

 Figure 2.2: Treatment of Erectile Dysfunction 

 Source: Roushias & Ossei-Gerning (2018) 



 In  parallel  with  pharmacological  options,  non-pharmacological  interventions  have  gained  attention 

 for  their  holistic  and  complementary  benefits.  Lifestyle  modifications  such  as  regular  physical 

 activity,  weight  loss,  smoking  cessation,  and  adherence  to  Mediterranean  or  DASH  diets  are 

 associated  with  improved  erectile  function  and  reduced  vascular  inflammation  (Bonarska  et  al., 

 2025;  Vardi  et  al.,  2022).  Exercise,  particularly  aerobic  training,  has  been  shown  to  enhance 

 endothelial  health,  increase  testosterone,  and  improve  overall  sexual  performance  in  men  with 

 metabolic syndrome or cardiovascular risk factors (Sun  et al.,  2025). 

 Complementary  and  herbal  therapies  are  increasingly  being  incorporated  into  ED  management, 

 especially  in  regions  with  strong  ethnomedical  traditions.  Extracts  from  plants  such  as  Syzygium 

 aromaticum,  Panax  ginseng,  Epimedium  brevicornum,  and  Tribulus  terrestris  have  shown  potential 

 to  improve  erectile  function  via  antioxidant,  androgenic,  or  NO-enhancing  mechanisms  (Wang  et  al., 

 2025;  Alrumaihi  et  al.,  2024).  These  therapies  are  generally  well  tolerated  and  may  serve  as 

 alternatives  or  adjuncts  to  conventional  medication,  particularly  in  SSRI-induced  or  psychogenic  ED. 

 Nonetheless, quality control and clinical validation remain challenges in herbal medicine. 

 Psychosexual  therapy,  including  cognitive-behavioral  therapy  (CBT),  partner  communication 

 training,  and  mindfulness,  remains  essential  in  cases  of  psychogenic  ED  or  when  performance 

 anxiety  is  present.  These  therapies  help  improve  psychological  resilience  and  relational  dynamics, 

 which are often disrupted in men with ED (Carella  et al.,  2023). 

 2.4.1 Limitations of Current Erectile Dysfunction Treatment 

 Despite  significant  advancements  in  the  management  of  erectile  dysfunction  (ED),  current  treatment 

 modalities  present  notable  limitations  that  restrict  their  long-term  effectiveness  and  universal 

 applicability.  Phosphodiesterase  type  5  inhibitors  (PDE5is),  such  as  sildenafil  and  tadalafil,  are 

 widely  prescribed  and  often  considered  the  first-line  therapy.  However,  30–40%  of  patients  fail  to 

 respond  adequately  to  PDE5is,  especially  those  with  diabetes,  severe  endothelial  dysfunction,  or 



 after  pelvic  surgery  (Pyrgidis  et  al.,  2021;  Kaltsas  et  al.,  2025).  Moreover,  PDE5  is  require  sexual 

 stimulation  to  be  effective  and  do  not  address  underlying  psychological  or  hormonal  causes  of  ED 

 (Rastrelli  et al.,  2025). 

 Testosterone  replacement  therapy  (TRT)  is  frequently  used  in  hypogonadal  men  with  ED,  yet  its 

 benefits  are  inconsistent.  While  TRT  can  improve  libido  and  erectile  function  in 

 testosterone-deficient  men,  its  impact  is  minimal  in  men  with  normal  baseline  testosterone  levels. 

 Long-term  safety  concerns  such  as  cardiovascular  risks  and  prostate  health  complications  also  limit 

 its  widespread  use  (Paschou  et  al.,  2024).  Furthermore,  many  patients  require  combination  therapy 

 with  TRT  and  PDE5is  to  achieve  satisfactory  results,  highlighting  the  insufficiency  of  monotherapy 

 in complex cases (Islam  et al.,  2022). 

 Herbal  and  complementary  medicine  have  emerged  as  alternatives,  particularly  in  populations  that 

 seek  natural  or  culturally  congruent  therapies.  While  some  plant-based  treatments  like  Panax 

 ginseng,  Syzygium  aromaticum,  and  Tribulus  terrestris  show  potential,  the  lack  of  standardized 

 formulations,  dose-response  data,  and  robust  clinical  trials  undermines  their  credibility  in 

 mainstream  medicine  (Alrumaihi  et  al.,  2024;  Wang  et  al.,  2025).  Additionally,  concerns  about 

 adulteration,  drug-herb  interactions,  and  delayed  onset  of  action  limit  their  utility  for  acute  ED 

 management. 

 Psychosexual  therapies,  including  cognitive  behavioral  therapy  and  couples  counseling,  are  essential 

 in  managing  psychogenic  ED.  However,  access  to  trained  therapists,  stigma,  and  low  patient 

 compliance  often  hinder  their  effectiveness.  These  interventions  require  consistent  patient 

 engagement  and  may  not  yield  immediate  results,  which  discourages  patients  seeking  faster 

 outcomes  (Carella  et  al.,  2023).  Additionally,  few  healthcare  systems  integrate  psychological 

 interventions with pharmacotherapy as part of a standard ED care pathway. 



 Lastly,  surgical  options  like  penile  prostheses,  although  effective  for  refractory  ED,  are  invasive  and 

 associated  with  risks  such  as  infection,  mechanical  failure,  and  patient  dissatisfaction  due  to 

 unrealistic  expectations.  As  such,  they  are  reserved  for  patients  unresponsive  to  all  other  treatments 

 (Bonarska  et  al.,  2025).  Collectively,  these  limitations  highlight  the  need  for  novel,  integrative,  and 

 patient-tailored  approaches  that  can  address  the  multifactorial  nature  of  ED,  improve  adherence,  and 

 target its underlying pathophysiology. 

 2.5  Syzygium aromaticum 

 Syzygium  aromaticum,  commonly  known  as  clove,  is  a  medicinal  crop  well  known  to  possess  a 

 broad  variety  of  pharmacological  activities  including  antioxidant,  anti-inflammatory,  antimicrobial, 

 and  aphrodisiac.  Traditionally,  clove  has  also  been  used  in  African,  Asian,  and  Ayurvedic  medicine 

 and  has  been  investigated  for  its  ability  to  cure  sexual  dysfunction  and  enhance  male  reproductive 

 health  (Sarkodie  et  al.,  2024).  Its  aphrodisiac  effect  can  be  attributed  largely  because  of  its 

 composition  of  eugenol,  a  bioactive  phenolic  compound  that  has  been  found  to  regulate  the 

 production of NO and increase blood flow through smooth muscle tissues like  Corpora cavernosae  . 

 Preclinical  studies  reveal  that  S.  aromaticum  extracts  improve  sexual  behavior  in  male  rats,  including 

 enhanced  mounting  frequency,  reduced  mount  latency,  and  better  erection  quality.  These  effects  are 

 speculated  to  be  mediated  through  the  activation  of  L-arginine/NO  signaling  pathway,  which  is 

 essential  for  cavernosal  smooth  muscle  relaxation  and  penile  erection  maintenance  (Tang  et  al., 

 2017;  Sarkodie  et  al.,  2024).  Besides,  aromaticum  has  also  demonstrated  the  capacity  to  upregulate 

 endogenous  antioxidant  enzymes  such  as  superoxide  dismutase  (SOD)  and  catalase,  hence 

 safeguarding penile tissue against oxidative stress, a common etiology of erectile dysfunction. 

 Another  most  significant  pharmacological  characteristic  of  S.  aromaticum  is  its  ability  to  modulate 

 hormone  levels.  Its  ability  to  increase  serum  testosterone  levels  following  the  administration  of  clove 

 extracts  in  animal  models  has  been  thought  to  be  its  therapeutic  effect  on  androgen  biosynthesis  or 



 testicular  function  (Sarkodie  et  al.,  2024).  It  is  particularly  observed  in  SSRI-induced  erectile 

 dysfunction,  such  as  that  caused  by  paroxetine,  which  is  known  to  decrease  testosterone  levels  and 

 suppress NO synthesis in penile tissue. 

 Besides  its  physiological  effect,  S.  aromaticum  is  well-tolerated  at  moderate  doses  and  has  not 

 demonstrated  significant  toxicological  concerns  with  short-term  use.  Significant  doses  or  long-term 

 use  may  be  dangerous  to  reproductive  capacity  or  hepatotoxicity,  which  renders  it  suitable  for  dose 

 standardization in clinical application (El-Saber Batiha  et al.,  2020). 

 2.5.1 Bioactive Components of  Syzygium aromaticum 

 Syzygium  aromaticum  or  clove  is  pharmacologically  active  due  to  a  rich  portfolio  of  bioactive 

 compounds  that  are  liable  for  its  therapeutic  potential,  such  as  erectile  dysfunction  management.  The 

 chief  bioactive  constituents  include  eugenol,  eugenol  acetate,  β-caryophyllene,  flavonoids,  tannins, 

 saponins,  and  triterpenoids,  among  others.  These  phytochemicals  are  also  principally  responsible  for 

 the  plant's  antioxidant,  anti-inflammatory,  analgesic,  antimicrobial,  and  aphrodisiac  properties 

 (Yanuarty  et al.,  2024; Otunola, 2022). 

 Eugenol,  the  major  compound  of  clove  essential  oil,  has  been  acclaimed  for  its  strong  antioxidant 

 property.  It  is  a  free  radical  scavenger  and  plays  a  significant  role  in  protecting  endothelial  cells  and 

 penile  smooth  muscle  against  oxidative  stress-mediated  damage,  which  is  commonly  implicated  in 

 erectile  dysfunction  (Caballero-Gallardo  et  al.,  2025).  Eugenol  also  stimulates  nitric  oxide  (NO) 

 release  and  helps  in  vasodilation  through  endothelial  modulation,  thereby  facilitating  penile  erection 

 (Sarkodie  et al.,  2024). 

 In  addition  to  eugenol,  S.  aromaticum  ethanolic  and  aqueous  extracts  also  contain  flavonoids  such  as 

 kaempferol  and  quercetin.  These  compounds  are  known  to  have  strong  antioxidant  and  vasodilatory 

 effects  through  enhanced  activity  of  endothelial  nitric  oxide  synthase  (eNOS)  and  NO  bioavailability 



 (Otunola,  2022;  Tuldjanah  et  al.,  2024).  Flavonoids  are  also  involved  in  the  regulation  of  hormonal 

 pathways, including testosterone synthesis, which is required for sexual arousal and erectile function. 

 Triterpenoids  and  tannins  present  in  clove  have  been  reported  to  reinforce  tissue  integrity  and  induce 

 anti-inflammatory  activities  capable  of  neutralizing  oxidative  and  inflammatory  insults  in  penile 

 tissue.  The  phytoconstituents  also  improve  sperm  motility  and  quality  in  animal  models,  suggesting  a 

 general  reproductive  benefit  (Boojar  et  al.,  2024;  Adama,  2025).  Saponins,  a  class  of 

 phytoconstituents,  are  reported  to  possess  adaptogenic  activities  that  improve  stress  tolerance  and 

 libido. 

 Furthermore,  phytochemical  fractionation  studies  revealed  that  the  aphrodisiac  activity  of  S. 

 aromaticum  is  due  not  only  to  eugenol  but  to  synergistic  action  among  its  polyphenols,  alkaloids,  and 

 volatile oils (Yanuarty  et al.,  2024). 



 CHAPTER THREE 

 3.0 MATERIALS AND METHODS 

 3.1 Materials 

 3.1.1 Plant Materials 

 Syzygium  aromaticum  was  purchased  from  Mandate  Market  in  Ilorin,  Kwara  State.  It  was 

 authenticated  and  identified  at  the  Herbarium,  Department  of  Plant  biology,  University  of  Ilorin, 

 where voucher number UILH/001/1498 was assigned. 

 3.1.2 Experimental Animal 

 Twenty-five  (25)  male  experimental  rats  were  obtained  from  Research  Fulcrum  Lab,  Ilorin.  Prior  to 

 the  experiment,  the  animals  were  housed  in  a  well-ventilated  and  illuminated  facility  and  were  fed 

 standard diet of rat pellets and clean water ad libitum. 

 3.1.3 Reagents and Kits 

 Seroxat  (paroxetine)  was  purchased  from  General  Drug  Pharmacy,  Ilorin.  obtained  from  Elab 

 Scientifics,  epinephrine,  DTNB  (Ellman’s  Reagent)  (5,5-dithio-bis-2-nitrobenzoic  acid)  and  glucose 

 from  Sigma.  The  assay  kits  for  High  Density  Lipoprotein  (HDL),  total  cholesterol,  triglyceride,  were 

 products  of  Randox  Laboratories  Ltd.,  Co-Antrim,  UK.  Other  reagents  to  be  used  were  of  analytical 

 grade. 



 3.2 Methods 

 3.2.1 Preparation of Clove Extract 

 Syzygium  aromaticum  aqueous  extract  was  prepared  using  the  method  described  by  Ahmad  et  al. 

 (2012)  with  slight  modifications.  Briefly,  approximately  500  g  crude  powder  was  mixed  in  2.5  L 

 distilled  water,  and  the  mixture  was  left  over  night  with  shaking.  The  mixture  was  then  filtered  and 

 freeze-dried to obtain brown flakes which were pulverized into powder and stored for the research. 

 3.2.2 Experimental Design 

 Twenty-five  (25)  male  Wistar  rats  were  randomly  assigned  to  five  groups,  each  consisting  of  five 

 rats. They were treated as follows: 

 Group 1 (Normal control) received 1 mL of 0.9% normal saline 

 Group  2  (Paroxetine-induced  untreated)  was  administered  only  10  mg/kg  of  paroxetine  orally  for  21 

 days. 

 Group  3  (standard  drug)  received  10  mg/kg  of  paroxetine  along  with  50  mg/kg  of  sildenafil  citrate 

 (Viagra). 

 Groups  4  was  administered  10  mg/kg  of  paroxetine  followed  by  200  mg/kg  S.  aromaticum  aqueous 

 extract (SAAE). 

 Group  5  was  administered  10  mg/kg  paroxetine,  followed  by  400  mg/kg  of  SAAE.  These  treatments 

 were  administered  orally.  At  the  end  of  the  experiment,  the  rats  were  humanely  sacrificed  using 

 diethyl ether anaesthetization. 



 3.2.3 Induction of Erectile Dysfunction 

 Erectile  dysfunction  was  induced  using  the  method  described  by  Muritala  and  Bewaji  (2021).  This 

 involved  oral  administration  of  10  mg/kg  of  paroxetine  suspension  which  was  prepared  using 

 Tween-80  (BDH  Chemicals,  Ltd.;  Poole,  England)  suspended  in  9  g/L  saline  solution  as  the  vehicle. 

 The paroxetine was administered for 21 days, followed by treatment the following day. 

 3.2.4 Determination of Body-Organ Weight Ratio 

 For  assessment  of  possible  changes  in  the  organ  sizes  after  induction  of  erectile  dysfunction  and 

 administration  of  the  extract,  the  animals  were  weighed  before  sacrifice.  After  sacrifice,  their  hearts 

 and  penises  were  excised,  blotted  in  tissue  paper  to  remove  blood  and  water,  and  weighed  for 

 determination of hearts-body and penises-body weight ratios (Yakubu  et al.,  2007). 

 3.2.5 Determination of Phosphodiesterase 5 Activity 

 Penile  phosphodiesterase  5  (PDE5)  activity  was  measured  using  the  Butcher  and  Sutherland  (1962) 

 method.  Concisely,  the  samples  (penis  homogenates)  were  incubated  with  cGMP,  which  served  as 

 the  substrate,  followed  by  spectrophotometric  detection  of  the  reaction  product.  The  enzymatic 

 activity was then estimated using the following equation: 

 EA = (units/mL) 

 Where: 

 EA is enzyme activity 

 V is total volume of reaction 

 ΔC is reaction velocity (Pi/ incubation time of 20 

 minutes) 



 V  3  is volume of enzyme source 

 Pi is amount of inorganic phosphate released 

 3.2.6 Determination of Penile Nitric Oxide Concentrations 

 The  penile  nitric  oxide  concentrations  were  determined  following  the  method  of  Green  et  al  .  (1982). 

 This  assay  involved  the  reaction  of  nitrate  and  nitrite  with  Griess  reagent  to  form  a  colored  complex, 

 which  was  quantified  spectrophotometrically.  The  nitric  oxide  concentration  was  determined  based 

 on standard calibration curve. 

 3.2.7 Arginase Activity 

 Arginase  activity  assay  in  penile  organs  was  carried  out  using  the  method  of  Stickings  et  al.  (2002). 

 In  this  method,  50µl  of  the  homogenate  of  each  of  the  organs  was  measured  into  an  eppenduff  tube, 

 and  200µl  of  arginase  buffer  was  added  to  it.  The  mixture  was  incubated  for  1  hr  at  37  o  C,  after  which 

 100µl  of  0.5  M  hypochloride  was  added  to  it.  The  mixture  was  then  centrifuged  at  8000rpm  for 

 3minutes.  The  mixture  was  thereafter  quantified  using  urea  i.e.  100ul  of  urea  reagent  was  added  to 

 20µl  of  the  supernatant.  The  absorbance  value  was  taken  at  380nm  and  the  concentration  of  urea  is 

 estimated using the following equation: 

 Concentration of urea (mg/dl) = 

 Concentration of standard = 13.1 mg/dl 

 3.2.8 Creatine Kinase (CK) Activity Assay 

 Serum  creatine  kinase  (CK)  activity  was  quantified  using  the  Witt  and  Trendelenburg  (1982)  method. 

 The  assay  measured  CK  activity  based  on  the  enzymatic  conversion  of  creatine  phosphate,  with 

 absorbance  recorded  spectrophotometrically.  The  enzyme  activity  was  calculated  using  the  following 

 equation: 



 Creatine kinase (U/l) = 4127 x (ΔAbsorbance/minute x dilution factor) 

 Where 4127 is the standard factor used in preparation of the enzyme kit. 

 3.2.9 Lipid Profile 

 3.2.9.1 Serum Total Cholesterol Concentration 

 The  assay  for  total  cholesterol  in  the  serum  was  carried  out  using  the  method  of  Fredrickson  et  al. 

 (1967).  Micropipette  was  used  to  measure  20  µL  each  of  appropriately  diluted  sample,  standard  and 

 distilled  water  were  pipetted  into  different  test  tubes  and  were  labeled  sample,  standard  and  blank 

 respectively.  Thereafter,  2000ul  of  working  reagent  composing  of  4-aminoantipyrine,  phenol, 

 peroxide,  cholesterol  esterase,  cholesterol  oxidase  and  buffer  (pH  6.8)  were  added  to  each  test  tube. 

 The  reaction  constituents  were  thoroughly  mixed  and  incubated  at  37ᵒC  for  5min.  The  absorbance  of 

 sample  and  standard  were  read  against  the  blank  at  546nm.  The  cholesterol  concentration  was  then 

 calculated using the following equation: 

 Concentration of cholesterol (mmol/L) = 

 Concentration of standard = 5.10 mmol/L 

 3.2.9.2 Triglycerides concentration 

 The  concentration  of  serum  triglyceride  was  determined  using  the  method  describe  by  Hainline  et  al. 

 (1980).  Using  a  micropipette,  10ul  of  appropriately  diluted  sample,  standard  and  distilled  water  were 

 pipetted  into  clean  test  tubes  labelled  sample,  standard  and  blank  respectively.  Then  100  µL  of 

 working  reagent  comprising  of  4-aminophenazone,  ATP,  lipases,  glycerokinase, 

 glyceryl-3-phosphate  oxidase  and  peroxidase  were  added  to  each  test  tube.  The  solution  was  mixed, 

 left  undisturbed  for  10min  at  room  temperature  (20-25  0  C).  The  absorbance  of  sample  and  standard 



 was  measured  against  the  blank  within  60  min  at  500nm.  The  triglycerides  were  then  estimated  using 

 the equation below: 

 Calculation: 

 Concentration of TG (mmol/L) = 

 Concentration of standard = 2.21 mmol/L 

 3.2.9.3 Serum High Density Lipoprotein-Cholesterol Concentration 

 By  adopting  the  procedure  described  by  Albers  et  al.  (1978),  HDL-cholesterol  concentration  in 

 serum  was  determined.  Using  a  micropipette,  200ul  of  appropriate  diluted  sample,  standard  and 

 distilled  water  were  pipetted  into  clean  test  tubes  labelled  sample,  standard  and  blank  respectively. 

 Then  500  µL  of  working  reagent  comprising  of  phosphotungstic  acid  and  magnesium  chloride  were 

 added  to  each  test  tube.  The  solution  was  mixed  and  left  undisturbed  for  10min  at  room  temperature. 

 This  was  then  centrifuged  at  4000  rpm  for  10  minutes.  The  clear  supernatant  was  separated  off 

 within  two  hours  and  the  cholesterol  content  determined  by  the  CHOD-PAP  method  earlier 

 described. 

 Concentration of HDL cholesterol (mmol/L) = 

 Concentration of standard = 5.10 mmol/L 

 3.2.9.4 Serum Low Density Lipoprotein-Cholesterol Concentration 

 The  assay  for  serum  low-density  lipoprotein  cholesterol  concentration  was  carried  out  using  the 

 polyvinyl sulphate (PVS) reaction as described by Demacker  et al  . (1984). 

 Calculation: 

 LDL-C (mg/dl) = Total cholesterol (mg/dl) – 1.5 x 



 Supernatant cholesterol (mg/dl) 

 3.2.10 Statistical Analysis 

 Data  obtained  were  expressed  as  mean  ±  standard  error  of  mean  (S.E.M.)  of  three  replicates.  Graphs 

 were  obtained  using  Graphpad  prism  version  8.0,  and  one-way  analysis  of  variance  (ANOVA)  was 

 used  for  statistical  evaluation  using  Duncan’s  posthoc  test  of  SPSS  for  multiple  comparisons.  Values 

 analyzed were considered statistically significant at p<0.05. 



 CHAPTER FOUR 

 4.0 RESULTS 

 4.1 Percentage Yield of the Extract 

 After the preparation of  Syzygium aromaticum  aqueous  extract using 500 g of the plant sample, 78 g 

 of extract was obtained. 

 % Yield =  × 100 

 = × 100 

 = 15.6 % 

 Therefore, the percentage yield of the  S. aromatic  extract was 15.6 % 

 4.2 Phytochemical Screening of Syzygium aromaticum Aqueous Extract 

 The  phytochemical  screening  of  Syzygium  aromaticum  aqueous  extract  (SAAE)  revealed  the 

 presence  of  tannins,  saponins,  flavonoids,  glycosides,  alkaloids,  phenols  and  steroids  (Table  4.1). 

 However, terpenoids and phlobatannins in phytochemical screening were not present. 

 Table 4.1: Phytochemical Screening of  Syzygium aromaticum  Aqueous Extract 



 S/N  Phytochemical Class  Results 
 1  Tannins  + 
 2  Saponins  + 
 3  Flavonoids  + 
 4  Terpenoids  - 
 5  Glycosides  + 
 6  Phlobatannins  - 
 7  Alkaloids  + 
 8  Phenols  + 
 9  Steroids  + 
   
 Keys: 

 + = Present 

 - = Absent 

 4.3 Penile Organ-Body Ratios 

 The  penile  organ-body  ratio  of  group  2  (dysfunctional  untreated  group)  was  significantly  lower 

 (p<0.05)  compared  to  others  (Figure  4.1).  There  was  no  significant  difference  (p<0.05)  in  the  penile 

 organ-body  ratios  of  normal  control  and  sildenafil  citrate  (standard)  groups.  The  penile  organ-body 

 ratios  of  groups  4  and  5  (200mg/kg  body  weight  SAAE  and  400mg/kg  body  weight  SAAE)  were 

 significantly (p<0.05) lower compared to that of the normal control. 



 Figure  4.1:  Penile  Organ-Body  Ratios  of  Paroxetine-Induced  Dysfunctional  Rats  Administered 

 Syzygium aromatic  Extract (SAAE) 

 Values  were  expressed  as  Mean  ±  SEM  (n  =  3),  and  bars  with  different  alphabets  are  statistically 

 different 

 4.4 Nitric Oxide Concentration 

 The  nitric  oxide  in  group  2  (dysfunctional  untreated  group)  was  significantly  lower  (p<0.05) 

 compared  to  others  (Figure  4.2).  There  was  no  significant  difference  (p<0.05)  in  the  nitric  oxide 

 levels of sildenafil citrate, 200mg/kg body weight SAAE and 400mg/kg body weight SAAE groups. 

 Figure  4.2:  Nitric  Oxide  Levels  of  Paroxetine-Induced  Dysfunctional  Rats  Administered 

 Syzygium  aromatic  Extract (SAAE) 

 Values  were  expressed  as  Mean  ±  SEM  (n  =  3),  and  bars  with  different  alphabets  are  statistically 

 different 



 4.5 In vivo Enzyme Assays 

 4.5.1 Phosphodiesterase 5 

 Phosphodiesterase  5  activity  in  group  2  (dysfunctional  untreated  group)  was  significantly  higher 

 (p<0.05)  compared  to  others  (Figure  4.3).  There  was  no  significant  difference  (p<0.05)  in  the 

 phosphodiesterase  5  activity  of  normal  control,  sildenafil  citrate  and  400mg/kg  SAAE  groups.  The 

 phosphodiesterase  5  activity  in  200mg/kg  SAAE  was  significantly  higher  (p<0.05)  than  those  of  the 

 normal control, sildenafil citrate and 400mg/kg SAAE groups. 

 Figure  4.3:  The  phosphodiesterase  Activity  of  Paroxetine-Induced  Dysfunctional  Rats 

 Administered  Syzygium  aromatic  Extract (SAAE) 



 Values  were  expressed  as  Mean  ±  SEM  (n  =  3),  and  bars  with  different  alphabets  are  statistically 

 different 

 4.5.2 Arginase 

 Arginase  in  group  2(dysfunctional  untreated  group)  was  significantly  higher  (p<0.05)  compared  to 

 other  (Figure  4.4).  There  was  no  significant  difference  (p<0.05)  in  the  arginase  activity  of  normal 

 control,  sildenafil  citrate  (standard),  200mg/kg  body  weight  SAAE  and  400mg/kg  body  weight 

 SAAE groups 

 Figure  4.4:  The  Arginase  Activity  of  Paroxetine-Induced  Dysfunctional  Rats  Administered 

 Syzygium  aromatic  Extract (SAAE) 

 Values  were  expressed  as  Mean  ±  SEM  (n  =  3),  and  bars  with  different  alphabets  are  statistically 

 different 



 4.5.3 Creatinine Kinase 

 The  creatine  kinase  in  group  2  (dysfunctional  untreated  group)  was  significantly  higher  (p<0.05) 

 compared  to  others  (Figure  4.5).  There  was  no  significant  difference  (p<0.05)  in  the  creatine  kinase 

 of  normal  control,  sildenafil  citrate  (standard),  200mg/kg  body  weight  SAAE  and  400mg/kg  body 

 weight SAAE groups. 

 Figure  4.5:  Creatinine  Kinase  Activity  of  Paroxetine-Induced  Dysfunctional  Rats  Administered 

 Syzygium  aromatic  Extract (SAAE) 

 Values  were  expressed  as  Mean  ±  SEM  (n  =  3),  and  bars  with  different  alphabets  are  statistically 

 different 

 4.6 Serum Lipid Profile 

 The  experiment  revealed  low  density  lipoprotein  (LDL)  in  group  2  (dysfunctional  untreated  group) 

 which  was  significantly  higher  (p<0.05)  compared  to  others  (Table  4.2).  There  was  no  significant 

 difference  (p<0.05)  in  LDL  of  400  mg/kg  body  weight  SAAE,  200mg/kg  body  weight  SAAE  and 



 sildenafil  citrate  groups,  and  their  LDL  concentrations  were  significantly  higher  (p<0.05)  than  that  of 

 normal control. 

 Higher  density  lipoprotein  (HDL)  in  group  2  (untreated  group)  was  significantly  lower  (p<0.05) 

 compared  to  others.  There  was  no  significant  difference  (p<0.05)  in  the  HDL  of  sildenafil  citrate, 

 200  and  400  mg/kg  body  weight  SAAE,  and  their  HDL  concentrations  were  significantly  (p<0.05) 

 lower compared to the normal control group. 

 Triacylglycerol  (TAG)  in  group  2  (dysfunctional  untreated  group)  was  significantly  higher  (p<0.05) 

 compared  to  others.  There  was  no  significant  difference  (p<0.05)  in  the  triacylglycerol 

 concentrations  of  normal  control,  sildenafil  citrate  and  400mg/kg  body  weight  SAAE.  The 

 triacylglycerol  in  400mg/kg  body  weight  SAAE  group  was  significantly  lower  (p<0.05)  than 

 200mg/kg body weight SAAE group. 

 The  total  cholesterol  in  group  2  (dysfunctional  untreated  group)  was  significantly  higher  (p<0.05) 

 compared  to  other  groups.  There  was  no  significant  difference  (p<0.05)  in  the  total  cholesterol  of 

 200 and 400 mg/kg body weight SAAE groups. 

 Table  4.2:  Serum  Lipid  Profile  of  Paroxetine-Induced  Dysfunctional  Rats  Administered 

 Syzygium  aromatic  Extract 

 SAAE:  Syzygium aromaticum  Aqueous Extract 

 S/N  Groups  LDL 

 (mmol/L) 

 HDL 

 (mmol/L) 

 TAG 

 (mmol/L) 

 Cholestero

 (mmol/L) 

 1  Normal Control  5.14 ± 0.20  a  9.07 ± 0.33  c  3.01 ± 0.50  ab  16.82 ± 1.13  

 2  Dysfunctional Untreated  18.77 ± 0.54  c  6.27 ± 0.37  a  5.18 ± 0.20  c  23.13 ± 1.22  

 3  50 mg/kg bw Sildenafil Citrate  8.78 ± 0.15  b  7.73 ± 0.33  b  3.55 ± 0.24  ab  20.38 ± 1.03  b

 4  200 mg/kg bw SAAE  9.37 ± 0.45  b  7.55 ± 0.23  b  3.85 ± 0.48  b  19.13 ± 1.12  

 5  400 mg/kg bw SAAE  8.81 ± 0.09  b  8.15 ± 0.09  b  2.66 ± 0.20  a  18.02 ± 0.49  





 CHAPTER FIVE 

 5.0 DISCUSSION, CONCLUSION AND RECOMMENDATION 

 5.1 Discussion 

 The  observed  improvements  in  paroxetine-induced  sexual  dysfunction  following  administration  of 

 Syzygium  aromaticum  aqueous  extract  (SAAE)  highlight  the  therapeutic  potential  of  clove-derived 

 phytochemicals  in  modulating  biochemical  and  physiological  pathways  relevant  to  male  reproductive 

 health.  The  significant  reduction  in  penile  organ-body  ratio  in  the  untreated  paroxetine  group  aligns 

 with  existing  evidence  that  selective  serotonin  reuptake  inhibitors  (SSRIs),  such  as  paroxetine, 

 impair  sexual  function  by  inhibiting  dopaminergic  and  nitric  oxide  (NO)-mediated  pathways  critical 

 for  erection  and  libido  (Khawam  et  al.,  2021).  The  partial  restoration  of  this  ratio  in  rats  treated  with 

 200  mg/kg  and  400  mg/kg  of  SAAE  suggests  that  the  bioactive  components  of  S.  aromaticum  , 

 particularly  eugenol,  flavonoids,  and  saponins,  exert  tissue-protective  effects  and  potentially  enhance 

 androgenic stimulation (Taghipour  et al.,  2023). 

 The  restoration  of  NO  concentrations  in  the  SAAE-treated  groups  indicates  a  reversal  of 

 paroxetine-mediated  oxidative  and  endothelial  dysfunction.  Nitric  oxide  is  essential  for  corpus 

 cavernosum  relaxation  and  penile  erection,  and  its  reduction  is  a  hallmark  of  drug-induced  erectile 

 dysfunction  (Chauhan  et  al.,  2020).  Several  phytochemicals  found  in  clove,  notably  flavonoids  and 

 phenolic  compounds,  are  known  to  enhance  NO  synthase  activity  and  reduce  oxidative  stress 

 (Yilmaz-Oral  et  al.,  2020).  The  similarity  in  NO  levels  between  the  SAAE  and  sildenafil  citrate 

 groups  further  validates  the  efficacy  of  clove  extract  as  a  natural  PDE5  modulator.  This  observation 

 is  supported  by  the  findings  of  Elkomy  et  al.  (2018),  who  demonstrated  that  clove  oil  improves 

 testicular function and NO availability in toxicological models. 

 Phosphodiesterase-5  (PDE5)  plays  a  central  role  in  penile  detumescence  by  degrading  cyclic  GMP. 

 The  elevated  PDE5  activity  in  the  paroxetine-only  group  and  its  normalization  in  the  400  mg/kg 



 SAAE  group  suggest  that  the  extract  may  inhibit  PDE5  enzymatic  activity,  akin  to  the  mechanism  of 

 action  of  sildenafil.  This  effect  was  less  pronounced  in  the  200  mg/kg  SAAE  group,  reinforcing  the 

 dose-dependent  efficacy  of  the  extract.  Eugenol,  a  major  constituent  of  clove,  has  been  shown  to 

 inhibit  PDE  enzymes  and  promote  smooth  muscle  relaxation,  thus  enhancing  erectile  function 

 (Okukpe  et  al.,  2018).  The  biochemical  inhibition  of  PDE5  observed  in  this  study  corroborates 

 previous  in  vivo  findings  that  link  clove  extract  administration  with  restored  erectile  parameters  and 

 enhanced cGMP signaling (Taghipour  et al.,  2023). 

 Similarly,  the  reduction  of  arginase  activity  in  the  treatment  groups  is  significant,  as  this  enzyme 

 competes  with  nitric  oxide  synthase  for  the  common  substrate  L-arginine.  Elevated  arginase  activity 

 is  a  known  contributor  to  erectile  dysfunction  through  reduced  substrate  availability  for  NO  synthesis 

 (Gul  et  al.,  2020).  The  normalization  of  arginase  activity  in  SAAE-treated  rats  mirrors  the  effect  of 

 sildenafil  and  reflects  the  extract's  ability  to  maintain  NO  production  by  regulating  arginase 

 expression.  These  findings  are  in  line  with  the  work  of  Soltani  et  al.  (2023),  who  reported  that  S. 

 aromaticum  extract  modulates  inflammatory  and  oxidative  pathways,  potentially  downregulating 

 arginase via antioxidant activity. 

 The  decline  in  creatine  kinase  (CK)  activity  in  the  treatment  groups  relative  to  the  paroxetine-only 

 group  further  supports  the  protective  effect  of  SAAE  on  muscular  energy  metabolism  in  penile 

 tissues.  Elevated  CK  levels  are  often  associated  with  tissue  damage  and  impaired  muscular  energy 

 handling.  The  normalization  of  CK  activity  suggests  that  SAAE  supports  the  restoration  of 

 mitochondrial  integrity  and  energy  transfer  processes  in  the  penile  smooth  muscle  and  possibly  the 

 testis,  as  previously  indicated  by  Chikere  et  al.  (2015),  who  observed  clove  extract  ameliorating 

 histopathological damage in reproductive tissues. 

 The  dyslipidemic  effects  induced  by  paroxetine  were  also  evident,  with  elevated  LDL,  total 

 cholesterol,  and  triacylglycerol  (TAG),  alongside  decreased  HDL  levels  in  the  dysfunctional  group. 



 These  lipid  abnormalities  are  consistent  with  the  literature  on  SSRIs,  which  have  been  shown  to 

 impair  lipid  metabolism  and  increase  cardiovascular  risk  (Yuan  et  al.,  2022).  Treatment  with  SAAE 

 effectively  reversed  these  alterations,  particularly  at  the  higher  dose,  showing  comparable  outcomes 

 to  sildenafil.  This  hypolipidemic  effect  is  likely  due  to  the  antioxidant  and  hepatoprotective  action  of 

 polyphenols  in  S.  aromaticum  ,  which  enhance  lipid  catabolism  and  reduce  lipid  peroxidation 

 (Aboubakr  et  al.,  2018).  In  a  study  by  Hussien  et  al.  (2024),  clove  extract  significantly  reduced  LDL 

 and  total  cholesterol  levels  in  diabetic  rats,  supporting  its  potential  in  correcting  drug-induced 

 dyslipidemia. 

 In  addition  to  biochemical  improvements,  the  broad  spectrum  of  phytochemicals  identified  in  the 

 extract,  such  as  alkaloids,  saponins,  and  flavonoids,  contribute  synergistically  to  its  therapeutic 

 effects.  Flavonoids  in  particular  are  well-known  for  their  ability  to  scavenge  free  radicals,  modulate 

 endothelial  function,  and  enhance  reproductive  hormone  profiles  (Dehghani  et  al.,  2012).  The 

 absence  of  terpenoids  and  phlobatannins,  though  noteworthy,  did  not  appear  to  compromise  the 

 efficacy  of  the  extract,  indicating  that  the  major  active  compounds  present  were  sufficient  to  induce 

 measurable physiological and biochemical improvements. 

 5.2 Conclusion 

 The  administration  of  Syzygium  aromaticum  aqueous  extract  effectively  mitigated 

 paroxetine-induced  reproductive  and  metabolic  dysfunction  in  male  rats.  The  extract's  rich 

 phytochemical  content,  including  flavonoids,  saponins,  and  eugenol,  contributed  to  the  restoration  of 

 nitric  oxide  levels,  inhibition  of  phosphodiesterase-5  activity,  normalization  of  lipid  profiles,  and 

 protection  of  reproductive  tissues.  These  findings  suggest  that  clove  extract  possesses  multi-targeted 

 therapeutic  potential  and  could  serve  as  a  complementary  approach  for  managing  SSRI-induced 

 sexual  dysfunction  and  associated  biochemical  imbalances.  Further  research  is  warranted  to  explore 

 its clinical relevance and mechanistic pathways in humans. 



 5.3 Recommendation 

 Based on the findings of this study, the following are recommended: 

 ❖  Further  mechanistic  studies  are  needed  to  elucidate  the  molecular  pathways  through  which 

 clove  extract  modulates  nitric  oxide  synthesis,  phosphodiesterase-5  activity,  and  lipid 

 metabolism. 

 ❖  Isolation  and  characterization  of  specific  bioactive  compounds  within  the  extract  is 

 recommended  to  identify  the  most  active  constituents  responsible  for  the  observed 

 pharmacological effects. 

 ❖  Public  health  education  initiatives  could  consider  promoting  the  potential  benefits  of  clove  as 

 a dietary supplement, with caution, under appropriate medical supervision. 
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