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ABSTRACT 

           
          The main aim of the present work was to assess in-vitro and in vivo antioxidant and 

immunomodulatory activity of Azolla pinnata and four major edible fungi of Iraq (Lentinus 

edodes, Flammulina velosa, Volvariella volvace and Pleurotus ostreatus) against lead acetate 

induced oral administration in female white rats. The reducing power of the extract increased 
with the increase in concentration of both Azolla and Hericium erinaceus extracts as 

concentration of the extracts increased from both enzymatic (catalase and peroxidase) and non-

enzymatic antioxidant assays, while the concentration of 5% extract showed the highest 
reducing activity in all treatments.The oral administration of 15% Azolla powder and 15% H. 

erinaceus powder restored the immune cell homeostasis as evidenced by the reduction in the 

neutrophil to lymphocyte (N/L) ratio to 1.42 and 1.33 respectively which was close to that of 

the control (1.35). The administration of lead acetate alone induced significant immune 
dysregulation as evidenced by elevated levels of pro-inflammatory cytokines, IL-6 and TNF-

Ŭ at 22.41 pg/mL and 125.09 pg/mL respectively. The levels of these markers were 

significantly lower after the treatments with Azolla (6.89 ï 7.87 pg/mL) and H. erinaceus 

(68.89 ï 55.67 pg/mL), respectively, close to the physiological state, with the lowest 
concentrations achieved at 15% Azolla treatment and 15% H. erinaceus treatment (7.87 and 

68.89 pg/mL, respectively). Additionally, there was a significant drop in immunoglobulin 

levels (IgA, IgG, IgM, IgE) to 1.3, 6.31, 0.42, and 31.5 g/L, respectively. These levels were 

significantly elevated upon supplementation with Azolla (15%), reaching 2.68, 10.88, 1.28, 
and 60.71 g/L, and further increased with 15% of H. erinaceus to 3.28, 15.06, 1.86, and 81.67 

g/L, respectively. The histopathological examination showed that the Azolla and H. erinaceus 

treatments resulted in a decrease in hepatocellular degeneration and inflammation alongside 

recovery of hepatic lobular architecture with well-defined cellular borders, and resolution of 
central vein necrosis and hemorrhage, which pointed to an improvement in the detoxification 

function. 
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 ϤϝϠжм ЬЪчЮ ϣϲЮϝЊЮϜ ϼАУЮϜ ИϜмжϒ ЌЛϠϠ ϣтϺПϦЮϜ ϼтϪϓϦAzolla pinnata  
пЯК  ϣтϲЊЮϜм ϣтКϝжвЮϜ ϤϜϼІϔвЮϜ пЯК ϝкϼтϪϓϦм ЈϝЊϼЮϜ ϣтвЂ 

Тм ̪атϼЪЮϜ ϸϠК  ϸϠК ϸлІ дтЂϲ ФмϼϝТ  
 ФϜϼЛЮϜ ̪ϤтϼЪϦ ϣЛвϝϮ ̪ϣКϜϼϾЮϜ ϣтЯЪ ̪ϣтϺОцϜ амЯК аЂЦ 

  ϣЊыϷЮϜ 

  ϤϝϠжЮ ϣКϝжвЮϜ ЬтϸЛϦм ϢϸЂЪцϜ ϤϜϸϝЎв ϣтЮϝЛТ аттЧϦ мк сЂтϚϼЮϜ РϸлЮϜ дϝЪAzolla pinnata    ϤϝтϼАУЮϜ дв ИϜмжϒ ϣЛϠϼϒм
 ЈϝЊϼЮϜ Ϥы϶ ϝкϔϝАКϖ аϦ сϦЮϜ ̭ϝЎтϠЮϜ дϜϺϼϮЮϜ Ϩϝжϖ аϜϸ϶ϦЂϝϠ ̪сϲЮϜ аЂϮЮϜ сТм ϼϠϦ϶вЮϜ сТ ШЮϺм ̪ЬЪчЮ ϣϲЮϝЊЮϜ ϣтЦϜϼЛЮϜ
  пЯК ϢϼϸЧЮϜ дϒ ϣтвтϾжшϜ ϼтОм ( ϾϜϸтЂЪмϼтϠЮϜм ϾъϝϦϝЪЮϜ) ϣтвтϾжъϜ ϢϸЂЪцϜ ϤϜϸϝЎв ϤϝЊмϲТ ϤУІЪм .аУЮϜ ХтϼА дК

ϜϾϦ϶ъϜ   ϼАУЮϜм ъмϾцϜ ϤϝЊЯ϶ϦЂв дв ЬЪ ϾтЪϼϦ ИϝУϦϼϜ Йв ϝ̯тϸϼА ϸϜϸϾϦ ЬHericium erinaceus     ϾтЪϼϦ ϼлДϒ Ϩтϲ ̪
5м ъмϾцϜ сЦмϲЂвϠ ϬыЛЮϜ ХЧϲ ϸЦм .ϤывϝЛвЮϜ ЙтвϮ дтϠ сЮϜϾϦ϶Ϝ АϝІж пЯКϒ %H. erinaceus    ϣЧтЯК пЮϜ РϝЎвЮϜ

 ϾтЪϼϦϠ дϜϺϼϮЮϜ15 ϤϝтмϝУвЯЮϜ пЮϖ ϤъϸЛЮϜ ϣϠЂж ЌϝУ϶жϜ дв ϱЎϦт ϝвЪ ̪ϣтКϝжвЮϜ ϝты϶ЮϜ дϾϜмϦ ϢϸϝЛϦЂϜ сТ ϭϚϝϦжЮϜ ЬЎТϒ %
)N/L  пЮϖ (1.42   м1.33    сТ ШЮϺ пЯϮϦ ̪ϣКϝжвЮϜ атДжϦ сТ ϼтϠЪ ЬЯ϶ пЮϖ иϸϲм ЈϝЊϼЮϜ Ϥы϶ ЬмϝжϦ оϸϒ ̪сЮϜмϦЮϜ пЯК

  ϣтϠϝлϦЮъϜ ϤϝжтЪмϦтЂЮϜ ϤϝтмϦЂв ИϝУϦϼϜIL -6  мTNF-Ŭ  ϤПЯϠ Ϩтϲ ̪22.41   м Ьв/аϜϼОмЪтϠ125.09    пЯК Ьв/аϜϼОмЪтϠ
м ъмϾъϒ ϤϝϠжϠ ϣϮЮϝЛвЮϜ ϸЛϠ ДмϲЯв ЬЪІϠ ϤϜϼІϔвЮϜ иϺк ϤЎУ϶жϜм .сЮϜмϦЮϜH. erinaceus  А϶ ϤϝтмϦЂв дв ̯ϣϠϼϦЧв ̪

  ϣКϼϮ ϸжК ϝлϦϜϾтЪϼϦ пжϸϒ МмЯϠ Йв ̪сϮмЮмтЂУЮϜ ЀϝЂцϜ15  :%7.87   м68.89   м ̪ъмϾчЮ Ьв/аϜϼОмЪтϠ5.9   м55.67  
  Ьв/аϜϼОмЪтϠϼАУЯЮ  H. erinaceus    ϤϝжтЮмϠмЯПЮϜ ϤϝтмϦЂв сТ ДмϲЯв ЌϝУ϶жϜ сТ ЈϝЊϼЯЮ ЌϼЛϦЮϜ ϞϠЂϦ ϝвЪ ̪сЮϜмϦЮϜ пЯК
  ϣтКϝжвЮϜIgA  мIgG    мIgM    мIgE     пЮϖ1.3  ̪6.31  ̪0.42 м ̪31.5  сЮϜмϦЮϜ пЯК̪ϼϦЮ/аϜϼОм ̪    ЬЪІϠ ϤϝтмϦЂвЮϜ иϺк ϤЛУϦϼϜ

) ъмϾцϜ ЈЯ϶ϦЂв ϣТϝЎϖ ϸжК ДмϲЯв15  пЮϖ ЬЊϦЮ ̪(%2.68 ̪10.88 ̪1.28м ̪60.71  ϣТϝЎϖ Йв ϼϪЪϒ ϤϸϜϾ аϪ ̪ϼϦЮ/аО
 пЮϖ ЬЊϦЮ ϼАУЮϜ  ЈЯ϶ϦЂв3.28 ̪15.06 ̪1.86м ̪81.67   ϬыЛЮϜ дϒ сЎϼвЮϜ сϮтЂжЮϜ аттЧϦЮϜ РІЪ  .сЮϜмϦЮϜ пЯК ϼϦЮ/аО

  ъмϾцϝϠϼАУЮϜм  H. erinaceus   ϸмϸϲϠ ϸϠЪЮϜ ϤϝЊтЊТ ϣтжϠ сТ ϸϸϮϦм ̪ϞϝлϦЮъϜм ϣтϸϠЪЮϜ ϝты϶ЮϜ ЀЪжϦ ЌϝУ϶жϜ сТ акϝЂ
.амвЂЮϜ ϣЮϜϾϖ ϣУтДм дЂϲϦ пЮϖ ϼтІт ϝвв ̪ϣϲЎϜм ϣтмЯ϶. 

ϣуϲϝϧУгЮϜ ϤϝгЯЫЮϜ: ϼАУЮϜϤϝт тϠАЮϜϣ ̪Azolla pinnata   ̪  ϣКϝжвЯЮ ЬϸЛвЮϜ АϝІжЮϜ ̪ϢϸЂЪчЮ ϸϝЎвЮϜ АϝІжЮϜ ̪ЈϝЊϼЮϜ ϣтвЂ 
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