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 الخلاصت : 

هذفج هزي الذساست إلى ححذٌذ قذسة مسخخلصاث السبٍشولٍىا والكلورسٌ  للوى الحوذ موه حلوب الكبوذلا وا وخ   

اجموت لوه ضمول البالبشوٌوُج يتجشٌوج الخ شبوت الخراصن الخأكسذيلا واضطشاباث مسخرى الذهرن فً الوذ  الى

يساوب فً كل م مرلتج حلقج  3يوثى بالغت مه الأساوب المحلٍتلا قتسّمج إلى سج م مرلاثلا براقع  03للى 

الم مرلت الأولى محلر  ملحً لاديلا وكاوج بمثابت الم مرلوت الاوابطتج حلقوج الم مرلوت الثاوٍوت ضمول 

 033رل ووج الم مرلووت الثالثووت بمسووخخلو السووبٍشولٍىا فقوو  ب شلووت ملغم/كغوومج لت  033البالبشوٌووُ ب شلووت 

ملغم/كغووم مووع مسووخخلو سووبٍشولٍىا  033ملغم/كغوومج  حلقووج الم مرلووت الشاب ووت ضموول البالبشوٌووُ ب شلووت 

ملغم/كغومج حلقوج  033ملغم/كغمج لرل ج الم مرلت الخامست بمسخخلو كلرسٌ  فق  ب شلت  033ب شلت 

ملغم/كغمج  033ملغم/كغم مع مسخخلو كلرسٌ  ب شلت  033لبشوٌُ ب شلت الم مرلت السادست ضمل البا

ٌرمًاج حوم قٍواط إوضٌمواث الكبوذ فوً الوذ لا بموا فوً رلوُ واقلوت  12يتلطٍج جمٍع ال  جاث له طشٌق البم لمذة 

لوُ يمٍه الأسباسحاثلا وواقلت يموٍه الأنووٍهلا والبرسوباحاص القلوريج كموا حوم حقٍوٍم ملدوشاث الوذهرنلا بموا فوً ر

الكرلٍسخشو  الكلًلا والذهرن الث ثٍتلا والبشوحٍه الذهىً لالً الكثافتلا والبشوحٍه الوذهىً موىخبل الكثافوتلا 

والبشوحٍه الذهىً موىخبل الكثافوت جوذاًج حوم حقٍوٍم ملدوشاث ااجتواد الخأكسوذيلا بموا فوً رلوُ مالروذٌالذهٍوذلا 

خذا  طوووشل المقاٌسوووت المىالٍوووت ااوضٌمٍوووت ودٌسووومرحاص البوووالقلا وال لرحووواثٍرن المخخوووض لا والكاحوووانصلا باسوووخ

المشحبطتج يظتشث الىخالج صٌادة ملحرظت فً إوضٌماث الكبذلا والكرلٍسخشو  الكلًلا  لورضع اوخبوام ملحورظ 

فً مسخرٌاث الذهرن الث ثٍتلا والبشوحٍه الذهىً مىخبل الكثافوتلا والبوشوحٍه الوذهىً موىخبل الكثافوت جوذاًلا 

ملحرظ فً مسخرٌاث البشوحٍه الذهىً لالً الكثافتلا وإوضٌم دٌسمرحاص البوالقلا والمالروذٌالذهٍذلا مع اوخبام 

وال لرحاثٍرن المخخض لا وإوضٌم الكاحانص فً م مرلت ضمل البالبشوٌوُ مقاسووتً بالم مرلوت الاوابطتج كموا 

ظتوش يظتشث الم مرلاث الم ال ت بسبٍشولٍىا وكلرسٌ  ححسىاً ملحرظًا فً جمٍوع الملدوشاثج فوً الخخوا لا حت 

مسخخلصوواث سووبٍشولٍىا وكلوورسٌ  حووأثٍشاث وقالٍووت ضووذ سوومٍت ضموول البالبشوٌووُ للووى الكبووذلا وااجتوواد 

 الخأكسذيلا واضطشاباث الذهرنج
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Abstract 

This study aimed to determine the ability of Spirulina and Chlorella extracts to 

reduce liver damage,oxidative stress imbalance and lipid profile disturbances 

induced by valproic acid.The experiment was conducted on 36 adult female local 

rabbits divided into six groups,6 rabbits per group.The first group received 

normal saline solution and served as the control group. The second group 

received valproic acid at a dose of 400 mg/kg.The third group was treated with 

Spirulina extract only at a dose of 500 mg/kg. The fourth group received valproic 

acid at 400 mg/kg combined with Spirulina extract at 500 mg/kg.The fifth group 

was treated with Chlorella extract only at a dose of 500 mg/kg.The sixth group 

received valproic acid at 400 mg/kg combined with Chlorella extract at 500 

mg/kg.All treatments were administered orally for 21 days.Serum liver enzymes 

including aspartate aminotransferase,alanine aminotransferase and alkaline 

phosphatase were measured.Lipid profile parameters including total 

cholesterol,triglycerides, high density lipoprotein,low density lipoprotein, and 

very low density lipoprotein were also evaluated.Oxidative stress markers 

including malondialdehyde,superoxide dismutase,reduced glutathione and 

catalase were assessed using enzyme linked immunosorbent assay methods.The 

results showed a significant increase in liver enzymes,total cholesterol, 

triglycerides,low density lipoprotein,very low density lipoprotein,and 

malondialdehyde levels,with a significant decrease in high density lipoprotein, 

superoxide dismutase, reduced glutathione, and catalase in the valproic acid 

group compared with the control group.Spirulina and Chlorella treated groups 

showed marked improvement in all parameters.In conclusion, Spirulina and 

Chlorella extracts exert protective effects against valproic acid induced hepatic 

toxicity,oxidative stress and lipid profile alterations. 

Keywords: Spirulina, Chlorella, Valproic acid, liver enzymes, lipid profile, 

MDA, Antioxidants, rabbits. 

Introduction 

Valproic acid is classified as one of the essential drugs used in the treatment of 

epilepsy and psychiatric disorders. However, its long-term use is associated with 

severe adverse effects, especially in females, as many studies indicate its role in 

mailto:zahraa.ali@utq.edu.iq
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causing a disruption in reproductive hormones, liver dysfunction, and its 

stimulation of oxidative stress, which leads to cell destruction and a disruption of 

the body s lipid profile (Nanau and Neuman, 2013)   The study of microalgae has 

gained importance in recent years because they are considered natural materials 

and a source of biochemical compounds. (Chun et al.,2011). Microalgae biomass 

presents remarkable commercial interest in the food, nutraceutical, cosmetic and 

pharmaceutical fields due to its high value-added bioactive components (Khan et 

al., 2018).  The discovery of high levels of natural antioxidants in microalgae has 

led the food industry to use microalgae-derived materials as a source of natural 

antioxidants instead of synthetic ones. (Azamanet et al., 2017).                                                                                   

Antioxidants are substances that reduce the effects of free radicals, which are 

compounds that damage living cells and may lead to their death. (Venableset et 

al., 2008).                                                                                   

Spirulina is a free-floating filamentous microalgae with the helical properties of 

its filaments.  It is officially called Arthrosporia powder and is related to the class 

of cyanobacteria with the ability to photosynthesize (Sapp, 2005) Spirulina is 

known for its wide-ranging biological and antioxidant activities (Miranda et al., 

1998), so spirulina is considered a valuable source of antioxidants such as 

phycocyanin, carotenoids, and phenolic compounds (Ismaielet et al., 2016). 

These biologically active compounds in Spirulina reduce the risk of chronic 

diseases such as cardiovascular diseases, inflammatory diseases, type 2 diabetes, 

and cancer (Rodriguez et al., 2018).                                                                    

Chlorella is a single-celled green algae. Therefore studies have shown that 

Chlorella cells contain a variety of nutrients and bioactive compounds that 

enhance human health and prevent some diseases (Rani et al., 2018 ; Ru et al., 

2020 ) Chlorella supplements have been shown to have an effect antioxidant, 

antidiabetic, immunomodulatory, antihypertensive, and antihyperlipidemia effects 

(Fallah et al., 2018 ; Bito et al., 2020) . Chlorella  contains secondary metabolites 

such as flavonoids and phenols that have antioxidant activity (Meshram et al., 

2013 ; Adhoni et al., 2016 ). Chlorella is also high in fatty acids that can act as 

antioxidant compounds (Putri et al., 2021) .                                                                    

   tdha aTeet sh ue Te euTut hihia Tdu s hihTt ec rthteihis sie  dietuiis uiTtsfTa 

Te tueefu ihaut es sau  eihesiTa-siTheihesiTa aTsTea h  sisifua sie seautau 

uccufTa ei Tdu ihthe ttechiu tuaeiThia cte  asittehf sfhe  eht  TtusT uiT       ج  

Materials and Methods 
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Preparation of the aqueous extract of spirulina and Chlorella: 

    The cold aqueous extract of spirulina and Chlorella algae was prepared by 

taking 50 grams of dried algae powder and adding 500 ml of distilled water to it 

and placing the mixture in a magnetic stirrer  for 24 hours, then filtering it using 

filter paper, then pouring the liquid after filtration into Petri dishes and leaving it 

to dry at laboratory temperature. Then the algae extract was collected in sterile 

opaque glass containers and placed in the refrigerator at a temperature of (4) ₒ C 

until use (Harborn, 1984) . 

 

Depakine (valproic acid)  

Depakine tablets were powdered, dissolved in distilled water, and administered 

orally to animals in the form of an emulsion.                                                                               

Animals :                                                                                                                            

In this experiment, 36 adult female local rabbits were used and randomly divided 

into six groups as following: the first group received normal saline solution (0.9% 

sodium chloride, 5 ml/animal) as a control; the second group received valproate 

(400 mg/kg BW)(  Elwakkad et al., 2008), the third group was treated with 

Spirulina extract only (500 mg/kg ,BW) the fourth group received valproate (400 

mg/kg BW) and Spirulina extract (500 mg/kg ,BW), the fifth  group was treated 

with Chlorella extract only (500 mg/kg); and the sixth group received valproic 

acid (400 mg/kg) and Chlorella extract (500 mg/kg). All materials in this 

experiment were given orally via a gavage tube daily for 21 days.                                                                                                                                                                                                                   

Blood collectionand laboratory tests 

    After the experimental period, the animals were dissected and blood was 

collected using a fine needle (5 cc) via cardiac puncture. The collected blood 

samples were placed in a gel tube for blood collection and allowed to coagulate at 

room temperature. They were then separated by centrifugation for 15 minutes at 

3000 rpm. The serum was then collected and stored in a plain tube at -20°C until 

use. Liver enzymes (aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) and alkaline phosphatase (ALP)) levels and lipid profile (cholesterol, 

triglycerides, high-density lipoprotein (HDL) cholesterol and low-density 

lipoprotein (LDL) cholesterol) were assessed for all groups using the Cobas 

integra 400 plus (Roche-Germany), oxidants-antioxidants system (lipid 
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peroxidation marker (MDA), Superoxide dismutase (SOD), reduced (GSH), and 

Catalase (CAT)) levels were assessed for all groups by ELISA technique (using 

kit, KIAZIST, Iran).                                                                                

Statistical analysis: 

   The results were represented as mean ± standard deviation (M±SD), and the 

experiments were analyzed using one-way analysis of variance (ANOVA) with 

SPSS and the LSD test, with a p-value <0.05. 

                                                                            

Results 

1: Liver enzymes 

1- Aspartate aminotransferase (AST) 

   The findings indicated that AST levels were significantly elevated (p < 0.05) in 

the valproic acid–treated group relative to the control and all other experimental 

groups. In contrast, no statistically significant differences (p < 0.05) were 

observed among the valproic acid combined with Spirulina (500 mg/kg), 

Chlorella (500 mg/kg), and valproic acid combined with Chlorella (500 mg/kg) 

groups, nor when compared with the control group. Conversely, treatment with 

Spirulina (500 mg/kg), valproic acid combined with Spirulina (500 mg/kg), and 

Chlorella (500 mg/kg) resulted in significant variations when compared with the 

remaining groups (Figure 1). 

 

a-c Different letters indicate significant difference (P< 0.05) 

Figure 1: Effect of  Spirulina and Chlorella extracts on AST level in female 

rabbits treated with valproic acid . 

2- Alanine aminotransferase (ALT) 

https://www.google.com/search?q=Superoxide+Dismutase&sca_esv=73eccf1f6d4d934c&ei=OCxGad72Ed_tkdUPxuHK0Q4&ved=2ahUKEwjdvYSYsMuRAxWFTqQEHeBFHygQgK4QegQIAxAB&uact=5&oq=++Antioxidants++SOD+CAT&gs_lp=Egxnd3Mtd2l6LXNlcnAiFyAgQW50aW94aWRhbnRzICBTT0QgQ0FUMggQIRigARjDBDIIECEYoAEYwwRIvNwBULIEWNjXAXAFeACQAQCYAYICoAHbJaoBBDItMjG4AQPIAQD4AQGYAhSgAvgfwgILEAAYgAQYsAMYogTCAgsQABiwAxiiBBiJBcICCBAAGLADGO8FwgIFEAAY7wXCAggQABiiBBiJBcICCBAAGBMYBxgewgIHEAAYgAQYE8ICCRAAGIAEGBMYDcICChAAGBMYBxgIGB7CAggQABgHGAgYHsICChAhGKABGMMEGAqYAwCIBgGQBgSSBwYzLjAuMTegB5IysgcEMi0xN7gH2R_CBwgwLjIuMTAuOMgHlAGACAA&sclient=gws-wiz-serp&mstk=AUtExfCvwClUsqBKeLCUz3_xm0kszEtuVLvqtHn7ACgWh6oarlcbnDnTT0vqU6pHneQunYcZsG7eh_hkZDRJGbNl6VUzQlmTvAJ2ys31Z_0c7QzatOz3s5_aJJxd147NRU7jUZt5OgIUak9W-qZqB-P9VL2Cci0w6Jr6e6xGFr9wv10W1gLu29qB8o15JjVBlLE9seUa&csui=3
https://www.google.com/search?q=Catalase&sca_esv=73eccf1f6d4d934c&ei=OCxGad72Ed_tkdUPxuHK0Q4&ved=2ahUKEwjdvYSYsMuRAxWFTqQEHeBFHygQgK4QegQIAxAD&uact=5&oq=++Antioxidants++SOD+CAT&gs_lp=Egxnd3Mtd2l6LXNlcnAiFyAgQW50aW94aWRhbnRzICBTT0QgQ0FUMggQIRigARjDBDIIECEYoAEYwwRIvNwBULIEWNjXAXAFeACQAQCYAYICoAHbJaoBBDItMjG4AQPIAQD4AQGYAhSgAvgfwgILEAAYgAQYsAMYogTCAgsQABiwAxiiBBiJBcICCBAAGLADGO8FwgIFEAAY7wXCAggQABiiBBiJBcICCBAAGBMYBxgewgIHEAAYgAQYE8ICCRAAGIAEGBMYDcICChAAGBMYBxgIGB7CAggQABgHGAgYHsICChAhGKABGMMEGAqYAwCIBgGQBgSSBwYzLjAuMTegB5IysgcEMi0xN7gH2R_CBwgwLjIuMTAuOMgHlAGACAA&sclient=gws-wiz-serp&mstk=AUtExfCvwClUsqBKeLCUz3_xm0kszEtuVLvqtHn7ACgWh6oarlcbnDnTT0vqU6pHneQunYcZsG7eh_hkZDRJGbNl6VUzQlmTvAJ2ys31Z_0c7QzatOz3s5_aJJxd147NRU7jUZt5OgIUak9W-qZqB-P9VL2Cci0w6Jr6e6xGFr9wv10W1gLu29qB8o15JjVBlLE9seUa&csui=3
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   Figure 2 show a significant increase (p<0.05) in the level of ALT in the valproic 

acid group compared to the control group and the other groups. However, the 

Spirulina group (500 mg/kg), the valproic acid with Spirulina group (500 mg/kg), 

the Chlorella group (500 mg/kg), and the valproic acid with Chlorella group (500 

mg/kg) show no significant difference (p<0.05) among themselves or compared 

to the  control group (figure 2).                                             

 

a-bDifferent letters indicate significant difference (P< 0.05 

Figure 2: Effect of  Spirulina and Chlorella extracts on ALT level in female 

rabbits treated with valproic acid . 

3- Alkaline phosphatase (ALP)Analysis of the data revealed a statistically 

significant elevation (p < 0.05) in ALP activity in the valproic acid–treated group 

when compared with the control and all remaining experimental groups. 

Conversely, no significant differences (p < 0.05) were detected among the 

Spirulina (500 mg/kg), Chlorella (500 mg/kg), and valproic acid combined with 

Chlorella (500 mg/kg) groups, nor relative to the control group. In contrast, 

administration of Spirulina (500 mg/kg), valproic acid combined with Spirulina 
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(500 mg/kg), and Chlorella (500 mg/kg) produced significant variations in ALP 

levels compared with the other groups (Figure 3). 

 

a–c Different letters indicate significant difference (P< 0.05) 

Figure 3: Effect of  Spirulina and Chlorella extracts on ALP level in female 

rabbits treated with valproic acid . 

2- oxidants-antioxidants system 

2.1 lipid peroxidation marker (MDA) 

The results of this study showed a significant increase (p<0.05) in MDA levels in 

the valproic acid group compared to the control group and the other groups. The 

other groups show no significant difference (p<0.05) among themselves or 

compared to the control group (figure 4) . 

a–b 

Different letters indicate significant difference (P< 0.05) 

Figure 4 : Effect of  Spirulina and Chlorella extracts on MDA  level in female 

rabbits treated with valproic acid . 

2.2 Superoxide dismutase (SOD) 

The results of this study showed a significant decrease (p<0.05) in SOD levels in 

the valproic acid group compared to the control group and other groups. 

However, the valproic acid with Spirulina (500 mg/kg) and valproic acid with 

Chlorella (500 mg/kg) groups show no significant difference (p<0.05) among 

themselves or compared to the control group. In contrast, the Spirulina (500 

mg/kg) and Chlorella (500 mg/kg) groups showed a significant increase (p<0.05) 

compared to the control group and other groups (figure 5 ) . 



                                                                                                              

                                                        

093 

 

No.20  Feb.2026  

N 

 

Iraqi Journal of Humanitarian, Social and Scientific Research 
Print  ISSN 2710-0952                   Electronic ISSN2790-1254 

      2026 شباط    20  العذد   الوجلت العراقيت للبحوث الاًساًيت والاجتواعيت والعلويت

N 81 

 

 

a–c Different letters indicate significant difference (P< 0.05) 

Figure 5 : Effect of  Spirulina and Chlorella extracts on SOD  level in female 

rabbits treated with valproic acid . 

2.3 Reduced glutathione (GSH) 

Assessment of GSH levels revealed a statistically significant decline (p < 0.05) in 

the valproic acid–treated group when compared with the control and all other 

experimental groups. In contrast, treatment with Spirulina (500 mg/kg) and 

valproic acid combined with Chlorella (500 mg/kg) resulted in significant 

variations (p < 0.05) relative to the control and the remaining groups (Figure 6). 

Conversely, no significant change in GSH levels was detected in the Chlorella 

(500 mg/kg) group when compared with the control group. Additionally, the 

valproic acid combined with Spirulina (500 mg/kg) group exhibited a statistically 

significant difference in comparison with both the control and other experimental 

groups. (Figure 6). 

a–d Different letters indicate significant difference (P< 0.05) 

Figure 6  : Effect of  Spirulina and Chlorella extracts on GSH  level in female 

rabbits treated with valproic acid . 
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2.4 Catalase (CAT) 

Evaluation of CAT activity demonstrated a statistically significant reduction (p < 

0.05) in the valproic acid–treated group relative to the control and all other 

experimental groups. In contrast, administration of Spirulina (500 mg/kg) and 

Chlorella (500 mg/kg) resulted in a significant elevation (p < 0.05) in CAT levels 

when compared with the control group and the valproic acid combined with 

Spirulina (500 mg/kg) group. Notably, the most pronounced increase in CAT 

activity (p < 0.05) was recorded in the valproic acid combined with Chlorella 

(500 mg/kg) group in comparison with both the control and the remaining groups 

(Figure 7). 

 

 a–e Different letters indicate significant difference (P< 0.05) 

Figure 7: Effect of  Spirulina and Chlorella extracts on CAT level in female 

rabbits treated with valproic acid . 

3- Lipid profile 

1- Cholesterol 

   The results showed a significant increase (p<0.05) in cholesterol levels in the 

valproic acid group compared to the control group and the other groups. 

However, the Spirulina (500 mg/kg) and Chlorella (500 mg/kg) groups show no 

significant difference (p<0.05) among themselves or compared to the control 

group. The valproic acid with Spirulina (500 mg/kg) and valproic acid with 

Chlorella (500 mg/kg) groups showed a significant difference compared to the 
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other groups (figure 8).                       

 

a-c Different letters indicate significant difference (P< 0.05) 

Figure 8 : The effect of  Spirulina and Chlorella extracts on Cholesterol in 

female rabbits treated with valproic acid. 

2- Triglyceride 

Statistical analysis demonstrated a significant elevation (p < 0.05) in triglyceride 

concentrations in the valproic acid–treated group relative to the control and all 

other experimental groups. In contrast, the valproic acid combined with Spirulina 

(500 mg/kg), Chlorella (500 mg/kg), and valproic acid combined with Chlorella 

(500 mg/kg) groups exhibited statistically significant differences when compared 

with the remaining groups (Figure 9). 

 

 

 

 

 

 

 

 

 

a-cDifferent letters indicate significant difference (P< 0.05) 
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Figure 9: The effect of  Spirulina and Chlorella extracts on Triglyceride  in 

female rabbits treated with valproic acid 

3- High Density Lipoprotein. ( HDL) 

The results showed a significant decrease (p<0.05) in HDL level in the valproic 

acid group compared to the control group and the other groups. However, the 

Spirulina group (500 mg/kg), the valproic acid with Spirulina group (500 mg/kg), 

the Chlorella group (500 mg/kg), and the valproic acid with Chlorella group (500 

mg/kg) show no significant difference (p<0.05) among themselves or compared 

to the  control group (figure 10) . 

a-bDifferent letters indicate significant difference (P< 0.05) 

Figure 10 : The effect of  Spirulina and Chlorella extracts on HDL in female 

rabbits treated with valproic acid. 

4- Low Density. Lipoprotein (L. D. L) 

The results showed a significant increase  (p<0.05) in LDL level in the valproic 

acid group compared to the control group and the other groups. While the 

Spirulina (500 mg/kg) group and the valproic acid with Spirulina (500 mg/kg) 

group showed a significant difference between them and compared with the 

control group and the other groups. The Chlorella group (500 mg/kg) and the 

valproic acid group with Chlorella (500 mg/kg) also showed a significant 

difference compared to the control group and the other groups. (figure 11).                           
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a-e Different letters indicate significant difference (P< 0.05) 

Figure 11 : The effect of  Spirulina and Chlorella extracts on LDL in female 

rabbits treated with valproic acid. 

5- Very Low-Density Lipoprotein (VLDL) 

VLDL(mg/dl) = serum TG/5  

Discussion: 

The results of the present study showed a significant increase in liver enzyme 

levels (ALT, ALP, and AST) in rabbits treated with valproic acid (VAP) compared 

with the control group, this elevation is considered an important biological 

indicator of structural and functional impairment of hepatocytes. These findings 

are consistent with the study of (Abdel-Dayem et al.,2014), which reported that 

VAP induced a marked increase in liver enzyme levels in rats, indicating its 

hepatotoxic effect. In addition, the current results agree with those reported by 

(Yang et al.,2019), who observed a significant elevation in liver enzymes 

associated with enhanced hepatic toxicity in treated mice. 

The hepatotoxicity of valproic acid can be explained by its primary metabolism in 

the liver. Although hepatic L02 cells possess cytochrome P450 enzyme activity, 

only about 10% of VPA is metabolized through CYP450-mediated oxidation (Xu 

et al., 2019). Its metabolic products lead to mitochondrial dysfunction and 

inhibition of oxidative processes, resulting in increased production of reactive 

oxygen species (ROS) and the development of oxidative stress. This oxidative 
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stress is considered a major factor responsible for hepatocyte damage and 

elevated liver enzyme levels.                  

In the present study, a significant decrease in antioxidant enzymes (SOD, CAT, 

and GSH) was observed in the VAP-treated group, which is consistent with 

previous reports (Ibrahim et al., 2017; Hamza et al., 2025). This reduction was 

accompanied by a marked increase in malondialdehyde (MDA) levels, as 

reported in several studies (Tǖrkylmaz et al., 2023; Asghar et al., 2025; Chang et 

al., 2006). 

Furthermore, the results demonstrated a significant increase in blood lipid levels, 

including total cholesterol, triglycerides, and low-density lipoprotein (LDL), 

along with a significant decrease in high-density lipoprotein (HDL) levels in 

rabbits treated with VAP compared with the control group, these findings are 

consistent with the study of (Owoade et al.,2022) conducted on rats, which 

showed that valproic acid disrupts lipid metabolism in various tissues, leading to 

disturbances in the regulation of major blood lipid concentrations.                                                                                

    The present results also agree with the study of (Bari ,2018) conducted on 

rabbits, which reported that valproic acid treatment induces lipid oxidation and 

causes a sharp increase in lipid levels. In addition, (Xu et al.,2019) demonstrated 

that valproic acid aggravates lipid disorders by significantly increasing lipid 

concentrations and promoting the accumulation of long-chain free fatty acids 

within hepatocytes in rats.                       

Exposure to valproic acid has been reported to induce hepatotoxic effects 

primarily through the enhancement of oxidative stress, which arises from 

excessive generation of reactive oxygen species alongside depletion of key 

antioxidant defenses. This includes reductions in critical antioxidant components 

such as reduced glutathione (GSH), catalase (CAT), and superoxide dismutase 

(SOD), ultimately leading to impaired hepatic redox homeostasis. Elevated 

oxidative stress is closely linked to increased lipid peroxidation, as evidenced by 

higher levels of malondialdehyde (MDA), and concomitant depletion of 

glutathione reserves, thereby promoting hepatocellular injury and aggravating 

liver dysfunction. Furthermore, oxidative imbalance interferes with lipid 

metabolic pathways, as valproic acid alters the activity of enzymes and the 

expression of genes involved in fatty acid metabolism. These disruptions result in 

elevated serum triglycerides, total cholesterol, and low-density lipoprotein (LDL) 

levels, accompanied by a reduction in high-density lipoprotein (HDL), 
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collectively contributing to a dysregulated lipid profile and increased hepatic 

injury markers, including ALT, AST, and ALP (Asghar et al., 2025; Kadam et al., 

2025; Grünig et al., 2020). 

   Conversely, the results showed a significant reduction in liver enzyme levels 

(ALT, AST, and ALP) in both the Spirulina and Spirulina + VAP groups 

compared with the VAP group, with enzyme levels returning close to normal 

values. These findings are consistent with previous studies on rats (Mohamed et 

al., 2021; Rani and Chandravadana, 2008), which demonstrated the protective 

role of Spirulina against liver damage caused by free radicals generated from 

reactive oxygen species, through preservation of hepatic cell membrane integrity 

and reduction of oxidative stress induced by VAP. 

   Moreover, treatment with Spirulina alone or in combination with VPA resulted 

in a marked enhancement of antioxidant defenses, as evidenced by increased 

levels of SOD, CAT, and GSH, along with a significant reduction in 

malondialdehyde concentrations when compared with the VPA-treated group. 

These observations are consistent with earlier reports demonstrating the 

protective role of Spirulina supplementation against VPA-induced oxidative stress 

(Indrawati, 2023; Hossain et al., 2025). The antioxidative capacity of Spirulina is 

largely attributed to its rich content of bioactive compounds, including 

phycocyanin, carotenoids, and various phenolic constituents, which collectively 

contribute to the mitigation of oxidative damage (Rodriguez et al., 2018). 

   Moreover, the study results showed a significant decrease in total cholesterol, 

triglycerides, and LDL levels, along with a significant increase in HDL levels in 

the Spirulina and Spirulina + VAP groups compared with the VAP group, as 

illustrated in the Figure. These findings are consistent with previous studies 

(Elmeleh et al., 2023; Mohamed et al., 2025). 

 

In line with these findings, a significant reduction was observe  in liver enzyme 

levels (ALT, AST, and ALP) in both the Chlorella and Chlorella + VAP groups 

compared with the VAP group, with values approaching normal levels. These 

findings are in agreement with previous studies (Khadrawy et al., 2023; Eissa et 

al., 2021), which confirmed the protective role of Chlorella against VAP-induced 

oxidative stress and hepatotoxicity. 
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In addition, a significant increase in antioxidant levels (SOD, CAT, and GSH) and 

a significant decrease in malondialdehyde levels were observed in the Chlorella 

and Chlorella + VAP groups compared with the VAP group. This protective effect 

is attributed to the presence of various bioactive antioxidant compounds in 

Chlorella, including carotenoids, phenolic compounds, flavonoids, as well as 

essential vitamins and minerals (Bito et al., 2020; Almutairi et al., 2025). 

Finally, the study results showed a significant improvement in the lipid profile of 

rabbits treated with Chlorella, characterized by reduced total cholesterol, 

triglycerides, and LDL levels, and increased HDL levels compared with the VAP 

group. These findings are consistent with previous studies (Moradi et al., 2021; 

Bargchi et al., 2023), which demonstrated the ability of Chlorella to ameliorate 

VAP-induced lipid disturbances by enhancing HDL levels and inhibiting LDL 

oxidation, thereby improving blood lipid status and reducing lipid peroxidation. 
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