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ABSTRACT 

The current study aims to evaluate the preventive effects of extracts of spirulina and 

folic acid in treating phenylhydrazone-induced anemia and to study some 

biochemical and histological alterations on blood parameters, blood lipid profile, The 

liver and renal functioning has been used and divided into five groups of 5 animals 

per group at random in plastic cages. The groups were as follows. The first group was 

the health control group fed the standard diet. The second group was the anemia-

induced group, which was injected subcutaneously with Phenylhydrazine (PHZ) (20 

mg/kg body weight for 48 hours). The third group received spirulina extract at a 

dosage of (100 mg/ml). The fourth group received folic acid extract at a dosage of 

(40 mg/ml). The fifth group received extracts of spirulina and folic acid at a combined 

concentration of (20 mg/ml) of folic acid and (50 mg/ml) of spirulina. The dose was 

administered given orally. The study found that PHZ  )C6H5NHNH2(injection led to 

a substantial decrease (P ≤ 0.05) compared to the healthy control group in liver 

enzymes ALT, AST, and affected the blood lipid profile, as the values of total TC, 

TG, LDL, and VLDL levels all rose, but HDL levels decreased as compared to the 

values in the healthy control group. Dosing the rats previously injected with PHZ 

with spirulina and folic acid resulted in a beneficial effect and improvement in liver 

enzymes, as the values of ALT and AST reduced while the blood lipid profile 

improved. 
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وحامض الفوليك على إنزيمات الكبد ومرتسم دهون الدم في الجرذان  تأثير التغذية بالسبيرولينا

 المصابة بفقر الدم المستحث نوع البينو   المختبرية
 سامي خضر سعيد،  زياد طارق حسين

 العراق ، تكريت، جامعة تكريت، كلية الزراعة، قسم علوم الاغذية
 

 الملخص 

زون  تهدف الدراسة الحالية إلى تقييم التأثيرات الوقائية لمستخلصات السبيرولينا وحمض الفوليك في علاج فقر الدم الناجم عن الفينيل هيدرا

  ودراسة بعض التغيرات الكيميائية الحيوية والنسيجية على معايير الدم ومستوى الدهون في الدم ووظائف الكبد والكلى وقد تم استخدام خمس 

حيوانات لكل مجموعة بشكل عشوائي في أقفاص بلاستيكية وكانت المجموعات على النحو التالي. المجموعة الأولى كانت   5جموعات من  م

لد  مجموعة التحكم الصحية التي تغذت على الغذاء القياسي. المجموعة الثانية كانت مجموعة فقر الدم الناجم عن ذلك والتي تم حقنها تحت الج

ملغ /    100ساعة(. المجموعة الثالثة تلقت مستخلص السبيرولينا بجرعة )  48ملغ / كغ من وزن الجسم لمدة   20)  (PHZ)ازين  بفينيل هيدر 

ملغ / مل(. المجموعة الخامسة تلقت مستخلصات السبيرولينا وحمض    40مل(. المجموعة الرابعة تلقت مستخلص حمض الفوليك بجرعة )

ملغ / مل( من السبيرولينا. تم إعطاء الجرعة عن طريق الفم. وتوصلت    50الفوليك و )   ملغ / مل( من حمض  20الفوليك بتركيز مشترك )

( مقارنة بمجموعة التحكم الصحية في إنزيمات الكبد  P ≤ 0.05)أدى إلى انخفاض كبير )  2PHZ) C6H5NHNHالدراسة إلى أن حقن  

ALT   وASTتويات  ، وأثر على ملف الدهون في الدم، حيث ارتفعت قيم مسTC   وTG   وLDL   وVLDL    الكلية، ولكن انخفضت مستويات

HDL   مقارنة بالقيم في مجموعة التحكم الصحية. أدى إعطاء الفئران المحقونة مسبقًا بـPHZ  وحمض الفوليك إلى تأثير مفيد   مع سبيرولينا

 بينما تحسن ملف الدهون في الدم.  ASTو  ALTوتحسن في إنزيمات الكبد، حيث انخفضت قيم  

1. INTRODUCTION     

Anemia is a widespread health problem all over the 

world. The most important symptoms of the disease 

are feeling tired, thin, and stressed, especially 

oxidative stress and psychological pressure. 

Psychological stress may contribute to oxidative 

stress in the body, which is represented by a change 

in the balance between oxidants and antioxidants. 

An increase in the values of TC, TG, LDL, VLDL, 

and HDL has been observed, in addition to a change 

in some blood parameters, such as an increase in the 

number of PLT (1). The term functional foods was 

first coined in Japan in the mid-1980s to describe 

processed foods that contain substances that aid in 

various biological functions while also being 

healthy. Japan is the only country that has developed 

a unique regulatory clearance process for functional 

foods. These foods are called Food for Specified 

Health. Uses (FOSHU) (2). Functional foods play an 

important role in disease prevention and health 

promotion, and several organizations have proposed 

definitions for this new and emerging field of food 

and nutrition science. The Food and Nutrition Board 

of the Institute of Medicine (IOM/FNB, 1994) 

defined functional foods as “any food or dietary 

component that may provide a health benefit beyond 

traditional nutrients”. Studies have shown that 

dietary supplements that provide multiple vitamins 

and minerals can fill nutritional gaps for pregnant 

women and those with anemia and have been shown 

to be a safe and cost-effective intervention to reduce 

adverse pregnancy and birth outcomes. The most 

important of these foods rich in vitamins and 

minerals are:  
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1.1. Spirulina plants 

The genus Spirulina belongs to the blue-green algae 

and possesses a wide range of colorful and 

biologically active components such as 

phycocyanin, carotenoids, and chlorophyll. 

Spirulina is a microalga that contains nutrients that 

have been employed as a functional food as well as 

medicinal and pharmacological materials(3). Its 

chemical composition includes proteins (55 % - 70 

%), carbohydrates (15 % - 25 %), essential fatty 

acids (18 %), vitamins, minerals and pigments such 

as carotenoids, chlorophyll A and phycocyanin. 

Because dyes are used in the food and cosmetic 

industries, spirulina is regarded as a great diet with 

low toxicity and immunological and antiviral 

characteristics. It also functions as a potent 

antioxidant (4). Spirulina has been demonstrated in 

studies to be useful in the treatment of allergies, 

anemia, cancer, liver toxicity, viral and 

cardiovascular disorders, hyperglycemia, 

hyperlipidemia, immunodeficiency, and 

inflammatory conditions. Many of these activities 

are linked to Spirulina itself or some of its 

components, which include omega-3 or omega-6 

fatty acids, beta-carotene, alpha-tocopherol, 

phycocyanin, and phenolic compounds(5). The 

antioxidant, immunomodulatory, and anti-

inflammatory activities of this microalgae 

(Spirulina) may play an important role in human 

health (6). 

1.2. Folic Acid 

1- Folic acid (FA) is one of the types of B 

vitamins, vitamin B9, and is considered one of the 

most important vitamins that are beneficial to the 

human body in general. Its chemical formula is 

C19H19N7O6
(7). The discovery of folic acid was the 

product of the hard labor of Lucy Wills, a medical 

researcher who graduated from Cambridge 

University with a degree in botanist and geologist in 

1930 and worked in India after she became 

particularly interested in the problem of acute 

anemia among poor textile workers. The industrial 

synthesis cycle for folic acid was developed in 1945. 

Since then, studies have shown folic acid's capacity 

to produce a prompt hematologic response in many 

cases of macrocytic anemia, save those that were 

determined to be "harmful". Folic acid is a water-

soluble B vitamin that can be found naturally in 

foods such as green leafy vegetables, asparagus, 

broccoli, citrus fruits, legumes, dried grains, whole 

grains, yeast, beans, liver, and other organ meats. 

Folic acid, the synthetic form of this vitamin used 

commercially in supplements and fortified meals, 

has been considered an optimum nutritional element 

for cancer prevention and anemia(8). In humans, 

folic acid is obtained from the diet and is transported 

across the brush border membrane of enterocytes 

into the jejunum after absorption. It is released into 

the portal circulation and absorbed by the liver, 

which is the main regulator of folate balance within 

the plasma (9). Folic acid is used to manage and treat 

megaloblastic anemia and folate deficiency anemia. 

One of the most essential reasons for taking folic 

acid is to consider the development of the central 

nervous system. Women who wish to become 

pregnant should take folic acid supplements to 

lower their chance of neural tube abnormalities. 

Folic acid can help guard against tumors in 

ulcerative colitis, prevent cervical dysplasia, treat 

vitiligo, restore blood formation in macrocytic 

anemia caused by folate deficiency, and strengthen 

the resistance of the gums to irritants, thereby 

lowering inflammation (10). 

2. MATERIALS AND METHODS 

2.1. Preparing the feed for the experimental 

animals 

The standard feed, which represented the basic food 

used in the experiment, was prepared according 

to(11) Table (1). The ingredients were mixed well for 

homogeneity, then moistened with clean distilled 

water to form a dough, after which it was cut into 

discs and dried at a temperature of 60°C. The feed 

was prepared weekly as needed. 
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Table 1: Standard feed ingredients g/kg as reported in (11) 

Material Cellulose Vitamin Mixture Mineral Mixture Starch Casein Sunflower Oil Glucose 
Weight/g 50 5 50 536.5 158.5 100 100 

 

2.2. Preparation of experimental animals in 

the laboratory 

The experiment took place in the College of 

Veterinary Medicine's animal house at Tikrit 

University, where adult male albino rats aged 

between 8 and 9 weeks weighing between (140 and 

159 g) were used. A veterinarian examined the 

animals to ensure that they were free from diseases, 

in addition to a one-week follow-up to ensure 

Physical activity and health indicators. Suitable 

conditions were provided with a temperature of 

about (25 °C) with ventilation and humidity at (50 

%), and a light-to-dark period of (12:12) hours. The 

animals were distributed in plastic cages with metal 

mesh covers with dimensions of (19 × 21 × 25 cm). 

The floor was covered with sawdust, taking into 

account the aspect of cleanliness that included 

changing the sawdust twice a week and sterilizing 

the cages with disinfectants. The animals were 

given open access to water by a customized 

container attached to the cage. The animals were 

dosed according to the groups required to be dosed 

with spirulina and folic acid at a dose every (24 

hours) orally using a gastric tube Gavage by 

dissolving the specified dose for each animal with 

(2 ml) in the case of Folic acid and (2 ml) in the case 

of spirulina. 

2.3. Experimental design 

This experiment used 25 male albino rats, five 

animals per group. It lasted for five weeks, from 

September 25, 2023, to November 2, 2023, 

including two weeks to reach the state of hyperemia 

and four weeks for treatment.  

The experimental animals were randomly assigned 

to five groups, each with its diet, as follows: 

1-   The first group (positive control T-) consisted of 

rats fed a regular diet. 

2- The second group (negative control T+): This 

group of rats was fed a standard diet, and anemia 

was induced in them by injecting PHZ at a 

concentration of (20 mg/ml) subperitoneally for two 

consecutive days. 

3- The third group (T1): The group of rats fed on a 

standard diet, anemia was induced in them by 

injecting PHZ and dosed with a concentration of 

(100 mg/ml) of spirulina. 

4- The fourth group (T2): The group of rats in which 

anemia was induced by injecting PHZ and fed on a 

standard diet and dosed with a concentration of (40 

mg/ml) of folic acid. 

5- The fifth group (T3): The group of rats in which 

anemia was induced by injecting PHZ and dosed 

with (20 mg/ml) folic acid and (50 mg/ml) spirulina. 

2.4. Samples 

2.1  -Collection of blood samples 

After the 30-day trial, the animals were fasted for 

(24 hours) and sedated with chloroform, and blood 

samples were collected via a heart puncture. The 

drawn blood was divided into two parts, one of 

which was placed in tubes containing the 

anticoagulant (EDTA) for the purpose of directly 

conducting the CBC (Complete Blood Count) tests. 

In contrast, the remaining part was placed in gel 

tubes. A centrifuge was used at a speed of (3000 

rpm) for (10 minutes), after which the serum was 

separated from the other components and then 

placed in Eppendorf Tubes and stored under 

freezing at a temperature of (-20 °C) until the 

required(12). Determination of Triglycerides (TG) 

Concentration in blood serum 

The level of triglycerides in blood serum is 

estimated using the ready-made test kit 

manufactured by the Italian company Giesse 

Diagnostics based on the method (13). Determining 

Total Cholesterol Concentration in Blood Serum 

The concentration of cholesterol in blood serum is 

measured according to this method, which he came 

up with. The total cholesterol concentration was 
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calculated according to (14). Determination of high-

density lipoprotein cholesterol (HDL) concentration 

in blood serum(14). 

3. RESULTS AND DISCUSSION 

3.1. Study of the values of liver enzymes in 

the blood serum  
The results of the experiment showed, as shown 

in Table (2), a significant increase in liver 

enzymes ALT and AST in the positive control 

group with anemia by injection with PHZ 

compared to the healthy control group. Injecting 

the experimental rats with PHZ led to a 

significant increase in liver enzymes. Any injury 

to the liver leads to an increase in ALT, AST 

values as a result of the toxicity caused by PHZ. 

PHZ injection leads to the accumulation of 

excess iron in the liver because of increased 

oxidation processes and the production of free 

radicals generated and accumulated because of 

the exposure of animals to PHZ toxicity, which 

leads to increased degeneration of hepatic cells 

and inflammatory cells and, consequently led to 

an increase in liver enzymes AST, ALT(15). 

Through the results of previous and current 

studies, it was shown that oral administration of 

spirulina in the TI group and folic acid in group 

T2 and the T3 group, spirulina and folic acid had 

a positive effect and contributed to improving the 

AST and ALT values, as the AST values were 

119 in T1, 149 in T2 and 116 in T3 compared to 

the positive control group with anemia T+, where 

its value was 160 and the healthy control group 

T-, which had a value of 128, while the ALT 

values were respectively 57, 70 and 49 in the T1, 

T2 and T3 groups compared to the negative 

control group, which had a value of (71 mIU/ml). 

The results agreed with(16), who found that 

exposing experimental animals to deltamethrin, a 

toxic chemical compound used as an insecticide, 

led to increased liver toxicity and increased liver 

enzyme values because of oxidative stress 

resulting from free radicals. It was shown that 

treating rats with spirulina at different doses 

reduced liver injury and improved liver enzyme 

levels. This is due to the protective effects of 

spirulina, which contains antioxidants and active 

ingredients such as C-phycocyanins, B-carotene, 

vitamins, minerals, proteins, fats, and 

carbohydrates. The results also agreed with(17), 

who explained that exposing rats to acetamiprid, 

a toxic insecticide, led to increased liver toxicity 

and increased liver enzymes. They showed that 

taking folic acid was able to restore liver enzyme 

levels to semi-normal levels. 
 

Table 2: Effect of treatments with Spirulina and Folic 

Acid on the activity of liver enzymes in the blood serum 

of male rats in which anemia was induced. 

Parameters Group Treatments 

A L T 

(mIU/ml) 

A S T 

 (mIU/ml) 

51.50b±4.90 128.50b±0.86 T- Healthy Control 

71.5a±0.86 160.00a±5.19 T+ Infected control 

57.50ab±9.52 119.00b±1.73 T1(Spirulina) 

70.50a±0.86 149.50a±6.63 T2(Folic Acid) 

49.00b±2.30 116.00b±9.23 T3(Spirulina +Folic 

Acid) 

Different lowercase letters in the same column indicate 

significant differences between the rates at a 

significance level of (± 0.05) 
 

The results of our study agreed with (18), who also 

found that taking folic acid in different doses had a 

positive effect in restoring liver enzyme levels to 

normal levels and the best result was at the highest 

dose (75 μg/kg). It was also concluded that fluoride 

led to liver poisoning through oxidative stress, 

which led to increased secretions of liver enzymes, 

which are considered an indicator of liver 

poisoning. It was explained that the use of folic acid 

was able to reduce liver enzymes, and many studies 

have proven that folic acid has a strong effect in 

protecting the liver and resisting oxidative stress 

resulting from drugs and toxic substances, which is 

what our current study has concluded. 

3.2. Study of the effect of spirulina and folic 

acid treatments on the blood lipid profile in rats 

with induced anemia 
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The results showed that oral administration of both 

spirulina (T1) caused a significant triglyceride (TG), 

cholesterol (TC), and low-density lipoproteins 

(LDL) lower in the spirulina-treated group than in 

the infected group, with values of (105, 73, and 21 

mg/dL), respectively. Also, there was a considerable 

decrease in low-density lipoproteins (VLDL). 

Where its value was (22 mg/dl), while the group 

dosed with folic acid (T2) also had a decrease in the 

level of triglycerides TG, total cholesterol TC, and 

low-density lipoproteins LDL compared to their 

value in the infected group. The results were (111, 

73, and 32 mg/dl), and the level of very low-density 

lipoproteins was (21 mg/dl). As for the group (T3) 

dosed synergistically with spirulina and folic acid, 

the results for the level of triglycerides TG, total 

cholesterol TC, and low-density lipoproteins LDL 

compared to their value in the infected group were 

(106, 74, and 31 mg/dl). The level of very low-

density lipoproteins was (21 mg/dl). Table (3) 

shows the values of High-Density Lipoprotein 

(HDL) which had a significant increase at the 

probability level (P ≤ 0.05) in groups T1, T2 and T3 

and were (19, 20, and 22 mg/dl) respectively 

compared to the infected control group which was 

(13 mg/dl). The results agreed with(19), who found a 

positive role for spirulina in improving the levels of 

blood lipid profile as it was able to reduce the level 

of triglycerides TG, total cholesterol TC, and LDL 

as well as the level of very low-density lipoproteins 

and increase the values of High-Density Lipoprotein 

(HDL) (20). Spirulina has also been shown to lower 

triglycerides (TG), total cholesterol (TC), low-

density lipoproteins (LDL), and very low-density 

lipoproteins (VLDL) while increasing high-density 

lipoproteins (HDL). This is due to the ability of 

spirulina to bind cholesterol with bile salt 

metabolites and reduce the solubility of cholesterol 

as well. This effect may be due to the presence of 

linoleic acid in spirulina, which prevents the 

accumulation of fats and cholesterol in the human 

body. These are the same results obtained in our 

current study. The results agreed with(21), who 

explained the ability of spirulina to reduce blood 

fats due to its antioxidant properties, especially 

ascorbic acid, which was found to have a significant 

role in reducing blood fats by preventing the 

oxidation of LDL, as its oxidation leads to increased 

cholesterol deposition in the lining of blood vessels. 

 

Table 3: Effect of treatments with Spirulina and Folic Acid on blood fat levels in the serum of male rats in 

which anemia was induced. 
Group treatments  Parameters 

TG mg/dl TC mg/dl HDL mg/dl LDL mg/dl VLDLmg/dl 
Healthy Control T- 110.50a±3.72 69.50a±50 15.00bc±00 32.40ab±2.77 22.10a±0.75 
Infected control T+ 113.50a±0.28 77.50a±1.44 13.50c±0.28 36.30a±0.51 22.70a±0.57 
T1(Spirulina) 105.00a±4.61 57.50b±50 19.00ab±2.30 21.30b±4.56 22.20a±0.34 
T2(Folic Acid) 111.00a±1.73 73.00a±0.57 20.00a±1.73 32.00ab±3.23 21.00a±0.92 
T3(Spirulina+Foloc Acid) 106.00a±4.04 74.50a±4.33 22.00a±0.57 31.30ab±5.71 21.20a±0.80 

 Different lowercase letters in the same column indicate significant differences between the rates at a significance 

level of ±0.05 
 

indicated that folic acid has a positive and protective 

role in atherosclerosis and is considered an effective 

antioxidant and suppresses free radicals caused by 

homocysteine, as it helped reduce the level of TG, 

cholesterol TC, and low-density lipoproteins, as 

well as the level of very low-density lipoproteins. 

They also found (22) that folic acid has a protective 

effect against the harmful effects of infrared rays 

that lead to DNA damage. The study also indicated 

the control of folic acid over suppressing free 

radicals resulting from radiation and a protective 

effect against oxidative stress because of reducing 
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the level of triglycerides and cholesterol. These are 

the same results we obtained in our current study, 

which showed that folic acid had a role in improving 

the blood lipid profile.   

3.3. Histological changes of rats induced with 

anemia by injection of PHZ  

the negative control group (T+) of rats with PHZ-

induced anemia as shown in Figures (1, 2 and 3) 

showed that the liver tissue contained many 

degenerated hepatocytes, and many cells separated 

from other cells and widespread blood sinusoids 

continuous with the central vein in addition to their 

ulceration (congestion of blood vessels) and Kover's 

cells that were found in many of those sinusoids. It 

was also found that the liver tissue contained 

degeneration and atrophy in the rows of necrotic 

hepatocytes and around them the large-cavity blood 

sinusoids containing a few Kover's cells and some 

sloughed hepatocytes (23). pointed out that drugs and 

chemicals (glucosamine) had a negative effect on 

liver tissue compared to the control group, in which 

liver tissue and kupffer cells were normal. 
 

 

Fig. 1: (A) section of the liver tissue of the infected control group (T+) rats, showing the following: Image (C) Liver 

tissue Degeneration and disintegration of hepatocytes (A) Expansion of blood sinusoids (B) Kupffer cells (C) (H2 and 

E x40). Image (D) Degeneration and atrophy of hepatocytes (A) Expansion of the sinusoids (B) Degeneration of 

hepatocytes into the sinusoidal cavity (C) (H2 and E x40). Harris Hematoxylin & Eosin stain was used according to 

the method of Luna (1968), and the tissue sections were stained according to the method of Humason (1997). 

 

Histological changes in the liver of rats fed the 

standard diet and dosed with (100 mg/ml) of 

spirulina The liver tissue of the group of rats fed the 

standard diet and dosed with (100 mg/ml) of 

spirulina (T1) contained rows of hepatocytes, each 

row consisting of two layers of polygonal cells with 

dark spherical nuclei, rows or chromatites, and 

between the rows of cells were found blood sinuses 

containing a specific number of Kover cells. The 

hepatic lobule also contained the central vein 

containing a limited amount of decomposed blood, 

and the vein was surrounded from the outside by 

numbers of white blood cells. The lobule also 

contained groups of hepatocytes closely packed 

together with prominent nuclei. Around the 

hepatocytes were found blood sinuses containing 

some Kover cells, as well as congestion of the 

sinuses, dilation of blood vessels, expansion in the 

portal areas, and infiltration of mixed inflammatory 

cells around necrotic hepatocytes. The results 

agreed with found, who indicated Histological 

examination of rats orally dosed with (300 mg/ml) 

of spirulina resulted in sinus congestion, 

vasodilation, portal tract expansion, and infiltration 

of inflammatory cells in the liver. 
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Fig. 2: Section of the tissue of rats fed the standard diet and dosed with 100 mg/ml of spirulina (T1) showing the 

following: Image (E) Liver tissue Polygonal hepatocyte rows, each row composed of two adjacent cells (A) Weak 

dilated blood sinusoids (B) (H2 and E x40) . Image (F) Central vein with limited blood clot (A) Groups of dense 

hepatocytes containing prominent dark-pigmented nuclei (B) Blood sinusoids (C) (H2 and E x40). Harris Hematoxylin 

& Eosin stain was used according to the method of (24), and the tissue sections were stained according to the method 

of (25) , Histological changes in the liver of rats fed on standard diet and dosed with 40 mg/ml of folic acid 

(T2) 

 

The liver lobule contained the central vein devoid of 

blood and the vein lined with some endothelial cells 

supported by some Koffer cells, the sinusoids 

appeared as narrow cavities and the hepatocytes 

were found in an enlarged form where they were 

found compact with each other and contained a 

nucleus and some of them were two nuclei in the 

cytoplasm of the same cell. The central vein in the 

center of the hepatic lobule contained clumps of 

blood with the presence of haemoglobin and the 

branches of the vein were continuous with the 

cavities of the narrow blood sinusoids containing 

limited numbers of Koffer cells, the hepatocytes 

were found in an excessively large form with the 

presence of vacuolization in the cytoplasm of many 

hepatocytes in addition to the presence of 

enlargement in their nuclei. 

 

 

Fig. 3: Section of the liver tissue of rats fed on the standard diet and dosed with folic acid at a concentration of 40 

mg/ml (T2) showing the following: Image (G) Liver lobule, central vein devoid of blood (A) lined with endothelial cells 

(B) Hepatocyte hyperplasia (C) (H2 and E x40). Image (H) Central vein with blood clot with hemosorphin (A) 

Sinusoids blood (B) Hepatocyte hyperplasia with cytoplasmic rupture (C) (H2 and E x40). Harris Hematoxylin & 

Eosin stain was used according to the method of (24), and the tissue sections were stained according to the method of 

(25). 
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