



ANTIANEMIC EFFECT OF AN AQUEOUS EXTRACT OF LEAVES OF Petroselinum crispum (Apiaceae) IN RATS (Rattus norvegicus) OF WISTAR STRAIN
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ABSTRACT 

	This study aims to enhance the African pharmacopoeia. For this purpose, the therapeutic efficacy of the aqueous extract of leaves of Petroselinum crispum (Apiaceae), a plant used in the treatment of anemia was evaluate. Anemia was induced in Wistar rats by oral administration of phenylhydrazine hydrochloride. Gavage of anemic rats with an aqueous extract of leaves of Petroselinum crispum (Apiaceae), 250, 500 or 1000 mg/kg body weight or Ranferon® reference substance corrected the anemia after 14 days. Red blood cell count, hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin content and mean corpuscular hemoglobin concentration impaired by phenylhydrazine were restored. At a dose of 1000 mg/kg, the extract was more effective than Ranferon®. It appears from this study that the extract has anti-anaemic properties in accordance with the effectiveness recognized in traditional medicine. Such activity is similar to that of Ranferon® and would be due to the presence of phytochemicals it contains.
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1. INTRODUCTION 
Anemia is the most common form of micronutrient deficiency worldwide. According to the World Health Organization (WHO), approximately 50% of anemia cases are due to iron deficiency as well as deficiencies in certain vitamins and minerals (vitamins B9, B12, A and copper). Also, more than 1.62 billion individuals are anemic worldwide (WHO, 2005). In Africa and Asia, anemia is responsible for 3.7% to 12.8% of maternal deaths during pregnancy and childbirth (Khan et al., 2006). 
Despite the advent of modern medicine, the use of plants for therapeutic purposes remains the main source of primary health (Khalil et al., 2007; Manda et al., 2017). The WHO estimates that in Africa more than 80% of populations use plants for health care (WHO, 2002). Studies conducted in several regions of Côte d'Ivoire have reported that more than 90% of the population uses traditional medicine for their primary health care (Manda et al., 2017). The use of therapeutic plants is booming due to its geographical, economic and cultural accessibility (WHO, 2005). Among these plants are those of the Apiaceae family. This family includes condiment plants, used as an important supplement to the human diand and an alternative source in the treatment of several pathologies (Naouel, 2015). Petroselinum crispum Commonly known as parsley, it is one of the culinary herbs belonging to this family. It is used for the treatment of skin diseases, dysmenorrhea, kidney diseases, to alleviate bad breath and to heal wounds (Katzer et al., 2007; Aljanaby, 2013). It is also used against diabetes, hypertension, as a diurandic, anti-inflammatory and anemia (Tossou et al., 2008; Benítez et al., 2010; Savikin et al., 2013). The question therefore arises as to whandher the antianemic effects of Petroselinum crispum leaves are scientifically proven in mammals? Thus, this study was carried out with the aim of evaluating the antianemic effect of the aqueous extract of Petroselinum crispum (Apiaceae) leaves in rats.

2. material and mEthods	

2.1. MATERIAL
 2.1.1. Plant material
Petroselinum crispum (Apiaceae) leaves were purchased at the Gouro market in Adjamé, a commune of Abidjan in Ivory Coast.

[bookmark: _Toc158112295][bookmark: _Toc158113757][bookmark: _Toc171865412]2.1.2. Animal material
[bookmark: _Toc158112296][bookmark: _Toc158113758][bookmark: _Toc171865413]Wistar strain Rattus norvegicus (Muridae) rats weighing between 150 g and 300 g from the animal facility of the Félix HOUPHOUËT-BOIGNY University Teacher Training College (Abidjan, Côte d'Ivoire) were used for this study.

2.1.3. Chemical equipment
As chemical substances phenylhydrazine hydrochloride 99%, Ranferon ® (Sun Pharmaceutical Ind . Ltd., India), and 90° alcohol were used during this work.

2.2. METHODS
2.2.1. Induction of anemia
It was done according to the method described by Naugton et al. (1990). After determining the hematological profile of 6 groups of 4 rats each weighing between 150 g and 300 g, without any pretreatment, 5 groups were made anemic by injection of 40 mg/kg of 2,4-dinitrophenylhydrazine (2,4-DNPH) for 2 successive days (Day 1 and Day 2). Only rats showing a drop in hemoglobin level of more than 30% on the 3rd day were considered anemic and selected for further experimentation. For analyses, blood samples were taken by tail incision. The group of rats not treated with 2,4-DNPH was considered as group I (negative control group) and the groups made anemic were numbered from II to V.
The total aqueous extract of the leaves of Petroselinum crispum was dissolved in distilled water to achieve the required concentrations administered by gavage.

2.2.2. Treatment
- Batch 1 (Negative Control): Normal animals given distilled water only.
- Batch 2 (Positive Control): Anemic animals given distilled water only.
- Batch 3 (Ranferon®): Anemic animals treated with 5 mg/kg BW (1 mL) of the reference treatment (Ranferon®) for 14 days. 
- Batch 4 (D1) Anemic animals treated with a dose of 250 mg/kg BW of the total aqueous extract of Petroselinum Crispum leaves for 14 days.
- Batch 5 (D2): Anemic animals treated with a dose of 500 mg/kg BW of the total aqueous extract of Petroselinum Crispum leaves for 14 days.
-Lot 6 (D3): anemic animals treated with the dose of 1000 mg/kg BW of the total aqueous extract of Petroselinum Crispum leaves for 14 days.

2.2.3. Measurement of hematological parameters 
Blood samples were collected from the tail after anesthetizing the rats with an ether solution. Approximately 2 ml of blood was collected into tubes containing the anticoagulant ethyldiamine tetraacetic acid (EDTA). On D0 (before phenylhydrazine administration), D3 (the day following the second and final phenylhydrazine administration), and D17 (14 days after treatment with distilled water, reference substance, and the various doses of EAPc. Hematological parameters were measured using a blood cell counter.

2.2.4. Results Processing
Statistical analysis of values ​​and graphical representation of data were performed using Graph PadPrism 8 software. Statistical differences between results were determined using analysis of variance (ANOVA), followed by the Tukey-Kramer multiple comparison test at a significance level of 0.05. All values ​​are presented as mean ± SEM (Standard Error of the Mean).

3- RESULTS

3.1. Effect of an Petroselinum crispum aqueous leaves extract’s on red blood cell count after administration of 2,4-DNPH to rats
[bookmark: _Hlk209912168]2,4-DNPH induced a very highly significant decrease in red blood cell counts in all animals on day 3. However, Petroselinum crispum aqueous leaves extract’s resulted in a very significant recovery of these levels comparable to the effect of Ranferon® (batch III) even if they remained statistically lower than that of the normal control batch on day 17 (Figure 1).
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[bookmark: _Toc171863236]Figure 1 : Histogram of red blood cell count in normal and anemic rats after 14 days of treatment with the aqueous extract of Petroselinum crispum
GR : Red Blood Cells; T neg : Negative control; T pos : Positive control; T ref : Treated with Ranferon® ; T 250 : Treated with 250 mg/kg of Pc extract; T 500 : Treated with 500 mg/kg of Pc extract; T 1000 : Treated with 1000 mg/kg of Pc extract; **** : difference in comparison with D0 and D3 and **** : difference in comparison with D3 and D17.

[bookmark: _Toc158112310][bookmark: _Toc158113772][bookmark: _Toc171865427]3.2. Effect of an Petroselinum crispum aqueous leaves extract’s on hemoglobin count after administration of 2,4-DNPH to rats
Administration of Ranferon ® and the addition of Petroselinum crispum aqueous leaves extract’s reversed the strong reduction in hemoglobin levels induced by 2,4 DNPH by completely restoring this level compared to the normal control group. On the other hand, the hemoglobin level of the negative control remained very significantly lower than that of the normal control (Figure 2).
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[bookmark: _Toc171863237]Figure 2 : Histogram of hemoglobin levels in normal and anemic rats after 14 days of treatment with aqueous extract of Petroselinum crispum
T neg : Negative control; T pos : Positive control; T ref : Treated with Ranferon® ; T 250 : Treated with 250 mg/kg of Pc extract; T 500 : Treated with 500 mg/kg of Pc extract; T 1000 : Treated with 1000 mg/kg of Pc extract: ; **** : difference in comparison with D0 and D3 and **** : difference in comparison with D3 and D17

[bookmark: _Toc158112311][bookmark: _Toc158113773][bookmark: _Toc171865428]3.3. Effect of an Petroselinum crispum aqueous leaves extract’s on hematocrit count after administration of 2,4-DNPH to rats
Administration of Ranferon® resulted in complete suppression of the highly significant decrease caused by 2,4-DNPH and Petroselinum crispum aqueous leaves extract’s caused a partial suppression of this effect compared to the normal control. The hematocrit of batch II (negative control) remained very significantly lower than that of the normal control (Figure 3).
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[bookmark: _Toc171863238]Figure 3 : Histogram of hematocrit levels in normal and anemic rats after 14 days of treatment with the aqueous extract of Petroselinum crispum
T neg : Negative control; T pos : Positive control; T ref : Treated with Ranferon® ; T 250 : Treated with 250 mg/kg of Pc extract; T 500 : Treated with 500 mg/kg of Pc extract; T 1000 : Treated with 1000 mg/kg of Pc extract. ; *** : difference in comparison with D0 and D3 and **** : difference in comparison with D3 and D17

[bookmark: _Toc158112312][bookmark: _Toc158113774][bookmark: _Toc171865429][bookmark: _Hlk210249611]3.4. Effect of an Petroselinum crispum aqueous leaves extract’s on mean corpuscular volume after administration of 2,4-DNPH to rats
2,4-DNPH caused a very strong increase in mean corpuscular volume, but this parameter was completely restored by supplementation with Petroselinum Crispum leaves compared to the normal control. Ranferon® caused only a partial restoration of mean corpuscular volume (Figure 4).
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[bookmark: _Toc171863239][bookmark: OLE_LINK1]Figure 4 : Histogram of mean corpuscular volume in normal and anemic rats after 14 days of treatment with the aqueous extract of Petroselinum crispum
[bookmark: _Toc158112313][bookmark: _Toc158113775][bookmark: _Toc171865430]T neg : Negative control; T pos : Positive control; T ref : Treated with Ranferon® ; T 250 : Treated with 250 mg/kg of Pc extract; T 500 : Treated with 500 mg/kg of Pc extract; T 1000 : Treated with 1000 mg/kg of Pc extract; ; **** : difference in comparison with D0 and D3 and **** : difference in comparison with D3 and D17

3.5. Effect of an Petroselinum crispum aqueous leaves extract’s on the average corpuscular concentration of red blood cells after administration of 2,4-DNPH to rats
Treatment with 2,4-DNPH induced a very significant decrease in corpuscular concentration of red blood cells. However, this effect was completely suppressed by Petroselinum Crispum leaves extracts as well as Ranferon® in the treated batches compared to the normal control. corpuscular concentration of red blood cells in batch I (negative control) remained lower than that of the normal control (Figure 5).

[bookmark: _Toc171863240] (
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)Figure 5 : Histogram of mean corpuscular hemoglobin concentration in normal and anemic rats after 14 days of treatment with the aqueous extract of Petroselinum crispum
T neg : Negative control; T pos : Positive control; T ref : Treated with Ranferon®; T 250 : Treated with 250 mg/kg of Pc extract; T 500 : Treated with 500 mg/kg of Pc extract; T 1000 : Treated with 1000 mg/kg of Pc extract; ; **: difference in comparison with D0 and D3 and *: difference in comparison with D3 and D17

[bookmark: _Toc158112314][bookmark: _Toc158113776]3.6. Effect of an Petroselinum crispum aqueous leaves extract’s on mean corpuscular hemoglobin content after administration of 2,4-DNPH to rats
2,4-DNPH induced an extremely significant increase in mean corpuscular hemoglobin content  in groups II to V, but Petroselinum Crispum leaves supplements completely restored this parameter, while it was partially restored by Ranferon® compared to the normal control group. The mean corpuscular hemoglobin content of the negative control remained very significantly higher than that of the normal control (Figure 6).
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[bookmark: _Toc171863241]Figure 6 : Histogram of mean corpuscular hemoglobin content in normal and anemic rats after 14 days of treatment with the aqueous extract of Petroselinum crispum
T neg : Negative control; T pos : Positive control; T ref : Treated with Ranferon® ; T 250 : Treated with 250 mg/kg of Pc extract; T 500 : Treated with 500 mg/kg of Pc extract; T 1000 : Treated with 1000 mg/kg of Pc extract; ; ** : difference in comparison with D0 and D3 and ** : difference in comparison with D3 and D17.

DISCUSSION

The study of the antianemic effects of the aqueous extract of Petroselinum crispum leaves on hematological parameters in Wistar rats showed that before the administration of 2,4-DNPH, the values ​​of hematological parameters in Wistar rats were for the number of red blood cells, hemoglobin levels, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin content and mean corpuscular concentration of red blood cells within the reference values ​​described by Descat (2002). 2,4-DNPH has been recognized as having the ability to induce hemolytic anemia in rats. When administered intraperitoneally or orally, it decreases the concentrations of blood parameters such as hemoglobin, red blood cells and hematocrit (Benomar, 2018). Thus, in this experiment, oral administration of 2,4-DNPH caused, on the one hand, a significant decrease in Hb concentration, red blood cell count, hematocrit level, and corpuscular concentration of red blood cells , and on the other hand, a significant increase in mean corpuscular volume and corpuscular concentration of red blood cells  compared to non-anemic controls. These results confirm the induction of hemolytic anemia in rats. These results are similar to those of Atto et al. (2023) and Sédagbandé et al. (2021).
[bookmark: _Hlk210216702]Treatment of anemic rats with the aqueous extract of Petroselinum crispum leaves resulted in a significant increase in mean red blood cell, hemoglobin, and hematocrit values, returning to normal values. The effect of EAPc is comparable to that of Ranferon®, an antianemic drug used throughout treatment. Such a result was obtained with the aqueous extracts of Allium eriophyllum Boiss, Solanum torvum fruits and the ethanolic extract of Justicia carnea Vahl respectively by Zangeneh et al. (2019), Gnangoran et al. (2020). According to the studies of Sarwar et al. (2016), the Petroselinum crispum plant is rich in iron, vitamins B9 and C; which would justify a rapid return to normal of these parameters consequently the correction of anemia. Iron is indeed an essential constituent of hemoglobin, it enters into the constitution of the liver and participates in erythropoiesis (HAS, 2011). The increase in mean corpuscular volume and mean corpuscular hemoglobin content, after 2,4-DNPH administration, as well as the decrease in corpuscular concentration of red blood cells , reflect a release of red blood cells less saturated with hemoglobin (hypochromia) and indicate macrocytic anemia (Rossant-Lumbrosso and Rossant, 2017). These different variations were corrected in the groups of anemic rats treated with EAPc and Ranferon®. These results corroborate those obtained by Ogwumike et al. (2002) in Nigeria who used an aqueous extract of Sorghum bicolor leaves. The effect of EAPc on 2,4-DNPH induced anemia could be due to the phytochemical constituents contained in this extract and the presence of minerals and vitamins. These constituents (saponins, flavonoids and alkaloids) are well-known hematopoietic factors that have a direct influence on blood production in the bone marrow (Sembulingam and Sembulingam, 2010). Similarly, flavonoids have been shown to be able to directly stimulate hematopoiesis and probably via erythropoietin (Zhang et al., 2017).


4. Conclusion

Administration of 2,4-dinitrophenylhydrazine by peritoneal injection caused rapid lysis of red blood cells in rats. This resulted in hemolytic anemia. The aqueous extract of the leaves of Petroselinum crispum administered by gavage led to a change in hematological parameters. This change allowed us to say that this extract has anti-anemic effects. The action of EAPc is in the same direction as the reference drug Ranferon®. This action of EAPC on induced anemia would be linked to its vitamin, mineral and chemical composition that the leaves of Petroselinum crispum would possess. This plant therefore has anti-anemic activity in accordance with the effectiveness recognized in traditional medicine.
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