


Ameliorative Potentials of Phoenix dactylifera Fruit Extract on Selected Biochemical Parameters of a Rat Model of Preeclampsia

Abstract
Ameliorative potentials of Phoenix dactylifera fruit extract on selected biochemical parameters of rat model of preeclampsia was investigated using standard analytical methods. Phytochemical screening was carried out on the Phoenix dactylifera fruit following extraction with ethanol solvent before administering to rats. A total of twenty-four (24) healthy albino rats (100 - 200 g) of both sexes were housed and co-habited with fertile male rats in a ratio of 2:1 (F: M). The experimental animals were divided into four groups containing six animals each (Four female rats and two males) as follow: group 1- Control (received normal feed and water), group 2- ( induced preeclampsia by administering 50 mg/kg/day of N (ω)-nitro-L-arginine methyl ester (L-NAME) on gestation day 11), group 3 and 4 (were induced preeclampsia in addition to 20 mg/kg/day losartan between gestation day 12-20 and 100 mg/kg/day Phoenix dactylifera fruit extract between gestation 5-18). The pilot study carried out ascertained that 100 mg/kg/day of Phoenix dactylifera fruit extract was the dose that gave the best treatment on the birth weight and number of live pups in rats. Phytochemical screening of Phoenix dactylifera fruit revealed: tannins 0.92±0.20 %, saponins 5.25±0.05 %, alkaloids 4.68±0.06 %, flavonoids 14.64±0.22 %, hydrogen cyanide 0.01±0.00 %, oxalate 3.18±0.03 %, and phenol 10.50±0.12 %. L-Name induced preeclampsia had a negative effect on the biochemical parameters particularly lipid profile parameters, cardiac parameters, as well as some liver function and kidney function parameters; however, treatment with losartan and Phoenix dactylifera fruit extract significantly reversed this effect on the biochemical parameters. It can be concluded that Phoenix dactylifera fruit extract is a promising source for managing preeclampsia in rat model.	Comment by PC1: Add S
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INTRODUCTION 
Preeclampsia is a pregnancy disorder with numerous symptoms that affects both the mother and the child (Ożarowski et al., 2018; Sibai et al., 2005). It is classified as ‘code 014’ in the International Classification of Disease-10 owing to its severe complications (Ożarowski et al., 2021). Presently, there multifactorial nature of this condition makes it difficult to adopt a single acceptable approach. Hence, the only realistic means of addressing this disorder will be to study the pathogenesis and articulate the possible route of developing new molecules that can act independently or in combination to suppress its multiplication (Ożarowski et al., 2021). Several researches have been emphasized on the inflammatory roles of substances against preeclampsia (Haram et al., 2019; Michalczyk et al., 2020; Ożarowski et al., 2018; Peres et al., 2018; Wu et al., 2015). While the inflammatory response produced fair results, other studies anticipated to be promising should consider chemical modifications of phenolic component of plant extract as potential drug due to the anti-inflammatory, antioxidant and antihypertensive potential of plant extracts. 
Preeclampsia is a leading cause of maternal death in Africa. Every year, more than 270,000 women die of preeclampsia in Africa, and Nigeria contributes to over 20% of this global burden of preeclampsia: the highest of any African country. Elevated maternal blood pressure, intrauterine growth restrictions, and low birth weight are the most worrisome pregnancy outcomes in preeclampsia. Antihypertensive drugs are usually administered to improve the maternal blood pressure; however, these treatments often do not improve the birth weight and in many reported cases, often causes fetal toxicity. Hence, the development of a therapy that can improve birthweight during preeclampsia is clear and imminent.
Phoenix dactylifera (date tree) belongs to the palm family of Arecaceae. It is a flowering plant that is commonly planted because of the nutritional and pharmacological benefits of the fruit (Al-Shwyeh, 2019).  Phoenix dactylifera is commonly found in the North Africa and Middle East, though the true origin of this plant is still under debate. Historically, Phoenix dactylifera is associated with early Christianity and Judaism because of its ancestral history with Israel. As at then, Phoenix dactylifera fruit was consumed as the first food after the period of Ramadan fasting among Muslims (Al-Shwyeh, 2019). This is the reason why Phoenix dactylifera is captured in the Quran and Muslims in the world attach so much religious significance to it (Ghnimi et al., 2017; Selim et al., 2012). Phoenix dactylifera grows well on tropical and subtropical soils in different parts of the world. Presently, it is eaten as food all over the world particularly in European countries (Ghnimi et al., 2017; Tengberg, 2012). Approximately one million Phoenix dactylifera trees is grown in the world with 90% of them cultivated in the Middle East. This study was undertaken to analyze the ameliorative potentials of Phoenix dactylifera fruits extracts on biochemical parameters of rat model of preeclampsia.

METHODOLOGY
Plant Collection and Identification 
Fresh Phoenix dactylifera (dabino) fruits were obtained from Kaduna state in the Northern part of Nigeria. The procured plant nuts were identified in the Department of Plant Science and Biotechnology, Imo State University, Owerri.

Sample Preparation
Exactly 2 kg of Phoenix dactylifera fruits was washed, sorted, macerated and oven-dried at 40-50oC to steady weight. This process produced dry red pomegranates as many as ±100 g. Furthermore, the dried fruits were blended until smooth, then dried pomegranate powder was soaked by using 900 ml of ethanol solvent (3 × 24 h) and evaporation process was carried out. The final result of evaporation process was the total extracts. In this study, total of 44 g of pomegranate extracts were obtained from 100 g of dried pomegranates in the form of essential oils (Ambarwati et al., 2017).

Phytochemical Screening of Plant Extract
Phytochemical screening of Phoenix dactylifera fruit extracts was carried out according to AOAC (1990).

Calculation of LD50 for Phoenix dactylifera fruit Extract
The LD50 was calculated using the Organisation for Economic Co-operation and Development (OECD) (2001) model. This model also known as the "Up-and-Down Procedure" permits researchers to administer specified doses of extract to individual animals in a sequential manner. However, the dose to be given to the next rat should be adjusted based on the effect (fatality or safety) it has on the previous animal, before ascertaining the LD50 value using maximum likelihood estimation method. The LD50 is the dosage that caaused 50% fatality in animals.
LD50 was carried out using graded doses up to 5,000 mg/kg of Phoenix dactylifera fruit extract as shown in Tables 1A, 1B and 1C. Results of the acute toxicity produced no mortality in the rats. The treated rats also did not show signs of severe toxicity like tremor, convulsions, writhing reflexes and agitations, but remained active and physically stable throughout the 24 hour period and a further 7 days of observation.

Table 1A: Stage 1 Acute toxicity (LD50) Evaluation of the Phoenix dactylifera fruit Extract in Rats 
	Group
	Dose (mg/kg)
	No. of Deaths
	Percentage of mortality
	Observations

	1
	10
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable.

	2
	100
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable

	3
	500
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable



Table 1B: Stage 2: Acute Toxicity (LD50) Evaluation of the Phoenix dactylifera fruit Extract in Rats
	Group
	Dose (mg/kg)
	No. of Deaths
	Percentage of mortality
	Observations

	1
	1000
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable.

	2
	1600
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable

	3
	3000
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable








Table 1C: Stage 3: Acute Toxicity (LD50) Evaluation of the Phoenix dactylifera fruit Extract in Rats
	Group
	Dose (mg/kg)
	No. of Deaths
	Percentage of mortality
	Observations

	1
	3500
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable.

	2
	4000
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable

	3
	5000
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable



LD50 > 10,000 mg/kg body weight

Pilot Study
Aim: To determine the optimum dose of Phoenix dactylifera extract needed to achieve an effect size of ≥10g increase in birth weight following an N (ω)-nitro-L-arginine methyl ester (L-NAME) induced preeclampsia.
Design: Thirty rats was needed for this study for a power of α = β = 0.05 at a 95% significance level. For mating purposes, 16-week-old inbred Wistar male rats weighing 180-200g with non-pregnant female rats of similar weight range were utilised in this study. Rats were provided suitable beddings and commercial rat feeds (UAC Nigeria Vital Feeds Grand Cereals, Jos, Nigeria) and water, ad libitum. The oestrous cycle of the rats was determined by vaginal lavage. In a ratio of 3:1 female to male, the rats were placed in separate cages and housed overnight together. Pregnancy was confirmed the next morning through a mating plug/positive vaginal smear check and recorded as gestation day 1. Pregnant rats were separated into individual metabolic cages and monitored until the study endpoint.
Preeclampsia was induced by daily intraperitoneal injection of 125mg/kg L-NAME on gestation day 12-15 as well as 0.3g/l L-NAME in drinking water, until endpoint. Preeclampsia was confirmed on day 15 based on urine protein levels and blood pressure measurement. After day 15, intraperitoneal administration of L-NAME was discontinued. Daily administration of 50 - 1000 mg/kg b.w of Dabino pulp extract began on day 16 until day 20 of euthanasia.



Experimental Design
A total of twenty-four (24) healthy albino rats (100 - 200 g) of both sexes were utilized for this study. Albino rats were purchased from Mr Samuel of the Anatomy Department of Imo State University and carefully transferred to Animal house of Department of Biochemistry, Imo State University Owerri where the experimental animals were housed at room temperature controlled (27±3 oC) in cages with a 12; 12 light dark cycle and wire lid to allow proper ventilation for the whole period of the experiments. Albino rats were allowed access to standard animal chow and filtered water ad libitum. The female rats which were in estrous phase (identified by microscopic demonstration of typical epithelial cells on vaginal smear) were housed and co-habited with fertile male rats in a ratio of 2:1. (F: M). Four female rats and two males were house in a cage for the respective groups. The gestation day one was depicted as the day that copulation occurred as demonstrated by the presence of vaginal plugs and sperm cells on vaginal plug hence pregnancy, then male rats were separated from the female rats (Mergiaw et al., 2020).  
The experimental animals were divided into four groups containing six animals each: 
· Group I- Control (received normal feed and water)
· Group II- L-NAME (50 mg/kg/day) on gestation day 11 to induce preeclampsia
· Group III- preeclampsia + losartan drug (20 mg/kg/day) between gestation day 12-20
· Group IV- preeclampsia + extract (100 mg/kg/day) between gestation 5-18

Induction of Preeclampsia (PE)
N (ω)-nitro-L-arginine methyl ester (L-NAME), an L-arginine analogue widely used inhibitor of nitric oxide synthase (NOS) activity both in vitro and in vivo, was used to induce PE in rats with oral doses of 50 mg/kg/d at gestation day 11 (Mergiaw et al., 2020). Losartan was used as a standard against preeclampsia in animals in Group III.

Collection of Blood Samples
After treatment for twenty-eight days, the four albino rats per group were fasted overnight (12 hours), weighed and anaesthetized by exposure to chloroform. The rats were sacrificed painlessly and blood was collected through cardiac puncture from each rat into heparin and ethylenediaminetetra-acetic acid (EDTA) sample bottles for hematological and biochemical analysis, respectively. The anti-coagulated blood in the heparin sample vials was centrifuged for 10 minutes at 1000 rpm to extract plasma that was used for the analysis. Samples were carefully stored in refrigerator for analyses (Iwu et al., 2020). 

Ethical Approach/Approval
All animals produced were conducted according to natural institutes of health guide for the care and use of laboratory animals and were approved by the Institutional Animal Care and Use Committee (IACUC) of Imo State University under the ethical number (IMSU/FBS/2023/021).

Measurement of Biochemical Parameters
For liver function parameters; alanine aminotransferase (ALT) and aspartate aminotransferase (AST) determinations were carried out according to Reitman & Frankel (1957), Alkaline Phosphatase was done following the (Recommendations of the German Society for Clinical Chemistry (GSCC) (1972), total protein according to Tietz (1995), while conjugated bilirubin was determined using Jendrassik & Grof (1938). For the cardiac function parameters; cardiac troponin levels was measured using the gold linked optical read immune assay (GLORIA) as described by Collinson et al. (1995), angiotensin II levels was determined following methods by Boucher et al. (1964) and Kako, Tatematsu and Nonoyama (1976), while lactate dehydrogenase levels was assayed according to Taher et al. (2016). For the renal function parameters; serum urea levels were measured spectrophotometrically while blood urea nitrogen was calculated with the formula BUN = urea × 0.48 (Isik et al., 2024), creatinine was determined following Bartels & Bolmer (1971), anion gap level was done by subtracting the sum of chloride and bicarbonate ions from serum sodium ions (Kashyap et al., 2006), while glomerular filtration rate was calculated in ml/min/m2 using John Hopkins’ method (ABX Guide Johns Hopkins Medicine, 2003). For the lipid profile parameters, total cholesterol was measured using Richmond (1973), triglycerides by Abell et al. (1952), High density lipoprotein-cholesterol by Lopes-Virella et al. (1977), while low density lipoprotein and very low density lipoprotein cholesterols were calculated according to Friedewald (1972). Hematological parameters were performed using an Automated Hematology Analyzer.

Data Analysis 
Statistical Package for Biological and Social Sciences (SPSS) Inc. 27.0 Software program was used. Mean values (M) ± SD were calculated and one-way analysis of variance (ANOVA) was performed for multiple comparison. A p≤0.05 was considered statistically significant.


RESULTS AND DISCUSSION
Result of Phytochemical screening 
Table 2: Phytochemical content of Phoenix dactylifera (dabino) fruit
	Phytochemical content
	Phoenix dactylifera fruit (%)

	Tannins 
	0.92±0.20

	Saponins 
	5.25±0.05

	Alkaloids 
	4.68±0.06

	Flavonoids 
	14.64±0.22

	HCN 
	0.01±0.00

	Oxalate content 
	3.18±0.03

	Phenol content 
	10.50±0.12


Values are Mean ± SD of triplicate determinations. n=3.
Results of pilot study
Figure 1A: Pilot study showing the dose that gave effective treatment on birth weight for Phoenix dactylifera fruit extract

Figure 1B: Pilot study showing the dose that gave effective treatment on number of live pups for Phoenix dactylifera fruit extract


Effects of Phoenix dactylifera fruit Extract on Liver Function Parameters

Values are (M±S.D) of four determinations (n=4). Bars bearing different superscript letters (a, b) are significantly different (p<0.05) when compared to Groups I and II.
N/B- ALT- Alanine aminotransferase; u/L- units per litre.
Figure 2: ALT Concentrations of Preeclampsia-Induced Albino Rats Treated with Phoenix dactylifera fruit Extract




Values are (M±S.D) of four determinations (n=4). Bars bearing different superscript letters (a, b) are significantly different (p<0.05) when compared to Groups I and II.
N/B- AST- Aspartate aminotransferase; u/L- units per litre.
Figure 3: AST Concentrations of Preeclampsia-Induced Albino Rats Treated with Phoenix dactylifera fruit Extract


Values are (M±S.D) of four determinations (n=4). Bars bearing different superscript letters (a, b, c) are significantly different (p<0.05) when compared to Groups I and II.
N/B- ALP- Alkaline phosphatase; u/L- units per litre.
Figure 4: ALP Concentrations of Preeclampsia-Induced Albino Rats Treated with Phoenix dactylifera fruit Extract


Values are (M±S.D) of four determinations (n=4). Bars bearing different superscript letters (a, b) are significantly different (p<0.05) when compared to Groups I and II.
N/B- g/dl- grams per deciliter.
Figure 5: Total Protein Concentrations of Preeclampsia-Induced Albino Rats Treated with Phoenix dactylifera fruit Extract


Values are (M±S.D) of four determinations (n=4). Bars bearing different superscript letters (a, b, c) are significantly different (p<0.05) when compared to Groups I and II.
N/B- µmol/L- micromoles per litre.
Figure 6: Conjugated Bilirubin Concentrations of Preeclampsia-Induced Albino Rats Treated with Phoenix dactylifera fruit Extract


Table 3: Effects of Phoenix dactylifera fruit Extract on Cardiac Function Parameters of Albino Rats
	Treatment groups
	Cardiac Troponin (ng/ml)
	Angiotensin (ng/ml)
	LDH (u/l)

	Group I
	5.50±0.42a
	0.50±0.08a
	149.00±8.83a

	Group II
	11.43±0.69b
	1.00±0.18b
	341.00±17.80b

	Group III
	8.10±0.57c
	0.65±0.06a
	271.75±8.73c

	Group IV
	6.23±0.40a
	0.58±0.10a
	212.75±6.24c


Data are (M±S.D) of four determinations (n=4). Values bearing different superscript letters (a, b, c) are significantly different (p<0.05) down the column when compared to groups I and II.
N/B- LDH- lactate dehydrogenase; ng/ml - nanogram per milliliter; u/l- units per litre.


Table 4: Effects of Phoenix dactylifera fruit Extract on Kidney Function Parameters of Albino Rats
	Treatment Groups
	BUN (mg/dl)
	Creatinine (mg/dl)
	Anion Gap (mEq/l)
	GFR (ml/min/1.7cm2)

	Group I
	23.70±3.23a
	0.63±0.15a
	7.40±0.26a
	0.80±0.08a

	Group II
	37.03±3.96b
	1.50±0.14b
	16.28±2.03b
	0.38±0.13b

	Group III
	28.90±1.24c
	1.10±0.16c
	12.85±1.63c
	0.63±0.05c

	Group IV
	27.73±2.75a
	1.03±0.17c
	12.68±1.76c
	0.48±0.10b


Data are (M±S.D) of four determinations (n=4). Values bearing different superscript letters (a, b, c) are significantly different (p<0.05) down the column when compared to groups I and II.
N/B- BUN- blood urea nitrogen; GFR- glomerular filtration rate; mg/dl - milligram per deciliter; ml/min/1.7cm2- milliliter per minute per 1.7 centimeter square; mEq/l- mole equivalent per litre.






Table 5: Effects of Phoenix dactylifera fruit Extract on Lipid Profile Parameters of Albino Rats
	Treatment Groups
	Total chol (mg/dl)
	TAG (mg/dl) 
	HDL (mg/dl) 
	LDL (mg/dl)
	VLDL (mg/dl) 

	Group I
	74.53±4.05a
	43.20±3.76a
	29.13±2.68a
	36.76±1.93a
	19.64±1.71a

	Group II
	100.00±4.55b
	61.85±1.87b
	15.75±1.11b
	71.58±3.73b
	28.80±1.14b

	Group III
	84.00±2.94c
	47.90±4.92a
	27.98±2.05a
	46.40±5.17c
	21.78±2.24a

	Group IV
	78.75±2.36a
	45.35±3.46a
	33.30±4.01c
	36.38±3.31a
	20.62±1.57a


Data are (M±S.D) of four determinations (n=4). Values bearing different superscript letters (a, b, c) are significantly different (p<0.05) down the column when compared to groups I and II.
N/B- Total Chol- total cholesterol; TAG- triglyceride, HDL– high density lipoprotein, LDL- low density lipoprotein, VLDL– very low density lipoprotein; mg/dl - milligram per deciliter.

Table 6: Effects of Phoenix dactylifera fruit Extract on Hematological Parameters of Albino Rats
	Treatment Groups
	RBC (×106/µL)
	WBC (×106/µL)
	Hb (×106/µL)
	PLT (×106/µL) 

	Group I
	11.83±0.46a
	6.75±0.31a
	11.43±0.89a
	253.30±13.44a

	Group II
	11.98±0.40a
	11.88±0.61b
	7.68±0.47b
	254.55±10.68a

	Group III
	12.05±0.39a
	9.00±0.34c
	9.33±0.39c
	256.50±13.33a

	Group IV
	12.15±1.28a
	8.33±0.81c
	10.58±0.77a
	256.33±12.82a


Data are (M±S.D) of four determinations (n=4). Values bearing different superscript letters (a, b, c) are significantly different (p<0.05) down the column when compared to groups I and II.
N/B- RBC- red blood cell count, WBC- White blood cell count, Hb- haemaglobin, PLT – platelet.

DISCUSSIONS
Plants are given therapeutic significance by phytochemicals. According to Okpara & Akwukwaegbu (2020), the phytochemical screening conducted in this study indicated the presence of significant levels of tannins, saponins, flavonoids, oxalate, alkaloid, and phenol. These findings suggest that Phoenix dactylifera fruit extract may have antimicrobial, antioxidant, and anti-inflammatory potential (Table 2). Strong anti-cancer and antioxidant properties are exhibited by the flavonoids (Salah et al., 1995). The proportion of flavonoids, phenol and alkaloids obtained in Phoenix dactylifera fruit are higher than the values published by Okpara & Akwukwaegbu (2020) on same plant of medicinal relevance. The actions of flavonoids include scavenging free radicals, chelating iron and copper ions, inhibiting the activities of hydrolytic and oxidative enzymes, and acting against cell inflammation (Okpara & Akwukwaegbu, 2020). They also inhibit microbes that are resistant to antibiotics (Okpara & Akwukwaegbu, 2020); finally, they significantly lower systolic and diastolic blood pressure (Salsabila, Hadisaputro & Sunarjo, 2023). Most plants generate tannin, a complex moiety with a wide range of pharmacological actions, as a protective molecule. Tannins are astringent in function, fast speeds the process of healing and are utilized as tanning agents. Tannins play physiological roles in nutrition, medicine, and health, including serving as antioxidants and preventing microbial activity (Okpara & Akwukwaegbu, 2020). Saponins lower blood pressure, cholesterol, and glucose levels in the body (Trease & Evans, 1985). Their effects on healing, anti-inflammatory, and antibacterial properties are also present (Okpara & Akwukwaegbu, 2020; Nwauche et al., 2024). Alkaloids have potent anti-pyretic, antihypertensive, antifungal, anti-inflammatory, and anti-fibrogenic properties in addition to being potent pain suppressors (Awoyinka et al., 2007). According to Okpara and Akwukwaegbu (2020), they promote anesthetic effect and inhibit the majority of bacteria's activities. Through the process of directly affecting nitric oxide metabolism, phenolic substances can reverse endothelial cell damage. Alternatively, they can lessen vasoconstriction via activating the ACE and angiotensin II receptors (Salsabila et al., 2023).
Result of the pilot study showed that 100 mg/kg/day of Phoenix dactylifera fruit extract was the first dose that gave the best treatment on the birth weight in rats (Figure 1A). Also, result of the number of live pulps showed that 100 mg/kg/day of Phoenix dactylifera fruit extract was the first dose that gave the best treatment in rats (Figure 1B) which was the reason for administering this dosage to rats.
Numerous variables and toxic chemicals can readily disintegrate liver cells, or hepatocytes which can collect in the liver and impair hepatic function (Bia et al., 2012). Increased permeability of the cell membrane can result from hepatocyte damage-induced degeneration, inflammation, and necrosis. According to Tahmasebi et al. (2018) and Diana (2007), serum enzymes such alkaline phosphatase (ALP), alanine transaminase (ALT), and aspartate transaminase (AST) are helpful indicators of liver function. The degree of tissue damage is directly correlated with the blood's AST and ALT levels (Botros & Sikaris, 2013). 
The effects of Phoenix dactylifera fruit extract on the liver function parameters of rats presented in Figures 1-5 showed a significant increase (p<0.05) in ALT, AST, ALP and conjugated bilirubin and a significant decrease (p<0.05) in the total protein concentration of albino rats in group II when compared to group I. Treatment with 100 mg/kg b.w Phoenix dactylifera fruit extract significantly reversed the damage in ALP, total protein and conjugated bilirubin better than the standard drug (see Figures 3, 4 and 5). Losartan drug and Phoenix dactylifera fruit extract had no significant impact on the ALT and AST levels in rats. 
All of the group II serum liver enzymes have significantly increased, indicating hepatic damage that may be brought on by ischemic hepatotoxicity, hereditary liver diseases, or hepatitis. More specifically, an extra-hepatic source of damage is suggested by an elevation of AST above ALT. On the other hand, ALP protects the exterior cell membrane from damage and aids in the metabolism of phosphate (Hayes et al., 2002). Studies have shown that ALP is essential in preventing membrane damage, and that the degree of cellular damage to the liver is correlated with blood levels of ALP activity (Jain et al., 2008). As a result, Phoenix dactylifera fruit extract may be effective in reducing the degree of liver damage and halting the rupture of external membranes. Aminotransferases are typically only slightly increased in chronic cholestasis. While ALT and AST levels rapidly fall with deteriorating coagulopathy in acute liver failure, this is a poor prognostic indicator. In contrast, ALT and AST levels tend to remain more significantly increased longer in hepatocellular damage (Wang et al., 2018; Anahat, Randolph & Steadman, 2012; Singh et al., 2009). 
The effects of Phoenix dactylifera fruit extract on the cardiac function parameters of preeclampsia-induced albino rats presented in Table 3 showed a significant increase (p<0.05) in the cardiac troponin, angiotensin and LDH concentrations of albino rats in group II when compared to group I. This negative effect was significantly decreased (p<0.05) in all the cardiac function parameters of albino rats in groups III and IV when compared to group II; however 100 mg/kg b.w Phoenix dactylifera fruit extract had a better positive effect than 20 mg/kg b.w losartan drug. This represents improvement in the endothelial function by Phoenix dactylifera fruit extract. Findings align with the report of da Silva et al. (2020) who reported significant decrease (p<0.05) in the angiotensin concentration via vasoconstrictor response induced of preeclampsia-induced rat treated with ASE. 
LDH is a broadly distributed enzyme that plays a significant role in the metabolism of energy in many tissues while cardiac troponin helps in muscle contraction and relaxation process (Zhang et al., 2024; Cheng & Regnier, 2016). It is frequently employed as a marker of tissue injury and is released into the peripheral blood following cellular damage (Zhang et al., 2024). An essential enzyme that controls energy metabolism, LDH, is a sign of myocardial injury and may be a prediction of heart failure following an acute myocardial infarction (Zhang et al., 2024). This means both the standard drug and Phoenix dactylifera fruit extract can be utilized in repairing tissue damage, preventing heart failure and regulating muscle contraction and relaxation process.
The effects of Phoenix dactylifera fruit extract on the kidney function parameters of preeclampsia-induced albino rats presented in Table 4 indicated a significant increase (p<0.05) in BUN, creatinine, and anion gap and a significant decrease (p<0.05) in the GFR of albino rats in group II when compared to group I. Treatment with 20 mg/kg b.w losartan drug and 100 mg/kg b.w Phoenix dactylifera fruit extract significantly reduced (p<0.05) the levels of BUN, creatinine and anion gap, as dabino extract effectively reversed BUN to similar level with the control. However, Phoenix dactylifera fruit extract did not have any significant impact on the GFR. Anion gap is the difference in the sum of serum chloride and bicarbonate electrolyte concentration from serum sodium levels in the body with a normal range of 5-11 mEq/l (Kashyap et al., 2006). Findings on the anion gap agree with the Kashyap et al. (2006) who reported higher levels in preeclampsia-induced subject. The possible reason for this is reduction in the volume of blood in the body and retention of sodium in the system which in turn impairs glomeruli filtration rate (Brown et al., 1988). More so, the normal range for creatinine concentration in this study is 0.3-1.7 mg/dl which implies that creatinine concentrations obtained in this study are within the normal range; however, the concentrations slightly vary from the value reported by Kashyap et al. (2006).
The effects of Phoenix dactylifera fruit extract on the lipid profile parameters of preeclampsia-induced albino rats showed in Table 5 revealed a significant increase (p<0.05) in the total chol, TAG, LDL and VLDL and a significant decrease (p<0.05) in the HDL of albino rats in group II when compared to group I; however treatment with 20 mg/kg b.w losartan drug and 100 mg/kg b.w Phoenix dactylifera fruit significantly reversed this effect in all the lipid profile parameters. Phoenix dactylifera fruit extract had a better effect on the total cholesterol and LDL concentrations than losartan drug. Findings on the lipid profile parameters are in accordance with Atoe et al. (2021) who reported positive modulation of lipid profile parameters by methanolic leaf extract of Jatropha cacus, Secamone afzelii and Alchonnea cordifolia administered at 50 mg/kg, 100 mg/kg and 200 mg/kg on third trimester and post-partum preeclampsia-induced rats. There are two possible reasons for the positive modulation of Phoenix dactylifera fruit extract on lipid profile parameters. First, it could be attributed to delay in formation of hepatic fatty acid in the liver as a result of down regulation of sterol regulatory element-binding protein (Spielmann et al., 2007) or due presence of bioactive compounds such as phenol, flavonoids and saponins (Ikewuchi et al., 2011; Soetan, 2008).
Atherosclerosis and other heart conditions may result from elevated total cholesterol levels (Ademuyiwa et al., 2005). Elevated levels of plasma triglycerides indicate cardiac injury (McBride, 2007; Dobiásová, 2004). This could result in aberrant lipoprotein metabolism and hypertension (Lopes et al., 1997; McBride, 2007). The risk of cardiovascular problems is decreased by high plasma levels of VLDL and HDL cholesterol and low levels of LDL cholesterol (Lichtennstein et al., 2006; Ademuyiwa et al., 2005). Therefore, Phoenix dactylifera fruit extract has the potential to reverse the harm caused by preeclampsia in rats.
The effects of Phoenix dactylifera fruit extract on the hematological parameters of preeclampsia-induced albino rats are presented in Table 6. Results showed that there was a significant increase (p<0.05) in the WBC and significant decrease (p<0.05) in the Hb of albino rats in group II when compared to group I. There was no significant difference (p<0.05) in the RBC and PLT of albino rats in in all comparisons made. Findings are dissimilar with previous studies (Mergiaw et al., 2020; Sankar et al., 2015; Masoomeh, Shadi & Akbar, 2012). Furthermore, this study reported that administration of 20 mg/kg b.w losartan drug and 100 mg/kg b.w Phoenix dactylifera fruit extract significantly decreased (p<0.05) the concentration of WBC and significantly increased the concentration of Hb when compared with L-NAME group. There was no significant change in the RBC of all the comparison made. Results does not agree with the findings of Santure et al. (1999), Hershkovitz et al. (2005) and Mergiaw et al. (2020) who reported that treatment with Thymus leaf extract significantly decreased RBC and Hb in a dose dependent manner.
More so, there was no significant difference (p<0.05) platelets count of albino rats in all comparisons made. This result does not agree with the findings of Terrone et al. (2000), Amit et al. (2018) and Mergiaw et al. (2020) who reported significant decrease (p<0.05) in the platelets count of treated rats. They suggest that the course of hemolysis, high liver tests, and low platelet (HELLP) count syndrome support the idea that preeclampsia may be the result of an inflammatory disease. A straightforward and affordable method for tracking the development of preeclampsia and averting potentially fatal consequences is to measure the platelet count (Eman et al., 2013). Therefore, platelet indices are easy, affordable, and useful instruments for estimating the severity of preeclampsia. Therefore, results of the hematological parameters indicate that Phoenix dactylifera fruit extract might not be helpful in predicting progression and treatment of preeclampsia.

CONCLUSION 
This study has shown that Phoenix dactylifera fruit extract is a promising source for managing preeclampsia particularly on lipid profile parameters, cardiac parameters, and some liver function and kidney function parameters. Therefore, Phoenix dactylifera fruit extract can be utilized as a potential agent to prevent the development of hypertension and other biochemical dysfunction in the L-NAME induced preeclampsia rat.
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