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ABSTRACT: Dapagliflozin, a widely used sodium-glucose cotransporter-2 (SGLT2) 

inhibitor, has been associated with hepatotoxicity and nephrotoxicity Therefore, this 

study evaluated the hepatoprotective and nephroprotective effects of extracts of 

Taraxacum officinale (Dandelion) and Phoenix dactylifera (Date Palm Pollen, DPP) on 

Dapagliflozin-induced toxicity in male Wistar rats 35 male Wistar rats (180-200g) were 

split into 7 groups: G1 (DPP control), G2 (Dandelion control), G3 (Normal control), 

G4 (Combined extracts control), G5 (Dandelion + Drug), G6 (DPP + Drug), G7 (Drug 

only, 0.9 mg/kg adjusted dose) After 6 weeks of experimentation, G7 had significant 

increases in serum creatinine (0.440 mg/dL), urea (62.16 mg/dL), ALT (64.40 U/L) and 

AST (130.80 U/L) when compared with normal control (G3) Dandelion extract (G5) 

has been shown to significantly reduce creatinine levels and urea levels compared to G7 

(18.2% and 28.1%, respectively) DPP extract (G6) also exhibited a protective effect by 

decreasing urea levels by 12.4% Improvement of parameters of Lipid profile 

(Cholesterol, TG, LDL) were observed primarily in extract treated groups Given the 

potent antioxidant effect of extracts of T officinale and P dactylifera pollen, their use as 

adjunctive protective agents to mitigative organ damage of Dapagliflozin should be 

supported 

 

1. INTRODUCTION 

For many, plants have been used magically for the purpose of medicine and food. What's interesting about these plants is the 

high level of chemical such as flavonoids that have significant effects, to help treat many different diseases in pharmaceutical 

science. Published researches have attributed the biomedical importance of such plants towards their natural antioxidants 

content, which can scavenge free radicals and may able to reduce oxidative stress and also morbidity as well as mortality due 

to several diseases while safeguarding important cells and tissues [1,2]. 

Iraq has a range of useful medicinal herbs that are known for their traditional values and folkloric medicine recipes which 

they have recently shown activeness in using them against food and pharmaceutical industries. According to recent statistics 

more than five thousand plant species are used for medicinal purposes or as a model plant for drug development [3]. 
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Dandelion Scientific name Taraxacum officinale is one of the major traditional medicinal plants in several countries such as 

China, India, Russia, and Arab area. It also has a history of application for liver diseases, inflammation and arthritis and is 

reported to have anti-oxidant, antiseptic and diuretic properties [4,5]. The plant is enriched with bioactive chemical 

compounds including flavonoids, phenols, terpenes, and glycosides as well as essential minerals and vitamins that makes it a 

safe source of food and medicine for human [6,7]. Dandelion is a member of the Asteraceae family and there are some 30 to 

57 species in the genus Taraxacum, which are found in temperate areas of the Northern Hemisphere [8].  it grows wild in 

Iraq especially in the region's center It is considered one of the natural plants in it [9]. It is characterized by its toothed leaves, 

and golden-yellow flowers, whose roots and aerial parts are eminently edible: they have been used for the preparation of 

salads, beverages, coffee substitutes as well as medicinal agents [10,11]. 

The medicinal benefit of the dandelion is a result from its being effective in curing liver disorders, jaundice and helping 

blood purification. It has also been used to treat fever, constipation, rheumatism and even numerous digestive snf skin 

disorders [12,13]. Recent research works have pointed out the prospects of dandelion’s root as well as leaf parts, indicating  

their anti-cancer, anti-hyperglycemic, antimicrobial, antiviral properties and immunomodulatory effect along with antioxidant 

potential [14-15]. 

Dandelion leaves contain a number of active compounds, some of which are: 

• Flavonoids and phenols [16] 

• Glycosides, lactones and inulin molecules [17] 

• Your essential minerals such as potassium, calcium, iron, magnesium and zinc 

• Vitamin A, C, D E K and the B-complex vitamins. 

This diverse active constituents profile has placed dandelion in the centre of attention of many studies that confirm its 

importance as protective and prophylactic agent, especially in the case of liver diseases, but also, for treatment of oxidative 

stress. 

Pollen of Male Date Palm Flowers is a natural product and it comes from the male flowers of Phoenix dactylifera l date palm 

tree. It is a fine powder of white or yellow color that is easily diffused, taken from male flowers before they open in the date 

palm tree. In traditional Chinese medicine, In addition to being a procreative stimulant and fertility enhancer, it is also used in 

cases of malnutrition caused by hunger when other medical remedies produce only partial success. As such, this food appears 

to serve both generations equally well. Recent studies have indeed shown that in hyperlipidemia and steatosis of liver caused 

by pork fat infusion, improper food can be set right. Date palm pollen counters the symptoms of these diseases by reducing 

MDA levels and up- regulating triglyceride liver Colorimetry Through analysis of its components, it has been found by 

American scientists to increase levels. A study by El-Neweshy et al. (2012) revealed that administration of date palm pollen 

extract brought about a reduction in oxidative damage to rats encountering cadmium in the body: For one thing, 

malondialdehyde (MDA) decreased-as did mean while levels of reduced glutathione (GSH) rose significantly. It also improved 

sperm parameters and partially restored testicular function. This results from its role as a potent antioxidant which can 

counteract heavy metals.[18] 

Studies indicate that the therapeutic efficacy of date palm pollen may be attributed to: - Its content of phenolic compounds 

and flavonoids with high ability to inhibit free radicals [20] - Its richness in essential amino acids and minerals that 

contribute to enhancing enzymatic activities and tissue protection [21] - The presence of natural estrogenic compounds 

that help improve hormonal balance and metabolic functions [22] 

Although previous studies focused mainly on fertility, the mentioned mechanisms (antioxidants, reduction of oxidative stress, 

enhancement of defensive enzymes) also represent the first line of defense for the kidneys and liver against damage caused by 

toxins and metabolic disorders [23]. This opens the door to using date palm pollen as a protective or adjuvant agent in 

maintaining kidney and liver functions, alongside its proven positive effects on fertility. 

Forxiga scientific name Dapagliflozin belongs to the class of sodium-glucose co-transporter-2 (SGLT2) inhibitors. This 

group works on the kidneys to reduce glucose reabsorption and excrete it in urine, leading to a decrease in blood glucose 

levels independently of insulin[53].  
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The importance of studying this drug stems from its dual role in controlling blood sugar and reducing complications 

associated with diabetes, making it a subject of interest for researchers and physicians alike, especially when compared with 

other treatments or combined with plant extracts with potential therapeutic efficacy[26]. 

Based on this, this research aims to study the effect of dandelion and date palm pollen extract on some biomarkers of 

kidney and liver functions, in addition to some enzymes in rats, to demonstrate their ability to reduce potential biological 

damage resulting from the use of Dapagliflozin drug[24]. 

In addition to its role in controlling blood sugar, recent research has shown additional benefits of Dapagliflozin in reducing 

the risk of chronic kidney failure, as it contributed to improving kidney function and reducing the rate of disease progression 

[27].  

Dapagliflozin is considered an effective therapeutic option whether used alone or in combination with other drugs such as 

metformin or insulin, providing patients with a dual benefit of lowering blood sugar and preventing cardiac and renal 

complications of diabetes [29]. 

2. ETHICS APPROVAL 

This experiment was conducted in accordance with the guidelines for animal treatment. All of the things we did with the 

animals in this study were good to go by the people who are supposed to make sure animals are cared for at the College of 

Sciences, University of Kerbala sooted Iraq.The animals were treated well. We of course also adhered to the rules that 

everyone agrees on for caring for laboratory animals. This includes: 

Under such laws as those that decree our duty to be kind to animals (as the Declaration of Helsinki decrees for experiments 

on animals ) 

Acting in the way the ARRIVE guidelines recommend for animal experiments. 

Ensuring we do what the U.K. Animals Act of 1986 says that we must do 

According to National Research Council Guide, for the care and use of laboratory animals used to feed the animals. All in all 

we did this to ensure that the animals would be treated with dignity and care.” These regulations were followed in the care of 

laboratory animals. 

All methodologies were executed in a manner designed to mitigate the distress experienced by the animal subjects. The 

animals were housed under controlled conditions (maintained at a temperature of 25 ± 1°C and subjected to a 12-hour 

light/dark cycle) with unrestricted access to both food and water. 

3. MATERIALS AND METHODS 

3.1 Housing Experimental  Animals 

The aforementioned experiment was conducted within the confines of the animal facility at the College of Pharmacy, 

University of Kerbala. They had adult laboratory rats of approximately 180-200 grams weight. There were 35 rats in total. 

They were divided into 7 groups and each group was in a special cage. Rats were allowed to acclimatize in the laboratory for 

2 weeks. The lab was maintained at a temperature of 25 °C, and the samples were exposed to 12 hours of light from 8:00 

a.m. to 8:00 p.m. every day. The experiment began on May 15. Ended on July 1. The rats received their treatments from May 

28 to the final follow-up of the experiment, which was on July 1 in the College of Pharmacy University Kerbala. 

3.2 Preparation of Dandelion Extract 

The dandelion herb was obtained from local herbalists in the city of Karbala, Iraq, and 100 grams of this herb were used, 

Deposited it in a special Soxhlet To obtain the active extract[30]. After drying were left with 4 grams of dry Dandelion 

extract. generated doses of the Dandelion extract for the animal, The dose is two hundred milligrams of extract per kilogram 

of the animal’s body weight. The average weight of the rats was one hundred and ninety grams[31].  It was diluted with 

water to form a liquid containing twenty milligrams of chicory extract . Each rat received (2 ml) of this solution per day. 
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3.3 Preparation of Date Palm Pollen(DPP( Extract 

I purchased the date palm pollen powder from a few herbalists, in Karbala city. I did the same things I had done before to 

get the pollen extract that I gave to the animals. 

3.4 Dapagliflozin Drug Preparation 

Dapagliflozin (Dapagliflozin®) tablets at 10 mg were orally dosed to rats. The dose for animals was adjusted for body 

surface normalisation as per the method of Paget and Barnes[32]. The corresponding dose in rats was approximately 0.9 

mg/kg body weight. Rats weighing 190 g on average overdose are administered through oral gavage at a dose of around 0.3 

mg per day To simulate the harmful effects of overdoses . 

3.5 Experimental Design and Groups 

Animals were divided into seven experimental groups (n=5 per group): 

Group 1 (G1): Date Palm Pollen Control - Received date palm pollen extract only - Served as positive control for pollen 

effects 

Group 2 (G2): Dandelion Control - Received dandelion extract only - Served as positive control for dandelion effects 

Group 3 (G3): Toxicity Control - Received standard diet and water - Intermediate control group 

Group 4 (G4): Combined Plant Extracts - Received both date palm pollen and dandelion extracts - To evaluate synergistic 

effects 

Group 5 (G5): Dandelion + Dapagliflozin - Received dandelion extract + Dapagliflozin - To evaluate protective effect of 

dandelion against drug 

Group 6 (G6): Pollen + Dapagliflozin - Received date palm pollen extract + Dapagliflozin - To evaluate protective effect 

of pollen against drug 

Group 7 (G7): Negative Control (Drug Only) - Received Dapagliflozin only - To evaluate drug effects alone 

3.6 Sample Collection and Analysis 

At the end of the experimental period, blood samples were collected from all animals after overnight fasting. Serum was 

separated by centrifugation It has 3000 revolutions per minute for 15 minutes and stored at -20°C until analysis. 

The following parameters were measured using standard biochemical methods: - Kidney function tests: Creatinine, Urea, 

Sodium, Potassium - Liver enzymes: ALT (Alanine Aminotransferase), AST (Aspartate Aminotransferase), ALP (Alkaline 

Phosphatase) - Lipid profile: Total Cholesterol, Triglycerides, HDL, LDL, VLDL - Blood glucose: Fasting blood glucose 

3.7 Statistical Analysis 

Data were expressed as mean values. By the Genistat analysis program Statistical significance was determined at P < 0.05 

level using appropriate statistical tests. 

4. RESULTS AND DISCUSSION 

4.1 Experimental Groups Overview 

Seven experimental groups of laboratory rats were used to evaluate the effects of dandelion and date palm pollen extracts 

with Dapagliflozin drug on kidney functions, liver enzymes, lipid profile, and blood glucose levels. 

4.2 Kidney Function Parameters 

Table 1: Kidney Function Parameters in Studied Groups 

Treatment Groups Creatinine (mg/dL) UREA (mg/dL) SODIUM (mmol/L) Potassium (mmol/L) 

G1:  0.360 37.72 141.78 4.236 
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G2:  0.280 41.08 138.28 4.072 

G3:  0.320 42.80 140.26 4.172 

G4:  0.360 34.34 140.26 4.208 

G5:  0.360 44.68 140.42 4.308 

G6:  0.420 54.48 138.54 3.920 

G7:  0.440 62.16 137.98 3.860 

 

 

Discussion of Kidney Parameters: 

The results of the current study (Table 1) showed no significant difference at P<0.05 level between the pollen control group 

(G1) and the negative control group in kidney parameters (Creatinine, Urea, Sodium, Potassium). 

Effect of Date Palm Pollen Extract: The G1 group (pollen) showed normal values for all kidney parameters: - Creatinine: 

0.360 mg/dL (within normal range) - Urea: 37.72 mg/dL (within normal range) - Sodium: 141.78 mmol/L (within normal 

range) - Potassium: 4.236 mmol/L (within normal range) 

Effect of Dandelion Extract: The G2 group (dandelion) showed improvement in Creatinine level (0.280 mg/dL), the 

lowest value among all groups, indicating potential renoprotective effects. However, there was a slight increase in Urea (41.08 

mg/dL). 

Effect of Dapagliflozin Drug: The G7 group (drug only) showed the highest values: - Creatinine: 0.440 mg/dL (22% 

increase compared to G1) - Urea: 62.16 mg/dL (65% increase compared to G1) 

This indicates a potential negative impact on kidney function, which may be related to the drug’s mechanism of action as an 

SGLT2 inhibitor that increases glucose excretion through the kidneys. 
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Protective Effect of Plant Extracts: - G6 (Pollen + Drug): Showed improvement compared to G7 - Creatinine: 0.420 

mg/dL (4.5% reduction) - Urea: 54.48 mg/dL (12.4% reduction) 

• G5 (Dandelion + Drug): Showed partial protection 

– Creatinine: 0.360 mg/dL (18.2% reduction compared to G7) 

– Urea: 44.68 mg/dL (28.1% reduction compared to G7) 

These results agree with previous studies that showed date palm pollen and dandelion possess renoprotective properties 

[43,44]. The protective mechanisms may include: - Antioxidant activity reducing oxidative stress - Anti-inflammatory effects - 

Enhancement of endogenous antioxidant enzymes - Improvement of renal blood flow 

4.3 Liver Enzymes 

Table 2: Liver Enzymes in Studied Groups 

Treatment Groups ALT (U/L) AST (U/L) ALP (U/L) 

G1:    42.60 95.20 129.20 

G2:    44.80 98.40 130.40 

G3:    46.00 100.00 131.60 

G4:  43.40 96.20 129.80 

G5:  52.80 110.40 138.00 

G6:  58.60 120.60 143.80 

G7:  64.40 130.80 149.60 

 

 

Discussion of Liver Enzymes: 

The results (Table 2) showed varying effects on liver enzymes (ALT, AST, ALP) in different groups. 

Control Groups: - G1 (Pollen): ALT=42.60, AST=95.20, ALP=129.20 U/L - G2 (Dandelion): ALT=44.80, AST=98.40, 

ALP=130.40 U/L - Normal and comparable values indicating safety of plant extracts 

Effect of Dapagliflozin Drug: The G7 group (drug only) showed the highest enzyme levels: - ALT: 64.40 U/L (51% 

increase compared to G1) - AST: 130.80 U/L (37% increase compared to G1) - ALP: 149.60 U/L (16% increase compared 

to G1) 
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This indicates potential hepatic stress, which may be related to drug metabolism and potential hepatotoxicity, as reported in 

some case studies [35,36]. 

Protective Effect of Plant Extracts: 

Pollen + Drug (G6): - ALT: 58.60 U/L (9% reduction compared to G7) - AST: 120.60 U/L (7.8% reduction compared to G7) 

- ALP: 143.80 U/L (3.9% reduction compared to G7) - Moderate protective effect 

Dandelion + Drug (G5): - ALT: 52.80 U/L (18% reduction compared to G7) - AST: 110.40 U/L (15.6% reduction compared 

to G7) - ALP: 138.00 U/L (7.8% reduction compared to G7) - Better protective effect than pollen alone 

Combined Extracts (G4): - Showed values close to control groups - ALT: 43.40 U/L - AST: 96.20 U/L - ALP: 129.80 U/L 

These results support the hepatoprotective role of plant extracts against potential hepatotoxicity of Dapagliflozin [36,37]. The 

protective mechanisms may include: - Antioxidant activity neutralizing reactive oxygen species - Anti-inflammatory effects 

reducing hepatic inflammation - Enhancement of hepatic detoxification enzymes - Membrane stabilization protecting 

hepatocytes - Stimulation of hepatocyte regeneration 

The findings are consistent with previous studies demonstrating hepatoprotective effects of dandelion  and date palm pollen 

[33] against various hepatotoxic agents. 

4.4 Lipid Profile 

Table 3: Lipid Profile in Studied Groups 

Treatment Groups Cholesterol (mg/dL) Triglycerides (mg/dL) HDL (mg/dL) LDL (mg/dL) VLDL (mg/dL) 

G1:   105.60 78.40 48.20 41.72 15.68 

G2:  108.00 80.60 47.00 44.88 16.12 

G3:   110.40 82.80 45.80 48.04 16.56 

G4:   106.80 79.20 47.60 43.36 15.84 

G5:   116.40 89.20 43.40 55.16 17.84 

G6:   122.40 95.60 41.20 62.08 19.12 

G7:  128.40 102.00 39.00 69.00 20.40 
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Discussion of Lipid Profile: 

The results (Table 3) revealed significant effects on blood lipid levels. 

Total Cholesterol: - G1 (Pollen): 105.60 mg/dL - Lowest value - G7 (Drug Only): 128.40 mg/dL - Highest value - 

Difference: 21.6% increase 

The increase in cholesterol with Dapagliflozin may be related to its effects on lipid metabolism, although some studies report 

neutral or beneficial effects on lipid profile [34]. 

Triglycerides: - G1: 78.40 mg/dL - G7: 102.00 mg/dL - Increase: 30% 

HDL (Good Cholesterol): - Decreased in G7 group (39.00 mg/dL) - Highest value in G1 (48.20 mg/dL) - 23.6% reduction 

in drug-only group 

This is concerning as HDL has cardioprotective effects, and its reduction may increase cardiovascular risk. 

LDL (Bad Cholesterol): - G7: 69.00 mg/dL - Highest value - G1: 41.72 mg/dL - Lowest value - 65.4% increase in drug-

only group 

VLDL: - Followed similar pattern to triglycerides - G7 showed highest values (20.40 mg/dL) 

Protective Effects of Plant Extracts: 

Pollen + Drug (G6): - Total Cholesterol: 122.40 mg/dL (4.7% reduction vs G7) - Triglycerides: 95.60 mg/dL (6.3% reduction 

vs G7) - HDL: 41.20 mg/dL (5.6% increase vs G7) - LDL: 62.08 mg/dL (10% reduction vs G7) 

Dandelion + Drug (G5): - Total Cholesterol: 116.40 mg/dL (9.3% reduction vs G7) - Triglycerides: 89.20 mg/dL (12.5% 

reduction vs G7) - HDL: 43.40 mg/dL (11.3% increase vs G7) - LDL: 55.16 mg/dL (20% reduction vs G7) 

Combined Extracts (G4): - Best results after G1 - Total Cholesterol: 106.80 mg/dL - Near-normal lipid profile 

These results agree with studies showing that dandelion and date palm pollen improve lipid profile through: - Inhibition of 

cholesterol synthesis - Enhancement of cholesterol excretion - Antioxidant protection of lipoproteins - Improvement of lipid 

metabolism [34] 

The hypolipidemic effects may be mediated by: - Flavonoids and phenolic compounds - Fiber content (in dandelion) - 

Phytosterols - Enhancement of bile acid excretion 

4.5 Blood Glucose Levels 

Table 4: Blood Glucose Levels in Studied Groups 

Treatment Groups Glucose (mg/dL) 

G1:   95.40 

G2:   97.60 

G3:   99.80 

G4:   96.20 

G5:   105.60 

G6:   111.80 

G7:   118.00 
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Discussion of Blood Glucose: 

The results (Table 4) showed varying effects on blood glucose levels. 

Control Groups: - G1 (Pollen): 95.40 mg/dL - Within normal range - G2 (Dandelion): 97.60 mg/dL - Within normal range - 

Both showing normoglycemic values 

Effect of Dapagliflozin: - G7 (Drug Only): 118.00 mg/dL - 23.7% increase compared to G1 - Paradoxical increase despite 

being an antidiabetic drug 

This unexpected finding may be explained by: 1. The rats were non-diabetic, and Dapagliflozin’s mechanism (SGLT2 

inhibition) may cause compensatory mechanisms 2. Possible stress-induced hyperglycemia 3. Short-term adaptation period 

needed 4. The dose used may not be optimal for non-diabetic animals 

Combined Effects: 

Pollen + Dandelion (G4): - 96.20 mg/dL - Very close to normal - Only 0.8% increase from G1 - Excellent glycemic control 

Dandelion + Drug (G5): - 105.60 mg/dL - 10.5% reduction compared to G7 - Significant improvement 

Pollen + Drug (G6): - 111.80 mg/dL - 5.3% reduction compared to G7 - Moderate improvement 

 5.6 General Summary of Results 

Key Findings: 

1. Date Palm Pollen demonstrated excellent protective effects on: 

– Kidney function parameters 

– Liver enzyme levels 

– Lipid profile 

– Blood glucose levels 

2. Dandelion Extract showed strong protective effects, particularly on: 

– Liver enzymes (better than pollen) 

– Blood glucose control 

– Lipid profile 

– Kidney parameters 

 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

633 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

3. Combined Extracts (Pollen + Dandelion) showed: 

– Synergistic beneficial effects 

– Best results in most parameters 

– Near-normal values across all measurements 

4. Dapagliflozin Drug showed: 

– Potential adverse effects on kidney and liver when used alone 

– Significant improvement when combined with plant extracts 

– Possible need for complementary protective agents 

Clinical Implications: 

These findings suggest that: - Plant extracts may serve as complementary therapy with Dapagliflozin - Combined use may 

reduce potential side effects - Natural products could enhance drug safety profile - Further clinical studies are warranted 

Limitations: 

• Short study duration 

• Use of non-diabetic animals 

• Single dose levels tested 

• Need for dose-response studies 

• Mechanistic studies needed 

5. CONCLUSIONS 

Extracts from Dandelion (Taraxacum officinale) and date palm pollen manifest significant protective attributes against the 

potential deleterious effects of overdoses Dapagliflozin (Dapagliflozin) on renal and hepatic functions. Both botanical 

extracts (Dandelion and date palm pollen ) exhibited advantageous effects on lipid profiles and glycemic levels, The 

synergistic effects observed from the combination of dandelion and date palm pollen provided protection compared to the 

efficacy of each extract administered in isolation The administration of the Dapagliflozin pharmacological agent, when 

utilized independently, exhibited potential adverse effects on renal parameters, hepatic enzymes, and lipid profiles in non-

diabetic rodent models, which were significantly mitigated by the application of the aforementioned plant extracts. 

Recommendations: 

• Further studies with diabetic animal models are needed 

• Dose-response relationships should be established 

• Long-term safety and efficacy studies are warranted 

• Mechanistic studies to elucidate molecular pathways 

• Clinical trials to validate findings in human subjects 

• Investigation of optimal extract combinations and ratios 

Acknowledgements 

The authors would like to express their gratitude to [Department of Biological Science, College of Sciences, University 

of Kerbala] for their support and assistance during this research. Special thanks to the staff of the animal house at the 

College of Pharmacy, University of Kerbala, for their technical support. 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

634 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

Conflicts of Interest 

The authors declare that they have no competing interests, financial or non-financial, related to this research. 

Authors’ Contribution 

  Raad Abbas Khalaf : Conceptualization, Methodology, Investigation, Writing - Original Draft, Validation, Formal Analysis 

- Mayas Kamal Saleh : Data Analysis, Visualization, Writing - Review & Editing - Muayad N. Kareem: Supervision, 

Project Administration, Resources 

REFERENCES 

[1]  World Health Organization. (2019). WHO global report on traditional and complementary medicine 2019. Geneva: 

World Health Organization. DOI: 10.1016/S0140-6736(08)61342-1 

[2]  Mahboubi, M. (2020). Taraxacum officinale (L.) Weber: An updated review of its phytochemistry, pharmacology, and 

clinical applications. Complementary Medicine Research, 27(5), 354-369. DOI: 10.1159/000508672 

[3]  Al-Farsi, M., Alasalvar, C., Morris, A., Baron, M., & Shahidi, F. (2005). Comparison of antioxidant activity, 

anthocyanins, carotenoids, and phenolics of three native fresh and sun-dried date (Phoenix dactylifera L.) varieties 

grown in Oman. Journal of Agricultural and Food Chemistry, 53(19), 7592-7599. DOI: 10.1021/jf050579q 

[4]  Hassan, H. M., & Guo, H. D. (2019). Date palm pollen: Features and functionality. In Date Palm Genetic Resources and 

Utilization (pp. 491-512). Springer, Dordrecht. DOI: 10.1007/978-94-024-1727-0_14 

[5]  Wiviott, S. D., Raz, I., Bonaca, M. P., Mosenzon, O., Kato, E. T., Cahn, A., … & Sabatine, M. S. (2019). Dapagliflozin 

and cardiovascular outcomes in type 2 diabetes. New England Journal of Medicine, 380(4), 347-357. DOI: 

10.1056/NEJMoa1812389 

[6]  Heerspink, H. J., Stefánsson, B. V., Correa-Rotter, R., Chertow, G. M., Greene, T., Hou, F. F., … & Wheeler, D. C. 

(2020). Dapagliflozin in patients with chronic kidney disease. New England Journal of Medicine, 383(15), 1436-1446. DOI: 

10.1056/NEJMoa2024816 

[7]  Schütz, K., Carle, R., & Schieber, A. (2006). Taraxacum—a review on its phytochemical and pharmacological profile. 

Journal of Ethnopharmacology, 107(3), 313-323. DOI: 10.1016/j.jep.2006.07.021 

[8]  Clare, B. A., Conroy, R. S., & Spelman, K. (2009). The diuretic effect in human subjects of an extract of Taraxacum 

officinale folium over a single day. Journal of Alternative and Complementary Medicine, 15(8), 929-934. DOI: 

10.1089/acm.2008.0152 

[9]  Domitrović, R., Jakovac, H., Marchesi, V. V., Vladimir-Knežević, S., Cvijanović, O., Tadić, Ž., … & Rahelić, D. 

(2010). Differential hepatoprotective mechanisms of rutin and quercetin in CCl4-intoxicated BALB/cN mice. Acta 

Pharmacologica Sinica, 31(12), 1527-1536. DOI: 10.1038/aps.2010.172 

[10]  Jeddi, S., Khazaei, M., & Ghasemi, A. (2017). Stereological study of the effect of Taraxacum officinale extract on 

pancreatic β-cells in streptozotocin-induced diabetic rats. Journal of Diabetes Research, 2017, 4969721. DOI: 

10.1155/2017/4969721 

[11]  Abed, S. M., Ali, A. H., & Al-Zuhairi, A. F. (2013). Extraction and purification of date palm pollen protein and 

studying its antioxidant activity. Journal of the Saudi Society of Agricultural Sciences, 12(1), 71-76. DOI: 

10.1016/j.jssas.2012.07.001 

[12]  Hassan, H. M. (2011). Chemical composition and nutritional value of palm pollen grains. Global Journal of Biotechnology 

and Biochemistry, 6(1), 1-7. DOI: 10.5897/GJBB10.003 

[13]  Bahmanpour, S., Talaei, T., Vojdani, Z., Panjehshahin, M. R., Poostpasand, A., Zareei, S., & Ghaemmaghami, M. 

(2006). Effect of Phoenix dactylifera pollen on sperm parameters and reproductive system of adult male rats. Iranian 

Journal of Medical Sciences, 31(4), 208-212. DOI: 10.22037/ijms.v31i4.1175 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

635 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[14]  Baliga, M. S., Baliga, B. R. V., Kandathil, S. M., Bhat, H. P., & Vayalil, P. K. (2011). A review of the chemistry and 

pharmacology of the date fruits (Phoenix dactylifera L.). Food Research International, 44(7), 1812-1822. DOI: 

10.1016/j.foodres.2010.07.004 

[15]  Zinman, B., Wanner, C., Lachin, J. M., Fitchett, D., Bluhmki, E., Hantel, S., … & Inzucchi, S. E. (2015). 

Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine, 373(22), 

2117-2128. DOI: 10.1056/NEJMoa1504720 

[16]  Neal, B., Perkovic, V., Mahaffey, K. W., De Zeeuw, D., Fulcher, G., Erondu, N., … & Matthews, D. R. (2017). 

Canagliflozin and cardiovascular and renal events in type 2 diabetes. New England Journal of Medicine, 377(7), 644-657. 

DOI: 10.1056/NEJMoa1611925 

[17]  Perkovic, V., Jardine, M. J., Neal, B., Bompoint, S., Heerspink, H. J., Charytan, D. M., … & Mahaffey, K. W. (2019). 

Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. New England Journal of Medicine, 380(24), 2295-

2306. DOI: 10.1056/NEJMoa1811744 

[18]  Kosiborod, M. N., Esterline, R., Furtado, R. H., Oscarsson, J., Gasparyan, S. B., Koch, G. G., … & Langkilde, A. M. 

(2021). Dapagliflozin in patients with cardiometabolic risk factors hospitalised with COVID-19 (DARE-19): a 

randomised, double-blind, placebo-controlled, phase 3 trial. The Lancet Diabetes & Endocrinology, 9(9), 586-594. DOI: 

10.1016/S2213-8587(21)00180-7 

[19]  Kenny, H. C., Abel, E. D., & Rabinovitch, P. S. (2019). Mitochondrial dysfunction in cardiac aging and heart failure. 

Circulation Research, 124(9), 1361-1377. DOI: 10.1161/CIRCRESAHA.118.314321 

[20]  Vallon, V., & Thomson, S. C. (2020). The tubular hypothesis of nephron filtration and diabetic kidney disease. Nature 

Reviews Nephrology, 16(6), 317-336. DOI: 10.1038/s41581-020-0256-y 

[21]  Kanbay, M., Vervloet, M., Cozzolino, M., Siriopol, D., Covic, A., Goldsmith, D., & Solak, Y. (2017). Novel faces of 

fibroblast growth factor 23 (FGF23): Iron deficiency, inflammation, insulin resistance, left ventricular hypertrophy, 

proteinuria and acute kidney injury. Calcified Tissue International, 100(3), 217-228. DOI: 10.1007/s00223-016-0206-7 

[22]  Rena, G., Hardie, D. G., & Pearson, E. R. (2017). The mechanisms of action of metformin. Diabetologia, 60(9), 1577-

1585. DOI: 10.1007/s00125-017-4342-z 

[23]  Ito, H., & Omiya, H. (2019). Mechanisms of the protective effects of SGLT2 inhibitors in the kidney. Hypertension 

Research, 42(7), 956-965. DOI: 10.1038/s41440-019-0236-y 

[24]  Ferrannini, E., Mark, M., & Mayoux, E. (2016). CV protection in the EMPA-REG OUTCOME trial: A “thrifty 

substrate” hypothesis. Diabetes Care, 39(7), 1108-1114. DOI: 10.2337/dc16-0330 

[25]  Cherney, D. Z., Perkins, B. A., Soleymanlou, N., Maione, M., Lai, V., Lee, A., … & Zinman, B. (2014). Renal 

hemodynamic effect of sodium-glucose cotransporter 2 inhibition in patients with type 1 diabetes mellitus. Circulation, 

129(5), 587-597. DOI: 10.1161/CIRCULATIONAHA.113.005081 

[26]  Lopaschuk, G. D., & Verma, S. (2020). Mechanisms of cardiovascular benefits of sodium glucose co-transporter 2 

(SGLT2) inhibitors: A state-of-the-art review. JACC: Basic to Translational Science, 5(6), 632-644. DOI: 

10.1016/j.jacbts.2020.02.004 

[27]  Verma, S., & McMurray, J. J. (2018). SGLT2 inhibitors and mechanisms of cardiovascular benefit: a state-of-the-art 

review. Diabetologia, 61(10), 2108-2117. DOI: 10.1007/s00125-018-4670-7 

[28]  Zelniker, T. A., Wiviott, S. D., Raz, I., Im, K., Goodrich, E. L., Bonaca, M. P., … & Sabatine, M. S. (2019). SGLT2 

inhibitors for primary and secondary prevention of cardiovascular and renal outcomes in type 2 diabetes: a systematic 

review and meta-analysis of cardiovascular outcome trials. The Lancet, 393(10166), 31-39. DOI: 10.1016/S0140-

6736(18)32590-X 

[29]  González-Castejón, M., & Rodriguez-Casado, A. (2011). Dietary phytochemicals and their potential effects on 

obesity: A review. Pharmacological Research, 64(5), 438-455. DOI: 10.1016/j.phrs.2011.07.004 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

636 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[30]  Harborne, J. B. (1998).Phytochemical methods: A guide to modern techniques of plant analysis (3rd ed.).London: Chapman & 

Hall. 

[31]  Hosseinzadeh, H., & Younesi, H. M. (2002) Antinociceptive and anti-inflammatory effects of Crocus sativus L. stigma 

and petal extracts in mice.BMC Pharmacology, 2(7), 1–8. 

https://doi.org/10.1186/1471-2210-2-7 

[32] Reagan-Shaw, S., Nihal, M., & Ahmad, N. (2008).Dose translation from animal to human 

studiesrevisited.FASEBJournal,22(3),659–661. https://doi.org/10.1096/fj.07-9574LSF 

[33]  Jassim, S. A., & Naji, M. A. (2010). In vitro evaluation of the antiviral activity of an extract of date palm (Phoenix 

dactylifera L.) pits on a Pseudomonas phage. Evidence-Based Complementary and Alternative Medicine, 7(1), 57-62. DOI: 

10.1093/ecam/nem160 

[34]  Kenny, O., Smyth, T. J., Hewage, C. M., & Brunton, N. P. (2014). Antioxidant properties and quantitative UPLC-MS 

analysis of phenolic compounds from extracts of fenugreek (Trigonella foenum-graecum) seeds and bitter melon 

(Momordica charantia) fruit. Food Chemistry, 141(4), 4295-4302. DOI: 10.1016/j.foodchem.2013.07.016 

[35]  Hu, C., & Kitts, D. D. (2003). Dandelion (Taraxacum officinale) flower extract suppresses both reactive oxygen 

species and nitric oxide and prevents lipid oxidation in vitro. Phytomedicine, 10(8), 588-597. DOI: 10.1078/0944-7113-

00305 

[36]  Sengul, M., Yildiz, H., Gungor, N., Cetin, B., Eser, Z., & Ercisli, S. (2009). Total phenolic content, antioxidant and 

antimicrobial activities of some medicinal plants. Pakistan Journal of Pharmaceutical Sciences, 22(1), 102-106. PMID: 

19168430 

[37]  Park, C. M., Park, J. Y., Noh, K. H., Shin, J. H., & Song, Y. S. (2011). Taraxacum officinale Weber extracts inhibit 

LPS-induced oxidative stress and nitric oxide production via the NF-κB modulation in RAW 264.7 cells. Journal of 

Ethnopharmacology, 133(2), 834-842. DOI: 10.1016/j.jep.2010.11.015 

[38]  Sigstedt, S. C., Hooten, C. J., Callewaert, M. C., Jenkins, A. R., Romero, A. E., Pullin, M. J., … & Soelberg, S. (2008). 

Evaluation of aqueous extracts of Taraxacum officinale on growth and invasion of breast and prostate cancer cells. 

International Journal of Oncology, 32(5), 1085-1090. DOI: 10.3892/ijo.32.5.1085 

[39]  Chatterjee, S. J., Ovadje, P., Mousa, M., Hamm, C., & Pandey, S. (2011). The efficacy of dandelion root extract in 

inducing apoptosis in drug-resistant human melanoma cells. Evidence-Based Complementary and Alternative Medicine, 2011, 

129045. DOI: 10.1155/2011/129045 

[40]  Jeon, H. J., Kang, H. J., Jung, H. J., Kang, Y. S., Lim, C. J., Kim, Y. M., & Park, E. H. (2008). Anti-inflammatory 

activity of Taraxacum officinale. Journal of Ethnopharmacology, 115(1), 82-88. DOI: 10.1016/j.jep.2007.09.006 

[41]  Colle, D., Arantes, L. P., Gubert, P., da Luz, S. C., Athayde, M. L., Teixeira Rocha, J. B., & Soares, F. A. (2012). 

Antioxidant properties of Taraxacum officinale leaf extract are involved in the protective effect against hepatoxicity 

induced by acetaminophen in mice. Journal of Medicinal Food, 15(6), 549-556. DOI: 10.1089/jmf.2011.0282 

[42]  Choi, U. K., Lee, O. H., Yim, J. H., Cho, C. W., Rhee, Y. K., Lim, S. I., & Kim, Y. C. (2010). Hypolipidemic and 

antioxidant effects of dandelion (Taraxacum officinale) root and leaf on cholesterol-fed rabbits. International Journal of 

Molecular Sciences, 11(1), 67-78. DOI: 10.3390/ijms11010067 

[43]  Zhang, J., Kang, M. J., Kim, M. J., Kim, M. E., Song, J. H., Lee, Y. M., & Kim, J. I. (2008). Pancreatic lipase inhibitory 

activity of taraxacum officinale in vitro and in vivo. Nutrition Research and Practice, 2(4), 200-203. DOI: 

10.4162/nrp.2008.2.4.200 

[44]  Wirngo, F. E., Lambert, M. N., & Jeppesen, P. B. (2016). The physiological effects of dandelion (Taraxacum 

officinale) in type 2 diabetes. The Review of Diabetic Studies, 13(2-3), 113-131. DOI: 10.1900/RDS.2016.13.113 

https://doi.org/10.1096/fj.07-9574LSF


Natural Resources for    
Human Health 
eISSN: 2583-1194 

637 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[45]  Hussain, S. A., Hameed, A., Nasir, F., Song, Y., & Jiang, Z. (2021). Date palm (Phoenix dactylifera L.) secondary 

metabolites: Extraction, chemical composition, and their antioxidant, antibacterial, and anticancer activities. 

Antioxidants, 10(11), 1824. DOI: 10.3390/antiox10111824 

[46]  Al-Alawi, R. A., Al-Mashiqri, J. H., Al-Nadabi, J. S., Al-Shihi, B. I., & Baqi, Y. (2017). Date palm tree (Phoenix 

dactylifera L.): Natural products and therapeutic options. Frontiers in Plant Science, 8, 845. DOI: 

10.3389/fpls.2017.00845 

[47]  Nasri, N., Tlili, N., Khaldi, A., Triki, S., & Munné-Bosch, S. (2015). Fatty acid composition, tocopherol and 

phytosterol content of Phoenix dactylifera L. seeds from Tunisia. Journal of Food Composition and Analysis, 44, 167-172. 

DOI: 10.1016/j.jfca.2015.08.011 

[48]  El-Far, A. H., Oyinloye, B. E., Sepehrimanesh, M., Allah, M. A., Abu-Reidah, I., Shaheen, H. M., … & Alsenosy, A. 

A. (2018). Date palm (Phoenix dactylifera): Novel findings and future directions for food and drug discovery. Current 

Drug Discovery Technologies, 15(3), 181-189. DOI: 10.2174/1570163815666180102154745 

[49]  Vayalil, P. K. (2012). Date fruits (Phoenix dactylifera Linn): An emerging medicinal food. Critical Reviews in Food Science 

and Nutrition, 52(3), 249-271. DOI: 10.1080/10408398.2010.499824 

[50]  Tang, Z. Y., Xia, N., Yuan, X., Zhu, X., Li, D. S., Nie, S. F., … & Gong, J. (2015). PPAR-α represses HIF-1α-

regulated PFKFB3 to suppress glycolysis in hepatocellular carcinoma. Oncotarget, 6(32), 33430-33442. DOI: 

10.18632/oncotarget.5605 

[51]  American Diabetes Association. (2021). Standards of Medical Care in Diabetes—2021. Diabetes Care, 44(Supplement 

1), S1-S232. DOI: 10.2337/dc21-Sint 

[52]  National Research Council. (2011). Guide for the Care and Use of Laboratory Animals (8th ed.). Washington, DC: The 

National Academies Press. DOI: 10.17226/12910 . 

[53]  Washburn, W. N. (2014). Case History: DapagliflozinTM (Dapagliflozin), a Potent Selective SGLT2 Inhibitor for 

Treatment of Diabetes. In Annual reports in medicinal chemistry (Vol. 49, pp. 363-382). Academic Press. 

 


