Evaluation of the Anti-inflammatory and Antipyretic activity of Hydro-methanolic extract of Beta vulgaris L in male Wistar rats
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ABSTRACT 

	Aims: To investigate the anti-inflammatory and anti-pyretic effects of hydro-methanolic extract of Beta vulgaris L (HMEBV) on male Wistar rats following egg albumin induced acute inflammation and brewer’s yeast induced pyrexia.
Materials and Method: The anti-inflammatory study involved 30 rats equally divided into 6 groups, where group 1 served as normal control; group 2 served as negative control (untreated rats); group 3 received Aspirin 100mg/kg, while groups 4, 5 and 6 received HMEBV at 150, 250 and 500mg/kg respectively. 0.1ml egg albumin was subcutaneously injected into the right hind paw of the rats for groups 2 to 6, and paw diameter measured hourly for 5 hours. The rats were euthanized and blood samples collected through cardiac puncture for biochemical analysis. The antipyretic study involved 25 rats evenly distributed into 5 groups; Group I (negative control), Group II received 100mg/kg aspirin (acetylsalicylic acid), while Groups III, IV and V received HMEBV at 150, 250 and 500mg/kg respectively by oral gavage. Rectal temperature was measured 3 hours pre-treatment and 3 hours post-treatment. 
Results: The results showed that inflammation was successfully induced in groups 2 to 6 in comparison with the control group as the rat paw diameter was significantly (p<0.05) increased after 1 hour post induction. It was also observed that from 4th post treatment, a progressive significant (p<0.05) decrease in rat paw diameter was observed in groups 3, 4, 5 and group 6 when compared to group 2. Furthermore, rectal temperature was progressively elevated following the administration of brewer’s yeast hourly. Post-treatment, it was observed that there was a dose dependent hourly retrogression of the rectal temperature, with a significant difference (p<0.05) when compared with the control.
Conclusion: Conclusively, the present research reports that Hydro-methanolic extract of Beta vulgaris L possess both anti-inflammatory and anti-pyretic potentials in experimental animal models.
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1. INTRODUCTION 

Inflammation, regarded as the body’s defensive action against injurious stimuli, is a complex physiological process that involves tactful response of immune cells to harmful stimuli, such as pathogens, damaged cells, irradiation or irritants (Ferrero-Miliani et al., 2007, Medzhitov, 2010, Sahlmann and Ströbel, 2016), a process that aims to remove the harmful agents and initiate the healing process or repair of otherwise damaged tissue (Chen et al., 2018; Nathan and Ding, 2010). Notable symptoms of inflammation include pain, swelling, local redness and edema (Percival, 1999). Induction of inflammation can either be through external factors such as toxins, allergens etc., summarily referred to as exogenous inflammation, or through internal factors such as damaged cells, stress or metabolic imbalances, referred to as endogenous inflammation (Chinko and Orlu, 2023). Inflammation is initiated by a sequential release of mediators such as pro-inflammatory cytokines [interleukin-2 (IL-2) and tumor necrosis factor (TNF)] and anti-inflammatory cytokines [interleukin-4 (IL-4)] which recruit and activate other cells to the site of injury and subsequently resolve the inflammatory process (Rezq et al., 2018). The inhibition of the over-production of such mediators, especially pro-inflammatory cytokines, may prevent or suppress a variety of inflammatory diseases (Kim et al., 2003). Anti-inflammatory agents work by diminishing or inhibiting the body's inflammatory response (Bindu et al., 2020). This is achieved through the inhibition of pro-inflammatory cytokines, suppression of leukocyte activation, blocking the synthesis of prostaglandin E2 (PGE2) and cyclooxygenase 2 (COX-2), inhibiting phospholipase A2 (PLA2), modulating the immune system, and exhibiting antioxidant properties (Barton, 2008; Hunter, 2012; Dinarello, 2010).
Fever or pyrexia, is a physiological response characterized by an elevation in body’s core temperature beyond the normal set point, often as a result of infection or inflammation (Marufov, 2024). It acts as one of the body's defense mechanisms, aiming to enhance immune response against pathogens (Wrotek et al., 2020). Though the exact set points can vary for individuals, pyrexia is characterized by core body temperature above 38 - 40°C in adults (Broom, 2007; Dalal and Zhukovsky, 2006; Plaisance and Mackowiak, 2000). Fever is caused by substances known as pyrogens, which can either come from external sources like bacteria, viruses, and their toxins (exogenous pyrogens) or be produced by the body's immune cells, such as macrophages and neutrophils, in response to an infection (endogenous pyrogens). Exogenous pyrogens stimulate host cells, including leukocytes and macrophages, to release fever-inducing substances like interleukin-1 (IL-1). When bacteria are engulfed and broken down in the bloodstream, endogenous pyrogens are released into the circulation (Dalal and Zhukovsky, 2006; Chinko and Orlu, 2023). These internal pyrogens cause fever by stimulating COX-2, triggering the arachidonic acid pathway, and increasing the production of PGE2 in the vascular endothelial cells of the hypothalamus. This, in turn, alters the set point of the hypothalamus' thermoregulatory center (Chinko and Orlu, 2023). Antipyretic agents work by suppressing the production of PGE2, targeting the hypothalamus to block COX-2 synthesis or enhancing heat loss from the body, which aids in reducing core body temperature (Henrik et al., 2022).
Current anti-inflammatory and antipyretic treatments, such as non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids, are effective in reducing inflammation and ameliorating pyrexia but are often associated with severe side effects, including gastrointestinal bleeding, cardiovascular risks, and immunosuppression. 
Natural products, particularly fruits and vegetables, have been gaining attention for their potential therapeutic properties. Among these, Beta vulgaris L (beetroot) has shown promising results due to its rich contents of bioactive compounds such as betalains, flavonoids, and nitrates, which possess potent antioxidant and anti-inflammatory effects (Clifford et al., 2015). Beetroot is an alkaline food with a pH 7.5-8 and it contains significant amount of vitamin C, with its leaves as excellent source of vitamin A (Shivani et al., 2020). All parts of the plants are reportedly useful as they have been found to possess anti-oxidant, anti-depressant, anti-microbial, anti-fungal, anti-inflammatory, diuretic, expectorant and carminative (Jasmitha et al., 2018), hepatoprotective (Olumese & Oboh, 2018), anti-cancer (Kapadia et al., 1996) effects, including the inhibition of lipid peroxidation (Wruss et al., 2015; Kale et al., 2018) and chemo-preventative effects (Babarykin et al., 2019; Lechner & Stoner, 2019). Beetroot juice improves oxygenation to the brain, slowing the progression of dementia in older adults. (Tulp and Bohlin, 2004; Deshmukh et al., 2018). It helps to preserve brain function with nitrates that improve blood flow and beet having the ability to increase the production of Glutathione naturally in body, that compound helps to prevent colon cancer (Mudgal et al., 2022). The cellulose content of the beet acts as a bulk residue, increases peristalsis and eases the passage of stool, hence its regular use prevents habitual constipation and lowers blood pressure in hypertensive persons (Chaudhari and Nikam, 2015). While the pharmacological properties of our local variety have been noted, there is paucity of information on its effects on fever and inflammation. Hence, this study aims to evaluate the anti-inflammatory and antipyretic potentials of Hydromethanolic extract of Beta vulgaris using Wistar rat as experimental models.

2. material and methods 

2.1 Preparation of Plant materials
Freshly harvested fruits of beetroot were purchased from the local fruit market in Port Harcourt, Nigeria. The fruits were authenticated by Dr. Chimezie Ekeke at the Plant Science and Biotechnology Department of the University of Port Harcourt. The fresh fruits were chopped into small bits and sun-dried for 2 weeks, and crushed into a coarse powder, ready for extraction. The coarse powder was then extracted by the method described by Sofowora (1984) using hydro-methanol. The extract was obtained and stored at 4 oC until needed for administration.
2.2 Research Animals 
For the study, a total of 55 male Wistar rats (weighing between 180 and 200g) were obtained from the Animal house of the Department of Human Physiology; 30 rats divided into 6 groups of 5 rats were used for the anti-inflammatory study while 25 rats evenly distributed into 5 groups were used for the anti-pyretic study. The rats were kept in standard rat cages under hygienic conditions, with temperature maintained at 25-28ºC and humidity at 40-60%. Additionally, a 12-hour light/dark cycle was maintained. The rats were given access to standard rat chow and water ad libitum, and they were allowed to acclimatize for two (2) weeks. The rats were made to fast overnight before the commencement of the experiments.
2.3 Experimental Design 
2.3.1 Albumin-induced acute inflammation: 30 rats divided into 6 groups of 5 rats were used for this study. Groups 1 and 2 were administered distilled water, Group 3 was administered 100mg/kg aspirin (acetylsalicylic acid), groups 4, 5 and 6 were administered 150mg/kg, 250mg/kg and 500mg/kg of the extract respectively. All administration were via the oral route. Before animal experimentation, the animal's right hind paw thickness was recorded using a digital Vernier caliper (LT-YB06-1 Jinhua Longtai Tools Co., Ltd, China). One hour after administration, inflammation was induced in groups 2 to 6 by plantar injection in the right hind paw with 0.1 ml of fresh egg albumin (Ojewole, 2006). The paw diameter was measured consecutively for 5 hours. The rats were then euthanized and blood samples collected through cardiac puncture for analysis of pro- and anti-inflammatory cytokines.
2.3.2 Brewer’s yeast induced pyrexia: Before animal experimentation, the rectal temperature of the Wistar rats was measured using a well-lubricated digital thermometer (CONTEC HK-908). Brewer’s yeast (NOW Brewer’s yeast, NOW foods, USA) was locally sourced from a retail store and used to induce pyrexia using the method described by Chinko and Orlu (2023). The rats were administered a subcutaneous injection of 20 ml of brewer's yeast (containing 20% brewer's yeast in normal saline), which resulted in the induction of fever. Post-induction rectal temperatures were taken after 1, 2 and 3 hrs. The animals were then treated as follows: Group I (negative control) received distilled water, Group II (positive control) received 100mg/kg aspirin (acetylsalicylic acid), while Groups III, IV and V received HMEBV at 150, 250 and 500mg/kg respectively by oral gavage. Post-treatment rectal temperatures were after 1, 2 and 3 hrs.
2.4 Statistical Analysis 
Data obtained from antipyretic and anti-Inflammatory studies were analyzed using IBM Statistical Product and Service Solutions (SPSS version 25). The mean and standard error of the mean were calculated for rectal temperature and paw thickness. The means were compared using the analysis of variance (ANOVA) followed by a least significant difference (LSD) post hoc analysis (ANOVA). A p-value less than 0.05 (p<0.05) was considered statistically significant.


3. results and discussion

3.1 Results
Results from table 1 showed the effect of Hydromethanolic extract of Beta vulgaris L (Beetroot) on rat paw diameter following egg albumin induced acute inflammation. It was observed that inflammation was successfully induced in groups 2 to 6 in comparison with the control group as the rat paw diameter was significantly increased after 1 hour post induction. At 1 hour post treatment, in comparison with group 2 (9.53 + 0.20), there was a significant decrease observed in group 3 (8.51 + 0.18), group 4 (8.56 + 0.16) and group 5 (8.77 + 0.29), but no significant difference observed in group 6. At 2 hours post treatment, in comparison with Group 2 (9.27 + 0.20), there was significant decrease observed in Group 3 (8.19 + 0.44), but no significant difference in the paw diameter for groups 4 to 6, albeit significant increase in comparison with the control. At 3 hours post treatment, in comparison with the egg albumin group (8.79 + 0.17), there was a significant (p<0.05) decrease in the paw diameter in groups 3 (8.23 + 0.17), 5 (7.31 + 0.17) and 6 (7.45 + 0.11) but no significant difference observed in group 4. At 4 hours and 5 hours post treatment respectively, the trend continues as observed at the 3rd hour post treatment as a progressive significant decrease in rat paw diameter was reported in group 3 (6.75 + 0.14 and 6.54 + 0.06), group 4 (7.41 + 0.25 and 7.27 + 0.22), group 5 (6.50 + 0.18 and 6.42 + 0.17) and group 6 (6.98 + 0.07 and 6.77 + 0.03) when compared to group 2 (8.05 + 0.13 and 7.78 + 0.17). The result further showed that 250mg/kg BW of Hydromethanolic extract of Beta vulgaris L was a more potent dose for the amelioration of egg albumin induced acute inflammation.
Table 2 showed the effect of Hydromethanolic extract of Beta vulgaris L (Beetroot) on biomarkers of inflammation following egg albumin induced acute inflammation. When compared to the control (group 1), egg albumin (group 2) resulted an increase in the serum concentration tumor necrosis factor – alpha (48.00 + 14.73 to 82.33 + 19.88), a significant increase in interleukin-2 (2.70 + 0.09 to 5.51 + 1.01) and interleukin-4 (11.56 + 0.57 to 18.50 + 1.85), and an increase in C-reactive protein (0.11 + 0.01 to 0.14 + 0.01). Group 3 (Standard drug, aspirin) showed an increase in TNF ∝, IL-2 and IL-4 as compared with the control, but a slight decrease in comparison with group 2 (egg albumin) while CRP showed a slight increased as compared with the control but remained the same value when compared with group 2 (egg albumin). In group 4 (150mg/kg BW HMEBV), TNF ∝, IL-2, IL-4 and CRP concentrations were increased compared to the control. In comparison with group 2, TNF ∝ and IL-2 were increased and CRP was significantly increased, but IL-4 was decreased. In group 5 (250mg/kg BW HMEBV), TNF ∝, IL-2 and IL-4 concentrations were increased compared to the control while and CRP showed no change. In comparison with group 2, TNF ∝ and IL-2 were increased while IL-4 and CRP was decreased. In group 6 (500mg/kg BW HMEBV), TNF ∝, IL-2, IL-4 and CRP concentrations were increased compared to the control. But in comparison with group 2, TNF ∝, IL-4 and CRP were reduced while IL-2 was increased.
Table 3 showed the effect of Hydromethanolic extract of Beta vulgaris L (Beetroot) on rectal temperature following Brewer’s yeast induced pyrexia. Rectal temperature was progressively elevated following the administration of brewer’s yeast hourly with a percentage increase after 3 hours of 6.32, 4.32, 2.54, 4.22 and 6.85 respectively for groups 1, 2, 3, 4 and 5. Upon administration of the extract and the standard drug, there was a significant decrease after the first hour when compared to the 3 hours post induction temperature; from 35.50±0.23 to 33.63±0.09 in group 2 (standard drug group), 35.07±0.08 to 34.17±0.55 in group 3 (150mg/kg BW HMEBV), 35.30±0.17 to 33.67±0.20 in group 4 (250mg/kg BW HMEBV) and 35.90±0.06 to 32.30±0.06 in group 5 (500mg/kg BW HMEBV). Further from table 3, it was observed that there was a dose dependent hourly retrogression of the rectal temperature, with a significant difference when compared with the control. The low dose group had a percentage decrease after 3 hours of 4.85; medium dose had 5.95% decrease while the high dose group had 10.58% group. The standard drug group (group 2) had a decrease of 6.47% after 3 hours post treatment.

Table 1: The effect of Hydromethanolic extract of Beta vulgaris L (Beetroot) on rat paw diameter following egg albumin induced acute inflammation
	Groups
	Initial paw diameter (mm)
	Post treatment Paw diameter (mm)

	
	
	1 hour
	2 hours
	3 hours
	4 hours
	5 hours

	Control
	6.13 + 0.06
	6.13 +  0.06
	6.13 +  0.06
	6.13 + 0.06 
	6.13 + 0.06 
	6.13 + 0.06 

	0.1ml egg albumin
	6.21 + 0.05
	9.53 +  0.20a
	9.27 +  0.20a
	8.79 + 0.17a
	8.05 + 0.13a
	7.78 + 0.17a

	100mg/kg Aspirin
	6.17 + 0.04
	8.51 +  0.18a*
	8.19 +  0.44a*
	8.23 + 0.17a*
	6.75 + 0.14a*
	6.54 + 0.06a*

	150mg/kg HMEBV
	6.17 + 0.04
	8.56 +  0.16a*
	9.98 +  0.22a
	9.10 + 0.09a
	7.41 + 0.25a*
	7.27 + 0.22a*

	250mg/kg HMEBV
	6.17 + 0.04
	8.77 +  0.29a*
	9.83 +  0.39a
	7.31 + 0.17a*
	6.50 + 0.18a*
	6.42 + 0.17a*

	500mg/kg HMEBV
	6.26 + 0.09
	9.19 +  0.22a
	9.52 +  0.19a
	7.45 + 0.11a*
	6.98 + 0.07a*
	6.77 + 0.03a*


a significant difference compared to control; *significant difference compared to group 2 (P= .05)














Table 2: The effect of Hydromethanolic extract of Beta vulgaris L (Beetroot) on biomarkers of inflammation following egg albumin induced acute inflammation
	S/N
	DELIM
	 (pg/ml)
	IL-2 (pg/dl)
	IL-4 (pg/ml)
	CRP (mg/dl)

	1
	Control
	48.00 + 14.73
	2.70 + 0.09
	11.56 + 0.57
	0.11 + 0.01

	2
	0.1ml egg albumin
	82.33  + 19.88
	5.51 + 1.01a
	18.50 + 1.85a
	0.14 + 0.01

	3
	100mg/kg Aspirin
	63.33 + 16.47
	4.72 + 0.70
	15.56 + 1.75
	0.14 + 0.01

	4
	150mg/kg HMEBV
	103.66 + 29.72
	6.79 + 0.58a
	15.23 + 1.74
	0.26 + 0.06a*

	5
	250mg/kg HMEBV
	101.66 + 25.01
	5.34 + 0.41a
	13.76 + 0.50*
	0.11 + 0.01

	6
	500mg/kg HMEBV
	74.33 + 19.70
	5.94 + 0.97a
	13.06 + 1.31*
	0.12 + 0.01


a significant difference compared to control; *significant difference compared to group 2 (P= .05)


Table 3: The effect of Hydromethanolic extract of Beta vulgaris L (Beetroot) on rectal temperature following Brewer’s yeast induced pyrexia
	Groups
	Pre induction (oC)
	Post induction temperature (oC)
	Post treatment temperature (oC)

	
	
	1 hour
	2 hours
	3 hours
	% increase
	1 hour
	2 hours
	3 hours
	% decrease

	Group 1
(Negative control)
	34.17
±0.23
	35.20
±0.21
	36.07
±0.12
	36.33
±0.47
	6.32
	36.67
±0.34
	36.50
±0.75
	36.73
±0.37
	- 1.10

	Group 2
(100mg/kg BW Aspirin)
	34.03
±0.48
	34.57
±0.38
	34.97
±0.26
	35.50
±0.23
	4.32
	33.63*a
±0.09
	33.30*a
±0.06
	33.20*a
±0.06
	6.47

	Group 3 (150mg/kg BW HMEBV)
	34.20
±0.51
	34.47
±0.43
	34.67
±0.03
	35.07
±0.08
	2.54
	34.17*a
±0.55
	33.37*a
±0.72
	33.37*a
±0.55
	4.85

	Group 4 (250mg/kg BW HMEBV)
	33.87
±0.32
	34.07
±0.43
	34.70
±0.46
	35.30
±0.17
	4.22
	33.67*a
±0.20
	33.50*a
±0.06
	33.20*a
±0.40
	5.95

	Group 5 (500mg/kg BW HMEBV)
	33.60
±0.06
	34.60
±0.06
	35.10
±0.06
	35.90
±0.06
	6.85
	32.30*a
±0.06
	32.30*a
±0.06
	32.10*a
±0.06
	10.58


*significant difference compared to 3 hours post induction temperature; asignificant difference compared to the control (P= .05)

3.2 DISCUSSION

Egg albumin, a veritable inducer of paw edema was employed as an agent of acute inflammation. In this study, the sub-plantar injection of egg albumin effectively resulted in inflammation as evident in the significant increase in the diameter of the rat paw. The induced inflammation was possibly as a result of the pathogen recognition by the immune system, consequently triggering an immune response which ultimately involves the activation of immune cells such as macrophages, neutrophils, and T cells, that released various cytokines and chemokines which promote inflammation and attract other immune cells and inflammatory mediators such as prostaglandins, leukotrienes, and histamine (Tirelli et al., 2023; Parija, 2023). Hence, these mediators contribute to the onset of inflammation, with symptoms such as swelling, redness, and pain (Chinko and Orlu, 2023; Barung et al., 2021; Dhalendra et al., 2013). Also, it was observed that oral administration of Hydromethanolic extract of Beta vulgaris L (HMEBV) caused a significant reduction in paw thickness from the 3rd hour post treatment (P<0.05) for 250mg/kg BW and 500mg/kg BW of the extract, while 150mg/kg BW showed significant reduction of paw diameter from the 4th hour post treatment, indicating some level of dose dependence, albeit more significant with 250mg/kg BW of the extract. At the end of the 5th hour, Hydromethanolic extract of Beta vulgaris L (HMEBV) at 150mg/kg BW, 250mg/kg BW and 500mg/kg significantly inhibited inflammation by 6.56%, 17.48% and 12.98% respectively. Also it was observed that aspirin (as standard drug) shows a lesser percentage inhibition (15.94%) when compared with 250mg/kg BW of the extract (17.48%).
The anti-inflammatory activity of Beta vulgaris L at different concentrations may be consequent upon its bioactive constituents which include flavonoids, saponins, glycosides and alkaloids (Alsabeelah, 2024; Nikan and Manayi, 2019). The present results are in tandem with Chakole et al. (2011) who demonstrated that anti-inflammatory activity of beetroot extract may be related to its effect on the inhibition of the release of histamine, serotonin kinase and prostaglandin. Several reports further show that beetroot contains betalains (E162) which is water-soluble, nitrogen-containing pigment, and have high antioxidant and anti-inflammatory capabilities (Tom et al., 2015; Fernando et al., 2016).
The administration of egg albumin to induce inflammation resulted in the increase in the serum levels of pro-inflammatory (TNF – alpha and IL-2) and anti-inflammatory cytokine (IL-4) as well as C-reactive protein which is produced in the liver in response to inflammation (Agrawal and Wu, 2024). Medium (250mg/kg BW) and high (500mg/kg BW) dose of the Hydromethanolic extract of Beta vulgaris L significantly reduced the concentration of IL-4, indicating the reversal or otherwise the amelioration of inflammation caused by egg albumin.
The probable mechanism of action of the experimental induction of fever using brewer's yeast is facilitated by the action of beta-glucan found in the cell walls of the yeast (Chinko and Orlu, 2023). It activates the immune system through pattern recognizing receptors on the surfaces of immune cells which triggers an innate immune response leading to the release of pro-inflammatory cytokines, such as interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6) and interferon-gamma (IFN-γ) which act on the hypothalamus to enhance the production of PGE2, a pyrogen which raises the body temperature to a set point, summarily resulting in fever (Auinger et al., 2013; Sindhu et al., 2021). From the present study, subcutaneous injection of Brewer’s yeast effectively induced fever as observed in the gradual rise in temperature as seen in table 4. It was further observed that oral administration of Hydromethanolic extract of Beta vulgaris (HMEBV) dose-dependently caused a significant reduction in the rectal temperature of Wistar rats after 1, 2 and 3 hours. Low (150mg/kg BW), medium (250mg/kg BW) and high (500mg/kg BW) doses of the extract reduced the rectal temperature by 4.85%, 5.95% and 10.58% respectively. Also, the high dose of the extract was observed to be more potent in reducing rectal temperature than the standard drug (aspirin) with 6.47% reduction. The possible mechanisms of action of the antipyretic effect of the extract could be attributed to the activity of flavonoids in the extract. Fever is commonly caused by the release of pro-inflammatory cytokines like IL-1β, IL-6, and TNF-α, which signal the hypothalamus to increase the body’s temperature set-point (Auinger et al., 2013; Sindhu et al., 2021). Flavonoids reduce the production of cytokines by inhibiting signaling pathways (like NF-κB) involved in the synthesis of these molecules. This suppresses the overall anti-inflammatory response, reducing the hypothalamic fever-inducing signals (Blomqvist and Engblom, 2018). Beetroot contains various flavonoids such as quercetin which have been shown to inhibit cyclooxygenase (COX) enzyme activity, leading to reduced prostaglandin synthesis and, consequently, lower body temperature during fever (González-Ponce et al., 2018; Mrityunjaya et al., 2020). COX enzymes, particularly COX-2, are involved in the synthesis of prostaglandins (especially PGE2), which mediate fever and inflammation (Ju et al., 2022; Wautier and Wautier, 2023).

4. Conclusion

The study reports that beetroot has significant anti-inflammatory and antipyretic properties. These effects are primarily attributed to its high concentration of phytochemicals including flavonoids, saponins, glycosides and alkaloids, which inhibit the production of pro-inflammatory cytokines. By reducing the levels of these inflammatory mediators, beetroot can effectively lower inflammation in various tissues, contributing to overall systemic relief. The bioactive compounds help modulate pathways involved in inflammation, such as NF-κB, reducing the activity of inflammatory enzymes like COX-2 which further inhibit the synthesis of prostaglandin in the hypothalamus, consequently reducing fever. These findings have paved the way for further clinical trials to validate its efficacy and explore its integration into therapeutic regimens for inflammatory and febrile conditions.
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