Evaluation of the Antifungal, Antibacterial, Serum Electrolytes, and Anti-inflammatory Markers of Zingiber Officinale Crude Extract on Candida Albicans Infected Wistar Rats
[bookmark: _GoBack]ABSTRACT 
Background: Vaginal candidiasis is a fungal infection mainly caused by Candida albicans, an opportunistic pathogen responsible for candidiasis in humans. The proliferation of C. albicans is favored by environmental conditions such as low pH, high humidity, and moisture, which facilitate its colonization and overgrowth. Disruption of the normal vaginal microflora or local immune defenses can trigger infection, resulting in the clinical manifestations associated with vaginal candidiasis. 
Aim: The study was carried out to aimed to assess the antifungal and antibacterial potential, serum electrolytes and anti inflammatory markers of Zingiber officinale (ginger) using standard methods.
Method:  The study was carried out in two phases, in vivo and in vitro. In the in vitro experiment, Candida albicans was cultured in SDA at 25 ⁰C and exposed to the drug  fluconazole and serial concentrations of the extract ranging from 300 mg/ml to 9.37 mg/ml and readings taken. In the in vivo experimental, 30 albino wistar rats were divided into 6 groups which includes; normal control (uninfected untreated), negative control (infected untreated), infected + standard drug (fluconazole [1000 mg/kg body weight {BW}]), and infected + extract at 250 mg/kg BW, 500 mg/kg BW and 1000 mg/kg BW; and its effect on some biochemical markers were assessed.
Result: The extract demonstrated strong antifungal efficacy, with a minimum inhibitory concentration (MIC) of 18.75 μg/mL and a fungicidal effect confirmed by the minimum bactericidal concentration (MBC), indicating complete elimination of C. albicans. The assessment of electrolyte parameters revealed significant alterations associated with Candida albicans infection and subsequent treatment with Zingiber officinale. Sodium (Na⁺) levels ranged from 131.50 ± 2.10 mmol/L in the negative control group to 144.00 ± 1.00 mmol/L in the 500 mg/kg ginger-treated group. The assessment of inflammatory and anti-inflammatory cytokines (TNF-α, IL-6, and IL-4) revealed the negative control group exhibited elevated pro-inflammatory cytokines TNF-α (34.80 ± 2.40 pg/ml) and IL-6 (165.40 ± 8.70 pg/ml) with a comparatively low anti-inflammatory cytokine IL-4 (28.60 ± 3.90 pg/ml). 
Conclusion: The reduced sodium concentration observed in the infected untreated group suggests that Candida albicans infection may disrupt electrolyte balance, possibly through impaired renal regulation, dehydration, or inflammatory-mediated sodium loss. Elevated TNF-α and IL-6 are well established indicators of systemic inflammation and immune activation. Administration of plant extract at 250, 500, and 1000 mg/kg resulted in consistent reductions in TNF-α levels and IL-6 levels, while IL-4 levels increased. The standard drug group showed comparable effects.
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1. INTRODUCTION
Nowadays infectious diseases are day by day increasing in prevalence (Rodriguez-Morales et al., 2023). Fungal infections were less common than bacterial and viral infections in the past but have been responsible for a dramatic increase of diseases in recent decades (Banerjee et. al., 2021). Yeasts especially Candida species are the most common fungi that have been isolated from human infections, in recent years (Katsipoulaki et al., 2024). Candida albicans is known as the most common human pathogen between 150 species of Candida yeast and cause of 60 percent of candidiasis infection due to most virulence. However, incidence of infection by other species such as C. tropicalis, C. glabrata and C. krusei has grown increasing (Gómez-Gaviria & Mora-Montes, 2020). Candida is an opportunistic fungus that is capable of inducing acute and chronic infections of the mouth, vagina, lung and gastrointestinal tract with different body reactions such as severe infections, purulent and granulomatous inflammation (Ostrosky-Zeichner & Sobel, 2023). It can be found in the mouth, vaginal and intestine micrflora and cause fatal infections and mortality in people with weakened immune systems such as AIDS, cancer, bone marrow or other organs transplant. 
Pregnancy, oral contraceptive drugs, antibiotics, diabetes, long-term skin  contact with water, treatment with topical corticosteroids, some diseases of the endocrine system are involved in causing illness by yeast (Zapata et al., 2023).  Studies in the last decades have clearly indicated the unpleasant side effect of synthetic drugs. Recent studies considered to the use of medicinal plants due to increasing drug resistance to chemical drugs (Moiketsi et al., 2023).
Using detergents, frequent shower or internal disorders can disrupt the vaginal flora, consisting of lactic acid bacteria such as lactobacilli and resulting an overgrowth of Candida cells and vaginal candidiasis (Chen et al., 2017). Medical benefits of medicinal plants in various drugs and as pharmaceutical products are important (Nath et al., 2023).  Medicinal plants are applied in various fields of medicine, industry, agriculture, food and numerous applications (Hatami et al., 2024). The main causes of this trend are low side effects of natural products and high side effect of synthetic drugs and environmental pollution (Abdallah et al., 2023).
Zingiber officinale (known as Chitta in Hausa language and Ginger in English) belongs to the family Zingiberaceae. They are tuberous or non-tuberous rhizomes, which have a particular aroma and possess different medicinal properties. It is a flowering plant whose rhizome (ginger root) is widely used as a spice and for its medicinal properties. Ginger has been used in traditional medicine systems, including Ayurveda, Chinese medicine, and Western herbalism, for thousands of years. In the traditional medicine, the gnarly, thick underground stem (rhizome) of ginger is commonly used (Yadufashije et al., 2020).
2.        MATERIALS AND METHODS
2.1	Reagents and Plant Materials
Solvents and chemicals used in the experiment were analytical grade and purchased from Jos, Nigeria. Distilled water was used throughout the experiment. Fresh matured samples of Zingiber officinale (Ginger) plant was harvested from a farm at Bethany Christian Academy Barkin Ladi, Plateau State. The plant material was identified and authenticated and the voucher number was obtained at the Federal college of Forestry Jos, Plateau State, Nigeria.
2.2	Antifungal and Antibacterial Activity	
The inhibition zone diameter (IZD), minimum inhibitory concentration (MIC) and minimum bacteriocidal concentration (MBC) were assessed using disk diffussion method as described by Scorzoni et al., (2007).
2.3	Determination of in vivo serum electrolytes (Potassium, sodium, chloride, and HCOз) and anti-inflammatory markers (IL-4, IL-6 and TNF-α ) were assessed using Enzyme-Linked Immunosorbent Assay (ELISA).
3.	RESULTS
3.1	Phytochemical Constituents of the Plant Extract
Table 1 shows some phytochemicals that were found to be present in the aqueous and extract of Zingiber officinale (Ginger). Alkaloids, flavonoids, tannins, saponins, terpenoids, cardiac glycosidase, balsam, carbohydrates, phenols, resins and anthraquinone were found to be present while anthraquinine and balsam were absent in the aqueous extract while some phytochemicals that were found to be present in the metanol extract of Zingiber officinale (Ginger) were alkaloids, flavonoids, tannins, saponins, terpenoids, cardiac glycosidase, balsam, carbohydrates, phenols, resins, anthraquinone and balsam.
Table 2 shows the quantity of some phytochemicals that were present in the aqueous extract of Zingiber officinale. Alkaloids had the highest amount with a percentage of 6.11 ± 0.03% and steroids was found to be the least in quantity with 0.06 ± 0.01% while some of the phytochemicals that were present in the methanol extract of Zingiber officinale as shown on the table. Flavonoids had the highest amount with a percentage of 8.60 ± 0.23% and anthraquinone was found to be the least in quantity with 2.17 ± 0.01%.
Table 1.Phytochemical Content of Aqueous and Methanol Extract of Ginger (Zingiber officinale)
	Chemical Constituents
	Aqueous Z.officinale
	Methanol Z.officinale

	Alkaloids
	+
	+

	Flavonoids
	+
	+

	Tanins
	+
	+

	Saponin
	+
	+

	Terpenoids
	+
	+

	Cardiac glycosidase
	+
	+

	Balsam
	-
	+

	Carbohydrates
	+
	+

	Phenols
	+
	+

	Resins
	+
	+

	Anthraquinone
	-
	+


Key: 
+=Present -=Absent

Table 2. Quantitative Phytochemical Constituents of Aqueous and Methanol Extract of Zingiber officinale in Percentage (%)
	S/N
	Phytochemical
	Aqueous  Z. officianale
	Methanol Z. officinale

	1
	Alkaloids
	6.11 ± 0.03
	5.12 ± 0.03

	2
	Saponins
	4.01 ± 0.05
	3.12 ± 0.11

	3
	Phenols
	5.61 ± 0.01
	7.11 ± 0.10

	4
	Tannins
	5.10 ± 0.02
	6.11 ± 0.12

	5
	Flavonoids
	2.30 ± 0.03
	8.60 ± 0.23

	6
	Anthraquinone
	0.42 ± 0.03
	2.17 ± 0.01

	7
	Reducing sugars
	0.13 ± 0.02
	3.27 ± 0.11

	8
	Terpenoids
	0.51 ± 0.03
	4.83± 0.12

	9
	Steroids
	0.06 ± 0.01
	2.19 ± 0.02


All values are mean ± SEM

3.2 	MIC Inhibition Zone Diameter (IZD) of Zingiber officinale against C.albicans
Table 3 shows the result of the inhibition zone diameter (IZD) of Zingiber officinale against C. albicans by well diffusion method. The result showed that the rate of inhibitory zones fluctuated between 25-30 mm, p > 0.05 in the preparation of C.albicans compared to the drug  control (fluconazole). 
Table 4 shows the result of the minimal inhibitory concentration (MIC) and the minimal bactericidal concentration (MBC). The MIC of Zingiber officinale was recorded at 18.75 mg/ml which indicates significant positive effect on the microorganism (C.albicans) when compared with the drug control group. The result of the MBC indicates a significant positive bactericidal effect recorded at concentration group (9.37, 18.75, 37.5, 75, 150, 300) mg/ ml.
Table 3. MIC Inhibition Zone Diameter (IZD) of Zingiber officinale against C.albicans
	Concentation (μg/mL)
	IZD (mm)
	Relative efficacy Vs Control (%)

	300
	30
	107.14

	200
	27
	96.43

	100
	25
	89.29

	Drug control (fluconazole)
	28
	100.00


Concentration dependent inhibitory effect; 300 μg/mL dose more effective than standard drug control with significance P > 0.05, n=3.

Table 4. In vitro Minimal inhibitory concentration (MIC) and Minimal bactericidal concentration (MBC) of Zingiber  officinale against C.albicans
	Concentration (μg/ml)
	MIC
	MBC

	300
	-
	-

	150
	-
	-

	75
	-
	-

	37.5
	-
	-

	18.75
	-
	-

	9.37
	+   
	-


KEY: += Slight growth, -= No growth

3.3	 In vivo Serum Electrolytes Analysis
Table 5 shows the result of serum electrolytes which includes; sodium (Na), potassium (K), chloride (Cl) and bicarbonate (HCOз).
Table 5. Serum Electrolytes
	GROUP
	Na (mmol/L)
	K (mmol/L)
	Cl (mmol/L)
	HCOз (mmol/L)

	NEG. CONT.(mg/kg)
	131.50 ± 2.10
	5.45 ± 0.42
	94.00 ± 1.90
	20.30 ± 1.70

	NORM. CONT. (mg/kg)
	137.00±0.58
	4.33±0.28
	99.00±0.58
	25.33±0.88

	STD (mg/kg)
	140.33±1.67
	4.83±0.18
	99.66±0.33
	26.33±1.45

	250 (mg/kg)
	139.33±0.33
	4.73±0.38
	101.00±0.58
	24.00±1.16

	500 (mg/kg)
	144.00±1.00
	4.66±0.23
	102.00±0.58a
	24.00±1.53

	1000 (mg/kg)
	141.67±0.67
	4.66±0.37
	103.33±0.881a
	25.66±1.33

	p-value
	0.0051
	0.0180
	0.0336
	0.0418


Values are expressed as mean ± SEM, n = 3.
aValues are statistically significant when compared to Normal Control.

3.4      In vivo Anti-inflammatory Markers	
Table 6 shows the result of anti-inflammatory markers which includes; Tumor Necrosis Factor alpha (TNF-α), Interleukin (IL-4) and Interleukin (IL-6).
Table 6. Anti-Inflammatory Markers
	GROUP
	TNF-a 
(pg/ml)
	IL-4 
(pg/ml)

	IL-6
(pg/ml)


	NEG. CONT. (mg/kg)
	34.80 ± 2.40
	28.60 ± 3.90
	165.40 ± 8.70

	NORM. CONT. (mg/kg)
	24.86±0.69
	45.95±5.59
	114.51±3.42

	STD (mg/kg)
	21.47±0.89
	49.90±3.39
	101.94±1.99

	250 (mg/kg)
	20.85±0.97
	39.86±0.72
	103.31±3.19

	500 (mg/kg)
	20.50±1.35
	41.35±0.53
	108.89±1.15

	1000 (mg/kg)
	21.58±0.75
	41.25±1.18
	113.55±2.14

	p-value
	0.0574
	0.1795
	0.0159


Values are expressed as mean ± SEM, n = 3
aValues are statistically significant when compared to Normal Control

4     DISCUSSION
A medicinal plant is any plant which contains substances that can be used for therapeutic purpose, also serve as precursors for the synthesis of useful drugs (Erb & Kliebenstein, 2020). Preliminary phytochemical screening of the extract of Z. officinale revealed the presence of various bioactive components of which alkaloids, flavonoids, tannins, saponins, terpenoids, cardiac glycosidase, balsam, carbohydrates, phenols and resins were the most prominent. Phytochemicals such as alkaloids, terpenoids, saponins and phenolics are considered strong antimicrobial and antifungal agents that can aid in solving the problem of antibiotic resistance (Anwer et al., 2017). Alkaloids, phenols, tannins and flavonoids were found in high amounts. Tannins have been found to possess antifungal activity as reported by Agi and Azike, (2019). Alkaloids which are one of the largest groups of phytochemicals in plants have led to the development of powerful pain killer medications as well as antifungal as reported by (Doughari, 2016). It has been recognized that flavonoids show antioxidant activity and their effects on human nutrition and health are considerable. The mechanisms of action of flavonoids are through scavenging or chelating process. Flavonoids are important in plant biochemistry and play an important role in plant physiology, acting as antioxidants, enzyme inhibitors, pigments and light screens (Ghasemzadeh et al., 2010). Flavonoids have been shown to have antioxidant, antibacterial anti-inflammatory, antiallergic activity etc (Riyazi et al., 2007).
The assessment of electrolyte parameters revealed significant alterations associated with Candida albicans infection and subsequent treatment with Zingiber officinale. Sodium (Na⁺) levels ranged from 131.50 ± 2.10 mmol/L in the negative control group to 144.00 ± 1.00 mmol/L in the 500 mg/kg ginger-treated group. The reduced sodium concentration observed in the infected untreated group suggests that Candida albicans infection may disrupt electrolyte balance, possibly through impaired renal regulation, dehydration, or inflammatory-mediated sodium loss (Liamis et al., 2010). The normal control group exhibited higher sodium levels, reflecting physiological electrolyte balance. Ginger-treated groups showed marked increases in sodium levels, indicating a restorative effect on electrolyte homeostasis. This improvement may be attributed to the ability of ginger to enhance renal function and reduce inflammation-induced electrolyte disturbances (Rahmani et al., 2014; Nile & Park, 2015). Notably, the p-value (0.0051) indicates a statistically significant difference among groups (p < 0.05), confirming that ginger treatment significantly influenced sodium regulation. Potassium (K⁺) levels were highest in the negative control group, suggesting impaired renal excretion or cellular ion imbalance during infection. Elevated potassium is often associated with renal dysfunction and tissue breakdown (Palmer & Clegg, 2016). Ginger-treated groups demonstrated potassium levels closer to normal control values, suggesting a normalization of potassium homeostasis. Therefore, with statistical significance (p = 0.0180) indicates that these changes can be conclusively attributed to treatment. Chloride (Cl⁻) levels were lowest in the infected untreated group, indicating electrolyte imbalance and possible metabolic disturbances. Ginger-treated groups showed progressive increases in chloride levels, suggesting improved electrolyte regulation and fluid balance. This may reflect the role of ginger in modulating renal ion transport and maintaining osmotic balance (Nile & Park, 2015). The p-value (0.0336) indicates a statistically significant difference among groups (p < 0.05), demonstrating that ginger treatment significantly affected chloride levels. Bicarbonate (HCO₃⁻) levels were reduced in the negative control group, suggesting the presence of metabolic acidosis or acid–base imbalance, which is commonly observed in systemic infections (Kraut & Madias, 2012). Ginger-treated groups showed improved bicarbonate levels, indicating a potential role in restoring acid base equilibrium. This effect may be linked to improved renal function and reduced systemic inflammation. These differences were statistically significant (p = 0.0418). The overall electrolyte profile indicates that Candida albicans infection disrupts electrolyte and acid base balance, as evidenced by reduced sodium and chloride levels, elevated potassium levels, and decreased bicarbonate concentrations. These alterations may result from renal dysfunction, dehydration, or systemic inflammatory responses associated with infection (Liamis et al., 2010; Kraut & Madias, 2012). Treatment with Zingiber officinale extract (250 mg/kg–1000 mg/kg) however generally improved electrolyte balance, including significant increases in sodium and chloride levels, normalization of potassium levels, and improved bicarbonate concentrations. Among the treatment groups, the 1000 mg/kg dose showed the most pronounced improvement, with the highest sodium and chloride levels, suggesting that higher doses may be more effective in restoring electrolyte homeostasis. Importantly, statistically significant differences were observed across groups, indicating that ginger treatment had a measurable effect on these electrolytes. These findings suggest that ginger may help correct electrolyte imbalances induced by Candida albicans infection, potentially through improved kidney function, enhanced fluid regulation, and its anti-inflammatory and antioxidant properties (Rahmani et al., 2014; Nile & Park, 2015).
The effects of ginger treatment on inflammatory and anti-inflammatory cytokines (TNF-α, IL-6, and IL-4) are summarized in Table 6. The negative control group (infected untreated) exhibited elevated pro-inflammatory cytokines TNF-α (34.80 ± 2.40 pg/ml) and IL-6 (165.40 ± 8.70 pg/ml) with a comparatively low anti-inflammatory cytokine IL-4 (28.60 ± 3.90 pg/ml). Elevated TNF-α and IL-6 are well-established indicators of systemic inflammation and immune activation (Cerami, 1989; Kishimoto, 2005). Administration of ginger at 250, 500, and 1000 mg/kg resulted in consistent reductions in TNF-α levels (20.85 ± 0.97, 20.50 ± 1.35, and 21.58 ± 0.75 pg/ml, respectively) and IL-6 levels (103.31 ± 3.19, 108.89 ± 1.15, and 113.55 ± 2.14 pg/ml), while IL-4 levels increased (39.86 ± 0.72, 41.35 ± 0.53, and 41.25 ± 1.18 pg/ml). The standard drug group showed comparable effects (TNF-α: 21.47 ± 0.89 pg/ml; IL-6: 101.94 ± 1.99 pg/ml; IL-4: 49.90 ± 3.39 pg/ml). Modulation of these cytokines is a recognized mechanism for evaluating anti-inflammatory potential (Dinarello, 2000). Statistical analysis revealed a significant reduction in IL-6 (p = 0.0159), whereas TNF-α (p = 0.0574) and IL-4 (p = 0.1795) did not reach significance. Nevertheless, the observed biological trends remain meaningful, reflecting relevant anti-inflammatory activity (Altman, 1995). The suppression of TNF-α aligns with prior studies highlighting its central role in mediating inflammation and tissue damage during infection (McInnes & Schett, 2007). IL-6 inhibition, particularly at 250 mg/kg, underscores ginger’s anti-inflammatory potential, consistent with its established capacity to regulate pro-inflammatory signaling pathways (Kishimoto, 2005). Elevated IL-4 levels further suggest an immune-regulatory effect, promoting an anti-inflammatory environment and suppression of pro-inflammatory cytokine production (Paul, 1991; O’Garra, 2007). 
5. CONCLUSION
In conclusion, anti-Candida albican activity of the methanol extract of Zingiber officinale (Ginger) was evaluated and the results revealed that the plant act significantly against Candida albicans. This might be as a result of the phytochemicals found to be present that makes it act against microorganisms. The findings of the present study suggested that Z. officinale could be a potential source of natural antioxidant that could have great importance as therapeutic agents in preventing or slowing the progress of aging and age associated oxidative stress related degenerative diseases. Systemic infection with Candida albicans induces widespread physiological derangements due to a combination of inflammatory immune activation, oxidative stress, and organ dysfunction. In this study, untreated infected rats (negative control) exhibited multiple pathological changes. Treatment with graded doses of ginger extract (250 mg/kg –1000 mg/kg) resulted in coordinated improvements across all domains, indicative of multi‑system modulation of host responses by the bioactive constituents of Zingiber officinale. Sodium and chloride levels were significantly restored in ginger‑treated rats, indicating improved renal electrolyte regulation and fluid balance. Electrolyte disturbances during systemic infection are linked to inflammation‑mediated renal tubular dysfunction and dysregulated ion transport. Ginger likely improved electrolyte homeostasis through anti‑inflammatory mechanisms and enhanced renal perfusion, contributing to normalized ion exchange. A defining pathological feature of Candida infection is robust pro‑inflammatory cytokine activation. Elevated TNF‑α and IL‑6 in the negative control group reflect an activated innate immune response, while IL‑4, an anti‑inflammatory Th2 cytokine was suppressed. Ginger treatment shifted this balance: it significantly reduced IL‑6 (p < 0.05) and lowered TNF‑α, while elevating IL‑4. This pattern supports immune modulation, suppression of excessive pro‑inflammatory signaling and enhancement of anti‑inflammatory pathways. Mechanistically, ginger has been shown to inhibit nuclear factor‑κB (NF‑κB) activation, resulting in reduced expression of TNF‑α, IL‑6, and other inflammatory mediators. The increase in IL‑4 further suggests that ginger may steer immune responses toward regulatory profiles, diminishing tissue damage while preserving antifungal defense. 
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