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ABSTRACT
Background: Alcohol dependence remains a major public health problem worldwide, and effective therapeutic strategies to reduce alcohol craving are limited. Medicinal plants are increasingly explored as safer alternatives or adjuncts to existing pharmacotherapies. The present study evaluated the anti-alcoholic potential of the ethanolic leaf extract of Spinacia oleracea using a runway self-administration model in mice. Objective: To assess the effect of ethanolic leaf extract of Spinacia oleracea on ethanol-seeking behavior in mice. Methods: Alcohol dependence was induced in mice by oral administration of ethanol. Behavioral assessment was performed using the runway apparatus, and ethanol-seeking behavior was quantified by measuring run time to reach the goal box. Animals were divided into control (saline), negative control (ethanol), standard (acamprosate 300 mg/kg, p.o.), and test groups receiving ethanolic extract of Spinacia oleracea at doses of 1 g/kg and 5 g/kg (p.o.). Data were analyzed using two-way ANOVA followed by Bonferroni’s post-hoc test. Results: The ethanolic extract of Spinacia oleracea significantly reduced ethanol-seeking behavior in a dose-dependent manner. The higher dose (5 g/kg) produced effects comparable to acamprosate, as evidenced by increased run time during post-conditioning, extinction, and reinstatement phases. Conclusion: The findings demonstrate that the ethanolic leaf extract of Spinacia oleracea possesses significant anti-alcoholic activity, supporting its potential role as a natural therapeutic candidate for alcohol dependence. The observed anti-craving effect may be attributed to the presence of bioactive phytochemicals such as flavonoids, saponins, and thylakoids in Spinacia oleracea, which are known to exert antioxidant and neuromodulatory effects and to influence reward-related neurotransmitter pathways involved in alcohol dependence.
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INTRODUCTION
Alcohol use disorder (AUD) is a chronic and relapsing neuropsychiatric condition characterized by compulsive alcohol intake, craving, tolerance, and relapse (Anton, 2008). Prolonged alcohol consumption leads to neuroadaptive changes in reward and stress pathways, particularly involving GABAergic and glutamatergic neurotransmission (Liang and Olsen, 2014). Despite the availability of pharmacological treatments such as naltrexone, acamprosate, and disulfiram, relapse rates remain high, and long-term treatment outcomes are often unsatisfactory (Volpicelli et al., 1992; Mann et al., 2004; Anton et al., 2006).
Alcohol use disorder (AUD) is a chronic, relapsing condition characterized by compulsive alcohol consumption, craving, and a high propensity for relapse. Although several pharmacological agents such as naltrexone, acamprosate, and disulfiram are approved for the management of AUD, their long-term efficacy remains limited, and adverse effects often compromise patient compliance. Therefore, there is a growing interest in identifying safer, plant-based therapeutic alternatives that can attenuate alcohol craving and relapse behavior.
Medicinal plants are increasingly being investigated as alternative or adjunct therapies due to their safety profile and multiple bioactive constituents. Spinacia oleracea (spinach) is a widely consumed leafy vegetable known for its rich nutritional and phytochemical composition. Previous studies have demonstrated its antioxidant, neuroprotective, hepatoprotective, and appetite-modulating properties (Roberts and Moreau, 2016; Gutierrez et al., 2019). Thylakoids isolated from spinach have been reported to reduce cravings and modulate reward-related behaviors, suggesting potential benefits in addictive disorders (Stenblom et al., 2015; Köhnke et al., 2009).
PLANT PROFILE
Spinacia oleracea Linn. belongs to the family Amaranthaceae and is cultivated worldwide as a nutrient-rich leafy vegetable. The leaves contain vitamins (A, C, E, and B-complex), minerals, flavonoids, saponins, alkaloids, tannins, and thylakoids (Gutierrez et al., 2019; Nemzer et al., 2021). These constituents exhibit antioxidant and neuroprotective activities and are known to influence satiety, neurotransmitter balance, and reward mechanisms (Roberts and Moreau, 2016; Stenblom et al., 2015). Such pharmacological properties suggest the possible role of Spinacia oleracea in modulating craving and addictive behaviors. 
Spinacia oleracea (spinach) is a widely consumed edible plant known for its rich content of bioactive phytochemicals, including flavonoids, saponins, alkaloids, and thylakoids, which possess antioxidant, neuroprotective, and neuromodulatory properties. Previous experimental and clinical studies have reported that spinach-derived thylakoids modulate reward-related behavior, reduce cravings, and influence neurotransmitter balance, suggesting a potential role in addictive disorders.
MATERIALS AND METHODS
Collection and Authentication of Plant Material 
Fresh leaves of Spinacia oleracea were collected from a home-cultivated source and authenticated by Dr. P. Satyanarayana Raju, Department of Botany, Acharya Nagarjuna University, Guntur.    
Preparation of Ethanolic Extract
The collected leaves were shade-dried for 28 days and further dried in a hot air oven at 50 °C. The dried material was powdered and extracted using a Soxhlet apparatus with ethanol as the solvent. The extract was concentrated and stored for experimental use. Ethanolic extraction has been widely employed for isolating bioactive compounds from spinach leaves (Jaime et al., 2015).
Experimental Animals
Adult male mice (25–30 g) were maintained under standard laboratory conditions. All experimental procedures were approved by the Institutional Animal Ethics Committee and conducted in accordance with CCSEA guidelines.
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Figure 1: Runway apparatus used to evaluate ethanol-seeking behavior in mice.
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The runway self-administration model was used to assess ethanol-seeking behavior. The run time to reach the goal box was recorded as an index of craving and motivation (pandy v, et al., 2023), a method previously validated for studying alcohol reinforcement and relapse behavior (Brevers and Bechara, 2014).
Ethanol-seeking behavior was assessed using the runway apparatus, where run time to reach the goal box served as the primary behavioral parameter.
Experimental Design
Animals were divided into five groups:
Group I: Saline control Group II: Ethanol control Group III: Standard (Acamprosate 300 mg/kg, p.o.) Group IV: Ethanolic extract of Spinacia oleracea (1 g/kg, p.o.) Group V: Ethanolic extract of Spinacia oleracea (5 g/kg, p.o.)
The doses of Spinacia oleracea ethanolic extract (1 g/kg and 5 g/kg, p.o.) were selected based on previous pharmacological and nutritional studies reporting a high margin of safety and absence of acute toxicity for spinach-based preparations. As Spinacia oleracea is a commonly consumed edible plant, and earlier animal studies have demonstrated its safety at relatively high oral doses, the selected dose range was considered appropriate for evaluating behavioral efficacy without producing toxic effects.
Ethanol dependence was induced by oral administration of 20% v/v ethanol once daily. Animals received ethanol for 14 consecutive days prior to the conditioning phase to establish ethanol-seeking behavior. This dosing regimen has been widely used in experimental models to reliably induce alcohol dependence and craving-like behavior.
RESULTS AND DISCUSSION
Phytochemical Screening
Preliminary qualitative phytochemical analysis of the ethanolic leaf extract of Spinacia oleracea revealed the presence of a wide range of bioactive constituents, including carbohydrates, proteins, alkaloids, flavonoids, glycosides, saponins, tannins, fixed oils, volatile oils, mucilage, waxes, and resins. The presence of flavonoids and saponins is of particular relevance, as these compounds have been reported to possess neuroprotective, antioxidant, and CNS-modulating properties, which may contribute to attenuation of addictive behaviors and craving responses (Roberts and Moreau, 2016; Gutierrez et al., 2019).
Behavioral Assessment
The runway apparatus was employed to evaluate ethanol-seeking behavior, where the run time to reach the goal box served as an index of motivation and craving for ethanol. Variations in run time across different experimental phases reflected changes in ethanol reinforcement, extinction learning, and relapse-like behavior, consistent with earlier reports using runway self-administration models (Brevers and Bechara, 2014; Anton, 2008).
Pre-conditioning Phase
During the pre-conditioning phase (Day 1–5), all experimental groups, including control, ethanol control, standard, and test groups, exhibited comparable run times with no statistically significant differences. This indicates that prior to ethanol exposure, there were no inherent locomotor or motivational differences among the groups. The uniformity in baseline run time confirms that subsequent behavioral changes observed during conditioning and post-conditioning phases were specifically related to ethanol exposure and pharmacological intervention rather than nonspecific motor effects.
Table 1: Pre-conditioning run time (in Seconds) for various treatment groups.
	PRE-CONDITIONING RUN TIME (in Seconds)

	Treatment Period
	Control (Saline)
	Negative
Control (Ethanol)
	Standard
(Acamprosate 300mg/kg)
	Test–1 (1g/kg)
	Test – 2 (5g/kg)

	Day - 1
	94.17
	77.50
	81.31
	110.76
	87.33

	Day - 2
	88.83
	75.18
	89.10
	121.36
	84.71

	Day – 3
	86.17
	82.15
	86.50
	117.83
	92.58

	Day – 4
	91.49
	79.83
	83.95
	124.89
	89.95

	Day – 5
	83.50
	72.85
	91.69
	114.30
	82.09



Figure 2: Effect of ethanolic extract of Spinacia oleracea on run time during pre-conditioning phase
Conditioning Phase
Repeated ethanol administration during the conditioning phase resulted in a progressive and marked reduction in run time in the ethanol-treated (negative control) group, demonstrating the successful induction of ethanol-seeking behavior (Stopponi S, et al., 2021). This decrease in latency to reach the goal box reflects enhanced motivation and craving for ethanol, which is a characteristic feature of alcohol dependence models (Liang and Olsen, 2014).
In contrast, animals treated with acamprosate (300 mg/kg, p.o.) and the ethanolic extract of Spinacia oleracea showed modulation of ethanol-induced behavioral changes. While lower doses of the extract (1 g/kg) produced moderate effects, the higher dose (5 g/kg) showed a pronounced influence on run time, suggesting early attenuation of ethanol-reinforced behavior. These findings align with previous reports indicating that pharmacological agents targeting glutamatergic and reward pathways can reduce ethanol-seeking responses (Mann et al., 2004; Anton et al., 2006).



Table 2: Conditioning run time (in Seconds) for various treatment groups.
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	Treatment Period
	Control (Saline)
	Negative Control (Ethanol)
	Standard (Acamprosate
300mg/kg)
	Test–1 (1g)
	Test–2 (5g)

	Conditioning-1
	94.33
	81.33
	76.50
	99.83
	74.16

	Conditioning-2
	85.66
	71.66
	46.33
	66.66
	53.33

	Conditioning-3
	96.83
	33.83
	25.66
	17.83
	17.33

	Conditioning-4
	116.83
	19.66
	17.83
	29.83
	20.33

	Conditioning-5
	117.5
	17.16
	17.33
	20.33
	17.83



Figure 3: Run time during conditioning phase following ethanol administration.
Post-conditioning Phase
During the post-conditioning phase (4 weeks), a significant and dose-dependent increase in run time was observed in the test groups treated with Spinacia oleracea extract. The ethanol control group continued to show persistently low run times throughout the post-conditioning period, indicating sustained ethanol craving. In contrast, the standard acamprosate-treated group demonstrated a marked increase in run time, confirming its established anti-craving efficacy (Mann et al., 2004).
Notably, the higher dose of Spinacia oleracea extract (5 g/kg) produced effects comparable to acamprosate, with significantly prolonged run times across all four weeks. This suggests a strong suppression of ethanol-seeking behavior and reinforcement. The observed effect may be attributed to the antioxidant and neuromodulatory actions of spinach phytochemicals, including thylakoids and flavonoids, which have been reported to influence satiety, reward processing, and neurotransmitter balance (Stenblom et al., 2015; Köhnke et al., 2009).
Table 3: Post conditioning run time (in Seconds) for various treatment groups.
	POST-CONDITIONING

	Treatment Period
	Control (Saline)
	Negative
Control (Ethanol)
	Standard
(Acamprosate 300mg/kg)
	Test – 1 (1g/kg)
	Test – 2 (5g/kg)

	Week – 1
	126.83
	14.56
	288.22
	246.57
	247.00

	Week – 2
	137.51
	16.10
	271.44
	227.79
	267.80

	Week – 3
	129.50
	15.79
	265.84
	241.87
	252.20

	Week – 4
	140.18
	14.87
	293.81
	223.09
	273.00



Figure 4: Effect of Spinacia oleracea extract on run time during post-conditioning phase.


Extinction 
During the extinction phase, animals treated with the higher dose of Spinacia oleracea extract exhibited a significant reduction in ethanol-seeking behavior, as evidenced by increased run times across extinction sessions. The gradual increase in latency to reach the goal box indicates successful extinction of ethanol-associated cues and learned behavior. The extinction profile of the high-dose extract group closely resembled that of the acamprosate-treated group, suggesting effective suppression of conditioned ethanol responses.
In contrast, the ethanol control group showed minimal extinction, maintaining relatively low run times throughout the sessions. These results are consistent with earlier findings that pharmacological modulation is necessary to facilitate extinction of alcohol-seeking behavior (Anton, 2008; Brevers and Bechara, 2014).
Table 4: Extinction run time (in Seconds) for various treatment groups.
	Extinction


	Treatment Period
	saline-
control
	ethanol-
control
	ACAM-
300mg
	E. extract-
1g/kg
	E. extract-
5g/kg

	Ext-1
	240
	30
	200
	118
	290

	Ext-2
	200
	90
	190
	105
	250

	Ext-3
	210
	70
	195
	110
	370

	Ext-4
	200
	130
	200
	95
	265

	Ext-5
	250
	150
	157
	107
	290



Figure 5: Effect of Spinacia oleracea extract on extinction of ethanol-seeking behavior.
Reinstatement Studies
Reinstatement testing revealed that animals treated with Spinacia oleracea extract, particularly at 5 g/kg, demonstrated significant resistance to relapse-like behavior. The increased run time observed in this group during reinstatement indicates reduced vulnerability to ethanol-triggered relapse. This effect was comparable to that produced by acamprosate, which is known to prevent relapse by stabilizing glutamatergic neurotransmission (Liang and Olsen, 2014).
The ability of the extract to attenuate reinstatement may be linked to its bioactive constituents, which are reported to exert neuroprotective effects and modulate reward-related pathways implicated in craving and relapse (Gutierrez et al., 2019; Nemzer et al., 2021).
Table 5: Pre condition and Post condition run time (in Seconds) for various treatment groups.
	Reinstatement

	  Treatment Groups
	saline- control
	ethano-control
	ACAM-
300mg/kg
	E. extract- 1g/kg
	E. extract- 5g/kg

	  Precondition run time (sec)
	220
	160
	210
	140
	250

	  Postcondition run time (sec)
	230
	175
	275
	156
	300



Figure 6: Effect of Spinacia oleracea extract on reinstatement of ethanol-seeking behavior.



The present study demonstrates that the ethanolic leaf extract of Spinacia oleracea significantly reduces ethanol-seeking behavior in mice. The observed effects may be attributed to its rich phytochemical composition, including flavonoids and saponins, which are known to modulate neurotransmitter systems and reduce oxidative stress. The dose-dependent efficacy and comparable performance to acamprosate highlight its therapeutic potential.

CONCLUSION
The ethanolic extract of Spinacia oleracea exhibited significant anti-alcoholic activity in the runway model of ethanol dependence. These findings support its potential as a natural therapeutic candidate for the management of alcohol dependence and warrant further mechanistic and clinical investigations.
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