


Protective Effects of Ginkgo biloba Against Methamphetamine-Induced Gastric Ulceration and Acid Hypersecretion in Wistar Rats

[bookmark: _GoBack]Abstract :
Methamphetamine misuse is a growing global concern, contributing to significant harm to users' internal organs. This study investigated the potential protective effects of Ginkgo biloba extract against the ulcerogenic and gastric-stimulating effects of methamphetamine in Wistar rats. Forty-eight male albino Wistar rats were divided into four groups (n=12): one group received methamphetamine (2.0 mg/kg body weight), another received Ginkgo biloba (50 mg/kg body weight), and a third group received both Ginkgo biloba (2.0 mg/kg body weight) and methamphetamine (50 mg/kg body weight), and the control group received no treatment. After 28 days, treatment with Ginkgo biloba significantly alleviated the adverse effects induced by methamphetamine, including reductions in body and stomach weights, gastric acid and pepsin production, and ulcer scores, all of which reflect gastrointestinal mucosal damage. Methamphetamine intake was also found to disrupt intestinal transit time, likely due to its impact on the intestinal barrier. The treatment group showed significant increases in mucus secretion, pepsin secretion, gastric acid output, ulcer scores, and transit time compared to the other groups. Photomicrographs of the stomach revealed severe distortion of the mucosal cytoarchitecture, infiltration of the submucosal layer with eosinophils, hypertrophy of the muscular mucosa, and degeneration of glandular cells. These findings provide further insight into the physiological changes associated with methamphetamine use and point to potential therapeutic interventions targeting intestinal function. In conclusion, this study highlights the modulatory effects of Ginkgo biloba on METH-induced gastrointestinal alterations, suggesting its influence on intestinal transit and mucosal integrity. While these results advance our understanding of its biological interactions, further research is essential to elucidate the underlying mechanisms and evaluate its translational relevance.


Introduction:
Methamphetamine (METH) is a synthetic stimulant that is mostly used recreationally and has a significant potential for addiction [1]. Although it is occasionally recommended as a second-line treatment for disorders such as attention deficit hyperactivity disorder (ADHD) and obesity [2], it is nevertheless frequently abused recreationally. METH is referred to by street names like "speed," "ice," "crystal," "glass," "meth," and "chalk" in Southern East Nigeria [2]. When METH was first introduced in 1938 as Pervitin, it became well-liked by employees who needed to fight off fatigue. It was employed by the German military to cure troops' weariness during World War II. By 1943, it was prescribed for several conditions, including ADHD, narcolepsy, depression, obesity, and alcoholism [2]. METH usage and misuse are on the rise worldwide, especially in the US, Asia, and Oceania. According to [3], it is the second most commonly abused illegal substance in the world after cannabis, with over 10 million users in the United States alone and about 35 million worldwide. The prevalence of METH abuse is high among both young and old [4]. In Nigeria, METH abuse is very common, particularly among young people [5]. The ways of administering METH vary by location and can include injection, snorting, or smoking [6]. When the first euphoric effects wear off, users frequently take extra doses to extend the effects. In order to continue using METH for days, some people go on protracted "runs," skipping meals and sleep [7]. The most often used mode of administration is oral ingestion, allowing the drug to be absorbed and metabolized in the digestive system [7]. Effects of abuse include exhilaration, decreased hunger, hyperactivity, and increased talkativeness [8]. But illicit METH usage can have a serious negative effect on mental and physical health, leading to symptoms like anxiety, restlessness, stroke, disturbed sleep, lack of appetite, and excessive physical activity [9]. Flushed skin, dilated pupils, hyperactivity, and teeth grinding are some of the physical side effects of METH. According to [10], "meth mouth," a condition marked by significant teeth decay, can result from prolonged use.
In contrast to other stimulants, METH has long-lasting stimulating effects and is neurotoxic [11]. According to [12], it triggers the sympathetic nervous system, which results in acute adverse effects such diarrhea, raised body temperature, high blood pressure, fast heartbeat, and vasoconstriction. Furthermore, METH usage has been connected to serotonin system impairment, tremors, migraines, aggressive behavior, and paranoia [13]. Additionally, abusing METH can result in renal and liver failure and raise the risk of spreading infectious diseases like HIV and AIDS [14]. Glasner-Edwards & Mooney [15] have documented that METH is occasionally recommended by doctors for temporary weight loss.

For decades, Ginkgo biloba has been utilized in traditional medicine; in recent years, its medicinal qualities have drawn more attention. Studies conducted in the 1960s investigated its potential for treating cerebral atherosclerosis and blood flow abnormalities [16]. These days, EGb761, which comprises terpene lactones and flavonoids, is made with active components from Ginkgo biloba [17]. According to Almeida [18], EGb761 is used in traditional Chinese medicine to treat a number of ailments, such as bronchitis, stomach ache, asthma, and cognitive decline. The primary active ingredients of Ginkgo biloba are flavonoids, which are mainly taken as tablets or capsules [19]. Additionally, the plant has terpenoids, which add to its therapeutic qualities [20]. According to recent research, Ginkgo biloba extract offers preventive qualities, especially against toxicity. Clinical studies have demonstrated its capacity to boost mental and physical activity, improve memory, and help manage neurological and cardiovascular conditions, including Alzheimer's disease [21]. According to [22], its flavonoid and terpenoid content is essential for preventing oxidative stress and offering anti-ulcer properties. 

METH was thought to harm the stomach tissues and mucosal epithelium, hence this study sought to assess its harmful effects on the stomachs of albino Wistar rats. In order to investigate potential safeguards, the researchers tested the potential of Ginkgo biloba, a medication high in terpenoids and flavonoids, to mitigate the harmful effects of METH on the stomach and visceral tissues in the experimental rat model.
Materials and Methods
Chemicals
Methamphetamine (10 g) was obtained from the National Drug Law Enforcement Agency (NDLEA) and stored at temperatures below 25°C for the study.
Experimental Animals
Forty-eight (48) male albino Wistar rats, initially weighing between 180-200 g, were sourced from the animal facility in the Department of Physiology, Faculty of Basic Medical Sciences, PAMO University of Medical Sciences, Port-Harcourt, Rivers State, Nigeria. The animals were housed under controlled environmental conditions (27±2ºC) with a 12-hour light/dark cycle in metabolic cages. They had unrestricted access to standard rodent chow and fresh drinking water for four weeks.
Experimental Protocol
The 48 rats were randomly divided into four groups (n = 12 per group). Group 1 (control) received regular rat chow; Group 2 was given Ginkgo biloba (50 mg); Group 3 received methamphetamine (2.0 mg/kg body weight); and Group 4 was administered a combination of Ginkgo biloba (50 mg) and methamphetamine (2.0 mg/kg body weight). Prior to the experiment, animals were acclimatized for 7 days, and during the study, they had ad libitum access to food and water for 28 days.
Determination of Bodyweight
The initial body weight of each rat was measured using an SCL-4000 animal scale (Kent Scientific Corporation). After the animals were randomly assigned to their respective groups, weekly weight measurements were recorded, and the differences in body weight were calculated. Additionally, the rats’ stomachs were excised, and their weight was recorded.
Methamphetamine-induced Gastric Ulcer and Ulcer Score
Gastric ulceration in the methamphetamine-treated group was assessed according to the method outlined by [23] and modified by [24]. Following 18 hours of fasting, each rat was anesthetized with ketamine for stomach extraction. The stomach was dissected along the greater curvature, cleaned with saline, and pinned for clear visualization. The ulcer lesions were measured using calipers and magnifying glass, and ulcer scores were calculated using the method of [25].
Estimation of Pepsin
Pepsin activity in gastric juice was measured using the method by Tan et al [26]. A small volume (0.1 mL) of gastric juice was centrifuged, and bovine albumin was added. The mixture was incubated, and further steps involved adding trichloroacetic acid, heating, and centrifuging the samples. The absorbance was read at 700 nm to estimate pepsin activity, expressed in μg/mL.
Measurement of Mucus Concentration
The adherent mucus on the stomach lining was measured by first excising and opening the stomach. The mucus was scraped from the mucosal surface into a sample bottle, and the weight difference was measured using a digital scale, as per [26].
Measurement of Gastric Acid Secretion by Continuous Perfusion Method
In a separate set of experiments, the continuous perfusion method described by [27] was used to assess gastric acid secretion. The rats were anesthetized, and the stomach was cannulated for continuous perfusion with saline at pH 7.0. After stabilization, histamine (100 mg/kg) and cimetidine (5 mg/kg) were administered subcutaneously. Gastric juice was collected every 10 minutes for analysis.
Measurement of Intestinal Transit
Intestinal transit was determined based on the method by [28]. After fasting for 18 hours, activated charcoal was orally administered, and the rats were sacrificed after 9 minutes. The small intestine was carefully measured, and the distance traveled by the charcoal marker was noted to calculate intestinal transit as a percentage of the total length.
Histological Analysis
Histological preparation followed the protocol of [27]. The stomach was harvested, fixed in 10% buffered formalin, and sectioned at 5 mm thickness. Hematoxylin and eosin staining was applied, and the sections were examined under a light microscope to capture photomicrographs.
Statistical Analysis
Statistical analyses were conducted using GraphPad Prism software version 8.0. Data were expressed as mean ± SEM. Comparisons were made using ANOVA and an unpaired Student’s t-test. The Tukey test was used for post-hoc analysis when the F value was significant. Statistical significance was set at p<0.05.


Results
Effect of Methamphetamine and Ginkgo biloba on Body Weight Change in Experimental Rat Groups
Figure 1 shows the change in body weight following the administration of methamphetamine and Ginkgo biloba to the experimental animals. The methamphetamine-treated group displayed a significant decrease in average body weight (p<0.05) compared to the other groups. Meanwhile, the group treated with both methamphetamine and Ginkgo biloba showed a slight, non-significant reduction in body weight compared to the control and Ginkgo biloba-only groups.
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Figure 1: Body Weight Changes in Control, Methamphetamine, and Ginkgo biloba Treated Groups of Rats. Values are expressed as mean ± SEM, n = 12. p < 0.05 vs. control, GB, and (GB + METH), respectively.
Effect of Methamphetamine and Ginkgo biloba on Stomach Weight Change in Experimental Rat Groups
Figure 2 displays the changes in stomach weight following the administration of methamphetamine and Ginkgo biloba to the experimental animals. The methamphetamine-treated group showed a significant reduction in stomach weight (p<0.05) compared to both the control and other treatment groups. The Ginkgo biloba-only treatment group, on the other hand, exhibited a significant increase in stomach weight (p<0.001) relative to the control and other groups. The group treated with both methamphetamine and Ginkgo biloba showed a slight, but non-significant, increase in stomach weight compared to the methamphetamine-only group.
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Figure 2: Stomach Weight in Control, Methamphetamine, and Ginkgo biloba Treated Groups of Rats. Values are expressed as mean ± SEM, n = 12. ** = p < 0.001 vs. control, METH, and GB + METH; *# = p < 0.05 vs. control, GB, and (GB + METH), respectively.
Effect of Methamphetamine and Ginkgo biloba on Adherent Mucus in Experimental Rat Groups
Figure 3 illustrates the effect of methamphetamine and Ginkgo biloba on adherent mucus in the experimental groups. The results show that the methamphetamine-treated group had a significantly higher adherent mucus weight (p<0.001) compared to both the control and other treatment groups. Additionally, the group treated with both methamphetamine and Ginkgo biloba exhibited a significant increase (p<0.05) in mucus weight compared to the control and the Ginkgo biloba-only treated groups.
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[bookmark: _Hlk160974918][bookmark: _Hlk161481024][bookmark: _Hlk161394347][bookmark: _Hlk161394648]Figure 3: Effect of Methamphetamine and Ginkgo biloba on adherent mucus weight in the control and treated group of rats. Values are mean ± SEM, n = 12, ** = p<0.001 vs. control, GB and GB + METH, * = p<0.05 vs. control, GB and (GB +METH) respectively.
Effect of Methamphetamine and Ginkgo biloba on Pepsin Secretion in Experimental Rat Groups
Figure 4 shows the effect of methamphetamine and Ginkgo biloba on pepsin secretion across the treatment groups. The methamphetamine-only treated group exhibited a significant increase in pepsin secretion (p<0.001) compared to the control, Ginkgo biloba-only, and combined methamphetamine and Ginkgo biloba treatment groups. Additionally, the group treated with both methamphetamine and Ginkgo biloba also showed a significant increase in pepsin secretion (p<0.05).
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Figure 4: Effect of Methamphetamine and Ginkgo biloba on Gastric Pepsin Secretion in Control and Treated Groups of Rats. Values are expressed as mean ± SEM, n = 12. **# = p < 0.001 vs. control, GB, and (GB + METH); ** = p < 0.05 vs. control, GB, and METH, respectively.
Effect of Methamphetamine and Ginkgo biloba on Stomach Acid Output after Histamine and Cimetidine Administration in Control and Treated Rat Groups
The effect of methamphetamine and Ginkgo biloba on gastric acid output in control and experimental animals is presented in Table 1. The mean basal acid output values for the control, GB, METH, and GB+METH-treated groups were 4.3 ± 0.00, 3.98 ± 0.57, 11.7 ± 1.09, and 9.2 ± 0.18 µmol/hr, respectively. Basal acid secretion was significantly (p < 0.05) increased in the METH-only and METH+GB groups compared to the control and GB-only groups. Following histamine administration, peak acid output values for the control, GB, METH, and GB+METH-treated groups were 13.2 ± 0.07, 12.58 ± 0.19, 54.21 ± 0.03, and 43.64 ± 1.13 µmol/hr, respectively. A marked increase in gastric acid output was observed in the experimental groups. The METH-only group exhibited a significant (p < 0.001) increase in peak acid output compared to the control and other treatment groups. Similarly, the GB-only group also showed a significant (p < 0.001) increase in gastric output compared to the control. A comparable trend was observed in the METH+GB group. After cimetidine administration, the peak acid output values for the control, GB, METH, and GB+METH groups were 7.5 ± 0.01, 6.09 ± 0.38, 42.08 ± 0.06, and 30.18 ± 0.05 µmol/hr, respectively. A significant (p < 0.001) decrease in gastric output was noted in the treatment groups. The GB-only group showed a significant (p < 0.001) decrease in gastric output compared to the other treatment groups, and a similar trend was observed in both the METH and METH+GB groups.
Table 1: Effect of Methamphetamine and Ginkgo biloba on Stomach Acid Output Following Histamine and Cimetidine Administration in Control, and Treated Group of Rats.
	Group
	Basal output (µmol/hr)
	Peak acid output following histamine administration (µmol/hr)
	Peak acid output following cimetidine administration (µmol/hr)

	Control 
	4.3±0.00
	13.2±0.07
	7.5±0.01

	Ginkgo biloba (GB)
	3.98±0.57
	12.58±0.19*
	6.09±0.38*

	METH
	11.7±1.09**
	54.21±0.03**
	42.08±0.06**

	GB+METH
	9.2±0.18#
	43.64±1.13#
	30.18±0.05#


Values are expressed as mean ± SEM, n = 12. * = p < 0.05 vs. control, GB, and (GB+METH); ** = p < 0.001 vs. control, GB, and (GB+METH); # = p < 0.001 vs. control, GB, and METH-only treated groups, respectively.
Stomach Ulcer Scores in Rats among Experimental Groups
As shown in Table 2, the mean ulcer scores for the control, GB, GB+METH, and METH-treated groups were 0.02 ± 0.23, 0.01 ± 0.33, 2.7 ± 0.23, and 1.8 ± 0.28, respectively. The METH-treated group exhibited a significant increase (p < 0.001) in ulcer scores compared to the control, GB, and GB+METH groups. However, the METH+GB group showed a significant reduction (p < 0.001) in ulcer scores compared to the METH-only treated group."
Table 2: Effect of Methamphetamine and Ginkgo biloba on Stomach Ulcer Scores in Control and Treated Groups of Rats
	Group
	Ulcer score

	Control 
	0.02±0.23

	Ginkgo biloba (GB)
	0.01±0.13

	METH
	2.7±0.23** 

	GB+METH
	1.8±0.28**#


[bookmark: _Hlk161398901]Values are mean ± SEM, n = 12, ** = p<0.001 vs. control, GB, and GB+METH groups; **# = p<0.001 vs. control, GB, and GB+METH-treated animals respectively.
Intestinal Transit in Rats across Experimental Groups
The effects of methamphetamine and Ginkgo biloba on intestinal transit in the various experimental groups are summarized in Table 3. The mean intestinal transit values for the control, GB, GB+METH, and METH-treated groups were 75.23 ± 0.25%, 73.89 ± 0.14%, 81.53 ± 1.67%, and 77.12 ± 0.81%, respectively. A significant increase (p < 0.001) in intestinal transit was observed in the METH-treated group compared to the control and other treatment groups. Notably, the GB+METH group showed a significant reduction (p < 0.05) in intestinal transit compared to the METH-only group.



Table 3: Effect of Methamphetamine and Ginkgo biloba on Intestinal Transit in Control and Treated Groups of Rats
	Group
	Intestinal transit (%)

	Control 
	75.23±0.25

	Ginkgo biloba (GB)
	73.89±0.14

	METH
	81.53±1.67**

	GB + METH
	77.12±0.81#


Values are mean ± SEM, n = 5, ** = p<0.001 vs. control, GB, and (GB + METH) groups respectively.  # = p<0.05 vs. METH group.
Effect of methamphetamine and Ginkgo biloba on the stomach mucosa of experimental animals
Figure 5 (A–D) shows photomicrographs of the stomach mucosa from the control and experimental groups of animals. In the control group (A), the mucosa exhibited normal cytoarchitecture with well-preserved surface mucus epithelial cells (red arrow), and intact chief cells (yellow arrow) and parietal cells (black arrow). In the GB-only treated group (B), similar normal mucosal architecture was observed, with more prominently preserved surface mucus epithelial cells (red arrow), as well as intact chief (yellow arrow) and parietal cells (black arrow).
In the METH-treated group (C), the surface epithelium showed signs of superficial erosion (red arrow) and marked vascular congestion (black arrow). The mucosa also revealed severe eosinophilic infiltration extending into the submucosa (green arrow), hypertrophy of the muscularis mucosae (yellow arrow), and degeneration of glandular cells (blue arrow).
In contrast, the METH+GB-treated group (D) demonstrated recovery of the surface epithelium, with restoration of both superficial and deep glandular cells (black arrow).
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Figure 5: Photomicrographs illustrating methamphetamine-induced mucosal damage and the potential protective effect of Ginkgo biloba. (A = Control group; Red arrow = normal cytoarchitecture with well-preserved surface mucous epithelial cells; Yellow arrow = intact chief cells; Black arrow = intact parietal cells.) (B = Ginkgo biloba group; Red arrow = well-preserved surface mucous epithelial cells; Yellow arrow = intact chief cells; Black arrow = intact parietal cells.) (C = METH-treated group; Red arrow = superficial epithelial erosion; Black arrow = severe vascular congestion; Green arrow = extensive eosinophilic infiltration reaching the submucosa; Yellow arrow = hypertrophy of the muscular mucosa; Blue arrow = glandular cell degeneration.) (D = METH+GB group; Black arrow = recovery of surface epithelium with restoration of superficial and deep glandular cells.)
Effect of Methamphetamine and Ginkgo biloba on the Gross Morphology of the Stomach in Control and Experimental Groups of Rats
The gross morphological features of the stomach across the control and experimental groups are illustrated in Figure 6A–D. In both the control group (A) and the GB-treated group (B), the stomach mucosa exhibited normal cytoarchitecture. In contrast, the METH-treated group (C) showed a high number of ulcerative lesions (red arrow). Notably, the METH+GB-treated group (D) displayed a reduced number of ulcer lesions (blue arrow) compared to the METH-only group.
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Figure 6: Gross morphology of the stomach illustrating methamphetamine-induced ulceration and the potential protective effect of Ginkgo biloba in the animal model.
(A) Control group: normal mucosal cytoarchitecture.
(B) GB-treated group: normal mucosal cytoarchitecture.
(C) METH-treated group: increased number of ulcer lesions (red arrow).
(D) METH+GB-treated group: reduced number of ulcer lesions (blue arrow).



Discussion
The gastrointestinal physiology of albino Wistar rats was reported to be negatively impacted by the injection of methamphetamine (METH). Rats given METH specifically displayed decreased body and stomach weight, mucus secretion, gastric acid production, ulcer scores, pepsin secretion, and intestinal transit time. Severe mucosal damage, including cytoarchitectural distortion, epithelial erosion, eosinophilic infiltration, muscular mucosa enlargement, and glandular cell degeneration, was confirmed by histological examination of stomach tissues. According to these findings, METH causes significant gastrointestinal disruption and inflammation.
By raising dopamine levels in the brain, which reduce hunger and change ghrelin and leptin signaling, METH seems to have an impact on the hypothalamic areas that regulate appetite. This is in line with the weight loss that was seen and confirms earlier research by [29] that connected METH usage to appetite suppression and weight loss. The loss in stomach weight is probably the result of ischemia, mucosal injury, and poor digestion due to inflammation and vasoconstriction brought on by METH. 
On the other hand, many of these negative effects were lessened by Ginkgo biloba extract, which is high in flavonoids and antioxidants. Rats that received Ginkgo biloba concurrently displayed decreased gastric acid and pepsin production, improved body and stomach weight, and decreased ulcer scores. According to earlier research Noor et al [30] Ginkgo biloba promotes insulin signaling, lowers inflammation (by down regulating NF-κB and TNF-α), and increases blood flow. These effects may help heal damaged tissue and facilitate the absorption of nutrients. These characteristics support its medicinal potential in reducing the METH-induced toxicity. 
Given that pepsin not only facilitates digestion but also aggravates mucosal damage, impeding ulcer repair, the increased pepsin secretion seen in the METH group is especially concerning [31]. This, together with increased acid production, makes the stomach lining unfavorable. For instance, in the METH group, gross observations showed widespread ulceration and micro-bleeding, confirming significant mucosal degradation. Inflammatory features such as eosinophilic infiltration, glandular degeneration, and muscle hypertrophy that all indicate METH-induced stomach disorders- were seen in photomicrographs. METH treatment also increased intestinal transit time, which may have been due to permeability-increasing intestinal mucosal injury and epithelial barrier breakdown. Li's [32] findings, which connected METH usage to impaired gut integrity, are consistent with this discovery.

The protective effects of Ginkgo biloba co-administered with METH were demonstrated by better stomach histology, which showed less ulcers and a partial restoration of mucosal integrity. These findings are consistent with past research showing that the anti-inflammatory and antioxidant properties of Ginkgo biloba provide gastroprotective benefits [33]. The precise mechanism by which Ginkgo biloba ameliorated this impact by shortening transit time is unclear. It could be adduced that the gut environment may be stabilized due to its antioxidant properties, although more research is required to fully understand this. 
Conclusion
In conclusion, this study shows that long-term METH use negatively impacts gastrointestinal function by lowering stomach and body weight, raising pepsin and acid output, causing mucosal injury, and slowing intestinal transit. Ginkgo biloba extract considerably reduced these symptoms, most likely as a result of its antioxidant, anti-inflammatory, and mucosal-healing qualities. These findings highlight the modulatory effects of Ginkgo biloba on METH-induced gastrointestinal alterations, suggesting its influence on intestinal transit and mucosal integrity. While these results advance our understanding of its biological interactions, further research is essential to elucidate the underlying mechanisms and evaluate its translational relevance.
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