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Histomorphology Architecture and Weight Changes Following Long Term Exposure to Marijuana (Cannabis sativa) Smoke on the Liver of Wistar Rats



Abstract
Smoking is a practice in which a substance such as, tobacco, marijuana or cannabis is burned and the smoke tasted or inhaled. This study was carried out to assess the effects of marijuana (Cannabis sativa) smoke on the weight and the histomorphological architecture on the liver of wistar rats. Fifty (50) male wistar rats with weights ranging from 170-250g divided into five groups A-E of ten (10) rats each were used for the study. The rats in the control groups (A and B) were exposed to normal air and smoke from cigarette wrapper respectively, while the rats in groups C, D, and E were exposed to smoke from a completely burnt 1.0g marijuana (Cannabis sativa) wrapped with 0.5g of cigarette wrapper once/day, twice/day and thrice/day respectively. The duration of exposure in all the groups was for seven and fourteen days for acute and chronic respectively. The animals were then anesthetized, sacrificed and the livers were obtained from each animal and transferred directly to 10% formal saline for histopathological analysis using Haematoxylin and Eosin (H&E) stain. The weights were also taken at baseline and during the treatment. The results showed that there was a significant increase (p<0.05) in the body weight of wistar rats treated with marijuana (Cannabis sativa) (group C, D and E) when compared with control rats (A and B). In the liver tissue of the rats in the control groups (A and B), the histological profile of the livers was preserved, whereas in groups C, D and E the histological outline of the liver tissues obtained revealed disruptive characteristics such as distortion with inflammatory cell, mild sinusoidal congestion and moderate portals congestion and basophilic hepatocytes. Data obtained from this study show that exposure to the smoke extract of marijuana (Cannabis sativa) on the liver have deleterious effects on the cytoarchitecture of these organs in wistar rats. This therefore indicates that Cannabis sativa and its constituents are possible hepatotoxic substances.
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Introduction
[bookmark: _Hlk193028991][bookmark: _Hlk193028916]Cannabis sativa plants' dried leaves and blossoms are referred to as marijuana, sometimes called "pot," "grass," "weed," "hemp," and "blow and puff" (Taiwo et al., 2021; Longoria et al., 2022). The Cannabaceae family includes the annual plant Cannabis sativa. Throughout recorded history, people have grown this herb for food, seed oil, and industrial fiber. The herb has long been utilized by people as a medication, a drug, and a spiritual aid. Depending on its intended use, different parts of the plant are collected. When used in this way, Cannabis sativa products are smoked, vaped, or taken orally (Imran et al., 2023). Cannabis sativa is still the most commonly used illegal natural plant, even though it is illegal in many nations, including Nigeria (Ejime et al., 2022). A significant minority and, in certain cases, the majority of young adults use cannabis in numerous societies around the world (Connor et al., 2021). About 60 of the more than 400 chemical components found in Cannabis sativa are cannabinoids. Delta-9-tetrahydrocannabinol was the first to be identified and was primarily in charge of the plant's psychotropic qualities (Černe, 2020). Perceptual alterations, strong laughter, talkativeness, relaxation, and mild euphoria are among the subjective effects of cannabis and its primary psychoactive ingredient, delta-9-tetrahydrocannabinol (Δ9-THC) (Wolfe et al., 2020; Le et al., 2022). Cannabis usage, however, can also have negative consequences, such as paranoia and memory loss (Freeman et al., 2015; Kroon et al., 2021). According to Hammond et al. (2020) and Schlag et al. (2021), long-term cannabis use can result in dependence, and stopping it can cause affective withdrawal symptoms like increased anxiety, irritability, aggression, a strong desire for cannabis, trouble sleeping, and physical complaints (Millea, 2020; Cooke et al., 2021; Adams et al., 2022).

Smoking is the act of burning a material, like tobacco or marijuana, and then tasting or inhaling the smoke. Since burning releases the active ingredients in medicines like nicotine and makes them available for absorption through the lungs, it is mostly used as a method of administration for recreational drug use. In order to create trances and spiritual enlightenment, it might be used into ceremonies (Akintaro, 2015). Smoking is caused by a number of factors, such as a lack of knowledge about the negative effects of smoking, appealing tobacco advertisements, the large number of smokers, the rebelliousness and immaturity of young people, a lack of mature judgment, a lack of laws to regulate smoking, addiction, unhealthy consumption beliefs, and the use of tobacco for enjoyment and social interaction (Xiong et al., 2020).
The effects of Cannabis sativa manifest in a matter of seconds and become noticeable and full in a few minutes, with a typical duration of two to three hours (Okobi et al., 2022; Śmiarowska et al., 2022). Users of marijuana (Cannabis sativa) typically smoke the drug in hand-rolled cigarettes known as joints, among other names. Other methods of smoking it include using bongs, which are water pipes (Stella et al., 2021). Additionally, it is used to make tea and occasionally combined with meals (Ejime et al., 2022).
Numerous high-volume biochemical reactions, including the production and breakdown of tiny and complex molecules, occur in the liver, an essential organ found in vertebrates. Many of these reactions are required for regular vital processes (Coman et al., 2021; Castera & Cusi, 2023). These include the metabolism of carbohydrates, amino acids, proteins, fats, detoxification, drug metabolism, bile secretion and excretion, clotting factor synthesis (I, II, V, VII, IX, X), hormone synthesis, phagocytotic activity, glucose storage, vitamin A, D, B12, copper, and iron (Coman et al., 2021).
Only a small percentage of the cannabis plant, specifically the flowering tops and some of the leaves, contain delta-9-tetrahydrocannabinol (THC), the active element in cannabis (Imran et al., 2023). Following inhalation, delta-9-tetrahydrocannabinol is quickly absorbed and circulated. The first metabolism occurs in the liver and lungs, where it is converted to the more powerful and readily translatable 11-hydroxy-tetrahydrocannabinol. 11-hydroxy-tetrahydrocannabinol undergoes further metabolism in the liver, where it is changed into a variety of inactive metabolites. These include 11-nor-carboxydelta-9-tetrahydrocannabinol, which is seen in large amounts in plasma and urine minutes after smoking (Černe, 2020).
One possible side effect of using different illegal substances is hepatotoxicity, which may result from the way the chemicals are metabolized in the liver (Ahmed et al., 2022). Over the past ten years, there has been a significant increase in the use of marijuana (Cannabis sativa) by young people in the form of cigarettes made from dried leaves, flowers, and stalks of female Cannabis sativa plants (Connor et al., 2021). Cannabis sativa, or marijuana, contains cannabinoids that have become important mediators in a number of pathophysiological disorders over the last 20 years. Additionally, both the number of people using marijuana (Cannabis sativa) and the long-term health effects of using it have dramatically increased in recent years. A certain level of liver impairment may result from the effects of cannabis and its ingredients on specific hepatic enzymes (Haktanır et al., 2025). Hepatic morphologic and enzymatic changes are linked to cannabinoids, which may be hepatotoxic drugs. According to research, it raises the activity of ALP in both human smokers and injected rats, and this will rise as the dose and duration of use increase. However, the levels of ALT and AST rise initially and then fall with time (Nwonuma et al., 2021). Additionally, it has been found that the mean GGT activity and alkaline phosphatase (ALP) activity of marijuana (Cannabis sativa) users were 86.6% and 121.7% higher, respectively, than those of the control group and the non-smokers, respectively (Barré et al., 2020). Thus, the purpose of this study is to illustrate how long-term exposure to marijuana (Cannabis sativa) smoke affects the liver of Wistar rats in terms of histomorphology architecture and weight alterations.

Study Area
The study was conducted at Ambrose Alli University in Ekpoma, Edo State's Esan-West Local Government Area. The town, which has an estimated population of 125,842, is situated at latitude 60.75IN and longitude 60.13IE. The majority of the residents are farmers, civil servants, and students.
Study Design
Both experimental and observational study designs were used in this investigation. For a duration of 14 days, fifty (50) adult male wistar rats were used in this investigation (7 days for acute and 14 days for chronic).
Experimental Animals
After being purchased from the laboratory animal house at the College of Medicine, Ambrose Alli University Ekpoma, Edo State, fifty (50) male wistar rats weighing between 170 and 250 grams were moved to the Experimental Laboratory Health Affairs Ventures, Ekpoma, where they were given two (2) weeks to acclimate. To avoid contamination, they were housed in wire mesh cages with tripods that kept the animal and its waste apart. Rats were given growers' mash and unlimited water during the acclimation phase. The study was carried out in compliance with the European Community's rules (EEC Directive of 1986; 86/609/EEC), which contain internationally recognized standards for the use and care of laboratory animals.
Substance Preparation
The Nigeria Drug Law Enforcement Agencies (NDLEA), Benin Command, Benin, Edo State, Nigeria, provided the sample of Cannabis sativa (marijuana), which was botanically identified and verified at the Botany Department's Herbarium at Ambrose Alli University, Ekpoma. It was allowed to air dry in a typical laboratory setting. In accordance with Dubey et al.'s (2023) technique, 1.0 g of dried marijuana (Cannabis sativa) was wrapped in 0.5 g of sterilized wrapper and burned to create the smoke extract for animal exposure.
Experimental Design 
Five groups (A, B, C, D, and E) of ten (10) rats each were created by random assignment. Following Massányi et al.'s (2020) methodology, they were put in closed glass chambers that were about 0.1 m² in volume (37 x 54 x 30 cm) and had a 2 cm opening on the top surface.
Group A (Control rats): Where not exposed to marijuana (Cannabis sativa) smoke.
Group B: exposed to smoke of burnt 0.5g of marijuana (Cannabis sativa) wrapped with 0.5g of sterilized wrapper for 5 minutes once per day
Group C: exposed to smoke of burnt 1.0g marijuana (Cannabis sativa) wrapped with 0.5g of sterilized wrapper for 5 minutes once per day (9.00am)
Group D: exposed to smoke of burnt 1.0g marijuana (Cannabis sativa) wrapped with 0.5g of sterilized wrapper for 5 minutes twice per day (9.00am, 1.00pm)
Group E: exposed to smoke of burnt 1.0g marijuana (Cannabis sativa) wrapped with 0.5g of sterilized wrapper for 5 minutes thrice per day (9.00am, 1.00pm and 5.00pm).
Animal Sacrifice
Following their anesthesia with chloroform, the animals were slaughtered in two stages: after day 7 for acute and after day 14 for chronic. The organs of interest (liver) were exposed by gently dissecting their anterior thoraco-abdominal cavities in the midline while they were supine on the dissection board. Before undergoing additional histological treatment and analysis, the livers were placed in 10% formol saline to fix for at least 72 hours. Animals' baseline and pre-sacrifice body weights were also recorded.
Histological Protocol
In accordance with the processing schedule utilized at AAU, Ekpoma, Edo State, the tissues were processed using an automatic tissue processor. Using a normal histology approach, the tissues from the fixed plastic cassette were automatically treated in 10% formalin. A light microscope was utilized to examine the slides, and photomicrographs were taken (as used in AAU, Ekpoma).


Microscopy and Photomicroscopy
The organs' well-stained sections were examined for pathological alterations using a Swift binocular microscope that has an integrated illumination system. The photomicroscope was used to take pictures of the slides.
Method of Data Analysis
SPSS (version 20) was then used to statistically analyze the collected data. ANOVA was used to compare the test groups' values with the control group's values at a 95% confidence level. The mean± standard error of mean (SEM) was used to depict the values.
Results
Table 1 shows the body weight (g) of control rats (A and B) and test rats (C, D and E) at baseline, acute and chronic phases. The mean±SD weight of group A, B, C, D and E at baseline were 223.40±9.61g, 226.70±6.52g, 223.80±7.87g, 226.50±5.72g and 225.40±6.96g respectively. There was no significant difference (p>0.05) in the body weight among the groups at the baseline. The mean±SD weight of group A, B, C, D and E at acute phase were 227.00±7.42g, 230.10±9.86g, 240.00±25.06g, 246.30±7.76g and 248.90±4.23g respectively. There was a significant increase in the body weight of wistar rats treated with marijuana (Cannabis sativa) (group C, D and E) when compared with control rats (A and B). The mean±SD weight of group A, B, C, D and E at chronic phase were 230.80±6.60g, 235.00±7.96g, 247.20±25.36g, 253.20±7.44g and 259.40±4.33g respectively. There was a significant increase in the body weight of wistar rats treated with marijuana (Cannabis sativa) (group C, D and E) when compared with control rats (A and B).
Table 2 showed the effects of marijuana (Cannabis sativa) smoke on the histology of the liver. An acute phase, the animals in group A and B (control groups) showed normal hepatic cytoarchitecture. Distortion with inflammatory cell was observed in few of the animals in group C while all animals in group D and E showed distortion of inflammatory cell. Animals in group D and E showed mild sinusoidal congestion and the effect was more in group E animals. Moderate portals congestion and basophilic hepatocytes was observed only in group E animals. In chronic phase, the animals in group A and B (control groups) showed normal hepatic cytoarchitecture. Distortion with inflammatory cell was seen in all the group treated with marijuana (Cannabis sativa), mild sinusoidal congestion was observed in group D and E while moderate portals congestion and basophilic hepatocytes was observed in group E only.







Table 1: Body Weight at Baseline, Acute Phase and Chronic Phase of Wistar Rats Fed with Marijuana (Cannabis sativa) and Control Rats
	Phases
	Group A
Mean±SD
weight (g)
	Group B
Mean±SD
weight (g)
	Group C
Mean±SD
weight (g)
	Group D
Mean±SD
weight (g)
	Group E
Mean±SD
weight (g)
	F-value
	p-value

	Baseline
	223.40±9.61a
	226.70±6.52a
	223.80±7.87a
	226.50±5.72a
	225.40±6.96a
	0.418
	0.698

	
Acute Phase
	
227.00±7.42a
	
230.10±9.86a
	
240.00±25.06b
	
246.30±7.76b
	
250.90±4.23b
	
5.805
	
0.004

	
Chronic Phase
	
230.80±6.60a
	
235.00±7.96a
	
247.20±25.36b
	
253.20±7.44b
	
259.40±4.33b
	
7.892
	
0.001



Table 2: The Histological Effects of Cannabis sativa on the Liver of Wistar Rats
	Duration
	Microscopical
Observation
	Group A
	Group B
	Group C
	Group D
	Group E

	



Acute
(7 Days)
	Animals
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	
	Normal hepatic cytoarchitecture
	+
	+
	+
	+
	*
	+
	+
	+
	+
	+
	+
	+
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Distortion with inflammatory cell
	
	
	
	
	
	
	
	
	
	
	-
	-
	+
	+
	/
	++
	++
	++
	++
	++
	++
	++
	++
	++
	++

	
	Mild sinusoidal congestion
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-
	+
	+
	+
	+
	++
	++
	++
	++
	++

	
	Moderate portals congestion and basophilic hepatocytes
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	+
	++
	++
	++
	++

	



Chronic
(14 Days)
	Normal hepatic cytoarchitecture
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Distortion with inflammatory cell
	
	
	
	
	
	
	
	
	
	
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	
	Mild sinusoidal congestion
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	
	Moderate portals congestion and basophilic hepatocytes
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	+
	++
	++
	++
	++


KEYS: + = present (mild), - = absent, ++ = moderately present, * = Escaped, /= Dead

[image: C:\Users\IDEHEN CHARLSE\Desktop\otodo-liver\work9.jpg]Histomorphology Observations in the Liver
Figure 1: GROUP A: Control rat liver composed of hepatocytes (thin white arrow) and sinusoids (thin black arrow) and central vein (thick black arrow). (H&E x 400)
[image: ]




Figure 2: Group B: Control rat liver composed of hepatocytes (thin white arrow) and sinusoids (thin black arrow) and central vein (thick black arrow). (H&E x 400)
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Figure 3: GROUP C: Rat liver treated with Marijuana (Cannabis sativa) showing normal hepatocytes (black arrow) and sinusoids (white arrow) (H&E x400)
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Figure 4: GROUP D: Rat liver treated with Marijuana (Cannabis sativa) showing mild tissue sinusoidal congestion (black arrow) and basophilic hepatocytes (white arrow) (H&E, X400)
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Figure 5: GROUP E: Rat liver treated with Marijuana (Cannabis sativa) showing moderate portal congestion (black arrow) and basophilic hepatocytes (white arrow) (H&E, X400).

Discussion
The effects of cannabis on the body's organs are the subject of numerous scientific discussions. The purpose of this study was to evaluate how marijuana (Cannabis sativa) affected the weight and liver of wistar rats. When compared to control rats, the results of this study indicated that wistar rats treated with marijuana (Cannabis sativa) had higher body weights (Table 1). This was consistent with the findings of Richard et al. (2020) and Goodpaster (2025), who found that rats fed marijuana (Cannabis sativa) gained weight in their respective investigations. Since marijuana (Cannabis sativa) and its various chemical constituents (cannabinoids) as well as substances generated internally that activate cannabinoid receptors (endocannabinoids) seem to have particular effects on the regulation of feeding behavior, the increase in body weight has been ascribed to these factors (Goodpaster, 2025).  According to Dörnyei et al. (2023), endocannabinoids have a wide range of ubiquitous modifying activities, including the regulation of body weight, and are significant biomediators and metabolic regulators in mammalian physiology.  DiPatrizio (2021) also noted that activation of the mammalian cannabinoid system's CB1 receptors specifically enhances food craving and enjoyment and encourages the storage of energy as fat in adipose tissues, which may be the cause of the weight gain seen in this study.
Comparing the liver sections from animals in groups C, D, and E to those from animals in groups A and B reveals clearly different histological patterns. Among the histological abnormalities observed in the liver sections of animals treated with cannabis are distortion with inflammatory cells, mild sinusoidal congestion, moderate portal congestion, and basophilic hepatocytes. This was in line with the findings of Ejime et al. (2022) and El Ghachi et al. (2025). Ejime et al. (2022) noted degeneration and disruption of the hepatocytes and cells lining the bile ducts with central portal vein occlusions in cannabis-treated animals, while El Ghachi et al. (2025) reported that the livers of animals treated with cannabis showed significant histological damage with increased infiltration of inflammatory cells in pericentral areas, necrotic cells, pyknotic nuclei, marginated chromatin in some nuclei and giant cells, cytoplasmic vacuolation, and fatty changes of hepatocytes with sinusoidal dilatation and congestion. The liver's physiological and biochemical functions will probably be compromised in conjunction with these histological anomalies. It is well recognized that hepatocytes are crucial to liver function. One of the primary sources of energy for the body's use, they usually contain glycogen and use the processes of glycolysis, glycogenesis, and gluconeogenesis to keep blood glucose levels stable (Gartner, 2020; Lowe et al., 2023). The liver may not operate properly as a result of the microanatomical deterioration in the hepatocytes' integrity shown in this study.
The results of this study also demonstrated that, in comparison to control rats, the body weight of the Wistar rats treated with marijuana (Cannabis sativa) increased significantly (p<0.05). This was consistent with research by Amaza et al. (2013) and Sansone and Sansone (2014), who found that rats fed marijuana gained weight in their various trials. Endocannabinoids, which are compounds produced within the body that activate cannabinoid receptors, and marijuana's several chemical components, known as cannabinoids, have been linked to the increase in body weight. These substances appear to have unique effects on the control of feeding behavior. Endocannabinoids are key mediators and metabolic regulators in mammalian physiology, according to Vemuri et al. (2008) and Hasan (2023). They have a wide range of modifying effects, including controlling body weight. According to Kirkham (2008), activation of the mammalian cannabinoid system's CB1 receptors specifically enhances food craving and enjoyment and encourages the storage of energy as fat in adipose tissues, which could be the cause of the weight gain seen in this study.
Conclusion
Smoking marijuana (Cannabis sativa) has detrimental and frequently fatal impacts on human health. The results of this study demonstrate that wistar rats' liver cytoarchitecture is negatively impacted when exposed to marijuana smoke extract (Cannabis sativa). Consequently, this suggests that Cannabis sativa and its components may be hepatotoxic. Given these effects on the histological integrity of the organ under study in these rats, we advise that everyone, especially our young people who have developed a cannabis addiction, be made aware of the risks associated with cannabis use. We also advise against the indiscriminate cultivation and use of cannabis due to the detrimental effects it had on the organs under study in the treated animals in this study. Additionally, more research should be conducted to ascertain the mechanism of the histological change caused by marijuana (Cannabis sativa) on this essential organ.
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