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Abstract

Background and Objective: The rate of use of cannabis is rapidly increasing in society. Some of its usefulness has been
documented, while its effect on weight changes is still understudied. This study was carried out to evaluate the weight
changes, physical changes, and histological effects of cannabis on the kidney of Wistar rats. Materials and Methods:
They were divided into five groups, A, B, C, D, and E comprising five rats each. The study involved 25 growing Wistar
rats with weight ranges between 250-275g and 50 growing Wistar rats for LD50, with weight ranges between 250-275g.
Groups A served as the control and received only growers’ mash and distilled water, while groups B, C, D, and E
received 65mg/kg body weight, 130mg/kg body weight, 162mg/kg body weight, and 194mg/kg body weight of cannabis
respectively. Animal weights were measured before and after the administration of cannabis. The control rats and test
animals were sacrificed after 28 days, and the kidney was harvested for histological processing. The results obtained
were compared with the control using the statistical package for social science (SPSS) version 20 with a level of
significance (P<0.05). Results: The results on weight recorded were; group B (310.0+14.14), groups C (273.0£2.32), D
(295.0+7.07), and E (277.0+3.53) recorded significant (P<0.05) lower weight when compared with the control group The
control kidney tissue section, however, presented normal cytoarchitectural features of the kidney while the test groups
showed histological alterations which were dosage induce. Photomicrograph of group B kidney tissue section shows
kidney cytoarchitecture with vacuolations and mild glomerular distortion, photomicrograph of group C kidney tissue
section shows kidney cytoarchitecture with vacuolations, photomicrograph of group D kidney tissue section shows
shrinking glomeruli which were adjacent to a normal glomerulus and photomicrograph of group E kidney tissue section
shows glomerulus surrounded by cellular infiltrates. Conclusion: The study's findings revealed that cannabis has a
deleterious effect on the cytoarchitecture of the kidney in a dose-dependent way. Also, more studies are needed to
identify the time in relation to dosage consumption effect, knowing which could be harmful to living and the LDs, that
would produce 100% mortality.

Keywords: Rats; Wistar; Kidney; Histology; Weight; Marijuana; Cannabi.

1. Introduction

Cannabis is a dioecious (having male and female flowers in separate plants), green, leafy plant with
characteristic opposite, usually seven-fingered, lance-shaped leaves; on dry, sandy, slightly alkaline soil, it can grow
to more than seven meters in height. Glandular hairs develop on the female flower, which secretes a resin. Female
plants are more important than male plants for commercial purposes: their fibers are thicker, they form nutritious
seeds, and they contain the psychoactive principle tetra hydro cannabinol (THC) [1].

Over the years, Cannabis has remained the most widely used illicit drug worldwide due to its affordability and
availability [2]. Besides, cannabis is a major controversial drug as there are numerous conflicting and controversial
reports concerning its psychological and physiological effects [3]. Many reports have linked cannabis smoking to the
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development of psychosis [4]. Certain studies have also suggested that cannabis smoking is only a form of self-
medication in people with psychotic symptoms rather than a causative factor in the development of psychosis [5].

The kidney is a bean-shaped structure having a convex and concave surface. The concave surface, the renal
hilum, is the point at which the renal artery enters the organ and the renal veins leave. The renal capsule, a thick
fibrous structure that encloses the kidney, is surrounded by perinephric fat, renal fascia, and perinephric fat. The
peritoneum forms the front boundary of these tissues, and the transversalis fascia forms the posterior border. The
kidney is roughly 6 cm wide, 4 cm thick, and 11 to 14 cm long [6, 7].

Furthermore, the kidney is an organ with several functions and essential roles in most animals, including
vertebrates and some invertebrates. It is an essential part of the urinary system and serves homeostatic functions,
such as regulating electrolytes and maintaining acid-base balance and water balance (via maintaining salt). They
serve as the body’s natural filter of blood by removing metabolic by-products and wastes (Urea and ammonium) and
is responsible for the re-absorption of water, glucose, and amino acid as well as the production of a hormone
(calcitriol, erythropoietin) and some enzymes (rennin) [8].

Cannabis could be described as a dry, shredded mixture of the flowers, stems, leaves, and seeds of the cannabis
plant. The plant has three species: Cannabis sativa, Cannabis indica, and Cannabis ruderalis. Cannabis sativa leaf is
typically green but brown if dried. The primary psychoactive component of cannabis is delta-9-
tetrahydrocannabinol (A9-THC) [9]. There seems to be an upsurge in reports in recent years that support cannabis
psychosis. Further, a review of the evidence surrounding the acute impact on memory concluded that cannabinoids
impair all aspects of short-term memory, especially short-term episodic and working memory [10]. Marijuana, like
every other substance filtered by the kidney, there is a need to evaluate its effect of this plant on the kidney. Also,
most herbal concoctions are not officially regulated like conventional drugs, and reports have shown that their use
and abuse are highly prevalent [11].

Numerous studies have demonstrated that cannabis smoking has major physical impacts on the body in addition
to its psychological effects [12, 13]. Heart rate has been shown to rise by 20-50% while using cannabis. This most
immediate reaction happens shortly after using cannabis. Inexperienced cannabis users frequently experience
orthostatic hypotension, or 'light-headedness,’ which is commonly the first sign of intoxication, when they suddenly
shift their position from laying down to standing up [14]. Other physical effects of cannabis include lowering of
body temperature, dry mouth, decreased intraocular pressure, and muscle relaxation [15]. Reddening of the eyes due
to conjunctiva blood vessel congestion is another impact of cannabis. The immune system has also been
demonstrated to be impacted by cannabinoids [16]. Cannabis enhances appetite, according to clinical research and
survey data [17]. It has been demonstrated that the primary component of cannabis, 9-tetrahydrocannabinol (THC),
alters both the action and release of insulin [18]. This may help to explain the use of cannabis for diabetes self-
medication. Additionally, cannabis has reportedly been used medicinally to treat depression [19]. Leprosy,
leucoderma, scabies, smallpox, allergies, burns, cuts, and wounds, as well as sexually transmitted infections and
inflammatory conditions have all been treated with cannabis [20]. In Asian traditional medicine, various cannabis
preparations have been used to treat a wide range of illnesses, including inflammation, nausea, headaches,
hematochezia, diarrhea, and alopecia [21, 22]. These preparations have also shown to have potent anti-inflammatory,
analgesic, antipyretic, and antidiarrhea properties [23].

There is a lack of information on potential health effects in developing nations, which may be used to inform
health analyses of national development programs. A pre-clinical experimental look at the chronic health effects of
cannabis can be provided in the laboratory using experimental animal models in which well-controlled doses are
administered over a period of time. Therefore this research is focused on the impact of cannabis on the histology of
the kidney in albino rats. The aim of this study was to evaluate the histological effect of marijuana on the Kidney of
Wistar rats. This study is limited to the evaluation of the histological effect of Marijuana on the kidney of Wistar
rats.

2. Materials and Methods

2.1. Study Duration

The preliminary studies, animal acclimatization, ingredients procurement (Marijuana preparation and
production), actual animal experiment, and evaluation of results lasted for a period of three months (July to
September, 2021). However, the administration of Marijuana to the test animals lasted for 28 days.

2.2. Ethical Considerations

Approval was obtained from the Research and Bioethics Committee of Ambrose Alli University, Ekpoma,
Nigeria, and the study was carried out in strict accordance with the guidelines for the care and use of animals for
research.

2.3. Procurement of Plant Material and Authentication

Permission was sought from the National Drug Law Enforcement Agency (NDLEA) at their branch office at
Irrua, Edo State. The leaves were also obtained from the NDLEA office and were authenticated at the Department of
Botany, Ambrose Alli University, Ekpoma.
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2.4. Experimental Animals/Housing Condition

Twenty-five (25) Adult Albino Wistar rats of both sexes and of comparable sizes and weights were procured
from the animal house and transferred to the experimental site, where they were allowed two (2) weeks of
acclimatization. During this period of acclimatization, the rats were fed growers’ mash water provided ad libitum.

2.5. Experimental Design/Animal Grouping

The experimental animals were separated into five groups (A - E). Group A had five rats (n = 5), and groups B -
E had five rats (n = 5), each using 5 big cages to house them.

Group A served as the control and received only the normal feed (grower’s mash) and water with no
administration of Marijuana, while Group B, C, D, and E received different doses of Marijuana. For the LD50, fifty
(50) Wistar was used and kept in separate big cages.

2.6. Substance Preparation

Dried leaves of marijuana were grounded and weighed in graded doses; each dose was dissolved in 1mL of
water and administered to the rats daily; Group B was given 65mg, Group C was given 130mg, Group D was given
162mg, and Group E was given 194mg daily of marijuana for 28 days.

2.7. Substance Administration

Each dose of powdered cannabis Sativa was dissolved in 1mL of water and administered to all the rats with
exception of the control. The administration of the marijuana was given orally as follows:

e  Group A (Control) received only normal feed (growers’ mash) and distilled water daily for 28days.

e Group B received 65mg/kg bw of Marijuana, feed, and distilled water (5mL) daily for 28days.
Group C received 130mg/kg bw Marijuana, feed, and distilled water (5mL) daily for 28days.
Group D received 162mg/kg bw Marijuana, feed, and distilled water (5mL) daily for 28days.

e  Group E received 194mg/kg bw Marijuana, feed, and distilled water (5mL) daily for 28days

The animals were weighed on the first day of acclimatization and fed with feed and water given ad libitum.
They were housed in well-ventilated labeled wooden cages at the site of the experiment. The cages were designed to
properly secure the animals, especially wild animals/insects, and were cleaned daily. The rats were weighed before
the administration of the marijuana and just before they were sacrificed, and similar weight measurements were done
at the end of each week, and the average weight was recorded accordingly.

2.8. Toxicity Studies

The toxicity LD50 was estimated using fifty (50) Wistar rats, and cannabis was administered orally following
Lorke’s method [24] dose levels used ranged from 200 mg to 700mg, and toxicity signs such as nervousness,
excitement, aggressiveness, and dullness were observed, and no mortality was recorded contrary to Lorke’s method
[24] where 700mg produced 100% mortality.

2.9. Sample Collection and Analysis

Weight was taken before, and after acclimatization, similar weight measurements were done at the end of the
treatment periods, and the average weight was recorded accordingly. Furthermore, the kidney of each rat was
obtained at the end of each stage under chloroform anesthesia and fixed in 10% formalin for histological processing.

2.10. Processing Schedule

The tissues were processed using an automatic tissue processor according to the processing schedule used in
Histopathology of the Department of Medical Laboratory Science, Ambrose Alli University, Ekpoma, Edo State,
Nigeria. The fixed plastic cassette tissues in 10% formalin were processed by passing them through different grades
of alcohol as follows:

Beaker 1 10% formal saline 1 hour 30mins

Beaker 2 70% alcohol 1 hour

Beaker 3 80% alcohol 1 hour

Beaker 4 90% alcohol 1 hour

Beaker 5 95% alcohol 1 hour

Beaker 6 95% alcohol 1 hour 30 minutes

Beaker 7 absolute alcohol I 2 hours

Beaker 8 absolute alcohol 11 2 hours

Beaker 9 xylene | 1hour 30minutes

Beaker 10 xylene 11 1hour 30minutes

Wax bath I 2 hours

Wax bath Il 2 hours.

As in use in (Histopathology Laboratory AAU)

After the last timing, the tissues were removed from their plastic cassettes, placed at the center of the metallic
tissue mold, and filled with molten paraffin wax. They were left to solidify, after which they were now placed in the
refrigerator at 5°C for 15 minutes. After the blocks were cool in the refrigerator for the time stated above (15
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minutes), the blocks were then removed from the metallic case using a knife, after which the paraffin wax at the side
of the blocks was removed.

The blocks were trimmed and cut serially at 3nm on a rotary microtome. The sections were floated in a water
bath at 55°C and picked up by the use of clean frosted end slides. The frosted end slides were placed on the hot plate
for 40 minutes for adequate attachment of the sections on the slides, after which the sections were de-waxed,
hydrated, air dried and stored in a slide box ready for the staining process.

2.11. Staining Procedure
Sections for general tissue structure were stained by Haematoxylin and Eosin technique following the steps
below.
The sections were dewaxed in 3 changes of xylene 5 minutes
The sections were hydrated through descending grades of alcohol (absolute, 95%, 80%, and 70%).
The sections were stained in Harris’s hematoxylin 5 minutes
The sections were rinsed in running tap water to remove excess stain
The sections were differentiated in 1% acid alcohol 3 seconds
The sections were blued in running tap water for 10 minutes
The sections were counterstained with 1% eosin 1 minute
Sections were finally rinsed in water and dehydrated in
ascending grades of alcohol (70%, 80, 95%, and absolute)
The sections were cleared in xylene, air-dried, and mounted with dibuthylphthalate propylene xylene
(DPX).
The slides were examined under a light microscope, and a photomicrograph was taken.

BOoo~NoUO~WNE

o

2.12. Data Analysis
The mean weight £ SD of the test animals and control before and after the administration of marijuana were
calculated using SPSS (version 21).

3. Results

3.1. Results of Histological Observations

Sections of tissue were analyzed for histological changes in the kidney, and the results were shown in Figs.
1,2,3,4,5; The photomicrograph of the control kidney tissue section with normal kidney cytoarchitecture were sown
in Fig. 1, distinct renal tubules, and glomerulus. The photomicrograph of group B kidney tissue section with kidney
cytoarchitecture with vacuolations and mild glomerular distortion were shown in Fig. 2. The photomicrograph of
group C kidney tissue section with kidney cytoarchitecture and vacuolations as shown in Fig. 3. The
photomicrograph of group D kidney tissue section with shrinking glomeruli adjacent to a normal glomerulus as
shown in Fig. 4. The photomicrograph of group E kidney tissue section with glomerulus surrounded by cellular
infiltrates as shown in Fig. 5.

Figure-1. Photomicrograph of control kidney tissue section (H&E x400) showing normal kidney cytoarchitecture with distinct renal tubules
(white arrow) and glomerulus (black arrow)
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Figure-2. Photomicrograph of group B kidney tissue section (H&E x400) showing kidney cytoarchitecture with vacuolations (white arrow) and
mild glomerular distortion (black arrow)

Figure-4. Photomicrograph of group D kidney tissue section (H&E x400) showing shrinking glomeruli (white arrows) which were adjacent to a
normal glomerulus (black arrow)
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Figure-5. Photomicrograph of group E kidney tissue section (H&E x400) showing glomerulus surrounded by cellular infiltrates (black arrow)

These micrographic histological changes in the kidney were further described in the signing Table 1

Table-1. Histolcal Observations of the Effect of Marijuana on the Kidney of Wistar Rats

Histological | GROUP A GROUP B (65mg/mL) GROUP C (130 mg/mL) | GROUP D (162 GROUP E (194 mg/mL)
effect CONTROL mg/mL)
1 {23 [4]5[1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Normal S I I I A B - - - - - - - - - -
histology
Vacuolati -l === =
Glomerular | - - - - - - - - - - H [ HE | | | HH
distortion
Shrinking | e | e | e | e
glomeruli
Cellular | | A | |
infiltrates

KEY: - = Negative; ++ = Mild; +++ = Moderate; ++++ = Severe

3.2. Results on Weight

The body weight changes of rats fed with cannabis at various intervals as shown in Table 2. The results showed
an increase in the control's weight during the study period. However, the weight of the rats fed with marijuana also
increased in all the groups. The mean and standard deviation values of the body weight of rats in all groups before
the period of marijuana administration are significant.

Table-2. Body weight changes of rats fed with graded dose of marijuana at various intervals
Weight A Control B (65mg/mL) | C (130mg/mL) | D (162mg/mL) | E (194mg/mL) F value P value
()] (n=5) (n=5) (n=5) (n=5) (n=5)
WBMA 252.5+3.53 277.5+3.53 252.5+3.53 272.5+3.53 215.5+2.12 29.30 0.001 (S)
WAMA 327.5+ 353 | 310.0+14.14 273.0+2.32 295.0+7.07 277.0+£3.53 18.18 0.004 (S)

KEY: P-value (P<0.05): significant; WBMA: weight before marijuana administration; WAMA: weight after marijuana administration
Values are mean * standard deviation; n: Number of sample; s: significant; n/s: not significant

3.3. Results of Behavioural Observation

Increased appetite was observed in groups (C - D), and the control group presented normal appetite; there were
changes in the color of urine, with groups D and E passing out yellowish-green urine coloration and no changes in
the control and group (B and C). Group (B - E) was inactive, with the control group being active. Control groups B
and C passed out frequently formed stool, while groups D and E passed out and formed stool infrequently, as

illustrated in Table 3.

Table-3. Behavioural Observations during the Study

Observations | Control GROUP B GROUP C Group D Group E
(65mg/mL) (130mg/mL) (162mg/mL) (194mg/mL)
Feeding Normal Normal Appetite increased | Appetite increased | Appetite increased
excessively excessively
Stool passage | Frequent Frequent Frequent formed Infrequent formed | Infrequent formed

formed stool

formed stool

stool

stool

stool

Urine passage

Amber colour

Amber colour

Amber colour

Yellowish green

Yellowish green

Activity

Very Active

Active

Inactive

Inactive

Inactive
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4. Discussion

The kidney is an organ that plays several functions in most animals. Some of the most renowned functions are
its role in the production of urine, its homeostatic functions, regulating electrolytes, and maintaining acid-base
balance and water balance. furthermore, it serves as the body’s natural filter for blood, removing metabolic by-
products and wastes (Urea and ammonium) and then the re-absorption of water, glucose, and amino acid. It is also
involved in the production of hormones (calcitriol, erythropoietin) and some enzymes (rennin) [8]. Marijuana, like
many other drugs, is filtered through the kidney; thus, its impact on the kidney is critical. Furthermore, considering
the widespread use of these herbal plants, the frequency of misuse, and the continual development of data on
dangerous levels, particularly with relation to renal injuries. There is a dearth of scientific literature on the effects of
cannabis on the histology of the kidneys.

After exposure to consumption of cannabis Sativa, test groups B-E showed various visual histopathological and
morphological features relative to the control groups. These morphological changes include vacuolations, some
degrees of glomerular shrinking and distortions, and cellular infiltrates. These histological alterations were
apparently dosage induced with no observable dose escalation relationship. Different morphological patterns were
seen at different doses. At daily doses lower than < 130mg (Group B and C), vacuolations with glomerular
distortions were predominant observed on the H&E slides (97% expression, n= 25), and at higher doses (Groups D
and E), glomerular shrinkage and fatty infiltrate were seen (86%, n=25). However, these observations may be similar
to various other reported literature on the effect of marijuana on the kidney. In their study, Hsu, et al. [25], examined
the effect of cannabinoid receptors and signaling on renal vascular and glomerular damage and proteinuria in CB1
transgenic mice. As a potential cause of nephropathy in their rats, they observed increased expression of vascular
endothelial growth factor (VEGF) and decreased expression of nephrin in the renal glomeruli. The findings were
similar to those seen in severe kidney injury characterized by severe glomerulosclerosis, mesangial expansion, and
fibrosis. Renal CB1 signaling has been shown in various studies [Janice] to play a role in apoptotic cell death and
renal inflammation by triggering pro-inflammatory markers and oxidative stress. Similar observations were also
reported by Twadu [26]. In that study, daily oral treatment of Leptadenia Arborea extracts induced alterations in the
essential organs and tissues of rats, including dilation of kidney tubules. Adekomi, et al. [27] also reported that
extract of D. stramonium leaf had detrimental and severe effects on the histopathology of the kidneys of male
Sprague Dawley rats as compared to control animals [27]. These data suggest that the renal impact of cannabis is
more pronounced in rats given large dosages of the extract for prolonged periods of time.

There were detectable body weight changes for the control rats and those fed with cannabis. However, the large
F ratio with significant p values showed that the variation among group means is more than we expect to see by
chance. Furthermore, the weight of the rats given marijuana rose in all groups, with mean and standard deviation
values of the body weight of rats in all groups before and after marijuana administration being significant. Similarly,
and surprisingly other studies have also reported weight changes in rats fed with cannabis compared to wild types
[Janice] [Barutta].

On the behavioral observation in the study, there was increased appetite among the group (C - D), and the
control group presented normal appetite; there were changes in the color of urine, with groups D and E passing out
yellowish-green urine coloration and no changes in the control and group (B and C). Group (B - E) was inactive,
with the control group being active. Control groups B and C passed out frequently formed stool, while groups D and
E passed out and formed stool infrequently.

5. Conclusions

There were histological abnormalities in the test tissue sections evaluated in this work on the histological effects
of marijuana on the kidneys of adult Wistar rats, and the alterations were clearly dose-caused. There were also
physical changes in the body weight of the test Wistar rats, which increased after cannabis treatment, and these test
rats were equally inactive in greater doses throughout the study period after cannabis administration. The study's
findings revealed that cannabis has a deleterious effect on the cytoarchitecture of the kidney in a dose-dependent
way. Given these findings, indiscriminate usage of the herb should be avoided. More studies should be conducted to
identify the length in connection to dosage consumption effect, the fatality rate, and the LD50 relationship.
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