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Introduction: Cannabis sativa L. roots are traditionally used to manage
gastrointestinal  (Gl) disorders; however, experimental pharmacological
evidence supporting these uses remains limited. This study investigated the
chemical profile, safety, and Gl-related pharmacological effects of an ethanolic
extract of C. sativa roots (CEECs).

Methods: Chemical characterization was performed by spectrophotometric
determination of total triterpenes and HPLC profiling. Safety and pharmacological
effects were assessed through acute oral toxicity testing, antibacterial assays, and in
vivo murine models of gastric emptying, diarrhea, and ethanol-induced gastric ulcer.
Results: CEECs showed a total triterpene content of 67.64 + 5.39 ug LE-mg™, and
HPLC analysis detected p-coumaric acid and N-trans-feruloyltyramine. In vivo,
CEEC:s significantly delayed gastric emptying at 50 mg-kg™ (P = 0.0033) and
reduced fecal output in the castor oil-induced diarrhea model at 50 (P < 0.001)
and 100 mg-kg™ (P = 0.0233), with no effect in the magnesium sulfate-induced
model. CEECs also significantly reduced ethanol-induced gastric mucosal injury
at50 mg-kg™ (P = 0.0484) and 100 mg-kg™ (P = 0.0164). No signs of acute toxicity
were observed at 2000 mg-kg™. Antibacterial activity against Staphylococcus
aureus strains was weak under the tested conditions.

Discussion: These findings provide experimental support for the traditional use of
C. sativa roots in Gl disorders and indicate their potential as a non-psychoactive
source of bioactive constituents.
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1 Introduction

Gastrointestinal (GI) disorders represent a major public
health challenge worldwide due to their high morbidity,
mortality, and economic burden (Gikas and Triantafillidis,
2014; Peery et al, 2022).
historical contexts, medicinal plants have played a central role

Across different cultural and
in the management of GI symptoms, and Cannabis sativa L. has
been repeatedly cited in traditional medical systems for treating
diarrhea, gastritis, dysentery, and other digestive disturbances (Di
Marzo and Piscitelli, 2011; Thapa et al., 2023). These records
suggest a long-standing empirical association between cannabis
use and gastrointestinal health.

In contemporary clinical practice, however, cannabis-based
medicines are primarily derived from the plant’s aerial parts and
are indicated mainly for chemotherapy-induced nausea and
vomiting or appetite stimulation. These effects are attributed to
phytocannabinoids acting through the endocannabinoid system
(ECS), a regulatory network widely expressed throughout the GI
tract and involved in the modulation of motility, secretion, and
epithelial function (Kumar et al, 2021; Legare et al., 2022).
Consequently, pharmacological research has largely focused on
cannabinoid-rich tissues, while other plant parts have received
comparatively less attention.

In contrast, the roots of C. sativa, despite being frequently
mentioned in ethnomedical records, remain poorly explored
from a pharmacological perspective and are often discarded as
agricultural by-products. Ethnopharmacological surveys from
South and Southeastern Asia describe the use of cannabis roots
in the treatment of diarrhea, constipation, dyspepsia, and
inflammatory conditions (Miano et al., 2011; Elhendawy et al,
2018; Altaf et al, 2019; Saha et al, 2019; Kornpointner et al.,
2021; Odieka et al., 2022). However, these traditional applications
have received little experimental validation.

Notably, although cannabis roots contain only trace
amounts of cannabinoids, they are enriched in other classes
of secondary metabolites, including triterpenoids and phenolic
compounds, which may exert biological effects relevant to
gastrointestinal function (Silva et al., 2014; Elhendawy et al,,
2018; Kornpointner et al., 2021; Lima et al., 2021; Huang et al.,
2023). While previous studies have described antibacterial
properties of C. sativa root extracts, systematic investigations
addressing their effects on gastrointestinal motility, diarrhea,
and mucosal integrity are currently lacking. The absence of
integrated pharmacological data limits the interpretation of
their
chemical markers to support future ethnopharmacological

traditional use and hinders the identification of
investigations.

To address this gap, the present study investigated the
pharmacological effects of an ethanolic extract of C. sativa roots
(CEECs) cultivated in Sdo Francisco Valley, northeastern Brazil.
Chemical and biological assays were performed, including
total
antibacterial evaluation, and in vivo models of gastric emptying,

chromatographic  profiling, triterpene  quantification,
diarrhea, and ethanol-induced gastric ulcers. The results provide
experimental evidence supporting the traditional use of cannabis
roots in GI disorders and contribute to the identification of

pharmacologically relevant chemical markers.
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2 Materials and methods
2.1 Plant material

Samples of Cannabis sativa L. (plant name verified by MPNS,
2025) were obtained from the Federal Police of Brazil under
official authorization, following seizure of illegal cultivation
sites in the Sdo Francisco Valley (Pernambuco and Bahia
states, Brazil). The plant identity was confirmed by comparison
with a voucher specimen (no. 23331) deposited in the Vale do Sao
Francisco Herbarium, Federal University of Vale do Sao Francisco
(Petrolina, Pernambuco, Brazil). The study was authorized by the
Brazilian Federal Court (case no. ALE.Pje.0017.0001/2016), the
Brazilian Health Regulatory Agency (ANVISA, Authorization no.
016/2016), and the National System for the Management of
Genetic Heritage and Associated Traditional
(SISGEN, registration no. AC1D0D?9).

Knowledge

2.2 Processing of plant material and extract
preparation

Processing of the plant material followed the method described
by Aratjo et al. (2024). C. sativa roots were collected and processed
as obtained, without anatomical subdivision or selection of specific
portions of the root system. The roots were cleaned and sanitized,
then dried at 45 °C for 3 days and pulverized using a knife mill. The
resulting root powder was stored at room temperature and protected
from light.

A 200 g portion of the powder was macerated at room
temperature in 2 L of absolute ethanol, with solvent renewal
every 3 days, until exhaustion of soluble compounds was
achieved, as indicated by the absence of color change in the
solvent. The combined ethanolic extracts were concentrated
under reduced pressure using a rotary evaporator, yielding the
crude ethanolic extract of C. sativa roots (CEECs).

2.3 Spectrophotometric quantification of
total triterpenes

The spectrophotometric quantification of total triterpenes was
performed according to the method described by Pedrosa et al.
(2020). A 75 pL aliquot of CEECs stock solution at 1 mg mL™" in
ethanol was evaporated at 85 °C. Subsequently, 250 pL of vanillin
solution at 50 mg mL" and 500 pL of sulfuric acid were added. The
reaction mixture was heated at 60 °C for 30 min, cooled in an ice
bath, and treated with 2.5 mL of acetic acid. After 20 min of cooling,
the solution was maintained at room temperature. The blank
solution was prepared using the same procedure, with ethanol
replacing CEECs solution.

A calibration curve ranging from 3.077 to 24.615 ug mL™" was
constructed using lupeol as the reference standard, showing linearity
described by the equation y = 0.0837x - 0.1122 with a coefficient of
determination R* = 0.9966. Absorbance was measured at 548 nm in a
UV-Vis spectrophotometer. The total triterpene content was
expressed as micrograms of lupeol equivalents per milligram of
extract (ug LEemg™). All measurements were performed in triplicate.
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2.4 High performance liquid
chromatography (HPLC) analysis of CEECs

2.4.1 Chromatographic apparatus

HPLC analysis was carried out using a Shimadzu Prominence
series LC20-AT system equipped with a DGU-20A5 degasser, a SIL-
20A HT autosampler, a CTO-20A column oven, an SPD-M20A
photodiode-array detector (PDA), and a CBM-20A communication
bus module.

2.4.2 Chromatographic conditions

The analysis followed the method described by Araujo et al.
(2024) with minor modifications. Separation was performed in a
Shimadzu Shim-pack CLC-ODS(M) Cl18 reversed-phase column
(250 mm x 4.6 mm, 5 pm) maintained at 30 °C under gradient
elution. The mobile phase consisted of solvent A (0.1% formic acid
in ultrapure water) and B (acetonitrile) according to the following
program: 0-45 min, 15%-60% B. The flow rate was set to
1.0 mL min™, and injection volumes were 10 pL for CEECs
solution and 5 pL for reference standards. Detection was
performed was performed using the PDA, with chromatograms
monitored at 280 nm and ultraviolet spectra recorded over the full
acquisition range for peak characterization and comparison with
reference standards.

2.4.3 Samples

A CEECs sample was prepared by dissolving the material in
methanol to obtain a final concentration of 5 mg mL™". The solution
was filtered through a 0.22 pm PVDF syringe filter and transferred to
amber HPLC vials prior to analysis. Reference standards were
prepared and analyzed under identical chromatographic to allow
comparison of retention times and ultraviolet absorption profiles.

Chromatographic peaks were integrated at 280 nm. Relative
peak areas were calculated by normalizing individual peak areas to
the total integrated chromatographic area and expressed as
percentage values.

2.5 Animals

Swiss mice (Mus musculus) of both sexes, weighting 30-40 g and
aged 6-8 weeks, were obtained from the animal facility of the Federal
University of Vale do Sdo Francisco (UNIVASF). The animals were
housed in a temperature-controlled environment (23 °C-25 °C)
under a 12 h/12 h light-dark cycle with free access to standard
chow and tap water prior experimentation. All experimental
procedures were conducted in accordance with the guidelines of
the Brazilian College of Animal Experimentation (COBEA) and were
approved by the Ethics Committee on the Use of Animals (CEUA) of
UNIVASEF (protocol number 0004/230621). Animals were fasted for
18 or 24 h depending on the experimental protocol, with water
provided ad libitum before testing.

2.6 Acute oral toxicity study

The acute oral toxicity study was conducted in accordance with
the Organization for Economic Cooperation and Development
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(OECD) guideline 423 (OECD, 2002). Female Swiss mice (n =
3), individually housed, were used, in line with the guideline
recommendation that females are generally more sensitive to
toxic effects. Animals received a single oral dose of CEECs
(2000 mg kg') by gavage. The control group received the vehicle
only (3% Cremophor EL w/v, in saline) at the same administration
volume (0.01 mL g™).

After dosing, animals were observed at regular intervals during
the first 24 h and subsequently once daily for 14 days to monitor
behavioral changes, clinical signs of toxicity, and mortality. Food
and water intake were recorded daily, and body weight was
measured on days 0, 7, and 14.

At the end of the experimental period, animals were humanely
euthanized by cervical dislocation. The heart, lungs, spleen, liver,
stomach, and kidneys were excised, weighed, and examined
macroscopically for pathological alterations.

2.7 Pharmacological assays

2.7.1 Grouping and dosing of animals

Experimental groups, treatments, doses, and corresponding in
vivo protocols are summarized in Table 1. Male mice were randomly
allocated into groups of six. The negative control groups received the
same vehicle used for CEECs administration. For the ethanol-
induced gastric ulcer model, an additional normal control group
(n = 3), which received vehicle instead of ethanol, was included to
establish baseline gastric morphology. The vehicle used to solubilize
CEECs as well the reference compounds used as positive controls in
the experimental protocols consisted of 3% (w/v) Cremophor EL in
saline. All treatments were administered orally, with the
calculated  according to OECD
recommendations (0.01 mL g'). The selection of the CEECs
doses was based on the results of the acute oral toxicity study.

administered  volume

Specific experimental procedures, treatment intervals, and outcome
measures are detailed in the corresponding sections.

2.7.2 Evaluation of gastric emptying of liquid
test meal

The effects of CEECs on gastric emptying were evaluated
based on the protocol described by Silva et al. (2015), with
experimental groups and dosing regimens summarized in
Table 1. Thirty minutes after treatment, each animal received a
liquid test meal consisting of 0.3 mL of a phenol red solution
(0.5 mg mL™") prepared in 5% glucose. Ten minutes after dye
administration, animals were humanely euthanized by cervical
dislocation, and the gastrointestinal tract was excised and
separated into stomach and small intestine segments. Each
segment was transferred to a vessel containing NaOH solution
(0.1 N) for phenol red recovery. The contents were homogenized,
and proteins were precipitated by the addition of 20%
trichloroacetic acid. After centrifugation, an aliquot of the
supernatant was alkalinized with NaOH solution (0.5 N).
Phenol red content was determined by spectrophotometric
analysis at 560 nm. Gastric emptying was calculated as the
percentage of phenol red transferred from the stomach to the
small intestine relative to the total amount of dye recovered from
both segments.
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TABLE 1 Experimental groups, treatments, doses, and corresponding in vivo protocols used in the study. All treatments were administered orally, and the
administered volume was calculated according to OECD recommendations (0.01 mL g™).

Group Treatment Dose Protocol
Negative control Vehicle 0.01 mL g* All
Normal control Vehicle 0.01 mL g’ Ethanol-induced gastric ulcer
Positive control Loperamide 10 mg kg Gastric emptying
Positive control Loperamide 20 mg kg™ Castor oil- and magnesium sulfate-induced diarrhea
Positive control Omeprazole 20 mg kg Ethanol-induced gastric ulcer
Test group 1 CEECs 25 mg kg™ All
Test group 2 CEECs 50 mg kg All
Test group 3 CEECs 100 mg kg™ All
2.7.3 Antidiarrheal activity studies 25923), obtained from the National Institute of Health

2.7.3.1 Castor oil-induced diarrhea model

CEECs antidiarrheal effects were evaluated using the castor oil-
induced diarrhea model, adapted from the method described by
Mehmood et al. (2011), with experimental groups and dosing
regimens summarized in Table 1. One hour after treatment,
diarrhea was induced by oral administration of castor oil
(10 mL kg"). Following castor oil administration, cages were
inspected hourly to record the occurrence of diarrheal droppings.
Results were expressed as median fecal output (geh™') for each group.

2.7.3.2 Magnesium sulfate-induced diarrhea model

CEECs antidiarrheal effects were also evaluated using the
magnesium sulfate-induced diarrhea model, adapted from Uddin
et al. (2005), with experimental groups and dosing regimens
summarized in Table 1. Thirty minutes after treatment, diarrhea
was induced by oral administration of magnesium sulfate (2 g kg™).
Following administration, cages were inspected hourly for 4 h to
record the occurrence of diarrheal droppings. Results were expressed
as mean fecal output (g) per animal over the 4 h observation period.

2.7.4 Antiulcerogenic activity study

CEEC:s gastroprotective effects were evaluated using the ethanol-
induced gastric mucosal injury model, adapted from Camara Neto et al.
(2022), with experimental groups and dosing regimens summarized in
Table 1. One hour after treatment, acute gastric lesions were induced by
intragastric administration of absolute ethanol (0.2 mL per animal) in
all groups except the normal control group, which received vehicle
instead of ethanol. One hour later, animals were humanely euthanized
by cervical dislocation, and their stomachs were excised, opened along
the greater curvature, and gently rinsed with saline. Each stomach was
mounted between two Petri dishes, stretched, and photographed with a
ruler for scale reference. Gastric lesions were measured using Image]
software (Schneider et al., 2012), and the ulcerated area was expressed
as a percentage of the total gastric surface.

2.8 Antibacterial activity studies
2.8.1 Bacterial strains

Two bacterial strains commonly used as reference models in
enteric disease research were selected, namely, S. aureus (ATCC
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Quality Control (INCQS/FIOCRUZ), and methicillin-resistant
Staphylococcus aureus (MRSA, ATCC 33591) isolated from a
clinical specimen. The choice of these strains was based on
their
gastrointestinal disorders, in line with the traditional use of C.

relevance to enteric infections and toxin-mediated

sativa roots for digestive ailments.

2.8.2 Determination of the minimum inhibitory
concentration (MIC)

MIC values were determined using the broth microdilution
method, according to Alencar Filho et al. (2017) and Clinical and
Laboratory Standards Institute (CLSI, 2025) guidelines. Sterile 96-
well flat-bottom microplates were used. Serial one to one dilutions
were prepared from a 25 mg mL™* CEECs stock solution in 3% (w/v)
DMSO and Miiller-Hinton broth, producing final concentrations
ranging from 12.5 to 0.19 mg mL™". Each well received 10 pL of a 5 x
10° CFU mL™" bacterial inoculum. Plates were incubated for 18-24 h
at 37 °C, after which 100 pL of a 1% w/v 2,3,5-triphenyltetrazolium
chloride (TTC) solution was added to each well. The MIC was
defined as the lowest extract concentration that completely inhibited
bacterial growth. Sterile broth and gentamicin (12.5-0.19 mg mL™")
served as negative and positive controls, respectively. The final
DMSO concentration did not exceed 3% (w/v).

2.8.3 Determination of the minimum bactericidal
concentration (MBC)

For MBC determination, 10 pL of each dilution was plated onto
Miiller-Hinton agar and incubated under identical conditions. The
MBC was defined as the lowest concentration of extract showing
complete absence of visible bacterial colonies.

2.9 Statistical analyses

Data normality was assessed using the Shapiro-Wilk test, and
the selection of statistical tests was based on data distribution and
assessment of variance homogeneity. Results of pharmacological
and toxicological studies were expressed as the mean + standard
error of the mean (SEM) when data followed a normal distribution,
whereas non-normally distributed data were expressed as median
and interquartile range (IQR). Differences between means were
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FIGURE 1

Representative high performance liquid chromatography (HPLC) chromatogram of the crude ethanolic extract of Cannabis sativa roots (CEECs).
Separation was performed on a C18 reversed-phase column under gradient elution. Peaks were sequentially numbered according to retention time.
Detection was carried out using a photodiode-array detector (PDA) at 280 nm.

evaluated using Student’s t-test or one-way analysis of variance
(ANOVA) followed by Dunnett’s post hoc test. For non-normally
distributed data, the Kruskal-Wallis test followed by Dunn’s test was
applied. Statistical significance was set at p < 0.05. All analyses were
performed in GraphPad Prism version 8.0.

3 Results

3.1 Total triterpenes quantification in the
roots of Cannabis sativa

The total triterpene content of the CEECs, determined by
spectrophotometric analysis, was 67.64 + 5.39 ug LEemg™.

3.2 Chromatographic analysis

The chromatographic conditions yielded a representative
chromatogram of CEECs, comprising 13 distinct and well-resolved
peaks, which were sequentially labeled (Figure 1). The corresponding
(UV) absorption
wavelengths (A,.x) of the detected peaks are summarized in Table 2.

retention times and maximum ultraviolet

Peak identification was performed by comparison of retention
times and UV absorption profiles obtained by photodiode array
detection with those of reference standards analyzed under identical
conditions. Based on these criteria, peak 6 with a retention time of
12.52 min was identified as p-coumaric acid, and peak 10 with a
retention time of 21.05 min was identified as N-trans-feruloyltyramine.
Representative chromatograms and UV spectral comparisons with the
corresponding standards are shown in Figure 2.

Frontiers in Pharmacology

3.3 Toxicity study

Oral administration of CEECs at 2000 mg kg™ did not induce
clinical signs of toxicity, behavioral alterations, or mortality
14-day
examination of the heart, lungs, spleen, liver, stomach, and

throughout the observation period. Macroscopic
kidneys revealed no visible pathological alterations.

No statistically significant differences were observed between
groups in overall food intake, total water intake, or body weight gain
at the end of the experimental period (Table 3). However, analysis of
daily water consumption revealed a transient reduction in the
first
administration, when compared with the vehicle group (P < 0.05,
Student’s t-test), as shown in Figure 3. This reduction was not

CEECs-treated group during the 5 days following

accompanied by clinical signs of toxicity and was not sustained over
the course of the experiment.

3.4 Pharmacological assays

3.4.1 Effect on gastric emptying

Gastric emptying was evaluated 10 minutes after administration
of a dye-labeled liquid test meal. As shown in Figure 4, mice treated
with vehicle emptied 62.68% + 4.94% of the gastric content.
Treatment with CEECs resulted in emptying values of 46.64% =+
4.58%, 37.68% * 3.56%, and 47.04% * 6.00% at doses of 25, 50, and
100 mg kg'', respectively. Loperamide (10 mg kg') reduced gastric
emptying to 32.91% + 3.95%.

One-way ANOVA revealed a significant effect of treatment on
gastric emptying, F (4, 24) = 5.647, P = 0.0024 (Supplementary Table S2).
Dunnett post hoc test showed that CEECs at 50 mg kg™ (P = 0.0033) and
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TABLE 2 Retention times, ultraviolet absorption maxima, and relative peak areas of the peaks detected in the HPLC analysis of the crude ethanolic extract of
Cannabis sativa roots (CEECs).

Peak number Retention time (R, min) Relative peak area (%)
1 2.72 - 4.02
2 3.51 - 215
3 426 264, 323 0.70
4 477 277, 362, 375 212
5 8.82 205, 266, 353 7.66
6 12.52 207, 225, 309 454
7 13.02 222, 292 464
8 14.10 292, 317 3.54
9 20.19 210, 222, 290 15.78
10 21.05 217, 292, 317 459
11 31.67 286, 318 36.95
12 41.85 201, 311 6.74
13 4298 222, 288, 310 5.75

Ultraviolet absorption maxima were obtained by photodiode array detection. Relative peak areas were calculated by normalizing individual peak areas to the total integrated chromatographic

area.
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FIGURE 2
Chromatographic comparisons between the crude ethanolic extract of Cannabis sativa roots (CEECs) and reference standards analyzed under

identical HPLC conditions. (A) Representative chromatograms of CEECs and the reference standards p-coumaric acid and N-trans-feruloyltyramine, with
numbered peaks in the CEECs chromatogram corresponding to the peaks described in Table 1. (B) Ultraviolet absorption spectra obtained by photodiode
array detection comparing peak six of CEECs with the p-coumaric acid standard. (C) Ultraviolet absorption spectra obtained by photodiode array
detection comparing peak 10 with the N-trans-feruloyltyramine standard. Identification was based on the correspondence of retention times and UV
absorption profiles.
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TABLE 3 Parameters evaluated during the acute oral toxicity study of CEECs
in mice.

Parameter Vehicle CEECs

Food consumption (g/animal/day) 6.05 + 0.14 5.89 + 0.14
Water consumption (mL/animal/day) 16.0 + 0.87 131+ 1.17
Body weight at day 0 (g) 28.67 + 1.09 32.17 £ 0.93
Body weight at day 7 (g) 29.00 £ 1.76 32.83 £ 1.20
Body weight at day 14 (g) 30.50 + 1.32 | 3317 +1.92
Body weight changes between days 0 and 14 1.83 +0.73 1.00 + 1.04

loperamide (P < 0.001) significantly reduced gastric emptying compared
with the vehicle group, whereas the doses of 25 and 100 mg kg™ did not
differ significantly (Supplementary Table S3).

3.4.2 Effect of CEECs on diarrhea

The effects of CEECs on diarrhea were evaluated using castor
oil-induced and magnesium sulfate-induced diarrhea models, with
fecal output measured as the primary endpoint.

In the castor oil-induced diarrhea model, the fecal output was
evaluated only in the first hour following castor oil administration,
as this was the only time interval in which CEECs exhibited a
measurable effect. No significant differences were observed in
subsequent hours, and therefore only first-hour data are presented.

The vehicle-treated group showed a median value of 0.44 g
(0.22 g), as shown in Figure 5A. Treatment with CEECs at 25, 50,
and 100 mg kg™ resulted in median fecal outputs of 0.13 g (0.18 g),
0.00 g (0.02 g), and 0.04 g (0.12 g), respectively. The loperamide-treated
group presented a median fecal output of 0.00 g (0.01 g). Statistical
analysis using the Kruskal-Wallis test revealed a significant difference
among groups (H = 22.98, df = 4, P < 0.001; Supplementary Table 54).
Post hoc analysis with Dunn’s test showed that CEECs at 50 mg kg™
(P < 0.001), CEECs at 100 mg kg™ (P = 0.0233), and loperamide (P <
0.001) significantly reduced fecal output compared with the vehicle-
treated group (Supplementary Table S5).
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In the magnesium sulfate-induced diarrhea model, the vehicle-treated
group presented a mean fecal output of 0.58 + 0.11 g, as shown in Figure 5B.
Treatment with CEECs at doses of 25, 50, and 100 mg kg™ resulted in mean
fecal outputs of 0.58 + 0.09 g, 0.40 + 0.06 g, and 0.44 + 0.07 g, respectively.
The loperamide-treated group presented a mean fecal output of 0.05 +
0.05 g One-way ANOVA revealed a statistically significant effect of
treatment on fecal output, F (4, 22) = 8419, P < 0.001 (Supplementary
Table S6). However, post hoc analysis using Dunnett’s test indicated that
only the loperamide-treated group differed significantly from the vehicle-
treated group (P < 0.001; Supplementary Table S7).

3.4.3 Effect of CEECs on gastric ulcers

As shown in Figure 6A, neither the gavage procedure nor the
vehicle administration caused visible gastric injury in the stomachs
of normal animals. In contrast, ethanol administration in the
remaining  groups produced evident mucosal damage
characterized by hyperemia and hemorrhagic spots (Figures 6B-F).

Figure 7 shows the effect of CEECs on ethanol-induced gastric
injury. The ulcer control group presented a median ulcerated area of
17.18% (23.41%). Treatment with CEECs reduced the extent of mucosal
injury, with median ulcerated areas of 5.68% (9.11%), 2.89% (4.06%),
and 2.81% (2.33%) at doses of 25, 50, and 100 mg kg, respectively.
Treatment with Omeprazole (20 mg kg') resulted in a median
ulcerated area of 1.62% (6.53%).

A Kruskal-Wallis test indicated a significant difference among
groups (H = 13.75, df = 4, P = 0.0081; Supplementary Table S8).
Dunn’s post hoc test showed that CEECs at 50 mg kg™ (P = 0.0484),
at 100 mg kg' (P = 0.0164), and omeprazole (P = 0.0045)
significantly reduced the ulcerated area compared with the ulcer
control group (Supplementary Table S9), whereas the dose of

25 mg kg did not reach statistical significance.

3.5 Antibacterial studies

The antibacterial activity of CEECs was evaluated against 2 S.
aureus strains. The MIC and MBC values are summarized in Table 4.
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Effects of CEECs on food and water consumption during the acute oral toxicity study in mice. (A) Daily food consumption expressed as grams per
animal. (B) Daily water consumption expressed as milliliters per animal. Data are presented as mean + SEM (n = 3). *P < 0.05 versus control at the

corresponding time points (Student's t-test).
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FIGURE 4

Effects of CEECs on gastric emptying of a liquid test mealin mice.
Gastric emptying was evaluated 10 minutes after administration of a
phenol red-labeled liquid test meal. V, vehicle; L, loperamide

(10 mg kg™). Data are presented as mean + SEM. *P < 0.05 versus

V (one-way ANOVA followed by Dunnet’'s post hoc test).

CEECs exhibited identical MIC values for both strains. In contrast,
the MBC values were higher than the MICs and exceeded the highest
concentration tested, indicating the absence of bactericidal activity
within the evaluated concentration range. Gentamicin, used as a
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positive control, showed MIC and MBC values below the lowest
concentration tested for both strains.

4 Discussion

The present study investigated the chemical composition
and pharmacological properties of Cannabis sativa L. roots, a
plant part traditionally used to treat gastrointestinal disorders
but still poorly explored from a pharmacological perspective.
While most contemporary research on C. sativa has focused on
the aerial parts and cannabinoid-rich tissues, experimental
evidence validating the gastrointestinal use of the roots has
been lacking.

Previous phytochemical studies have demonstrated that
cannabis roots contain diverse classes of secondary metabolites,
including monoterpenes, triterpenoids, alkaloids, amides, choline,
and trace amounts of cannabinoids (Elhendawy et al., 2018; Lima
et al, 2021; Huang et al, 2023). Among these constituents,
pentacyclic triterpenes such as friedelin, epifriedelanol, B-amyrin,
and related compounds have been consistently reported and are
recognized for their broad spectrum of biological activities (Silva
et al., 2014; Kornpointner et al., 2021; Huang et al., 2023). In this
context, the present work provides an integrated experimental
evaluation of the chemical profile, safety, and gastrointestinal
pharmacological effects of an ethanolic extract obtained from C.
sativa roots.

The spectrophotometric determination of total triterpene
content confirmed the presence of this class of metabolites in
CEECs at levels comparable to those previously reported for C.
sativa roots (Jin et al., 2020). Although this approach does not allow
structural discrimination among individual triterpenoids, it
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Effects of CEECs on the fecal output in experimental models of diarrhea in mice. (A) Castor oil-induced diarrhea model. Data are presented as median
(IQR). (B) Magnesium sulfate-induced diarrhea model. Data are presented as mean + SEM. V, vehicle; L, loperamide (20 mg kg™). P < 0.05 versus V
(Kruskal—-Wallis test followed by Dunn's post hoc test). *P < 0.05 versus V (one-way ANOVA followed by Dunnett's post hoc test).
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FIGURE 6
Representative macroscopic images of gastric mucosa from mice subjected to the ethanol-induced gastric ulcer model. (A) Normal group; (B) Ulcer

control (vehicle-treated); (C—E) CEECs at 25, 50, and 100 mg kg*; (F) Omeprazole at 20 mg kg™ Scale bar = 5 mm.

provides a useful global parameter for extract characterization and
batch-to-batch comparison. To our knowledge, this is the first report
describing the spectrophotometric quantification of total triterpenes
in an ethanolic extract of C. sativa roots.

Chemical variability represents a major challenge in the
development and standardization of herbal preparations, as it
may arise from environmental conditions, processing methods,
and storage parameters. In this context, chromatographic
techniques play an important role in providing qualitative and
semi-quantitative information on complex extracts (Elhendawy
et al., 2018; Muyumba et al., 2021). In the present study, HPLC
analysis yielded a chromatographic profile characterized by
thirteen well-defined peaks, with p-coumaric acid and N-trans-
feruloyltyramine identified based on retention times and UV
absorption spectra.

The recurrent detection of these compounds in cannabis roots
reported in independent studies (Menezes et al., 2021; Oh et al,
2022; Araujo et al,, 2024) supports their consideration as potential
chemical markers, although additional analytical validation would
be required to establish a comprehensive chemical fingerprint
suitable for regulatory purposes. One limitation of the present
study is that the chemical characterization was performed on a
single ethanolic extract obtained form plant material seized in a
specific geographic region, which does not allow assessment of
potential variability associated with cultivation conditions, genetic
background, or post-harvest processing.

Frontiers in Pharmacology

The acute oral toxicity evaluation indicated that CEECs
presents a favorable safety profile under the tested conditions,
supporting its use in subsequent in vivo pharmacological assays.
These findings are consistent with previous reports describing the
absence of detectable acute toxicity for aqueous extracts obtained
from C. sativa roots (Lima et al., 2021). The transient reduction in
water intake observed during the initial days following
administration was not accompanied by clinical or behavioral
alterations and was therefore not considered indicative of
systemic toxicity.

Several gastrointestinal disorders have a prominent motility
component. In this study, the effects of CEECs on gastrointestinal
motility were evaluated using experimental models of gastric
emptying and diarrhea. Gastric emptying is a coordinated
physiological process involving neural, muscular, and interstitial
elements, and its dysregulation is frequently associated with
gastrointestinal disorders (Chikkamenahalli et al., 2020).

Under the experimental conditions employed, CEECs was
associated with a reduction in gastric emptying at the dose of
50 mg kg, with an effect comparable in magnitude to that of
loperamide, an antidiarrheal, spasmolytic, and constipating agent
(Silva et al., 2015) used as a reference compound. Previous studies
examining the effects of cannabis on gastrointestinal motility have
focused predominantly on isolated cannabinoids or preparations
derived from aerial plant parts (Pertwee, 2001; Camilleri and Zheng,
2023). The present findings extend these observations to a root-
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Effects of CEECs on ethanol-induced gastric injury in mice. Data
are expressed as median (IQR). V, vehicle (ulcer control); O,
omeprazole (20 mg kg™). *P < 0.05 versus V (Kruskal-Wallis test
followed by Dunn’s post hoc test).

derived preparation, a plant part that has remained largely
unexplored in experimental pharmacology.

Consistent with the observed effect on gastric emptying, the
antidiarrheal activity of CEECs was evaluated using castor oil-
induced and magnesium sulfate-induced diarrhea models. In the
castor oil-induced model, ricinoleic acid released during castor oil
hydrolysis disrupts water and electrolyte transport, leading to increased
intestinal secretion and colonic contractions (Gilani et al., 2005). In the
magnesium sulfate-induced model, magnesium sulfate inhibits water
reabsorption and stimulates the release of cholecystokinin from the
duodenal mucosa, resulting in increased intestinal motility and
reduced fluid reabsorption (Uddin et al., 2005). In both assays, the
fecal output was measured as the primary endpoint.

CEECs significantly reduced fecal output in the castor oil-
induced model at doses of 50 and 100 mg kg™, whereas no effect
was observed in the magnesium sulfate model. Pre-treatment with
loperamide significantly decreased diarrhea in both models. This
context-dependent activity suggests that the antidiarrheal effect of
CEECs is influenced by the underlying pathophysiological
mechanisms involved in each model.

10.3389/fphar.2026.1743428

A previous study using an extract obtained from the aerial
parts of C. sativa reported antidiarrheal effects in the same
experimental model (Chda et al., 2023), with the authors
proposing a predominant influence on intestinal secretory
processes. Although that investigation involved a different
plant part and extract composition, it provides a useful
comparative framework for interpreting the selective activity
observed for CEECs. Importantly, the present study does not
allow mechanistic conclusions regarding secretory or motility
pathways, and direct comparisons should be interpreted
with caution.

Given the observed effects on motility and diarrhea models,
the gastroprotective activity of CEECs was subsequently evaluated
in an ethanol-induced gastric ulcer model. Ethanol-induced
gastric injury is
inflammatory infiltration, and impairment of mucosal defensive

characterized by epithelial disruption,
factors, including reductions in bicarbonate secretion, gastric
mucus, and nitric oxide availability, as well as increased
oxidative stress (Sistani Karampour et al., 2019; Chda et al,
2023). CEECs significantly reduced the extent of gastric injury
at doses of 50 and 100 mg kg, while omeprazole, a classical
proton pump inhibitor, exerted the expected protective effect. To
our knowledge, these findings represent the first experimental
evidence indicating antiulcerogenic activity for preparations
derived from C. sativa roots.

Gastroprotective effects have previously been reported for
cannabis extracts obtained from aerial parts. Abdel-Salam et al.
(2015) demonstrated that an extract prepared from flowering tops
containing 10% A’-THC dose-dependently reduced gastric
mucosal damage induced by acidified aspirin and ethanol, in
addition to attenuating gastric acid secretion and oxidative and
inflammatory markers. More recently, Chda et al. (2023)
evaluated extracts obtained from leaves and bracts after
trichome removal in an attempt to reduce psychoactive
components. Despite this modification, the extract also
exhibited gastroprotective activity, which the authors associated
with a complex phytochemical
phytosterols,
Although these studies differ substantially from the present

composition including

cannabinoids, flavonoids, and terpenoids.
work in terms of plant part and extract composition, they
provide a relevant reference indicating that gastroprotective
effects have been described for cannabis formulations.

Beyond studies focused on cannabis preparations, a consistent
association between pentacyclic triterpenoids and gastroprotective
activity has been reported in diverse plant species. Antonisamy et al.
(2015) demonstrated that friedelin, a pentacyclic triterpenoid also
described in cannabis roots, exerted protective effects in

experimental gastric injury models, accompanied by modulation

TABLE 4 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of CEECs and gentamicin against Staphylococcus aureus

strains.

Staphylococcus aureus (ATCC 25923)

MRSA (ATCC 33591)

MIC (mg-mL-1) MBC (mg-mL-1) MIC (mg-mL-1) MBC (mg-mL-1)
CEECs 6.2 >12 6.2 >12
Gentamicin <0.19 <0.19 <0.19 <0.19
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of oxidative and inflammatory parameters. Similar gastroprotective
activities have been described for triterpenoid-rich species such as
Maytenus robusta, Centella asiatica, and Glycyrrhiza sp. (Cheng
et al, 2004; De Andrade et al., 2008; Wang et al,, 2017). In this
context, Shen et al. (2025) reviewed experimental evidence
indicating that oleanolic acid, another triterpenoid reported in
cannabis roots, reduced gastric lesion areas in animal models of
ulceration.

Taken together, these findings support the plausibility that
triterpenoid-rich extracts may contribute to gastroprotective
effects. However, mechanistic investigations were beyond the
scope of the present study, and the specific molecular pathways
underlying the observed activity remain to be elucidated.

The antibacterial evaluation revealed only weak inhibitory
activity of CEECs against S. aureus, with no bactericidal effect
the
cannabinoid-rich extracts from aerial parts, which have

within tested concentration range. In contrast to
shown pronounced antibacterial activity (Chda et al., 2023;
Mahou et al., 2024), the limited activity observed here is
consistent with reports attributing modest antimicrobial
effects of cannabis roots to non-cannabinoid constituents
such as triterpenoids and sterols (Giselle et al., 2023; Gagné
et al., 2024). Accordingly, antibacterial activity is unlikely to
represent a major determinant of the gastrointestinal effects
observed for CEECs should be interpreted

complementary pharmacological information.

and as

Although cannabinoids are reported to occur only in trace
amounts in C. sativa roots, their potential contribution to the
observed effects cannot be entirely excluded. However, the
present study did not include quantitative cannabinoid
analysis or evaluation of endocannabinoid signaling pathways.
Therefore, any cannabinoid-mediated contribution warrants
further investigation.

Overall, the present findings provide experimental support for
the traditional use of C. sativa roots in the management of
gastrointestinal disturbances, particularly diarrhea and gastric
safety
assessment, and in vivo pharmacological evaluation, this study

ulceration. By integrating chemical characterization,
contributes to the validation of an underexplored plant part
within a contemporary pharmacological framework. Further
studies are required to elucidate the molecular mechanisms
involved and to refine the therapeutic potential of root-derived

preparations.

5 Conclusion

From a chemical standpoint, this study established parameters
that can support the quality control of materials derived from
Cannabis sativa roots. These parameters include the total
triterpene content and the chromatographic profile, which
together provide a chemical basis for extract characterization and
future standardization.

The crude ethanolic extract of cannabis roots (CEECs) exhibited
modulatory effects on gastrointestinal motility and demonstrated
gastroprotective activity under the experimental conditions
employed. Specifically, CEECs delayed gastric emptying and
reduced fecal output in the castor oil-induced diarrhea model.
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These effects were not associated with antibacterial activity,
which was weak under the tested conditions.

Considering the known chemical composition of cannabis roots,
the observed gastrointestinal effects may be associated with the
presence of non-cannabinoid constituents, including pentacyclic
triterpenes, which have been previously linked to antidiarrheal
and gastroprotective activities in other plant species. In addition,
CEECs attenuated ethanol-induced gastric ulceration, consistent
with the recognized antiulcerogenic potential of triterpenoid-rich
preparations.

Overall, this study provides experimental support for the
traditional use of cannabis roots in the management of
diarrhea and gastric discomfort. To our knowledge, such
pharmacological effects have not been previously demonstrated
for preparations derived specifically from C. sativa roots.
Nevertheless, further studies are required to isolate the
the

underlying these effects, thereby supporting the rational

bioactive constituents and to elucidate mechanisms
development of standardized, non-psychoactive formulations

for gastrointestinal disorders.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

The animal study was approved by Comissio de Etica no Uso de
Animais da Universidade Federal do Vale do Sao Francisco. The
study was conducted in accordance with the local legislation and
institutional requirements.

Author contributions

PS:  Conceptualization, Formal Investigation,
Methodology, draft. JR:

Investigation, Writing - review and editing. JS: Investigation,

Analysis,

Visualization, Writing original
Writing — review and editing. NS: Investigation, Writing - review
and editing. TA: Investigation, Writing — review and editing. VS:
Writing - review and editing. PM: Writing — review and editing. RPJ:
Investigation, Methodology, Writing - review and editing. FS:
Writing - review and editing. LR: Conceptualization, Project

administration, Supervision, Writing - review and editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. PS is currently enrolled in a
doctoral program and is supported financially by Fundagio de
Amparo a Ciéncia e Tecnologia do Estado de Pernambuco
(FACEPE), to which he expresses his gratitude for the grant
IBPG 0982-4.03/20.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1743428

Sa et al.

Acknowledgements

During the preparation of this work the authors used ChatGPT
in order to improve readability. After using this tool/service, the
authors reviewed and edited the content as needed and take full
responsibility for the content of the published article.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was used in the creation
of this manuscript. During the preparation of this work the authors
used ChatGPT in order to improve readability. After using this tool/
service, the authors reviewed and edited the content as needed and take
full responsibility for the content of the published article.

References

Abdel-Salam, O. M. E,, Salama, R. A. A, El-Denshary, E. E., Sleem, A. A, El-
Shamarka, M. E. S., and Hassan, N. S. (2015). Effect of Cannabis sativa extract on gastric
acid secretion, oxidative stress and gastric mucosal integrity in rats. Comp. Clin. Pathol.
24, 1417-1434. doi:10.1007/s00580-015-2090-3

Alencar Filho, J. M. T. D., Aratjo, L. D. C,, Oliveira, A. P., Guimaraes, A. L., Pacheco,
A. G. M, Silva, F. S,, et al. (2017). Chemical composition and antibacterial activity of
essential oil from leaves of Croton heliotropiifolius in different seasons of the year. Rev.
Bras. Farmacogn. 27, 440-444. doi:10.1016/j.bjp.2017.02.004

Altaf, R., Bhatii, K. H., Mirza, S. A., Ajaib, M., and Ishtiaq, M. (2019). Ethnomedicinal
study of tehsil wazirabad gujranwala Punjab Pakistan. Pak. J. Sci. 71, 12.

Antonisamy, P., Duraipandiyan, V., Aravinthan, A., Al-Dhabi, N. A, Ignacimuthu, S.,
Choi, K. C,, et al. (2015). Protective effects of friedelin isolated from Azima tetracantha
Lam. against ethanol-induced gastric ulcer in rats and possible underlying mechanisms.
Eur. ]. Pharmacol. 750, 167-175. doi:10.1016/j.ejphar.2015.01.015

Aratjo, T. C. D. L,, Menezes, P. M. N,, Ribeiro, T. F., Macédo, C. A. F,, Souza, N. A. C.
D., Lima, K. S. B., et al. (2024). Cannabis sativa L. roots from Northeast Brazil reduce
abdominal contortions in a mouse model of primary dysmenorrhea. J. Ethnopharmacol.
318, 116891. doi:10.1016/j.jep.2023.116891

Céamara Neto, J. F., Campelo, M. D. S., Cerqueira, G. S., De Miranda, J. A. L., Guedes,
J. A. C., De Almeida, R. R., et al. (2022). Gastroprotective effect of hydroalcoholic extract
from Agaricus blazei Murill against ethanol-induced gastric ulcer in mice.
J. Ethnopharmacol. 292, 115191. doi:10.1016/j.jep.2022.115191

Camilleri, M., and Zheng, T. (2023). Cannabinoids and the gastrointestinal. Clin.
Gastroenterology Hepatology 21, 3217-3229. doi:10.1016/j.cgh.2023.07.031

Chda, A., Mahou, Y., Znata, Y., El Fatemi, H., Boukir, A., Ananou, S., et al. (2023).
Investigation on the gastrointestinal properties of ethanolic extract of Cannabis sativa
through in vivo and in vitro approaches. J. Herbmed Pharmacol. 12, 344-355. doi:10.
34172/jhp.2023.37

Cheng, C. L., Guo, J. S, Luk, J., and Koo, M. W. L. (2004). The healing effects of
Centella extract and asiaticoside on acetic acid induced gastric ulcers in rats. Life Sci. 74,
2237-2249. doi:10.1016/j.1fs.2003.09.055

Chikkamenahalli, L. L., Pasricha, P. J., Farrugia, G., and Grover, M. (2020). Gastric
biopsies in gastroparesis. Gastroenterology Clin. N. Am. 49, 557-570. doi:10.1016/j.gtc.
2020.04.009

CLSI (2025). CLSI M100 performance standards for antimicrobial susceptibility testing.
35th edition. Wayne, Pennsylvania: Clinical and Laboratory Standards Institute.

De Andrade, S. F., Comunello, E., Noldin, V. F., Delle Monache, F., Filho, V. C., and
Niero, R. (2008). Antiulcerogenic activity of fractions and 3,15-Dioxo-21a-hydroxy
friedelane isolated from Maytenus robusta (Celastraceae). Arch. Pharm. Res. 31, 41-46.
doi:10.1007/s12272-008-1118-5

Di Marzo, V., and Piscitelli, F. (2011). Gut feelings about the endocannabinoid system.
Neurogastroenterol. and Motil. 23, 391-398. doi:10.1111/j.1365-2982.2011.01689.x

Frontiers in Pharmacology

10.3389/fphar.2026.1743428

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2026.1743428/
full#supplementary-material

Elhendawy, M. A.,, Wanas, A. S., Radwan, M. M., Azzaz, N. A,, Toson, E. S., and
ElSohly, M. A. (2018). Chemical and biological studies of cannabis sativa roots. Med.
Cannabis Cannabinoids 1, 104-111. doi:10.1159/000495582

Gagné, V., Merindol, N., Boucher, R., Boucher, N., and Desgagné-Penix, I. (2024).
Rooted in therapeutics: comprehensive analyses of Cannabis sativa root extracts reveals
potent antioxidant, anti-inflammatory, and bactericidal properties. Front. Pharmacol.
15, 1465136. doi:10.3389/fphar.2024.1465136

Gikas, A., and Triantafillidis, J. (2014). The role of primary care physicians in early
diagnosis and treatment of chronic gastrointestinal diseases. Int. J. General Med. 159,
159-173. doi:10.2147/]JGM.S58888

Gilani, A. H., Ghayur, M. N,, Khalid, A., Atta-ur-Rahman, Choudhary, M. I, and
Rahman, A.-ur (2005). Presence of antispasmodic, antidiarrheal, antisecretory, calcium
antagonist and acetylcholinesterase inhibitory steroidal alkaloids in Sarcococca saligna.
Planta Med 71, 120-125. d0i:10.1055/s-2005-837777

Giselle, F., Azucena, 1., Dalila, O., Florencia, F., Facundo, R., Giulia, M., et al. (2023).
Antibacterial activity of cannabis (Cannabis sativa L.) female inflorescence and root
extract against Paenibacillus larvae, causal agent of American foulbrood. Biocatal. Agric.
Biotechnol. 47, 102575. doi:10.1016/j.bcab.2022.102575

Huang, S., Li, H,, Xu, J., Zhou, H.,, Seeram, N. P., Ma, H,, et al. (2023). Chemical
constituents of industrial hemp roots and their anti-inflammatory activities. J. Cannabis
Res. 5, 1. doi:10.1186/s42238-022-00168-3

Jin, D., Dai, K., Xie, Z., and Chen, J. (2020). Secondary metabolites profiled in cannabis
Inflorescences, leaves, Stem barks, and roots for medicinal Purposes. Sci. Rep. 10, 3309.
doi:10.1038/541598-020-60172-6

Kornpointner, C., Sainz Martinez, A., Marinovic, S., Haselmair-Gosch, C., Jamnik,
P., Schroder, K., et al. (2021). Chemical composition and antioxidant potential of
Cannabis sativa L. roots. Industrial Crops Prod. 165, 113422. doi:10.1016/j.indcrop.
2021.113422

Kumar, P., Mahato, D. K., Kamle, M., Borah, R., Sharma, B., Pandhi, S., et al. (2021).
Pharmacological properties, therapeutic potential, and legal status of Cannabis sativa L.:
an overview. Phytotherapy Res. 35, 6010-6029. doi:10.1002/ptr.7213

Legare, C. A., Raup-Konsavage, W. M., and Vrana, K. E. (2022). Therapeutic potential
of cannabis, Cannabidiol, and cannabinoid-based Pharmaceuticals. Pharmacology 107,
131-149. doi:10.1159/000521683

Lima, K. S. B,, Silva, M. E. G. D. C,, Aratjo, T. C. D. L,, Silva, C. P. D. F., Santos, B.
L., Ribeiro, L. A. D. A, et al. (2021). Cannabis roots: pharmacological and
toxicological studies in mice. J. Ethnopharmacol. 271, 113868. doi:10.1016/j.jep.
2021.113868

Mahou, Y., Marrakchi Ben Jaafar, D., Al Moudani, N., Jeddi, M., Chda, A., Fettoukh,
N., et al. (2024). Chemical profile and bioactive properties of Cannabis sativa threshing
residue: Vasorelaxant, antioxidant, immunomodulatory, and antibacterial activities.
J. Herbmed Pharmacol. 14, 29-42. doi:10.34172/jhp.2025.51481

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2026.1743428/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2026.1743428/full#supplementary-material
https://doi.org/10.1007/s00580-015-2090-3
https://doi.org/10.1016/j.bjp.2017.02.004
https://doi.org/10.1016/j.ejphar.2015.01.015
https://doi.org/10.1016/j.jep.2023.116891
https://doi.org/10.1016/j.jep.2022.115191
https://doi.org/10.1016/j.cgh.2023.07.031
https://doi.org/10.34172/jhp.2023.37
https://doi.org/10.34172/jhp.2023.37
https://doi.org/10.1016/j.lfs.2003.09.055
https://doi.org/10.1016/j.gtc.2020.04.009
https://doi.org/10.1016/j.gtc.2020.04.009
https://doi.org/10.1007/s12272-008-1118-5
https://doi.org/10.1111/j.1365-2982.2011.01689.x
https://doi.org/10.1159/000495582
https://doi.org/10.3389/fphar.2024.1465136
https://doi.org/10.2147/IJGM.S58888
https://doi.org/10.1055/s-2005-837777
https://doi.org/10.1016/j.bcab.2022.102575
https://doi.org/10.1186/s42238-022-00168-3
https://doi.org/10.1038/s41598-020-60172-6
https://doi.org/10.1016/j.indcrop.2021.113422
https://doi.org/10.1016/j.indcrop.2021.113422
https://doi.org/10.1002/ptr.7213
https://doi.org/10.1159/000521683
https://doi.org/10.1016/j.jep.2021.113868
https://doi.org/10.1016/j.jep.2021.113868
https://doi.org/10.34172/jhp.2025.51481
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1743428

Sa et al.

Mehmood, M. H., Aziz, N., Ghayur, M. N., and Gilani, A.-H. (2011). Pharmacological
basis for the medicinal Use of Psyllium Husk (Ispaghula) in constipation and diarrhea.
Dig. Dis. Sci. 56, 1460-1471. doi:10.1007/s10620-010-1466-0

Menezes, P. M. N,, Aratjo, T. C. D. L., Pereira, E. C. V., Neto, J. A,, Silva, D. S., Brito,
M. C, et al. (2021). Investigation of antinociceptive, antipyretic, antiasthmatic, and
spasmolytic activities of Brazilian Cannabis sativa L. roots in rodents. J. Ethnopharmacol.
278, 114259. doi:10.1016/j.jep.2021.114259

Miano, R. S,, Picardal, J. P., Alonso, C. A. G., and Reuyan, D. (2011). “Ethnobotanical
Inventory and assessment of Medically-important plant roots,”, 2. Philippines: Cebu
Island. doi:10.7828/ajob.v2i1.93

Muyumba, N. W., Mutombo, S. C., Sheridan, H., Nachtergael, A., and Duez, P. (2021).
Quality control of herbal drugs and preparations: the methods of analysis, their
relevance and applications. Talanta Open 4, 100070. doi:10.1016/j.talo.2021.100070

Odieka, A. E., Obuzor, G. U., Oyedeji, O. O., Gondwe, M., Hosu, Y. S., and Oyedeji, A.
0. (2022). The medicinal Natural products of cannabis sativa Linn.: a review. Molecules
27, 1689. doi:10.3390/molecules27051689

OECD (2002). Test No. 423: acute oral toxicity - acute toxic class method. Paris:
Organisation for Economic and Co-operation and Development. doi:10.1787/
9789264071001-en

Oh, C. M,, Choi, J. Y., Bae, I. A, Kim, H. T,, Hong, S. S., Noah, J. K,, et al. (2022).
Identification of p-coumaric acid and Ethyl p-Coumarate as the Main phenolic
Components of hemp (cannabis sativa L.) roots. Molecules 27, 2781. doi:10.3390/
molecules27092781

Pedrosa, A. M., De Castro, W. V., Castro, A. H. F., and Duarte-Almeida, J. M. (2020).
Validated spectrophotometric method for quantification of total triterpenes in plant
matrices. DARU J. Pharm. Sci. 28, 281-286. doi:10.1007/s40199-020-00342-z

Peery, A. F.,, Crockett, S. D., Murphy, C. C,, Jensen, E. T., Kim, H. P., Egberg, M. D.,
et al. (2022). Burden and Cost of gastrointestinal, liver, and Pancreatic diseases in the
United States: Update 2021. Gastroenterology 162, 621-644. doi:10.1053/j.gastro.2021.
10.017

Frontiers in Pharmacology

13

10.3389/fphar.2026.1743428

Pertwee, R. G. (2001). Cannabinoids and the gastrointestinal tract. Gut 48, 859-867.
doi:10.1136/gut.48.6.859

Saha, J., Sarkar, P., and Chattopadhyay, S. (2019). A survey of ethnomedicinal plants of
Darjeeling hills for their antimicrobial and antioxidant activities. Indian J. Nat. Prod.
Resour. 2, 479-492.

Schneider, C. A., Rasband, W. S., and Eliceiri, K. W. (2012). NIH Image to Image]J:
25 years of image analysis. Nat. Methods 9, 671-675. doi:10.1038/nmeth.2089

Shen, C., Zhang, S., Di, H., Wang, S., Wang, Y., and Guan, F. (2025). The role of
triterpenoids in gastric ulcer: mechanisms and therapeutic potentials. IJMS 26, 3237.
doi:10.3390/ijms26073237

Silva, F. C., Duarte, L. P., and Vieira Filho, S. A. (2014). Celastraceae Family: source of
pentacyclic triterpenes with potential biological activity. Rev. Virtual Quim. 6. doi:10.
5935/1984-6835.20140079

Silva, C. M. S., Wanderley, C. W. S., Lima-Junior, F. J. B., de Sousa, D. P, Lima, J. T.,
Magalhaes, P.J. C,, et al. (2015). Carvone (R)-(-) and (S)-(+) enantiomers inhibits upper
gastrointestinal motility in mice. Flavour Fragr. ]. 30, 439-444. doi:10.1002/ffj.3267

Sistani Karampour, N., Arzi, A., Rezaie, A., Pashmforoosh, M., and Kordi, F. (2019).
Gastroprotective effect of Zingerone on ethanol-induced gastric ulcers in rats. Medicina
55, 64. doi:10.3390/medicina55030064

Thapa, D., Warne, L. N., and Falasca, M. (2023). Pharmacohistory of cannabis use—a
New Possibility in future drug development for gastrointestinal diseases. Int. J. Mol. Sci.
24, 14677. doi:10.3390/ijms241914677

Uddin, S.J., Shilpi, J. A., Alam, S. M. S., Alamgir, M., Rahman, M. T., and Sarker, S. D.
(2005). Antidiarrhoeal activity of the methanol extract of the barks of Xylocarpus
moluccensis in castor oil- and magnesium sulphate-induced diarrhoea models in mice.
J. Ethnopharmacol. 101, 139-143. doi:10.1016/j.jep.2005.04.006

Wang, Y., Wang, S., Bao, Y., Li, T., Chang, X., Yang, G., et al. (2017). Multipathway
integrated adjustment mechanism of Glycyrrhiza triterpenes curing gastric ulcer in rats.
Phcog Mag. 13, 209-215. doi:10.4103/0973-1296.204550

frontiersin.org


https://doi.org/10.1007/s10620-010-1466-0
https://doi.org/10.1016/j.jep.2021.114259
https://doi.org/10.7828/ajob.v2i1.93
https://doi.org/10.1016/j.talo.2021.100070
https://doi.org/10.3390/molecules27051689
https://doi.org/10.1787/9789264071001-en
https://doi.org/10.1787/9789264071001-en
https://doi.org/10.3390/molecules27092781
https://doi.org/10.3390/molecules27092781
https://doi.org/10.1007/s40199-020-00342-z
https://doi.org/10.1053/j.gastro.2021.10.017
https://doi.org/10.1053/j.gastro.2021.10.017
https://doi.org/10.1136/gut.48.6.859
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.3390/ijms26073237
https://doi.org/10.5935/1984-6835.20140079
https://doi.org/10.5935/1984-6835.20140079
https://doi.org/10.1002/ffj.3267
https://doi.org/10.3390/medicina55030064
https://doi.org/10.3390/ijms241914677
https://doi.org/10.1016/j.jep.2005.04.006
https://doi.org/10.4103/0973-1296.204550
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1743428

	Cannabis sativa L. roots extract modulates gastrointestinal motility and ameliorates ethanol-induced gastric ulcers in anim ...
	1 Introduction
	2 Materials and methods
	2.1 Plant material
	2.2 Processing of plant material and extract preparation
	2.3 Spectrophotometric quantification of total triterpenes
	2.4 High performance liquid chromatography (HPLC) analysis of CEECs
	2.4.1 Chromatographic apparatus
	2.4.2 Chromatographic conditions
	2.4.3 Samples

	2.5 Animals
	2.6 Acute oral toxicity study
	2.7 Pharmacological assays
	2.7.1 Grouping and dosing of animals
	2.7.2 Evaluation of gastric emptying of liquid test meal
	2.7.3 Antidiarrheal activity studies
	2.7.3.1 Castor oil-induced diarrhea model
	2.7.3.2 Magnesium sulfate-induced diarrhea model

	2.7.4 Antiulcerogenic activity study

	2.8 Antibacterial activity studies
	2.8.1 Bacterial strains
	2.8.2 Determination of the minimum inhibitory concentration (MIC)
	2.8.3 Determination of the minimum bactericidal concentration (MBC)

	2.9 Statistical analyses

	3 Results
	3.1 Total triterpenes quantification in the roots of Cannabis sativa
	3.2 Chromatographic analysis
	3.3 Toxicity study
	3.4 Pharmacological assays
	3.4.1 Effect on gastric emptying
	3.4.2 Effect of CEECs on diarrhea
	3.4.3 Effect of CEECs on gastric ulcers

	3.5 Antibacterial studies

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgements
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


