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Abstract

Background/Objectives: Hemp (Cannabis sativa L. subsp. sativa) is a plant within the
Cannabis sativa species and utilized for several applications, including antioxidation, an-
tihypertension, and anti-inflammation. To our knowledge, no prior study has assessed
the acute and sub-chronic oral safety of hemp leaf oil in Sprague-Dawley rats under
Thailand-compliant THC levels. This study investigates the acute and sub-chronic effects of
Hemp leaf oil (HLO) on the heart, liver, and kidneys of male and female Sprague-Dawley
rats. Methods: Six-week-old male and female Sprague-Dawley rats were administered
HLO (1.5 mL/kg) intragastrically, either as a single dose or a repeat dose over 28 days.
Results: No changes in body or organ weights were observed following acute and sub-
chronic HLO administration in sex-matched groups. Moreover, blood pressure and heart
rate remained comparable across groups after acute and sub-chronic HLO treatment. Both
acute and sub-chronic administration of HLO did not influence electrolyte balance, liver
enzymes, total protein, albumin, blood urea nitrogen, or creatinine levels. Hematoxylin
and eosin staining revealed the normal morphology of the heart, liver, and kidneys in
rats subjected to HLO, during both acute and sub-chronic treatment. Conclusions: In
conclusion, our data suggested that both acute and sub-chronic administration of HLO
at 1.5 mL/kg could be safe for the vital organs. These findings support the potential use
of HLO in therapeutic applications, particularly in scenarios when the safety of essential
organs is at stake.

Keywords: Cannabis sativa L.; hemp; hemp leaf; vital organs; safety assessment

1. Introduction

Hemp (Cannabis sativa L. subsp. sativa) is an industrial plant widely used in textiles,
pulp and paper, cosmeceuticals, pharmaceuticals, and herbal medicine [1,2]. Hemp extracts
can be taken from any part of the hemp plant. The yield of bioactive compounds from
hemp extract provides many beneficial effects for health, such as antidepressant, anti-
inflammatory, antioxidant, antiproliferative properties, and hypoglycemic effects [34].
Among the bioactive compounds in the hemp plant, the psychoactive tetrahydrocannabinol

Pharmaceuticals 2025, 18, 1437

https://doi.org/10.3390/ph18101437


https://doi.org/10.3390/ph18101437
https://doi.org/10.3390/ph18101437
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://orcid.org/0000-0003-0889-6211
https://orcid.org/0000-0001-7044-8271
https://orcid.org/0000-0002-6356-735X
https://orcid.org/0000-0001-8114-5954
https://doi.org/10.3390/ph18101437
https://www.mdpi.com/article/10.3390/ph18101437?type=check_update&version=1

Pharmaceuticals 2025, 18, 1437

2 of 14

(THC) and the non-psychoactive cannabidiol (CBD) have gained more attention in research
due to their potential medicinal benefits [5,6]. The extracts from hemp plants grown in
Thailand, which contain less than 0.2% THC, are now legally permitted according to the
Ministry of Public Health’s Notification (Re: Prescribing the List of Category 5 Narcotics,
B.E. 2565/2022) under the Narcotics Code [7].

Various parts of the hemp plant have been widely utilized as valuable sources of
nutraceuticals and functional foods, such as hemp seed, hemp seed oil, and hemp inflo-
rescence. Nutrient-rich hemp seeds and their derivatives, such as oil and protein extracts,
with very low THC content [8], are considered a plant-based option within the hemp food
industry. Previous studies have reported that dietary hemp seeds are more effective than
their extracted oil in attenuating metabolic disorders in obese rats, due to their high nutrient
and bioactive compound content [9], including terpenes, flavonoids, phytocannabinoids,
phenolic acids, and carotenoids [8,9]. The inflorescence and leaves of the hemp plant are
also used as sources of phytocannabinoids. However, they differ in THC concentration,
with the inflorescence having more (0.24-0.47%) than the leaf (0.03-0.06%) [10].

Hemp leaves, which are considered byproducts of industrial hemp [11], have been
found to contain higher phytochemical concentrations compared to other parts of the
plant [12] and have been reported to be used in traditional medicine. Therefore, industrial
hemp leaves could be a good source for extraction and product development for medical
purposes. A recent study using exhaustive swimming tests in mice demonstrated that
the water extract of hemp leaves reduced the accumulation of lactic acid and improved
the activity of antioxidant defense enzymes, indicating its anti-fatigue properties [13].
Chatzimitakos et al. found anti-inflammatory activity in a water extract of hemp leaves,
which can be increased under specific extraction conditions [14]. Similarly to other botanical
extracts, many factors, such as hemp variety, cultivation methods, and extraction techniques
may influence the phytochemical content of hemp extracts. For example, decreasing
hemp extraction duration and augmenting the liquid-to-solid ratio enhanced efficacy
and maximized polyphenol recovery [14]. These factors may impact the bioactivity and
toxicological risks of the extracts. Our prior investigation evaluated the antihypertensive
efficacy of Cannabis sativa L. Leaf Oil (1 mL/kg as a therapeutic dose) in hypertensive
rats [15]. Therefore, safety assessments are essential before public use. In this study,
RPF3 hemp leaves from the variety grown in Thailand were extracted using a two-step
solvent extraction process. The resulting extracts were then used to evaluate their impact,
focusing on general appearance, blood pressure, biochemical analysis, and histopathology
of vital organs in both an acute oral administration study and a 28-day repeat-dose oral
administration study in Sprague-Dawley rats.

2. Results
2.1. Effects of HLO on Mortality, General Appearance, and Neurobehavior of Sprague-Dawley Rats

Both the acute and the 28-day repeat-dose oral administration study showed no
mortality following the administration of HLO or vehicle (olive o0il). In addition, no
alterations in general appearance or neurobehavior, were observed in the HLO-treated
groups throughout the experimental period.

2.2. Effects of HLO on Body Weight, Food Intake and Water Consumption in Sprague-Dawley Rats

The effects of HLO on average body weight gain during both the acute and the 28-day
repeat-dose oral administration study are presented in Figure 1. The results show no
significant differences in mean weekly body weight gain between the HLO-treated group
and their sex-matched controls, with both sexes exhibiting normal growth patterns in
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Sprague-Dawley rats. Additionally, food and water consumption did not differ significantly
between the HLO-treated group and their sex-matched controls (Table 1).
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Figure 1. Weekly body weight gain for the acute oral administration study (A) and 28-day repeat-dose
oral administration study (B) in the Sprague-Dawley rats. Data are presented as mean =+ standard
deviation (n = 5/group). HLO, hemp leaf oil.

Table 1. Food and water consumption for the acute oral administration and 28-day repeat-dose oral
administration study in Sprague-Dawley rats.

Male Female

Vehicle HLO Vehicle HLO

Parameter

Acute oral administration study

Food consumption

(g/rat/day)

Water consumption
(mL/rat/day)

22.00 £ 6.63 2440 £9.94 25.60 £ 4.34 2320 £ 6.42

32.00 &= 4.47 28.00 & 8.37 30.00 £ 10.00 30.00 £ 7.07

28-day repeat-dose oral administration study

Food consumption
(g/rat/day)
Water consumption
(mL/rat/day)

Data are presented as mean =+ standard deviation (n = 5/group). Statistical analysis in each sex was evaluated by
the unpaired t-test. HLO, hemp leaf oil.

21.00 £ 4.47 2420 +£3.27 21.40 £ 6.19 21.20 =148

26.00 +4.18 29.00 £+ 5.48 27.00 £9.75 29.00 = 4.18

2.3. Effects of HLO on the Vital Organ Weight of Sprague-Dawley Rats

Both the acute and the 28-day repeat-dose oral administration study showed no
significant differences in the weights of vital organs, including heart, liver, and kidneys,
between the HLO-treated group and their sex-matched controls (Table 2).

Table 2. Vital organs weight for the acute oral administration study and 28-day repeat-dose oral
administration study in Sprague-Dawley rats at termination.

Male Female
Parameter
Vehicle HLO Vehicle HLO
Acute oral administration study
HW (g) 1.43 £0.15 1.37 £0.08 0.97 &+ 0.05 0.91 £ 0.05
LW (g) 15.87 £ 1.63 16.10 £ 1.11 10.81 £ 0.40 10.92 £ 0.74
KW (g) 3.20 £0.34 3.15£0.10 2.11 £0.17 2.07 £0.10
28-day repeat-dose oral administration study
HW (g) 1.42 £ 0.06 1.45 £ 0.05 0.99 £+ 0.11 1.03 £0.11
LW (g) 16.06 £ 1.36 16.15 £ 0.05 1127 £ £0.23  11.61 +1.43
KW (g) 3.24 +0.15 3.30 & 0.08 213+ 0.15 2124015

Data are presented as mean =+ standard deviation (n = 5/group). Statistical analysis in each sex was evaluated by
unpaired t-test. HW, heart weight; KW, kidney weight; LW, liver weight; HLO, hemp leaf oil.



Pharmaceuticals 2025, 18, 1437

4of 14

2.4. Effects of HLO on Blood Pressure and Heart Rate of Sprague-Dawley Rats

Administration of HLO did not produce any significant changes in systolic blood
pressure, diastolic blood pressure, mean arterial pressure, or heart rate in both the acute
(Figure 2) and the 28-day repeat-dose oral administration study (Figure 3).
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Figure 2. Blood pressure parameters of acute HLO treatment, systolic blood pressure (A), diastolic
blood pressure (B), mean arterial pressure (C), and heart rate (D) measured by the tail-cuff method
for the acute oral administration study in Sprague-Dawley rats at the end-point of the study. Data are
presented as mean =+ standard deviation (n = 5/group). Statistical analysis in each sex was evaluated
by unpaired t-test. HLO, hemp leaf oil.

2.5. Effects of HLO on Biochemical Parameters of Sprague-Dawley Rats

The clinical biochemical parameters measured at the termination of both the acute
and the 28-day repeat-dose oral administration study in Sprague-Dawley rats are shown
in Tables 3 and 4, respectively. All parameters from the control and HLO-treated groups
of both sexes remained within the normal range for each sex. These findings suggest
that the administration of HLO during the experimental time course did not produce any
biologically or toxicologically significant effects.

Table 3. Clinical biochemistry data for the acute oral administration study in Sprague-Dawley rats

at termination.

Parameter .
(Laboratory Historical Control Values) Vehicle HLO
Male Sprague-Dawley rats
Na™* (131-157 mmol/L) 139.00 + 1.73 137.40 £ 1.67
K* (3.73-11.38 mmol /L) 5.58 +2.87 4.70 £ 0.65
Cl~ (93.1-112.8 mmol/L) 101.40 £ 2.61 100.40 £ 0.89
Total protein (3.4-7.7 g/dL) 4.68 + 0.35 4.62 +£0.04
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Table 3. Cont.

Parameter .
(Laboratory Historical Control Values) Vehicle HLO
Albumin (2.8-4.6 g/dL) 3.82 4+ 0.28 3.80 & 0.07
AST (47-266 U/L) 172.00 £ 26.12 221.75 + 8.54
ALT (16-161 U/L) 32.00 £5.79 34.80 £ 8.84
ALP (46230 U/L) 185.20 + 33.86 172.20 £ 11.95
total Bilirubin (0.03-0.90 mg/dL) <0.146 <0.146
BUN (824 mg/dL) 17.00 &+ 3.87 19.00 £ 2.92
Creatinine (0.06-0.47 mg/dL) 0.26 + 0.05 0.26 £ 0.05
Uric acid (0.5-1.5 mg/dL) 0.85+0.17 0.88 £0.18
Cholesterol (36-163 mg/dL) 48.00 £+ 3.39 51.60 £+ 2.70
Ca?* (9.1-13.4 mg/dL) 9.92 +1.00 9.76 £ 0.22
PHOS (4.6-11.7 mg/dL) 10.65 £ 2.07 11.12 £1.20
Female Sprague-Dawley rats
Na™ (128-159 mmol/L) 140.20 + 0.84 140.00 + 2.83
K* (3.49-12.96 mmol /L) 4.68 £0.18 4.68 +0.61
Cl~ (89.1-114.6 mmol/L) 106.80 £ 3.27 105.60 £ 4.28
Total protein (5.1-9.0 g/dL) 532 +0.44 528 +£0.19
Albumin (2.6-6.4 g/dL) 4.68 £0.36 4.66 +£0.13
AST (42-341U/L) 76.20 £ 9.65 90.60 £+ 13.18
ALT (13-182 U/L) 19.80 £ 2.28 2220 +5.17
ALP (15-115U/L) 105.4 £ 33.81 108.8 £ 22.29
total Bilirubin (0.04-0.25 mg/dL) <0.146 <0.146
BUN (828 mg/dL) 18.40 £ 4.34 18.40 £ 2.30
Creatinine (0.11-0.53 mg/dL) 0.28 4+ 0.08 0.32 +0.04
Uric acid (0.5-1.5 mg/dL) 0.82+£0.24 0.82 +0.29
Cholesterol (28-249 mg/dL) 54.00 £ 5.34 56.60 + 8.88
Ca?* (7.7-15.5 mg/dL) 9.88 £ 0.65 9.88 + 0.44
PHOS (2.4-12.4 mg/dL) 11.04 £ 0.54 10.92 £ 2.12

Data are presented as mean =+ standard deviation (n = 5/group). ALP, alkaline phosphatase; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; BUN, urea nitrogen; Ca?*, calcium; Cl—, chloride; K*, potassium;

Na*, sodium; PHOS = inorganic phosphorus; HLO, hemp leaf oil.

Table 4. Clinical biochemistry data for the 28-day repeat-dose oral administration study in Sprague-

Dawley rats at termination.

Parameter
(Laboratory Historical Control Values)

Male Sprague-Dawley rats

Vehicle HLO

Na* (131-157 mmol /L) 138.60 + 0.55 137.60 + 0.89
K* (3.73-11.38 mmol /L) 442 +0.27 4.74 + 040
Cl™ (93.1-112.8 mmol/L) 104.8 +1.30 104.2 +1.79
Total protein (3.4-7.7 g/dL) 444 +0.17 448 +0.18
Albumin (2.8-4.6 g/dL) 3.70 £0.14 3.74 +£0.21
AST (47-266 U/L) 194.20 + 16.75 173.60 + 11.70
ALT (16-161 U/L) 25.60 + 3.44 21.20 + 2.86
ALP (46230 U/L) 118.20 4+ 18.66 113.80 + 16.30
total Bilirubin (0.03-0.90 mg/dL) <0.146 <0.146
BUN (8-24 mg/dL) 15.60 +2.19 18.40 + 2.61
Creatinine (0.06-0.47 mg/dL) 0.28 +0.08 0.32 +0.04
Uric acid (0.5-1.5 mg/dL) 1.12 £ 0.16 1.14 £ 0.27
Cholesterol (36-163 mg/dL) 51.60 4+ 6.43 46.40 + 7.70
Ca?* (9.1-13.4 mg/dL) 9.82 £0.29 9.70 £ 0.35
9.94 + 0.61 9.06 + 0.59

PHOS (4.6-11.7 mg/dL)
Testosterone (100-300 ng/dL)

341.60 + 90.45

272.75 £ 130.34
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Table 4. Cont.

Parameter

(Laboratory Historical Control Values) Vehicle HLO

Female Sprague-Dawley rats

Na* (128-159 mmol /L) 138.20 =+ 2.49 137.20 + 2.59
K* (3.49-12.96 mmol /L) 4.60 4 0.85 482+ 121
Cl~ (89.1-114.6 mmol /L) 108.80 =+ 0.45 104.60 + 3.85

Total protein (5.1-9.0 g/dL) 5.70 4 0.22 5.66 4 0.55

Albumin (2.6-6.4 g/dL) 5.05 + 0.17 5.10 = 0.50

AST (42-341 U/L) 77.50 & 10.47 89.25 + 11.00
ALT (13-182 U/L) 28.60 4 14.10 24.00 4+ 3.39
ALP (15-115 U/L) 103.40 + 23.02 71.20 + 14.27
total Bilirubin (0.04-0.25 mg/dL) <0.146 <0.146
BUN (8-28 mg/dL) 18.60 + 1.82 21.80 + 3.27
Creatinine (0.11-0.53 mg/dL) 0.30 = 0.00 0.34 + 0.05
Uric acid (0.5-1.5 mg/dL) 120 +0.22 1.08 £ 0.28
Cholesterol (28-249 mg/dL) 60.20 + 4.15 59.80 + 6.71

Ca2* (7.7-15.5 mg/dL) 10.28 + 0.50 10.66 + 1.24
PHOS (2.4-12.4 mg/dL) 8.15 + 0.83 7.54 +0.75
Estrogen (10-50 pg/mL) 27.75 4+ 11.84 41.20 + 18.03

Data are presented as mean =+ standard deviation (n = 5/group). ALP, alkaline phosphatase; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; BUN, urea nitrogen; Ca?*, calcium; Cl—, chloride; K*, potassium;
Na*, sodium; PHOS = inorganic phosphorus; HLO, hemp leaf oil.

.
@ 150 2 120
E T H
B e T
5 100 2 80
g 4
2 -
= =
=
b &
g 504 2 404
E =
B 2
= =
& 0- T a 0- T
& Q & [\ & O ¥ O
A e & E
X & X A& A x A
& A ¢ & A& A & >
» > & 2 ~ > &
& ~ < <& » <8 <
B 150 _
E 500
-
£ =
= = 400
E o] nn £ I
= Z
2 3 300
£ =2
z 2 200
g 50 g 7
-
- -
s T 100
g =
= 0= T 0= T
¥ o N o 0 Q & o
«-‘.é@ ny ia& x’b\) i“\g & é&q &
\QX S K & & \zx o8 \zx
AN A < &y < oA
> < S & N ¢
& & T & e

Figure 3. Blood pressure parameters of sub-chronic HLO treatment, systolic blood pressure (A),
diastolic blood pressure (B), mean arterial pressure (C), and heart rate (D), were measured using the
tail-cuff method for the 28-day repeat-dose oral administration study in Sprague-Dawley rats at the
study endpoint. Data are presented as mean =+ standard deviation (n = 5/group). Statistical analysis
in each sex was evaluated by an unpaired t-test. HLO, hemp leaf oil.
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2.6. Effects of HLO on Macroscopic Lesions and Histopathology of Sprague-Dawley Rats

No macroscopic pathological lesions were observed in either the acute or the
28-day repeat-dose oral administration study following HLO or olive oil administration.
Histopathological examination of selected organs from the 28-day repeat-dose oral admin-
istration study in male and female Sprague-Dawley rats showed normal tissue structures
in all groups. Representative histological images of the heart, kidney, and liver are shown
in Figure 4.

Male + vehicle Male + HLO Female + vehicle Female + HLO

Heart
(10%)

Kidney
(200x)

Liver
(200)

Figure 4. Representative image of hematoxylin and eosin (H&E) staining of the ventricular cross-
sectional morphology, kidney tissue section, and liver tissue section from the 28-day repeat-dose oral
administration study in Sprague-Dawley rats, observed under a light microscope (image magnifica-
tion and scale bar as indicated). HLO, hemp leaf oil.

3. Discussion

This study determined that the phytochemical composition of HLO includes
0.40 mg/g CBD and less than 0.02 mg/g THC, which complies with Thailand FDA re-
quirements for food and beverage products [7]. Microbiological analysis of HLO samples
revealed no contamination by foodborne pathogens, including Escherichia coli, Salmonella
spp., and Staphylococcus aureus. Furthermore, testing for heavy metals, including arsenic,
cadmium, lead, mercury, and tin, was under permissible limits, signifying that the HLO
sample was free from foodborne microorganisms and heavy metals, thus rendering it safe
for consumption.

We discovered that male and female Sprague-Dawley rats that received a single oral
dosage or a 28-day repeat dose of HLO (1.5 mL/kg/day) exhibited no mortality, alterations
in general appearance, or neurobehavioral abnormalities. There was no significant differ-
ence in body weight growth following 14 days of single oral treatment of HLO (1.5 mL/kg)
in male and female rats. Similarly, a 28-day repeat dose of HLO did not affect body weight
or weight gain in sex-matched rats. The findings indicated that neither the acute nor
sub-chronic effects of HLO impacted rat body weight. These findings could imply that the
metabolic rate or energy expenditure of rats remained unchanged [16,17] and that all rats
maintained good health throughout the study. The results corroborated this hypothesis, as
no variation in food intake or water consumption was detected across all groups of rats.
Consequently, acute and sub-chronic treatment of HLO did not induce toxicity in major
organs, as the heart, liver, or kidney weights were comparable to those of control rats in
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the same sex groups. Our findings align with a prior study indicating that subchronic oral
toxicity assessments of elixinol hemp extract in rats do not influence body weight or organ
weight, except for an increase in liver weight and hepatocellular hypertrophy at elevated
doses; however, there were no alterations in clinical chemistry to suggest liver damage [18].
For both male and female Sprague-Dawley rats, acute and sub-chronic administration of
hemp extract in an olive oil matrix did not result in any discernible negative effects or
significant systemic toxicity [19].

This study demonstrated the safety impact of HLO on essential organs, including the
heart, kidneys, and liver. The cardiovascular effects of HLO were validated, since both
acute and sub-chronic administration of HLO did not alter blood pressure or heart rate in
sex-matched cohorts. It is well known that THC, a principal active component of cannabis,
is recognized for its neurobehavioral and cardiovascular effects [20-22]. Nonetheless,
HLO administration did not elicit neurobehavioral impairment, hypotension, hypertension,
bradycardia, or tachycardia in this investigation due to its extremely low THC concentration.
A recent publication corroborated our findings that acute treatment with hemp extract did
not impact behavioral or physiological changes, systolic blood pressure, diastolic blood
pressure, mean arterial blood pressure, or heart rate in male and female rats [23]. The
acute and sub-chronic administration of HLO had no effect on electrolyte balance in rats.
These results imply that renal and endocrine functions could be normal [24]. The safety
impact of HLO on renal function was validated by the levels of BUN and creatinine [25],
which showed no significant difference between the vehicle and HLO-treated rat in sex-
matched groups. Moreover, acute and sub-chronic HLO administration did not produce
changes in liver function and lipid metabolism, as seen by the absence of differences in
liver function enzymes, total protein, albumin, total bilirubin and cholesterol in circulation
across sex-matched rat groups. Previous studies have reported the beneficial effect of hemp
seed oil including improved liver function and lipid metabolism in lean and obese Zucker
rats [26,27]. Acute and sub-chronic HLO therapy did not result in aberrant macroscopic
lesions or histology in the heart, kidney, or liver. These data indicate that HLO has safety
effects on the morphology of the heart, kidney, and liver. Our study demonstrated that
HLO is safe for vital organs. Our findings were consistent with those of a prior study,
which found that acute and sub-chronic administration with a whole plant ethanol extract
of hemp in male and female rats resulted in normal liver enzyme levels, kidney function
indicators, and histological assessments of the liver and kidneys [28]. Evidence indicated
that sub-chronic administration of hemp seed oil rich in fatty acids did not influence liver
enzymes, urea, and creatinine levels in rats [29]. It could suggest that our results in HLO
could fill the gap between the safety of bioactive components of different parts of hemp.
HLO has beneficial components like terpenes and phenolic compounds, while hemp seed
oil has nutraceuticals like fatty acids (including linoleic acid (omega-6), x-linolenic acid
(omega-3), and oleic acid), tocopherols, and amino acids [30,31].

A prior investigation demonstrated the cardioprotective properties of HLO in hy-
pertensive rats [15]. Hemp seed oil has been shown to mitigate vascular dysfunction in
Zucker rats [32]. Furthermore, hemp seed oil exhibits hepatoprotective properties in fatty
liver disease generated by a high-fat diet [33]. However, this study has certain limitations:
(1) it did not assess the dose-response relationship of HLO on vital organs. The maximum
tolerated dose of HLO was not determined, and the selected dose of 1.5 mL/kg was based
on recommendations to prevent mortality or adverse respiratory effects. We acknowledge
the importance of a dose-response evaluation in conventional toxicology. A dose-response
evaluation significantly enhances the toxicological characterization of HLO, confirming the
calculation of the no observed adverse effect level (NOAEL) and providing an analytical
basis for calculating margins of safety and human-equivalent doses. For this study, a single-
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dose design was selected as our aim was not to determine a toxicity threshold, but to verify
the absence of adverse effects at an effective dose (1.5 mL/kg) for reducing blood pressure
and cardiovascular complications noted in prior research [1]. Given that no adverse effects
were seen on this dosage in animals, our results strongly affirm the product’s safety for its
intended use. (2) This work concentrated on acute and sub-chronic evaluations of HLO;
nevertheless, chronic assessments aimed at investigating carcinogenicity, reproductive
toxicity, and possible bioaccumulation are crucial domains for future research. Our findings
offer crucial baseline data that will guide the design and interpretation of further chronic
exposure assessments, enhancing the comprehension of HLO's toxicological profile across
various temporal exposure contexts.

Our findings may substantiate product safety standards or risk assessments, as HLO
includes THC levels below 0.2%, aligning with regulatory criteria in Thailand, the European
Union (e.g., EFSA guidelines) [34], and FDA regulations in the United States [35,36]. The
safety impacts on vital organs in both sexes throughout our acute and 28-day sub-chronic
study provide evidence that could inform global risk evaluations and establish safety
margins for HLO products in clinical applications.

4. Materials and Methods
4.1. The Preparation Process of Hemp Leaf Oil

The Cannabis sativa L. subsp. sativa plants were grown from RPF3 hemp variety seeds
developed by the Highland Research and Development Institute, Ministry of Agricul-
ture and Cooperatives, Government of Thailand. This hemp was planted with a 14 to
16 h light duration during the vegetative stage and cultivated in experimental plots at
the Cannabis Research Farm, Faculty of Agriculture, Khon Kaen University, Thailand
(16.471° N, 102.8115° W). Nitrogen fertilization (300 kg /ha) was applied, and the planting
density was set at 6000 seedlings per hectare. The hemp leaves were harvested at the
early-flowering stage, then chopped into small pieces and dried at 40 °C for 3 to 5 days.
After drying, they were stored in zip-lock plastic bags at 25 °C. The hemp extract was
prepared using a two-step solvent extraction method. In the first step, 5 kg of the hemp
leaves were immersed in 2 L of cellulolytic enzyme solution in a closed container for 7 days
to digest the cell wall. The aqueous phase was then mixed with 1.5 L of absolute ethanol at
25 °C. In the second step, the extract was dissolved in a water—ethanol mixture at 80 °C,
followed by ethanol evaporation under a 50-mbar vacuum for at least 4 h. Finally, 1 L of the
extract was mixed with food-grade olive oil in a 1:4 ratio to produce edible HLO. This final
extract contains 0.40 mg/g CBD and less than 0.02 mg/g THC (Table 5), as determined by
high-performance liquid chromatography (HPLC) analysis. These values are compliant
with Thailand FDA regulations for food and drink products [7].

Table 5. Specifications of the hemp leaf oil (HLO).

Parameter Specification Testing Method
Identification
Olive oil aroma olfactory
Aroma and visual Clear, amber color visual
Free for foreign material visual
H 5.88 In-house method based on AOAC
P : (2019) 943.02 [37]
Phytochemicals
CBD 040mg/g HPLC

THC 0.02mg/g HPLC
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Table 5. Cont.

Parameter Specification Testing Method
Microbiology
Coliforms 2.3 MPN/mL FDA BAM 2017 (chapter4) [38]
Escherichia coli <0.3 MPN/mL FDA BAM 2017 (chapter 4) [38]
Salmonella spp. Not detected ISO 6579-1:2017 [39]
Staphylococcus aureus Not detected FDA BAM 2016 (chapter 12) [40]

In-house method TE-CH-025 based on

Total aflatoxin Not detected AOAC (2016) 991.31 and 994.08 [41]

Heavy metals

Arsenic (As) Not detected Analyst, August 1994 [42]
Cadmium (Cd) Not detected Analyst, August 1994 [42]
Lead (Pb) Not detected Analyst, August 1994 [42]
Mercury (Hg) Not detected Analyst, August 1994 [42]

. In-house method based on AOAC
Tin (Sn) 2.453 mg/kg (2000) 985.16 [43]

BAM, Bacteriological Analytical Manual; CBD, cannabidiol; FDA, Food and Drug Administration; HPLC, High
Performance Liquid Chromatography; THC, tetrahydrocannabinol.

The specifications of the test article, HLO, used in this study are shown in Table 5.
Additionally, the HLO sample was tested for contamination by foodborne pathogens,
including Escherichia coli, Salmonella spp., and Staphylococcus aureus, as well as for heavy
metals such as As, Cd, Pb, Hg, and Sn. The results showed that the HLO sample was free
from foodborne pathogens, and the heavy metals were undetectable (Table 5).

4.2. Experimental Animals

The 6-week-old male and female Sprague-Dawley rats purchased from Nomura Siam
International Co., Ltd., Bangkok, Thailand, were used in the acute oral administration study
and the 28-day repeat dose oral administration study. All animal procedures followed the
standards for the care and use of experimental animals and were approved by the Animal
Ethics Committee of Khon Kaen University, Khon Kaen, Thailand (IACUC-KKU-11/65).
The animals were housed in a heating, ventilation, and air-conditioning (HVAC) system
at 23 =+ 2 °C and 30-60% relative humidity, with a 12 h light/dark cycle. All rats had free
access to food (standard rat chow) and water. After a week of acclimatization, the rats of
both sexes were randomly divided into two groups: the control group, which received olive
oil as a vehicle, and the testing group, which received HLO at 1.5 mL/kg BW/day. Both
the vehicle and HLO were administered to the rats via oral gavage using a stainless steel
intragastric needle. This study used a gavage volume of 1.5 mL/kg BW/day to minimize
the risk of mortality or unfavorable respiratory effects [44].

4.3. Treatments

In the acute oral administration study, twenty male Sprague-Dawley rats (209227 g)
and twenty female Sprague-Dawley rats (179-220 g) were randomly assigned to the treat-
ment groups (n = 5/group/sex). The HLO-treated group received a single oral dose of
HLO on Day 0 of the experiment. The dose selection was based on a previous study [15].
Following administration, all animals were monitored for harmful effects or death for 24 h,
and subsequently, daily observation for clinical signs of ill health for 14 days.

In the 28-day repeat-dose oral administration study, twenty male Sprague-Dawley
rats (214223 g) and twenty female Sprague-Dawley rats (187-215 g) were assigned to
the treatment groups, stratified by body weight to ensure comparable mean body weight
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within each sex (n = 5/group/sex). The HLO-treated group in both sexes received HLO at
a dose of 1.5 mL/kg BW/day, administered once daily for 28 consecutive days. General
observations were conducted daily throughout the treatment period to monitor general
health and detect any clinical signs of illness. The experimental designs were summarized
as depicted in Figure 5.

Day 0 Day 28
1 week
Accli e . :
cclpatastion H Sub-chronic effect study

vehicle (single-dose)
Control _{: ;
group :
vehicle (repeat- dose)—
HLO (single-dose)
Testing :

group HLO (repeat-dose)

Control

vehicle (single-dose)

rou
9 p{ vehicle (repeat- dose)—
v

Sprague-Dawley
rats

HLO (single-dose)
Testing_{:
e HLO (repeat-dose)

HLO: hemp leaf oil Vital organ harvesting & Par ements

Figure 5. Experimental designs.

4.4. General Assessments, Body Weight, Food Intake and Water Consumption Determination

The animal’s body weight was measured weekly to assess the effects of HLO on
growth in Sprague-Dawley rats. Food and water intake were recorded daily for each cage,
with feed consumption calculated as the amount consumed /rat/day. Clinical signs of
illness, including changes in skin, fur, eyes, mucous membranes, salivation, and abnormal
respiration, were monitored daily in both the acute oral administration study and the
28-day repeat-dose oral administration study. Abnormal neurobehaviors, such as altered
gait or posture, response to handling, tonic—clonic movements, stereotypies (e.g., exces-
sive grooming, repetitive circling), and bizarre behaviors (e.g., walking backward), were
also observed.

4.5. Indirect Blood Pressure Measurement

Blood pressure parameters, including systolic blood pressure, diastolic blood pressure
and mean arterial pressure, along with heart rate, were measured weekly using a noninva-
sive tail-cuff volume pressure recording sensor technology (CODA software version 4.1,
Kent Scientific., Torrington, CT, USA).

4.6. Biochemical Analysis

Whole blood samples were collected in clot blood collection tubes and sent to the
AMS Excellence Laboratory, Faculty of Associated Medical Sciences, Khon Kaen University,
Thailand, to determine serum levels of electrolytes, total protein, albumin, liver enzymes
(AST, ALT, ALP), total bilirubin, blood urea nitrogen (BUN), creatinine, uric acid, cholesterol,
calcium (Ca?*), and inorganic phosphorus (PHOS) using standard procedures as a previous
report [45].

4.7. Histological Analysis

All animals were anesthetized with sodium thiopental (50 mg/kg) (Scott-Edill Pharma-
cial Ltd., Solan (H.P.), India) and exsanguinated from the abdominal aorta. A full necropsy
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was performed on each animal, and all gross lesions were recorded. The heart, liver, and
kidneys were also collected and weighed. In the 28-day repeat-dose oral administration
study, vital organs, including the heart, kidneys, and liver, were examined by histopathol-
ogy. These tissues were rapidly fixed in 4% paraformaldehyde and processed as previously
described [46]. Briefly, the tissues were embedded in paraffin, sectioned to 5 um thickness,
and stained with hematoxylin and eosin (H&E) (Bio-Optica Milano S. p.A., Milan, Italy).
Structural alterations were observed, and images were captured using an Eclipse Ni-U
upright microscope (Nikon, Tokyo, Japan).

4.8. Statistical Analysis

Data are expressed as the mean =+ standard deviation (SD). Statistical analysis was
performed separately for male and female Sprague-Dawley rats using GraphPad Prism 9.5.
(San Diego, CA, USA) HLO group results were compared to those of the control group
using a Student’s t-test, with p < 0.05 considered significant.

5. Conclusions

In conclusion, our findings demonstrated that HLO contained negligible amounts of
THC. Neither acute nor sub-chronic dose of HLO at 1.5 mL/kg affected body weight, organ
weights, blood pressure, or electrolyte balance. There were no structural or functional
abnormalities observed in vital organs, including the heart, kidneys, and liver, between
sex-matched groups after acute and sub-chronic HLO administration. These results support
the safety effect of HLO treatment and the prospective application of HLO in preclinical
research or clinical settings. This safety profile supports the extension of research into many
domains, including dose-escalation studies and extended chronic toxicity assessments. This
will strengthen the evidence base for any future clinical development of HLO.
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References

1. Ranalli, P; Venturi, G. Hemp as a raw material for industrial applications. Euphytica 2004, 140, 1-6. [CrossRef]

2. Rupasinghe, H.P.V,; Davis, A.; Kumar, S.K.; Murray, B.; Zheljazkov, V.D. Industrial Hemp (Cannabis sativa subsp. sativa) as an
Emerging Source for Value-Added Functional Food Ingredients and Nutraceuticals. Molecules 2020, 25, 4078. [CrossRef]

3. Shin, J.; Choi, S.; Park, A.Y,; Ju, S.; Kweon, B.; Kim, D.-U.; Bae, G.-S.; Han, D.; Kwon, E.; Hong, ].; et al. In Vitro and In Vivo
Anti-Inflammatory and Antidepressant-like Effects of Cannabis sativa L. Extracts. Plants 2024, 13, 1619. [CrossRef]

4. Cantele, C.; Bertolino, M.; Bakro, F; Giordano, M.; Jedryczka, M.; Cardenia, V. Antioxidant Effects of Hemp (Cannabis sativa L.)
Inflorescence Extract in Stripped Linseed Oil. Antioxidants 2020, 9, 1131. [CrossRef]

5. Martinez Naya, N.; Kelly, J.; Corna, G.; Golino, M.; Abbate, A.; Toldo, S. Molecular and Cellular Mechanisms of Action of
Cannabidiol. Molecules 2023, 28, 5980. [CrossRef]

6. Burstein, S. Cannabidiol (CBD) and its analogs: A review of their effects on inflammation. Bioorg. Med. Chem. 2015, 23, 1377-1385.
[CrossRef]

7. ThaiFDA; The Notification of Ministry of Public Health. Re: Prescribing the List of Category 5 Narcotics, B.E. 2565/2022. Available
online: https:/ /cannabisinfo.fda.moph.go.th/media.php?id=478547277657546752&name=6%20law_NYS5_080265.pdf (accessed
on 19 July 2023).

8.  Tanase Apetroaei, V.; Pricop, E.M.; Istrati, D.L.; Vizireanu, C. Hemp Seeds (Cannabis sativa L.) as a Valuable Source of Natural
Ingredients for Functional Foods-A Review. Molecules 2024, 29, 2097. [CrossRef]

9. Xu,]J,;Bai, M,; Song, H.; Yang, L.; Zhu, D.; Liu, H. Hemp (Cannabis sativa subsp. sativa) Chemical Composition and the Application
of Hempseeds in Food Formulations. Plant Foods Hum. Nutr. 2022, 77, 504-513. [CrossRef] [PubMed]

10. Jin, D.; Dai, K;; Xie, Z.; Chen, J. Secondary Metabolites Profiled in Cannabis Inflorescences, Leaves, Stem Barks, and Roots for
Medicinal Purposes. Sci. Rep. 2020, 10, 3309. [CrossRef] [PubMed]

11. Benelli, G.; Pavela, R.; Lupidi, G.; Nabissi, M.; Petrelli, R.; Ngahang Kamte, S.L.; Cappellacci, L.; Fiorini, D.; Sut, S.;
Dall’Acqua, S.; et al. The crop-residue of fiber hemp cv. Futura 75: From a waste product to a source of botanical
insecticides. Environ. Sci. Pollut. Res. Int. 2018, 25, 10515-10525. [CrossRef]

12.  Semwogerere, F.; Katiyatiya, C.L.F; Chikwanha, O.C.; Marufu, M.C.; Mapiye, C. Bioavailability and Bioefficacy of Hemp
By-Products in Ruminant Meat Production and Preservation: A Review. Front. Vet. Sci. 2020, 7, 572906. [CrossRef]

13.  Zhu,].; i, ]; Kang, Q.; Huang, J.; Cui, Y,; Zhang, G.; Wang, Z.; Zhang, L.; Zheng, Z.; Lu, J.; et al. Anti-fatigue activity of hemp
leaves water extract and the related biochemical changes in mice. Food Chem. Toxicol. 2021, 150, 112054. [CrossRef]

14. Chatzimitakos, T.; Athanasiadis, V.; Makrygiannis, I.; Kalompatsios, D.; Bozinou, E.; Lalas, S.I. Bioactive Compound Extraction
of Hemp (Cannabis sativa L.) Leaves through Response Surface Methodology Optimization. AgriEngineering 2024, 6, 1300-1318.
[CrossRef]

15. Khamseekaew, ].; Duangjinda, M.; Maneesai, P.; Labjit, C.; Rattanakanokchai, S.; Rongpan, S.; Pakdeechote, P.; Potue, P. Cannabis
sativa L. Leaf Oil Displays Cardiovascular Protective Effects in Hypertensive Rats. Int. J. Mol. Sci. 2025, 26, 1897. [CrossRef]
[PubMed]

16. Rising, R.; Lifshitz, F. Energy expenditures & physical activity in rats with chronic suboptimal nutrition. Nutr. Metab. 2006, 3, 11.
[CrossRef]

17. Sayed, S.; Ahmed, M.; El-Shehawi, A.; Alkafafy, M.; Al-Otaibi, S.; El-Sawy, H.; Farouk, S.; El-Shazly, S. Ginger Water Reduces
Body Weight Gain and Improves Energy Expenditure in Rats. Foods 2020, 9, 38. [CrossRef]

18. Dziwenka, M.; Dolan, L.C.; Rao, M. Safety of Elixinol Hemp Extract: In Vitro Genetic Toxicity and Subchronic Toxicity in Rats.
J. Toxicol. 2023, 2023, 5982883. [CrossRef]

19. Dziwenka, M.; Coppock, R.; Alexander, M.; Palumbo, E.; Ramirez, C.; Lermer, S. Safety Assessment of a Hemp Extract using
Genotoxicity and Oral Repeat-Dose Toxicity Studies in Sprague-Dawley Rats. Toxicol. Rep. 2020, 7, 376-385. [CrossRef] [PubMed]

20. Lake, K.D.; Compton, D.R.; Varga, K.; Martin, B.R.; Kunos, G. Cannabinoid-induced hypotension and bradycardia in rats
mediated by CB1-like cannabinoid receptors. J. Pharmacol. Exp. Ther. 1997, 281, 1030-1037. [CrossRef] [PubMed]

21. Lake, K.D.; Martin, B.R.; Kunos, G.; Varga, K. Cardiovascular Effects of Anandamide in Anesthetized and Conscious Normotensive
and Hypertensive Rats. Hypertension 1997, 29, 1204-1210. [CrossRef]

22. Holloway, Z.R.; Hawkey, A.B.; Pippin, E.; White, H.; Wells, C.; Kenou, B.; Rezvani, A.H.; Murphy, S.K.; Levin, E.D. Paternal factors
in neurodevelopmental toxicology: THC exposure of male rats causes long-lasting neurobehavioral effects in their offspring.
Neurotoxicology 2020, 78, 57-63. [CrossRef]

23. Costa, A.C.; Gasparotto, A.; Garcia, A.A.K.; Pereira, C.A.C.; Lourencgo, E.L.B.; Joaquim, H.P.G. Acute and prolonged toxicity

assessment of Cannabis sativa extract in rodents and lagomorphs. Toxicol. Rep. 2025, 14, 101918. [CrossRef]


https://doi.org/10.1007/s10681-004-4749-8
https://doi.org/10.3390/molecules25184078
https://doi.org/10.3390/plants13121619
https://doi.org/10.3390/antiox9111131
https://doi.org/10.3390/molecules28165980
https://doi.org/10.1016/j.bmc.2015.01.059
https://cannabisinfo.fda.moph.go.th/media.php?id=478547277657546752&name=6%20law_NYS5_080265.pdf
https://doi.org/10.3390/molecules29092097
https://doi.org/10.1007/s11130-022-01013-x
https://www.ncbi.nlm.nih.gov/pubmed/36112300
https://doi.org/10.1038/s41598-020-60172-6
https://www.ncbi.nlm.nih.gov/pubmed/32094454
https://doi.org/10.1007/s11356-017-0635-5
https://doi.org/10.3389/fvets.2020.572906
https://doi.org/10.1016/j.fct.2021.112054
https://doi.org/10.3390/agriengineering6020075
https://doi.org/10.3390/ijms26051897
https://www.ncbi.nlm.nih.gov/pubmed/40076524
https://doi.org/10.1186/1743-7075-3-11
https://doi.org/10.3390/foods9010038
https://doi.org/10.1155/2023/5982883
https://doi.org/10.1016/j.toxrep.2020.02.014
https://www.ncbi.nlm.nih.gov/pubmed/32123668
https://doi.org/10.1016/S0022-3565(24)36714-X
https://www.ncbi.nlm.nih.gov/pubmed/9190833
https://doi.org/10.1161/01.HYP.29.5.1204
https://doi.org/10.1016/j.neuro.2020.01.009
https://doi.org/10.1016/j.toxrep.2025.101918

Pharmaceuticals 2025, 18, 1437 14 of 14

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

Lancaster, L.E. Renal and endocrine regulation of water and electrolyte balance. Nurs. Clin. N. Am. 1987, 22, 761-772. [CrossRef]
Zhang, Q.; Davis, K.J.; Hoffmann, D.; Vaidya, V.S.; Brown, R.P; Goering, P.L. Urinary biomarkers track the progression of
nephropathy in hypertensive and obese rats. Biomark. Med. 2014, 8, 85-94. [CrossRef]

Fotschki, B.; Opyd, P; Juskiewicz, J.; Wiczkowski, W.; Jurgoniski, A. Comparative Effects of Dietary Hemp and Poppy Seed Oil on
Lipid Metabolism and the Antioxidant Status in Lean and Obese Zucker Rats. Molecules 2020, 25, 2921. [CrossRef] [PubMed]
Opyd, PM,; Jurgornski, A.; Fotschki, B.; Juskiewicz, J. Dietary Hemp Seeds More Effectively Attenuate Disorders in Genetically
Obese Rats than Their Lipid Fraction. J. Nutr. 2020, 150, 1425-1433. [CrossRef] [PubMed]

Tallon, M.].; Child, R. Subchronic oral toxicity assessment of a cannabis extract. Regul. Toxicol. Pharmacol. RTP 2023, 144, 105496.
[CrossRef]

Bouarfa, M.; Chebaibi, M.; Ez-Zahra Amrati, E; Souirti, Z.; Saghrouchni, H.; El atki, Y.; Bekkouche, K.; Mourabiti, H.; Bari, A,;
Giesy, ].P; et al. In vivo and in silico studies of the effects of oil extracted from Cannabis sativa L. seeds on healing of burned skin
wounds in rats. Front. Chem. 2024, 12, 1381527. [CrossRef]

Pellati, F.; Borgonetti, V.; Brighenti, V.; Biagi, M.; Benvenuti, S.; Corsi, L. Cannabis sativa L. and Nonpsychoactive Cannabinoids:
Their Chemistry and Role against Oxidative Stress, Inflammation, and Cancer. BioMed Res. Int. 2018, 2018, 1691428. [CrossRef]
Andre, C.M.; Hausman, J.F.; Guerriero, G. Cannabis sativa: The Plant of the Thousand and One Molecules. Front. Plant Sci. 2016,
7,19. [CrossRef]

Majewski, M.; Jurgoniski, A. The Effect of Hemp (Cannabis sativa L.) Seeds and Hemp Seed Oil on Vascular Dysfunction in Obese
Male Zucker Rats. Nutrients 2021, 13, 2575. [CrossRef] [PubMed]

Kaushal, N.; Gupta, M.; Kulshreshtha, E. Hempseed (Cannabis sativa) lipid fractions alleviate high-fat diet-induced fatty liver
disease through regulation of inflammation and oxidative stress. Heliyon 2020, 6, e04422. [CrossRef] [PubMed]

The European Commission. COMMISSION REGULATION (EU) 2022/1393 of 11 August 2022 amending Regulation (EC) No
1881/2006 as regards maximum levels of delta-9-tetrahydrocannabinol (A°-THC) in hemp seeds and products derived therefrom.
Off. ]. Eur. Union 2022, L211, 83-85.

Johnson, R. FDA’s Oversight of Hemp-Derived Compounds; Congressional Research Service: Washington, DC, USA, 2023.

US Congress. Agriculture Improvement Act of 2018; Public Law 115-334—Dec. 20, 2018; US Congress: Washington, DC, USA, 2018.
AOAC. Official Methods of Analysis of AOAC INTERNATIONAL, 21st ed.; AOAC: Washington, DC, USA, 2019.

Feng, P.; Stephen, D.W.; Michael, A.G.; Burkhardt, W. BAM Chapter 4: Enumeration of Escherichia coli and the Coliform Bacteria.
Available online: https://www.fda.gov/food/laboratory-methods-food /bam-chapter-4-enumeration-escherichia-coli-and-
coliform-bacteria (accessed on 20 September 2025).

ISO 6579-1:2017; Microbiology of the Food Chain—Horizontal Method for the Detection, Enumeration and Serotyping of
Salmonella. Part 1: Detection of Salmonella spp. ISO: Geneva, Switzerland, 2017.

Tallent, S.; Hait, J.; Bennett, RW.; Lancette, G.A. BAM Chapter 12: Staphylococcus aureus; U.S. Food and Drug Administration:
Washington, DC, USA, 2016.

AOAC. Official Methods of Analysis of AOAC INTERNATIONAL, 20th ed.; AOAC: Washington, DC, USA, 2016.

Sheppard, B.S.; Heitkemper, D.T.; Gaston, C.M. Microwave Digestion for the Determination of Arsenic, Cadmium and Lead
in Seafood Products by Inductively Coupled Plasma Atomic Emission and Mass Spectrometry. Analyst 1994, 119, 1683-1686.
[CrossRef]

AOAC. Official Methods of Analysis of AOAC INTERNATIONAL, 17th ed.; AOAC: Washington, DC, USA, 2000.

Heraudeau, M.; Roux, C.M.; Lahogue, C.; Largilliere, S.; Allouche, S.; Lelong-Boulouard, V.; Freret, T. Micropipette-guided Drug
Administration (MDA) as a non-invasive chronic oral administration method in male rats. J. Neurosci. Methods 2023, 398, 109951.
[CrossRef]

Kongkhum, S.; Sarnkhaow, S. The reference intervals for biochemistry analytes obtained through the indirect method indicate the
metabolic shifts in the Thai adult population. J. Assoc. Med. Sci. 2025, 58, 253-260. [CrossRef]

Prasatthong, P.; Meephat, S.; Rattanakanokchai, S.; Khamseekaew, J.; Bunbupha, S.; Prachaney, P.; Maneesai, P.; Pakdeechote, P.
Galangin Resolves Cardiometabolic Disorders through Modulation of AdipoR1, COX-2, and NF-kappaB Expression in Rats Fed a
High-Fat Diet. Antioxidants 2021, 10, 769. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0029-6465(22)01331-7
https://doi.org/10.2217/bmm.13.106
https://doi.org/10.3390/molecules25122921
https://www.ncbi.nlm.nih.gov/pubmed/32630455
https://doi.org/10.1093/jn/nxaa081
https://www.ncbi.nlm.nih.gov/pubmed/32275310
https://doi.org/10.1016/j.yrtph.2023.105496
https://doi.org/10.3389/fchem.2024.1381527
https://doi.org/10.1155/2018/1691428
https://doi.org/10.3389/fpls.2016.00019
https://doi.org/10.3390/nu13082575
https://www.ncbi.nlm.nih.gov/pubmed/34444734
https://doi.org/10.1016/j.heliyon.2020.e04422
https://www.ncbi.nlm.nih.gov/pubmed/32685737
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-4-enumeration-escherichia-coli-and-coliform-bacteria
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-4-enumeration-escherichia-coli-and-coliform-bacteria
https://doi.org/10.1039/an9941901683
https://doi.org/10.1016/j.jneumeth.2023.109951
https://doi.org/10.12982/JAMS.2025.059
https://doi.org/10.3390/antiox10050769

	Introduction 
	Results 
	Effects of HLO on Mortality, General Appearance, and Neurobehavior of Sprague-Dawley Rats 
	Effects of HLO on Body Weight, Food Intake and Water Consumption in Sprague-Dawley Rats 
	Effects of HLO on the Vital Organ Weight of Sprague-Dawley Rats 
	Effects of HLO on Blood Pressure and Heart Rate of Sprague-Dawley Rats 
	Effects of HLO on Biochemical Parameters of Sprague-Dawley Rats 
	Effects of HLO on Macroscopic Lesions and Histopathology of Sprague-Dawley Rats 

	Discussion 
	Materials and Methods 
	The Preparation Process of Hemp Leaf Oil 
	Experimental Animals 
	Treatments 
	General Assessments, Body Weight, Food Intake and Water Consumption Determination 
	Indirect Blood Pressure Measurement 
	Biochemical Analysis 
	Histological Analysis 
	Statistical Analysis 

	Conclusions 
	References

