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Abstract

Background: Salvia officinalis L. is an aromatic perennial herb belonging to the Lamiaceae family, known for its diverse pharmacological properties, including
potent antioxidant, antimicrobial, anti-inflammatory, neuroprotective, and anti-diabetic activities. Despite its extensive traditional use, the specific roles of S.
officinalis in glucose management and its acute toxicity profile in rabbits require further elucidation. Objective: This study provided a preliminary assessment of
the acute toxicity profile and the basal glycemic effects of a methanolic extract of S. officinalis in a normoglycemic rabbit model. Methodology: Twelve adult male
White rabbits were randomly assigned to four groups (n=3). Group I served as the vehicle control, while Groups II, III, and IV received single oral doses of S.
officinalis extract at 1000, 1500, and 2000 mg/kg, respectively. Animals were monitored over 14 days for toxicity, mortality, and body weight, alongside repeated
measurements of fasting blood glucose (FBG). Data were analyzed using two-way repeated measures ANOVA. Results: S. officinalis extract demonstrated dose-
dependent basal glucose modulation. The repeated measures analysis revealed highly significant effects for both time and dose (P < 0.001). The 1000 mg/kg dose
was identified as the No Observed Adverse Effect Level (NOAEL), while the 1500 mg/kg dose was established as the Maximum Tolerated Dose (MTD). At 2000
mg/kg, an observed lethal threshold was recorded with a 66.7% mortality rate. Conclusion: The preliminary findings suggest that S. officinalis extract exhibits
potential dose-dependent hypoglycemic activity in normoglycemic models. However, the manifestation of systemic toxicity at higher concentrations defines a
narrow therapeutic window for the extract.
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1. Introduction essential oils, flavonoids, and phenolic acids. These constituents are
thought to exert their hypoglycemic effects through various mechanisms,
such as improving insulin sensitivity, enhancing glucose uptake, and
inhibiting a-glucosidase activity [8-15]

Diabetes Mellitus (DM) is a group of metabolic diseases characterized
by hyperglycemia resulting from defects in insulin secretion, insulin action,
or both [1, 2]. Globally, DM prevalence poses a significant public health
challenge, with estimates of 537 million adults affected, expected to rise to
643 million by 2030 and 783 million by 2045. The increasing resistance to
standard therapies and treatment costs has led to a renewed interest in
complementary and alternative medicine, particularly traditional herbal
remedies for DM management [3-5].

Despite the extensive traditional application and a growing body of in
vitro and in vivo literature elucidating its general pharmacological effects,
several critical aspects regarding the safe and effective use of S. officinalis
in DM management remain inadequately addressed. Specifically, there is a
notable lack of robust experimental evidence defining the acute safety
profile (NOAEL, MTD) and the precise dose-response relationship of its
methanolic extract. Therefore, this study aims to provide a preliminary
characterization of the acute safety profile and explore the basal glycemic
effects of Salvia officinalis methanolic extract in a normoglycemic rabbit
model, establishing a pharmacological baseline for future larger-scale

In this context, Salvia officinalis (common sage or garden sage), an
aromatic perennial herb belonging to the Lamiaceae family, has garnered
significant scientific attention [6]. Historically recognized for its diverse
pharmacological spectrum, this herb exhibits potent antioxidant,
antimicrobial, anti-inflammatory, neuroprotective, and notably, anti- . .
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diabetic activities [7]. The therapeutic potential of S. officinalis is primarily

attributed to its complex phytochemical composition, which includes
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2. Methodology
2.1 Plant Material and Extract Preparation

Fresh leaves of Salvia officinalis L. were collected in February 2025
from a house garden in Dhamar city, Yemen. The leaves were formally
identified and authenticated by Dr. Abdullah Al-Shawsh, Department of
Botany, Thamar University, Yemen, Under voucher specimen (No. TU+AC-
2024). Certificates of authentication were subsequently submitted and
retained in the Department of Pharmacy, Thamar University, Yemen.

The collected S. officinalis leaves (Figure 1) were thoroughly washed
with distilled water and shade-dried at ambient temperature [11]. The
dried leaves were subsequently pulverized into a fine powder using a
mortar and pestle, according to established methods [11, 16]. A
methanolic extract was then prepared via maceration. To ensure a
sufficient yield for high-dose administration, the extraction was conducted
in successive cycles (10 g of powder per 100 mL solvent) for 48 hours with
occasional agitation. The filtrate was concentrated using a rotary
evaporator at 40 °C under reduced pressure. The crude methanolic extract
was stored in airtight amber vials at 20 °C until further use, following
standard protocols [4, 17, 18]. Finally, the total yield of the extract was
determined [19].

2.2 Experimental Animals

A total of twelve adult male White rabbits (1000-1500 g, 18 weeks
old) were sourced from the local market. The animals were housed in
metallic cages at the Thamar University Institute for Continuous
Education. All procedures involving the animals adhered to the
internationally recognized guidelines for the care and use of laboratory
animals and were approved by the Animal Ethics Committee (AEC) of
Thamar University [20, 21].

Figure 1: Leaves of the Salvia officinalis.

Rabbits were acclimated for one week under controlled conditions
(23 + 2 °C, 55 + 5% humidity, 12:12 h light/dark cycle) [22] [23].
Following acclimatization, animals were randomly assigned to four groups
(n = 3 per group) for the Preliminary Acute Toxicity and Dose-Ranging
Assessment (Table 1). The use of four parallel groups with n=3 was
adopted as a preliminary screening method to establish the Maximum
Tolerated Dose (MTD). Group I (Control): Received vehicle only (distilled
water), Group II-IV: Received single oral doses of sage extract at 1000,
1500, 2000 mg/kg, respectively. The extract and vehicle were
administered as a single oral dose (P.0.) via oral gavage

Table 1: Design and distribution of experimental animals grouping.

Group Category Dose Administration
Group I Vehicle control Distilled water (vehicle)
Group II Low-Dose Toxicity/Efficacy Extract 1000 mg/kg BW (p.0.)
Group I Mid-Dose Toxicity/Efficacy Extract 1500 mg/kg BW (p.0.)
Group IV High-Dose Toxicity/Efficacy Extract 2000 mg/kg BW (p.0.)

*Note: The S. officinalis extract was administered as a single oral dose (P.0.) via oral
gavage. Animals were fasted overnight before dosing to stabilize baseline glucose.

2. 3 Preliminary Acute Toxicity Assessment and Body Weight

The acute oral toxicity was assessed using a dose-range finding study
(limit test) to characterize the initial safety profile of the extract. In
accordance with the 3Rs principles for animal reduction and the
exploratory nature of this screening, the No Observed Adverse Effect Level
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(NOAEL) and Maximum Tolerated Dose (MTD) were identified based on
the highest doses resulting in zero mortality. Clinical signs were monitored
using the Functional Observational Battery at least twice daily.
Observations for behaviour, water/food intake, and mortality were
recorded over a period of 14 days. This preliminary screening focused on
clinical and observational parameters, including mortality and physical
indicators. Body weights were measured using an electrical balance at
baseline Day 0 and at the end of the experiment (Day 14). Body weight
data were statistically analyzed and expressed as mean *SEM. Figure 2
shows a graphical representation of the study methodology.
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Figure 2: Graphical representation of Salvia officinalis ethanolic extract is
safe and demonstrates significant antihyperglycemic activity in rabbits.

2.4 Assessment of Effect on Basal Blood Glucose Levels

To evaluate the hypoglycemic efficacy of the S. officinalis extract,
fasting blood glucose (FBG) levels were monitored in normoglycemic
rabbits. Baseline measurements (0 h) were obtained immediately prior to
extract administration. Post-treatment glucose levels were then recorded
at acute intervals (0, 2, and 6 h) and sustained intervals (Days 1, 7, 10, and
14). Blood samples (~3mL) were collected from the marginal ear vein via
lancet puncture, and glucose concentrations were determined using a
validated portable glucometer (Accu-Chek, Roche Diagnostics, Germany)
in accordance with the manufacturer's instructions.

2.5 Ethical Approval

All experimental procedures were conducted in accordance with the
ethical guidelines for the care and use of laboratory animals and were
approved by the Animal Ethics Committee (AEC) of Thamar University
(Ref No: TU-2025-045). Animals were monitored every 2 hours during
the first 24 hours for clinical signs of toxicity. Humane endpoints were
established to prevent unnecessary suffering; animals showing severe
distress or moribund conditions were slated for immediate euthanasia
using an overdose of anesthesia. Rabbits that succumbed to the high-dose
toxicity (2000 mg/kg) were recorded, while surviving healthy animals
were maintained under veterinary supervision for the 14-day observation
period before being humanely retired from the study.

2. 6 Statistical Analysis.

Data were expressed as mean * SEM and analyzed using SPSS
software (version 16). For body weight data, differences among groups at
Day 14 were analyzed by One-way ANOVA. For fasting blood glucose data,
a two-way repeated measures ANOVA was employed to evaluate the
main effects of Dose and Time, as well as their interaction. Bonferroni
post-hoc tests were performed to identify significant differences between
groups at specific time points. Mortality rates were compared by Fisher’s
exact test. A p-value of less than 0.05 (p < 0.05) was considered significant.

3. Results
3.1 Plant Material and Extract Yield

The extraction process, involving a 48-hour maceration of 10 g of
dried S. officinalis leaves in 70% methanol, resulted in a dark brown,
gummy crude extract. The calculated percentage yield was 10.3% (w/w).
This yield provided a sufficient quantity of the phytochemical constituents
required for the subsequent acute toxicity and hypoglycemic assessments
in the rabbit model.

3.2 Preliminary Acute Toxicity and Clinical Observations

Oral administration of the methanolic extract of S. officinalis resulted
in dose-dependent mortality and pronounced clinical manifestations
(Table 2). All rabbits (3/3) in Group II survived the 14-day observation
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period, establishing this dosage as the NOAEL. Conversely, Group III
recorded a 33.3% mortality rate (1/3), while Group IV exhibited the
highest fatalities at 66.7% (2/3). These findings identify 1500 mg/kg as
the MTD and approximately 2000 mg/kg as the observed lethal threshold.

Clinical signs also followed a dose-dependent pattern. While the
control and Group II exhibited normal behavior and stable vital signs,
rabbits receiving 1500 and 2000 mg/kg displayed pronounced
neurobehavioral alterations, including drowsiness, trembling, and
aggressiveness. Severe manifestations, such as paralysis and asphyxiation,
were exclusively recorded in Group IV, reflecting acute systemic toxicity.

Table 2. Acute Toxicity and Clinical Observations of S. officinalis Methanolic Extract in
Male Rabbits Over 14 Days

Mortalityand  Group I S. officinalis methanolic extract

clinical signs  (Control)

Group II Group III Group IV (High
(1000 mg) (1500 mg) 2000 mg)
Mortality 0/3 0/3 1/3 2/3
Aggressiveness,
Behavioral None None drowsiness, paralysis, drowsiness,
Changes trembling, trembling,
asphyxiation
Body Normal Normal Normal Elevated
Temperature
Heart Rate Normal  Increased Increased Increased
Respiratory Normal Slightly Increased Increased
Rate Increased

* Note: N: normal, AN: abnormal, P: presence, A: aggressive.

3. 3Food and Water Consumption

As shown in Figures 3A and 3B, no statistically significant differences
in mean food and water intake were observed across all treated groups
compared to the control (P > 0.05). These results suggest that the extract
did not impact appetite or hydration, indicating that observed weight
changes were likely driven by metabolic or toxicological factors rather
than reduced intake.
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Figure 3: Food consumption expressed in g/d (A) and Water intake expressed in ml/d
(B) of male rabbits orally administered with S. officinalis extract.

3.4 The effect of Salvia officinalis extract on Rabbit's body weight

As demonstrated in Table 3, rabbits in the vehicle control group
(Group I) exhibited a statistically significant increase in body weight from
1300 + 20 g on day 0 to 1395 + 25 g on day 14 (P < 0.001). In the Low-

Dose Group II (1000 mg/kg), a marginal yet statistically insignificant
increase in body weight was noted between day 0 and day 14 (P > 0.05).
Conversely, the Mid-Dose Group (Group III) (1500mg/kg) exhibited a
statistically significant reduction in body weight (P < 0.001), with a mean
difference of -~160+10, suggesting an early indication of systemic toxicity.
In contrast to the control and low-dose groups, the High-Dose Group
(Group 1V) (2000 mg/kg BW) demonstrated the most severe and
statistically significant reduction in body weight, dropping from 1302 +21
g on day 0 to 1120+25 g on day 14 (P <0.001), strongly correlating with
the observed mortality.

Table 3: The mean body weight and weight difference of male rabbits on day 0 and day
14.

Body weight Body weight Mean
Groups on day 0 on day 14 difference * P value
(g) (8) SEM (g)
Group I 1300£20 1395425 +95+5 <0.001
Group II 1305422 1320£27 +15+5 >0.05
Group III 1310£20 1150430 -160£10 <0.001
Group IV 1302+21 1120425 - 1826 <0.001

* Note: Data are expressed as mean * SEM (n=3). The initial body weight range for all
rabbits was 1000-1500 g. P-values compare Day 14 weight to Day 0 weight within the
same group.

3.5 Hypoglycemic Efficacy and Basal Glucose Modulation

As summarized in Table 4, the methanolic extract exhibited a potent
dose-dependent hypoglycemic effect across all treated groups compared to
the control. In the Low-Dose Group II (1000 mg/kg), a significant
reduction in FBG was observed at 2- and 6-hours post-administration (P <
0.05) compared to its baseline. The most pronounced reduction was
recorded in the High-Dose Group IV (2000 mg/kg), where blood glucose
levels dropped significantly from a baseline of 168.00 + 1.36 mg/dL to a
minimum of 60.00 * 1.32 mg/dL at 2 hours (P < 0.001).

As illustrated in the longitudinal profile (Figure 4), the extract
demonstrated a rapid onset of action within the first 6 hours, followed by a
gradual stabilization phase. While all treated groups maintained lower
FBG levels relative to their respective baselines through Day 14, the
efficacy of the high-dose group was confounded by the previously noted
systemic toxicity and mortality rate.
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Figure 4: Longitudinal glycemic profile of normoglycemic rabbits following acute oral
administration of Salvia officinalis L. extract. The graph depicts the dose-dependent
reduction in fasting blood glucose (FBG) during acute (0-12 h) and sustained (1-14
days) observation periods. Error bars indicate SE.

4. Discussion

Medicinal plants have demonstrated significant utility within the
realm of traditional medicine and hold relevance in economically
disadvantaged nations [24-26]. The present study provides a preliminary
characterization of the acute toxicity profile and the basal glycemic effects
of a methanolic extract of Salvia officinalis in rabbits. By establishing the
No Observed Adverse Effect Level (NOAEL) and the Maximum Tolerated
Dose (MTD), the results yield preliminary insights into the safety
threshold and metabolic response in a normoglycemic state associated
with this botanical. Our findings revealed that the methanolic extract of S.
officinalis diminishes blood glucose concentrations, especially at elevated
dosages, while exhibiting a dose-dependent toxicity profile.
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Table 4: Fasting blood glucose levels (mean + SEM) in male rabbits following acute oral administration of S. officinalis extract.

Blood glucose (mg/dl)
Group Treatments 0 21 15T Day 7™ Day 10™ Day 14T Day
Mean + SEM Mean * SEM Mean * SEM Mean * SEM Mean * SEM Mean * SEM Mean * SEM
Group I Control Group 188+2.884 115+3.004 175+2.084 159+0.584 161£1.534 171+2.314
Group II 1000 mg/kg 191+2.87 4 98+2.008 203+3.224 175£3.08 178£3.08 181£3.08
Group III 1500 mg/kg 184+4.50 A 88+2.00¢ 178+1.04 150+2.0¢ 156+3.04 159+3.0¢
Group IV 2000 mg/kg 168+3.60 A 60+2.00 P 158+1.04 136+2.00 143+3.0¢ 146+3.06°
P * value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Note: Data are expressed as Mean + SEM (Standard Error of the Mean), with n=3 per group. Values within the same column followed by different superscript letters (a, b, c, d) are significantly
different at p < 0.05, as determined by a two-way repeated measures ANOVA followed by a Bonferroni post-hoc test for multiple comparisons.

The preliminary assessment of acute toxicity revealed a clear dose-
dependent relationship between extract administration and systemic
safety. While the 1000 mg/kg dose was well-tolerated, the emergence of
neurobehavioral alterations and mortality at 1500 and 2000 mg/kg
defines a narrow therapeutic window for the methanolic extract in this
animal model. The observed clinical signs, including trembling and
paralysis at high doses, suggest potential neurotoxic or systemic metabolic
distress when safe thresholds are exceeded. Crucially, the significant
reduction in body weight observed in Groups III and IV (P < 0.001) must
be interpreted as a primary indicator of systemic toxicity. This finding
implies an estimated MTD of approximately 1500 mg/kg, reflecting the
extract's potential for dose-dependent toxicity [11] and reaffirming its
safety profile at moderated dosages [7, 11]. This specific delineation of the
MTD in male rabbits, alongside comprehensive clinical observations over
14 days, constitutes a critical contribution to the toxicological data of S.
officinalis. While food and water intake remained stable, the rapid weight
loss strongly correlated with the high mortality rate and clinical
deterioration. This suggests that the extract, at high concentrations, may
interfere with metabolic homeostasis or induce acute organ stress,
highlighting the critical importance of dose optimization to avoid adverse
outcomes.

Beyond the evaluation of toxicity, the present study illustrates that the
methanolic extract of Salvia officinalis effectively lowers blood glucose
levels in rabbits. Notably, the high-dose cohort (2000 mg/kg) exhibited a
significant reduction in fasting blood glucose levels, a finding that is
consistent with previous research highlighting the antidiabetic potential of
Salvia officinalis. For example, previous studies [27] reported significant
decreases in glucose levels in alloxan-induced diabetic rabbits subsequent
to the administration of a 500 mg/kg dose of Salvia officinalis extract [28,
29]. The efficacy observed with the high-dose treatment in our
investigation underscores the role of Salvia officinalis as a potent
hypoglycemic agent in this model. However, the lack of a consistent dose-
dependent response at elevated concentrations necessitates further
exploration. It is conceivable that the intricate pharmacokinetics of the
extract, encompassing absorption rates and metabolic pathways in healthy
rabbits, may influence its efficacy across varying dosages.

Beyond the evaluation of phytochemical constituents, previous
studies have indicated that the leaves of common sage contain elevated
levels of flavonoids and saponins, among other phytochemicals [30]. The
proposition that hypoglycemic activity may stem from the individual or
synergistic effects of these compounds is well-documented [17, 31].
Furthermore, S. miltiorrhiza (Chinese sage) possesses a metabolite profile
analogous to that of S. officinalis. Consequently, the observed declines in
blood glucose levels in our study can be attributed to multiple potential
mechanisms. Phytochemical analyses have identified flavonoids and
saponins as key constituents known to exhibit antidiabetic properties;
these may enhance insulin sensitivity and stimulate insulin secretion while
concurrently diminishing hepatic glucose production [28, 32].

Additionally, the antioxidative characteristics of Salvia officinalis may
mitigate oxidative stress, thereby safeguarding pancreatic beta-cells and
sustaining insulin synthesis. Subsequent investigations delineating the
specific pathways influenced by S. officinalis extracts could yield profound
insights into its mechanistic underpinnings [33].

The findings of the current investigation are congruent with research
conducted on diabetic models, such as [34], which indicated that the
protective efficacy of S. officinalis extracts against weight reduction is
contingent upon dosage and metabolic condition. The recorded weight
decline at 1500 mg/kg and 2000 mg/kg in our healthy rabbits is plausibly
attributable to the acute systemic stress and toxicological manifestations
observed at these concentrations. This potentially culminates in the
augmented degradation of structural proteins and muscular tissue, as

previously elucidated within the framework of exacerbated catabolism
[34, 35].

The significant reduction in fasting blood glucose observed in this
study aligns with findings reported in other normoglycemic (non-diabetic)
animal models. For instance, studies on healthy rats and rabbits have
demonstrated that Salvia officinalis extract can exert a basal glucose-
lowering effect without the need for pre-existing hyperglycemia. This
distinguishes S. officinalis from some other medicinal plants that only
show activity in diabetic models. The ability of the extract to modulate
glucose levels in healthy subjects suggests a mechanism that enhances
insulin sensitivity or inhibits glucose absorption, rather than merely
replacing deficient insulin. Our results are consistent with those of [34],
who observed similar hypoglycemic trends in healthy Wistar rats, further
validating the potent metabolic regulatory role of this plant across
different species.

Despite the significant findings of this investigation, certain
limitations must be acknowledged. The sample size per group (n = 3) was
relatively small; as this was a preliminary characterization of acute toxicity,
the long-term impacts of S. officinalis extract on metabolic and organ
functions were not assessed. Additionally, while a potent hypoglycemic
effect was observed, the precise molecular mechanisms and the direct
impact on serum insulin levels were not measured, as the study focused on
initial safety and basal glucose modulation.

Based on these limitations, it is advisable that future research
encompass broader studies utilizing diverse animal models of both sexes
to investigate population variability in response to S. officinalis.
Furthermore, comprehensive examinations into the sub-chronic and
chronic impacts on hepatic and renal functions, alongside detailed
histological assessments, are critical for an exhaustive safety evaluation.
Finally, elucidating the specific signaling pathways and molecular
mechanisms implicated in the observed glucose-lowering effects will
furnish invaluable insights for potential clinical applications in diabetes
management [36, 37].

5. Conclusions

This study provides preliminary experimental data that characterize
the acute toxicity profile and basal glycemic effects of the methanolic
extract of Salvia officinalis in rabbits. The findings underscore the presence
of a therapeutic window that must be adhered to in order to maintain
safety at efficacious dosages. Dose Safety and Toxicity Threshold: The No
Observed Adverse Effect Level (NOAEL) for acute oral administration was
successfully established at 1000 mg/kg body weight. Conversely, an
observed lethal threshold was identified at approximately 2000 mg/kg,
correlating with systemic toxicity, a 66.7% mortality rate, and significant
body weight reduction. Basal Glucose Modulation: The extract
demonstrated a significant basal blood glucose-lowering effect, even at the
NOAEL dosage. Collectively, these results position S. officinalis as a
promising candidate for further exploration in metabolic regulation,
provided that dosages are optimized to avoid the identified toxicological
thresholds.
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