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Abstract: In the present investigation, the phenolic compounds of Solanum elaeagnifolium were
identified, and the plant’s anti-lipase and anti-glycation effects on hemoglobin were discovered
through in vitro experiments, as well as its short-term antihyperglycemic and anti-inflammatory
effects. The chemical compound composition was detected using HPLC-DAD, the anti-lipase activity
was tested in vitro using 4-nitrophenyl butyrate as a substrate, and the antiglycation activity of the
plant extracts was also tested in vitro using a haemoglobin model. The antihyperglycemic effect
was determined by inhibiting pancreatic α-amylase and α-glycosidase activity and performing an
in vivo glucose tolerance test on normal rats, and the anti-inflammatory activity was determined
by inducing paw inflammation with carrageenan. In both the SEFR (fruit) and SEFE (leaf) extracts,
chromatographic analysis revealed the presence of quercetin 3-O-β-D-glucoside, rutin, and quercetin.
SEFR inhibited the pancreatic lipase enzyme more effectively, with an IC50 of 0.106 ± 0.00 mg/mL.
S. elaeagnifolium extracts demonstrated significant antiglycation activity, with 3.990 ± 0.23 mg/mL
of SEFE and 3.997 ± 0.14 mg/mL of SEFR. When compared to positive and negative controls, plant
extracts had very significant anti-diabetic and anti-inflammatory effects. The findings in this study
and previous research on this plant encourage us to investigate other pharmacological activities of
this plant besides its duiretic, cictrisant, and anti-ulcer activity.

Keywords: Solanum elaeagnifolium; HPLC; lipase; antihyperglycemic; antiglycation; fruits; leaves

1. Introduction

Diabetes is a persistent illness that causes a disruption in glucose metabolism, resulting
in persistently high blood sugar levels, known as hyperglycemia. This disease is classified
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into two types: Type 1 diabetes arising from the deterioration of pancreatic beta cells,
which are responsible for producing insulin, and type 2 diabetes, in which cells become
insulin-resistant [1]. Glycemic regulation is a complex process involving multiple organs
and hormones. Insulin, which is secreted by the pancreas, is critical in facilitating glucose
absorption by cells for energy use or glycogen storage. Concurrently, glucagon, which is
also produced by the pancreas, raises blood sugar levels by encouraging the liver to release
glucose into the bloodstream [2,3].

Inflammation is a critical and complex biological response elicited by the body’s im-
mune system in order to protect itself from potentially harmful stimuli such as pathogens,
injury, or damaged cells [4]. The procedure entails a series of co-ordinated events aimed at
removing the source of the injury or infection and initiating tissue repair. The secretion of in-
flammatory signaling molecules such as cytokines, chemokines, and prostaglandins, which
promote vasodilation and increase vascular permeability, is typical of the mechanisms of
inflammation [5].

The Solanum genus, which includes various plant species, has attracted considerable
interest due to its potential therapeutic effects against diabetes, obesity, and inflamma-
tion. Numerous studies have highlighted the bioactive compounds present in Solanum
plants, which demonstrate anti-diabetic properties by promoting insulin sensitivity and
reducing blood glucose levels [6,7]. Research has indicated that certain compounds in
Solanum plants can inhibit fat accumulation, promote lipid metabolism, and suppress one’s
appetite, making them valuable candidates in the fight against obesity [8–10]. Studies
have revealed that extracts from certain Solanum species, such as Solanum nigrum, exhibit
significant antioxidant properties due to their content of flavonoids and polyphenols [11].
These compounds help neutralize free radicals and protect cells against oxidative stress,
which is implicated in aging and the development of certain chronic diseases [12]. Fur-
thermore, some Solanum species have demonstrated potential anti-inflammatory activities.
For instance, studies on extracts from Solanum lycopersicum have shown the inhibition of
inflammation by suppressing pro-inflammatory cytokines in cellular models [13].

Solanum elaeagnifolium, also known as silverleaf nightshade, is a perennial shrub in
the Solanaceae family and solanum genre. This plant species is native to North America,
with its geographic range primarily encompassing the southwestern United States and
northern Mexico [14]. It thrives in a wide range of habitats, including arid and semi-arid
regions, disturbed areas, roadsides, and agricultural lands. Its ability to adapt to a variety
of climates and soil conditions has contributed to its widespread distribution across these
regions [15,16].

In terms of climate, S. elaeagnifolium exhibits remarkable tolerance to harsh environmen-
tal conditions. It can survive in areas with high temperatures, low precipitation, and high
salinity levels, making it ideal for arid and drought-prone environments [17]. S. elaeagni-
folium has a variety of beneficial biological activities, including analgesic, anti-inflammatory,
antioxidant, insecticidal, molluscicidal, larvicidal, antimicrobial, chemopreventive, and
antitumor properties [15,16,18–24]. These various activities can be attributed to the pres-
ence of key compounds such as quercetin, gallic acid, kaempferol, and naringenin, which
play an important role in mediating these effects [15,16]. The chemical composition of
the plant is rich and diverse, which contributes to its therapeutic potential and makes it a
valuable subject of interest for further research in a variety of fields, including medicine
and agriculture. In this study, we begin by identifying the phenolic compounds present in
Solanum elaeagnifolium. Subsequently, we evaluate the anti-lipase and anti-glycation effects
on hemoglobin. Finally, we examine the short-term hypoglycemic and anti-inflammatory
effects of this plant.

2. Materials and Methods
2.1. Plant Materiel

S. elaeagnifolium is an invasive species that falls under the Solanaceae family and
the Solanum genus. The plant specimens were collected from the city of Fes, with leaf
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harvesting taking place in December 2021 and mature fruit harvesting occurring in April
2022 (Table 1). Both the leaves and fruits underwent a drying process, with a portion dried
outdoors and the rest in shaded conditions.

Table 1. Information about the study plant.

Plant Species Family Voucher N◦ Used Organ Region Co-Ordinates Date

Solanum
elaeagnifolium Solanaceae E17/1405

Leaves (SEFE)
Fez 34◦04′04.2 N,

5◦01′26.4 W
December 2021

Fruits (SEFR) April 2022

2.2. Preparation of Plant Extracts

Hydro-ethanolic extracts of S. elaeagnifolium leaves and fruits were prepared through a
maceration process. In brief, 50 g of powdered plant material was combined with 500 mL of
70% ethanol. The resulting mixture underwent maceration for 72 h at ambient temperature,
followed by filtration using Whatman paper.

2.3. HPLC-DAD Analysis

Extracts from leaves and fruits were prepared at a concentration of 50 mg/mL and
passed through microfilters with a pore size of 0.45 µm. The phenolic components were
analyzed using high-performance liquid chromatography (HPLC) coupled to a UV detector
operating within the range of 210–400 nm. The separation was performed by an Alliance
ew2695 C18 column (250 × 4 mm, 5 µm) in the normal phase, using a gradient solvent
system of A (water/0.5% acetic acid) and B (methanol), with a flow rate of 1 mL/min. The
detector used is a UV-visible diode detector (PDA Waters 2996). The chosen wavelength
depends on the extract’s nature and the targeted substances. The reading was at 254,
280, 320, and 340 nm, and the identification of compounds was performed at 280 nm.
The contents of phenolic compounds are determined from the calibration curves for each
compound (1 mg/mL). All calibration curves showed high linearity (r2 > 0.99). The
identification and quantification of the compounds are performed by comparison of their
relative retention times with those of the standards. The results were presented in mg/100 g
per extract [15,25,26].

2.4. In Vitro Activities
2.4.1. Lipase Inhibitory Activity

Lipase inhibitory activity was measured using a modified Hu et al. method. In a brief,
150 µL of orlistat or extract were combined with 500 µL of lipase enzyme (2 U) dissolved in
Tris-HCl buffer (1 mM, pH 8). After 30 min at 37 ◦C, 450 µL of 1 mM 4-nitrophenyl butyrate
substrate was added, followed by another 30 min at 37 ◦C [27]. The value of absorbance
had been determined at 405 nm. The percentage lipase inhibition was calculated using the
following Formula (1):

Inhnibition (%) =
[(ac− acb)− (as− asb)]

ac− acb
× 100 (1)

2.4.2. Antiglycation Activity

The antiglycation activity of S. elaeagnifolium has been assessed using the method
developed by Elrherabi et al. In test tubes, different doses of the extract (100, 200, 400, 800,
and then 1000 µg/mL) have been mixed with 5 µL of gentamycin and 1 ml of hemoglobin
solution. After 20 min, we added 1 mL of 20 mM glucose in 10 mM phosphate buffer
with pH 4.7 to start the reaction. Subsequently, the tubes were left to incubate at ambient
temperature for a period of 72 h. Finally, the percentage of glycosylation of haemoglobin
was calculated using a spectrophotometer set to 443 nm. Using the same protocol described
above, gallic acid was used as a standard at various concentrations (0.1, 0.2, 0.4, 0.8, and
1 mg/mL) [28].
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2.5. Pharmacological Activities
2.5.1. Animals

Male Wistar rats measuring between 125 and 150 g were obtained from the Biology
Department of the Dhar El-Mahraz Faculty of Science at Sidi Mohamed Ben Abdellah
University in Fez, Morocco. The rats were placed in temperature, humidity, and treatment
procedures that strictly adhered to the European Community standard for the protection
of animals used for experimental purposes (Council Directive of 24 November 1986) [29].
The doses were selected depending on previous research; indeed, extract from the aerial
parts of S. elaeagnifolium was found to be virtually non-toxic when administered orally to
mice, with an LD50 value greater than 500 mg/kg body weight (BW). This allowed us to
choose safe doses to test for anti-diabetic and anti-inflammatory effects in rats [19,23]. The
anti-diabetic activity tests used doses ranging from 150 mg/kg to 300 mg/kg body weight.
The anti-inflammatory activity test used doses ranging from 200 mg/kg to 400 mg/kg body
weight.

2.5.2. Oral Glucose Tolerance Test (OGTT)

The researchers conducted an oral glucose tolerance test to evaluate the in vivo anti-
hyperglycemic (postprandial glucose) effects [30,31]. Normal rats were divided into six
groups (n = 5): a control group receiving distilled water (10 mL/kg), and test groups
comprising normal rats administered two doses of 150 mg/kg and 300 mg/kg of SEFR
extract, two doses of SEFE extract, and glibenclamide (2 mg/kg). Initially, blood glucose
levels were measured at t0, just before administering the test products (distilled water,
extract, or glibenclamide). After 30 min, another blood glucose measurement was taken,
following which the rats were given an overload of D-glucose (2 g/kg). Subsequently,
blood glucose levels were measured every half-hour until 120 min.

2.5.3. Inhibition of Carbohydrate Hydrolase Enzymes, In Vivo
Pancreatic α-Amylase

This study utilized healthy Wistar rats that underwent a 16 h fasting period. The
rats were divided into six groups (n = 5 each). The control group received only distilled
water (10 mL/kg orally). The positive group received Acarbose (10 mg/kg orally). Four
treated groups received either SEFR or SEFE at two different doses—150 mg/kg orally and
300 mg/kg orally. After administering the solutions, the rats from different groups were
orally loaded with starch (2 g/kg) and their blood glucose levels were measured at 0, 30,
60, and 120 min using the glucose oxidase method [30,32].

Pancreatic α-Glucosidase

In this study, healthy Wistar rats were used, and they underwent a 16 h fasting period.
The rats were divided into six groups (with five rats in each group). The control group
received only distilled water (10 mL/kg orally), while the positive group received Acarbose
(10 mg/kg orally). Additionally, there were four treated groups, which received either
SEFR or SEFE at two different doses—150 mg/kg orally and 300 mg/kg orally. After
administering the solutions, the rats in all groups were orally given sucrose (2 g/kg), and
their blood glucose levels were measured at 0, 30, 60, and 120 min using the glucose oxidase
method [3].

2.5.4. Anti-Inflammatory Potential

The anti-inflammatory potential of each extract was investigated using 1% carrageenan
as an edema-inducing drug, as modified by Mssilou et al. [33]. Six groups of five rats each
were formed at random. The first group was given physiological water (NaCl 0.9%) as a
negative control. SEFE was given to groups 2 and 3 at doses of 200 mg/kg and 400 mg/kg,
respectively. SEFR was given to groups 4 and 5 at doses of 200 mg/kg and 400 mg/kg,
respectively. Group 6 was given indomethacin (10 mg/kg) orally as a control. After one
hour of treatment, inflammation was induced by carrageenan. Footpad circumferences
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were measured in millimeters (mm) using calipers before and after 3 h, 4 h, 5 h, and 6 h of
carrageenan injection (Sigma Aldrich, Ref. 3B-C1804, Barcelona, Spain). Each treatment’s
inhibitory activity was determined as follows (2):

Inhibition (%) =

[
1− (Dc−D0)sample

(Dc−D0)control

]
× 100 (2)

where Dc = the mean of paw volume following carrageenan administration; and D0 = the
mean of paw volume before the injection.

2.6. Statistical Investigation

Tukey’s test was used to identify significant differences between treatments and
controls, and the results were subjected to analysis of variance (ANOVA). The results were
presented as mean ± s.e.m.

3. Results and Discussion
3.1. HPLC-DAD Analysis

The analysis of the S. elaeagnifolium extracts revealed that they are high in bioactive
molecules such as flavonoids, polyphenols, and phenolic acids; Table 2 and Figure 1 show
the results of the compound identification in the two extracts studied. Fruit extract (SEFR)
revealed the presence of catechin, vanillin, quercetin 3-O-β-D-glucoside, rutin, quercetin,
and kaempferol. Leaf extract (SEFE) showed an abundance of naringin, quercetin 3-O-β-D-
glucoside, rutin, cinnamic acid, p-coumaric acid, quercetin, trans-3-hydroxycinnamic acid,
and flavones. The chromatogram analysis provides a difference in the chemical composition
of each of the extracts, with the same molecules present in different concentrations depend-
ing on the part of the plant. Research has revealed the presence of compounds similar to
those discovered in our study [15,16,24]. An analysis of the results revealed the presence of
quercetin in the two plant extracts at a very high concentration of 429.02 ± 0.97 mg/100 g
for SEFR and 114.15 ± 0.34 mg/100 g for SEFE. Quercitin is a biactive molecule with a
variety of pharmacological activities. Because of the inclusion of a phenolic hydroxyl group,
it is considered to be a very strong antioxidant, and this compound has anti-inflammatory,
antimicrobial, antitumor, and cardioprotective properties [34,35].

Table 2. HPLC chromatographic examination of the chemicals found in S. elaeagnifolium fruit and leaf
extracts.

Peak Compounds SEFR SEFE

% Area mg/100 g % Area mg/100 g

1 Catechin 0.49 0.49 ± 0.21 Nd Nd
2 Vanillin 12.13 46.72 ± 0.69 Nd Nd
3 Naringin Nd Nd 4.16 12.00 ± 0.01
4 Quercetin 3-O-β-D-glucoside 4.36 16.72 ± 0.55 1.59 1.84 ± 0.05
5 Rutin 3.22 98.17 ± 0.651 1.34 3.83 ± 0.23
6 Cinnamic acid Nd Nd 0.81 2.17 ± 0.44
7 p-coumaric acid Nd Nd 6.56 75.85 ± 0.13
8 Quercetin 75.84 429.02 ± 0.97 26.29 114.15 ± 0.34
9 Trans-3-hydroxycinnamic acid Nd Nd 55.95 243.51 ± 0.46
10 Kaempferol 3.96 12.09 ± 0.08 Nd Nd
11 Flavone Nd Nd 3.30 9.28 ± 0.25



Appl. Sci. 2023, 13, 11519 6 of 13Appl. Sci. 2023, 13, x FOR PEER REVIEW 6 of 14 
 

 

 
Figure 1. HPLC-DAD chromatogram of S. elaeagnifolium extracts at 254 nm (fruits (SEFR) and leaves 
(SEFE)) and identified with the standards (catechin (1), vanillin (2), naringin (3), quercetin 3-O-β-D-
glucoside (4), rutin (5), cinnamic acid (6), p-coumaric acid (7), quercetin (8), trans-3-
hydroxycinnamic acid (9), kaempferol (10), and flavone (11)). 

Table 2. HPLC chromatographic examination of the chemicals found in S. elaeagnifolium fruit and 
leaf extracts. 

Peak Compounds 
SEFR SEFE 
% Area mg/100 g % Area mg/100 g 

1 Catechin 0.49 0.49 ± 0.21 Nd Nd 
2 Vanillin 12.13 46.72 ± 0.69 Nd Nd 
3 Naringin Nd Nd 4.16 12.00 ± 0.01 

4 
Quercetin 3-O-β-D-
glucoside 4.36 16.72 ± 0.55 1.59 1.84 ± 0.05 

5 Rutin 3.22 98.17 ± 0.651 1.34 3.83 ± 0.23 
6 Cinnamic acid Nd Nd 0.81 2.17 ± 0.44 
7 p-coumaric acid Nd Nd 6.56 75.85 ± 0.13 
8 Quercetin 75.84 429.02 ± 0.97 26.29 114.15 ± 0.34 

9 
Trans-3-
hydroxycinnamic acid Nd Nd 55.95 243.51 ± 0.46 

10 Kaempferol 3.96 12.09 ± 0.08 Nd Nd 
11 Flavone Nd Nd 3.30 9.28 ± 0.25 

3.2. Lipase Inhibitory and Hemoglobin Antiglycation Activities 
The anti-lipase and hemoglobin antiglycation activities of extracts from S. 

elaeagnifolium are presented in Table 3. The inhibitory lipase enzyme of the extracts was 
evaluated at various concentrations (Figure 2A). The reference compound, Orlistat (with 
an IC50 of 0.128 ± 0.003 mg/mL), demonstrated stronger inhibitory activity compared to 
SEFE (with an IC50 of 0.167 ± 0.0006 mg/mL). Conversely, SEFR exhibited a higher 
inhibitory impact against the pancreatic lipase enzyme in comparison to both SEFE and 
Orlistat, boasting an IC50 of 0.106 ± 0.0008 mg/mL (p < 0.01). These results are consistent 

Figure 1. HPLC-DAD chromatogram of S. elaeagnifolium extracts at 254 nm (fruits (SEFR) and leaves
(SEFE)) and identified with the standards (catechin (1), vanillin (2), naringin (3), quercetin 3-O-β-D-
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3.2. Lipase Inhibitory and Hemoglobin Antiglycation Activities

The anti-lipase and hemoglobin antiglycation activities of extracts from S. elaeagni-
folium are presented in Table 3. The inhibitory lipase enzyme of the extracts was evaluated
at various concentrations (Figure 2A). The reference compound, Orlistat (with an IC50
of 0.128 ± 0.003 mg/mL), demonstrated stronger inhibitory activity compared to SEFE
(with an IC50 of 0.167 ± 0.0006 mg/mL). Conversely, SEFR exhibited a higher inhibitory
impact against the pancreatic lipase enzyme in comparison to both SEFE and Orlistat,
boasting an IC50 of 0.106 ± 0.0008 mg/mL (p < 0.01). These results are consistent with
the results of Al-Hamaideh et al. who tested the anti-lipase activity of S. elaeagnifolium
berries at two stages of ripening; they found that the anti-lipase activity of ripe berries is
0.164 ± 0.023 mg/mL [9].

Table 3. Determination of anti-lipase and hemoglobin antiglycation activities of the leaf extracts
(SEFE) and fruit extracts (SEFR) of S. elaeagnifolium. Results are shown as mean ± SEM (n = 3).

SEFE SEFR Orlistat Gallic Acid

Lipase inhibitory
IC50 (mg/mL) 0.167 ± 0.0006 0.106 ± 0.0008 0.128 ± 0.003 -

Antiglycation
IC50 (mg/mL) 3.990 ± 0.236 3.997 ± 0.140 - 3.008 ± 0.03

The in vitro haemoglobin glycosylation inhibition assessment indicated a significant
decrease in glycosylation as a function of concentration (Figure 2B). S. elaeagnifolium extracts
demonstrated significant antiglycation activity, with 3.990 ± 0.236 mg/mL of SEFE and
3.997 ± 0.140 mg/mL of SEFR. Gallic acid also demonstrated significant antiglycation
activity, with a value of 3.008 ± 0.030 mg/mL. Solanum nigrum, which is characterized
by the presence of molecules with anti-glycation properties such as solamargine and
solasonine [22], which are also found in our plant, is another species with an anti-glycation
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effect. The extract of S. nigrum inhibited the formation of advanced glycation end products
(AGEs) [36].
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Figure 2. (A) Anti-lipase effect of SEFR, SEFE, and Orlistat; and (B) inhibitory effect of SEFR,
SEFE, and gallic acid (positive control) on glycation activity of hemoglobin. Results are shown as
mean ± SEM (n = 3).

3.3. Pharmacological Activities
3.3.1. Oral Glucose Tolerance Test (OGTT)

The impact of the two extracts from S. elaeagnifolium on normal rats subjected to oral
glucose loading is depicted in Figure 3. Prior to administering their respective treatments,
there were no notable variations in fasting blood glucose levels across the groups. The
outcomes of an oral glucose tolerance test conducted on healthy rats demonstrate that the
administration of 2 g/kg of glucose resulted in a baseline blood sugar level of 0.92 g/L for
rats in the control group, which received only distilled water. The levels of postprandial
hyperglycemia reached a peak at 1.76 ± 0.03 g/L after 60 min, and subsequently decreased
to an average of 1.02 ± 0.08 g/L after 120 min. While a substance known as SEFE was ad-
ministered at a dose of 150 mg/kg, it significantly suppressed postprandial hyperglycemia
in comparison to the control group’s rats. This suppression was observed at multiple time
points: after 30 min (p < 0.01) with a reading of 0.98± 0.02 g/L, after 60 min (p < 0.001) with
a reading of 1.04 ± 0.03 g/L, and at 120 min (p < 0.01) with a reading of 0.85 ± 0.01 g/L. In
contrast, when SEFE was administered at a higher dose of 300 mg/kg, it also significantly
suppressed postprandial hyperglycemia in comparison to the control group’s rats. This
suppression was observed at multiple time points: after 60 min (p < 0.001) with a reading
of 1.03 ± 0.009 g/L, and at 120 min (p < 0.01) with a reading of 0.86 ± 0.01 g/L. The
outcomes of an oral glucose tolerance test conducted on healthy rats demonstrate that the
administration of 2 g/kg of glucose resulted in a baseline blood sugar level of 0.92 g/L for
rats in the control group, which received only distilled water. The levels of postprandial
hyperglycemia reached a peak at 1.76 ± 0.03 g/L after 60 min, and subsequently decreased
to an average of 1.02 ± 0.08 g/L after 120 min.

While a substance known as SEFR was administered at a dose of 150 mg/kg, it signifi-
cantly suppressed postprandial hyperglycemia in comparison to the control group’s rats.
This suppression was observed after 30 min (p < 0.001) with a reading of 1.15 ± 0.04 g/L.
In contrast, when SEFR was administered at a higher dose of 300 mg/kg, it also signifi-
cantly suppressed postprandial hyperglycemia in comparison to the control group’s rats.
This suppression was observed at multiple time points: after 30 min (p < 0.05) with a
reading of 0.94 ± 0.02 g/L, at 60 min (p < 0.001) with a reading of 0.83 ± 0.06 g/L, and at
120 min (p < 0.01) with 0.79 ± 0.03 g/L. The SEFR extract at a dose of 300 mg/kg appears
to exhibit the most significant antihyperglycemic potential among the tested extracts and
glibenclamide. This is evident from its more pronounced suppression of postprandial
hyperglycemia at multiple time points and lower blood glucose levels compared to the
other tested extracts and doses. Oral glucose loading causes diabetes mellitus by gradually
raising blood glucose levels without harming pancreatic cells. As a result, whether an ex-
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tract reduced blood glucose levels in rats after an oral glucose load indicates its therapeutic
potential in diabetes management [37].
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Figure 3. (A) Effect of SEFE on rats orally loaded with glucose; and (B) effect of SEFR on rats orally
loaded with glucose. * p < 0.05;** p < 0.01; *** p < 0.001 as compared to the control.

3.3.2. Inhibition of Carbohydrate Hydrolase Enzymes, In Vivo
In Vivo Anti-α-Amylase Activity of S. elaeagnifolium Leaves and Fruits

In the pursuit of treating diabetes mellitus, one of the targeted pathways involves
inhibiting sugar-digesting enzymes, specifically pancreatic α-amylase. This enzyme plays a
crucial role in the initial digestion of disaccharides, which undergo a transformation process
comprising both intraluminal and straightforward mechanisms, ultimately resulting in the
formation of naturally occurring oligosaccharides [38].

After studying the anti-α-amylase activity of S. elaeagnifolium extracts in vitro, and to
confirm the inhibitory activity of S. elaeagnifolium SEFE and SEFR extracts on the pancreatic
α-amylase enzyme, the test was performed in vivo using the protocol defined by Elrherabi
et al. [39], and the results are shown in Figure 4. After administering 2 g/kg of starch,
there was a notable increase in blood glucose levels, peaking at 1.49 ± 0.02 g/L. This
peak gradually subsided to 1.32 ± 0.07 g/L at the 60 min mark. However, upon the
administration of SEFE at a dose of 150 mg/kg, a substantial reduction in postprandial
blood glucose levels was observed. The reduction was statistically significant at both
30 min (p < 0.001) and 60 min (p < 0.001), with recorded values of 0.9 ± 0.01 g/L and
0.83 ± 0.002 g/L, respectively, in comparison to the control group. Interestingly, there was
no significant difference in blood glucose levels at the 120 min mark. In contrast, when
SEFE was administered at a higher dose of 300 mg/kg, it also significantly suppressed
postprandial hyperglycemia in comparison to the control group’s rats. This suppression was
observed at multiple time points: after 30 min (p < 0.001) with a reading of 0.9 ± 0.04 g/L,
and at 60 min (p < 0.011) with a reading of 0.88 ± 0.007 g/L.

After administering 2 g/kg of starch, there was a notable increase in blood glucose
levels, peaking at 1.49 ± 0.02 g/L. This peak gradually subsided to 1.32 ± 0.07 g/L at
the 60 min mark. However, upon the administration of SEFR at a dose of 150 mg/kg, a
substantial reduction in postprandial blood glucose levels was observed. The reduction
was statistically significant at 30 min (p < 0.001), 60 min (p < 0.001), and 120 min (p < 0.01),
with recorded values of 0.92 ± 0.02 g/L, 0.78 ± 0.02 g/L, and 0.7 ± 0.03 g/L respectively,
in comparison to the control group. Interestingly, there was no significant difference in
blood glucose levels at the 120 min mark. In contrast, when SEFE was administered at a
higher dose of 300 mg/kg, it also significantly suppressed postprandial hyperglycemia in
comparison to the control group’s rats. This suppression was observed at multiple time
points: after 30 min (p < 0.001) with a reading of 0.82± 0.009 g/L, at 60 min (p < 0.001) with
a reading of 0.69 ± 0.03 g/L, and at 120 min (p < 0.001) with 0.76 ± 0.01 g/L. Furthermore,
the introduction of 10 mg/kg of acarbose significantly hindered starch-induced hyper-
glycemia. The inhibition was significant at both 30 min (p < 0.001) and 60 min (p < 0.001),
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and also showed significance at 120 min (p < 0.05). The measured blood glucose values
were 1.11 ± 0.06 g/L, 0.95 ± 0.004 g/L, and 0.91 ± 0.03 g/L for the respective time points,
compared to the control group. The SEFR extract, at a dose of 300 mg/kg, consistently
demonstrated the most significant and consistent antihyperglycemic activity across mul-
tiple time points, demonstrating that it has the highest antihyperglycemic potency of the
tested extracts. Limiting the activity of carbohydrate digestive enzymes in the intestine is
one strategy used to reduce postprandial hyperglycemia [40]. α-amylase inhibitors prevent
carbohydrate digestion and absorption in the intestine, resulting in hypoglycemia [41].
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Figure 4. Glycemic postprandial results in normal rats after administration of S. elaeagnifolium extract
and acarbose): (A) effect of leaf extract, and (B) effect of fruit extract. ** p < 0.01; *** p < 0.001 as
compared to the control.

In Vivo Anti-α-Glycosidase Activity of S. elaeagnifolium Leaves and Fruits

Under typical circumstances, postprandial blood D-glucose levels are influenced
by two primary processes: the conversion of complex, long-chain sugars into readily
absorbable units, and the subsequent absorption of these carbohydrate units within the
intestine. Following a meal, polysaccharides undergo enzymatic breakdown initiated
by α-amylase, leading to their transformation into oligosaccharides. Subsequently, the
final phase of this process involves the action of intestinal α-glucosidase, resulting in
the production of absorbable monosaccharides. For these monosaccharides to enter the
bloodstream, they must pass through the SGLT1 transporters situated on the brush border
membrane (BBM) of the absorbing epithelial cells. Then, with the assistance of facilitated
diffusion facilitated by GLUT2 transporters located on the basolateral membrane (BLM) of
the epithelial cells, they are able to traverse into the bloodstream [42].

S. elaeagnifolium leaves and fruits have been examined for their potential to inhibit the
activity of intestinal α-glucosidase, following the protocol outlined by Elrherabi et al. [39].
The ingestion of sucrose (2 g/kg) led to a marked elevation in postprandial blood glucose
levels, reaching 1.45± 0.03 g/L at the 60 min mark and 1.36± 0.01 g/L at 90 min. However,
upon the administration of SEFE at a dosage of 150 mg/kg, a significant decrease in post-
prandial blood glucose levels was observed. This reduction reached statistical significance
at both 60 min (p < 0.001) and 120 min (p < 0.001), with recorded values of 0.9 ± 0.02 g/L
and 0.91 ± 0.01 g/L, respectively, in comparison to the control group. In contrast, when
a higher dose of SEFE (300 mg/kg) was administered, it also exerted a noteworthy sup-
pression on postprandial hyperglycemia in comparison to the control group’s rats. This
effect was evident at two key time points: at 60 min (p < 0.001) with a measured level
of 0.84 ± 0.02 g/L, and at 120 min (p < 0.001) with a level of 0.95 ± 0.01 g/L. Similarly,
the administration of 10 mg/kg of acarbose also significantly inhibited starch-induced
hyperglycemia (p < 0.001 and p < 0.001) at 60 and 120 min, yielding values of 0.98 g/L
and 1 g/L, respectively (Figure 5). The ingestion of sucrose (2 g/kg) led to a marked
elevation in postprandial blood glucose levels, reaching 1.45 ± 0.03 g/L at the 60 min mark
and 1.36 ± 0.01 g/L at 90 min. However, upon the administration of SEFR at a dosage of
150 mg/kg, a significant decrease in postprandial blood glucose levels was observed. This
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reduction reached statistical significance at both 60 min (p < 0.001) and 120 min (p < 0.001),
with recorded values of 1 ± 0.05 g/L and 1.02 ± 0.02 g/L, respectively, in comparison to
the control group.
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Figure 5. Glycemic postprandial response in normal rats to S. elaeagnifolium extract and acarbose):
(A) effect of leaf extract, and (B) effect of fruit extract. *** p < 0.001 as compared to the control.

In contrast, when a higher dose of SEFR (300 mg/kg) was administered, it also exerted
a noteworthy suppression on postprandial hyperglycemia in comparison to the control
group’s rats. This effect was evident at two key time points: at 60 min (p < 0.001) with a
measured level of 0.87 ± 0.02 g/L, and at 120 min (p < 0.001) with a level of 0.9 ± 0.02 g/L.
Similarly, the administration of 10 mg/kg of acarbose also significantly inhibited starch-
induced hyperglycemia (p < 0.001 and p < 0.001) at 60 and 120 min, yielding values of
0.98 g/L and 1 g/L, respectively. SEFE and SEFR extracts have anti-alpha glycosidase
activity, as evidenced by their ability to lower postprandial blood glucose levels, with their
effects being comparable to acarbose, a known alpha glycosidase inhibitor. The inhibition of
sugar-digesting enzymes, such as intestinal glucosidase and pancreatic amylase, as well as
slowing intestinal D-glucose absorption and lowering postprandial D-glucose, are among
the areas of focus aimed at glycemic regulation [43].

3.3.3. Anti-Inflammatory Potential

Table 4 illustrates the results of the anti-inflammatory activity evaluation using the
method of inducing inflammation in the rat paw using carrageenan. These include plant
extracts that have been shown to have anti-inflammatory properties, though the effect
varies depending on the part of the plant used and the dose used. SEFR at 400 mg/kg
showed an anti-inflammatory effect (86%) comparable to the inflammation-inhibiting effect
of indomethacin (92%); SEFE at the two doses also showed an anti-inflammatory effect,
but to a lesser extent than SEFR. Badawy and colleagues studied the anti-inflammatory
properties of S. elaeagnifolium [19]. A few species of the Solanum genus have been shown
in scientific studies to have anti-inflammatory properties [44–46]. Furthermore, studies
have shown that a hydro-ethanolic extract of the aerial parts of Solanum lycocarpum has
anti-inflammatory activity against carrageenan-induced paw inflammation [47]. The anti-
inflammatory capacity of plant extracts depends on their phytochemical composition.
The chytochemical study revealed the presence of quercetin in large quantities, and this
molecule demonstrated anti-inflammatory activity via the mechanisms of regulation of
COX-2 protein expression, inhibition of NF activation, and inhibition of NO production [48].
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Table 4. Edema-inhibiting effect of carrageenan from S. elaeagnifolium extracts and indomethacin. The
values are the means ± SEM (n = 6). * p < 0.05; ** p < 0.01; *** p < 0.001.

Diameter (cm) and % of Inhibition

Treatment Dose (mg/kg) 0 h 3 h 4 h 5 h 6 h

Control (NaCl
0.9%) - 2.43 ± 0.12 3.03 ± 0.03 *** 3.00 ± 0.00 *** 2.96 ± 0.03 *** 2.90 ± 0.05 **

Indomethacine 10 2.30 ± 0.03 2.54 ± 0.03 **
(60%)

2.45 ± 0.03 *
(74%)

2.41 ± 0.02
(80%)

2.34 ± 0.03
(92%)

SEFR
Extract

200 2.36 ± 0.06 2.86 ± 0.06 ***
(17%)

2.76 ± 0.06 **
(30%)

2.63 ± 0.03 *
(50%)

2.53 ± 0.03
(64%)

400 2.56 ± 0.06 2.96 ± 0.03 ***
(34%)

2.83 ± 0.03 *
(53%)

2.70 ± 0.00
(74%)

2.63 ± 0.03
(86%)

SEFE Extract
200 2.60 ± 0.15 3.20 ± 0.00 ***

(0%)
3.06 ± 0.03 **

(20%)
3.00 ± 0.05 *

(25%)
2.93 ± 0.03 *

(30%)

400 2.36 ± 0.08 2.83 ± 0.06 **
(22%)

2.73 ± 0.08 *
(36%)

2.60 ± 0.05
(55%)

2.56 ± 0.03
(58%)

4. Conclusions

S. elaeagnifolium has been found to have a variety of pharmacological activities and
bioactive molecules. Our findings show that extracts derived from this plant’s leaves and
fruits contain bioactive molecules such as naringin, quercetin 3-O--D-glucoside, rutin, and
cinnamic acid, and that extracts from this plant have anti-lipase activity and anti-glycation
effects on haemoglobin, as well as anti-hyperglycemic and anti-inflammatory properties.
These and other findings help us gain a better understanding of its potential benefits. These
findings compel us to investigate other pharmacological activities of this plant.
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