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Carpobrotus edulis is an edible medicinal plant from South Africa and is used for
the treatment of different ailments and disorders, including diabetes mellitus. Diabetes is a
persistent metabolic condition distinguished by high levels of glucose concentrations in the
bloodstream. Due to climate change-related conditions, plants may be subjected to extreme
temperature events such as cold fronts and heat waves. Hence the aim of the study was to
expose Carpobrotus edulis leaves to temperature conditions and then assesses their antidiabetic
activity against alpha-amylase in different solvents. The objective was to keep plants in growth
chambers set at either 15/10°C and 45/35°C (day and night), respectively, and harvested at 48-
hour intervals (48, 96, and 144). These were compared to plant samples in control conditions
(25/15°C). Under control (25/15°C) conditions, the aqueous extract displayed effective inhibition
of alpha-amylase (IC_, = 195mg/ml). In contrast to the control extracts, the hexane solvent
consistently exhibited the highest inhibitory activity against alpha-amylase under both low
(15/10°C) and high (45/35°C) temperature conditions. This trend was observed across all three
harvest durations. After 48 hours of high-temperature conditions, the IC, value was 131mg/
ml. While after 96 and 144 hours of low-temperature conditions, the IC  values were 214mg/
ml and 131mg/ml, respectively. The results suggest that Carpobrotus edulis, exposed to low
and high temperature conditions, has potential antidiabetic properties against alpha-amylase.
This is an interesting aspect of how environmental conditions can impact medicinal properties.
The outcome may have significant implications for the use of the plant by indigenous people,
who depend on it for the treatment of various ailments, including diabetes. It will also have
implications for the antidiabetic research of the plant as well as climate change research.
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Indigenous medicinal plants have
been valued for thousands of years due to their
nutritional and pharmacological properties, which
continue to be essential in various health care

systems worldwide'. These plants have had a
substantial impact on the traditional medicine of
indigenous tribes and have also been integrated into
modern Western medicine through drug discovery
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processes 2. One such plant with a long history of
traditional medicinal use is Carpobrotus edulis
(L.) Bolus, commonly known as sour fig * (Figure
1). The species is native to South Africa and is
commonly invasive in the coastal environments
of many parts of the world *. Sour fig belongs to
the Aizoaceae family and the Carpobrotus genus.
This genus has thirteen species, seven of which
occur in southern Africa *. The Carpobrotus edulis
species is a flat-growing, perennial, succulent herb
that forms dense mats **.

Carpobrotus edulis is used by traditional
healers, herbalists, and local people of South
Africa for the treatment of various ailments
such as mouth infections, sore throats, stomach
aches, diabetes mellitus, tuberculosis, and human
immunodeficiency virus (HIV)-related infections
7. The leaves juice has been shown through studies
to have antiseptic properties for soothing burns,
sores, allergies, cuts, and other skin conditions *.
In other parts of Africa, the mixture of honey, olive
oil in water, and leaf extract is used as a treatment
for vaginal thrush and tuberculosis ’.

Diabetes mellitus is an enduring metabolic
condition distinguished by elevated concentrations
of glucose in the blood (hyperglycemia), caused
by impaired insulin secretion from the pancreas
°. Its prevalence has been steadily increasing
worldwide ', especially in low- and middle-income
countries like South Africa ''. This escalating
burden of diabetes poses substantial challenges to
public health, healthcare systems, and the overall
well-being of the population in the country '%
Diabetes can be classified into different types,
with type 2 being the most prevalent in South
Africa . Accounting for approximately 85-90%
of all cases, type 2 diabetes is primarily linked
to lifestyle elements such as lack of physical
activity, unhealthy eating habits, and excess body
weight . Although less common in developing
countries, type 1 diabetes also affects a significant
number of individuals '°. It causes long-term
complications associated with small blood vessels,
i.e., microvascular complications '>. Researchers
focus on various mechanisms to develop effective
anti-diabetic drugs '. Among these approaches,
utilizing medicinal plants in drug development
for diabetes treatment is preferred over synthetic
drugs because of the numerous harmful side-effects
linked with the latter '°.
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Damage to body cells caused by harmful
molecules (oxidative stress) and inflammation
caused by substances that form when sugars react
with proteins in the body (advanced glycation
end products (AGEs)), are mechanisms that
exacerbate the problems of diabetes mellitus '°.
The antiglycation activity of C. edulis extracts
was investigated, and significant inhibition of
fluorescent advanced glycation end products
was observed in the ethanol-water extract of C.
edulis '". This antiglycation property and the
inhibition of AGEs are crucial in preventing and
alleviating diabetes-related complications . In the
development of diabetes mellitus treatment drugs,
one important mechanism involves the inhibition
of a-glucosidase and o-amylase activity. Inhibitors
targeting these carbohydrate-metabolising enzymes
have been effective in controlling postprandial
hyperglycemia (high blood sugar levels after eating
ameal), which is a significant strategy in managing
diabetes mellitus '*!?. Postprandial hyperglycemia
is closely associated with abnormalities in
glucose homeostasis, and its regulation plays
a pivotal role in the early stages of diabetes
pathophysiology, especially in type 2 diabetes
mellitus 'S. Carpobrotus edulis leaf extracts have
shown potential anti-diabetic activity through the
inhibition of o-glucosidase, as demonstrated by
its aqueous, methanol (50%), and acetone (70%)
extracts °. This property suggests that C. edulis
could be a valuable natural resource for managing
blood glucose levels after carbohydrate catabolism
and potentially contribute to diabetes management.

Due to climate change, prolonged
extreme temperature events, such as cold fronts
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Fig. 1. Image showing Carpobrotus edulis leaves and

flower
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and heat waves, may have unknown effects on
the plant, especially its antidiabetic activity.
Consistent with global trends, South Africa has
observed a reduction in cold temperature extremes
and a rise in warm temperature extremes 2°. It
has been stated that the secondary metabolite
composition of some medicinal plants could be
affected by climate change 2'*2. These secondary
metabolites, known for their various biological
activities, include compounds with potential
antidiabetic properties. Changes in temperature
and other environmental factors can influence the
synthesis of these compounds in plants. While
various authors have shown how plants respond to
different abiotic stresses, there remains a scarcity
of information on how indigenous medicinal
plants such as Carpobrotus edulis are affected
by extreme temperature conditions. This study is
guided by the ethnomedicinal uses of Carpobrotus
edulis and the temperature extremes experienced
in South Africa for an extended period. It aims to
investigate the antidiabetic activity of its leaves
under low and high temperature conditions, using
aqueous, methanolic, and hexane extracts. The
outcomes of these temperature conditions are
compared to ambient conditions. The study seeks
to shed light on how climate-induced temperature
variations may impact the medicinal properties of
Carpobrotus edulis. The hypothesis is that low and
high temperature conditions have an effect on the
antidiabetic activity of Carpobrotus edulis.

MATERIALS AND METHODS

The chemicals and solvents used for this
study were of analytical grade. Methanol, hexane,
dimethyl sulfoxide (DMSO) (purity > 99.5%),
phosphate buffer, alpha-amylase, potato starch
and 3,5-dinitrosalicylic acid (DNSA) (purity >
99%) were all procured from Sigma-Aldrich,
Johannesburg, South Africa.

Collection of plant material

The aerial parts (fresh cuttings) of
Carpobrotus edulis plants were collected at the City
of Tshwane (Pretoria North: 25.6776° S, 28.1755°
E), Gauteng, South Africa, in January 2021
(summer season), planted in five-litre plastic pots
in commercial potting soil, and allowed to grow for
three months in the green house at the University
of the Witwatersrand, Johannesburg, South Africa.
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The prepared taxonomic identification of the
voucher specimen (IMR 0009522) was done and
stored at the University of the Witwatersrand,
Braamfontein East Campus. Dr Ida Risenga
authenticated the plant material.

Control plants (five pots with three
cuttings each) were watered daily with 100ml of
water and kept under 25/15°C (day and night) in the
green house. Two sets of fifteen experimental pot
plants (three cuttings in each pot) were transferred
into separate plant growth chambers (Conviron
CMP6010) and kept at either 15/10°C or 45/35°C
(day and night), respectively, watering them once
daily for a period of up to six days. The plants
were kept under a photoperiod of 14-hour light
and 10-hour darkness. The control and temperature
treatment samples were harvested episodically at
48-hour intervals (48, 96, and 144 hours), dried
using a freeze dryer (VaCo 2, Zirbus technology
GmbH Hilfe Gottes 1, 37539 Bad Grund) and
pulverised.

Sample preparation and extraction

The powdered leaves of Carpobrotus
edulis from the control and the two sets of
temperature treatments were separately extracted
with aqueous, methanol, and hexane (1 gram
to 20 millilitres solvent ratio). As is generally
known, different solvents will dissolve different
compounds depending on the polarity index 2.
Water (Aqueous) is a polar solvent with an index of
10.2, methanol is a polar solvent with an index of
5.1and hexane is a non-polar solvent with an index
of 0.1%. The methanol and hexane extracts were
evaporated on a fume hood, while the water extracts
were evaporated with a freeze dyer. Thereafter,
1% DMSO was used to resuspend the powdered
extracts.

In-vitro inhibition of alpha-amylase activity

Inhibition of a-amylase activity by
the aqueous, methanol, and hexane extracts of
Carpobrotus edulis followed the techniques outlined
by Kamtekar et al. > with slight modifications (on
the concentrations of plant extract). Plant extracts
of varying concentrations (0,5 - 2 mg/ml, 500uL)
were mixed with 500pL o-amylase solution,
with a concentration of 2 units/ml. The enzyme
solution was prepared by dissolving 0.001 g of
o-amylase in 100 ml of 0.02 M sodium phosphate
buffer at pH 6.9, containing 6.7 mM sodium
chloride. The mixture was incubated at 32°C for
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10 minutes. Subsequently, 500pL of 1% w/v corn
starch solution in distilled water was added to the
reaction mixture and incubated for 10 minutes at
32°C. After incubation, 1ml of DNSA reagent was
introduced to each reaction mixture tube, followed
by incubation in a hot water bath at 85°C for 5
minutes. The reaction mixtures were removed from
the water bath and cooled to room temperature,
and each tube was diluted to a final volume of 5ml
with distilled water. The absorbance of the resulting
orange-red colour was measured at 540nm using
a spectrophotometer. An enzyme unit is defined
as the quantity of enzyme required to release
Img of maltose from 1% starch within 5 minutes
under specified room-temperature conditions. To
calculate the IC, (inhibitory concentration) value,
which represents the sample concentration (mg/ml)
needed to reduce the absorbance of alpha-amylase,
a logarithmic regression curve was generated by
plotting the percentage of alpha-amylase inhibition
against sample concentration.

The percentage of o-amylase inhibition
was assessed by using the following formula:

The o-amylase inhibitory activity (%) = [ (Ac") —
(Ac)- (As—-Ab)/ (Ac’) — (Ac) ] x 100

Where Ac” is the absorbance of 100% enzyme
activity (only solvent with enzyme).
Ac is the absorbance of 0% enzyme activity (only
solvent without enzyme).
As is the absorbance of the test sample with
enzyme.
Ab is the absorbance of a test sample without an
enzyme.
Data analysis

The obtained study results were analysed
using Microsoft Excel and GraphPad Prism
10.1.0 software. A one-way analysis of variance
(ANOVA) was used to determine a significant
difference between the control and the temperature
treatments’ inhibition percentage within the same
concentration. Additionally, the ANOVA was used
to determine a significant difference between the
IC,, values of the temperature treatments and the
control. These were determined at a significance
level of p < 0.05. Where a significant difference
was observed, a two-sample T-test was used to
identify the difference. An asterisk (*) represents
the number of zeros after the decimal point. All
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analyses were done in triplicate, and the data were
presented as the mean and standard error.

RESULTS AND DISCUSSION

Alpha-amylase is an eminent enzyme
that is involved in the breakdown of carbohydrates
into simple sugars in the digestive system 2%,
Therefore, inhibiting the alpha-amylase enzyme
can suppress the digestion of carbohydrates and
eventually reduce blood sugar levels ?’. The
alpha-amylase enzyme inhibition percentage for
Carpobrotus edulis aqueous extract at control
(25/15°C) conditions was compared to extracts
at low (15/10°C) and high (45/35°C) temperature
conditions at different durations (48-hour, 96-hour,
and 144-hour harvest) (Figures 2a, 3a, and 4a,
respectively). The results showed that the inhibition
percentage of Carpobrotus edulis aqueous extracts
against the alpha-amylase enzyme is increasing
for all the treatments in a concentration-dependent
manner (Figures 2a, 3a, and 4a, respectively). For
both the 48-hour and 96-hour harvests, the low-
temperature treatment had the highest inhibition
percentage compared to the control, followed by
the high-temperature treatment (Figures 2a and
3a). However, for the 144-hour harvest, the control
treatment had the highest inhibition percentage
compared to both the low and high temperature
treatments (Figure 4a).

Based on its IC,; value of 195 mg/ml,
the antidiabetic effect of C. edulis aqueous extract
at control (25/15°C) conditions had a higher
inhibitory activity via alpha-amylase than the
low (15/10°C) and high (45/35°C) temperature
conditions extracts at 48-hour (297 and 441 mg/
ml, respectively), 96-hour (524 and 429 mg/ml,
respectively), and 144-hour harvest (830 and
343 mg/ml, respectively) (Figures 2b, 3b, and
4b, respectively). Due to the available synthetic
inhibitors that have been shown to have negative
side effects, plant-based alternative therapeutic
agents have been advocated for because they have
been reported to have good safety profiles, have
fewer side effects, do not cause hypoglycemia, and
do not stimulate insulin secretion but effectively
manage postprandial hyperglycemia '*2%29,

It has been established in this present
study that the plant has potential antidiabetic effects
based on the IC, value of the aqueous extract at
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control/ambient/normal conditions (25/15°C). In
another study, the potential antidiabetic activity of
C. edulis aqueous leaf extracts via the inhibition of
alpha-glucosidase (an enzyme found in the intestine
that further degrades the simple monosaccharides
to glucose, which, upon absorption, enters the
blood stream) showed that aqueous extracts had
an overall strong inhibitory activity against the
enzyme with an IC, value of 5ig/ml °. This present
study not only substantiates the use of the C. edulis
plant leaves for the treatment of diabetes but also
the use of water as a medium of preparation in
traditional medicine. Based on the half-maximal
inhibitory concentration (IC,)) of the temperature
treatments, it was revealed that the plant could
be significantly losing some of its antidiabetic
activity when it is exposed to either low or high
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temperature conditions. In South Africa, if a cold
front could persist for six days, as predicted in
previous studies 2° and reported in the past couple
of weeks in Gauteng and other parts of the country
3 the plant might have reduced inhibitory activity
against alpha-amylase using water as an extraction
solvent. The same applies for a heat wave that could
persist for six days; the plant might have reduced
inhibitory activity against alpha-amylase.
Various studies have reported that the
antidiabetic activity of certain medicinal plants
could be attributed to the presence of their phenolic
compounds 332, Recently, Sabiu et al.?® reported
on the presence of cyanidin, a phenolic compound
identified in C. edulis as one of the inhibitors of
alpha-amylase and alpha-glucosidase. In Table 1
of this study, the phytochemical profile of C. edulis
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Fig. 2a. Alpha-amylase inhibition percentage of Carpobrotus edulis aqueous extracts under control (15/25°C),
48-hour low (15/10°C) and 48-hour high temperature conditions. Fig. 2b. IC value of each treatment.
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Fig. 3a. Alpha-amylase inhibition percentage of Carpobrotus edulis aqueous extracts at control (15/25°C), 96-
hour low (15/10°C) and 96-hour high temperature conditions. Fig. 3b. IC value of each treatment.
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Fig. 4a. Alpha-amylase inhibition percentage of Carpobrotus edulis aqueous extracts at control (15/25°C), 144-
hour low (15/10°C) and 144-hour high temperature conditions. Fig. 4b. IC, value of each treatment.
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Fig. 5a. Alpha-amylase inhibition percentage of Carpobrotus edulis methanol extracts at control (15/25°C), 48-
hour low (15/10°C) and 48-hour high temperature conditions. Fig. Sb. IC value of each treatment.

showed a low presence of phenolic compounds
after 48 and 96 hours of low temperature conditions
but was absent after 144 hours of low temperature
conditions. After 48, 96, and 144 hours of high-
temperature conditions, the presence of phenolic
compounds was absent. The low presence and
absence of phenolic compounds in the low-
temperature and high-temperature conditions,
respectively, might cause a potential synergistic
or antagonistic interaction of the other compounds
that are highly present, altering their individual or
collective impact on alpha-amylase inhibition *.
These could explain the difference in the IC, value
of these extracts compared to the control treatment.
As part of adaptive responses, these changes could
be due to the conformational changes in alpha-

amylase caused by the enzymes present due to
temperature variations ** %337, This process can
modify its substate specificity or affinity.

The alpha-amylase enzyme inhibition
percentage for Carpobrotus edulis methanolic
extract at control (25/15°C) conditions was
compared to extracts at low (15/10°C) and high
(45/35°C) temperature conditions (48-hour, 96-
hour, and 144-hour harvest) (Figures 5a, 6a, and 7a,
respectively). The results showed that the inhibition
percentage of Carpobrotus edulis methanolic
extracts against the alpha-amylase enzyme is
increasing for all the treatments in a concentration-
dependent manner (Figures 5a, 6a, and 7a,
respectively). The control extract had the highest
inhibition percentage compared to both the 48-hour
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Fig. 6a. Alpha-amylase inhibition percentage of Carpobrotus edulis methanol extracts at control (15/25°C), 96-
hour low (15/10°C) and 96-hour high temperature conditions. Fig. 6b. IC value of each treatment.
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Fig. 7a. Alpha-amylase inhibition percentage of Carpobrotus edulis methanol extracts at control (15/25°C), 144-
hour low (15/10°C) and 144-hour high temperature conditions. Fig. 7b. IC, value of each treatment.

and 96-hour temperature treatments (Figures 5a
and 6a). However, for the 144-hour harvest, the
highest inhibition percentage was observed at the
high temperature treatment (Figure 7a) compared
to the control and the low temperature treatment
(Figures 5a and 6a, respectively).

Based onits IC, value of 1680 mg/ml, the
antidiabetic effect of C. edulis methanolic extract
under control (25/15°C) conditions had a lower
inhibitory activity against alpha-amylase than the
low (15/10°C) and high (45/35°C) temperature
conditions extracts at 48-hour (265 and 1122
mg/ml, respectively), 96-hour (235 and 262 mg/
ml, respectively), and 144-hour harvest (197 and
487 mg/ml, respectively) (Figures 5b, 6b, and 7b,
respectively). Based on these IC, values, the 144-

hour low-temperature treatment had a statistically
significant increase in inhibitory activity against
alpha-amylase. This could mean that the plant’s
antidiabetic effect improves after being exposed to
low-temperature conditions for six days. Exposure
to temperatures can lead to the activation or
enhancement of certain secondary metabolites,
such as polyphenols and flavonoids, which are
known for their potential health benefits ¥ 3°.
The phytochemical profile of C. edulis exposed
to low-temperature conditions for 144 hours
(methanolic extract) in Table 1, showed a high
presence of compounds, including phenolics and
terpenoids. Exposure to low temperatures led to
the enhancement of terpenoids and steroids. Some
of these compounds have been shown to possess
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Fig. 8a. Alpha-amylase inhibition percentage of Carpobrotus edulis hexane extracts at control (15/25°C), 48-hour
low (15/10°C) and 48-hour high temperature conditions. Fig. 8b. IC, value of each treatment
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Fig. 9a. Alpha-amylase inhibition percentage of Carpobrotus edulis hexane extracts at control (15/25°C), 96-hour
low (15/10°C) and 96-hour high temperature conditions. Fig. 9b. IC, value of each treatment
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Fig. 10a. Alpha-amylase inhibition percentage of Carpobrotus edulis hexane extracts at control (25/15°C), 144-

hour low (15/10°C) and 144-hour high temperature conditions. Fig. 10b. IC, value of each treatment.
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antidiabetic properties, including alpha-amylase
inhibition, by interfering with enzyme-substrate
interactions *. The observed increase in inhibitory
activity after exposure to temperature conditions
aligns with this phenomenon reported in other plant
extracts. The observed changes in alpha-amylase
inhibition might be influenced by the duration
of exposure to low-temperature conditions;
prolonged exposure enhanced the activity over
time. The extract might also have other enzymes
that influence the inhibition *.

The alpha-amylase enzyme inhibition
percentage for Carpobrotus edulis hexane extract
at control (25/15°C) conditions was compared
to extracts at low (15/10°C) and high (45/35°C)
temperature conditions (48-hour, 96-hour, and
144-hour harvest) (Figures 8a, 9a, and 10a,
respectively). The results showed that the inhibition
percentage of Carpobrotus edulis hexane extracts
against the alpha-amylase enzyme is increasing
for all the treatments in a concentration-dependent
manner (Figures 8a, 9a, and 10a, respectively).

Based on its IC,; value of 274 mg/
ml, the antidiabetic effect of C. edulis hexane
extract at control (25/15°C) conditions had a
lower inhibitory activity against alpha-amylase
than the low (15/10°C) and high (45/35°C)
temperature conditions extracts at 48-hour (226
and 131 mg/ml, respectively), 96-hour (214 and
220 mg/ml, respectively), and 144-hour harvest
(131 and 164 mg/ml, respectively) (Figures 8b,
9b, and 10b, respectively). Based on these IC,,
values, the 48-hour high-temperature treatment
and the 144-hour low-temperature treatment had
a significantly higher inhibitory activity against
alpha-amylase. The impact of temperature on the
composition and bioactivity of plant extracts has
been well documented in scientific literature **
4. Al-Hugqail, et al. *' investigated the impact of
climate change, temperature, and water stress on
secondary metabolites in sweet basil (Ocimum
basilicum). The researchers found that increasing
temperatures (35, 45, and 55°C) significantly
increased the levels of certain phenolic compounds,
including flavonoids. Another study by Ljubej et al.
42 examined the effects of cold stress on secondary
metabolites in kale (Brassica oleracea), and the
results indicated that cold stress (8°C) increased
the levels of phytochemicals such as phenolic
acids, flavonoids, carotenoids, and glucosinolates
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(3%, 5%, 15%, and 21%, respectively), which
are bioactive compounds with potential health
benefits, including antidiabetic effects. The above
pattern was observed in this study, as presented in
Table 1 (hexane extracts). Both high-temperature
and low-temperature conditions for 48 and 96
hours, respectively, triggered the biosynthesis
of flavonoids, saponins, cardiac glycosides,
and volatile oils. These compounds have been
reported to have antidiabetic effects ***. The
observed changes in alpha-amylase inhibition
might be influenced by the duration of exposure
to low-temperature conditions, with prolonged
exposure leading to an enhancement in activity
over time. This phenomenon could be associated
with the activation of specific enzymes under these
conditions, either facilitating the breakdown of
inhibitory compounds or inducing conformational
changes in the alpha-amylase enzyme as adaptive
responses ***%37. However, in the context of high-
temperature conditions, unique inhibitory outcomes
may be attributed to specific combinations of
temperature and duration, as indicated by previous
studies ¢4,

CONCLUSION

In this study, the effects of temperature
conditions, solvent types, and harvest durations
on the antidiabetic activity (against alpha-
amylase) of Carpobrotus edulis leaves were
investigated. The leaves were subjected to low
(15/10°C) and high (45/35°C) temperature
conditions using aqueous, methanol, and hexane
solvents, with harvests conducted at 48, 96, and
144 hours. A control treatment at 25/15°C was
used for comparison. Under control (25/15°C)
conditions, the aqueous extract displayed effective
inhibition of alpha-amylase, as evidenced by the
low IC,, value of 195mg/ml. In contrast to the
control extracts, under low (15/10°C) and high
(45/35°C) temperature conditions, respectively,
the hexane extracts consistently exhibited the
highest inhibitory activity against alpha-amylase
across all three harvest durations (48, 96, and
144 hours). After 48 hours of high-temperature
conditions, the IC,, value was 131mg/ml. After
96 and 144 hours of low-temperature conditions,
the IC,; values were 214mg/ml and 131mg/ml,
respectively. The research offers valuable insights
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into how environmental factors, particularly
temperature, affect the medicinal properties of
Carpobrotus edulis. Therefore, it aligns with the
initial hypothesis. This is especially significant in
the context of climate change. The emphasis on
plant-based therapeutic agents, considering the side
effects associated with synthetic drugs, holds great
relevance in today’s pharmacological landscape.
Examining the impact of temperature stress on
the antidiabetic potential of a traditional medicinal
plant is a novelty and it contributes substantial
value to ethnopharmacological research.

A deeper analysis of the hexane extracts is
needed to identify the specific bioactive compounds
responsible for the observed effect under the
specified temperature conditions. There is limited
discussion on the underlying mechanisms of
how temperature stress alters the phytochemical
composition, leading to the enhanced alpha-
amylase inhibition of the extracts. Additionally, the
study lacks in vivo validation of the antidiabetic
effect of the extracts, which is important for
establishing their efficacy and safety. Therefore,
a comprehensive understanding of the plant’s
antidiabetic properties could be achieved through
a multifaceted approach encompassing both in
vitro and in vivo studies, along with phytochemical
analyses. Future research could explore the
impact of other environmental stressors, such as
salinity or drought, on the medicinal properties
of Carpobrotus edulis. Conducting long-term
studies to evaluate the impacts of chronic exposure
to varying temperatures could offer a more
profound understanding of how medicinal plants
adapt to climate change. To bridge the gap
between traditional use and clinical application,
translational research, including pharmacokinetic
and pharmacodynamic studies, is essential.
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