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Abstract: Metabolic syndrome is characterized by a variety of diagnostic criteria: obesity, dyslipi-
demia, type 2 diabetes, and arterial hypertension. They contribute to the elevated risk of cardiovascu-
lar morbidity and mortality. The potential for Amorpha fruticosa L. (Fabaceae) to improve diabetes
and metabolic disease is promising, based on in vitro tests. This is why a further investigation of
the species is needed. Additionally, a toxicity review in relation to safety revealed that to date, there
are no published data regarding the toxicity of A. fruticosa towards humans. This species could
provide abundant and cheap resources because it is an aggressive invasive plant that grows almost
unrestrictedly. The objective of this study was to evaluate the acute toxicity of a purified extract of
A. fruticosa (EAF), and to assess its antioxidant, antihypertensive, and antihyperglycemic activity
in streptozotocin-induced diabetic spontaneously hypertensive rats (SHRs). The EAF was slightly
toxic (LD50 = 2121 mg/kg, b.w.) when administered orally, and moderately toxic (LD50 = 316 mg/kg,
b.w.) at intraperitoneal administration, both in mice. The oral administration of EAF (100 mg/kg)
for 35 days to SHRs caused significant decreases in the systolic pressure, blood glucose levels, and
MDA quantity. It also increased the hepatic level of the endogenous antioxidant GSH, not only in
diabetic SHRs, but also in the control group. An additional potential benefit to human health might
be conferred through the environmental management of A. fruticosa based on its large-scale use for
medicinal purposes, as this aggressive invasive species brings problems to natural habitats in many
European countries.
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1. Introduction

Type 2 diabetes contributes to an elevated risk of cardiovascular morbidity and mortal-
ity [1,2]. Synthetic hypotensive and hypoglycemic agents that are capable of reducing blood
pressure and blood sugar level possess many worrying side effects. Therefore, finding
other antihypertensive and anti-diabetic agents, especially those comprising plant sources,
is desired. Plants have been investigated all over the world for their potential to treat
hypertension, diabetes, and others oxidative disorders [3–5]. Thousands of plant species
have been screened for their activity. However, the ultimate objective of their use is that
they should interact directly with our body chemistry without side effects [6].

The initial phase of all these studies is based on ethnobotanical research. Traditional
knowledge regarding diabetes dates back to the Ancient Egyptians and Greeks [7,8], which
is related to a long empirical tradition of using plants to treat the condition in the Old
World. Ethnobotany provides a large number of plants from Europe, Turkey, and Iran, and
these studies are important sources of guidance in the search for new medicines to address
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globally relevant diseases such as metabolic syndrome and diabetes [9–12]. The members
of Fabaceae are often listed among plants that are used against diabetes [9–13], and that are
supported by clinical data [14]. It has been shown that the antidiabetic activity is due to
amorfrutins that were first found in, and consequently named after, Amorpha fruticosa L.
(Fabaceae) [15–18]. This plant is native to North America [19]. The Seminoles used it as an
application against gastric distress and as a tonic in general, and they also mixed it with
other plants to treat chronic sickness, although a particular use for it against the symptoms
of diabetes has not been reported by the Native Americans [20]. A. fruticosa is a good
candidate as a source of abundant and inexpensive resources for bioactive substances for
new medicines to address diabetes, since during the last few decades it has behaved as an
aggressive and invasive plant species, growing almost unrestrictedly in various parts of the
world [20]. The plant contains isoflavonoids, and their derivatives are called rotenoids. The
second important group of phenolic compounds are prenylated stilbenoids. Among them
are amorfrutins, which are quite diverse. The potential for A. fruticosa as a treatment for
diabetes and metabolic disease is promising, according to in vitro tests, as the application of
amorfrutin resulted in a significant reduction in insulin resistance, similar to the reduction
that has been observed with the clinical drug rosiglitazone. Additionally, a toxicity review
in relation to the safety of A. fruticosa revealed that until now, there have been no published
data concerning the toxicity of A. fruticosa [20].

The objective of this study was, firstly, to evaluate the acute in vivo toxicity of a
purified extract of A. fruticosa fruits (EAF) in female mice, and secondly, to assess its
antioxidant, antihypertensive, and antihyperglycemic activities in streptozotocin-induced
diabetic spontaneously hypertensive rats (SHRs).

2. Materials and Methods
2.1. Plant Material

Mature fruits were collected in October 2018 from a location in Pasarel village, Sofia
district (N 42.535218, E 23.521695), and identified by one of the authors (E.K.).

2.2. Phytochemical Analysis

The dried plant material (300 g) was pulverized, sieved (3 mm), and percolated
exhaustively with dichloromethane (4.5 L). The defatted plant substance was then further
extracted with 80% methanol (12 L); the resulting extract was filtered, evaporated on a
rotary evaporator, lyophilized, and named EAF.

The analysis of EAF was performed using HPLC with two analytical parameters—
amorfrutins (A and B) and total flavonoids. A Young Lin 9100 HPLC system (Hogyedong,
Anyang, Korea) equipped with a YL 9101 vacuum degasser, YL 9110 quaternary pump,
YL 9131 column compartment, YL 9160 PDA detector, 7725i manual injector, and Clarity
(v 2) software was used. Separations were performed on either the Purospher® STAR
column (RP C18ec, 4.6 × 125 mm, 5 µm, Merck, Darmstadt, Germany) for amorfrutins, or
on Luna® (100 Å, 250 × 4.6 mm, 5 µm, Phenomenex, Torrance, CA, USA) for flavonoid
determination. For both analyses, EAF was dissolved in MeOH (1 mg/mL) and filtered
through a syringe filter (PVDF, 0.45 µm). The injections were made in triplicate, and the
mean values were used for calculation. The quantity of the amorfrutins A and B in EAF
was examined using a previously reported method [21] with slight modifications after
revalidation, and calculated as the percentage of amorfrutin B. The flavonoid content in
EAF was determined and expressed as rutin [22].

2.3. Animals

An acute toxicity test was performed in 36 female mice (22.5 g ± 3.6 g) obtained from
the National Breeding Centre of the Bulgarian Academy of Sciences (Slivnica, Bulgaria).
Pharmacological experiments were performed in male spontaneously hypertensive rats
(SHRs) of the inbred strain Okamoto-Aoki (initial body weight 200–250 g), which were
obtained from Charles River Laboratories (Sulzfeld, Germany). The animals were housed
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in Plexiglas cages (2 per cage) at 20 ± 2 ◦C and a 12/12 h light/dark cycle. During
the procedure, the rats were given access to essential food and water. All studies were
conducted in accordance with the principles stated in the European Convention for the
Protection of Vertebrate Animals used for Experimental and other Scientific Purposes (ETS
123) and proven by the Bulgarian Agency of Food Safety (Permission No 187).

2.4. Design of the Experiment

Sixteen male spontaneously hypertensive rats (SHRs) were divided into four groups,
each consisting of four animals (n = 4). The SHRs were chosen because in this strain, the
chemically induced diabetes produces more profound effects than it does in normotensive
rats, and they are considered to be a suitable model for the evaluation and examination of
oxidative stress, hypertension, and diabetes [23]. The treatment of the SHRs is presented in
Table 1.

Table 1. SHR groups and their treatments.

SHR Group Treatment

Group 1 (SHR C)

Treated for 35 days with saline vehicle administered
via gavage at 5 mL/kg bw/day; on day 7 of the

experiment, the animals received an i.p. injection
with citrate buffer (pH 4.5)

Group 2 (SHR-EAF) treated with EAF (100 mg/kg b.w./day, (1/20 of
LD50 p.o.) oral-gavage for 35 days

Group 3 (SHR T2D)
Challenged on day 7 of the experiment with

nicotinamide (230 mg/kg bw, i.p.) and 15 min after
that, with streptozotocin (40 mg/kg b.w., i.p.)

Group 4 (SHR T2D + EAF)

Treated with EAF (100 mg/kg b.w./day, oral-gavage
for 7 days); on day 7, the animals were challenged
with nicotineamide–streptozotocine (230 mg/kg

b.w./40 mg/kg b.w. i.p.) and were treated with EAF
for additional 28 days

The animals were observed daily for behavioral changes and signs of toxicity. On
day 36, after 35 days of treatment, the animals were anesthetized with ketamine/xylazine
(80 mg/10 kg i.p.) and decapitated. The livers were dissected and prepared for the
assessment of MDA and GSH levels.

2.5. Acute Toxicity Tests

Acute toxicity tests of EAF were performed on 36 ICR female mice (18 for oral toxicity
and 18 for intraperitoneal toxicity) using the simplified method of Lorke [24]. EAF was
dissolved in 0.9% NaCl and administered orally (p.o.) or intraperitoneally (i.p.) at various
doses. The experiment was conducted in two stages. In the first stage, 18 mice were used,
and divided into two groups (for p.o. and i.p. administration) of 9 mice each. Each group
was divided into three subgroups of three animals treated with different doses (10, 100, and
1000 mg/kg) of EAF, p.o., or i.p. Immediately after the EAF administration, the animals
were observed for signs of toxicity and death, and they were subsequently observed every
two hours for the next 24 h. In the second phase, another 18 mice were used, divided into 2
groups (for both routes of administration) of 9 animals each. Each group was again divided
into three subgroups for the administration of three higher doses of EAF (1500, 3000, and
5000 mg/kg). The animals were observed for 24 h.

The LD50 was calculated using the following equation:

LD50 =
√

(D 0 × D100) (1)

where D0 is the highest dose that gave no mortality, and D100 is the lowest dose that
produced mortality [24].
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2.6. Blood Pressure Measurement

Systolic blood pressure was measured in the tail using an automated device (a CODA
non-invasive blood pressure system, Kent Scientific Corporation, Torrington, CT, USA).
Prior to the experiment, the rats were warmed for 10 min at (37 ◦C) to facilitate blood flow
to the tail. The mean value of three blood pressure measurements for each rat was used.
The SHRs with the highest blood pressure values were used for the in vivo experiment.

2.7. Induction of Type 2 Diabetes Mellitus in SHRs

Type 2 diabetes was induced via an i.p. administration of streptozotocin (STZ)
(45 mg/kg b.w.) dissolved in 0.1 M citrate buffer, pH 4.4, 15 min after the administra-
tion of nicotinamide (NA) (110 mg/kg b.w.) to the fasting SHRs. After 48 h, diabetes was
confirmed by measuring the blood sugar level using an Accu-Chek glucometer (Roche,
Mannheim, Germany) in blood taken from the tail vein. Rats with glucose levels of
12 mmol/L or more were considered as diabetic and were included in the study [25].

2.8. Measurement of MDA Levels in Liver Homogenate

Livers from the experimental animals were homogenized with 0.1 M phosphate buffer
and EDTA, pH 7.4. Aliquots of the homogenates were heated for 20 min in a water
bath (100 ◦C) with thiobarbituric acid. The number of reactive species formed from the
thiobarbituric acid (TBARS) (expressed as MDA equivalents) was measured at 535 nm. The
concentration of MDA was calculated using a molar absorbance coefficient of 1.56 × 105

M−1 cm−1 and expressed as nmol/g tissue [26].

2.9. Measurement of GSH Levels in Liver Homogenate

GSH was evaluated by measuring non-protein sulfhydryls after trichloroacetic acid
(TCA) protein precipitation. Livers were homogenized in 5% TCA (1:4) and centrifuged
for 20 min at 4000× g. The reaction mixture contained 0.05 mL supernatant, 3 mL 0.05 M
phosphate buffer (pH = 8), and 0.02 mL DTNB reagent. The absorbance was determined at
a wavelength of 412 nm and the results were expressed as nmol/g tissue [27].

2.10. Statistical Analysis

Statistical analysis was performed using the MEDCALC program (v. 10.06.). The
results are expressed as a mean value ± SD on four rats in each group. The experimental
groups were compared using the Kruskal–Wallis variance analysis test, and a post-hoc
analysis using the Mann–Whitney U test was performed. Values of p ≤ 0.05 were considered
to be statistically significant.

3. Results
3.1. Phytochemical Analysis

The amounts of amorfrutins (A and B) and flavonoids were determined in EAF (the
values reported are per dry weight of EAF). Although according to the official standardiza-
tion documents [28] a minor modification regarding the length of the column used (from
100 mm in the original to 125 mm) does not require a revalidation of the method, the proce-
dure was still performed. The specificity was investigated as a ratio over a blank solution.
No peaks with the retention time (tR) of amorfrutin B were detected. The repeatability was
investigated over standard solutions of amorfrutin B. The SD and RSD (in%) were less
than 1%. The limits of detection and of quantitation were 0.001 mg/mL and 0.01 mg/mL,
respectively. The linearity was investigated over a concentration range of 0.25 to 1 mg/mL
amorfrutin B. This response was proportional in these areas (r2 = 0.99). The retention time
of amorfrutin B was 15.80 ± 0.5 min (as a mean of three injections), both in the standard
solutions and in the extract. Of the contents of amorfrutins A and B in EAF, 1.9% was
expressed as amorfrutin B. The total flavonoid content of EAF, calculated as rutin, was
2.5%.
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3.2. Acute Oral Toxicity of EAF

The results show that all of the animals survived the first phase of the experiment
without any apparent symptoms of toxicity (Table 2). Some mortality was seen in the second
phase in this experiment. According to the Hodge and Sterner scale [29], the investigated
EAF could be classified as being slightly toxic when it was administered orally to female
mice (LD50 = 2121 mg/kg b. w.).

Table 2. Acute oral toxicity of EAF in female ICR mice.

1st Phase 2nd Phase

Doses mg/kg p.o. Mortality Doses mg/kg p.o. Mortality

10 0/3 1500 0/3
100 0/3 3000 1/3

1000 0/3 5000 3/3

The acute toxicity test showed that the EAF, when administered orally, was slightly
toxic in mice.

The same procedure was performed for intraperitoneal administration. In the first
phase of the experiment, only one mouse, which was administered the highest (1000 mg/kg)
dose, died (Table 3), giving 33% mortality. In the second phase of the experiment 100%
mortality was observed. After administrating the higher doses of EAF (from 1000 to
5000 mg/kg b.w.), symptoms of toxic damage were observed; these were expressed as
breathing difficulty, which was initially rapid and then severely delayed, as well as ataxia,
a lack of coordinated movements, and tremor. A lethal outcome occurred after severe
tonic–clonic seizures 10 to 15 min after the administration of the substance. Hence, for
intra-peritoneal administration in mice, the LD50 was calculated to be 316 mg/kg b.w.

Table 3. Acute intraperitoneal toxicity of EAF in female mice.

1st Phase 2nd Phase

Doses mg/kg i.p. Mortality Doses mg/kg i.p. Mortality

10 0/3 1500 3/3
100 0/3 3000 3/3

1000 1/3 5000 3/3

3.3. Changes in Systolic Blood Pressure (SBP)

The SBP of the diabetic SHRs was slightly higher throughout the experiment than the
control SBP (Figure 1). The treatment of both non-diabetic and diabetic SHRs with EAF
decreased the blood pressure in a statistically significant manner (p < 0.05), by 32% and
29%, respectively, at the 35th day, compared to the 1st day of the experiment (Figure 1).
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Figure 1. Dynamic changes in systolic blood pressure (SBP). Treatment: as described in the experi-
mental design section. Data are expressed as mean ± SD of four rats (n = 4). For comparison between
groups, Mann–Whitney U test was performed. * p < 0.05 vs. SHR control group; + p < 0.05 vs. diabetic
SHR group. Abbreviations: SBP, systolic blood pressure; SHRs, spontaneously hypertensive rats;
SHR-EAF, SHRs treated with EAF; SHR-DT2, SHRs with streptozotocin-induced type 2 diabetes;
SHR-DT2-EAF, diabetic SHRs treated with EAF.

3.4. In Vivo Changes in Blood Glucose Level

At the end of the experiment, the glucose concentration was significantly elevated in
the STZ-induced diabetic SHRs (an 101%, p < 0.05), compared to their matched controls
(Figure 2). In the diabetic animals, the treatment with EAF resulted in a significant (p < 0.05)
reduction of 42% for the blood glucose levels (p < 0.05), compared to the diabetic SHRs at
the 35th day.

Figure 2. Weekly dynamic changes in blood glucose levels in the experimental groups. Data are
expressed as mean ± SD of four rats (n = 4). For comparison between groups, Mann–Whitney U test
was performed. * p < 0.05 vs. SHR control group; + p < 0.05 vs. diabetic SHR group. Abbreviations:
SBP, systolic blood pressure; SHRs, spontaneously hypertensive rats; SHR-EAF, SHRs treated with
EAF; SHR-DT2, SHRs with streptozotocin-induced type 2 diabetes; SHR-DT2-EAF, diabetic SHRs
treated with EAF.

3.5. Oxidative Stress Markers

The levels of the oxidative stress markers are shown in Figures 3 and 4. The adminis-
tration of EAF leads to a statistically significant decrease of 19% for MDA, and an increase
of 20% for GSH in the control SHRs. STZ-induced type 2 diabetes produces an increase of
25% (p < 0.05) for MDA, and a decrease of 26% (p < 0.05) for GSH. Thirty-five days of oral
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administration of EAF to the diabetic SHRs restored the levels of oxidative stress markers
to near-control values.

Figure 3. MDA quantity in liver homogenate in all experimental groups. Data are expressed as mean
± SD of four rats (n = 4). For comparison between groups, Mann–Whitney U test was performed.
* p < 0.05 vs. SHR control group; + p < 0.05 vs. diabetic SHR group. Abbreviations: SBP, systolic
blood pressure; SHRs, spontaneously hypertensive rats; SHR-EAF, SHRs treated with EAF; SHR-DT2,
SHRs with streptozotocin-induced type 2 diabetes; SHR-DT2-EAF, diabetic SHRs treated with EAF.

Figure 4. GSH level in liver homogenate in all experimental groups. Data are expressed as mean
± SD of four rats (n = 4). For comparison between groups, Mann–Whitney U test was performed.
* p < 0.05 vs. SHR control group; + p < 0.05 vs. diabetic SHR group. Abbreviations: SBP, systolic
blood pressure; SHRs, spontaneously hypertensive rats; SHR-EAF, SHRs treated with EAF; SHR-DT2,
SHRs with streptozotocin-induced type 2 diabetes; SHR-DT2-EAF, diabetic SHRs treated with EAF.

4. Discussion

There is a great deal of evidence in clinical practice and scientific literature for a direct
link between hypertension and diabetes. Common mechanisms, such as the activation of the
renin–angiotensin–aldosterone system, oxidative stress, and inflammation, all contribute to
the close interrelations of these comorbidities [30].

Systemic hyperglycemia itself leads to an increased rate of formation for reactive oxy-
gen species (ROS), which produces endothelial dysfunction and damage to the micro- and
macro-vessels, provoking vasculopathy and aggravating hypertension. The activated renin–
angiotensin–aldosterone system in hypertension also induces oxidative stress. Elevated
levels of angiotensin II (Ang II) (a pro-inflammatory adipokine) lead to the upregulation
of NAD(P)H oxidase through the Ang II type 1 receptor, increase the production of ROS,
and are involved, together with endothelial dysfunction, in the pathogenesis of insulin
resistance [31,32].

The interaction between hypertension and diabetes is strong, and their combined
effects are multiplicative. SHRs are a suitable experimental model for the evaluation and
examination of the oxidative stress that underlies the main pathological changes caused by
hypertension and diabetes alike [23]. In the field of food science, much interest has been
focused on the discovery and development of alternative medicinal foods with natural
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bioactive compounds that have the ability to decrease oxidative stress in general, as well as
high blood pressure and glucose levels.

Among the nutritional factors that improve antioxidant status, and therefore that
maintain blood pressure and normoglycemia, the beneficial role of phenolics (including
flavonoids, stilbenoides, etc.) has been demonstrated in animals and in humans [33]. Sev-
eral observations have confirmed the antihypertensive [34], antioxidant, anti-inflammatory,
and antidiabetic activities of these compounds [35,36].

Our results demonstrate that the oral administration of EAF for 35 days decreased the
blood pressure in control and diabetic SHRs by 32% and 29%, respectively (Figure 1), which
is probably due to the presence of antioxidant compounds in the EAF. Different extracts of
A. fruticosa are rich in phenolic compounds [20], which explains their antioxidant activity.
The fruit extract demonstrated in vitro antioxidant inhibition properties [37]. Twelve honey
extracts of A. fruticosa were investigated, and high levels of DPPH radical scavenging
activity, ferric reducing antioxidant power, and ferrous ion-chelating activity were found,
which were significantly associated with the total phenolic contents and ascorbic acid
contents in this noxious invasive alien plant [38]. The inhibition of oxidative stress could
be an additional therapeutic approach to for influencing cardiovascular diseases, including
hypertension [31]. In the present work, the antioxidant effect of A. fruticosa was confirmed in
control and diabetic SHRs, where 35 days of oral administration of EAF decreased the MDA
quantity and increased the GSH level. It should be noted that one of the main characteristics
of spontaneously hypertensive rats is the increase in oxidative stress described by many
research teams [31,32]. For this reason, the extract that we used reduces the content of MDA
and increases the level of GHA, both in the control group of hypertensive animals and in the
group with induced diabetes. The abatement of oxidative stress, which consumes naturally
existing antioxidant components, could reduce blood pressure [39] and hyperglycemia [40].
We speculate that the pronounced antioxidant effect of the species is a key factor for its
antihypertensive and antihyperglycemic activity. The PPARγ receptor-binding affinity
and the inhibition of the nuclear transcription factor-kB (NF-kB) signaling pathway from
amorfrutins, amorphastilbol, etc., which are present in the fruits of A. fruticosa, also support
our findings, which have revealed that EAF has effective blood glucose-lowering potential
in vivo and exerts an anti-diabetic effect on STZ-induced diabetic SHRs.

Until now, the toxic potential of extracts from A. fruticosa has only been evaluated using
in vitro methods [20]. This was the reason for assessing its toxic potential in experimental
animals in order to choose appropriate doses for in vivo investigations.

The lower LD50 value in i.p. administration could be attributed to the presence of
some cytotoxic rotenoids in EAF [20].

According to the Hodge and Sterner scale [29], the investigated EAF could be classified
as being slightly toxic when administered orally to female mice (LD50 = 2121 mg/kg, b.w.).
The lack of toxicity after the oral administration of the EAF can be explained through two
possible scenarios. Probably, during the first passage of the absorbed compounds through
the liver, they undergo extensive metabolism and detoxification. The second explanation
for the lack of oral toxicity is the lack of enteral absorption of the rotenoids, which are then
eliminated from the body through the feces. However, in order to be sure of the reason for
the low toxicity, additional studies should be performed on the passage of the biologically
active compounds from the EAF through different biological membranes and organs.

5. Conclusions

A lyophilized extract from A. fruticosa fruits was slightly toxic when administered
orally, and moderately toxic after its intraperitoneal administration in mice. EAF demon-
strated antioxidant potential, antihypertensive, and antihyperglycemic effects after its oral
administration to diabetic and non-diabetic control SHRs.
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20. Kozuharova, E.; Matkowski, A.; Woźniak, D.; Simeonova, R.; Naychov, Z.; Malainer, C.; Mocan, A.; Nabavi, S.M.; Atanasov, A.G.

Amorpha Fruticosa—A Noxious Invasive Alien Plant in Europe or a Medicinal Plant against Metabolic Disease? Front. Pharmacol.
2017, 8, 333. [CrossRef]

21. Chen, C.; Wu, Y.; Du, L. Qualitative and Quantitative Analysis of Amorfrutins, Novel Antidiabetic Dietary Natural Products, by
HPLC. Pharm. Biol. 2016, 54, 488–493. [CrossRef]

http://doi.org/10.1038/hr.2011.195
http://www.ncbi.nlm.nih.gov/pubmed/22072103
http://doi.org/10.1016/j.dsx.2008.02.006
http://doi.org/10.1007/s00702-011-0758-7
http://www.ncbi.nlm.nih.gov/pubmed/22212484
http://doi.org/10.7326/0003-4819-136-6-200203190-00008
http://www.ncbi.nlm.nih.gov/pubmed/11900497
http://doi.org/10.4239/wjd.v7.i1.1
http://www.ncbi.nlm.nih.gov/pubmed/26788261
http://doi.org/10.15171/jnp.2017.20
http://doi.org/10.1016/j.jep.2015.01.008
http://doi.org/10.1016/j.jep.2015.02.052
http://doi.org/10.1016/j.heliyon.2019.e01421
http://www.ncbi.nlm.nih.gov/pubmed/30976694
http://doi.org/10.3390/molecules23010105
http://www.ncbi.nlm.nih.gov/pubmed/29300317
http://doi.org/10.1055/s-0035-1546131
http://www.ncbi.nlm.nih.gov/pubmed/26132858
http://doi.org/10.1073/pnas.1116971109
http://www.ncbi.nlm.nih.gov/pubmed/22509006
http://doi.org/10.1002/cbic.201402124
http://doi.org/10.22246/jikm.2020.41.6.1078
http://doi.org/10.3389/fphar.2017.00333
http://doi.org/10.3109/13880209.2015.1050115


Curr. Issues Mol. Biol. 2022, 44 2592

22. Zdraveva, P.; Popova, P.; Shkondrov, A.; Krasteva, I.; Ionkova, I. Investigation of in Vitro Cultures of Astragalus Monspessulanus L.
Comptes Rendus Acad. Bulg. Sci. 2017, 70, 1131–1137.

23. Cooper, M.E. Antihypertensive Therapy and Diabetic Microvascular Disease. Clin. Exp. Hypertens. 1997, 19, 769–778. [CrossRef]
24. Lorke, D. A New Approach to Practical Acute Toxicity Testing. Arch. Toxicol. 1983, 54, 275–287. [CrossRef]
25. Pari, L.; Karthikesan, K.; Menon, V.P. Comparative and Combined Effect of Chlorogenic Acid and Tetrahydrocurcumin on

Antioxidant Disparities in Chemical Induced Experimental Diabetes. Mol. Cell. Biochem. 2010, 341, 109–117. [CrossRef] [PubMed]
26. Polizio, A.H.; Pena, C. Effects of Angiotensin II Type 1 Receptor Blockade on the Oxidative Stress in Spontaneously Hypertensive

Rat Tissues. Regul. Pept. 2005, 128, 1–5. [CrossRef] [PubMed]
27. Bump, E.A.; Taylor, Y.C.; Brown, J.M. Role of Glutathione in the Hypoxic Cell Cytotoxicity of Misonidazole. Cancer Res. 1983, 43,

997–1002. [PubMed]
28. Chan, C.C.; Saraswat, P. Analytical Method Verification, Method Revalidation, and Method Transfer; John Wiley & Sons, Inc.: Hoboken,

NJ, USA, 2010.
29. Derelanko, M.J.; Hollinger, M.A. Handbook of Toxicology; CRC Press: Boca Raton, FL, USA, 2001.
30. Petrie, J.R.; Guzik, T.J.; Touyz, R.M. Diabetes, Hypertension, and Cardiovascular Disease: Clinical Insights and Vascular

Mechanisms. Can. J. Cardiol. 2018, 34, 575–584. [CrossRef] [PubMed]
31. Zhou, B.; Wu, L.-L.; Zheng, F.; Wu, N.; Chen, A.-D.; Zhou, H.; Chen, J.-Y.; Chen, Q.; Li, Y.-H.; Kang, Y.-M.; et al. MiR-31-5p

Promotes Oxidative Stress and Vascular Smooth Muscle Cell Migration in Spontaneously Hypertensive Rats via Inhibiting
FNDC5 Expression. Biomedicines 2021, 9, 1009. [CrossRef] [PubMed]

32. Oh, S.; Yang, J.Y.; Park, C.H.; Son, K.H.; Byun, K. Dieckol Reduces Muscle Atrophy by Modulating Angiotensin Type II Type 1
Receptor and NADPH Oxidase in Spontaneously Hypertensive Rats. Antioxidants 2021, 10, 1561. [CrossRef]

33. Pandey, K.B.; Rizvi, S.I. Plant Polyphenols as Dietary Antioxidants in Human Health and Disease. Oxid. Med. Cell. Longev. 2009,
2, 270–278. [CrossRef]

34. Suzuki, A.; Fujii, A.; Yamamoto, N.; Yamamoto, M.; Ohminami, H.; Kameyama, A.; Shibuya, Y.; Nishizawa, Y.; Tokimitsu, I.;
Saito, I. Improvement of Hypertension and Vascular Dysfunction by Hydroxyhydroquinone-Free Coffee in a Genetic Model of
Hypertension. FEBS Lett. 2006, 580, 2317–2322. [CrossRef]

35. Waltner-Law, M.E.; Wang, X.L.; Law, B.K.; Hall, R.K.; Nawano, M.; Granner, D.K. Epigallocatechin Gallate, a Constituent of Green
Tea, Represses Hepatic Glucose Production*. J. Biol. Chem. 2002, 277, 34933–34940. [CrossRef]

36. Panagiotakos, D.B.; Lionis, C.; Zeimbekis, A.; Gelastopoulou, K.; Papairakleous, N.; Das, U.N.; Polychronopoulos, E. Long-Term
Tea Intake Is Associated with Reduced Prevalence of (Type 2) Diabetes Mellitus among Elderly People from Mediterranean
Islands: MEDIS Epidemiological Study. YMJ 2009, 50, 31–38. [CrossRef]

37. Zheleva-Dimitrova, D.Z. Antioxidant and Acetylcholinesterase Inhibition Properties of Amorpha Fruticosa L. and Phytolacca
Americana L. Pharmacogn. Mag. 2013, 9, 109–113. [CrossRef] [PubMed]

38. Zhu, M.; Zhao, H.; Wang, Q.; Wu, F.; Cao, W. A Novel Chinese Honey from Amorpha Fruticosa L.: Nutritional Composition and
Antioxidant Capacity In Vitro. Molecules 2020, 25, 5211. [CrossRef] [PubMed]

39. Touyz, R.M.; Rios, F.J.; Alves-Lopes, R.; Neves, K.B.; Camargo, L.L.; Montezano, A.C. Oxidative Stress: A Unifying Paradigm in
Hypertension. Can. J. Cardiol. 2020, 36, 659–670. [CrossRef] [PubMed]

40. Antioxidants-Benefits, Sources, Mechanisms of Action; IntechOpen: London, UK, 2020.

http://doi.org/10.3109/10641969709083185
http://doi.org/10.1007/BF01234480
http://doi.org/10.1007/s11010-010-0442-5
http://www.ncbi.nlm.nih.gov/pubmed/20339905
http://doi.org/10.1016/j.regpep.2004.12.004
http://www.ncbi.nlm.nih.gov/pubmed/15721481
http://www.ncbi.nlm.nih.gov/pubmed/6825119
http://doi.org/10.1016/j.cjca.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29459239
http://doi.org/10.3390/biomedicines9081009
http://www.ncbi.nlm.nih.gov/pubmed/34440213
http://doi.org/10.3390/antiox10101561
http://doi.org/10.4161/oxim.2.5.9498
http://doi.org/10.1016/j.febslet.2006.03.047
http://doi.org/10.1074/jbc.M204672200
http://doi.org/10.3349/ymj.2009.50.1.31
http://doi.org/10.4103/0973-1296.111251
http://www.ncbi.nlm.nih.gov/pubmed/23772105
http://doi.org/10.3390/molecules25215211
http://www.ncbi.nlm.nih.gov/pubmed/33182368
http://doi.org/10.1016/j.cjca.2020.02.081
http://www.ncbi.nlm.nih.gov/pubmed/32389339

	Introduction 
	Materials and Methods 
	Plant Material 
	Phytochemical Analysis 
	Animals 
	Design of the Experiment 
	Acute Toxicity Tests 
	Blood Pressure Measurement 
	Induction of Type 2 Diabetes Mellitus in SHRs 
	Measurement of MDA Levels in Liver Homogenate 
	Measurement of GSH Levels in Liver Homogenate 
	Statistical Analysis 

	Results 
	Phytochemical Analysis 
	Acute Oral Toxicity of EAF 
	Changes in Systolic Blood Pressure (SBP) 
	In Vivo Changes in Blood Glucose Level 
	Oxidative Stress Markers 

	Discussion 
	Conclusions 
	References

