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Abstract: Objective: Diosmetin is a flavonoid that is found in many important medicinal plants that
have antihypertensive therapeutic potential. Diosmetin has been shown to have antiplatelet, anti-
inflammatory and antioxidant properties, which suggests that it could be a potential candidate for use
in antihypertensive therapy. Methods: In vivo and in vitro methods were used for our investigation
into the antihypertensive effects of diosmetin. Results: Diosmetin significantly decreased the mean
arterial pressure (MAP). The effects of diosmetin on the MAP and heart rate were more pronounced
in hypertensive rats. To explore the involvement of the muscarinic receptors-linked NO pathway,
Nω-nitro-L-arginine methyl ester (L-NAME) and atropine were pre-administered in vivo. The
pretreatment with L-NAME did not significantly change the effects of diosmetin on the MAP by
excluding the involvement of NO. Unlike L-NAME, the atropine pretreatment reduced the effects
of diosmetin on the MAP, which demonstrated the role of the muscarinic receptors. In the in vitro
study, diosmetin at lower concentrations produced endothelium-dependent and -independent (at
higher concentrations) vasorelaxation, which was attenuated significantly by the presence of atropine
and indomethacin but not L-NAME. Diosmetin was also tested for high K+-induced contractions.
Diosmetin induced significant relaxation (similar to verapamil), which indicated its Ca2+ antagonistic
effects. This was further confirmed by diosmetin shifting the CaCl2 CRCs toward the right due to its
suppression of the maximum response. Diosmetin also suppressed phenylephrine peak formation,
which indicated its antagonist effects on the release of Ca2+. Moreover, BaCl2 significantly inhibited
the effects of diosmetin, followed by 4-AP and TEA, which suggested that the K+ channels had a role
as well. Conclusions: The obtained data showed the Ca2+ channel antagonism, potassium channel
activation and antimuscarinic receptor-linked vasodilatory effects of diosmetin, which demonstrated
its antihypertensive potential.

Keywords: diosmetin; antihypertensive; vasorelaxant; antimuscarinic; calcium antagonist; K+ chan-
nel activation

1. Introduction

Flavonoids are phenolic compounds that are broadly distributed in medicinal plants,
fruits and vegetables and are believed to have useful outcomes for human health. Studies
have proven that the consumption of flavonoid-rich plants is linked to lower risks of
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cardiovascular diseases [1]. Flavonoids have also been reported to exert multiple biological
effects, including antioxidant and anti-inflammatory effects, etc. [2,3].

Diosmetin (5, 7, 3′-trihydroxy-4’-methoxyflavone; Figure 1) is a flavonoid that is found
in citrus fruits and lemon peel. The diosmetin structure includes a 15-carbon skeleton,
which consists of two phenyl rings (A and B) and a heterocyclic ring (C) [4–6]. Citrus limon L.
(lemon) and other natural sources of diosmetin, such as Rosmarinus officinalis (rosemary) and
Olea europaea (olive), have been shown to have therapeutic potential for the management
of hypertension [7–11]. Approximately 27 mg/kg of diosmetin is present in the leaves of
Olea europaea L., while Citrus lemon contains high levels of all flavonoids (80–95%), with
32 ± 4.95 mg/100 mL of diosmetin [6]. Moreover, olive leaf extract has been reported
to reduce blood pressure [7] and dilate the aorta [12]. Furthermore, it has been reported
that a flavanone derivative of diosmetin (hesperetin) causes smooth muscle relaxation via
K+ channel activation and the release of NO [13]. As with other flavonoids, diosmetin
has been reported as having anti-oxidant [14,15], hypolipidemic [16], anti-cancer [17],
anti-microbial [18], anti-estrogenic [19], anti-inflammatory [15,20], anti-apoptotic [15] and
anti-diabetic properties [21].

Figure 1. The chemical structure (5, 7, 3′-trihydroxy-4’-methoxyflavone) of diosmetin.

In addition, diosmetin also inhibits the smooth muscle contraction of the jejunum [13].
Diosmetin has also been reported to induce vasodilation in the porcine coronary artery [22].
However, the underlying mechanisms of diosmetin that cause this the smooth muscle relax-
ation still need to be investigated. Therefore, this study aimed to determine the vasorelaxant
mechanisms and potential antihypertensive effects of diosmetin using rat models.

2. Results
2.1. Antihypertensive Activities of Diosmetin
Effects of Diosmetin on the MAP of SD Rats

When administered intravenously (IV), norepinephrine and acetylcholine produced
a significant increase and decrease, respectively, in the MAP of both normotensive and
hypertensive anesthetized rats (Figure 2A–C). After the validation of the protocol, diosmetin
was administered via IV to normotensive and hypertensive anesthetized rats. The dose-
dependent percentage decreases in MAP were 16.01 ± 0.77, 25.67 ± 1.33, 44.30 ± 2.20 and
56.0± 3.15 mmHg for doses of 0.003 to 3 mg/kg (as shown in Figure 2D). In hypertensive SD
rats, diosmetin produced comparatively larger decreases in MAP, which were 27.78 ± 0.8,
40 ± 1.45, 60.33 ± 2.84 and 73.0 ± 2.52 mmHg (as shown in Figure 2E).

To further identify the mechanisms of the decrease in MAP, SD rats were treated
with L-NAME. The decreases in MAP that were produced by diosmetin were 19.30 ± 1.85,
30.01 ± 1.70, 49.25 ± 1.10 and 62.33 ± 2.27 mmHg (Figure 2). Moreover, in rats that
were pretreated with atropine, the percentage decreases in the MAP were 10.75 ± 1.29,
18.10 ± 2.30, 20.01± 2.50 and 39.50± 3.53 mmHg. In the presence of L-NAME, the changes
in MAP were not significant, while the pretreatment with atropine significantly inhibited
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the decrease in MAP (Figure 2F). In addition, Table 1 shows the percentage decrease in
heart rate (HR) after an injection of 0.003 to 3 mg/kg of diosmetin. The maximum decrease
in heart rate (50%) was identified for the 3 mg/kg dose.

Figure 2. A representative tracing (A) showing the effects of norepinephrine (NE) and acetylcholine
(Ach) on the mean arterial pressure (MAP): (B) the percentage increases and decreases in the BP of
anesthetized normotensive rats; (C) the significant changes (p < 0.001) in the MAP of normotensive
anesthetized rats; (D) A representative tracings of invasive blood pressure (BP) measurement tracings
show the fall in blood pressure by the diosmetin in normotensive rats; (E) a comparison of the
percentage decreases in the mean arterial pressure (MAP) of normotensive and hypertensive rats that
were caused by diosmetin; (F) the effects of pretreatment with 20 mg/kg of L-NAME and 1 mg/kg of
atropine in normotensive rats. Significant differences (n = 6): * p < 0.05; ** p < 0.01; *** p < 0.
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Table 1. The percentage decrease in the BP and HR of anesthetized rats after the injection of different
doses of diosmetin.

Dose (mg/kg)
Diosmetin

BP (%) HR (%)

Control 99.8 ± 0.07 99.5 ± 0.10
0.003 16 ± 2.47 * 13 ± 1.90 *
0.03 24 ± 1.77 * 28 ± 2.50 *
0.3 54 ± 2.03 *** 38 ± 3.05 **
3 61 ± 1.03 *** 50 ± 2.04 ***

Significant differences (n = 6): * p < 0.05; ** p < 0.01; *** p < 0.001.

2.2. Vascular Reactivity
2.2.1. Effects of Diosmetin on Aortic Tissues in Rats

Intact aortic rings were pretreated with phenylephrine, followed by the cumulative
addition of diosmetin. In response, diosmetin exhibited a vasorelaxant response with an
EC50 value of 9.47 µg/mL (4.06–10.57). This vasorelaxation response was not significantly
reduced in denuded tissues (Figure 3), with an EC50 value of 9.20 µg/mL (5.15–9.65), ex-
cluding the involvement of endothelium-dependent responses. In the presence of L-NAME
(10 µM), the vasorelaxant response to phenylephrine-induced contractions was not signifi-
cantly changed, with an EC50 value of 8.06 µg/mL (3.95–9.65) (Figure 3A). To explore the
role of muscarinic receptors, intact aortic rings were pretreated with atropine (1 µM), which
significantly reduced (27%) the vasorelaxant effects of diosmetin (Figure 3A). To further
confirm the involvement of prostaglandins in the response that was produced by diosmetin,
indomethacin was used to inhibit the cyclooxygenase pathways in the intact aortic rings.
This pretreatment significantly inhibited (75%) the effects of diosmetin (Figure 3A). The
effects of diosmetin were then compared to those of acetyl-choline (Figure 3B).

Figure 3. The effects of (A) diosmetin and (B) acetylcholine (ACh) on contractions that were induced
by phenylephrine (PE; 1 µM) in intact and denuded aortic rings from rats that were pretreated with
10 µM of L-NAME, 1 µM of atropine and 1 µM of indomethacin. The relaxation responses are shown
as means ± SEM (n = 6). Significant differences: ** p < 0.01; *** p < 0.001.

2.2.2. Effects of Diosmetin on Ca2+ Signaling and Ca2+ Channels

Diosmetin produced a concentration-dependent vasorelaxation in response to phenyle-
phrine and K+ (80 mM) in the pretreated aortic rings, with EC50 values of 10.06 (6.90–11.87)
and 10.13 µg/mL (5.50–10.20). These effects of diosmetin were similar to those of verapamil
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(Figure 4A,B). Unlike verapamil, diosmetin only induced 20% relaxation in response to
Ang II (5 uM) (as shown in Figure 4A,B).

Figure 4. (A,B)The vasorelaxant responses of diosmetin and verapamil to phenylephrine (PE), high
K+ and 5 µM of Ang II; (C,D) the effects of diosmetin and verapamil on the calcium concentration
response curves (CRCs) in a calcium-free medium using the aortic rings of rats. The relaxation and
contractile responses are shown as means ± SEM (n = 6). Significant differences vs. control: * p < 0.05;
** p < 0.01; *** p < 0.001.

Moreover, the different concentrations (1–10 µg/mL) of diosmetin significantly (p < 0.001)
affected the CaCl2 (0.01–1 mM) CRCs in a calcium-free medium and shifted the CRCs that
were produced by CaCl2 toward the right (Figure 4C), as with verapamil (Figure 4D).

2.3. Effects of Diosmetin on Intracellular Calcium Stores

The pretreatment of the isolated aortic rings with different concentrations (0.3–10 µg/mL)
of diosmetin reduced the phenylephrine transient contractile responses in a calcium-free Krebs
solution. The effects of diosmetin were then compared to those of verapamil (Figure 5A–C).



Pharmaceuticals 2022, 15, 951 6 of 14

Figure 5. A representative tracing of (A) phenylephrine, which inhibited the presence of increasing
concentrations of the diosmetin in the calcium-free medium; (B,C) the increasing concentrations
of diosmetin and verapamil, respectively, which significantly inhibited phenylephrine (PE) peak
formation in the calcium-free medium. Significant differences vs. control (n = 6): ** p < 0.01;
*** p < 0.001.

2.4. Effects of Diosmetin on Aortic Tissues of Rats Pretreated with K+ Channel Inhibitors

To explore the involvement of K+ channels in the vasorelaxant effects of diosmetin,
potassium channel activation and various K+ channel blockers were investigated. The
vasorelaxant effects of diosmetin were significantly (* p < 0.05, ** p < 0.01 and *** p < 0.001)
attenuated by pretreatment with TEA (11%), BaCl2 (30%) and 4-AP (14%) versus the control,
with EC50 values of 10.50 (4.29–8.74), 15.70 (8.50–15.40) and 19.80 for TEA, BaCl2 and 4-AP,
respectively (Figure 6).
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Figure 6. The response of diosmetin to phenylephrine (1 µM) in the control and in the aortic rings of
rats that were pretreated with tetraethylammonium (TEA; 5 mM), barium chloride (BaCl2; 30 µM)
and 4-aminopyridine (4-AP; 1 mM). Significant differences vs. the control (n = 6): * p < 0.05; ** p < 0.01;
*** p < 0.001.

3. Discussion

Phytochemicals are abundant in plants and have widely recognized pharmacological
actions, including cardiovascular effects [23]. The present study revealed the antihyper-
tensive effects of the flavonoid diosmetin in both normotensive and hypertensive SD rats.
Diosmetin caused a dose-dependent decrease in the MAP of anesthetized normotensive
rats. However, further confirmation was needed for its effects on hypertensive rats; there-
fore, diosmetin was also tested in an 8% salt-induced hypertensive rat model. Intravenous
injections of diosmetin were administered to hypertensive rats, which also induced de-
creases in the MAP that were comparatively more significant (p < 0.001), thus indicating
that diosmetin could be a promising antihypertensive agent.

This decrease in MAP that was caused by diosmetin could be the outcome of its inter-
actions with various endogenous mediators that act through various receptors or channels.
To explore the role of muscarinic receptors in the antihypertensive effects of diosmetin,
atropine (a muscarinic receptor antagonist) was pre-administered [24]. This pretreatment
significantly reduced (23%) the blood pressure lowering effects of diosmetin, which sug-
gested that the muscarinic receptor stimulation that was caused by diosmetin played a
role in its antihypertensive effects. in the vessels in the muscarinic receptors and the NO
pathway are linked [25]. To investigate the role of this pathway in the antihypertensive
effects of diosmetin, normotensive rats were pretreated with L-NAME, which is a nitric
oxide synthase inhibitor [26]. This pretreatment did not change the responses of diosmetin,
which indicated that NO was not the endogenous vascular mediator.

Furthermore, according to the antihypertensive in vivo data, diosmetin induced sig-
nificant decreases (50%) in heart rate. At this stage, it was not clear whether diosmetin
activated the cardiac muscarinic receptors; however, the decrease in heart rate suggested
that it also activated cardiac receptors. Additional in vitro studies were carried out on the
aortas of rats to examine the antihypertensive effects of diosmetin.

Endothelial cells release NO, which is an important regulator of some vascular func-
tions [27,28]. In addition, different channels can lead to vasorelaxation, such as the blockage
of the Ca2+ channels and the activation of K+ channels in the smooth muscle [29]. To explore
the effects of diosmetin on endothelial and smooth muscle cells, the aortas of normoten-
sive rats was tested. Vasoconstrictors, such as phenylephrine, high K+ and Ang II, were
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used to initially confirm the different vascular effects of diosmetin. Diosmetin induced
vasorelaxation in the induced contractions, which initially confirmed its calcium-dependent
signaling pathways.

The vasorelaxation that was caused by diosmetin was not significantly inhibited with
the removal of endothelium, which indicated that vascular endothelium or mediators that
were derived from endothelium were not involved. Further experiments supported this
finding using the pretreatment of aortic rings with L-NAME, which did not modify the
relaxant effects of diosmetin. Based on the observations from the in vivo experiments in
which atropine pretreatment partly attenuated the antihypertensive effects of diosmetin,
the aortic rings were also pretreated with atropine to investigate the role of the vascular
muscarinic receptors. Our findings indicated that this pretreatment with atropine modified
(27%) the vasorelaxant effects of diosmetin, which indicated that the vascular muscarinic
receptors were partly involved in the vasorelaxant effects of diosmetin. This confirmed
that the vascular muscarinic receptors mediated the antihypertensive effects of diosmetin.
However, further experiments are required to examine the mechanism(s) of the vasorelaxant
effects of diosmetin.

In addition to NO, endothelial cells also produce prostacyclin [30]; so, the intact aortic
rings were pretreated with indomethacin, which is a prostaglandin inhibitor [31]. Interest-
ingly, the pretreatment with indomethacin significantly inhibited (75%) the vasorelaxant
effects of diosmetin. These data indicated that the vasorelaxant effects of diosmetin were
predominately mediated by vasodilatory prostaglandin, which was most probably prosta-
cyclin. However, if diosmetin induced endothelium-independent effects, the question
then arose of how its effects were reversed with indomethacin because prostacyclin is also
synthesized in endothelium cells. Previous studies have shown that indomethacin is also a
potassium channel modulator, which decreases the expression of voltage-gated potassium
(Kv) channels [32] and inhibits ATP-sensitive potassium (KATP) channels [33,34]. Moreover,
indomethacin has also been reported to have a role in the regulation of Ca2+ influx and
calcium release from stores [34,35]. Our results showed that diosmetin activated potassium
channels and inhibited intracellular Ca2+ release. So, reduced diosmetin responses could
be due to the downregulation of potassium channels and the increase in Ca2+ concentration
that were caused by indomethacin.

As seen before, diosmetin reduced phenylephrine-induced contractions, which demon-
strated its promising inhibitory response to the intracellular release of Ca2+. Phenylephrine
has been reported to induce aortic contractions by binding to Gq protein-coupled α1-
adrenergic receptors, which leads to the generation of the IP3 and DAG pathways. DAG
triggers the protein kinase C (PKC). The IP3 binds to its receptors (IP3R) in the sarcoplasmic
reticulum (SR) and releases Ca2+ to produce contractions. The nature of phenylephrine
contractions is biphasic, i.e., a fast phase that is followed by a slow phase [36,37]. In the fast
phase, the contractions are due to the release of Ca2+ from stores, while in the slow phase,
they are dependent on the influx of calcium from ROCs [38,39]. The inhibitory effects
of diosmetin were observed on the Ca2+ release from intracellular Ca2+ stores, as with a
standard Ca2+ influx inhibitor (e.g., verapamil) [40]. So, it appeared as though diosmetin
had inhibitory effects on the release of IP3-dependent Ca2+ from the sarcoplasmic reticu-
lum (SR). These findings encouraged us to conduct further experiments to study whether
diosmetin also had an effect on Ca2+ channels.

High K+ was used to pretreat the aortic rings of the rats, then diosmetin was added
cumulatively to inhibit the precontractions in a concentration-dependent manner, similar to
verapamil. The contractions that were produced by the high K+ depended on the release of
Ca2+ through VDCs [41,42]. It has been concluded that that drugs that prevent contractions
that are induced by high K+ can be considered as Ca2+ channel blockers [43]. So, it could be
suggested that diosmetin could also prevent Ca2+ influx through VDCs, which was further
studied by producing CaCl2 CRCs in a calcium-free medium. The rightward shifts in the
CRCs showed that diosmetin also antagonized calcium influx through VDCs, which was
similar to verapamil.



Pharmaceuticals 2022, 15, 951 9 of 14

We conducted an experiment to see whether diosmetin had effects on other mediators
that increase vascular resistance, such as angiotensin II (Ang II), as rat aortas contain Ang
II receptors [44]. Isolated aortic rings from the rats were pretreated with Ang II and then
diosmetin was added cumulatively, which induced a gradual inhibition of the induced
contractions, reaching a maximum of about 20%. This suggested that diosmetin had
minimal inhibitor effects on Ang II receptors (unlike verapamil, which inhibits Ang II
precontractions), thus indicating that diosmetin was a different Ca2+ channel blocker from
verapamil.

In comparison to verapamil, diosmetin induced vasorelaxation against high K+ pre-
contractions that was > 10 times higher, which indicated that it could act on some other
vascular channels. One such possibility could be the stimulation of potassium channels
because vasodilators that are dependent on K+ channel activation lose their effects when
exposed to high K+. High K+ reduces the K+ concentration gradient in the plasma mem-
brane, which leads to the ineffective activation of K+ channels [45]. So, high K+ leads to the
inhibition of K+ channels [46].

The activation of K+ channels plays a key role in vascular tone regulation. Different
types of K+ channels are present in smooth muscle, such as K+ voltage-gated channels (Kv),
calcium-activated K+ channels (KCa) and inward rectifying K+ channels (Kir). To confirm
the role of K+ channels in the vasorelaxant responses that are produced by diosmetin, the
different K+ channel inhibitors were pretreated. Aortic rings that were pretreated with
TEA (KCa channel blocker) [47], barium chloride (Kir channel inhibitor) [48] and 4-AP (Kv
channel blocker) [49] demonstrated significantly (p < 0.05, p < 0.01 and p < 0.001) reduced
vasorelaxant effects of diosmetin. The percentage decrease was more significant in the pres-
ence of BaCl2 (30%) and 4-AP (14%) compared to TEA (11%). These interesting outcomes
indicated that potassium channel stimulation partly contributed to the vasorelaxant effects
of diosmetin.

4. Methodology
4.1. Drugs and Reagents

The acetylcholine chloride, phenylephrine hydrochloride, atropine sulfate, potassium
chloride, L-NAME, atropine, indomethacin, verapamil hydrochloride, 4-aminopyridine
(4-AP), tetraethylammonium chloride (TEA), barium chloride (BaCl2), angiotensin II (Ang
II) and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich, St. Louis, MO,
USA. The EGTA was imported from Alfa Aesar, Heysham, UK. The heparin and thiopental
vials were provided by Abbot Lab., Karachi, Pakistan. The diosmetin was purchased
from Tocris Bioscience (Bristol, UK). All drugs were dissolved in distilled water/normal
saline (except for indometha cin and ionomycin, which were dissolved in absolute ethanol).
The tested diosmetin compound was first dissolved in DMSO (dimethyl sulfoxide) and
then diluted with distilled water (the final concentration for the in vitro studies was <0.1%
DMSO and the in vivo studies contained ≤ 1% DMSO).

4.2. Experimental Rats

Adult Sprague–Dawley (SD) rats, aged 8–10 weeks, were used to perform the an-
tihypertensive and vascular reactivity studies. The NRC guidelines were followed for
all experimental protocols [50], which were approved by the EC of the Department of
Pharmacy, CUI, Abbottabad campus, in a meeting that was held on 18 May 2013 (vide
notification: EC/PHM/05-2013/CUI/ATD).

4.3. MAP Measurement in Normotensive SD Rats

Anesthesia was induced in the SD rats using an intraperitoneal (IP) injection of pen-
tothal (60 mg/kg). The trachea was exposed by a small mid-tracheal incision (approximately
1 cm). Polyethylene (PE-20) tubes were used for the tracheal intubation. Moreover, PE-50
tubes were used to cannulate the carotid artery (to inject heparin) and the right jugular vein
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(to administer heparin, normal saline, diosmetin and standard drugs). The blood pressure
was recorded using invasive BP apparatus [51].

After half an hour of equilibration, 1 µg/kg of norepinephrine and 1 µg/kg of acetyl-
choline were administered to confirm the hypertensive and hypotensive responses in the
rats, respectively. Normal saline (0.1 mL) was injected a few times during the experiments.
Diosmetin was injected at different doses to examine the significant dose range. The
involvement of the nitric oxide pathway and the muscarinic receptors was investigated
using SD rats that were pretreated with 20 mg/kg of L-NAME and 1 mg/kg of atropine in
separate experiments. The L-NAME dose was followed by the atropine when the MAP
returned to a normal level. The changes in the MAP were calculated using the following
formula with the SBP and DBP values [52,53]:

MAP = SBP + 2 (DBP)/3

The following formula was used to calculate the percentage decrease in MAP:

Control− Fall
Control

× 100%

4.4. MAP Measurement in Hypertensive SD Rats

The rats were divided in to two groups, each containing six animals. Group 1 was
considered as the control and only received normal saline, while group 2 received an 8%
NaCl-rich diet for 14 days. SD rats with systolic BP rates of more than 140 mmHg and
diastolic BP rates of more than 90 mmHg were considered hypertensive. The rats were all
fed with a normal diet and water in the 24 h prior to the experiments. Subsequently, the
in vivo blood pressure of the rats was measured as previously described [52–54].

4.5. Preparation of Isolated Aortic Rings of Rats

The thoracic aorta was cautiously removed from the SD rats to avoid endothelium
damage. Then, 2-mm aortic rings were prepared. The aortic rings were hung in baths that
were filled with Krebs solution and were constantly bubbled with carbogen gas at 37 ◦C.
Then, 2 g of tension was applied and equilibrated for 30–45 min. The isometric tension
changes were noted using a tissue organ bath that was connected to PowerLab [55].

4.6. The Effects of Diosmetin on Precontractions Induced by Standard Vasoconstrictors

Steady-state contractions were achieved using standard vasoconstrictor drugs, such
as 1 µM of phenylephrine, K+ (80 mM) and 5 µM of Ang II, in the aortic preparations.
Diosmetin was added cumulatively to examine its response to the contractions that were
induced by the above-mentioned standard drugs. In some aortic rings, the intimal surface
was gently rubbed with forceps to deliberately damage the endothelium and were consid-
ered denuded when no significant relaxation (< 80%) was observed after the addition of
acetylcholine (0.1 µM) [54,56].

4.7. Diosmetin Responses in the Presence of Different Vascular Pathway Inhibitors

The endothelium-intact aortic rings were pretreated for 20 min with 10 µM of L-NAME,
1 µM of atropine and 1 µM of indomethacin. The responses of diosmetin in the absence
and presence of the above-mentioned inhibitors of different vascular pathways were then
compared [57,58].

4.8. Effects of Diosmetin on Ca2+ Channels

First, the tissues were stabilized and then the integrity of the tissues was confirmed
using the precontractions that were induced by K+ (80 mM). After the stabilization of
tissues, CRCs were recorded for 0.01–10.0 mM of CaCl2 with the simultaneous replacement
of the normal Krebs solution with 0.2 mM of EGTA, which contained Ca2+-free Krebs
solution. To investigate the calcium antagonistic response of diosmetin, some isolated
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aortic rings were pretreated with diosmetin (µg/mL) and the contractions were analyzed
for the individual concentrations of CaCl2 (0.01–10.0 mM). Some additional aortic rings
were hung in tissue organ baths for 10–15 min and were pretreated with verapamil for the
construction of CaCl2 CRCs to confirm the possible calcium antagonistic effects [40,54,58].

4.9. Effects of Diosmetin on Intracellular Ca2+ Stores

To see whether diosmetin had any effects on intracellular Ca2+ movement, the aortic
rings were equilibrated in normal Krebs solution. The primary phenylephrine peak in
normal solution was followed by the subsequent phenylephrine peak in the calcium-free
solution. The aortic rings were pretreated with diosmetin in different concentrations
(0.003–10 µg/mL) in an organ bath for 30 min prior to phenylephrine administration. For
comparison, the same protocol was also run with verapamil [51,54,59].

4.10. Effects of Diosmetin on K+ Channel Inhibitors

The aortic rings were exposed to phenylephrine to induce contractions in the absence
and presence of potassium channel inhibitors (tetraethylammonium (5 mM) [60], 1 mM
of 4-aminopyridine [61] and 30 µM of barium chloride [62]) in different experiments. The
potassium channel inhibitors were added 20 min prior to the administration of phenyle-
phrine. After stable contractions were induced by phenylephrine, diosmetin was added to
the bath cumulatively.

5. Conclusions

This study confirmed that diosmetin is an important flavonoid that could be a potential
candidate for antihypertensive therapy. The effects of diosmetin are mainly due to the
vasorelaxation that is caused by the blockage of the Ca+2 channel, K+ channel activation
and the indomethacin-sensitive vasodilator prostaglandin. To better our understanding of
these findings, further electrophysiological studies should be performed.
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