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The objective of this study was to investigate the effects of cinnamon on the pharmacodynamic (PD) &
pharmacokinetic (PK) of amlodipine in hypertensive rats. The hypertensive control group of Wistar rats
received L-NAME (40 mg/kg, daily, orally) only. The cinnamon group of rats was treated with cinnamon
(200 mg/kg, daily, orally) along with L-NAME. Following 14 days treatment period, blood pressures of rats
were monitored at designated intervals over 24 h utilizing a tail-cuff system for measuring blood pres-
sure. To assess the oral PK; amlodipine was administered as a single oral dose of 1 mg/kg to rats and
blood samples were collected at specified intervals over 24 h and analysed by UPLC-LC MS/MS.
Synergistic decreased in rat’s blood pressure was observed in presence of cinnamon + amlodipine.

Simultaneous administration of cinnamon ameliorates the Cmax and AUC0-t of amlodipine, the Cmax and
AUC0-t was 11.04 ± 1.01 ng/ml and 113.76 ± 5.62 ng h/ml for the cinnamon + amlodipine group as com-
pared to 4.12 ± 0.49 ng/ml and 48.59 ± 4.28 ng h/ml for the amlodipine alone group. The study demon-
strates that the use of cinnamon considerably decreases the blood pressure levels and enhances the PK
parameters of amlodipine in hypertensive rats.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The practice of herbal treatment has been on the rise globally,
and it is more common among patients with chronic diseases to
incorporate them alongside their prescribed medications. This
tendency can be attributed to the pursuit of enhancing the ther-
apeutic effects or as a means to mitigate certain side effects asso-
ciated with conventional medication consumption (Posadzki et al.
2013; Sen Samanta 2015). Hypertension is a widespread due to
its high prevalence and it is chronic medical condition character-
ized by elevated blood pressure, which affects millions of people
globally (Kearney et al. 2005; Mills et al. 2020). It is one of the
risk factors for cardiovascular diseases, including heart attacks
and strokes, which are among the leading causes of death world-
wide (Mills et al. 2016; Mills et al. 2020). There are several
classes of antihypertensive agents are available in market (Ali
et al. 2017; Azizi et al. 2019). As a first-line option among the
myriad antihypertensive agents, amlodipine is highly recom-
mended (van Zwieten 1994). Amlodipine is one of the frequently
used medications for hypertension treatment due to its efficacy in
lowering blood pressure belongs to dihydropyridine calcium
channel blocker, act via relaxing the blood vessels and improving
blood flow (Ananchenko et al. 2012; Meredith Elliott 1992).
Amlodipine is mainly metabolized via liver cytochrome P450
(CYP) enzymes system, with CYP3A4 being one of the main
enzymes involved in its metabolism (Abernethy 1992; Zhang
et al. 2014; Zhu et al. 2014). The reported oral bioavailability of
amlodipine is 60–65% (Ahad et al. 2013; Meredith Elliott 1992).
In comparison with other cardiovascular agents, amlodipine
appears to be well tolerated. It is common for people taking
amlodipine to experience oedema and flushing after taking the
medication. It ranges from mild to moderate in severity. This
may be caused by the drug’s vasodilatory action. Some other
adverse effects reported with amlodipine therapy includes anxi-
ety, cramps in the muscles, erectile dysfunction, eye irritation,
frequent urination (nocturia), respiratory problems, and wheez-
ing. Although these reactions are uncommon, few have been sev-
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ere enough to require treatment to be discontinued (Ananchenko
et al. 2012; Murdoch Heel 1991). The efficacy and safety profile of
amlodipine can be influenced by drug-drug or drug-herb interac-
tions, especially those that involve modulation of the CYP3A4
enzyme. It is therefore essential to understand the potential inter-
actions of amlodipine with other substances to avoid alterations
in drug pharmacodynamic (PD) and pharmacokinetic (PK), which
could lead to ineffective therapy or adverse reactions (Höcht et al.
2019; Tarirai et al. 2010).

Cinnamon (Cinnamomum Zeylanicum) belongs to the Lauraceae
family. The most prominently constituents found in cinnamon
herb include coumarin, eugenol, and cinnamaldehyde which has
been reported to possess several properties such as antibacterial,
anti-inflammatory, antidiabetic, and antioxidant activities which
Fig. 1. Illustrating the influence of amlodipine, cinnamon and combinations of cinnamon
over a 24 h period in response to the treatments. (B) Presents the variations in SBP acr
hypertensive control group.
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can be responsible for hypotensive effect of cinnamon
(Gruenwald et al. 2010; Hadi et al. 2020; Hariri Ghiasvand 2016;
Mousavi et al. 2020; Ranasinghe et al. 2013; Yanakiev 2020). Ante-
cedent studies have indicated that cinnamon have antihyperten-
sive activity and hold significant effect in managing blood
glucose levels (Akilen et al. 2012; Leach Kumar 2012; Preuss
et al. 2006). It was reported the hypotensive effect of cinnamon
could be due to improvement of lipid profile characteristics and
the high potassium content of cinnamon (Alsoodeeri et al. 2020;
Hadi et al. 2020; Mousavi et al. 2020). Some clinical researches
have also reported that cinnamon has a potential to lower the
raised blood pressure (Akilen et al. 2013; Hadi et al. 2020;
Wainstein et al. 2011). This can be attributed to cinnamaldehyde
one of the various components in cinnamon, which has vasodila-
+ amlodipine on SBP of hypertensive rats. (A) Displays the average changes in SBP
oss a 24 h following treatments. (*p < 0.05, n = 5, Mean ± SEM). *In relation to the
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tion activity and blood pressure reduction property (El-Bassossy
et al. 2011; Xue et al. 2011).

Based on above literature, this study aimed to assess the poten-
tial impact of cinnamon on the PD and PK of amlodipine in an ani-
mal model. In this study, it is hypothesized that cinnamon might
potentiate the effects of amlodipine due to their possibly similar
mechanisms of action on blood vessels (Lu et al. 2022; Nyadjeu
et al. 2011; Shen et al. 2012). This could result in an exaggerated
antihypertensive effect and potentially lead to decrease blood
pressure. Furthermore, cinnamon might also interact with the PK
of amlodipine, potentially altering its absorption or metabolism,
which could either enhance or attenuate the drug’s therapeutic
effect. However, the research literature on the herb-drug interac-
tion between cinnamon and amlodipine in the context of hyper-
tension is sparse and further research is needed to draw
definitive conclusions. It will help the healthcare workers to opti-
mize dosage regimen and ensure patient safety.
Fig. 2. Illustrating the influence of amlodipine, cinnamon and combinations of cinnamon
over a 24 h period in response to the treatments. (B) Presents the variations in SBP acr
hypertensive control group.
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2. Materials and methods

The cinnamon bark powder was procured from ‘‘Bin Menqash
Store Riyadh, Saudi Arabia”. Amlodipine besylate (Amlor�,
10 mg) was purchased from ‘‘Novartis Pharma AG in Basel,
Switzerland”. L-NAME was acquired from ‘‘Carbosynth Limited�

in Berkshire, UK”. Formic acid was procured from Honeywell�,
based in Charlotte, North Carolina, USA. Methanol and acetonitrile
HPLC grade were obtained from ‘‘Fisher Scientific�, Massachusetts,
USA” and Sigma-Aldrich�, ‘‘St. Louis, Missouri, USA” respectively.
2.1. Assessment of role of cinnamon in modulating the PD of
amlodipine

This study was conducted following the protocol approved by
the ‘‘Research Ethics Committee at King Saud University and ethi-
cal approval number KSU-SE-18–27, dated 24 December 2018”. For
+ amlodipine on DBP of hypertensive rats. (A) Displays the average changes in DBP
oss a 24 h following treatments. (*p < 0.05, n = 5, Mean ± SEM). *In relation to the
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PD study, Wistar rats (�250 g) were randomly divided into two
groups (n = 5). Rats were trained for 5 days to sit in the restrained
so they become familiar with the machine and experiment prior
the actual recording (Ahad et al. 2017; Ahad et al. 2018). The blood
pressure of normal rats (baseline blood pressure) was recorded,
and subsequently hypertension was induced in both hypertensive
control group and cinnamon group by oral administration of L-
NAME 40 mg/kg daily for two weeks (Adaramoye et al. 2012;
Adedapo et al. 2020; Ahad et al. 2022; Alam et al. 2021; Alam
et al. 2020; Metchi Donfack et al. 2021; Sung et al. 2013). The cin-
namon group received oral dose of cinnamon 200 mg/kg daily for
two weeks in addition to L-NAME (Abdeen et al. 2019;
Farazandeh et al. 2022; Jain et al. 2015; Sayad-Fathi et al. 2020;
Sharafeldin Rizvi 2015). After two weeks, the measurement of ani-
mal blood pressure was conducted by Visitech tail-cuff system
(Visitech, BP-2000 Series II, USA) at 0, 1, 2, 4, 8, 12, 24 h (Ahad
et al. 2022). On next day, amlodipine (1 mg/kg, oral single dose)
Fig. 3. Illustrating the influence of amlodipine, cinnamon and combinations of cinnamon
a 24 h period in response to the treatments. (B) Presents the variations in MAP acros
hypertensive control group.
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(Alam et al. 2021; Alam et al. 2020, 2022; Han et al. 2019; Jiang
et al. 2020) was administered to hypertensive control group, cinna-
mon group, and blood pressure was again determined at 0, 1, 2, 4,
8, 12, 24 h.

2.2. Assessment of role of cinnamon in modulating the PK of
amlodipine

For Pk study, a single oral dose of amlodipine 1 mg/kg was
given to Wistar rats following a 3 days washout period and blood
samples were obtained at specific time intervals 0.5, 1, 2, 4, 8, 12,
and 24 h post-administration. Plasma was isolated from the sam-
ples and analysed for amlodipine content by LC-MS-MS method.
In brief, the Pk analysis of amlodipine was conducted using the
Waters� Acquity H-Class UPLC-tandem quadrupole mass spec-
trometer (UPLC-TQD-MS) manufactured by Waters�, Milford,
USA (Alam et al. 2020). The UPLC� BEH C18 column (1.7 lm
+ amlodipine MAP of hypertensive rats. (A) Displays the average changes in SBP over
s a 24 h following treatments. (*p < 0.05, n = 5, Mean ± SEM). *In relation to the
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and 2.1 � 50 mm) was used for analysis at a controlled column
temperature of 40 ± 5 �C (Alam et al. 2021; Alam et al. 2022).
A plasma sample of 200 lL was placed into a labelled Eppendorf
tube. Subsequently, 20 lL of a nitrendipine (IS) solution with a
stock concentration of 100 ng/mL in methanol was precisely
added into the plasma sample in the Eppendorf tube and mixed
using a vortex. Acetonitrile (420 lL) was then added to the mix-
ture to induce protein precipitation, which was further vortexed
for 25 s. The resulting mixture was centrifuged at 12,000 rpm
for 6 min. The supernatant was withdrawn, injected into the
UPLC-TQD-MS system, and subsequently analysed. The mobile
phase used in the analysis was a mixture of water with 0.1% for-
Fig. 4. Illustrating the influence of amlodipine, cinnamon and combinations of cinnamo
over a 24 h period in response to the treatments. (B) Presents the variations in HR acro
hypertensive control group.
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mic acid (45%) as phase A, and acetonitrile with 0.1% formic acid
(55%) as phase B. The temperature of the auto sampler was kept
within the range of 15 ± 3 �C throughout the analysis. For PK
analysis, the daughter fragments of amlodipine and IS were mon-
itored using electrospray ionization positive mode (ESI + ) and
multiple reaction mode (MRM). The monitored m/z values for
amlodipine and nitrendipine were 409.1 > 238 and 409.1 > 294,
respectively. Similarly, the m/z values for the daughter fragments
of amlodipine and nitrendipine were 361.1 > 315.1 and
361.1 > 329.1, respectively. The retention times for amlodipine
and the IS were 0.49 min and 1.14 min respectively. The calibra-
tion curve exhibited linearity within the range of 0.6 to 20 ng/mL,
n + amlodipine on HR of hypertensive rats. (A) Displays the average changes in HR
ss a 24 h following treatments. (*p < 0.05, n = 5, Mean ± SEM). *In relation to the
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with a lower limit of quantitation (LOQ) set at 0.6 ng/mL (Alam
et al. 2020).

2.3. Statistical analysis

‘‘Statistical analysis was done by unpaired t-test using Graph-
Pad Prism 6.00 (GraphPad Software, Inc, CA, USA). *P vales < 0.05
was considered as significant”.
3. Results

3.1. Role of cinnamon in modulating the PD of amlodipine

The measurements of SBP, DBP, mean arterial pressure (MAP)
and heart rate (HR) over 24 h were monitored in intervals using
the ‘‘Visitech tail-cuff system”, and shows in Figs. 1-4.

The normal group shows a mean SBP of 124.09 ± 1.99 mmHg
(Fig. 1A), while the DBP was 73.26 ± 3.30 mmHg (Fig. 2A). In addi-
tion, the MAP equal to 91.55 ± 2.18 mmHg (Fig. 3A) and HR equal
to 361.71 ± 10.42 beat/min (Fig. 4A). After 14 days of treatment
with L-NAME alone for hypertensive control group the blood pres-
sure was measured. For hypertensive control group the SBP (0–
24 h) was 172.24 ± 2.49 mmHg (Fig. 1A), and the DBP and MAP
were 116.79 ± 3.02 mmHg (Fig. 2A), 134.62 ± 2.55 mmHg
(Fig. 3A) respectively. The HR was found 326.45 ± 4.12 beat/min
(Fig. 4A). Animals subjected to cinnamon treatment shows slightly
blood pressure lowering effect with SBP of 156.91 ± 2.21 mmHg
(Fig. 1A), DBP 104.21 ± 2.98 mmHg (Fig. 2A) and MAP was 121.1
2 ± 1.9 mmHg (Fig. 3A), which is lower by 8.9%, 10.77%, 10.03%
respectively as compared to hypertensive control group. The HR
was found 341.07 ± 3.47 beat/min for cinnamon group (Fig. 2A).
There was a notable effect of cinnamon throughout the 24 h period,
but the maximum effect on SBP was observed 8 h after administra-
tion of the herb, the SBP was found 151.17 ± 1.82 mmHg at 8 h
(Fig. 1B). The maximum reduction of DBP to 99.33 ± 2.06 mmHg
at 4 h of the study (Fig. 2B). At the end of 24 h, SBP, DBP of rats
was found 162.17 ± 2.3 mm Hg (Fig. 1B) and 108.83 ± 3.15 mm
Hg (Fig. 2B) respectively.

At 0 h time point, the SBP and DBP was found 169.67 ± 1.43 mm
Hg (Fig. 1B), and 113.17 ± 3.49 mm Hg (Fig. 2B) respectively in L-
Fig. 5. Plasma drug concentration–time curve for rats tre
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NAME + amlodipine group. At 24 h, the SBP and DBP were found
154.5 ± 2.74 mm Hg (Fig. 1B) and 100.74 ± 3.52 mm Hg (Fig. 2B)
for L-NAME + amlodipine group. The average of MAP was found
118.00 ± 2.62 mmHg (Fig. 3A) while the HR improved to 348.17 ±
2.74 beat/min after amlodipine administration in L-
NAME + amlodipine group (Fig. 4A). The maximum reduction of
SBP was found 140.67 ± 2.14 mm Hg at 4 h (Fig. 1B) and DBP
was found 91.5 ± 3.03 mm Hg at 2 h (Fig. 2B). After that the SBP
start to rise and reached 166.67 ± 2.43 mm Hg (Fig. 2A), as well
as DBP reached to 108.83 ± 2.14 mm Hg at the end of 24 h
(Fig. 2B). At 0 h the SBP and DBP was found 156.5 ± 2.36 mm Hg
(Fig. 1B) and 103.00 ± 3.01 mm Hg (Fig. 2B) for cinnamon + amlodi
pine group. Rats treated with cinnamon + amlodipine showed an
average of SBP 145.57 ± 2.6 mmHg (Fig. 1A) lower by 15.48% and
5.77% compared to hypertensive control group, and L-
NAME + amlodipine group respectively. The DBP over 24 h was
96.26 ± 3.38 mmHg (Fig. 2A) indicating to 17.58% and 4.45% reduc-
tion in comparison with hypertensive control and L-
NAME + amlodipine treated group respectively. The MAP was also
lowered to 112.07 ± 2.31 mm Hg (Fig. 3A). While the HR or rats
improved to 353.33 ± 3.11 beat/min (Fig. 4A). Furthermore, in
the group treated with cinnamon + amlodipine, the maximum
reduction of SBP was 137.17 ± 2.99 mm Hg at 4 h (Fig. 1B) and
around 3% reduction compare to animal treated with L-
NAME + amlodipine. Approx. 12% reduction in DBP at 1 h (98.83 ±
4.99 mm Hg to 87.00 ± 3.43 mm Hg) (Fig. 2B) was noted. The most
reduction in MAP was exhibited at 1 h and the reduction was found
to be 8.69% less compared to MAP of L-NAME + amlodipine group
(115.00 ± 3.54 mmHg to 105.00 ± 2.56 mmHg) (Fig. 3B). At the end
of experiment the SPB was 153.17 ± 1.33 mm Hg (Fig. 1B)
decreased by 11% in compared with hypertensive control group
and 8% compared to L-NAME + amlodipine group. The DBP and
MAP at 24 h were 108.33 ± 3.15 mm Hg (Fig. 2B) and 122.67 ± 1.
49 mm Hg (Fig. 2B), respectively.
3.2. Role of cinnamon in modulating the PK of amlodipine

The amlodipine plasma concentrations versus time curve and
PK parameters are presented in Fig. 5 and Fig. 6. In the control
group, the Cmax was observed to be 4.12 ± 0.49 ng/ml (Fig. 6A),
ated with amlodipine alone, cinnamon + amlodipine.



I.A. Abdelrahman, A. Ahad, M. Raish et al. Saudi Pharmaceutical Journal 31 (2023) 101737
and Tmax was 2.20 ± 0.49 h (Fig. 6B). The AUC0-t was approximately
48.59 ± 4.28 ng�h/ml (Fig. 6C). The T1/2 and Kel was found to be 10.
Fig. 6. Pharmacokinetics parameters (A) Cmax, (B) Tmax, (C) AUC0-t, (D) T1/2, (E) Kel of
(*p < 0.05, n = 5, mean ± SEM). *In relation to the amlodipine group.
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34 ± 1.88 h (Fig. 6D) and 0.09 ± 0.03 h (Fig. 6E) respectively. The
results demonstrated that the group receiving cinnamon exhibited
amlodipine in groups treated with amlodipine alone and cinnamon + amlodipine
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a noteworthy alteration in the PK parameters of amlodipine in
comparison to the group receiving amlodipine alone. In the cinna-
mon group, the Cmax of amlodipine was markedly elevated and
raised to 11.04 ± 1.01 ng/ml (Fig. 6A). Moreover, this group experi-
enced a comparatively reduced Tmax, with an average value of 1.5
± 0.22 h (Fig. 6B). The AUC0-t was also substantially greater in
the cinnamon group, and reached to 113.76 ± 5.62 ng�h/ml
(Fig. 6C). Additionally, the T1/2 was observed to be more prolonged
in the cinnamon group, and extend to 12.09 ± 1.84 h (Fig. 6D), and
the Kel was noted at 0.05 ± 0.01 h (Fig. 6E).
4. Discussion

In this study, the monitoring of SBP, DBP, MAP, and HR over a
period of 24 h brought some remarkable observations. The control
group, which was subjected to L-NAME treatment, exhibited a
mean SBP of 172.24 ± 2.49 mmHg (Fig. 1A). In contrast, the group
receiving cinnamon displayed a blood pressure lowering effect,
with a significant reduction in the SBP, DBP, and MAP, by approx-
imately 8.9%, 10.77%, and 10.03% respectively compared to the
control group. Such findings are consistent with earlier studies
suggesting the potential antihypertensive properties of cinnamon
(Nyadjeu et al. 2011; Ranasinghe et al. 2013).

It was reported that the herb constituent contributes to
hypotension by blocking calcium release or influx (Xue et al.
2011). Previously, it was reported that the chemical constituents
of the cinnamon either indirectly inhibit/stimulate the renin angio-
tensin system, angiotensin converting enzyme, or diuretic proper-
ties or directly cause vasodilation (Ajebli Eddouks 2020). In
another report, it was mentioned that phytoconstituent of cinna-
mon demonstrated hypotensive activity in guinea pigs and dogs
by causing peripheral vasodilation (Harada Yano 1975). The
hypotensive effect of cinnamon might be attributed to its high
potassium content and improvement in lipid profile characteristics
(Alsoodeeri et al. 2020; Hadi et al. 2020; Mousavi et al. 2020).

Furthermore, the maximum reduction in SBP was observed 8 h
post-administration of cinnamon, suggesting a delayed, but sus-
tained, effect of cinnamon on blood pressure modulation. The com-
bination resulted in an even more substantial decrease in blood
pressure. Notably, this combination of cinnamon and amlodipine
achieved an average SBP of 145.57 ± 2.6 mmHg (Fig. 1A), which
is markedly lower than the hypertensive control group and the
L-NAME + amlodipine group. This suggests the possible synergistic
effects of cinnamon and amlodipine in lowering blood pressure
level.

From a PK point of view, a notable alteration in amlodipine’s
parameters was observed in animal treated with cinnamon. The
increase in Cmax and the AUC0-t suggests that cinnamon could pos-
sibly affect the absorption and metabolism of amlodipine. This
might be attributed to the interaction of cinnamon with the
CYP3A4 enzyme, which is crucial in the metabolism of amlodipine
(Mamindla et al. 2017). These findings implicate that the concur-
rent administration of cinnamon and amlodipine may alter the
PD and PK parameters, which warrants further investigations and
such interactions must be cautiously considered. Research investi-
gators and health practitioners should be aware of such potential
herb-drug interactions.
5. Conclusion

Based on the data presented, it is evident that cinnamon (Cin-
namomum Zeylanicum) exhibits promising antihypertensive prop-
erties and can potentially enhance the efficacy of amlodipine in
reducing blood pressure. The synergistic effect of co-
administration with amlodipine was even more pronounced, with
8

SBP lowered to an average of 145.57 ± 2.6 mmHg, which is a sub-
stantial 15.48% reduction compared to the hypertensive control
group. Moreover, the PK analysis revealed that cinnamon influ-
ences the metabolism of amlodipine. The study exhibited a consid-
erable increase in the Cmax (11.04 ± 1.01 ng/ml) and AUC0-t (113.
76 ± 5.62 ng�h/ml) of investigated drug in cinnamon plus amlodip-
ine treated group and indicated a greater exposure of the drug. This
suggests that cinnamon may alter the PK of amlodipine, possibly
through the modulation of the CYP3A4 enzyme activity. Despite
the promising findings of combining amlodipine and cinnamon
for hypertension management, the substantial alterations of PD
and PK could have negative effect on therapeutic outcome, there-
fore, future studies are needed and caution should be exercised
when investigated herb is administered with investigated drug.
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