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ABSTRACT

Objective: To determine the intrinsic calcium channel antagonistic activity of Simvastatin on vascular smooth
muscle cells.

Study design: Experimental animal study on Rabbits aortic strips.

Place and duration of study: This study was conducted at Pharmacology department lab “Ayub Medical College,
Abbottabad” from Jan, 2017 to Jan, 2018.

Material and Methods: In tissue organ bath of Power lab, different molar concentrations of Simvastatin were
applied on the rabbit’s aortic strips to record its relaxing effects on the Spontaneous, KCI-induced and NE-induced
contractions. Calcium chloride response curves (CCRCs) were drawn by decalcification of rabbit’s aortic strips and
then the known concentration of calcium chloride was provided to draw control calcium chloride curves to compare
it with simvastatin treated tissues; calcium chloride curves for simvastatin were constructed by using calcium
channel blocker Verapamil as standard.

Results: Our study showed significant results for intrinsic calcium channel antagonistic activity of Simvastatin on
Vascular smooth muscles (VSMCs), in comparison with Verapamil as standard.

Conclusion: This study demonstrates that Simvastatin have an intrinsic calcium channels (L-Type) antagonistic
activity on vascular smooth muscle cells (VSMCs), besides its normal lipid lowering effects.
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INTRODUCTION

Cardiovascular diseases are the most prevalent cause of
mortality and morbidity. Most important cause of
cardiovascular disease is high blood cholesterol levels?,
Lipid lowering drugs which are used to lower the blood
cholesterol levels in patients with hypercholesterolemia
include Simvastatin (Statins) as first line drugs®,
prevention of atheromateous lesion and prevention of
subsequent development of atherosclerosis is the virtue
of Statins. Mechanism of action via which Simvastatin
lowers blood cholesterol level is HMG-COA
reductaseinhibition,  with  inhibition  ofDe-novo

cholesterol is reduced by inhibiting the cholesterol
synthesis and raise of LDL catabolism. Simvastatin also
have pleotrophic effects®. In 1990, three different
Statins were introduced to the market that are
Simvastatin, Lovastatinand Pravastatin®. Valuable
effects of these  Statins were seen in
Hypercholestrolemics but with the passage of time side
effects were seen. GIT system side effects of Statins
include Constipation, dyspepsia, abdominal pain,
nausea, vomiting, heart burn and flatulence’. These side
effects of Statins are proved to be due to the Calcium
channels blocking activity of Statins on smooth muscles
of GIT8. Statins also deregulate the calcium channels

synthesis of cholesterol as well®. Simvastatin also
increases the LDL receptors that can combine and
internalize circulating LDLs, so the plasma levels of
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that stimulate differentiated phenotype of vascular
smooth muscle cells. A study also reports that Statins
also up-regulate the L-type calcium channels but this
up-regulation takes time as this study was performed in
cell lines®.In another study it was noted that the long
term use of Statins in hypertensive patients normalized
blood pressure!®!L, In the light of above studies and the
approval of Statins side effects on GIT due to calcium
channel blocking activity, so we designed our study to
check the calcium channel blocking activity of
Simvastatin in Smooth muscle cells (SMCs) of vascular
system thus our objective was to check the possible
inhibitory effects of Simvastatin on L-Type voltage
gated calcium channels in vascular system!? that may
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describe possible rationale for blood pressure lowering
effects of Simvastatin (Statin).

MATERIALS AND METHODS

We conducted this study in lab of Pharmacology
department, Ayub Medical College, Abbottabad, from
Jan, 2017 to Jan, 2018. Our experimental models for the
study were Rabbit aortic strips. The rabbits were kept in
Pharmacology lab, water and standard diet was freely
available. Rabbits were slaughtered and dissection was
done, the aorta was carefully extracted and then divided
into small strips. These were mounted in the tissue
organ baths of Power lab, Carbogen gas was
continuously supplied with Kreb’s solution in each
organ bath, temperature of each organ bath was kept at
37C.B

Simvastatin in different molar concentrations (10¢ M to
102M) were applied directly first on spontaneously
contracting aortic tissues, then KCl-induced contacting
aortic tissues, then Nor epinephrine (NE)-induced aortic
tissues, to study the relaxing effects of Simvastatin. All
the above observations were repeated three times using
the Lab Chart 7 software of Power lab.131415

Finally Calcium Chloride Curves (CCRC), were
constructed for Simvastatin to determine its effects on
calcium channels in aortic tissues and possible
mechanism of its blood pressure lowering effects by
following the following procedure, the aortic strips
were maintained in Kreb’s solution. After stabilization
of tissues in organ baths of Power lab, the aortic tissues
were exposed to a series of wash with Kreb’s normal
(Calcium free) solution, followed by exposure to K-rich
Kreb’s solution®’. This led to the decalcification of
tissues and control CCRC were constructed in absence
of Statins. Then CCRC were constructed in the
presence of different molar concentrations of
Simvastatin following incubation period of 1 hour.
Similarly curves were constructed in the absence and
presence of Verapamil, a standard calcium channel
blocker. The CCRCs were compared for any possible
right shift81314.15,17

RESULTS

The relaxing effects of different molar concentrations
of Simvastatin were noted as follows:-

1-Simvastatin’s Effects On Spontaneous
Contractions:The relaxing effects of Simvastatin on
spontaneous activity of aortic strips started at 107M
and reached maximum at 10“M. The mean ECs, value
of Simvastatin for spontaneous contractions of aortic
strips was 1.94+0.5x105M.

2-Simvastatin’s Effects On KCl-induced

KCl-induced contractions in aortic strips started
relaxing at a concentration of 10°M of Simvastatin and
reached maximum on 10M. Mean ECs, of Simvastatin
for KCl-induced contractions were 4.74+ 0.02 x 10*M.

3-Simvastatin’s Effects On NE-induced
Contractions:

NE-induced contractions in aortic strips were started
relaxing at a concentration of 10°M and reached
maximum at about 10*M of Simvastatin. Mean ECs
value of Simvastatin for NE-induced contractions were
8.35+ 0.03 x 10-°M, as shown in the table 1.

MIN, MAX & MEAN MOLAR ECs(MEAN+SD)
CONCENTRATION(n=3) OF SIMVASTATIN.

Table No.1:To Show the Effects of Simvastatin on

Spontaneous, KCl-induced & NE-induced
contractions in isolated Rabbit’s aortic Strips.
Types of | Simvastatin | Simvastatin | Simvastatin
contracti | (Min (Max (ECsovalue)
ons Relaxing Relaxing
Conc) Conc)
Spontan | 107M 10“M 1.94+0.5x1
eous 0°M
KCI- 10°M 102M 4.74£0.22%
Induced 10“*M
NE- 10°M 10M 8.35+0.33x
Induced 10

4-Calcium Chloride Response Curves:

CCRCs were constructed for Simvastatin according to
standard protocoal which showed that ECso of
Simvastatin for control curve is -2.8£0.04 [log (Cat++)
M], while rabbits aortic strips pretreated with 1.33x10"
M of Simvastatin, ECsp is -1.77+0.03 [log (Ca++)M],
which showed us that the Simvastatin shifted the
calcium chloride curve to right that were similar to the
effects of Verapamil(A standard CCB).

Calcium Channels Response Curves (CCRs)

Table No.2:To represent the ECso values in absence
(Control) and presence of different concentrations of
test Simvastatin.

Statins CCRCs ECso
Specifications Log[Ca++]M
Simvastatin Control -2.840.004
Test Conc 1 -1.77+0.03
(1.33x10°M)
Test Conc 2 -3.54+0.02
(2.6x10°M)

When the dose of the pretreated Simvastatin was
doubled that is 2.6x10°M, then the ECsg was -
3.54+0.02 [log (Ca++)M], which also showed that the
Simvastatin shifted the Calcium chloride curve further
to the right, which follows the pattern of Verapamil.
The results of different molar concentrations of
Simvastatin for CCRCs are shown in table 2.

DISCUSSION

The findings of our study have proven that Simvastatin
(A Statin) have intrinsic inhibitory effects on the
voltage gated calcium channels on vascular smooth
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muscles of blood vessels. It means that Simvastatin
causes its vasodilatory effects by blocking the L-Type
calcium channels in the vessels leading to lowering of
blood pressure in addition to its normal lipid lowering
effects.

Simvastatin’s intrinsic calcium channels inhibitory
effects are wvery crucial interms of the use of
Simvastatin (Statins) along with other antihypertensives
because the combined effects may lead to increased
lowering of blood pressure in patients who are
hypertensive and hypercholestrolemics simultaneously
(Obese Patients).

Our study was supported by the results of research
work conducted by ALI N, which proved calcium
channel antagonistic activity of Statins on the Gastro-
intestinal (GIT) smooth muscles®, another study by
Clunn GF, which shows the Statins up-regulates
calcium channels in vascular smooth muscles® and
another study by ALI W, which shows potentiating
effects of Simvastatin and Amlodipine in hypertensive
rats®e 29,

Conclusion: Based on the findings of our experimental
works, it is concluded that Simvastatin intrinsic
calcium channel antagonistic activity on Vascular
smooth muscles and when it is used in combination
with other antihypertensives, in patients suffering from
hypertension and hypercholestrolemia simultaneously,
then Simvastatin may have additive or potentiating
effects on blood pressure (BP) which explicit the
pharmacodynamicinteractions of Simvastatin.

This may sometime distort the therapeutic or
pharmaceutical cure plan defined for patients who have
hypercholestrolemia or are hypertensives, because the
dose has to be adjusted according to the combined
effects of the two drugs.

CONCLUSION

This study demonstrates that Simvastatin have an
intrinsic calcium channels (L-Type) antagonistic
activity on vascular smooth muscle cells (VSMCs),
besides its normal lipid lowering effects.

Author’s Contribution:

Concept & Design of Study: ~ Wajid Ali

Drafting: Saima Bukhari,
Muhammad Adeel

Data Analysis: Saima Bukhari,
Muhammad Adeel

Revisiting Critically: Muhammad Adeel,
Khadija Imran

Final Approval of version: Wajid Ali

Conflict of Interest: The study has no conflict of
interest to declare by any author.

April, 2019

REFERENCES
1. World Health Organization. Cardiovascular
diseases (CVDs): Fact sheet No. 317. 2011.
Geneva: World Health Organization Google

Scholar. 2011 Dec 6.

2. Katzmarzyk PT, Church TS, Craig CL, Bouchard
C. Sitting time and mortality from all causes,
cardiovascular disease, and cancer. Med Sci in
Sports Exercise 2009;41(5):998-1005.

3. Stancu C, Sima A. Statins: mechanism of action
and effects. J Cellular Molecular Med
2001;5(4):378-87.

4. Jasifiska M, Owczarek J, Orszulak-Michalak D.
Statins: A new insight into their mechanisms of
action and consequent pleiotropic  effects.
Pharmacological Reports 2007;59(5):483.

5. Lennerndas H, Fager G. Pharmacodynamics and
pharmacokinetics of the HMG-CoA reductase
inhibitors. Clinical Pharmacokinetics
1997;32(5):403-25.

6. Grundy SM. HMG-CoA reductase inhibitors for
treatment of hypercholesterolemia. New Engl J
Med 1998;319(1):24-33.

7. Vandiver W, Hunter ML. Statin adverse effects:
sorting out the evidence. Fam Pract 2013;62:730.

8. Ali N, Begum R, Faisal MS, Khan A, Nabi M,
Shehzadi G, Ullah S, Ali W. Current statins show
calcium channel blocking activity through voltage
gated channels. BMC Pharmacol Toxicol
2016;17(1):43.

9. Clunn GF, Sever PS, Hughes AD. Calcium channel
regulation in vascular smooth muscle cells:
synergistic effects of statins and calcium channel
blockers. Int J Cardiol 2010;139(1):2-6.

10. Allhat O. Coordinators for the ALLHAT
Collaborative Research Group. The
antihypertensive and lipid-lowering treatment to
prevent heart attack trial. Major outcomes in
moderately hypercholesterolemic, hypertensive
patients randomized to pravastatin vs usual care:
The antihypertensive and lipid-lowering treatment
to prevent heart attack trial (ALLHAT-LLT).
JAMA 2002;288:2998-3007.

11. Kanbay M, Yildirir A, Bozbas H, Ulus T, Bilgi M,
Muderrisoglu H, et al. Statin therapy helps to
control blood pressure levels in hypertensive
dyslipidemic  patients. Renal failure 2005;
27(3):297-303.

12. Aziz N, Mehmood MH, Mandukhal SR, Bashir S,
Raoof S, Gilani AH. Antihypertensive, antioxidant,
antidyslipidemic and endothelial modulating
activities of a polyherbal formulation (POL-10).
Vascular Pharmacol 2009;50(1-2):57-64.

13. Gilani AH, Khan AU, Jabeen Q, Subhan F, Ghafar
R. Antispasmodic and blood pressure lowering
effects of Valeriana wallichii are mediated through



Med. Forum, Vol. 30, No. 4

April, 2019

14.

15.

16.

K+ channel activation. J
2005;100(3):347-52.

Shah SW, Kamil S, Ahmad W, Ali N.
Spasmogenic, spasmolytic and antihypertensive
activity of Forsskalea tenacissima L. Afri J Pharm
Pharmacol 2010;4(6):381-5.

Ali N, Shah I, Shah SW, Ahmed G, Shoaib M,
Junaid M, et al. Antioxidant and relaxant activity
of fractions of crude methanol extract and essential
oil of Artemisia macrocephala Jacquem. BMC
Complementary and Alternative Med 2013;13
(1):96.

Ali N, Shah SW, Ahmed G, Shah I, Shoaib M,
Junaid M, Ah W. Acute toxicity and antispasmodic

Ethnopharmacol

17.

18.

19.

activities of Achillea wilhelmsii C. Koch. Pak J
Pharmaceutical Sci 2014;27(2).

Ali N, Shah SW, Shah [I. Preliminary
phytochemical screening and antispasmodic
activity of Artemisia macrocephala Jacquem. J
Young Pharmacists 2011;3(2):125-8.

Sundstrém J, Gulliksson G, Wirén M. Synergistic
effects of blood pressure-lowering drugs and
statins: systematic review and meta-analysis. BMJ
Evidence-Based Med 2018;23(2):64-9.

Ali W, Siddigi A, Imran K.. Anti-hypertensive
Potentiating  Effects of  Simvastatin  on.
Amlodipine. Med Forum 2018.



	Cover

	Contents

	Editorial

	Toxic Effects of
Doxorubicin on
Cardiac
Dysfuction and
its Reversal by
Cassia Absus

	Upper
Gastrointestinal
Endoscopy

	Levels of Serum
Adiponectin,
Glucose and
Insulin in
Asymptomatic
Offspring
	Role of Para
Vertebral Blocks
in Breast Cancer
	Treatment of Celiac Disease
with Natural Products

	Nitroglycerine
VS Nifedipine for
Preterm Labour
	Demographic, Clinical Profile and
Outcome of DKA in Children
	Frequency of
Lower Limb
Amputations in
Diabetic Foot
	Non Operative
VS Operative
Technique in
Managing Mid
Shaft Humerus
Fracture
	Relationship
Between Study
Habits and
Academic
Achievements in
Medical Students
	Open Surgical
Management
Options in
Patients
Suffering from
Symptomatic
Uterine Fibroids
	Mitomycin C and
BCG in Urinary
Bladder Tumor
	Teenage Drug
Abuse among
Students
	Diagnostic Utility
of WBC, Serum
Bilirubin and
CRP in Acute
and Perforated
Appendix
	Acute
Malnutrition in
Infants below 6
Months versus 6-
60 Months
	Intrinsic Calcium
Channel
Antagonistic
Activity on
Muscle Cells
	Self-Esteem
Levels among
Patients in
Surgical Wards
of Karachi
	Clinico-
Pathological
Evaluation of
Oral Leukoplakia
	Association of
Anemia with
Intestinal Parasites
in Children age (5-
12)
	Effect of Prophylactic Use of
Corticosteroid Before Elective Caesarean
	Study of
Learning Styles
at Medical School
	Efficacy of
Different
Chelation
Therapies in
Thalassemia
	Factors
Responsible for
Surgical Site
Infection among
Patients
	Adverse Outcomes in
Delayed Presentation of
Ectopic Pregnancy
	Effect of
Seroprevalence of
Hep.B & C in
patients with
bone marrow
	Guidelines and Instructions to Authors
	Back cover


