A Novel Drug Delivery of Cardioprotective α-CGRP Using Alginate
Microcapsules in Pressure-Overload Induced Heart Failure
Andrew Hess1, Ambrish Kumar1, Marwa Belhaj1, Donald J. DiPette2, and Jay Potts1
1Department

of Cell Biology And Anatomy, 2Department of Internal Medicine,
University of South Carolina School of Medicine, Columbia, SC, USA
α-CGRP encapsulation into alginate polymer and its release profile
A

• Cardiovascular Disease (CVD) is the number one killer of men and women

•

Figure 2. (A)- Diagram showing alginate-α-CGRP microcapsule. (B)- Representative
bright field images of alginate-only and alginate-α-CGRP microcapsules. Scale= 200 µm.
The size of prepared alginate-only and alginate-α-CGRP microcapsules was measured
and plotted (C). (D)- Release profile of α-CGRP from alginate-α-CGRP microcapsule at
different time points under in vitro conditions. The concentration of α-CGRP was
measured by microBCA protein assay kit using native α-CGRP as a standard.

Alginate-α-CGRP microcapsules do not affect viability of cardiac cells
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H9c2 cells: trypan blue cell viability assay
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HL-1 cells: calcium flux

1. Preparation of alginate-α-CGRP microcapsules: An electrospray method
was used to prepare alginate-α-CGRP microcapsules of 200 micron size.
2. Pressure-overload induced heart failure study:
2.1 Eight to ten weeks old male C57/BL6 mice were used in this study.
2.2 TAC protocol was used to develop pressure-overload induced heart failure
in mice. A knot was placed on transverse aorta between the right
innominate and left carotid artery using a 27-gauge needle with 7.0 silk
suture. After placing a knot, needle was removed and chest wall was
closed. This method yield ~70% constriction in aorta.
2.3 After two days of surgery, α-CGRP-encapsulated alginate microcapsules
(200 µm size) were injected subcutaneously on alternate days until day 28.
2.4 Blood pressure was measured every day by non-invasive tail-cuff method.
2.5 Short-axis B-mode and M-mode 2D echocardiography images of the mice
were recorded using Vevo3100 Imaging System, and cardiac functional
parameters, fractional shortening and ejection fraction, were calculated.
2.6 After 28 days of delivery, mice were weighed and sacrificed. Hearts and
lungs were removed, and wet weight of the heart and wet weight of the
lung was measured as indices of cardiac hypertrophy and heart failure.
2.7 Apical part of hearts were fixed in 4% paraformaldehyde for histochemical
analyses, while distal portion of hearts were snap frozen in liquid nitrogen
for biochemical assays.

Figure 3. (A) Trypan blue cell viability assay carried out after 7 days of treatment with αCGRP, alginate-alone, or alginate-α-CGRP microcapsules to rat H9c2 cardiac cells. (B)
The viability of mouse HL-1 cardiac cells in presence of alginate-α-CGRP microcapsules
was determined by in vitro calcium flux fluorescence assay. Cells stained with Fluo-4AM
dye were photographed using EVOS auto F2 microscope at 0 min and 60 min after
incubation with alginate-α-CGRP microcapsules (10 µM).

Alginate-α-CGRP microcapsules and lowers blood pressure in TAC mouse
A Dose response curve: effect on blood pressure in wild-type mice

Figure 5. (A and B)- Short axis B- and M-mode echocardiography was performed, and
fractional shortening and ejection fraction was calculated. (C)- After 28 days of alginate-αCGRP microcapsule administration, mice were sacrificed, hearts were photographed. Heart
sections were used to perform immunohistochemistry to measure cardiomyocyte size (H&E
and WGA staining), fibrosis (Trichrome-collagen staining), apoptosis (cleaved caspase-3),
and oxidative stress (4-hydroxynonenal) in the left ventricles.
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The TAC protocol significantly increases mortality, cardiac hypertrophy
and LV fibrosis in α-CGRP knock-out mice
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Figure 1. (A)- Mice survival rate after TAC surgery. *p < 0.05 vs TAC WT mice. (B and C)TAC, mice were sacrificed, ratio of HW/BW was calculated, and Trichrome-collagen
staining was performed to measure LV fibrosis.
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Develop a novel alginate microcapsule based α-CGRP delivery system as
a therapeutic approach for the treatment/prevention of cardiovascular
diseases
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in the US and worldwide. Globally more than 17 million deaths were
attributed to CVD in 2016
There are several classes of drugs to treat and prevent heart disease, but
the 50% survival rate of patients with heart failure is less than 5 years.
Therefore more effective treatments need to be developed.
Alpha-calcitonin gene-related peptide (α-CGRP), a 37 amino acid
regulatory neuropeptide synthesized in the sensory neurons of the dorsal
root ganglion and localized in central and peripheral nervous system.
α-CGRP is a potent vasodilator and has inotropic and chronotropic effects
which protects against heart failure and hypertension-induced end organ
damage in the heart and kidney and attenuates ischemia/reperfusion injury.
Our lab previously demonstrated that transverse aortic constriction (TAC)induced pressure overload increased left ventricle (LV) hypertrophy in αCGRP knock-out mice. These mice had decreased survival, increased
fibrosis and cell death in the LV compared to their wild-type counterparts.
These studies indicate the cardioprotective properties of α-CGRP.
Our lab’s other studies show that exogenous delivery of α-CGRP through
osmotic minipumps attenuated the heart failure in TAC pressure-overload
induced heart failure. The α-CGRP attenuated increased LV fibrosis,
apoptosis, and oxidative stress in the TAC-mice.
The inability to use osmotic minipumps, and the short half-life of α-CGRP in
human plasma (~5 min) limits the bioavailability and therapeutic use of αCGRP as a long-term treatment regime in humans.
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Administration of alginate-α-CGRP microcapsules attenuates the effects
of pressure-overload induced heart failure in TAC mice

Figure 4. (A)- The dose response curve showing the effects of different concentrations
of subcutaneously administered alginate-α-CGRP microcapsules on systolic blood
pressure in wild-type mice. (B)- Systolic pressure, measured by tail-cuff method, was
taken every day after administering alginate-α-CGRP microcapsules (150 µg) in TAC
pressure-overload heart failure mice.

• Previous results from our lab showed the significance of α-CGRP gene
function in heart failure. In α-CGRP knock-out mice, TAC induced pressure
overload caused adverse cardiac remodeling at both the anatomical and
pathophysiological level compared to wild-type counterparts.
• Our current study showed that the novel alginate-α-CGRP microcapsule drug
delivery system is both non-toxic and biologically active in mouse models.
• Administration of alginate-α-CGRP microcapsules attenuated both the
pathological and functional changes in the heart seen in TAC pressureinduced overload mice models
• Echocardiography and histochemical analysis showed reduce ejection fraction
and fractional shortening, increased heart weight, cardiac hypertrophy,
apoptosis, fibrosis, and oxidative stress in the left ventricles of TAC mice.
However, with administration of the alginate-α-CGRP microcapsules, these
parameters were more closely aligned with the sham models.
• These results suggest that our alginate-α-CGRP microcapsule drug delivery
system provides a novel approach to obtaining the cardioprotective effects of
α-CGRP in CVD.
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