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Abstract

Normal abundant dietary sugars such as fructose and glucose can contribute to hypertension and
other health issues. To avoid these health complications, many individuals use artificial sweeteners. An
equivalent intake of some artificial sweeteners also can lead to hypertension. However, Stevia, a
sweetener that is isolated from a Paraguayan plant, was shown in relevant literature to decrease blood
pressure in both rat specimens and humans. The general purpose of this research project was to
study the effect of Stevia and glucose on the expression of two key components of the renin-
angiotensin-aldosterone system (RAAS). prorenin receptor (PRR) and angiotensin receptor type 1
(AT1). Increased expression of renin and angiotensin can lead to vasoconstriction and systemic
hypertension. Their effects are mediated by their binding to PRR and AT1. Therefore, decreases in the
expression of these receptor proteins can result in lowered blood pressure. Rats were fed diets
supplemented with glucose, saccharin, or Stevia over a six-week period and the kidneys were
obtained. qPCR designs were developed to measure the relative amounts of PRR receptor and AT1
receptor. The methods had efficiencies greater than 97% and gave reproducible results. Then the
developed methods were used to measure the expression of AT1 and PRR in the different rat kidney
samples. A general increase in the relative expression of both AT1 and PRR in the glucose diet was
observed. However, this increase and all other differences in the test groups were not significantly
different than the control group. These results suggest no differences in AT1 or PRR expression for
different sweetener diets.

Introduction

The renin-angiotensin-aldosterone system is located
primarily in the kidneys

It is Important in regulating blood pressure and blood
volume.

Renin and angiotensin are the major proteins in this
system; they bind to prorenin receptor (PRR) and
angiotensin Il type 1 receptor (AT1).

Binding to these receptors lead to local
vasoconstriction and hypertension.

Hypertension is a serious health problem in the
United States, more than 30% of adults have it.?
AT1 expression is increased during hypertension.!
In rats, and increase in fructose & sucrose intake
correlated with an increase in AT1 expression and
hypertension.34°

In both rats and humans, Stevia was shown to
decrease blood pressure.%’

Less information is known about the effects of
sweeteners on prorenin receptor
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Figure 1. Simplified Diagram of Renin-Angiotensin System

Objectives

To purify mRNA from the rat kidneys and assess its quality

To design and test the efficiency of gPCR primers and probes to measure the expression of prorenin
receptor (PRR), angiotensin Il type 1 receptor (AT1), and GAPDH (endogenous control)

To measure the expression of AT1 and PRR relative to GAPDH in the control and experimental rat
Kidneys

Experimental Design

Four groups, four male WKY rats per group
Fed the following liquid diets for 6 weeks:

Standard- liguid osmolite diet

Glucose- liguid osmolite & glucose

Saccharin- liguid osmolite & saccharin

Stevia- liquid osmolite & stevia

Mixed Diet - liguid osmolite (3 weeks), glucose (1 week), stevia (2 weeks) (2 kidneys)
Measured the relative expression of AT1 and PRR

Table 1. Primers and Probes Designed for AT1, PRR, and GAPDH

Angiotensin Il Receptor type 1 (AT1) Prorenin Receptor (PRR) Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

Forward 5 GCTGGCATTTTGTCTGGATAAAT 3' 5’ TCGCTCCCCCTCAATTCTCT 3’ 5' ACGGGAAACCCATCACCAT 3

Reverse  pb'GGGTTGAGTTGGTCTCAGACACT 3 o' CAGCACTTGCAGTTCAGAAAGAAA 3’ B'CCAGCATCACCCCATTTGAZ

Probe o' AGTGATCACCAGGTCAAGT 3 o’ GGAATAATGAAGTTGACCTGC 3’ o' TTCCAGGAGCGAGATC 3
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Methodology

Rat kidneys

Rat kidneys collected and quickly frozen in liquid nitrogen

RNA Isolation

Kidney tissue homogenized (Qiashredders) and RNA isolated (mirVana kit, Ambion)

Reverse Transcription

RNA quantitation and then Reverse Transcription (High capacity cDNA kit, Life Tech.)

gPCR & Analysis

gPCR (Gene expression Master Mix, Life Tech.) of cDNA samples and Relative Quantitation using the 2-2ACT
Method

Forward Primer:
5 TCGCTCCCC CTCAATITCTC T 3-
(gagcgagggy gagttaagag actcatccoctt attactt..)
19801 cTCGCTCCCC CTCAATTCTC TgagtaGGAA TAATGARA

GTTGACCTG 3°

caactggac gat..)

GTTGACCTGE CLtaTTTCTTIT CTGAACTECA ACGTGCTEGCcat gata..
Reverse Primer 3° AAAGAARA GACTTGACGT TCACGAC 5°

Probe 5' GGAA TAATGAA
(catcctt attactt

l

Forward Primer: Proba:
5" TCGCTCCCC CTCAATTCTC T3 5'GGAA TAATGAAGTT GACCTG 3
cDNA(3" gagcgagggg gagttaagag actcatcctt attacttcaa ctggacgata aagaaagact tgacgttcac gacgtact.. 5°7)

57 cTCGCTCCCC CTCAATTCTC TGAGTAGGARA TAATGAAGTT GACCTGCTAT TTCTTTCTGA ACTGCAAGTG CTGrcatga.. 3
Reverse Primer: 3° A AAGAAAGACT TGACGTTCAC GAC 5°

Figure 2. Prorenin Receptor System Design. Crossing the exon junction ensures that the
primers and probes are specific for only the mRNA of interest
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Figure 3. Diagram of gPCR Theory. As polymerization
occurs, the Fluorophore is cleaved from the probe and
emits measurable fluorescence

Conclusions
Efficient gPCR systems were established for AT1, PRR, and GAPDH.

RNA was isolated with consistent purity despite a variance in concentration.

No significant differences were found among sample groups, though a slight increase In the relative
guantity of glucose was seen for both targets.

The lack of significant differences between diet groups was probably a result of high variance
among biological replicates and small sample sizes.
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Results

RNA Purification
Table 2. RNA sample concentrations & purity Long RNAs Short RNAs
Sample| Conc (ng/uL)  A,co/Asgg
El 592.7 2.01
E2 111.9 1.97
E3 596.7 2.04
E4 439.7 2.02
Figure 5. 15% denaturing gel demonstrating
the separation of short and long RNAs in the
mirVana procedure
Efficiencies of RT-gPCR Methods
Efficiency Curve for AT1 Efficiency Curve for PRR

Log amount (ng) Log amount (ng)

Figure 7. Standard curve to determine PRR
system efficiency. System was 98% efficient.

Figure 6. Standard curve to determine AT1
system efficiency. System was 97% efficient.

Relative Expressions of AT1 and PRR mRNAs

Relative Expression of PRR
for Different Diets

Relative Expression of AT1
for Different Diets
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Figure 8. Relative PRR mRNA guantity for each
diet group

Figure 7. Relative AT1 mRNA quantity for each
diet group

References

1. Contreras, F., Parte, A., Cabrera, J., Ospino, N., Hernandez, R., Hernandez, J., Lezama, E., & Velasco, M. (2002). Functional aspects of the renin—angiotensin—aldosterone
system and angiotensin ii receptor atl blockers in arterial hypertension. International Congress Series,1237(July), 87-98.

2. Center for disease control and prevention:Fastfacts hypertension. (2013). Retrieved from http://www.cdc.gov/nchs/fastats/hyprtens.htm

3. lyerl, S. N., Raizadaz, M. K., & Katovich, M. J. (1996). Atl receptor density changes during development of hypertension in hyperinsulinemic rats . Clin and Exper.
Hypertension, 18(6), 793-810.

4. Coelho, M. S., Lopes, K. L., Freitas, R. A., Barbosa, E. O., Bergasmaschi, C. T., Campos, R. R., Casarini, D. E., & Carmona, A. K. (2010). High sucrose intake in rats is
associated with increased ace2 and angiotensin-(1-7) levels in the adipose tissue. Regulatory Peptides, 162(1-3,8), 61-67.

5. Shinozaki, K., Ayajiki, K., Nishio, Y., Sugaya, T., Kashiwagi, A., & Okamura, T. (2004) Evidence for a Causal Role of the Renin-Angiotensin System in Vascular Dysfunction
Associated With Insulin Resistance Hypertension. 43:255-262

6. Melis, M. S. (1995). Chronic administration of aqueous extract of stevia rebaudiana in rats: renal effects. Journal of Ethnopharmacology, 47(3), 129-134.

7. Hsieh, M. H., Chan, P., Sue, Y., Liang, T. H., Huang, T., Tomlinson, B., Sum Chow, M. S., & Kao, P. (2003). Efficacy and tolerability of oral stevioside in patients with mild
essential hypertension: A two-year, randomized, placebo-controlled study. Clinical Therapeutics, 25(11), 2797-2808.

Acknowledgements

Department of Chemistry & Geology
Dr. Penny Knoblich
Dr. David Bisonnette
Dr. Mary Hadley
& their research students

Undergraduate Research Center Grant
Honors Program Grant
Dr. Theresa Salerno- Mentor
Dr. James Rife- Tissue Collection
Natalie Young — Research partner

This document is available in alternative format to individuals with disabllities by calling Accessibility
Resources at 507-389-2825 (V), 800-627-3529 or 711 (MRS/TTY).



	Slide Number 1

