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Introduction: The origin of hypertension in the genetic model of spontaneous hypertensive rats (SHR) is
still unknown. Since the sympathetic nervous system (SNS) plays an important role in this experimental
model, we attempted to explore the possible pathophysiological mechanisms of this hypertension by
focusing on potential mutations of the alpha,g receptors of the SNS.

Materials and Methods: We studied the nucleotide sequencing of genomic DNA from 8 rats, 4 SHR, 2
Wistar-Kyoto, 1 Dahl-S and 1 Dahl-R and compared the results with the published sequencing of alpha,g
adrenergic receptors in the National Center for Biotechnology Information (NCBI), as well as against each
other.

Results: There were no important differences between all the above rats in the 6,268 nucleotides of the
alpha,g receptor.

Conclusion: Our data suggest that, although the alpha,; adrenergic receptor has a crucial role in the
development of hypertension, the genetic susceptibility or resistance of various rat strains to hypertension

cannot be attributed to genetic polymorphisms in this receptor’s gene.

pontaneous hypertensive rats
S (SHR) are a genetic model of hy-

pertension that is widely accepted
in medical research because of the features
they share with idiopathic hypertension in
humans'.

During the last four decades, many
researchers have attempted to determine
the aetiology of hypertension in SHR by
comparing this family of hypertensive
experimental animals with other types of
hypertensive (Dahl salt-sensitive) or nor-
motensive (Wistar-Kyoto, Dahl salt-re-
sistant) rats. The results have clearly de-
monstrated differences between SHR
and normotensive rats with regard to the
probable pathophysiological mechanisms
implicated in hypertension, with special
emphasis on the sympathetic nervous
system.

Since hypertension is often accompanied
by a state of over-stimulation of the sym-
pathetic nervous system?, it has been post-
ulated that there is dysfunction of a cen-
tral adrenergic mechanism in SHR, lead-
ing to an increase in noradrenaline re-
lease and subsequent hypertension’. In-
deed, it has been proven that various a-
drenergic mechanisms show alterations in
genetic models of hypertension, including
SHR*.

The sympathetic nervous system and
its receptors are known to play an active
part in the pathogenesis of idiopathic
hypertension. There are three known sub-
types of the alpha, adrenergic receptors
(alpha,,, alpha,g, alpha,c). The alpha
adrenergic receptors of the sympathetic
nervous system are divided into two major
types alpha, and alpha,, each of which
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Figure 1. Graphical representation of the intra-aortic monitoring
of fluctuations in systolic blood pressure in the SHR experimental
animals that underwent genetic analysis. The figure clearly shows
an initial value of 170 mmHg in one of the rats studied that
remained steady over a three-day period (a) with no intervention.

contains three subtypes. Subtype alpha,, leads to
suppression of the sympathetic nervous system and
ensuing hypotension, whereas subtype alpha,; stimu-
lates sympathetic activity and causes a hypertensive
response. Indeed, genetically engineered mice with
deleted alpha,; adrenergic receptor genes are inca-
pable of increasing their blood pressure even under
acute or chronic NaCl loading®’.

Since the alpha,; adrenergic receptors mediate
the hypertensive response to salt loading, we hypo-
thesized that the presence of one or more point muta-
tions on their genome, compared with the genes of
other strains of hypertensive or normotensive rats,
might result in their over-expression and could thus
be one of the mechanisms responsible for triggering
and sustaining hypertension in SHR.

Genomic DNA sequencing provides us with a way
to investigate this hypothesis in the context of a study
of the pathophysiology of hypertension in SHR.

Material and Methods

Our study focused on the analysis of nucleotide se-
quencing of the genome of the alpha,; adrenergic
receptor in different strains of rats. The study group
consisted of 4 hypertensive inbred SHR (Figure 1),
while the control group was made up of 4 normo-
tensive inbred rats (2 Wistar-Kyoto, 1 Dahl-S and 1
Dahl-R).

The study protocol included the following stages
and was based on previously described techniques®:
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A. Extraction of genomic DNA from the blood of
each rat;

B. Isolation of the gene of the alpha,; adrenergic
receptor with design of suitable primers for each
genomic region;

C. Quantitative analysis of the isolated genome using
the polymerase chain reaction (PCR) method;

D. Analysis of the nucleotide sequencing of the ge-
nome of the alpha,; adrenergic receptor, which
contains 6,268 nucleotide bases;

E. Comparison of the sequencing from each animal
against each other and against corresponding data
stored in the NCBI data bank (Figure 2).*

Briefly, 4 hypertensive SHR, 2 normotensive
Wistar-Kyoto rats, 1 normotensive Dahl-S and 1
normotensive Dahl-R rat, all aged 18-20 weeks and
weighing 320-350g, were anaesthetised with pen-
tobarbital (50 mg/kg intra-peritoneal) and 3 ml blood
was taken from the descending aorta of each animal.
In the SHR the presence of hypertension had been
verified earlier by the intra-arterial recording of a
systolic blood pressure ranging from 160-180 mmHg.
Genomic DNA was isolated from each blood sample
using the following steps: lysis of red blood cells, lysis
of the white blood cells (source of genomic DNA),
addition of RNAase to destroy the RNA (only geno-
mic DNA was to be isolated), precipitation of proteins,
collection of fine fibrils of genomic DNA, and finally,
measurement of the concentration of genomic DNA
with the aid of a Beckmen spectrophotometer.

Along with the isolation of the genomic DNA,
suitable primers were designed for the subsequent
isolation of the alpha,; adrenergic receptor gene
exclusively from the total quantity of genomic DNA
(Figure 3a). Our source of information was an ana-
lysis of nucleotide sequencing already submitted to
the NCBI data bank, which has locus AF366899 and
refers to Rattus Norvegicus’. Subsequently:
® The gene of the alpha,y adrenergic receptor was

isolated segmentally with the aid of the primers

and enhanced by PCR, after the PCR solution
had been prepared using Platinum Taq DNA

Polymerase (Gibco) and dNTP set (Invitrogen).
® The presence of DNA was verified using electro-

phoresis (0.8% agarose gel) and ultraviolet radia-

tion, after which (Figure 3b)

® the product was purified using a Qiaquick Multi-

well PCR Purification Kit (Qiagen),

® the solution was prepared for the nucleotide se-

quencing reaction, using a DNA Sequencing Kit

(Applied Biosystems) and PCR method,
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ggatcetgga gacctggaat gggccataaa atatcccgte tggtategtt agtctgggaa
61 grattctctc ttgtctetet tgtcttggga agagagtctt gtctctgttt gagacaggea
121 agaacctact tcagtggcta cttctcaage tcctgtggec acccttggec ctttctcagt
181 aaatggggct accaggactt cttcgtcace tgtggetgtg ggcetcaagece ctgceccaacyg
241 tgatggtctyg taagacctgt gtcaagattg cagcctcgag gggcaggtga atctggeggt
301 cttttgagce tggtctacat ggcaccactc tctetggttg aggcagtccec acctaactag
361 agagctcgtt gcagtacagce ctgaggtgag gaggcattge tcaaagtgtc cctgtgtggce
421 taagcatggt ggtctggagg ctgcctgttt gagectgagt tggggaaaga ccggtetgeg
481 aagacccaaa agtcacattce gagcttccac agtggcggec atgaggagta aaggtccaat
541 agactcactg ccttgaagtg aggtttggga atggactcca ttttcaggga tatatattta
601 tccagtccce ttcaggactc agagtggtaa atgcccagec tggttcttee cacacaaget
661 gtggagaatc ctccttgagg ctgggttgga gcagggceccce agacaaaaca ggtgtgtgtg
721 tgtgtgtgtg tgtgtgtgtg tgtgtgtgty tgtgtgtgtt taatactage ttttttatat
781 attgttttgt tttttatttt tttaaggatt tatttatcta ttctatgtat agagtacact
841 gtagctgtct tcagacacac cagaagaggg catcagattc cattacagat ggttgtgage
901 caccatgggg ttgctgggaa tcaaactcag gacctctgga agagcagtca gtgctctaaa
961 ccceccgagee atctctcecag ccoctgotttt tgtgtgtttt gttttgttta agatttateca
1021 ttttatgtgt atgagtgttt ttgcctgtat gtagttatat gtatcccctg tgtgcectggt
1081 gcctttggag tcagatgagg ttgtcagata tcctgggatt agaattacat ttgattatga
1141 gctgacaggt gggtgcttgg aagacaagtg ctcttaaact getgagtcat cgctcagtee
1201 tcgaagtttc ttcttactct agtgctcette cacggccatce aggtaggetg catgagcate
1261 tggggcagtc aaggccaatg cttcctgtac cctagceccace aacatcgget ttttctgage
1321 tacggagagg tctcctcaca ctgctctgga ggaaggacct ctttttctgt tggtcgagag
1381 gttcctctce aaacctttge tttgggtcca agcggtttcec atttttaaga tttgttttaa
1441 agtatgggtce tctgtgtgge tatgtggagg ggagegtggt gocaagggag gccagaggca
1501 tgtcatccct ggaactggtg ttacagtttt gagectgectg ttgtggtgec tgtgctgaga
1561 acagaactca ggttctctac aagaggcgct cttaaccgeg gatccatcte tccagtttcee
1621 cctttccacg ttaacttttt tttttttgecc cttaatgggy aaagtggagg cagcaacagg
1681 gtggttgaag cccactagtc gcttcccacc aggagtgagt agtcagtgag cttttttagt
1741 gtctctggaa cctgegagga agtcggtcet cagtetcoctgg cactcagatg gcagcagagg
1801 gcgctcgeag cacagagacyg cattctttge atctcgecaag tcggacggaa tggagtttgg
1861 gtagggaagc attagggaag gggttcggaa ctcetctecca actctggcce ggeccctacyg
1921 gttectetegyg ttgetggggt gektggatgga ggtgtggett atcatgcotia ageogeccaat
1981 tctettetge aagttttctg gagctgtegyg getgetgcag getacttgag ctctggetta
2041 ccgcecctaga tetgggtget ctgtgccaga ctcgcacgea gagagaaggce aagtggaccce
2101 tcgggataaa ccagcgecgg gtcteggcac gcaccggttc tcttecggtat gtattcttec
2161 cagaacgccg accactccag actccctget ctccagactt ggecgcgagg cggtgggaaa
2221 gagaaaggcg ttggggcccg gggcgagtaa aggatgcgeg tcgcaggtce aagtcecgea
2281 cagctcacct tccacctace ccagtcggat cgoccgecce gectecttee ctectecage
2341 tccegeecce agtetectce ctectecctgg cgagectaget ctgctectca cgtecetgeg
2401 cggegggtty actgcaggcyg cggotcocggyg agagagageg cottttegga gegcaggctyg
2461 cgcttcecca gtcagttctyg tgegtcetge agetgtgcogg tgcgacggeg caacttcect
2521 ctagtcceccgyg gacageagtg ggacaacttg gaaaacttcet ctgggacaga ctgtagggac
2581 gctgggcace ggtggaagag gatataagag accgatggct ggtcctgggt atccccggac
2641 ctecetaggec geotttoegte aggctacggt gcottcagage catctgeace tcctggggga
2701 cgacccccaa cagtagcegga gecagagtgg cgctatctec tgegtaccegt gagtttggee
2761 agcatcgttc cctctggaca tgtccggece caccatggac catcaggage cctactcggt
2821 gcaggccacc gecgecatcyg cgtcggccat cacctttcte atecttttca ccattttegg
2881 caatgcgety gtcattctgg ctgtgttgac cagccgctca ctccgtgecac cacaaaacct
2941 gtteetggtyg tcactggcag cagccgacat cctagtgget actctcatca tecctttete
3001 tctggccaac gagetgetgg gctactggta cttctggegt gegtggtgeg aggtetacct
3061 ggcgetagac gtgotcttct gtacctecte categtgcac ctgtgtgeca tcagectgga
3121 caggtactgg gcagtgagcc gagcattgga gtacaactcc aagegcacte cgegecgeat
3181 caagtgcatc atcctcactg tgtggetcat tgcagetgtc atttctctac cgecccteat
3241 ctacaagggc gaccaacgcce ccgagececeg cgggetcccee cagtgtgage tcaaccagga
3301 ggcctggtac atctbtggett ccagcategg atcttttttt gectcoctgec tecatcatgat
3361 cctcegtctac ctgcgaatct acgtgattge caaacgcagce cactgcagag gtetcggage
3421 caagaggggce tctggagaag gtgagtccaa gaagccccag ceggttgetg ggggagtgec
3481 aacctcagct aaggtgccca ccctggtctc tectetatct tctgttggag aggocaatgg
3541 acaccccaag cctccaagag agaaggagda gggggagacc cctgaagatc ctgaggccag
3601 ggctttgccc ccaacttggt ctgcecttec cagatcaggo caaggccaga agaaggggac
3661 tagtggggcy actgcagagg agggagatga agaggatgag gaagaggtgg aagaatgtga
3721 accccaaaca ctgccagcat ctcctgectc ggtatgcaac ccacccttgce agcagcctca
3781 gacttctcgg gtactggcca cacttcgtgg ccaggtgett ctgggcaaga atgtgggagt
3841 tgccagtggg cagtggtygge gcagacggac acagctgage cgggagaaga ggttcacctt
3901 tgtgctggec gtggtcattg gagttttcgt ggtctgctgg tttectttet tettcageta
3961 cagcctgggg gecatctgec cacagcactg caaggtaccg catggectct tccagttcott
4021 cttctggatc ggctactgca acagctcttt gaaccctgtc atctacaccg tcttcaacca
4081 ggacttccge cgtgectttc gaaggatcct ttgccggeccg tggacccaga ctggctggtg
4141 aggctgcecetg ttegetgtct atgecagggt tggtgccagg accacceggt ggtagtgcce
4201 caccteccaca gtctctatgg ccatttctet ggggeccact tgcagacctce atcctcagac
4261 tctcctgaag gggaaaggac aaaaatgctg ttcctaggge ccatttgaaa cettcecttg
4321 ctggctgtac tgtgggatgg ctcttcectt ctetetcect ggcaagggga ccttcttgaa
4381 tatggccaaa gccagactgg attagaatac ctccctccca gecacctgta agccaacagg
4441 caggctacce tctectggag accccctgtg cettggecagyg ccacttgtgg tgtttttggt
4501 tttcttecttc ttcttetttt tgttttttat tttgttcatt tttattttat tttattttta
4561 tttttatttt ttattttttg agacagggtc tcaggtagcc cagaccagcc tcagacttge
4621 tgtgcagccc gaggatgctce ttaagattct gatcatcctyg ccttcaccte tccagcagta
4681 gagttaacaa caatcectac catacctggt ttacctgatg ctggggaatg aattcaggge
4741 ttcaagcatq ctagggtagt caaccgagtt atatccctag ccttgatctt cotottgett
4801 ctcaaagagc cggaagccca acgtcgacat ttcccaggag gacctgatgce tgagaaagag
4861 gacggaagga agaggattca gccatgccga gcacctgtge ttctcattgg ctattgggaa
4921 ggctggttat gggetagtat tgtggttttt tgtttgtttg tttgtttgtt tgggtttttt
4981 tttaaagctt cctagctcct ttaagetcca gaageatggg ttggtttttc ttactcagea
5041 tcccectggg aggcaagtgg acacatggat gcctcagtgg agaggtctgg aatcctggec
5101 tcagcctcac catgggetcc tgatcactgg cattcaccct tgcaaagage ggggtgacaa
5161 ttgcctgeeg cctacttgeg gecagggagat gaaaggettt gcagagagcet ttgagctecg
5221 tggggggaac gadctagaga gccagcaaat gtgattatct ggtgatataa aaatccettt
5281 cctatgtgtt taccactgtg agccttcctg tagacctttg ttetgggett ggggtgtgtg
5341 aatgcctacc ccaaactgga agtgggttga ggtgtgcccg agccactett tcaaattcca
5401 gaatttcttt gagaatgcat tcttgtgcat tctcaaaggt tttgagttat tgtgetgttg
5461 tcagctccec catctgttac ctgtaacaca gacagagttt tcagtggett ggccccaacc
5521 ccattagagg ataagttctt tgtcattgag caggcaaatc ggtttcctaa gctaaaaata
5581 ctcacatcaa ggaagcagtc tgagacgaga tcctcaggtg gggtgctggg gctagagcag
5641 gcagcctgtg gaattctggg agagecaccee tttgcggtgg cccagacaat tcotetgaace
5701 cccaagcaac acctttggag atataaccag ttccacccca goctcagragg acgtctcatt
5761 tgccgeccaag raccctcaca gtgatatgge tgtgeactag ggtgtctcta cctectggtt
5821 gtcttcccaa cttgggaatt gctccccaga gtgactgggg atgtgtctag gectteccea
5881 caagcagcct gacttcaact ttgggcaata aacctcaacc tcagggaagyg tgtagtttga
5941 gccatggagyg ctacaagega cacaggcttg ggtgttaget tagggtggat ttatcagatt
6001 ttgaaggtgc taagggagtt ttectcaggta gagacagtga tggttcctaa atagaattcc
6061 tcctggagag gatgagtgte cagettggtt ctcagttggt tggcggeagt tgtaaggeca
6121 ggacattgat ttggagtgtg gctgaggggc tgatttgatt ttctgetttt gttttgtttg
€181 ttttgagaca gggtttccce tgtgtaacce tgactgttct ggaactcaca ctecatagac
6241 taggctgccc tagaactcac agagatct

Figure 2. The information already submitted to the NCBI data
bank with nucleotide sequences from the genome of the alpha,;
adrenergic receptor.

® the final product was cleaned with the aid of an
ABI Big Dye Kit (Qiagen),

® the purified product was sent to the Gene Core
genetic laboratory of Boston University for read-
ing of the nucleotide sequencing and detection
of any point mutations.

Results

The results of the analysis of the nucleotide sequenc-
ing of the alpha,; adrenergic receptor were returned
in graphical form (Figure 4) and were compared
against each other, as well as against the sequence
already submitted to the NCBI® data bank for the
detection of any point mutations, especially in the
transcribed portion of the gene (CDS), using the
chromas program (version 2.21).

Comparing the nucleotide sequences from the
hypertensive SHR with those from the normotensive
controls (Wistar-Kyoto, Dahl-S, Dahl-R) gave the
following findings:

The nucleotide sequences from the SHR, Wistar-
Kyoto, Dahl-S and Dahl-R rats agreed completely
among themselves and differed from the already
published sequence of Schaak in the following three
positions:

1. In position 5,653 cytosine (C) was found instead

of adenine (A)

2. in position 5,655 cytosine (C) was found instead

of thymine (T)

3. in position 5,672 cytosine (C) was found instead

of thymine (T)

The above positions are within the mRNA re-
gion, but not in the CDS, and are not considered ca-
pable of affecting the gene’s functionality.

Discussion

SHR are considered to be a genetic model of hyper-
tension analogous to idiopathic hypertension in
humans. In spite of extensive research, the aetiology
of hypertension in these rats remains unknown.
Many differences related to blood pressure have
been reported in the literature between SHR and the
normotensive Wistar-Kyoto rat'’. An important diffe-
rence is the degree of sympathetic activity, which
appears to be particularly elevated in SHR, even
before the appearance of the hypertension'"'". This
finding is reinforced by the fact that bilateral sym-
pathectomy in combination with removal of the ad-
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Figure 3 a, b. Electrophoresis in 0.8% agarose gel of genomic DNA: six of the animals used in the study (Figure 3a) and part of the
promoter region of the alpha,; adrenergic receptor gene of the same animals (Figure 3b). The 1Kb (250-10,000 bases) DNA ladder used
each time for estimation of the size of the DNA can be clearly seen. The genomic DNA has a size of over 10,000 bases, while the section

of the promoter region has around 1,000 bases.

renal medulla at a young age prevents the develop-
ment of hypertension in SHR"™.

It was precisely this revealing relationship bet-
ween SHR hypertension and hyperactivity of the
sympathetic nervous system that this study aimed to
investigate. The study was at the genetic level and
was designed to identify any point mutations, focus-
ing on one of the genes involved in blood pressure
control: the gene of the alpha,; adrenergic receptor.
The gene of the alpha,; adrenergic receptor is a
small-sized gene that appears only with a transcribed
region, through which the protein of the alpha,;
receptor of the cellular membrane is produced. The
total size of this gene is 6,268 nucleotide bases and it
is made up of the promoter region (nucleotide bases
1-2,407), the mRNA (nucleotide bases 2,408-5,989),
and the polyA region (nucleotide bases 5,989-6,268).
Within the mRNA region is the CDS region (nucleo-
tide bases 2,780-4,141), which basically represents
the functional region of the gene that is transcribed
into mRNA and encoded in the protein receptor of
the alpha,y cellular membrane’.

The current study did not find any significant point
mutation at any position in the nucleotide sequence
of the gene of the alpha,; adrenergic receptor in
SHR compared with the nucleotide sequences of the
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animals in the control group or with the previously
known sequence in the NCBI data bank.

The adrenergic receptors of the sympathetic ner-
vous system are divided into two major categories,
alpha, and alpha,, each of which contains three sub-
groups. Subgroup alpha,, leads to suppression of the
sympathetic nervous system and ensuing hypoten-
sion, whereas subgroup alpha,; stimulates sympa-
thetic activity and causes a hypertensive response.
Indeed, rats lacking the alpha,; gene pair are incap-
able of increasing their blood pressure even under
acute or chronic NaCl loading®’.

The alpha,; receptors, via the inhibitory Gi pro-
tein, inhibit the action of adenocyclase, resulting in a
reduction in levels of cyclic AMP". Whether these
pathways are changed in SHR has not yet been de-
termined.

The ventrolateral medulla is an important control
position for blood pressure via the sympathetic
nervous system, with main contributors the nucleus
tractus solitari (NTS), the dorsal motor nucleus of the
vagus nerve and the nucleus reticularis lateralis'”.

Research findings have lead to the conclusion that
experimental hypertension in rats is accompanied by
changes in the ratio between the alpha,/alpha, adrener-
gic receptors in those regions of the brain associated
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with the increase or decrease in blood pressure'®. In
addition, the brain stem sites where the alpha,;
receptors are concentrated in SHR show a clear reduct-
ion in density'”*. Olmos et al*' reached similar con-
clusions, finding a reduced density and sensitivity of
alpha, receptors in the brain of SHR.

Nomura et al®, finding that the connection points
of alpha,; receptors to the NTS in the brain of SHR
were already reduced by the age of four weeks, that
is, before the onset of hypertension, hypothesised
that these findings might be indicative of a genetic
aetiology.

Accordingly, it appears that the alpha, receptors
exhibit a clear qualitative and quantitative deficit in
SHR compared with normotensive Wistar-Kyoto
rats. Whatever this difference may be, our current
study indicates that it is not due to a genetic variant
of the alpha,; adrenergic receptors. Our findings are
consistent with those of another study, which failed

Figure 4. Graphical representations
showing the nucleotide sequences from a
section of the promoter region of the
alpha,; adrenergic receptor gene following
genetic analysis in SHR (s), Wistar-Kyoto
(w), Dahl-S (ds) and Dahl-R (dr) rats. The
initials represent nucleotide bases as
follows: T-thymine, A-adenine, C-cytosine,
G-guanine.

to find genetic differences in the renal alpha, adre-
nergic receptors genes between Sabra salt-sensitive
versus Sabra salt-resistant rats.”

Conclusions

The development of hypertension in SHR does not
appear to be due to a genetic variation in the alpha,;
adrenergic receptors, since analysis of the nucleotide
sequence on their genome gives identical results in
all strains of rats studied, regardless of whether they
were susceptible or resistant to salt-dependent hy-
pertension. Since, however, there is a considerable
body of evidence implicating the alpha,; adrenergic
receptors in salt-induced hypertension, we can hy-
pothesise that their probable action in arterial hy-
pertension in SHR may be due to functional factors
that might either act at a later stage of DNA trans-
cription, on the cytoplasm or the cellular membrane,
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or via quantitative differences, namely the density or
proportion of receptor subtypes in various brain si-
tes, or, alternatively, by disturbing the balance bet-
ween alpha, and alpha, adrenergic receptors.
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