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Abstract
Aim: To investigate the relationship between arterial baroreflex (ABR) function
and telomere length in kidney of rats.  Methods: Stroke-prone spontaneously
hypertensive rats (SHR-SP) and sinoaortic denervated rats (SAD) were used as
models with depressed arterial baroreflex.  In the first experiments, SHR-SP rats
were examined at the age of  24 weeks for both sexes and 40 weeks for female rats.
In the second experiments, SAD rats were studied 4 and 35 weeks after SAD
operation.  Blood pressure was continuously recorded for 4 h in a conscious state.
After the determination of baroreflex sensitivity (BRS), the terminal restriction
fragment (TRF) of rat kidney was analyzed using Southern blot.  Results: The
TRF length was found shorter in: a) male SHR-SP compared with age-matched
female SHR-SP; b) female SHR-SP 40 weeks of age compared with 24 weeks of age;
c) in rats 35 weeks after operation compared with rats 4 weeks post operation in
both sham-operated and SAD rats.  Conclusion: In SHR-SP, the TRF length did
not correlate with BRS.  In addition, SAD did not affect TRF length at either 4 or 35
weeks post-surgery.  It may be concluded that baroreflex function does not influ-
ence the terminal restriction fragment (TRF) length in rats.
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Introduction
Telomeres, the specialized DNA-protein structures at the

ends of eukaryotic chromosomes, are essential for the main-
tenance of genomic stability and integrity by preventing the
recognition of chromosomal ends as double-stranded DNA
breaks.  In humans, telomeres are typically 10 kb in length.
Because of the end-replication problem, telomeres may erode
by 50–200 bp during each cycle of cell division in most so-
matic cells.  Once telomeres reduce beyond a critical length,
growth arrest or senescence is initiated thus arresting or
limiting the replicative potential of cells[1,2].  This may cause
aging and age-related diseases[3].  It is well known that many
pathological changes seen in the development and progres-
sion of hypertension are reminiscent of those seen during
the biological aging process.  Hamet et al reported that
shorter telomeres were found in the kidney of spontaneously
hypertensive rats (SHR) at all ages examined, suggesting
that kidney cells from these animals are subjected to increased
turnover, potentially leading to accelerated aging[4].  Some

studies showed that white blood cell (WBC) telomere length
was inversely correlated with pulse pressure, an index of
aortic stiffness that increases with age[5].  However, the rela-
tionship between the telomere length and other hemody-
namic parameters is not clear, especially those involved in
blood pressure regulation.

Arterial baroreflex (ABR) is very important in the regula-
tion of cardiovascular function.  It is well known that ABR
function, often shown as baroreflex sensitivity (BRS), is im-
paired in cardiovascular diseases[6].  Recently, it was found
that an impaired BRS was associated with a poor prognosis
for myocardial infarction, heart failure, hypertension, and
atherosclerosis[7–11].  Impaired BRS was also found to be
related to reduced survival duration in aconitine-induced
arrhythmia and endotoxin-induced shock in rats[12,13].

As both BRS and the telomere length decrease with age
and change in some cardiovascular diseases, it seems that
there is a relationship that exists between ABR function and
the telomere length.  It is known that the autonomic nervous
system not only regulates cardiovascular system, respira-
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tory system, and digestive system etc, but also is involved
in the inflammation and immunological reactions.  We specu-
lated that telomere length might be modulated by the auto-
nomic nervous system.  Therefore, the present work was
designed to elucidate the possible relationship between ABR
function and telomere length by using stroke-prone SHR
(SHR-SP) and sinoaortic denervated (SAD) rats.  SHR-SP
possess not only an elevated blood pressure, but also a
lower BRS.  Sinoaortic denervation destroys baroreflex at
baroreceptor and afferent nerve levels.

Materials and methods

Animals  SHR-SP rats of both sexes were provided by
the animal center at our institute, 2nd Military Medical
University.  Male Sprague-Dawley (SD) rats at the age of 10
weeks were provided by SIPPR/BK Lab (Shanghai, China).
All rats were housed with controlled temperature (23–25 °C)
and circadian cycle (lights on 08:00–20:00) with standard rat
chow and tap water ad libitum.  All surgical and experimen-
tal procedures were in accordance with institutional animal
care guidelines.

Blood pressure measurement  Systolic blood pressure
(SBP), diastolic blood pressure (DBP) and heart period [HP,
HP=60×1000/heart rate (beat/min)] of rats were continuously
recorded using a technique described in previous studies[14,

15].  Rats were anesthetized with a combination of ketamine
(40 mg/kg) and diazepam (6 mg/kg).  A floating polyethylene
catheter was inserted into the lower abdominal aorta through
the left femoral artery for BP measurement, while another
catheter was placed into the left femoral vein for intravenous
injection.  The catheters were exteriorized through the inter-
scapular skin.  After a 2-d recovery period, the animals were
placed in individual cylindrical cages containing food and
water for BP recording.  The aortic catheter was connected
to a BP transducer via a rotating swivel that allowed the
animals to move freely in the cage.  After 4-h habituation, the
BP signal was digitized by a microcomputer.  SBP, DBP and
HP value from every heartbeat were determined on line.  The
mean value and standard deviation of these parameters dur-
ing a period of 4 h (13:00–17:00) for each rat were calculated.
The standard deviation of all values obtained during 4 h was
denoted as the quantitative parameter of variability, ie, sys-
tolic blood pressure variability (SBPV), diastolic blood pres-
sure variability (DBPV), and heart period variability (HPV)
for each rat.

BRS determination To determine the function of ABR in
conscious rats the widely accepted method, which was origi-
nally designed for humans, is derived from that of Smyth et

al[16].  The principle of this method is to measure the prolon-
gation of HP in response to an elevation of BP.  This method
was used in conscious rats with some modifications[17].  A
bolus injection of phenylephrine was used to induce an el-
evation of SBP.  The dose of phenylephrine was adjusted to
raise SBP between 20–40 mmHg.  HP was plotted against
SBP for linear regression analysis and the slope of SBP–HP
was expressed as BRS (ms/mmHg).  As a delay existed
(approximately 1 s) between the stimulus and response, the
slopes were calculated by computer with 1 to 10 beats of
shift for linear regression analysis and the slope with the
highest correlation coefficient was used as BRS.  A correla-
tion analysis with 5 beats of shift, for example, meant that
values of HP6/SBP1, HP7/SBP2, HP8/SBP3, …, were used.

Sinoaortic denervation  Sinoaortic denervation, an inter-
ruption of ABR by destroying the afferent fibers of baro-
receptors, was performed as described in previous studies[11,13].
Male SD rats at 10 weeks of age were anesthetized with a
combination of ketamine (50 mg/kg, ip) and diazepam (5 mg/
kg, ip) and were then medicated with atropine sulfate (0.5
mg/kg, ip) and procaine benzylpenicillin (60 000 U, im).  After
a midline neck incision and bilateral isolation of the neck
muscles, aortic baroreceptor denervation was carried out
bilaterally by cutting the superior laryngeal nerves near the
vagi, removing the superior cervical ganglia, including a small
section of the sympathetic trunk, and sectioning aortic de-
pressor nerves.  The carotid sinus baroreceptors were den-
ervated bilaterally by stripping the carotid bifurcation and
its branches, followed by the application of 10% phenol (in
95% ethanol) to the external, internal and common carotid
arteries and the occipital artery.  Sham operation was per-
formed with the midline neck incision and bilateral isolation
of the neck muscles.  After operation, rats were maintained
under normal rearing conditions.  The completeness of SAD
was assessed by intravenous injection of phenylephrine (2–
5 g/kg) via the left femoral vein.  If phenylephrine induced an
increase of SBP by 50 mmHg with less than 20 beats/min
decrease in heart rate, the SAD was considered complete.  In
this experiment, only completed SAD rats were used.  Sham-
operated animals exhibited a decrease of 60–100 beats/min
in heart rate.

Measurements of the terminal restriction fragment
(TRF) length Telomere length was evaluated in the kidneys
by measuring the mean length of the TRF.  After hemody-
namic monitoring, animals were weighed and anaesthetized
as described above.  The peritoneal cavity was immediately
opened.  The right kidney was excised and rinsed in physi-
ological saline for DNA extracting.  DNA was isolated from
the kidney with Wizard genomic kits (Promega, USA), fol-
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lowed by digestion of 10 µg DNA with restriction enzymes
Hinf I (25 U) (Promega) at 37 ºC overnight.  DNA samples
(10 µg each) and DNA ladders (1 kb DNA ladder plus λDNA/
Hind III fragments; Promega) were resolved on a 0.7% agar-
ose gel (25 cm×20 cm) at 30 V.  Duplicates from the same
samples were resolved on different gels.  After 30 h, the gels
were depurinated for 30 min in 0.25 mol/L HCl, denatured 40
min in 0.5 mol/L NaOH/1.5 mol/L NaCl, and neutralized for 30
min in 0.5 mol/L Tris, pH 8/1.5 mol/L NaCl.  The DNA was
transferred for 18 h to a nylon membrane, positively charged
(Roche, USA), according to the manufacturer’s protocol.  The
membranes were then hybridized at 65ºC with the telomeric
probe [digoxigenin 3'-end labeled 5'-(TTAGGG)3) overnight
in 5×SSC 0.1% Sarkosyl, 0.02% SDS, and 1% blocking re-
agent (Roche)].  The membranes were washed 3 times at
room temperature in 2×SSC, 0.1% SDS for 15 min and once in
2×SSC for 15 min.  The probe was detected by the digoxigenin
luminescent detection procedure (Roche) and exposed on
X-ray film.  The length of TRF was calculated as TRF=ΣODi/
Σ(ODi/MWi), where ODi was optical density at a given position
in the lane and MWi was molecular weight at that position[2].

Experimental protocols
SHR-SP study  Experiments were performed in both male

(n=10) and female (n=23) SHR-SP at the age of 24 weeks and
in female SHR-SP at 40 weeks of age (n=12).  Blood pressure
was recorded during a period of 4 h and BRS was measured
with the methods mentioned above.  After BRS measurement,
TRF length was evaluated in the kidney by Southern blotting.

SAD study  Male SD rats were used for SAD operation
at the age of 10 weeks.  After operation, the animals were
divided into four groups and reared for 4 or 35 weeks (n=8 in
each group): 4 weeks after SAD operation, 4 weeks after
sham operation, 35 weeks after SAD operation and 35 weeks
after sham operation.  BP was recorded for 4 h; the determi-
nation of BRS and TRF length then followed.

Statistical analysis  All data were expressed as mean±
SD.  The means of each group were evaluated by two-tailed
Student’s unpaired t-test.  The relationships between two
variables were assessed by linear regression analysis.  Dif-
ferences were considered significant when P<0.05.

Results
Hemodynamics and TRF length in SHR-SP  The general

findings of hemodynamics and TRF length in SHR-SP are
shown in Table 1.  It was found that SBP, DBP, HP, SBPV
were significantly (P<0.01) higher in male than in female SHR-
SP at the age of 24 weeks.  In female rats, SBP, HP, SBPV,
HPV were significantly (P<0.05) higher in the group of rats at
40 weeks of age than those at 24 weeks of age.  TRF length

was significantly (P<0.05) longer in female SHR-SP than age-
matched male SHR-SP.  Furthermore, it was found that TRF
length was significantly (P<0.01) shortened at 40 weeks com-
pared to 24 weeks in female SHR-SP (Table 1).

Table 2 shows the correlation between hemodynamic
values and TRF in SHR-SP.  TRF length was negatively cor-
related with SBPV (r=-0.65, P<0.05; Figure 4A) and DBPV
(r=-0.64, P<0.05; Figure 4B) in male SHR-SP at the age of 24
weeks.  No other significant correlations were observed in
any subgroups (Figure 3).

Hemodynamics and TRF length in SAD rats  Table 3
shows that SBP, DBP and HP were similar in SAD rats and
sham-operated rats.  However, SBPV and DBPV were signifi-
cantly (P<0.01) higher in SAD rats than in time-matched sham-
operated rats.  As expected the BRS values were signifi-
cantly (P<0.01) lower in SAD rats compared to time-matched
sham-rats.  However, TRF length in rats 35 weeks after op-
eration was significantly (P<0.01) shorter than in rats 4 weeks
after operation in both sham-operated and SAD rats (Figure 5).
There was no significant correlation between hemodynam-
ics and TRF length in any SAD subgroups (Table 4).

Discussion

The major findings of the present work may be summa-
rized as follows.  (1) TRF length was found shorter in: a) male
SHR-SP compared with age-matched female SHR-SP; b)

Table 1. The hemodynamic value and terminal restriction fragment
(TRF) length in spontaneously hypertensive rats (SHR-SP). Data are
the mean±SD. bP<0.05, cP<0.01 compared with female SHR-SP at 24
weeks of age.

                                   Female               Male               Female
                                (24 weeks)        (24 weeks)        (40 weeks)
                                   (n=23)            (n=10)            (n=12)

SBP (mmHg) 194.0±10.8 243.0±29.3c 228.0±26.7c

DBP (mmHg) 133.0±9.7 168.0±21.3c 153.0±18.4
HP (ms) 141.0±8.6 152.0±10.1c 168.0±14.2c

SBPV (mmHg)   8.90±1.63 11.50±2.45c 11.20±2.81c

DBPV (mmHg)   7.31±1.16   7.57±1.08   8.29±3.18
HPV (ms)   9.15±4.00 11.60±3.95 12.40±4.22b

BRS (ms/mmHg)   0.23±0.18   0.14±0.06   0.28±0.23
TRF length (kb)   8.71±0.48   8.32±0.36b   4.30±0.26c

SBP, systolic blood pressure; DBP, diastolic blood pressure; SBPV,
systolic blood pressure variability; DBPV, diastolic blood pressure
variability; HPV, heart period variability; BRS, baroreflex sensitivity;
HP, heart period.
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female SHR-SP at 40 weeks of age compared with those 24
weeks of age; c) rats 35 weeks after operation compared with
rats 4 weeks after operation in both sham-operated and SAD
rats.  (2) Arterial baroreflex function did not relate to the TRF
length in rats.

The SHR-SP model was derived from SHR rats with higher
propensity for developing stroke.  SHR-SP rats usually died
of stroke at an average age of 9 months for males and 13
months for females.  Obviously a gender difference exists in the life span in SHR-SP.  It is well documented that blood

Table 2. Linear regression coefficient (r) between terminal restric-
tion fragment (TRF) length and hemodynamic values in spontane-
ously hypertensive rats (SHR-SP). bP<0.05, cP<0.01.

                                  Female                  Male               Female
                                (24 weeks)          (24 weeks)        (40 weeks)
                                  (n=23)              (n=10)              (n=12)

SBP -0.24 -0.07 0.22
DBP -0.02 -0.01 0.05
H P -0.45 -0.47 0.09
SBPV -0.16 -0 .65b 0.16
DBPV -0.33 -0 .64b 0.23
HPV -0.51 -0.39 0.02
BRS -0.27 -0.25               -0.26c

SBP, systolic blood pressure; DBP, diastolic blood pressure; HP, heart
period; SBPV, systolic blood pressure variability; DBPV, diastolic
blood pressure variability; HPV, heart period variability; BRS,
baroreflex sensitivity.

Figure 1.  Illustration of X-ray showing Southern hybridization of
telomeric DNA from kidney of female and male spontaneously hy-
pertensive rats (SHR-SP). M, marker.

Figure 2. Illustration of X-ray showing Southern hybridization of
telomeric DNA from kidney of SAD and sham group 4 and 35 weeks
after operation. M, marker.

Figure 3.  Examples of correlations between baroreflex sensitivity
(BRS) and the terminal restriction fragment (TRF) length in sponta-
neously hypertensive rats (SHR-SP). A, in male SHR-SP at 24 weeks
of age (n=10); B, in female SHR-SP aged 24 weeks (n=23); C, in
female SHR-SP at 40 weeks of age (n=12).
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pressure is higher in male SHR-SP than in female SHR-SP[18].
In the present study, the difference in sexes was demons-
trated.  The raised blood pressure level may significantly
contribute to the shorter life span in male SHR-SP.  Further-
more, it has been well documented that the TRF length is
related to life span in many observations.  In the present
work we compared the TRF length in male and female SHR-
SP.  Our results show that TRF was shorter in males than in
females.  This gender difference in the TRF length may also
contribute to the gender difference in life span in SHR-SP.
Although a similar result has been reported by stindl R[19],
we have found a gender difference in the TRF length in SHR-
SP for the first time.  Previous studies have found that males
had shorter telomeres than females in rats in all organs ana-
lyzed except the brain[20].  Higher telomerase activity, the major
factor determining telomere length, was found in females
when compared with males in human and Wistar rat studies[21].

Estrogen can enhance telomerase activity through several
pathways that can inhibit the rate of telomere attrition[22–24].
It is thought that the cumulative free reactive oxygen

Table 3. The hemodynamic value and TRF length in sinoaortic denervated rats.  n=8.  Mean±SD. cP<0.01 compared with time-matched sham-
operated rats.

                                                             Sham                                    SAD                                    Sham                                 SAD
                                                          (4 weeks)                             (4 weeks)                            (35 weeks)                        (35 weeks)

SBP (mmHg) 131.0±8.0 131.0±14.8 150.0±17.1 145.0±13.0
DBP (mmHg)   93.3±7.9   91.3±16.3   91.8±7.6   89.9±8.3
HP (ms) 155.0±12.7 150.0±7.4 159.0±7.6 148.0±13.4
SBPV (mmHg)   5.57±1.15   14.0±2.5c   7.77±0.86 12.30±2.89c

DBPV (mmHg)   4.68±0.96 12.50±3.31c   4.59±0.52   8.34±2.81c

HPV (ms)   9.16±4.66 10.40±3.45 11.20±1.06   9.24±5.53
BRS (ms/mmHg)   0.73±0.10   0.18±0.13c   0.49±0.15   0.18±0.07c

TRF length (kb) 13.60±2.94 13.10±2.78   7.94±0.38   7.91±0.17

Sham indicates sham-operated rats; SAD, sinoaortic denervated rats.

Table 4. Linear regression coefficient (r) between terminal restric-
tion fragment (TRF) length and hemodynamic value in sinoaortic
denervated (SAD) rats.  n=8.

                      Sham              SAD              Sham              SAD
                   (4 weeks)       (4 weeks)      (35 weeks)      (35 weeks)

SBP -0.429 -0 .378 0.383 -0 .237
DBP -0.480 -0 .412 0.413 -0 .094
H P -0.101 0.214 0.215 -0 .348
SBPV 0.273 -0 .218 0.37 0.127
DBPV 0.219 -0 .446 0.348 -0 .079
HPV 0.150 -0 .434 0.277 -0 .320
BRS 0.484 0.274 0.259 -0 .409

Figure 4.  The negative correlation between blood pressure variabil-
ity (BPV) and the terminal restriction fragment (TRF) length in
male spontaneously hypertensive rats (SHR-SP) (n=10). (A) Corre-
lation between systolic BPV (SBPV) and TRF length; (B) Correlation
between diastolic BPV (DBPV) and TRF length.
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species (ROS) and chronic inflammation, may be important
initiators of the cell senescence and involved in the loss of
telomere[25,26].  Intere-stingly, levels of ROS are lower in
women than men[27], perhaps because of the ability of estro-
gen to curtail ROS production and enhance ROS scavenging
and detoxification[28,29].

It is well known that telomere length decreases with age
and the length is an indicator of replicative history and rep-
licative potential of somatic cells.  In our study we found
that TRF length decreased with age in female SHR-SP, sham-
operated and SAD rats.  Because the mean life-span of male
SHR-SP is less than 40 weeks, we did not compare the TRF
length at different ages in male SHR-SP.  In cultured somatic
cells from humans, telomeres undergo attrition with each
cycle of cellular replication until a critical telomere length is
attained, at which point cells experience replicative senes-
cence[30,31].  In contrast, most somatic cell lines, except in
Mus musculus and domesticated chickens[32], have low or
undetectable telomerase, a ribonucleoprotein capable of elon-
gating telomeres de novo[33].  Oxidative stress is at the center
of the free radical theory of aging, which proposes that de-
generative senescence is largely the result of the cumulative
effect of oxidative end products.  ROS could accelerate the
rate of telomere attrition in different cell types[25,26].

It is known that the telomere length is decreased in hy-
pertension and other cardiovascular diseases.  In examining
the relationship between hemodynamic parameters and the
telomere length, it was reported that pulse pressure (the differ-
ence between SBP and DBP) affected the telomere length[5].
However, there is no evidence to show SBP levels affecting
telomere length.  In the present work, no significant correla-
tion was detected between SBP level and the telomere length
in SHR-SP or in SAD rats.  It may be interesting to observe

the relationship between SBP and telomere length in differ-
ent hypertensive animal models.

In addition, it was reported that the rate of telomere loss
as a function of donor age was greater in the intimal DNA of
iliac arteries compared to that of the internal thoracic arteries.
This was attributed to the effect of shear stress on the telom-
ere length[34].  The shear stress is greater in arteries with
bifurcation than other arteries.

The present work showed that TRF length was inversely
correlated with SBPV and DBPV in male SHR-SP.  That is to
say that, higher BPV is associated with shorter TRF length.
As this relationship was found only in male SHR-SP, its im-
portance and possible significance remain unknown.
Furthermore, as all animals do not age at the same speed, the
ones which age more rapidly (ie, have a lower TRF) are also
likely to have more rigid blood vessels and thus some de-
gree of high BPV.  This could be fully independent of telom-
ere length.  In SAD rats, the BPV was significantly higher
than sham-operated rats, but no difference in telomere length
was found.

ABR is a very important mechanism in maintaining stable
blood pressure.  It is decreased with age and is impaired in
hypertension[35,36].  SAD is a commonly used method to
interrupt the arterial baroreflex arc for baroreflex functional
studies.  It has been found that BPV is markedly increased,
however, 24-hour average BP levels were normal in SAD
animals, including rats, rabbits, monkeys, and dogs[37,38].  It
is accepted that baroreflex dysfunction is not the cause of
hypertension.  However, baroreflex function can predict end-
organ damage in hypertension, such as myocardial damage,
renal lesion, and arterial remodeling[39].  Telomeres are situ-
ated at the ends of linear chromosomes and protect them
from degradation as well as end-to-end fusions, and replica-
tive senescence is associated with telomere erosion.  Con-
cerning the relationship between arterial baroreflex function
and the TRF length, no significant correlations were found
between BRS and the TRF length in any sub-groups of SHR-
SP.  Furthermore, completely destroying the ABR arc did not
change the TRF length.  These results indicated that
baroreflex function did not influence the TRF length in rats.

In conclusion, the present study demonstrated that the
TRF length was shorter in males than in females in age-
matched SHR-SP, and in aged female SHR-SP.  In both sham-
operated rats and SAD rats, the TRF length was shorter in
older rats than in younger rats.  In SHR-SP, the TRF length
did not relate to BRS.  In addition, SAD did not affect the
TRF length.  These results demonstrated that baroreflex func-
tion did not influence the TRF length at the current experi-
mental setting.

Figure 5.  The effect of age on the terminal restriction fragment
(TRF) length in sham-operated (sham) and sinoaortic denervated
(SAD) rats. The differences between 4 and 35 weeks in both SAD and
sham group (n=8 in each group). cP<0.01 vs rats 4 weeks after SAD
operation. fP<0.01 vs rats 4 weeks after sham operation.
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