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ABSTRACT

AIM: Computerized analysis of blood pressure in conscious freely moving rats is a sound technique for physiologi-
cal and pharmacological studies.  The present work, based on this technique, was designed to introduce two useful
methods for the evaluation of antihypertensive drugs in conscious spontaneously hypertensive rat (SHR).  They
were the directly intragastric administration of drugs and modified probability sum test for evaluating the synergism
of the combination of two drugs.  METHODS AND RESULTS: (1) Directly intragastric administration was used in
conscious rats.  A catheter was inserted into stomach immediately after arterial catheter insertion.  Three days after
operation, blood pressure was recorded and drug might be given intragastically via the gastric catheter.  (2) Modi-
fied probability sum test was used to evaluate the synergism of two drugs. The formula was: q=PA+B/(PA+PB−PA×PB).
With this method, it was obtained: q=1.32 for the effects of the combination of atenolol and nitrendipine (20 mg/kg+10
mg/kg) on systolic blood pressure; q=1.41 for the effects of the combination of atenolol and amlodipine (10 mg/
kg+1 mg/kg) on systolic blood pressure.  CONCLUSION: The two methods introduced by the present work will
be important and useful for antihypertensive drug evaluation in conscious freely moving rats.

INTRODUCTION

Since the beginning of 1980s, a computerized tech-
nique has been developed for measuring blood pressure
(BP) for a long time (more than 24 h) in conscious
freely moving rats[1-5].  With this technique one can study
the cardiaovascular parameters in a physiological con-
dition in rats and avoid the influences of anesthesia and
stress.  This technique is used not only for physiological
studies but also for pharmacological studies including the

evaluation of antihypertensive drugs. However, some limi-
tations may be obviously seen with this technique.  For
example, we can observe the acute effect of an anti-
hypertensive drug on BP only by an intravenous admini-
stration, while the clinically used administration is often
oral. Can we administer a drug intragastricly without
violence as does traditionally by gavage through mouth?
A combination of two drugs is often required in the treat-
ment of hypertension. Can we find a valid and relative simple
method to judge whether this combination is synergic?

To answer these questions, the present work was de-
signed to introduce two useful methods for antihyper-
tensive-drug evaluation in conscious freely moving rats.

METHODS  AND  RESULTS

Animals  Spontaneously hypertensive rats of either
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sex weighing 200-240 g with an age of 16 weeks were
provided by the animal center of our university.  The
animals were housed in controlled conditions
(temperature: 22 ºC±2 ºC and lighting: 8:00-20:00) and
received tap water ad libitum.  All surgical and experi-
mental procedures were in accordance with institutional
animal care guidelines.

Blood pressure measurement in conscious
freely moving rats  Systolic BP (SBP), diastolic BP
(DBP) and heart period (HP) were continuously re-
corded using previously described technique[6-8].  Briefly,
rats were anesthetized with a combination of ketamine
(40 mg/kg) and diazepam (6 mg/kg).  A floating poly-
ethylene catheter was inserted into the lower abdominal
aorta via the left femoral artery for BP measurement,
and another catheter, when necessary, was placed into
the left femoral vein for intravenous injection.  The cath-
eters were exteriorized through the interscapular skin.
After a 2-d recovery period, the animals were placed
for BP recording in individual cylindrical cages con-
taining food and water.  The aortic catheter was con-
nected to a BP transducer via a rotating swivel that al-
lowed the animals to move freely in the cage.  After
about 14-h habituation, the BP signal was digitized by a
microcomputer.  SBP, DBP, and HP values from every
heartbeat were determined on line.  The mean values of
these parameters during a period of 24 h were calcu-
lated and served as SBP, DBP, and HP.

Method 1: intragastric drug administration in
conscious freely moving rats  Rat was anesthetized
and a catheter was inserted into lower abdominal aorta
for BP measurement as mentioned above.  Immediately
after the insertion of arterial catheter, an incision was
made as small as possible on the left upper abdominal
wall.  A marker line was found on the stomach.  In
anatomy, this marker line is from the bottom of the
esophagus to the greater curvature of the stomach, and
divides the stomach into two parts.  The left part is
almost white, with thin gastric wall relatively lack of
blood vessels.  The right part is almost red, with thick
gastric wall full of blood vessels.  Just left the juncture
at which the greater curvature and the marker line cross,
a small stab was performed with the sharp tip of the
scissors, a catheter (PE50) was inserted into the
stomach, and a purse-string suture was used to fix the
gastric catheter.  The catheter was then tunneled
subcutaneously, and exteriorized, together with arterial
catheter, through the interscapular skin.  These proce-
dures have three advantages: 1) The stabbing at the

above described position is easier to do than that at the
right part of thick gastric wall; 2) ensuring no bleeding
and minimal injury on the stomach; 3) ensuring the stom-
ach in normal physiological position and no angle for-
mation in the gastric catheter. Three days after catheteri-
zation, BP was recorded and drug could be adminis-
tered via gastric catheter without stress.

Example 1  Fig 1 shows the BP tracing of a SHR.
It received a dose of nifedipine (25 mg/kg, iv), BP de-
creased immediately after intravenous injection.  Maxi-
mal decrease in SBP was found about 25 min after drug
administration and the blood pressure returned to con-
trol level 2 h after the injection (upper panel of Fig 1).
About 2 h after the recovery of BP, the same rat was
given a dose of nifedipine (50 mg/kg) by ig with the
proposed method. It was found that BP decreased 10 min
after drug administration and the maximal effect was
found about 40 min after drug. BP returned to baseline
3 h after nifedipine administration (lower panel of Fig 1).

Example 2  Fig 2 shows the BP tracings of 2 SHR
recorded during a period of 25 h. One rat received a
single dose of the combination of atenolol and amlodipine
(10 mg/kg+1 mg/kg) and another was served as control.
It was found that BP decreased about 30 min after drug
administration.  The antihypertensive effect of the drug
was persistent during the 24 h (Fig 2).

Mothod 2: Modified probability sum test for
evaluating the synergism of 2 drugs  The modified
probability sum test[9] was abbreviated as q test in the

Fig 1.  Systolic blood pressure (SBP) tracing of a spontane-
ously hypertensive rat recorded before and after nifedipine
administration.  Upper panel: nifedipine (25 mg/kg) was
give intravenously (iv); lower panel: nifedipine (50 mg/kg)
was given intragastracally (ig).  Note: it is SBP tracing, but
not pulsatile BP.  The thick tracing is due to the time com-
press.  The same for Fig 2.
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present work and its formula was: q=PA+B/(PA+PB−
PA×PB). A and B indicate drug A and drug B; P was the
probability or response rate. When q<0.85, the combination
is antagonistic; when q>1.15, it was synergic.

Example 1  Thirty SHR were divided into 3
groups.  They were received a single dose of atenolol (20
mg/kg), nitrendipine (10 mg/kg) and the combination
(20 mg/kg+10 mg/kg) respectively. Drugs were admin-
istered by gavage.  SBP was measured by tail-cuff indi-
rect method before and 6 h after the drug administration.
Rat with a decrease in SBP>20 mmHg was defined as
responder and with a decrease in SBP<20 mmHg as
non-responder.  It was found that response rate in SBP
was 2/10 in atenolol-treated rats, 6/10 in nitrendipne-
treated rats and 9/10 in the combination group. Accord-
ing to the above-mentioned formula, q=0.9/(0.2+
0.6-0.2×0.6)=0.9/0.68=1.32. This combination was
synergic.

Example 2  Sixty-four SHR were divided into 8
groups with 8 rats in each group.  BP was monitored
continuously with a computerized technique in freely
moving rats for more than 25 h.  The real time for BP
recording was between 9:00 (d 1) and 10:00 (d 2).  Drugs
were administered at 10:00 (d 1).  The mean values
obtained during two periods of one hour (9:00-10:00
d 1 and d 2) were taken for calculating the drug effects.
Rat with a decrease in SBP>20 mmHg was defined as
responder and with a decrease in SBP< 20 mmHg as non-
responder. The drugs used in this study were atenolol,
amlodipine alone, or in combination at different doses.
The response rate was presented in Tab 1.  With these
results, we have: (1) for 10:0.5, q=(3/8)/[(2/8)+(2/8)-
(2/8)(2/8)]=0.86; (2) for 10:1, q=(6/8)/[(2/8)+(3/8)-
(2/8)(3/8)]=1.41; (3) for 10:2, q=(6/8)/[(2/8)+(5/8)-
(2/8)(5/8)]=1.04.  It was concluded that there existed a

significant synergism of atenolol and amlodipine on 24 h
blood pressure control when the combination was 10:1.

Example 3  Twenty-four SHR with a SBP be-
tween 175-190 mmHg were used. Three days after
catheter insertion, BP was monitored for a period of
24 h 10 min after drug administration in conscious
freely moving rats with abovementioned methods. The
mean values of SBP over 24 h were as follows: 171±16
mmHg in rats treated with atenolol 10 mg/kg, n=8;
171±11 mmHg in rats treated with amlodipine 1 mg/kg,
n=8; 155±20 mmHg in rats treated with the combina-
tion of atenolol and amlodipine (10+1 mmHg/kg, n=8).
Rat with a SBP<160 mmHg was defined as responder
and ≥160 mmHg as non-responder. There were 2, 1,
and 4 responder rats in the groups treated with single
dose of atenolol, amlodipine and the combination,
respectively. The q value calculated with abovementioned
formula was 1.45. It was synergic.

DISCUSSION

Rats are widely used in cardiovascular researches
and SHR is the most frequently used animal model in
hypertension researches. It is well known that anesthesia
could influence the observation of the depressor effect
of an antihypertensive drug[10,11]. Generally, anesthesia
potentiates the hypotension of a drug. It was found that
the effect of ketanserin was markedly exaggerated by
anesthesia[10]. Therefore the study of BP in conscious
rats is preferable and computerized BP analysis tech-
nique and more recently the telemetry technique have

Tab 1.  The effects of atenolol, amlodipine alone, and in
combination on systolic blood pressure (SBP) in conscious
spontaneously hypertensive rats.

   Drug       Dose/mg·kg-1  Responder    Non-      Probability
                                                               responder

Ate 10 2 6 2/8
Aml   0.5 2 6 2/8
Aml   1 3 5 3/8
Aml   2 5 3 5/8
Ate+Aml 10+0.5 3 5 3/8
Ate+Aml 10+1 6 2 6/8
Ate+Aml 10+2 6 2 6/8

Ate indicates atenolol; Aml, amlodipine; responder, rat with a
decrease in SBP>20 mmHg; non-responder, rat with a decrease
in SBP <20 mmHg.

Fig 2.  Blood pressure tracing of 2 spontaneously hyperten-
sive rats recorded during a period of 25 h.  One rat (lower
panel) received a single dose of the combination of atenolol
and amlodipine (10 mg/kg+1 mg/kg) and another rat (upper
panel) received vehicle.
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been adopted for rats. The present work introduced
two useful methods for evaluating antihypertensive drugs
in conscious rats. These methods will make the above-
mentioned techniques more practical and sound in studies
of antihypertensive drugs.

Drug administration is the most common problem.
Only intravenous injection was available for observing
the acute effect of a drug in conscious rats when their
BP was directly monitored. The use of intragastric ad-
ministration with present method made the drug ad-
ministration similar to clinical practice.  It is for the
first time to show an immediate effect of oral nifedipine
on SBP in conscious rat (Fig 1).  However, it should be
noted that the oral drug effect in conscious rats is rapider
than that in clinical practice, because the drug is in liq-
uid for rats and in solid tablet or capsule for patients.

It is not an easy job to judge whether a combina-
tion of two drugs is synergic or not. The probability
sum test (q test) was first proposed for this use by Jin
in 1980[9]. In the present work, we used this test for
evaluating the possible synergism of two antihyper-
tensives in rats. q test used qualitative parameter. As
SBP is a quantitative parameter, we should transform it
into qualitative one. Therefore, in the present work rat
with a decrease in SBP>20 mmHg was defined as re-
sponder and with a decrease in SBP<20 mmHg as non-
responder.  Of course, this arbitrary criterion might be
subjected for modification.  If no changes in BP available,
the absolute values might be also used. As in the ex-
ample 3, rat with a SBP recorded over 24 h <160 mmHg
was defined as responder and ≥160 mmHg as non-
responder.  Furthermore, the q test could be also used
to judge the possible synergism of two drugs on organ
protection.  One of the parameters, such as organ dam-
age score, left ventricular hypertrophy index, glomeru-
losclerosis score, might be used[12-14].  For example,
organ damage score in SHR control was 10.0±2.0.  In
rats treated with long-term atenolol, nitrendipine or the
combination of atenolol and nitrendipine, an organ dam-
age score <8.0 was defined as effective and >8.0 as
ineffective.

In the present work, the SBP value of 24th h after
drug was taken for calculating the effectiveness of the
drugs.  If we took the SBP value of 8th or 12th h after
drug, the result might be different. The selection of the
value of 24th h after drug was based the consideration
of 24-h control of blood pressure. Therefore, the aim
of the test should be previously fixed with consider-
ation of clinical significance.

In conclusion, the two methods introduced by the
present work will be important and useful for antihyper-
tensive-drug evaluation in conscious freely moving rats.
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