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Introduction

Abstract

Aim: To investigate the possible synergism of hydrochlorothiazide and
nitrendipine on reducing both blood pressure (BP) and blood pressure variabil-
ity (BPV) in spontaneously hypertensive rats (SHR). Methods: Seventy ani-
mals were randomly divided into seven groups. The doseswere 5 and 10 mg/kg
for nitrendipine, 10 and 20 mg/kg for hydrochlorothiazide and 10+5, 20+10
mg/kg, respectively, for the combination of these two drugs and 0.8% carboxym-
ethylcellulose as control. The drugs were given viaa catheter of gastric fistula.
BP was then continuoudly recorded for 5 h from 1 h before drug administration
to the end of 4th hour after drug administration, in conscious and freely moving
rats. Results: The effects on both BP and BPV reduction of the combination of
hydrochlorothiazide and nitrendipine were greater than the singledrug in SHR.
The two drugs possessed an obvious synergism on both systolic blood pressure
(g=1.79 with small dose and g=1.23 with large dose) and systolic blood pres-
sure variability reduction (g=1.79 with small dose and g=1.39 with large dose)
in SHR. Conclusion: The present work clearly demonstrated that there was a
synergistic effect between hydrochlorothiazide and nitrendipinein lowering and
stabilizing BPin SHR.

whether a combination of hydrochlorothiazide and nitren-
dipineissynergistic on BP reduction.

Although many new drugs, or recently developed drugs
were available, the classic antihypertensive drugs, such as
hydrochlorothiazide and nitrendipine, still have their place
in the treatment of hypertension. This is because of their
effectiveness and their low cost. Clinically, only approxi-
mately 50% of patients achieve optimal blood pressure (BP)
control with monotherapy. Therefore, treatment with two
or more antihypertensive drugs of different classesis of-
ten necessary™. Hydrochlorothiazide, athiazides diuretic
and nitrendipine, acalcium antagonist, aretwo classic drugs
widely used in the treatment of hypertension. They belong
to two different classes of antihypertensives and the mecha-
nisms of action are quite different. Generally speaking, a
combination of two drugs with different action modes may
be synergistic. However, there is no evidence to show
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BPisnot constant and there exists a spontaneous varia-
tion in BP. This spontaneous variation is defined as blood
pressure variability (BPV). Itiswell knownthat BP leve is
an important determinant for the end-organ damage in
hypertension. However, BP level is certainly not the unique
determinant for hypertensive organ damage. Recently, it
has been proposed that BPV may be an important factor
determining organ damage in hypertension!*™. In other
words, antihypertensive treatment should be aimed not only
at reducing BP level but also at reducing BPVI™.,

Therefore, the present work was designed to investigate
the synergism of hydrochlorothiazide and nitrendipine on
both BP and BPV reduction in spontaneously hypertensive
rats (SHR). The possible pharmacological mechanisms of
this synergism are also discussed.
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Materials and methods

Animalsand chemicals Seventy male SHR, at 16 weeks
of agewere provided by the animal center of our university.
The animals were divided into seven groups with ten ratsin
each group. The ratswere housed with controlled tempera-
ture(23-25 °C) and lighting (08:00-20:00 light, 20:00-08:00
dark) and with free access to food and tap water. All the
animals used in thiswork received humane carein compli-
ance with institutional animal care guiddines. Antihyper-
tensive drugs used in this study are as follows: hydrochlo-
rothiazide (Nanjing Pharmaceutical Co, Nanjing, China) and
nitrendipine (Shanghai Sanwei Pharmaceutical Co, Ltd,
Shanghai, China).

Drug administration The two drugs and the combina-
tion of thesetwo drugswere dissolved in the 0.8% carboxym-
ethylcellulose sodium (CMC). After aprdiminary study, the
dosages were as follow: hydrochlorothiazide 10, 20 mg/kg,
nitrendipine 5 mg, 10 mg/kg and the combination of hy-
drochlorothiazide and nitrendipine 10+5, 20+10 mg/kg.
Each group of rats received one dosage and 0.8% CMC was
given to control rats (n=10 for each group). Drugs were
administered by catheter of gastric fistula implanted 3 d
before the experiment.

BP and BPV measurement Systolic BP(SBP), diastolic
BP (DBP) and heart period (HP) were continuously re-
corded described in previous studies™®™. Rats were anes-
thetized with a combination of ketamine (40 mg/kg) and
diazepam (6 mg/kg). A floating polyethylene catheter was
inserted into the lower abdominal aortaviathe left femoral
artery for BP measurement, and another catheter was placed
into the stomach via a mid-abdominal incision for drug ad-
ministration (ig). The catheters were exteriorized through
the interscapular skin. After operation, each animal was
treated intramuscularly with a dose of sodium benzyl peni-
cillin (6x10* 1U) and housed individually with controlled
temperature (23-25 °C) and with free access to food and
tap water. After a2-d recovery period, the animals were
placed in individual cylindrical cages containing food and
water for BPrecording. The aortic catheter was connected
to a BP transducer via a rotating swivel that allowed the
animalsto move freely in the cage. After approximately 4-
h habituation, at 12:00 the BP signal wasdigitized by acom-
puterized system (MPA 2000M, Alcott Biotech, Shanghai,
China). Then, at 13:00 the drug was given via the catheter
of gastric fistula. SBP, DBP, and HP values from every
heartbeat were recorded for 4 h, up to 17:00, according to
our preliminary studies. Themean values and standard de-
viation of these parametersfor each rat were calculated. The

1576

standard deviation of al values obtained was denoted as
the quantitative parameter of variability, ie, SBP variability
(SBPV), DBPvarighility (DBPV).

Probability sum test To determine whether the com-
bination was synergistic, we used the probability sum test
(q test)!®*™, Thistest came from classic probability analy-
sisand it was proposed for evaluating the synergism of the
combination of 2 drugs. In the present work, we used the
following criteria. Compared with the mean values of 1-h
basdline (before drug adminigtration), rats with a decrease of
the mean value of 4 h>20 mmHg (in SBP) and >15mmHg (in
DBP) weredefined asresponders. For SBPV and DBPV, the
ratswith adecrease or increase >1.5 mmHg were defined as
responders. The formulais as follows: q=P,.,g/(Ps+Pg—
P,xPg). Here, A and B indicate drug A and drug B; P
(probability) isthe percentage of respondersin each group.
P,.g isrea percentage of responder and (P,+Pg—P,XPg) is
expected response rate. (P,+Pg) indicates the sum of the
probabilitieswhen drug A and drug Bisused alone. (P,XxPg)
is the probability of rats responding to both drugs when
they were used alone, that is assuming the two drugs act
independently. When g<0.85 the combination is
antagonistic; when g>1.15 it issynergistic. Andwhen qis
between 0.85and 1.15, it isadditive.

Statistical analysis Datawere expressed as mean+SEM.
Comparisons among groups were made by using ANOVA
and comparisons between val ues obtained in the same group
beforeand after drug adminigtration were made by using the
paired t-test. P<0.05 was cons dered statitically significant.

Results

Effectsof nitrendipineand hydr ochlor othiazide alone
and in combination on BPin SHR Thebasdine SBPin con-
trol SHRwas175+12 mmHg and DBPwas 110+14 mmHg. BP
remained unchanged after administration of vehicle (Table
1). ThebaselineSBPand DBPin al 6 treated groups of SHR
were similar to those in the control group. SBP and DBP
(means of aperiod of 4 h) were significantly decreased in
rats treated with the combination and with the high dose of
hydrochl orothiazide or nitrendipinealone. Theminimal de-
creasein SBP (-6 mmHg) wasobserved in ratstreated with a
small dose (10 mg/kg) of hydrochlorothiazide and the maxi-
mal decreasein SBP (-41 mmHg) in ratstreated with thecom-
bination of hydrochlorothiazide and nitrendipine at high
doses (20+10 mg/kg). A significant dose-effect relationship
was found in the combination group. The decreasein 4-h
DBP was not as profound asthe decreasein SBP. Only the
combination of hydrochlorothiazideand nitrendipineat high
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Table 1. Effects of hydrochlorothiazide (Hyd), nitrendipine (Nit) alone and in combination on blood pressure in spontaneously hypertensive

rats. n=10 in each group. Mean+SEM. °P<0.05, °P<0.01 vs control.

DBP (mmHg)
Before/After drug

HP (ms)
Before/After drug

Drug Dose (mg/kg) SBP (mmHg)
Before/After drug
Control 175+3.8/176+3.5
Hyd 10 177+4.7/171+3.2
Nit 5 177+2.5/164+4.4
Hyd+Nit 10+5 178+4.1/154+4.7°
Hyd 20 175+3.2/166+4.4°
Nit 10 174+4.4/158+5.1°
Hyd+Nit 20+10 181+2.8/140+5.4°¢

110+4.4/113+4.1
114+2.8/110+3.5
112+3.2/109+3.8
116+3.2/97+4.1°
106+3.8/99+4.7°
117+3.8/106+2.8°
120+£3.5/93+3.2¢

153+6.6/155+5.4
154+6.0/157+6.6
163+4.4/159+6.0
160+£4.7/157+4.7
158+3.2/161+4.4
160+5.1/152+5.9°
165+6.0/151+5.4¢

SBP, systolic blood pressure; DBP, diastolic blood pressure; HP, heart period.

doses (20+10 mg/kg) decreased the DBP of rats morethan 20
mmHg. Intermsof HP, only adight tachycardia (shortened
HP) was seen in rats treated with large-dose nitrendipine
and the combination at alarge dose (Table 1).

Effectsof nitrendipineand hydr ochlor othiazide alone,
and in combination on SBPV and DBPV after administra-
tion in SHR The mean values of BPV over 1 h just before
drug administration served asthe basdine. The mean val-
ues of BPV over 4 h after drug administrati on were compared
with basdinevaues. Thebasdine SBPV and DBPV in con-
trol SHR were 9.67+0.16 mmHg and 6.51+0.19 mmHg,
respectively. BPV remained unchanged after administration
of thevehicle. ThebaselineBPV in al 6 treated groups of
SHR was similar to those in the control group. It wasfound
that SBPV significantly decreased in rats treated with the
combination and with the high dose of nitrendipine alone
and DBPV significantly decreased only in rats treated with
thecombination (Figure ).

Syner gism of hydr ochlor othiazide and nitr endipineon
SBP and SBPV in SHR Based on theresults presented in
Table 2, the effectiveness of the decrease in SBP was cal cu-
lated individually. Ratswith adecreasein SBP (=20 mmHg)
were defined as responder and with adecreasein SBP (<20
mmHg) as non-responder. According tothiscriterion, the
probability was defined as theratio of responder by thetotal
number ratsstudied in agroup. Theresult of the probability
ispresented in Table 2. Using the formula described in the
method section, we have g-values of 1.79 for the low-dose
group (10+5 mg/kg) and 1.23 for the high-dose group
(20+10 mg/kg) with the combination of hydrochlorothiaz-
ide and nitrendipine. These g values were >1.15, and the
combination was synergistic. However, g values for DBP
were not the same asfor SBP. The synergism was only seen
inthelarge-dose group (g=1.30). BPV was calculated using
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Figure 1. Effects of nitrendipine and hydrochlorothiazide alone and
in combination on SBPV and DBPV 4 h after administration in SHR.
n=10. Mean+SEM. "P<0.05, °P<0.01 vs control.

the data obtained during a period of 4 h after the drug
administration. Compared with the basdline, a decrease of
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Table 2. The result of probability sum test for the combination of
hydrochlorothiazide and nitrendipine in spontaneously hypertensive
rats. n=10 in each group.

Drug Doss SBP-P SBPV-P DBP-P DBPV-P
(mg/kg)
Hyd 10 1/10 1/10 0 0
Nit 5 2/10 2/10 2/10 2/10
Hyd+Nit 10+5 5/10 5/10 2/10 3/10
g values 1045 179 179 10 15
Hyd 20 3/10 2/10 2/10 1/10
Nit 10 5/10 2/10 5/10 2/10
Hyd+Nit 20+10 8/10 5/10 9/10 4/10
g values 20+10 1.23 1.39 1.30 2.22

Hyd, hydrochlorothiazide; Nit nitrendipine. Compared with the mean
value of before administration, the decrease of SBP (=20 mmHg) was
defined as responder; the decrease of DBP (=15 mmHg) was defined
as responder. The decrease of SBPV, DBPV (=1.5 mmHg) was de-
fined as responder. SBP-P, percentage of responders for systolic blood
pressure; DBP-P, percentage of responders for diastolic blood pressure;
SBPV-P, percentage of responders for systolic blood pressure variability;
DBPV-P, percentage of responders for diastolic blood pressure variability.

0=Pryaenit/ (PriyatPric=Prya*Puit)

SBPV (>1.5 mmHg) was defined as responder. According to
this criterion and using the formuladescribed in the Method
section, we have the g-values 1.79 for the low dose group
and 1.39 for the high-dose group with the combination of
hydrochlorothiazide and nitrendipine. In terms of the effect
on DBPV, we have q values of 1.50 for the low-dose group
and 2.22 for thelarge-dose group. Asall gvalueswere>1.15,
the combination was judged as synergistic.

Hourly analysisof theeffectsof nitrendipineand hydro-
chlorothiazide alone and in combination on BP Figure 2
shows hourly analysis of the effects of hydrochlorothiazide
and nitrendipine alone and in combination on BP. In the
control group, SBP remained unchanged in the 1st to 4th
hour after vehicle administration (data not shown). It was
found that SBP was significantly decreased in the 2nd hour
after thetreatment with asmall dose of hydro-chlorathiazide,
inthe 2nd and 3rd hour after thetreatment with a small dose
of nitrendipine, andin the 2nd to 4th hour after thetreatment
with a small dose of the combination (upper panel of Figure
2). Inlarge dosegroups, SBPwas significantly decreased in
the 1st to 3rd hour after the treatment with hydrochloro-
thiazide, in the 2nd and 3rd hours after the treatment with
nitrendipine, and in all 4 hour studied after the treatment
with combination (bottom pand of Figure2). Fromthehourly
analysis, it was found that the combination of hydrochlo-
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Figure 2. Effects of hydrochlorothiazide and nitrendipine alone and
in combination on BP from 1st to 4th hour after administration in
SHR. n=10. Mean+SEM. "P<0.05, °P<0.01 vs before.

rothiazide and nitrendipine not only potentiated but also
prolonged BP reduction.

Discussion

The main findings of the present work may be summa-
rized asfollows: (i) there existed an important synergism of
hydrochlorothiazideand nitrendipineon SBPreduction. This
synergism was greater when treated with small doses; (ii)
there existed a synergism of hydrochlorothiazide and
nitrendipine on BPV reduction; (iii) the combination of these
two drugs prolonged the antihypertensive effect in SHR.

Theoretically, using two antihypertensive agents with
different modesof action can increase blood pressure control.
Hydrochlorothiazide and nitrendipine are two drugs widely
used and often used in combination*?*, It was reported
that the combination was found to be effective in lowering
BPtodesirablelevelswith minimal sideeffectd™. Practically,
however, it is not easy to judge whether a combination of
two drugsis synergic or not. The probability sum test was
first proposed by Jin in 1980"% and adapted for evaluating
the synergism of two antihypertensive drugsrecently. With
this method, we have studied the synergic effects on BP
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lowering and BPV reduction of two combinations: atenolol
and nitrendipine, atenol ol and aml odi piné*>***, Thismethod
was also used in the present work to evaluate the possible
synergism of hydrochlorothiazide and nitrendipine.

Usually, antihypertensive drugs are used orally in hy-
pertensive patients. To mimic thisclinical administration,
drugs are given by gavage through the mouth in animal
studies. However, stressisunavoidable when the gavageis
used. Inthe present study, drugs were given ig by using a
gastric catheter implanted 3 d before the experimentg™®®,
This method allows us to record the observing variables
during or immediately after drug administration.

The present work clearly demonstrated the synergism of
hydrochlorothiazide and nitrendipine on SBP reduction in
SHR. This synergism is greater when the treatment iswith
small doses (g=1.79) than with large doses (q=1.23). Inter-
estingly, the combination of these drugs could prolong their
antihypertensive effect. Even in large doses, there was no
effect in the 4th hour after the administration of hydro-
chlorotiazide or nitrendipine. However, the antihyperten-
sive effect of the combination of these drugs lasted more
than 4 h even in the small-dose group. In termsof DBP, the
synergism was not obvious as SBP, and it was only seen in
the large-dose group. It iswell known that hydrochlorothi-
azide reduces the blood volume in acute treatment and
nitrendipine dilate the resistant arteries. The great differ-
ence in their action modes might be the basis of synergism
when they were used in combination.

BPV is associated with hypertensive organ damagein
SHRI"*. Furthermore it was found that high BPV alone,
without hypertension, could also induce organ damagein
sinoaortic denervated normotensive rats*>*?, Recently, it
was reported that BPV reduction contributed importantly
to the organ protective effects of some antihypertensive drugd™™.
Therefore, we propose BPV reduction as a new strategy
for the treatment of hypertension”®. In the present work,
it was found that the monatherapies with hydrochlorotiazide
or nitrendipine had no or minor effects on BPV reduction.
However, the combination of hydrochlorotiazide and nitrendi-
pine possessed a significant effect on BPV reduction. This
effect will be beneficial in the treatment of hypertension.

In conclusion, the combination of hydrochlorothiazide
and nitrendipine possessed an obvious synergism on both
BP lowering and BPV reduction in conscious free-moving
SHR.
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