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Nonsteroidal anti-inflammatory drugs (NSAIDs)
are widely used over-the-counter and prescribed
drugs against many symptoms. Despite of many
side effects, this group is commonly used in long-
term therapy such as in inflammatory symptoms
rheumatism, arthritis and also in geriatric patients
with many diseases. More than 20 million US
patients receive concurrent treatment for arthritis
and hypertension (1). There is a large volume of
evidences dealing with connections between pain
signals transmition and blood pressure controlling
system (2-4) and the influence of NSAIDs on the
blood pressure level becomes interesting for many
researchers. The clinical data show that frequent
use of NSAIDs can increase the blood pressure
level in normotensive (by about 1.1 mmHg) as
well as in hypertensive subjects (by about 3,3
mmHg) (5). There are several postulated mecha-
nisms by which analgesics, such as NSAIDs,
could increase the blood pressure level.
Prostaglandins (PGs) are involved in the regula-
tion of sodium and fluid balance; in the kidneys
and inhibition of PGs by NSAIDs may lead to

sodium and water retention. This effect has been
observed with both traditional NSAIDs and COX-
2 inhibitors, and it may be caused by COX-2
appearance as a constitutive enzyme in the kidney.
Therefore, in the setting of impaired renal func-
tion, the effects of PGs may be even more impor-
tant. Prostaglandins also inhibit endothelin 1 syn-
thesis (6).

In 2007, Greenspan et al. (7) reported signifi-
cant sex differences in pain and analgesia. The
authors presented distinguished biological complex-
ity in pain perception and analgesia. They empha-
sized that the whole hypothesis about pain subject
should be checked on both sexes.

There is a large volume of data about sex
dependence in pain perception. However, the rea-
son of this phenomenon is still unknown. The main
explanation of the sex differences in pain and anal-
gesia are particularly described in book edited by
Roger Fillingim in 2000 (8). Sex steroid hormones
are playing an important role in male and female
pain sensitivity differences. The estrogen level can
increase during estrus/menstrual cycle and then the
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pain sensitivity increases on many, sometimes con-
troversial levels (9). Sex differences in pain percep-
tion depend also on genetic factors (genotype). In
2000, Mogil et al. described in review (10) noci-
ception and antinociception in animals after mor-
phine, which depended on genotype. Benjamin
Kest in 1999 (11) compared male and female mice
pain sensitivity of 11 inbred strains. The nocicep-
tive sensitivity was determined using the tail with-
drawal test at 49OC after supraspinal morphine
administration. Of the 11 strains considered, 3 dis-
played significant sex differences to pain stimuli,
with females demonstrating higher sensitivity than
males in each case. Significant sex differences after
morphine administration were observed in 4 strains.
The major conclusion of presented studies was the
presence of sex differences dependent on genetic
background (genotype).

There are not many data dealing with sex dif-
ferences after NSAIDs analgesia. The researchers
focused more on opioid analgesia. The sex depend-
ent opioid analgesia was determined also in our lab-
oratory (12). It was shown that morphine activity is
stronger in male rats than in female ones. Also the
antinociception after morphine changed during
female estrus cycle (in estrus and proestrus mor-
phine activity decrease). These results confirm other
data [for review see (13)].

The coexistence of hypertension with analgesic
administration necessity is common in males as
much as in females. The pain and blood pressure
level controlling systems influence on each other in
different way in both sexes. Throughout the day,
blood pressure fluctuates significantly, and transient
elevations, such as those associated with exercise,
are not likely to be harmful. Hypertension, on the
other hand, is a chronic and progressive condition
that likely results when arterial blood vessels exert
resistance to the blood flow from the heart. The pop-
ularity of nonopioid analgesics combined with the
prevalence and risks associated with hypertension
have important implications for a large segment of
the population (14).

The aim of this paper was to compare the time-
and dose-dependent antinociception of diclofenac in
different male and female rat strains. The blood
pressure level was also determined, to check the
influence on nociception and antinociception after
diclofenac across different sexes and animal strains.
The interaction between nociception/antinocicep-
tion and blood pressure level changes in female sex
cycle phases can confirm the hypothesis about the
coexistence of pain and blood pressure controlling
system pathways. 

MATERIAL AND METHODS

Animals

Consent of the Ethics Commission for Animal
Investigations at the Medical University in Warsaw
was obtained for these experiments. The tests were
conducted using inbred Spontaneously Hyper-
tensive Rats (SHR), the inbred normotensive Wistar
Kyoto (WKY) and Wistar Albino Glaxo Rats
(WAG) of both sexes. Average female body weight
was 205 ± 38 g and male body weight was 287 ± 44
g. The animals were kept in cages in pairs with free
access to water and feed, aged 90 to 120 days; male
and female animals were separated. All rats were
handled and trained in the test situation before the
initiation of the procedure. Each group consisted of
7 animals. Body weight was determined on the day
of experiment.

Estrus cycle phase monitoring

Estrus cycle phases had been determined on
the basis of cell type analysis from vaginal smear.
The following cell types were distinguished: dead
endometrial cells without nucleus, live oval
endometrial cells with distinct nucleus and leuko-
cyte cells, smaller than endometrial, with irregularly
shaped nucleus. The preparations were made direct-
ly after testing pain sensitivity, stained with trypan
blue to facilitate differentiation between live and
dead cells. Four cycle phases were distinguished:
proestrus, estrus, metestrus, and diestrus (15).
Proestrus was identified when more than 80% live
endometrial cells with nucleus were reported. Estrus
was identified through presence of dead, devoid of
nuclei and unstained by trypan blue endometrial
cells. In the metestrus phase the preparation com-
prised dead cells and leukocytes, whereas the
diestrus phase was characterized with presence of
leukocytes and live cells.

Randall and Selitto tests

Pain threshold was measured applying
mechanical pain stimuli using an analgesimetric
instrument (16). Pressure was expressed in grams.
Arterial blood pressure in rats was measured using
the MK- APM 9301 plethysmographic sensor. The
rats were kept in a restricted space. The floor was
equipped with the heater maintaining a constant
temperature of 37.6OC. These conditions eliminated
stress influence on blood pressure measurements
due to animal required freedom of movement. It was
previously proven that restriction of animal move-
ment had a significant effect on blood pressure
measurement due to increased emotional stress
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Table 1. Average value of pain threshold [g*10] with standard deviation (std. dev.) in SHR rat strain after 40 mg/kg b.w. of diclofenac
administrated per os measured in six time points, each 30 minutes. The significant differences are presented at the p < 0.01 level (denoted
as **) and at the p < 0.05 level (denoted as *); 0 time-point compared to the next time-points.

0 h 30 min 60 min 90 min 120 min 150 min 180 min

MALE 10.35 11.03 13.23 11.95 10.99 9.77

std. dev. 2.53 2.66 2.68 2.41 2.36 2.2

PROESTRUS 9.49 10.08 10.61 12.69** 12.06** 10.09 8.96

std. dev. 1.1 2.41 3.02 2.54 2 1.75 1.86

ESTRUS 8.32 8.39 9.33 11.37** 10.31** 8.94 7.56

std. dev. 1.18 0.97 1.75 2.27 1.3 1.44 1

METESRTUS 8.91 9.26 10.11 11.87** 10.86** 8.99 8.4

std. dev. 0.75 0.92 1.72 1.52 1.84 1.02 0.9

DIESTRUS 9.3 9.14 9.91 11.2** 10.91** 8.86 8.01

std. dev. 0.93 1.14 0.95 1.49 1.45 1.5 0.78

Table 2. Average values of pain threshold [g*10] with standard deviation in WAG rat strain after 40 mg/kg b.w. of diclofenac adminis-
trated per os measured in six time points, each 30 minutes. The significant differences are presented at the p < 0.01 level (denoted as **)
and at the p < 0.05 level (denoted as *); 0 time-point compared to the next time-points.

0 min 30 min 60 min 90 min 120 min 150 min 180 min

MALE 9.46 9.04 9.26 10.92 9.12 7.86

std. dev. 2.47 1.54 1.56 1.9 1.7 1.71

PROESTRUS 9.01 9.09 9.97** 11.51** 10.31** 8.8 8.06**

std. dev. 0.62 0.64 0.45 0.68 1.07 0.7 0.56

ESTRUS 8.16 9.01 9.8* 10.94** 9.91** 8.4 7.64

std. dev. 0.85 0.97 0.86 1.87 2.36 0.82 0.39

METESRTUS 8.69 8.66 9.11 11.6** 9.31 8.34 7.67**

std. dev. 0.61 0.4 0.16 0.91 0.95 0.45 0.26

DIESTRUS 7.98 8.13 8.4 10.06** 9.13** 8.36 7.64

std. dev. 0.98 0.87 0.96 0.92 0.7 0.39 0.55

Table 3. Average values of blood pressure [mmHg] with standard deviation in SHR rat strain after 40 mg/kg b.w. of diclofenac adminis-
trated per os measured in six time points, each 30 minutes. The significant differences are presented at the p < 0.01 level (denoted as **)
and at the p < 0.05 level (denoted as *); 0 time-point compared to the next time-points.

0 h 60 min 90 min 120 min 150 min 180 min

MALE 163.57 155.11 143.18 143.46 149.29 155.93

Std. dev. 21.55 24.89 24.48 18.8 18.98 20.02

PROESTRUS 169.17 166.83 160.67** 162.67 162.33** 161.67**

Std. dev. 3.06 2.64 2.94 4.27 1.63 9.29

ESTRUS 169.29 164 160.29** 161.57** 161.86** 163.71

Std. dev. 5.65 7.85 5.5 2.64 3.93 5.85

METESRTUS 172.71 171.86 163.71 159.14** 162.14 165.86

Std. dev. 12.51 14.86 14.6 6.23 4.6 8.67

DIESTRUS 164.86 163.71 151.71** 152.14** 161.14 162.57

Std. dev. 6.84 16.16 11.16 6.67 10.62 11.21
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Table 4. Average values of blood pressure [mmHg] with standard deviation in WAG rat strain after 40 mg/kg b.w. of diclofenac admin-
istrated per os measured in six time points, each 30 minutes. The significant differences are presented at the p < 0.01 level (denoted as
**) and at the p < 0.05 level (denoted as *); 0 time-point compared to the next time-points.

0 h 60 min 90 min 120 min 150 min 180 min

MALE 137.8 134.58 128.99 126.98 129.07 135.22

Std. dev. 7.2 9.96 14.78 15.11 9.91 13.02

PROESTRUS 133.83 127.83** 118.33** 118.83** 121.17** 126.5**

Std. dev. 5.19 2.32 5.35 4.36 3.6 4.51

ESTRUS 134 131.43 119** 123* 124.14* 128.43

Std. dev. 12.22 7.23 9.2 2.58 4.45 11.89

METESRTUS 132.29 124** 120** 121.29** 127.57 128.14

Std. dev. 7.87 5 8.16 3.82 1.9 2.73

DIESTRUS 136.71 127.14** 114.14** 119** 122.43** 129.57**

Std. dev. 4.68 5.67 4.22 7 7.81 6.73

Tabl. 5 Average values of pain threshold [g*10] with standard deviation in SHR and WKY rat strains 60 minutes after diclofenac admin-
istration in dosages 10 mg, 20 mg and 40 mg/kg body weight. The differences were calculated between the pain threshold before drug
administration and 60 minutes after drug administration. The significant differences are presented at the p < 0.01 level (denoted as **) and
at the p < 0.05 level (denoted as *)

SHR WKY

0 min 60 min 0 min 60 min

10 mg 9.8 10.1 11.3 11.8

Std. dev. 0.97 1.12 1.08 1.19

20 mg 9.64 10.11* 10.9 11.4*

Std. dev. 1.18 1.49 1.13 0.89

40 mg 9.85 11.03** 11 12.8**

Std. dev 1.53 1.66 1.2 1.06  

Tabl. 6 Average blood pressure values [mmHg] with standard deviation in SHR and WKY rat strains 60 minutes after diclofenac admin-
istration in dosages 10 mg, 20 mg and 40 mg/kg body weight.

SHR WKY

0 min 60 min 0 min 60 min

10 mg 177 165.9 125.3 123.7

Std. dev. 2.4 4.2 1.8 2.8

20 mg 163.96 160.57 122.8 122.6

Std. dev. 14.92 13.81 1.6 1.97

40 mg 163.57 155.11 123.4 122.9

Std. dev 21.55 24.89 2 2.1

caused by confined space (paper in print). The meas-
urement was started after 3 min adaptation. The
plethysmographic sensor was placed 1 cm below tail
base, the pressure in the sleeve was increased above
systolic pressure and then, slowly decreased. The
reading was taken when the pressure in the sleeve
reached the systolic pressure value. The non-inva-

sive arterial pressure measurement was based on
infrared radiation transmission variations at 940 nm
wavelength through ratís tail versus the pulse
rhythm. Balancing of systolic pressure with exter-
nally applied pressure led to closing of the vessel
and disappearance of modulation. External pressure
at which the amplitude of the observed and recorded
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signal approaches zero corresponds to the value of
systolic pressure.

Drugs

Diclofenac was used at three doses: 10 mg/kg,
20 mg/kg and 40 mg/kg. The first dosage, 10 mg/kg,
was dissolved in saline and administered sub-
coutaously in a volume of 0.015 mL. Next doses
were administered per os as suspensions with 0.1 %
methylcellulose.

Procedure

Body weight, blood pressure and pain thresh-
old were measured in tamed animals. Diclofenac
was administered first subcutaneously (0.15 mL) in
a dose of 10 mg/kg body weight to male SHR and
WKY rats. Blood pressure and pain threshold were
measured 60 min after diclofenac administration.

Next, diclofenac, in doses 20 mg/kg and 40
mg/kg body weight, was administered per os as sus-
pension with 0.1 % methylcellulose to WAG, SHR and
WKY male rats. Blood pressure and pain threshold
were measured 60 min after diclofenac administration.

After initial analysis next part of the experi-
ment was performed. Body weight, blood pressure
and next, pain threshold were measured in both
sexes WAG and SHR strains. A dose of 40 mg/kg
body weight was administered per os as suspension
with 0.1 % methylcellulose to WAG, SHR male and
female rat strains. A vaginal smear was taken direct-
ly after measurements to identify the menstruation

cycle phase. Blood pressure and pain threshold were
measured every 30 min after drug administration for
2.5 h. Each measurement was repeated twice and the
final result was expressed as an average value.

Data analysis

The results were obtained by Microsoft Excel
and STATISTICA 7.1. The mean value and standard
deviation were calculated by Microsoft Excel.
Kolmogorow-Smirnow test and the variance analy-
sis, two-way ANOVA, at the p < 0.05 and p < 0.01
level were used Then, the interactions were calculat-
ed by the NIR-Fisher post-hoc test. Correlation
analysis was evaluated by Pearson test between
blood pressure and pain threshold before and after
drug administration. The results are presented as the
mean ± SEM for 7 animals per group.

RESULTS

There was a significant difference between the
pain threshold in SHR and WKY rat strains. Pain
sensitivity in normotensive (WKY) animals was sig-
nificantly lower as compared to that in the SHR
strain (Fig. 1).

A significant diclofenac analgesia was
observed after doses of 20 mg/kg and 40 mg/kg
body weight in both strains. Stronger analgesia was
achieved with 40 mg/kg of diclofenac than with a
dose of 20 mg/kg. There was no significant effect
after 10 mg/kg of diclofenac (Table 5).

Figure 1. Pain threshold level before and 60 min after diclofenac administration in different dosages (10, 20, 40 mg/kg body weight) in
SHR and WKY rat strains. Significant differences in pain sensitivity were observed between SHR and WKY rat strains before drug admin-
istration (** p < 0.01). Significant antinociception was observed after 20 and 40 mg/kg diclofenac administration (&& p < 0.01).
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The results of time-dependent diclofenac study
indicated that the pain threshold level increases sig-
nificantly in hypertensive (SHR) and normotensive
(WAG) male and female rats after 40 mg/kg of
diclofenac. Diclofenac maximal analgesic effect
was observed 90 min after drug administration in
WAG and SHR male and female rats (Tables 1, 2).
The pain threshold level was significantly higher
before the drug administration in SHR female rats as
compared to WAG females in sex cycle phases (p <
0.014 proestrus and p < 0.008 diestrus). There were
also significant differences in pain sensitivity before
diclofenac administration in estrus cycle phases in
SHR strain between estrus and proestrus (p < 0.001)
and estrus and diestrus (p < 0.017). Significant
changes in pain sensitivity were observed in estrus
cycle phases after 40 mg/kg dose of diclofenac. In
WAG rat strain the lowest pain threshold was in
diestrus phase and in SHR the lowest pain threshold
was in estrus phase (Tables 1, 2). These observa-
tions were significant. There were no changes in
blood pressure level in WKY male rats 60 min after
40 mg/kg diclofenac administration (Table 6). In
male and female SHR, a dose of 40 mg/kg of
diclofenac significantly decreased the blood pres-
sure level (Tables 3, 6). The maximal effect was
observed 90 min after diclofenac administration in
proestrus, estrus and diestrus phases. In metestrus
phase maximal effect was observed at a 120 min
time-point. In WAG rat strain, 40 mg/kg of
diclofenac significantly decreased the blood pres-
sure level in female rats as well (Table 4).

There were correlations between blood pres-
sure and pain threshold level. In WAG female rat
strain in metestrus and diestrus the correlations were
statistically significant (R = -0.83; R = -0.89).

DISCUSSION AND CONCLUSIONS

There are already strong evidences that the
pain sensitivity and antinociception depends on
genotype. The results presented confirm these find-
ings. There were differences in pain sensitivity
between SHR and WKY and also between SHR and
WAG. Diclofenac antinociceptive properties were
also different in SHR and WAG female rats.
According to the previous reports, during the whole
pain studies the strain of animals should be consid-
ered (11). The results point to a variable pain sensi-
tivity of females depending on their sex cycle phas-
es but the antinociception properties were similar in
estrus cycle phases after diclofenac treatment. 

There are several mechanisms by which anal-
gesics, particularly NSAIDs, could raise the blood

pressure. Among the various possible mechanisms,
the most plausible is the acute effect of NSAIDs on
the kidney, which results in salt and water retention
and subsequently can lead to an increase in the blood
pressure level. In the obtained results the blood pres-
sure changes were opposite, but in the cited papers
the increase of blood pressure was observed in long
duration treatment in humans (5, 6).

The totality of evidence suggests that all
NSAIDs, both selective and nonselective, have the
potential to increase blood pressure and cause salt
and fluid retention in certain groups of patients (17,
18). As directed by warning labels, at-risk patients
should be carefully and appropriately monitored,
particularly when using higher doses or more potent
NSAIDs for longer durations. Certain classes of
patients may be more susceptible to hypertensive
effects of NSAIDs, including patients with preexist-
ing hypertension, other cardiovascular and renal dis-
ease, or liver disfunction, as well as elderly patients
and patients with rheumatoid arthritis. These
patients should be monitored, and NSAIDs should
be used cautiously in these patients.

Currently available data are insufficient for
defining evidence-based clinical guidelines for the
use of NSAIDs, and the need for additional research,
eg. specifically randomized, controlled trials, is evi-
dent. Diclofenac demonstrates a significant risk,
while naproxen appears to pose the lowest, albeit
nonsignificant, risk for cardiovascular morbidity (19). 

Changes in arterial blood pressure which were
observed in hypertensive animals after diclofenac,
could confirm the existence of collaboration
between the mechanism controlling arterial blood
pressure and systems participating in pain sensation
regulation. 
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