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Abstract

Oxidative stress is one of the important mechanisms involved in Dexamethasone (Dex)-
induced hypertension. Protocatechuic acid (PCA) is a natural compound with high antioxidant
capacity. In this investigation, the effect of pretreatment with PCA was studied in Dex-induced
hypertensive male Wistar rats. For induction of hypertension, Dex was injected subcutaneously
for 14 days. PCA (50, 100 and 200 mg/kg) was started from 4 days before Dex administration
and continued during the test period. Systolic blood pressure (SBP) was recorded using tail-cuff
method. Measurement of thymus weight was done as a marker of glucocorticoid activity. The
hydrogen peroxide (H,O,) concentration and ferric reducing antioxidant power (FRAP) were
determined in plasma samples. Significant increase in SBP and plasma H,O, concentration and
decrease in FRAP value and in the body and thymus weights were observed in Dex-induced
hypertensive rats. PCA dose-dependently prevented hypertension and body weight loss, and
reduced plasma H,O, concentration and increased FRAP values. These results suggest the
antihypertensive and antioxidant effects of PCA against Dex-induced hypertension.
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Introduction worldwide health (4).

A growing body of evidence

suggests

Hypertension (HTN) is a common medical
condition which approximately affects 40% of
people in the world (1). HTN is a risk factor for
many cardiovascular diseases such as angina,
congestive heart failure, coronary heart disease
(CHD), increased intraocular pressure, retinal
microvascular abnormalities, cerebrovascular
accidents, myocardial infarction (MI) and end-
stage renal disease (2, 3). As a main cause of
death and disability, HTN is a major concern for
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that oxidative stress plays a great role in the
pathogenesis of hypertension (5). Increased
production of reactive oxygen species (ROS)
such as superoxide anion radicals, hydroxyl
radicals, hydrogen peroxide and singlet oxygen
occurs in oxidative status (6). Interaction between
ROS and nitric oxide (NO) which leads to
decrease NO availability and imbalance between
free radical production and antioxidant defense
have been implicated in the pathophysiology
of vasoconstriction and high blood pressure
(7). Some beneficial effects have been reported
from antioxidant agents in the prevention and
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attenuation of hypertension and also improvement
of endothelial dysfunction (8, 9).

Protocatechuic acid (PCA) is a natural
phenolic compound and major metabolite of
anthocyanins with free radical scavenging action
(10, 11). It has various pharmacological activities
including anti-inflammatory, anti-apoptotic, anti-
diabetic and neuroprotective effects (12-14).
PCA also possesses beneficial cardiovascular
properties such as anti-atherogenic and
endothelial cell-protective effects (15, 16).
Since the anti-hypertensive activity of PCA
has remained unknown, the present study was
designed to evaluate the effects of chronic
administration of PCA on dexamethasone (Dex)-
induced hypertension in rats.

Experimental

Animals

Male albino Wistar rats (200 + 20 g) were
obtained from the animal house of the School of
Pharmacy and Pharmaceutical Sciences, Isfahan
University of Medical Sciences, Iran. They were
housed under standard the laboratory conditions
and had access to standard rat chow and water.
Rats were allowed to acclimatize to laboratory
condition for 1 week before the experiments. All
the experimental procedures were according the
standard ethical guidelines for laboratory animal
use and care as described by the Animal Ethical
Committee of Isfahan University of Medical
Sciences.

Materials

Protocatechuic acid (3, 4-dihydroxybenzoic
acid) was obtained from Serva Feinbiochemica
(Heidelberg, Germany). Dexamethasone and
vitamin C (ascorbic acid) were purchased from
Darou Pakhsh Pharmaceutical Co. (Tehran,
Iran) and captopril was purchased from Tehran
Darou Pharmaceutical Co. (Tehran, Iran). The
measurement of plasma lipid hydroperoxides
and ferric reducing antioxidant power (FRAP)
were done using standard assay kits (Hakiman
Shargh Research Co., Isfahan, Iran).

Experimental protocol
In this prevention study, oral administration
of drugs using an intragastric tube was started
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from 4 days before induction of hypertension by
Dex and continued during the test period. Rats
were randomly divided into seven groups as
follows: (i) group 1 as the saline control group
received daily injection of saline (1 mL/kg, s.c.)
for 14 days (Days 4-18); (ii) group 2 as the Dex
control group received daily injection of Dex (30
ng/kg, s.c.) for 14 days (Days 4-18) (17); (iii)
group 3 as the antihypertensive positive control
group received daily oral administration of
captopril (40 mg/kg) (Days 0-18); (iv) group 4 as
the antioxidant positive control group received
daily oral administration of vitamin C (750 mg/
kg) (Days 0-18); groups 5 to 7 received daily
oral administration of different doses of PCA
(50, 100 and 200 mg/kg) (Days 0-18).

The saline and Dex control rats were also
received PCA wvehicle (1% carboxymethyl
cellulose in saline) orally. Six rats were used in
each group. Rats were weighed on alternate days
between 10 AM and 12 noon. At the end of the
experiment, all groups of animal were sacrificed
under ether anesthesia. The thymus gland was
removed. The blood samples were collected into
heparinized tubes and plasma was separated for
further experiments.

Measurement of systolic blood pressure

The systolic blood pressure (SBP) was
recorded at the first day and the last day of the
experiment (days 1 and 18), between 10 AM and
12 noon, by non-invasive tail-cuff method (AD
Instrument PowerLab Data Acquisition System,
Australia). Rats were trained with instrument
for one week before initiation of the experiment
and were conscious during the measurement.
The animals were placed in a heated restrainer
at 37 £ 1 °C for 10 minutes. At least 3 blood
pressures were measured for each rat and the
average of them was reported as the SBP.

Measurement of thymus weight

The thymus weight, as a marker of
glucocorticoid activity was measured and reported
as mg/100g of body weight (18).

Measurement of plasma hydrogen peroxide
concentration

A colorimetric assay kit based on the ferrous
ion oxidation by xylenol orange reagent in



160

140

120

100

80

60

40

Systolic blood pressure (mmHg)

20

Time (day)

Effect of protocatechuic acid on blood pressure.

[INormal saline

it

B Dexamethasone
[0 Captopril
avitC

BPCA 50

EPCA 100
EPCA 200

Figure 1. Effects of pretreatment with PCA (50, 100 and 200 mg/kg), captopril (40 mg/kg) and vitamin C (750 mg/kg) on systolic blood
pressure in Dex-induced hypertension. Values are means + SEM for six rats. P < 0.01, ™" P < 0.001 as compared to Dex control group.

#P <0.01 and #*P < 0.001 as compared to saline control group.

aqueous medium with sorbitol (FOX1) was
used for the measurement of plasma hydrogen
peroxide (H,0,) concentration (19). In brief,
FOX1 reagent prepared according to the
manufacturer’s protocol was mixed with the
plasma samples and incubated for 30 min
in 37 °C. The absorbance of solutions was
measured at 540 nm using a microplate reader/
spectrophotometer (Bio-Tek, Power Wave XS).
The H,O, concentration of plasma samples was
calculated using a standard curve obtained from
different concentrations of H,0O,.

Measurement of plasma ferric reducing
antioxidant power

A colorimetric assay kit was used for
measurement of the total antioxidant capacity of
plasma samples by ferric reducing antioxidant
power (FRAP) assessment (20). FRAP was
evaluated based on the reduction of ferric-
tripyridyltriazine complex to ferrous form.
In brief, the FRAP reagent according to the
manufacturer’s protocol was added to the
plasma samples and incubated for 40 min in 40
°C. The absorbance of colored solutions was
measured at 570 nm using a microplate reader/
spectrophotometer. The FRAP value of samples
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were calculated against the standard curve of
FeSO4x7H20 concentrations and expressed as
micromole of Fe II equivalents per liter.

Statistical analysis

Statistical analysis was performed by one-
way analysis of variance (ANOVA) followed by
Tukey post-hoc test using SPSS software version
16.0. The data were shown as the mean £SEM.
P value < 0.05 was considered to be statistically
significant.

Results

Effect of protocatechuic acid on blood
pressure

Dailyinjectionofdexamethasonesignificantly
increased SBP from 116.8 + 2.5 to 149.2 + 3.9
mmHg on day 18 (P <0.001) in comparison with
the saline control group (117.2 + 2.6 mmHg).
Figure 1 shows the effect of pretreatment with
PCA (50, 100 and 200 mg/kg), captopril (40 mg/
kg) and vitamin C (750 mg/kg) on SBP in Dex-
induced hypertension. Pretreatment with PCA
at a dose of 200 mg/kg significantly prevented
the Dex-induced hypertension in rats (P < 0.01).
However vitamin C had no effect and captopril
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Figure 2. Effects of pretreatment with PCA (50, 100 and 200 mg/kg),

captopril (40 mg/kg) and vitamin C (750 mg/kg) on body weight

in Dex-induced hypertension. Values are means + SEM for six rats. "P < 0.05, P < 0.01 and *"P < 0.001 as compared to Dex control
group. *P < 0.05, #P < 0.01 and **P < 0.001 as compared to saline control group.

had more potent effect than PCA on prevention
of hypertension (P < 0.001).

Effect of protocatechuic acid on body weight

The body weight significantly decreased in
Dex-induced hypertensive rats when compared
to saline control group (P < 0.001). PCA
administration improved weight gaining in rats
at all doses but captopril and vitamin C could
not prevent from the weight loss induced by
dexamethasone (Figure 2).

Effect of protocatechuic acid on thymus
weight

The Dex treatment significantly decreased
the thymus gland weight (P < 0.001) but
pretreatment with PCA, captopril and vitamin
C could not prevent the thymus weight decrease
(Figure 3).

Effect of protocatechuic acid on plasma H,0,
concentration
The level of plasma H,O, in Dex-treated
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group was significantly higher than the saline
control group (P < 0.001). Pretreatment with
PCA, captopril and vitamin C significantly
prevented the rise in plasma H,O, concentration
(P <0.001). At doses of 100 and 200 mg/kg of
PCA, the plasma H,O, concentration was also
significantly lower than the saline control group
(Figure 4).

Effect of protocatechuic acid on plasma
FRAP value

There was significant reduction in the plasma
FRAP value in Dex-induced hypertensive rats
compared with the saline control rats (P <
0.001). Pretreatment with vitamin C and PCA
significantly prevented the decline in plasma
FRAP values. Captopril pretreatment had no
significant effect on the FRAP value (Figure 5).

Discussion

In this study, pretreatment with protocatechuic
acid at a dose of 200 mg/kg reduced SBP in



Effect of protocatechuic acid on blood pressure.

601  pP<001 P=0935
|
P =
L]
S |
40+ P =099
™ | | o (=]

Thymus weight
mg/100 g body weight

n
s DO
20 agh 'lv' + oo QOO
# VR A

Y se o

0 I I I
%‘é\o 9000 Q@Q{\\
é(&\ é;(\ 0’0
&

Figure 3. Effects of pretreatment with PCA (200 mg/kg), captopril (40 mg/kg) and vitamin C (750 mg/kg) on thymus weight in Dex-
induced hypertension. Values are means for six rats. P < 0.05 is considered to be statistically significant versus Dex control group.

Dex-induced hypertension in rats. Moreover,
PCA reduced the plasma H,O, concentration
and improved the total antioxidant capacity
of plasma. Chronic use of dexamethasone, the
most potent synthetic glucocorticoid leads
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to hypertension (21). Animal model of Dex-
induced hypertension allows investigating
the effect of various natural and synthetic
compounds on high blood pressure. The
mechanisms by which glucocorticoids induce
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Figure 4. Effects of pretreatment with PCA (50, 100 and 200 mg/kg), captopril (40 mg/kg) and vitamin C (750 mg/kg) on plasma H,O,

concentration in Dex-induced hypertension. Values are means + SEM for six rats.
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Figure 5. Effects of pretreatment with PCA (50, 100 and 200 mg/kg), captopril (40 mg/kg) and vitamin C (750 mg/kg) on plasma FRAP
value in Dex-induced hypertension. Values are means + SEM for six rats. “P < 0.01 and **P < 0.001 as compared to Dex control group.

#pP <0.01 as compared to saline control group.

hypertension may result from increased activity
of wvasoconstrictor system including renin-
angiotensin, endothelin and sympathetic system,
deficiency in vasodilators such as NO, increased
oxidative stress and hemodynamic alterations
(21-22). Accumulated evidence has shown the
important role of oxidative stress in Dex-induced
elevated blood pressure. Dex administration
is associated with suppression of anti-oxidants
such as superoxide dismutase, over-production
of ROS in vasculature through NAPDH oxidase
pathway or possibly cyclooxygenase pathway
and increased NO removal by oxidative stress
which leads to vasoconstriction (6, 22, 23). In
the current study, we observed an increase in
the level of H,O, and a decrease in the ferric
reducing antioxidant power in the plasma of
Dex-induced hypertensive rats.

PCA is a natural compound with
nutritional value because of high daily intake
of anthocyanins in comparison with other
polyphenols (11). Anthocyanins which are found
at great concentrations in vegetables and fruits
have been widely considered for their health-
promoting properties especially lowering the
risk of cardiovascular diseases (24). PCA has
a beneficial role in human diseases prevention
because of various biological activities (11).
Some helpful effects of PCA on cardiovascular
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system have been reported previously. PCA has
anti-atherogenic and endothelial cell-protective
effects partly due to its anti-inflammatory activity
through inhibition of vascular cell adhesion
molecule 1 (VCAM-1) and intercellular adhesion
molecule 1 (ICAM-1) expression and reduction
of NF-kB activity (15, 16). It also possesses
inhibitory effects on platelet activation and low-
density lipoprotein (LDL) oxidation (25, 26).

The antihypertensive effects of PCA may
be attributed to its NADPH oxidase inhibition
activity in endothelial cells (27). NADPH
oxidase acts as a main producer of vascular ROS
especially upon Dex-induced hypertension (22).

During hypertension, rapidly interaction
between excess ROS and NO inactivates NO
and leads to formation of powerful oxidant,
peroxynitrite resulting in a state of NO deficit
(22). The antioxidant activities of PCA are
created by both chelating metal transition ions
and by scavenging free radicals via donating
hydrogen atom or electron (28). Therefore
antioxidant supplementation may be contributed
in improving NO availability and endothelial
function in hypertension.

The role of endothelial cyclooxygenase
(COX) in superoxide overproduction during
Dex-induced hypertension has not been fully
studied. Endothelial COX has a role in the



regulation of vascular tone. Arachidonic acid
metabolism by endothelial COX is a source of
superoxide production and COX contributes to
the reduction of nitric oxide availability (29). It
has been reported that PCA possesses the ability
to suppress COX-2 activity and also to decrease
COX-2 expression in some tissues and this fact
may also be involved in its helpful effect in the
prevention of hypertension (13).

The results of this study showed no
antihypertensive  effects for vitamin C
supplementation in Dex-induced hypertension
in spite of its antioxidant effects on reduction of
plasma H,O, concentration and improvement of
plasma total antioxidant capacity. In the study of
Akpaffiong et al. ascorbic acid administration
could decrease blood pressure in spontaneously
hypertensive rats (SHR) without significant
effect on blood pressure in Wistar-Kyoto
(WKY) rats (30). In another study, dietary
supplementation with high doses of vitamin C
(1000 mg/kg) for a long test period (9 weeks)
has lowered the SBP in SHR rats (31). Variation
in the doses and duration of treatment between
studies and differences in the pathophysiological
mechanisms involved in the various models
of hypertension may be involved in different
effect of vitamin C on blood pressure. Further
studies are still needed for understanding the
detail mechanisms of antihypertensive effect of
PCA and also vitamin C in different models of
hypertension.

A large body of evidence has confirmed
involvement of the hypothalamus—pituitary—
adrenal axis in the regulation of body weight.
It has been found that corticotropin-releasing
hormone (CRH) lowers the body weight set
point. In some animal studies, administration of
glucocorticoids at high doses has lowered the
body weight set point. This effect may be due
to the interactions of glucocorticoids with leptin.
Glucocorticoids at supra-physiologic levels
stimulate leptin production and secretion. Leptin
may actas asignal reflecting the status of fat stores
into the central nervous system. It also increases
hypothalamic CRH production. Moreover,
increasing the lipoprotein lipase activity and
a rise in lipolyse has been observed during
administration of high doses of glucocorticoids
(32, 33). In this study, pretreatment with PCA at
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all doses could prevent the effect of Dex on body
weight in rats.

The thymus gland weight is a well-known
marker of glucocorticoid activity which reflects
the apoptotic effects of glucocorticoids on
thymocytes and lymphocytes (7). The thymus
as a key organ in T lymphocyte ontogenesis
has an important role in optimizing immune
system function throughout the life (34). The
results of investigations have shown that despite
the severe deleterious effects on thymus gland,
thymopoiesis could be restored to the normal
levels after discontinuation of Dex treatment
(35). Some treatments have been also able to
prevent thymocyte apoptosis induced by Dex
administration (34). However in the present
study, pretreatment with all drugs could not
prevent the thymus weight loss.

Conclusion

In conclusion, these findings suggest that
supplementation with PCA as anatural compound
with health promoting actions might be helpful
for the prevention of hypertension through
reduction of blood pressure and improvement of
oxidative status.
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