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RESEARCH ARTICLE

Co-administration of walnut (Juglans regia) prevents systemic hypertension
induced by long-term use of dexamethasone: a promising strategy for steroid
consumers
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ABSTRACT
Context: The long-term consumption of glucocorticoids (GCs) may induce serious adverse effects such as
hypertension. There is sufficient evidence related to the benefit of walnuts on the cardiovascular system.
Objective: This study assesses the effect of methanol extract of walnut [Juglans regia L. (Juglandaceae)]
on dexamethasone-induced hypertension and the possible mechanisms in Wistar rats.
Material and methods: Animals were randomized into control, kernel extract (100 and 200mg/kg/d,
orally), dexamethasone (0.03mg/kg/d, subcutaneously), dexamethasoneþ kernel (100 and 200mg/kg/d,
separately), and dexamethasoneþ captopril (25mg/kg/d, orally) groups. Animals were treated with water,
kernel extract or captopril by gavage 4 d before and during 11 d of saline or dexamethasone treatment.
On the 16th day, blood pressure (BP) was recorded and blood samples were collected to measure nitric
oxide (NO). Animal hearts were frozen for measurement of malondialdehyde (MDA) and glutathione
peroxidase (GPX).
Results: Dexamethasone increased the diastolic BP and MDA/GPX ratio in comparison with control group
(128±7 vs. 105±3mmHg, p< 0.05 and 0.2± 0.046 vs. 0.08± 0.02, p< 0.05). Combination of dexametha-
sone and walnut (200mg/kg) prevented the dexamethasone-induced diastolic hypertension (109±3 vs.
128 ±7mmHg; p< 0.05), increased the GPX level (14.8± 1.46 vs. 5.1± 0.64 unit/mg, p< 0.05), reduced the
MDA/GPX ratio (0.16±0.015 vs. 0.2 ± 0.046) and improved serum NO level.
Conclusion: Similar to captopril, walnut extract normalized dexamethasone-induced hypertension. A part
of this beneficial effect apparently involves maintaining balance of the redox system and NO production.
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Introduction

Glucocorticoids (GCs) are used to treat many inflammatory dis-
eases and cancers, and to prevent the rejection of organ trans-
plants. However, the high doses and long-term consumption of
these agents are associated with serious adverse effects, such as
cardiovascular events, hypertension, diabetes mellitus, bone loss
and fractures (Brunton et al. 2008). The incidence of hyperten-
sion in patients on long-term steroid therapy varies between 10
and 40% (Seth & Aggarwal 2004). Treatment with GCs increases
blood pressure (BP) in both groups of normotensive and hyper-
tensive persons (Saruta et al. 1986). In addition, enhanced vascu-
lar sensitivity to GCs has been also reported in patients with
essential hypertension (Walker et al. 1996).

Dexamethasone is a synthetic glucocorticoid with potent anti-
inflammatory and immunosuppressant properties. It is useful in
various inflammatory and autoimmune diseases and used for
some clinical conditions, such as multiple myeloma, adrenal
insufficiency and to prevent vasogenic oedema secondary to

cerebral tumours (Ong et al. 2009b). Similar to other GCs, hyper-
tension is a common side effect of chronic dexamethasone
therapy. Sodium retention is not a mechanism of dexametha-
sone-induced hypertension (Ong & Whitworth 2011). Possible
mechanisms include nitric oxide-redox imbalance, increased total
peripheral resistance and enhanced pressor response to vasocon-
strictors (Ong et al. 2009b).

Although the increase in total peripheral vascular resistance is
a feature of hypertension caused by dexamethasone, but on the
basis of experimental studies, vasodilatory drugs, such as minoxi-
dil (Ong et al. 2009a), beta-adrenergic receptor blockers (Wen
et al. 1999), calcium channel blockers (Whitworth et al. 1994),
allopurinol and xanthine oxidase inhibitors (Ong et al. 2007) are
ineffective on corticosteroid-induced hypertension.

Food intake is an important factor for the prevention and
treatment of cardiovascular diseases. Walnut [Juglans regia L.
(Juglandaceae)], a well known and popularly nut has been seen
in the food basket of some people in world. Walnut is rich in
bioactive compounds, such as dietary fibre, folic acid and
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antioxidants. There is sufficient evidence related to its benefit in
reducing cardiovascular risk factors (Kris-Etherton 2014). Human
studies showed that walnut decreases the LDL cholesterol dose
dependently, improves the endothelium-dependent vasodilation
and reduces the total peripheral resistance (Ros et al. 2004;
Cort�es et al. 2006; West et al. 2010; Kris-Etherton 2014). With
knowledge of the side effects of antihypertensive drugs, as well as
the priority of prevention to treatment, in this study, we investi-
gated whether walnut extract can prevent the dexamethasone-
induced hypertension in rat.

Materials and methods

This study was approved by the national guidelines for conduct-
ing animal studies (Ethic committee permission no. K/91/127-
Kerman University of Medical Sciences, Iran).

Dexamethasone was from Iran Hormone Company and
sodium thiopental, which used for anaesthesia induction was
from Biocheme, Kundl, Austria. The glutathione peroxidase
(GPX) and serum nitrite level were measured using Randox
(Northern Ireland, UK) and the Griess reagent (Promega Corp.,
Madison, WI) kits, respectively. Walnuts were prepared during
September 2013 from Dehbakri area, Kerman, Iran. Shelled
whole walnut (600 g) was homogenized in 1500mL of methanol
and kept at room temperature for 72 h and stirred daily
(Chauhan et al. 2004). Then, the mixtures were filtered and
organic layer was distilled under reduced pressure at 25 �C and
freeze-dried. The crude extracts were stored at �20 �C until use
(Joukar et al. 2013). The phenolic and flavonoid contents of this
type of Persian walnut kernel (Gerdakaneh, genotype G1) have
been assessed previously (Akbari et al. 2012). Its total phenolic
content [gallic acid equivalents] was 115mg/100 g and its flavon-
oid content [catechin equivalents] was 70mg/100 g of kernel.
Male Wistar rats weighing 250–300 g were allowed free access to
standard laboratory rat chow and tap water and were housed
under controlled temperature (21–23 �C) and 12 h light/dark
cycle during experiment.

Experimental protocol

Animals were divided into seven groups and treated as follows:
Control (CTL) group: saline (1mL/kg/d), vehicle for dexa-

methasone was injected subcutaneously (SC) daily for 11 d
(T5–T15) and tap water (0.5mL) by the gavage method for 15 d
(T1–T15).

DX Group: dexamethasone (0.03mg/kg; SC) (Thida et al.
2010) was injected daily from T5 to T15 and tap water (0.5mL)
by the gavage method for 15 d (T1–T15).

Walnut 100 (W100) group: rats received walnut extract
100mg/kg (Qamar & Sultana 2011) by the gavage method for 15
d (T1–T15) and saline was injected SC daily for 11 d (T5–T15).

Walnut 200 (W200) group: rats were treated with walnut
extract 200mg/kg by the gavage method for 15 d (T1–T15) and
saline was injected SC daily for 11 d (T5–T15).

W100þDX group: 100mg/kg/d of walnut extract was given
by gavage for 15 d (T1–T15) and dexamethasone was injected SC
daily for 11 d (T5 to T15).

W200þDX group: 200mg/kg/d of walnut extract was given
by gavage for 15 d (T1 to T15) and dexamethasone was injected
SC daily for 11 d (T5–T15).

CapþDX group (positive control group): animals were
treated with captopril 25mg/kg/d (Olatunji & Soladoye 2008) by

gavage for 15 d (T1–T15) and dexamethasone was injected SC
daily for 11 d (T5–T15).

On the 16th day, the animals were anesthetized with sodium
thiopental (50mg/kg i.p.), and the trachea was cannulated for
better spontaneously breathing throughout the experiment. A
heparinized saline-filled (15 units/mL) cannula connected to a
pressure transducer and PowerLab system was inserted into the
left carotid artery to record heart rate (HR) and arterial BP
(Joukar et al. 2012). BP and HR were recorded following recov-
ery time from surgery (15min). The mean arterial pressure
(MAP) was calculated by ‘MAP¼Pdþ (Ps - Pd)/3 formula’,
where Pd is the diastolic arterial pressure and Ps is the systolic
arterial pressure. At the end of the experiment, the blood samples
were taken to measure serum nitrite level. Then, the animals
were sacrificed. Their hearts were removed and washed with cold
saline. A piece of heart apex was dissected, weighed, and homo-
genized in 5mL of 0.1 M Tris-HCl buffer (pH 7.4) in ice-cold
condition. Thereafter, it was centrifuged by refrigerated centri-
fuge and the clear supernatant solution was taken for biochem-
ical analysis. The amount of total protein was measured using
the Lowry et al. (1951) method. Malondialdehyde (MDA) levels,
an index of lipid peroxidation, which produced by oxidative ele-
ments activation, were estimated by concentration of thiobarbitu-
ric acid reactive substances (TBARS) in heart tissue (Ohkawa
et al. 1979). The GPX in the heart tissue was determined using
the Randox assay kit according to the manufacturer’s protocol
(Ghorbani Baravati et al. 2015). Blood samples were centrifuged
at 5000 g for 10min for serum separation. Serum nitrite concen-
trations, the main metabolite of NO, were measured by Griess
reaction method using available reagents and kit (Promega Co,
Fitchburg, WI) with a detection limit of 2.5 lmol (Barmaki &
Khazaei 2015).

Results

Blood pressure and heart rate

Administration of 200mg/kg of walnut extract was associated
with non-significant reduction of BP compared to CTL group.
Taking dexamethasone for 11 d resulted in an increase in arterial
BP in such a way that the diastolic pressure in DX group was
significantly higher than CTL and W100 groups (p< 0.05). In
addition, the MAP, systolic and diastolic pressures were signifi-
cantly lower in W200 group than DX group (p< 0.01) (Figure
1). Co-administration of walnut and dexamethasone prevented
the hypertensive effect of dexamethasone, so that the BP in
W100þDX and W200þDX groups had no significant difference
with CTL group. Moreover, in the presence of dexamethasone,
the attenuating effect of 200mg/kg of walnut extract on diastolic
BP was similar to the captopril, a potent angiotensin-converting
enzyme inhibitor and antihypertensive drug (Figure 1). Walnut
and dexamethasone individually or together did not have signifi-
cant effect on HR of animals (Figure 2).

Biochemical findings

The values of GPX as an enzymatic antioxidant indicator did not
show significant difference in W100 and W200 groups in com-
parison with CTL group. This parameter was significantly lower
in animal group that received dexamethasone alone compared
with CTL, W100 (p< 0.05) and W200 groups (p< 0.01). Walnut
therapy reversed the negative effect of dexamethasone on GPX
level of heart tissue so that there was no significant difference
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among W100þDX, W200þDX, CTL, W100 and W200 groups.
Captopril also helped to preserve of this factor and prevented the
significant reduction of this parameter in CapþDX group
(Figure 3). Walnut consumption 200mg/kg/d increased the level
of MDA, a lipid peroxidation marker, in heart tissue (p< 0.05 vs.
CTL and W100 group). Dexamethasone administration had no
remarkable effect on MDA level of heart. However, combination
of walnut and dexamethasone was associated with significant
increase in MDA level when compared with DX or W100 groups
(p< 0.05). The lowest value of MDA was observed in CapþDX
group (Figure 4). The ratio of MDA/GPX was higher in the DX
group (p< 0.05, vs. CTL group) and was lower in the CapþDX
group (p< 0.01, vs. DX group). Both doses of walnut consump-
tion attenuated the incremental effect of dexamethasone on
MDA/GPX so that the value of this index did not show signifi-
cant difference between W100þDX and W200þDX groups vs.
CTL group (Figure 5). Walnut virtually non-significant but dose-
dependently increased the serum NO level. This parameter was
non-significantly lower in DX group compared with CTL group.

In presence of dexamethasone, 200mg/kg of walnut consumption
significantly improved the serum NO level (p< 0.05) (Figure 6).

Discussion

The results of this study showed the preventive effect of walnut
extract on dexamethasone- induced hypertension. In addition, in
presence of dexamethasone, walnut extract improved the NO
production and prevented the imbalance of redox system.

In agreement with our finding, in a human study, West et al.
(2010) demonstrated that hypercholesterolemic subjects who con-
sumed walnut and walnut oil diet for 6 weeks showed a signifi-
cant reduction in diastolic BP and total peripheral resistance,
both at rest and during stress. In other study, individuals at
high-cardiovascular risk who improved their diet towards a trad-
itional Mediterranean diet plus nut pattern showed significant
reduction in BP (Fit�o et al. 2007). In an animal study, tannic
acid, one of the major components of walnut, reduced the BP in

Figure 2. Heart rate in different animal groups. n¼ 6–8. Values are mean± SEM. CTL: control; W100: animal group which received 100mg/kg/d of walnut extract;
W200: animal group which received 200mg/kg/d of walnut kernel extract; DX: animal group which received dexamethasone 0.03mg/kg/d; W100þDX: animal group
which received 100mg/kg/d walnut extractþ dexamethasone; W200þDX: animal group which received 200mg/kg/d walnut extractþ dexamethasone; CapþDX:
animal group which received 25mg/kg/d captoprilþ dexamethasone.

Figure 1. Blood pressure in different animal groups. n¼ 6–8. Values are mean± SEM. S: systolic pressure; D: diastolic pressure; MAP: mean arterial pressure; CTL: con-
trol; W100: animal group which received 100mg/kg/d of walnut extract; W200: animal group which received 200mg/kg/d of walnut kernel extract; DX: animal group
which received dexamethasone 0.03mg/kg/d; W100þDX: animal group which received 100mg/kg/d walnut extractþ dexamethasone; W200þDX: animal group
which received 200mg/kg/d walnut extractþ dexamethasone; CapþDX: animal group which received 25mg/kg/d captoprilþ dexamethasone. np< 0.01 vs. W200
group, †p< 0.05 vs. CTL and W100 groups, �p< 0.05 vs. DX group, and ��p< 0.01 vs. DX group.
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experimental hypertensive rats without any effect in normoten-
sive rats (Turgut Coşan et al. 2015). Walnuts contain small
amounts of sodium and a significant amount of magnesium, cal-
cium, potassium, fibre, antioxidants and unsaturated fatty acids
(Gharibzahedi et al. 2014) and all of these components can affect
BP (Myers & Champagne 2007). The cardiovascular protective
effects of the polyunsaturated and monounsaturated fatty acids
found in walnut are approved (Fit�o et al. 2007; Berryman et al.
2013). These substances can reduce the thromboxane A2 and
hence its vasoconstrictor effect and thereby reduce the BP
(Berrougui et al. 2004). The walnuts also contain significant
amounts of potassium, which by reducing the volume of extracel-
lular fluid and modulation of renin-angiotensin system can
induce smooth muscle cell relaxation and reduction of peripheral
resistance and thereby decrease the BP (Treasure & Ploth 1983).
Calcium is the other abundant mineral in walnut that can reduce
the intracellular calcium by inhibition of parathormone and leads
to BP reduction (Jorde et al. 2000). The imbalance between oxi-
dant and antioxidant activity in favour to the oxidative stress can
cause the development of cardiovascular disease. Increase of
pro-oxidants production, such as superoxide anion hydrogen

peroxide, reduction of nitric oxide (NO) synthesis and decrease
of antioxidants bioavailability are the major factors associated
with oxidative stress-induced endothelial injury and promotion
of hypertension (Sinha & Dabla 2015). This study showed that
dexamethasone reduced GPX and increased MDA/GPX ratio and
redox imbalance. It also non-significantly decreased the NO pro-
duction that appeared as the lower level of serum NO metabo-
lites in DX group. The dexamethasone-induced oxidative damage
and apoptosis are reported in previous studies (Sun et al. 2015;
Yi et al. 2015). Therefore, the increase of oxidative stress and
reduction of NO synthesis and hence endothelial injury are the
plausible mechanisms for elevated BP in DX group. Our results
also showed that these negative effects recovered by walnut
extract along with promotion of NO production and redox bal-
ance. Several human studies have shown the beneficial effects of
walnut consumption on endothelial function and improvement
of endothelium-dependent vasodilation (Ros et al. 2004; Cort�es
et al. 2006; West et al. 2010). In a randomized, crossover, and
controlled-feeding study Haddad et al. (2014) showed that walnut
meal increased plasma c-tocopherol, hydrophilic and lipophilic
oxygen radical absorbance capacity, ferric reducing antioxidant

Figure 3. Glutathione peroxidase (GPX) of heart tissue in different animal groups. n¼ 6–8. Values are mean ± SEM. CTL: control; W100: animal group which received
100mg/kg/d of walnut extract; W200: animal group which received 200mg/kg/d of walnut kernel extract; DX: animal group which received dexamethasone
0.03mg/kg/d; W100þDX: animal group which received 100mg/kg/d walnut extractþ dexamethasone; W200þDX: animal group which received 200mg/kg/d walnut
extractþ dexamethasone; CapþDX: animal group which received 25mg/kg/d captoprilþ dexamethasone. np< 0.01 vs. W200 group, †p< 0.05 vs. CTL and W100
groups, and �p< 0.05 vs. DX group.

Figure 4. Malondialdehyde (MDA) of heart tissue in different animal groups. n¼ 6–8. Values are mean± SEM. CTL: control; W100: animal group which received
100mg/kg/d of walnut extract; W200: animal group which received 200mg/kg/d of walnut kernel extract; DX: animal group which received dexamethasone
0.03mg/kg/d; W100þDX: animal group which received 100mg/kg/d walnut extractþ dexamethasone; W200þDX: animal group which received 200mg/kg/d walnut
extractþ dexamethasone; CapþDX: animal group which received 25mg/kg/d captoprilþ dexamethasone. �p< 0.05 vs. CTL and W100 groups, $p< 0.05 vs. W200
group, �p< 0.05 vs. DX group,þp< 0.05 vs. W100 group, ‡p< 0.01 vs. DX, W100þDX, and W200þDX groups.
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power and uric acid. On the other hand, walnut meal decreased
the oxidized LDL when compared with refined control meal. The
antioxidant and free radical scavenging activity of walnut can be
attributed to its phenolic (flavonoid and non-flavonoid) contents
(Negi et al. 2011; Akbari et al. 2012). It is confirmed the high-
correlation coefficient between phenol content and radical scav-
enging activity of walnut (Akbari et al. 2012). In addition, walnut
has a high content of L-arginine, the amino acid precursor of the
endogenous vasodilator NO (Cooke et al. 1993; Ros 2009). Thus,
a part of preventive effect of walnut on dexamethasone-induced
hypertension can explain by its antioxidant and its endothelial
protective effects and also improvement of endothelium-depend-
ent vasodilation.

Conclusions

These findings reveal that similar to captopril; walnut kernel
extract is able to prevent dexamethasone-induced hypertension
in rat. A part of this beneficial effect apparently induced through
higher NO production and antioxidant system protection. It
should be considered that walnut is an edible nut while captopril
is a chemical drug with well-known side effects. Although more

studies are warranted to extend this finding to human, the
emerging picture is that walnut or perhaps other nuts to be sup-
plementary regimen in clinical management of patients under-
going long-term treatment with steroids.
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