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Abstract
Depression is a serious medical illness displaying high lifetime prevalence, early-age onset that adversely affects socio-economic
status. The bidirectional association between oxidative stress and calcium-signaling adversely affects the monoaminergic neuron
functions that instigate the pathogenesis of depression. The present study investigates the effect of lacidipine (LCD), L-type Ca2+-
channel blocker, on reserpine-induced depression in mice. Separate groups of mice (Swiss albino, 18–25 g) were administered
lacidipine (0.3, 1 and 3 mg/kg, i.p.) daily for 14 days and reserpine (5 mg/kg, i.p.) was injected on day 14. Rectal temperature,
catalepsy, and tail-suspension test (TST) were performed 18 h and ptosis scores at 60, 120, 240, 360min post-reserpine treatment.
Whole-brain TBARS, GSH, nitrite, and superoxide dismutase (SOD) and catalase activities were estimated. Reserpine elevated
the catalepsy, ptosis, hypothermia, and immobility period in TST owing to the marked increase in oxidative-nitrosative stress in
the brain of mice. LCD attenuated the reserpine triggered the rise in catalepsy, ptosis scores, hypothermia, and immobility period
in mice. LCD pretreatment attenuated the increase in TBARS and nitrite levels, and the decline of GSH, SOD, and catalase
activities in the brain of reserpine injected mice. Bay-K8644 (0.5 mg/kg, i.p.), Ca2+-channel agonist, attenuated these effects of
LCD (3 mg/kg) in reserpine-treated mice. It can be inferred that lacidipine (Ca2+ channel antagonist) attenuates depression-like
symptoms in reserpine-treated mice. Furthermore, the abrogation of antidepressant-like effects of LCD by Bay-K8644 revealed
that modulation of Ca2+-channels might present a potential strategy in the management of depression.
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Introduction

Depression is chronic, multi-factorial, and incapacitating
psychiatric disorder well characterized by feelings of an-
hedonia, hopelessness, low self-esteem, and cognitive def-
icits. The disease carries a high rate of morbidity and
mortality throughout the world with a wide population
with a preponderance towards women (Nemeroff 2007).
At present, ~ 350 million people are suffering from de-
pression (~ 17% lifetime prevalence) which is regarded
as the fourth leading cause of disability worldwide and
is expected to occupy the second place by 2020.

Chronic stress, traumatic events, childhood abuse, and
some environmental factors portray chief etiologic cul-
prits in depression (Ahmed et al. 2015; Guan and Liu
2016). Several neurochemicals such as monoamines, glu-
tamate, γ-aminobutyric acid (GABA), and neurotrophic
factors (e.g., brain-derived neurotrophic factor) are impli-
cated in the pathology of depression (Hasler 2010;
Vavakova et al. 2015). Monoamines (serotonin, noradren-
aline, and dopamine) regulate a wide range of functions in
the brain, such as mood, cognition, reward processing,
and sleep. Deficiency in monoaminergic neurotransmis-
sion at the synapse in depression is documented by sev-
eral previous studies. Drugs promoting monoaminergic
transmission in midbrain and brainstem nuclei (e.g., flu-
oxetine, amitriptyline, phenelzine) have been proven clin-
ically effective in patients of depression. Presently, mod-
ulation of serotonin or norepinephrine neurotransmission
and monoamine oxidase (MAO) activity is the backbone
of depression drug therapy (Hasler 2010). However, a low
compliance rate and the emergence of adverse effects of
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conventional antidepressants have limited the current
practice of long-term drug therapy regimen in patients of
depression, which permits to seek new alternatives that
can modify the progression of the disease.

Recent studies have revealed the implications of oxidative
stress in many psychiatric disorders such as depression, anx-
iety, and psychosis (Vavakova et al. 2015). Several lines of
evidence indicate enhanced, free radicals and lipid peroxida-
tion products (e.g., malondialdehyde, isoprostanes) and di-
minished antioxidant defense in brain autopsies of patients
of depression. Neurodegenerative changes in the hippocam-
pus and frontal cortex, including cortico-limbic region, have
been observed through modern neuroimaging techniques in
depression patients (Hasler 2010). In a meta-analysis study
on depression comprising of 3779 human subjects, a signifi-
cant increase of oxidative markers in urine and plasma sam-
ples was reported (Liu et al. 2015). Oxidative stress-mediated
immune response shifts tryptophan metabolism towards
kynurenine from the serotonin pathway leading to depletion
of brain serotonin levels. Oxidative breakdown products of
monoamines lead to glutamate excitotoxicity in the brain via
increased calcium influx and loss of monoaminergic neurons
in the cortex, limbic region, basal ganglia, and brain stem
(Spiers et al. 2015). The other Ca2+ triggered excitotoxic cell
death pathways include activation of phospholipases, endonu-
cleases, and proteases (Halliwell 2006). Pathogenic activation
nitric oxide-guanylyl cyclase signaling is regarded as the pri-
mary aspect of Ca2+-induced depressive symptoms by several
studies (Dhir and Kulkarni 2011). In clinical settings and an-
imal studies, significant improvement in symptoms of depres-
sion through downregulation of the Ca2+-nitric oxide
synthase-guanylyl cyclase pathway has been observed (Paul
2001). Two different studies indicated that nitric oxide syn-
thase (NOS) inhibition by 7-nitroindazole (7-NI) and knock-
down of NOS-1 gene reversed the depressive hallmarks in
rodents (Joca and Guimaraes 2006; Wultsch et al., 2007).
Several calcium-regulating proteins such as voltage- and
ligand-gated calcium channels, ryanodine-receptors, and glu-
tamate transporters are also implicated in psychiatric abnor-
malities. Furthermore, in vivo studies with L-type calcium
blockers (e.g., nifedipine, verapamil, flunarizine) demonstrat-
ed significant benefits in animal models of depression
(Aburawi et al. 2007). These studies suggested that calcium
channel modulators may be explored for the management of
depression and other psychiatric disorders.

Lacidipine (LCD) is a long-acting, highly lipophilic L-type
calcium channel antagonist used in the management of hyper-
tension in once-daily dosing (4–6 mg) (McCormack and
Wagstaff 2003). A growing body of evidence supports that
therapeutic use of calcium channel blockers (CCBs) (e.g., ve-
rapamil) in patients with cardiovascular disorders (e.g., coro-
nary artery disease and hypertension) significantly declines
the prevalence of depression (Ried et al. 2005, 2006). In

addition to calcium channel modulation, LCD is a potent an-
tioxidant with respect to dihydropyridine calcium antagonists
(McCormack and Wagstaff 2003) and also comparable to ref-
erence antioxidants like vitamin E (van Amsterdam et al.
1992). Moreover, in several studies, calcium channel blockers
are found to potentiate the brain monoamine levels and anti-
depressant effects of tricyclic, atypical, and monoamine oxi-
dase (MAO) inhibitor antidepressants (Prakhie and Oxenkrug
1998; Aburawi et al. 2007; Bergantin and Caricati-Neto
2016). Reserpine is an alkaloid that blocks vesicular mono-
amine transport-2 (VMAT2) that increases the monoamines
turnover in the brain, manifested by symptoms of depression
in rodents. Reserpine also enhances redox-imbalance through
auto-oxidative catabolism of monoamines and oxidative deg-
radation by MAO that further provide impetus to oxido-
nitrosative burden in the brain (Lohr et al. 2003). As intracel-
lular Ca2+ availability instigates MAO activity (Cao et al.
2007), CCBs can resurrect the depleting monoamine levels
in the brain. Therefore, the existing study was conducted to
examine the potential of lacidipine (CCB) against reserpine-
induced depression in mice.

Methods

Experimental animals

Adult mice (Swiss albino, either sex, 18–25 g) were procured
from Disease Free Small Animal House, Lala Lajpat Rai
University of Veterinary and Animal Science (LUVAS),
Hisar (India). The experimental protocol was approved by
the Institutional Animal Ethics Committee (ASCB/IAEC/08/
15/108). The animals were nurtured in BAnimal House
Facility^ of the institute under a controlled environment and
light-dark cycle (12 h each). The lights of Animal House
Facility were turned on from 08:00 to 20:00 h and afterwards
kept off till 08:00 h morning next day. Mice were given free
access to water and pellet diet (Ashirwad Industries, Mohali).
The experimental procedures were conducted between 09:00
and 17:00 h. Mice were taken care of as per the instructions
outlined by CPCSEA, Ministry of Environment, Forests and
Climate Change, Government of India.

Drugs and chemicals

Lacidipine (TCI Chemicals, Chennai); reserpine (Fluka
Analytical, Mumbai); fluoxetine (Zee Laboratories, Ponta
Sahib); nitro blue tetrazolium (NBT) chloride, p-nitroso-N,N-
dimethylaniline (SRL Pvt. Ltd., Mumbai); riboflavin,
monosodium phosphate (NaH2PO4), dipotassium phosphate
(K2HPO4), sodium nitrite (NaNO2), pyridine, hydrogen perox-
ide (H2O2), sodium dodecyl sulfate, thiobarbituric acid, trichlo-
roacetic acid, N-1-napthylethylenediamine dihydrochloride,
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5,5′-dithiobis(2-nitrobenzoic acid) (DTNB), EDTA disodium
dehydrate, sodium cyanide (Loba-Chemie, Mumbai); sulfanil-
amide (SpectroChem, Mumbai); n-butanol (Merck, Mumbai)
were used. The intraperitoneal injections were prepared using
0.2% dimethylsulfoxide (DMSO) vehicle.

Experimental protocol

Lacidipine (0.3, 1 and 3 mg/kg, i.p.) was injected to different
groups of mice for 14 days once daily (Bellosta et al. 2001).
Fluoxetine (standard antidepressant) is a selective serotonin re-
uptake inhibitor (SSRI) that possesses potent voltage-gated
Ca2+ channel (L-type) antagonistic activity (Deak et al. 2000)
and was given at dose 20 mg/kg (i.p.) for 14 days.
Administration of reserpine in rodents depletes the brain mono-
amines manifested by characteristic symptoms of depression
thereof. In the current protocol, a single dose of reserpine, i.e.,
5 mg/kg (i.p.), was given to lacidipine pretreated mice on the
14th day to induce pathogenesis of depression. Bay-K8644
(Ca2+ channel agonist) (0.5 mg/kg, i.p.) was given to mice on
the 14th day to delineate the role of Ca2+ in lacidipine (3mg/kg)
and reserpine-treated mice (Jackson and Damaj 2009). Mice
were randomly distributed in single-blind fashion into seven
groups (n = 6). Vehicle control group was given 0.2% DMSO
for 14 days. Reserpine group was administered with reserpine
(5 mg/kg, i.p.) on day 14 and vehicle only from day 1 to 13;
fluoxetine + reserpine group was administered fluoxetine
(20 mg/kg) for 14 days and reserpine; LCD(0.3) + reserpine
group was given lacidipine (0.3 mg/kg, i.p.) for 14 days and
reserpine; LCD(1) + reserpine group was subjected to
lacidipine (1 mg/kg, i.p.) for 14 days and reserpine;
LCD(3) + reserpine group was given lacidipine (3 mg/kg, i.p.)

for 14 days and reserpine; Bay-K8644 + LCD(3) + reserpine
group received Bay-K8644 (0.5 mg/kg, i.p.) on 14th day,
lacidipine (3 mg/kg, i.p.) for 14 days and reserpine.

Reserpine-induced catalepsy, ptosis, and fall in rectal tem-
perature are averted through the standard therapy of depres-
sion; hence, these parameters were used to evaluate antide-
pressant effects of lacidipine. The severity of ptosis was ob-
served at 60, 120, 240, and 360 min after the reserpine admin-
istration on a scale ranging from 0 to 4 (eyes closed, 4; eyes ¾
closed, 3; eyes ½ closed, 2; eyes ¼ closed, 1; and eyes open,
0). Catalepsy, rectal temperature, and immobility time (TST)
were noted 18 h post-reserpine treatment (Fig. 1). Catalepsy
was measured using a stair with two cork stoppers with two
steps each (height 30 mm). Each animal was placed with hind
legs on the top of the cork and head pointing downwards. The
mice were placed into a normal position after a cut off period
of 60 s, if the cataleptic effect was not reversed. Scoring of
catalepsy ranging from 0 to 5 was correlated with duration of
catalepsy (> 60 s, 5; between 45 and 60 s, 4; 30–45 s, 3; 10–
30 s, 2; 5–10 s, 1; and < 5 s, 0). To measure rectal temperature,
the lubricated electronic thermometer was inserted to constant
depth (up to 2 cm) into the rectum of animal (Rubin et al.
1957; Askew 1963; Costall and Naylor 1974).

Tail-suspension test

The standard procedure of the tail suspension test was adopted
as given by Steru et al. (1985) to evaluate depression-like
symptoms in mice. Each animal was suspended freely at a
height of 58 cm from the floor by using tape applied at the
tip of the tail (~ 1 cm). The passive hanging of the animal
completely motionless was defined as immobility. The

Day

Sacrificed

Ptosis (60, 
120, 240, 360 
min)

LACIDIPINE (0.3, 1 and 3 mg/kg)
FLUOXETINE (20 mg/kg)

Catalepsy 
Hypothermia 
(18 h)1    2    3    4     5    6    7     8    9   10  11   12  13  14

Immobility  
Period in TST 
(18 h)

Fig. 1 Experimental protocol
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duration of immobility was noted for 6 min. The decline in the
duration of motionless hanging was taken as the measure of
antidepressant activity. The result is expressed as the duration
of immobility (s) in TST.

Preparation of whole-brain homogenate

The animals were euthanized (n = 6) by cervical dislocation,
and whole brains were isolated and immediately positioned on
ice followed by washing with ice-cold isotonic saline (0.9%
NaCl) to remove the residues and blood. The whole brain wet
weight was noted down. Brain tissue homogenate (10% w/v)
was prepared using 50 mM phosphate buffer (pH 7.4; 1% v/v
Triton X-100; temperature 4 °C) using tissue homogenizer
(Remi Motors, Remi Electrotechnik, Vasai, India) (Kumar
and Bansal 2018). The homogenate was centrifuged at
12,000×g for 15 min at 4 °C in high-speed refrigerated cen-
trifuge (CPR-30 Remi Compufuge, India), and the resultant
supernatant was collected for estimation of biomarkers of ox-
idative and nitrosative stress.

Estimation of lipid peroxidation in the brain

Quantification of thiobarbituric acid reactive substances
(TBARS) by the method of Ohkawa et al. (1979) is a reliable
index of lipid peroxidation product malondialdehyde (pink
color MDA-TBA2 complex). The 4-ml assay mixture
consisted of 0.1 ml homogenate, 1.5 ml glacial acetic acid
(20%, pH 3.5), 1.5 ml thiobarbituric acid (TBA) (0.8%),
0.2 ml sodium dodecyl sulfate (8.1%), and 0.7 ml distilled
water. The mixture was thoroughly vortexed manually, heated
for 1 h on a water bath at 95 °C, and then cooled under tap
water. Then, 5 ml mixture of n-butanol and pyridine (15:1)
was added and vigorously mixed with the assay and subjected
to centrifugation for 10 min at 4000 rpm. The absorbance of
the superficial 2 ml organic layer (n-butanol phase) was noted
down at λmax = 532 nm using a double-beam spectrophotom-
eter (Shimadzu UV-1700, Pharmaspec). The quantification of
malondialdehyde (MDA) formed or TBARS was accom-
plished by using the molar extinction coefficient of chromo-
phore ε = 1.56 × 105 M−1 cm−1, and the results were reported
as nanomole per mg protein (Kumar and Bansal 2018).

Estimation of reduced GSH in the brain of mice

Glutathione (GSH) was analyzed using the procedure de-
scribed by Ellman (1959). The supernatant (1 ml) was precip-
itated using 4% sulfosalicylic acid (1ml), cold digested at 4 °C
for 1 h and after 5 min centrifuged at 4 °C for 10 min at
2000 rpm. To 0.1 ml of the supernatant obtained after centri-
fugation, 0.2 ml DTNB (0.1 mM, pH 8) and 2.7 ml phosphate
buffer (0.3M, pH 8) were added. The absorbance was noted at
λmax = 412 nm employing spectrophotometer, and GSH was

quantified using a molar extinction coefficient ε = 1.36 ×
104 M−1 cm−1 of the chromophore and expressed as micro-
mole GSH per mg protein (Kumar and Bansal 2018).

Determination of SOD activity in the brain of mice

Superoxide dismutase (SOD) activity was evaluated accord-
ing to the methodology described by Winterbourn et al.
(1975). The reaction mixture was prepared using 0.05 ml of
the supernatant, 0.1 ml of 1.5 mM nitro blue tetrazolium
(NBT), 0.05 ml of riboflavin (0.12 mM), 0.2 ml 0.1 M
EDTA (containing 0.0015% or 0.3 mM NaCN), and phos-
phate buffer (67 mM, pH 7.8) to make up final volume of
3 ml. Uniform lightening was given to all tubes for 15 min
under the 60 W Philips® fluorescent tube, and at 560 nm
wavelength, change in absorbance of the blue-colored NBT-
diformazan was noted for 5 min at 30-s interval. The amount
of NBT reduced (micromole NBT reduced/min/mg protein)
was calculated from the change in absorbance, based on the
mola r ex t inc t i on coe f f i c i en t fo r fo rmazan ε =
15,000 M−1 cm−1(Kumar and Bansal 2018).

Determination of CAT activity in the brain of mice

Catalase (CAT) activity was determined as per the procedure
described by Claiborne (1985). The assay mixture consisted
0.05 ml supernatant (10%), 1 ml hydrogen peroxide (H2O2)
(0.02 M, prepared in 0.05 M phosphate buffer), and 1.95 ml
phosphate buffer (0.05 M, pH 7) in a final volume of 3 ml.
Change in absorbance was noted at λmax = 240 nm using spec-
trophotometer for 3 min at 30-s interval. Enzymatic activity (mi-
cromole H2O2 decomposed/min/mg protein) was determined
using the molar extinction coefficient of ε = 43.6 M−1 cm−1.

Estimation of nitrite in the brain of mice

Total brain nitrites were estimated as per the procedure de-
scribed by Sastry et al. (2002). The assay mixture consisted
of 0.4 ml of carbonate buffer (pH 9), 0.1 ml of supernatant,
150 mg Cu-Cd alloy, incubated for 1 h at room temperature.
Then, 0.4 ml zinc sulfate solution (120 mM) and 0.1 ml
sodium hydroxide (0.35 M) were added to tubes and
allowed to stand for 10 min. Afterward, the mixture was
centrifuged at 4000 rpm for 10 min. To 0.1 ml of superna-
tant, 0.5 ml of Greiss reagent (1:1 solution of 1% sulfanil-
amide in 3 M HCl, and 0.1% N-1-napthyl ethylene diamine
dihydrochloride in water) was added, incubated at room
temperature in the dark for 10 min. The absorbance was
noted at λmax = 548 nm wavelength using a spectrophotom-
eter. The standard curve of sodium nitrite (10–100 μM) was
prepared to quantify the concentration of test sample of
nitrite, and the results were reported as micromole per mg
of protein (Kumar and Bansal 2018).
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Estimation of total proteins in the brain of mice

The total protein was assessed per the procedure developed by
Lowry et al. (1951). To supernatant (0.25 ml), 5 ml of Lowry’s
reagent (1% w/v copper sulfate solution, 2% w/v sodium-
potassium tartrate and 2% w/v sodium carbonate in 0.1 M
sodium hydroxide in the ratio of 1:1:98) and phosphate buffer
(up to 1 ml) was added, mixed thoroughly, and kept at room
temperature in the dark for 15 min. To the mixture, 1 N Folin-
Ciocalteu reagent (0.5 ml) was added, vortexed vigorously,
and then it was incubated for 30 min at room temperature in
dark. The standard curve of bovine serum albumin (0.25–
2.50 mg/ml) was plotted, and protein content for the test sam-
ple was determined at (λmax) 650 nm using spectrophotometer
(Kumar and Bansal 2018).

Statistical analysis

Results are expressed as mean ± S.E.M. The data were ana-
lyzed by one-way ANOVA followed by Tukey’s post hoc test
and two-way ANOVA followed by Bonferroni’s post hoc test

using software GraphPad Prism 5.0 (GraphPad Software Inc.,
USA). A value of p < 0.05 was considered significant.

Results

Lacidipine attenuates ptosis in reserpine-treated mice

Reserpine significantly (p < 0.001) increased the ptosis scores
in comparison to vehicle treatment. Lacidipine (1 and 3mg/kg)
and fluoxetine (20 mg/kg) pretreatments significantly attenu-
ated the reserpine-induced rise in ptosis score (p < 0.01;
p < 0.001; p < 0.001)mice in comparison tomice that received
reserpine alone [for time F(3, 140) = 190.7, p < 0.001; treatment
F(6, 140) = 79.32, p < 0.001; time × treatment F(18, 140) = 9.919,
p < 0.001]. However, fluoxetine conspicuously attenuated
(p < 0.001) the ptosis score with respect to lacidipine in
reserpine-treated mice. Administration of Ca2+ agonist, Bay-
K8644, attenuated the effects (p < 0.05) of lacidipine
(3 mg/kg) in reserpine-injected mice with respect to mice that
received lacidipine (3 mg/kg) and reserpine (Fig. 2a).

Fig. 2 Lacidipine attenuates
ptosis, catalepsy, and
hypothermia in reserpine-treated
mice. Statistical analysis of a
ptosis score (two-way ANOVA
followed by Bonferroni’s test), b
catalepsy score, and c rectal tem-
perature (one-way ANOVA
followed by Tukey’s post hoc
test). Values are expressed as
mean ± S.E.M. (n = 6).
Significance at *p < 0.05,
***p < 0.001 vs vehicle control;
#p < 0.05, ##p < 0.01, ###p < 0.001
vs reserpine group; $p < 0.05,
$$p < 0.01 vs LCD(3) + reserpine
group, @@p < 0.01,
@@@p < 0.001 vs fluoxetine + re-
serpine group
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Lacidipine attenuates catalepsy in reserpine-treated
mice

Reserpine significantly (p < 0.001) increased the catalepsy in
comparison to vehicle treatment.

Pretreatment of reserpine administered mice with LCD (1
and 3 mg/kg) or fluoxetine significantly lowered the cataleptic
score (p < 0.05; p < 0.01; p < 0.001), with respect to mice that
received reserpine alone [F(6, 35) = 42.62, p < 0.001]. However,
lacidipine-treated groups displayed increased (p < 0.001;
p < 0.01) cataleptic scores with respect to the fluoxetine + re-
serpine group. Bay-K8644 administration abolished the effects
(p < 0.05) of lacidipine (3 mg/kg) on the cataleptic score in
reserpine-injected mice with respect to mice that received
lacidipine (3 mg/kg) and reserpine (Fig. 2b).

Lacidipine decreased hypothermia
in reserpine-treated mice

Reserpine significantly (p < 0.001) decreased the rectal tem-
perature of mice in comparison to vehicle treatment.
Lacidipine (1 and 3 mg/kg) and fluoxetine significantly atten-
uated hypothermia (p < 0.05; p < 0.01; p < 0.001) in reserpine-
administered mice as compared to mice that received reser-
pine alone [F(6, 35) = 79.47, p < 0.001]. However, fluoxetine
more effectively (p < 0.001) attenuated the hypothermia in
comparison to lacidipine in reserpine-administered mice.
Bay-K8644 significantly abolished (p < 0.05) the LCD(3)-at-
tenuated hypothermia in reserpine-treated mice in comparison
to LCD(3) + reserpine group (Fig. 2c).

Lacidipine decreases reserpine-triggered immobility
in mice in TST

Reserpine group showed a profound (p < 0.001) increase in
the immobility period in comparison to the vehicle control
group. Lacidipine (1 and 3 mg/kg) and fluoxetine (20 mg/kg)
pretreatments in separate groups of reserpine-administered
mice exhibited a significant decline (p < 0.05; p < 0.01;
p < 0.001) in immobility in comparison to mice that received
reserpine alone [F(6, 35) = 23, p < 0.001]. Although LCD
(0.3 mg/kg)-treated mice showed higher (p < 0.001) immobil-
ity period with respect to fluoxetine, LCD (1 and 3 mg/kg)
treatments showed modest (p > 0.05) increase in immobility
with respect to fluoxetine in reserpine-administered mice.
Bay-K8644 significantly abolished (p < 0.05) the LCD(3)-in-
duced fall in immobility in reserpine-treated mice in compar-
ison to LCD(3) + reserpine group (Fig. 3). These results indi-
cated that LCD decreases reserpine-triggered symptoms of
depression in mice that were significantly abolished by Bay-
K8644 (Ca2+ agonist). It can be inferred that the Ca2+ antag-
onist activity of LCD may provide relief in symptoms of
depression.

Lacidipine decreases reserpine-triggered rise
in the brain TBARS level in mice

Reserpine group showed profound (p < 0.001) increase
in brain TBARS levels in mice when compared to the
vehicle control group. Pretreatment of reserpine-
administered mice with lacidipine (1 and 3 mg/kg) or
fluoxetine (20 mg/kg) exhibited a significant decline
(p < 0.001, p < 0.01, p < 0.001) in brain TBARS levels
with respect to mice that received reserpine alone [F(6, 35) =
31.69, p < 0.001]. However, fluoxetine markedly sup-
pressed the lipid peroxidation in comparison to
lacidipine (0.3 mg/kg, p < 0.001; 1 mg/kg, p < 0.001;
3 mg/kg, p < 0.01) in the brain of reserpine-treated
mice. Bay-K8644 significantly abolished (p < 0.05) the
LCD(3)-induced decrease in brain TBARS levels in
reserpine-treated mice in comparison to mice that were
given LCD(3) and reserpine only (Fig. 4a). The present
findings corroborated that LCD effectively decreased
reserpine-triggered lipid peroxidation that was signifi-
cantly abolished by Bay-K8644 (Ca2+ agonist), which
highlights the neuroprotective role of Ca2+ antagonist
activity of LCD in the current model of depression.

Fig. 3 Lacidipine attenuates reserpine-induced rise in the duration of
immobility in mice. Statistical analysis of the immobility period was
achieved using one-way ANOVA followed by Tukey’s post hoc test.
Values are expressed as mean ± S.E.M. (n = 6). Significance at
*p < 0.05; ***p < 0.001 vs vehicle control; #p < 0.05, ##p < 0.01,
###p < 0.001 vs reserpine group; $p < 0.05 vs LCD(3) + reserpine group,
@@@p < 0.001 vs fluoxetine + reserpine group
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Lacidipine attenuates reserpine-triggered decline
in the brain GSH level in mice

The administration of reserpine in mice markedly decreased
(p < 0.001) the GSH levels in the brain in comparison to ve-
hicle treatment. Pretreatment with LCD (1 and 3 mg/kg) and
fluoxetine significantly attenuated (p < 0.05; p < 0.01;
p < 0.001) the reserpine-induced decline of GSH content in
the brain of mice that received reserpine alone [F(6, 35) =
79.47, p < 0.001]. However, the administration of
lacidipine (1 and 3 mg/kg) improved the GSH content

that was comparable to fluoxetine pretreatment in
reserpine-administered mice. Bay-K8644 significantly
abolished (p < 0.05) the GSH enhancing effect of LCD
(3 mg/kg) in the brain of reserpine-treated mice with
respect to mice subjected to LCD(3) and reserpine only
treatment (Fig. 4b). The present results exhibited con-
solidation of GSH levels in the brain by LCD against
reserpine-induced oxidative stress, which was abolished
by Ca2+ agonist (Bay-K8644). In the presently used
model, LCD bestowed antioxidant effect through inhibi-
tion of L-type Ca2+ channels.

Fig. 4 Lacidipine ameliorates reserpine-induced oxidative stress in the
brain of mice. Statistical analysis of brain a TBARS content, bGSH level,
c SOD, and d catalase activity was achieved using one-way ANOVA
followed by Tukey’s post hoc test. Values are expressed as mean ±

S.E.M. (n = 6). Significance at *p < 0.05, **p < 0.01 ***p < 0.001 vs
vehicle control; #p < 0.05, ##p < 0.01, ###p < 0.001 vs reserpine group;
$p < 0.05, $$p < 0.01, $$$p < 0.001 vs LCD(3) + reserpine group,
@@p < 0.01, @@@p < 0.001 vs fluoxetine + reserpine group
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Lacidipine attenuates reserpine-triggered decline
in the brain SOD in mice

A significant decline (p < 0.001) in SOD activity in the brain
of mice injected with a single dose of reserpine was observed
in comparison to mice subjected to vehicle treatment.
Pretreatment with lacidipine (1 and 3 mg/kg) and fluoxetine
attenuated (p < 0.01; p < 0.001; p < 0.001) the reserpine-
induced decline of brain SOD activity with respect to reser-
pine alone administration [F (6, 35) = 43.84, p < 0.001].
Although lacidipine (0.3 and 1 mg/kg)-treated mice exhibited
a significantly lower (p < 0.001) brain SOD activity in com-
parison to fluoxetine, lacidipine (3 mg/kg) treatment revived
the SOD activity that was comparable to that by standard drug
(fluoxetine) in reserpine-treated mice (Fig. 4c). Bay-K8644 +
LCD(3) + reserpine group showed a conspicuous decline
(p < 0.001) in SOD activity in comparison to LCD(3) + reser-
pine group. These results indicated that LCD by virtue of Ca2+

channel blockade attenuated the decline of SOD activity in the
brain against reserpine in mice, which was highlighted by the
abrogation of effects of LCD byBay-K8644. Furthermore, the
effect of LCD (3) in brain of mice was comparable to the
standard drug, fluoxetine.

Lacidipine attenuates reserpine-induced decline
in the brain catalase activity

Reserpine group showed a significant reduction (p < 0.001) in
the brain catalase activity in comparison to the vehicle control
group. LCD (1 and 3 mg/kg) or fluoxetine pretreatment in
reserpine-administered mice exhibited a significant rise
(p < 0.05; p < 0.001; p < 0.001) in CATactivity in comparison
to mice that received reserpine alone [F (6, 35) = 30.16,
p < 0.001]. However, the administration of lacidipine (1 and
3 mg/kg) improved the brain catalase activity that was com-
parable to fluoxetine pretreatment in reserpine-administered
mice. LCD(0.3) + reserpine group displayed significantly
lower (p < 0.01) CAT activity in comparison to the fluoxetine
+ reserpine group. Bay-K8644 significantly (p < 0.01) attenu-
ated the CAT restorative activity of LCD(3) in reserpine-
treated mice in comparison to mice subjected to LCD(3) and
reserpine only (Fig. 4d). These findings depicted that LCD (L-
type Ca2+ channel antagonist) attenuated the decline of CAT
activity in the brain of reserpine-treated mice, which was sig-
nificantly abolished by Bay-K8644 (Ca2+ agonist), and thus,
highlighted the role of Ca2+ channels in the pathology of
depression.

Lacidipine attenuates reserpine-induced nitrosative
stress in the brain of mice

Reserpine group showed profound (p < 0.001) increase in
brain nitrite levels in mice when compared to the vehicle

control group. LCD (1 and 3 mg/kg) and fluoxetine signif-
icantly declined (p < 0.01; p < 0.001; p < 0.001) the brain
nitrite levels in reserpine-administered mice with respect
to mice that received reserpine alone [F (6, 35) = 211.7,
p < 0.001]. A significantly higher (p < 0.001) brain nitrite
content was noted in response to lacidipine with respect to
fluoxetine in reserpine-administered mice. Bay-K8644 sig-
nificantly decreased (p < 0.001) the LCD(3)-induced de-
crease in brain nitrite levels in reserpine-treated mice in
comparison to LCD(3) + reserpine group (Fig. 5). The pres-
ent findings corroborated that LCD attenuated the
reserpine-triggered nitrosative stress that was significantly
abolished by Bay-K8644 (Ca2+ agonist), which highlights
the role of Ca2+ antagonist activity of the LCD in neuropro-
tection in the currently employed model of depression.

Discussion

Although CCBs are historically used in a variety of cardiovas-
cular origin diseases (e.g. hypertension), they have also been
reported to influence monoaminergic yield, brain redox-
balance and, thereby, possessing antidepressant activity
(Aburawi et al. 2007; Dhir and Kulkarni 2011). Existing

Fig. 5 Lacidipine decreases reserpine-induced nitrosative stress in the
brain of mice. Statistical analysis of brain total nitrite content in the brain
was achieved using one-way ANOVA followed by Tukey’s post hoc test.
Values are expressed as mean ± S.E.M. (n = 6). Significance at
***p < 0.001 vs vehicle control; ##p < 0.01, ###p < 0.001 vs reserpine
group; $$$p < 0.001 vs LCD(3) + reserpine group, @@@p < 0.001 vs flu-
oxetine + reserpine group
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evidences highlight the role of calcium in oxidative stress,
excitotoxic pathways, and neurodegeneration, which
prompted to test CCBs in different psychiatric disorders
(Halliwell 2006). In previous studies, dihydropyridine CCBs
have shown considerable antidepressant potential in diverse
animal models (Aburawi et al. 2007; Bergantin and Caricati-
Neto 2016). Oxidative stress is implicated in the pathogenic
rise of intraneuronal calcium load by reducing calcium outflux
through targeting L-type calcium channels that lead to upreg-
ulation of Ca2+-NOS-guanylyl cyclase pathway and symp-
toms of depression in rodents (Paul 2001, Salido, 2009). The
present study aims to delineate the effects of lacidipine (L-type
Ca2+ channel antagonist) on symptoms of depression and un-
derlying etiopathogenic factors such as oxido-nitrosative
stress in the brain of mice. Bay-K8644 is a Ca2+ channel
agonist employed to enlighten the putative role of L-type
Ca2+ channels in depression in LCD and reserpine-treated
mice. Reserpine was used at dose of 5 mg/kg to instigate the
pathology of depression in LCD pretreated mice. Reserpine is
widely used to induce the symptoms of depression in rodents,
owing to its ability to deplete the monoamine levels at the
synapse (e.g., cortex, striatum, limbic region) and enhancing
the oxidative burden (Lohr et al. 2003; Arora et al. 2011).

Ptosis, catalepsy, and hypothermia are indices used
worldwide for the characterization of reserpine-induced
depression in rodents. Reserpine irreversibly blocks vesic-
ular transportation of monoamines which triggers their
oxidative metabolism and thereby generates free radicals.
In the present study, reserpine administration enhanced
ptosis and cataleptic score of mice and reduced the rectal
temperature. LCD pretreatment significantly attenuated
the reserpine-induced reduction in rectal temperature as
compared to reserpine-only administration. Furthermore,
cataleptic and ptosis scores were also reduced significant-
ly by LCD pretreatment for 14 days in reserpine-injected
mice. These observations highlight the antidepressant po-
tential of LCD. In the current protocol, protection from
reserpine-induced ptosis, catalepsy, and hypothermia by
the standard antidepressant drug (fluoxetine) in mice val-
idates these as key parameters in reserpine-induced de-
pression. Bay-K8644 is a structural analog of nifedipine
that activates L-type calcium channels and was adminis-
tered to LCD(3) and reserpine-treated mice. In the present
study, Bay-K8644 significantly attenuated the effects of
LCD (3) on catalepsy, ptosis, and rectal temperature in
reserpine-treated mice.

TST is an inescapable but moderately stressful rodent mod-
el, widely used for screening of new antidepressant drugs.
This test has a sensitivity and specificity to all major classes
of antidepressant drugs. In TST, immobility indicates a state of
despair that is decreased by potential antidepressant drugs
(Dhingra and Valecha 2007). The results of the current study
exhibited a significant increase in the immobility period of

mice in TST after 18 h of reserpine administration. However,
a marked reduction in the immobility period was observed in
reserpine-injected mice that were previously pretreated with
LCD for 14 days. Fluoxetine was used as a standard antide-
pressant drug in the present protocol, which also exhibits in-
hibition of Ca2+ channels (L-type) and serotonin reuptake at
the synapse. Although fluoxetine pretreatment was able to
conspicuously decline the immobility period of reserpine-
injected mice in TST, this effect was akin to that by lacidipine
(1 and 3 mg/kg). Hence, it can be inferred that in the current
model of depression, the antidepressant-like effects of
lacidipine is comparable to fluoxetine (standard drug) which
might be exploited as a substitute to standard antidepressant
therapy specifically in patients of cardiovascular diseases.
Administration of Bay-K8644 abolished the effect of
lacidipine on the immobility period in TST in reserpine-
treated mice. These findings demonstrate antidepressant-like
effects of LCD (Ca2+ antagonist) against reserpine-induced
depression in mice, which were significantly attenuated by
Ca2+ channel agonist (Bay-K8644).

Oxidative damage to poly-unsaturated fatty acid (mem-
brane fatty acid) and palmitic and myristic acid deteriorates
neurolemma integrity, signal transduction, and cytoskeleton
leading to neuron dysfunction, and also influences brain neu-
rotransmitter functions (e.g., glutamate) involved in the pa-
thology of depression (Vavakova et al. 2015). Human studies
revealed a profound increase in biomarkers of oxidative stress
(e.g., malondialdehyde, 8-iso-prostaglandin F2α), genocide
product 8-hydroxy-2′-deoxyguanosine, xanthine oxidase ac-
tivity, nitrite-adducts, inflammatory (e.g., tumor necrosis
factor-α) and immunogenic (e.g., IgG, IgM) cascade in the
brain, and serum of patients of major depression (Hasler
2010; Siwek et al. 2013). Some recent evidence indicates that
targeting the mitochondrial dysfunction-associated oxidative
stress by antioxidants such as vitamin E, coenzyme Q10, N-
acetylcysteine, and curcumin may attenuate the symptoms of
depression (Maes et al. 2012). TBARS is widely used to as-
sess the lipid peroxidation product, malondialdehyde (MDA),
which is highly neurotoxic and immunogenic. MDA forms
adducts with a diverse range of biomolecules such as ad-
vanced glycation end products (AGEs), acetaldehyde and de-
oxyribonucleic acid (DNA) that are capable of activating
microglial response detrimental to monoaminergic neurons.
Pathogenic elevation of nitrite content in the brain leads to
the formation of peroxynitrite radical, nitrosylation of proteins
and modulation of many neurochemicals (e.g., monoamines).
Nitric oxide adducts (e.g. tyrosine, phenylalanine, aspartate,
histidine) capable of eliciting IgM immune response are ob-
served in depression (Maes et al. 2012). In comparison to
controls, significantly higher content of nitric oxide has been
observed in patients with severe depression and suicidal pro-
pensity. Antidepressant effect of nitric oxide synthase inhibi-
tors (e.g., L-NAME) is attributed to the elevation of
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monoaminergic transmission (e.g., serotonin and dopamine)
which was also validated by augmentation of antidepressant
activity of bupropion (atypical antidepressant) by 7-NI in ro-
dents (Dhir and Kulkarni 2011). In previous studies, it is ob-
served that the bidirectional modulation of association be-
tween oxidative stress (e.g., lipid peroxidative products and
nitrosative stress) and intracellular Ca2+ burden via L-type
channels provide impetus to the pathogenesis of depression
(Aburawi et al. 2007; Bergantin and Caricati-Neto 2016). In
this study, mice exposed to reserpine exhibited a marked
rise in brain TBARS and nitrite content and a decrease in
GSH, catalase, and SOD activity, thereby indicating com-
promised brain antioxidant defense. The present findings
support the earlier results that indicated reserpine-
triggered oxidative stress in the brain of rodents (Arora
et al. 2011). However, pretreatment with LCD attenuated
the surge in TBARS and nitrite levels in the brain of mice
administered with reserpine. These results are in harmony
with earlier literature that reported direct scavenging of
numerous radical species in vitro as well as in vivo by
LCD (van Amsterdam et al. 1992; McCormack and
Wagstaff 2003; Berkels et al. 2005). In earlier studies, a
decline in activities of xanthine oxidase, myeloperoxidase,
reactive oxygen species output, MDA levels, and rise in
GSH content by LCD in animal models of ischemia and
diabetes also substantiate the results of the present study
(Berkels et al. 2005; Kumbasar et al. 2012). Activities of
SOD and catalase and glutathione levels showed consid-
erable improvement in the brain of reserpine-administered
mice pretreated with lacidipine for 14 days. The standard
drug (fluoxetine) decreased the lipid peroxidation and ni-
trite content and increased the GSH, SOD, and catalase
activity in the brain of reserpine-treated mice. In the
reserpine-induced mouse model of depression, the antiox-
idative potential of fluoxetine and lacidipine were compa-
rable. Bay-K8644 administration antagonized the effects
of lacidipine on biomarkers of oxidative stress in brain of
reserpine-treated mice. The reversal of antidepressant ef-
fects of LCD in reserpine-treated mice by Bay-K8644
indicates that L-type calcium channel antagonism may
serve as a possible strategy to curb the pathogenesis of
depression and its symptoms.

Conclusion

In the present study, reserpine instigated characteristic symp-
toms of depression in mice through elevation of oxido-
nitrosative stress in the brain. Pretreatment with lacidipine
showed profound improvement in depression-like symptoms
by virtue of its Ca2+ channel blocking and antioxidant activi-
ties in reserpine-administered mice.
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