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Abstract

Background: The fruit juice from Chaenomeles japonica var. maulei (Mast.) Lavall,e is very rich in polyphenolic compounds.

Aim: The aim of the current study was to investigate the effects of Chaenomeles maulei fruit juice (CMFJ) on reserpine-induced beha-
vioral changes in rats.

Materials and methods: The experimental design included a total of 50 animals, divided in the following groups: control, R,
R+CMFJ, ., R+CMFJ,, and R+CMF], . All groups except the control received a single intraperitoneal injection of reserpine while the
Control group was injected with the vehicle. CMF] was applied through an orogastric cannula at 0, 19, and 23 hours after reserpine
injection at doses of 2.5 ml/kg, 5 ml/kg, and 10 ml/kg to groups R+CMF]J, ., R+CMF]., and R+CMF]J, ;, respectively. The groups control
and R received distilled water (10 ml/kg) at the same time points. The open field test (OFT) and the forced swim test (FST) were carried
out. In the OFT, crossings and rearings were recorded as a measure of locomotor activity. In the FST, the immobility time served as a
measure of depressive-like behavior.

Results: In the OFT, the number of crossings of rats were significantly reduced (p<0.05) by reserpine. CMFJ antagonized the effects of
reserpine on rat locomotor activity. In the FST, reserpine caused an insignificant reduction of the immobility time while CMFJ reversed
this effect probably by increasing the locomotor activity.

Conclusion: CMEF] reversed reserpine-induced hypokinesia in rats. This effect of CMFJ might be attributed to the polyphenols found
in very high concentrations in the juice.
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INTRODUCTION

comotor hypokinesia, reduced body temperature and al-
terations in the sucrose-preference test.”> These behavioral

Reserpine is an alkaloid, derived from Rauwolfia serpentina
or Indian snakeroot. Used in the past as an antihyperten-
sive drug, now its use is limited.! The mechanism of action
of reserpine involves depletion of catecholamines stores
and reduction of sympathetic activity. Reserpine causes a
reduction of dopamine levels at the insula and oxidative
stress in rat brains>%. It induces anhedonic-like state, lo-

changes may be observed as increased immobility in the
forced swim and tail suspension tests® and are highly simi-
lar to some aspects of depression in humans.

The currently accepted theory of depression describes
a decreased level of the major neurotransmitters: norepi-
nephrine, serotonin, and dopamine in the synapse. There-
fore, the mechanisms of action of antidepressants are
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directed towards the increase of these neurotransmitter
levels. The conventionally used antidepressants show some
disadvantages like slow onset of action and side effects, fre-
quently decreasing the patient’s compliance. A better toler-
ated alternative are the plant sources, rich in polyphenolic
compounds. They have shown to be effective in the treat-
ment of neuropsychological disorders.”

Chaenomeles japonica var. maulei (Mast.) Lavall,e is
a polyphenol-rich plant, widely used in the traditional
Chinese medicine, belonging to the Chaenomeles genus.
There are five wild Chaenomeles species in China including
Chaenomeles speciosa, Chaenomeles thibetica, Chaenomeles
cathayensis, Chaenomeles sinensis, and Chaenomeles ja-
ponica. Chaenomeles maulei is a variety of Chaenomeles
japonica, cultivated mainly in Europe and some parts of
Russia. Polyphenols, such as flavonoids and phenolic acids,
found at high concentrations in Chaenomeles species fruits,
are known for their protective effects against cardiovascu-
lar diseases and exhibit anti-cancer, antimicrobial, anti-
inflammatory, antioxidant and neuroprotective action.®

The Chaenomeles plants are poorly studied for their ef-
fects on the central nervous system. This study aimed to
investigate the effects of Chaenomeles maulei fruit juice
(CMFJ) in a model of reserpine-induced behavioral chang-
es in rats.

MATERIALS AND METHODS

Experimental substances

Chaenomeles maulei fruit juice was produced from plants
grown in the Balkan Mountains, Bulgaria, in the region
of Troyan. After handpicking, fresh fruits were grinded,
crushed and squeezed. The juice was filtered, preserved
with potassium sorbate (1.0 g/1) and stored at 0°C till the
experiments. The total content of phenolic compounds was
determined by the spectrophotometric Folin-Ciocalteu as-
say.” Absorbance was read at 760 nm. Gallic acid was used
as a standard. The spectrophotometric assay showed a very
high content of phenolic compounds - 8900.00 mg gallic
acid equivalents per liter of juice. The high content of poly-
phenols was confirmed by an HPLC analysis that revealed
the presence of phenolic acids and flavonoids. The phenolic
acids were presented in the highest concentration by vanil-
lic acid, caffeic acid and chlorogenic acid.!” From the flavo-
noids, the most abundant were epicatechin, catechin and
quercetin.!?

Reserpine (Sigma-Aldrich, USA) was provided in the
form of a powder.

Animals

The animals used were healthy male Wistar rats with a mean
weight of 220+30 g, bred in the Animal Centre of Medical
University of Varna. The animals were housed in plastic

cages in a well-ventilated room maintained at 22+1°C and
on a 12/12 light/dark cycle. They received standard rodent
pelleted diet and water ad libitum.

All procedures concerning animal treatment and experi-
mentation were conducted in conformity with the national
and international laws and policies (EU Directive 2010/63/
EU for animal experiments) and were approved by Bulgar-
ian Food Safety Agency (document 141/23.06.2016).

Experimental design

A total of 50 animals were divided into 5 groups (n=10):
Control, R (reserpine), R+CMFJ],., R+CMFJ, and
R+CMF]J, . All animals except the controls received a single
dose of reserpine. Reserpine was freshly dissolved at a dose
of 6 mg/kg in 5% dimethyl sulfoxide (DMSO)/saline solu-
tion and administered intraperitoneally (i.p.) in a volume
of 1 ml/kg. Control animals were injected only with the ve-
hicle (5% DMSO, 1 ml/kg, i.p.). R+CMF]J, ., R+CMFJ, and
R+CMF]J,, groups received CMF] orally at doses of 2.5 ml/
kg, 5 ml/kg, and 10 ml/kg, respectively. The doses of 2.5 ml/
kg and 5 ml/kg were diluted with distilled water to 10 ml/
kg. The control and R groups received distilled water at a
dose of 10 ml/kg. CMF]J was applied through an orogastric
cannula on the 0%, 19 and 234 hour after reserpine or ve-
hicle injection.

Open field test

The open field test (OFT) was carried out 1 hour after the
last oral treatment. The OFT is one of the experimental par-
adigms initially introduced to estimate the locomotor activ-
ity and willingness of animals to explore.!! The test allows
measuring the behavior of an animal after it is released into
an open, novel arena.'? The open field was a wooden arena
(100x100x40 cm) painted white. The floor was divided with
blue paint into 25 equal-size squares. The duration of the
test session for each animal was 5 min. The measure for the
horizontal activity was the number of squares crossed with
four paws (crossings). The vertical activity was measured
by the times the animal stood on its hind limbs (rearings).

Forced swim test

The forced swim test (FST) was carried out in two sessions.
The training session took place 1 hour after the OFT while
the test session took place exactly 24 hours after the train-
ing session. Because of its relative simplicity, the FST has
become a widely used procedure in the screening of anti-
depressant drugs. Also known as the Porsolt test, FST mea-
sures an animal’s response to an inescapable situation and
allows the assessment of “behavioral despair”.!* The animals
were tested one by one in a transparent glass cylinder (17
cm in diameter and 60 cm in height) filled partially with
water (22+1°C), so that there was space left, but not allow-
ing the animals to escape. Each animal was dropped down
in water and its activity was documented for 5 min and the
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results from the test session were recorded. There was an
initial period of high activity when the animal tried to es-
cape. Eventually, this activity ceased and there was a spe-
cific immobility period. We assessed the immobility time,
described as the effort required to keep the animal’s head
above the water. The longer duration of the immobility
time is related to increased behavioral despair while anti-
depressant drugs decrease the immobility time.!*

Statistical analysis

The results obtained were expressed as mean + SEM. The
data were analysed by one-way ANOVA, followed by Dun-
nett’s multiple comparison post hoc test. A level of p<0.05
was considered significant. All analyses were performed
using GraphPad Prism statistical software.

RESULTS

Open field test

The results from the horizontal activity, measured as the
number of crossings are presented in Fig. 1. The number
of crossings of the control group were 74.8+11.5. The ad-
ministration of reserpine caused a significant decrease in
the horizontal activity (36.6£8.0; p<0.05 vs. control). CMF]J
managed to recover the locomotor activity of reserpine-
treated rats. The number of crossings of CMF]-treated rats
did not differ significantly from the results of the control
group. The horizontal activity of R+CMFJ, ; and R+CMF],
groups was 45.0£10.5 and 43.2+10.5, respectively. The re-
sult of R+CMF]J, ) group (56.6+12.0) was closest to that of
the control group.

The vertical activity of the R group was lower (14.7+2.1)
than that of the control group (22.1+3.2), but the results
were not significantly different as shown in Fig. 2. The
number of rearings of rats belonging to R+CMFJ, . and
R+CMFJ, groups were 16.6+2.3 and 15.8+2.3, respective-
ly. These results were similar to the result of the R group.
R+CMF]J, , group showed a significant elevation in the ver-
tical activity compared to R group (26.3+4.0; p<0.05 vs. R

group).

Forced swim test

The immobility time of R group (60.0£7.4 sec) was not
significantly different from that of the Control group
(56.5+4.0 sec). The treatment with CMF] caused a tendency
to decrease the immobility time to values of 56.7+6.2 sec,
48.3+7.9 sec and 45.3+4.4 sec for the animals belonging to
R+CMF], ., R+CMF]J, and R+CMF], ; groups, respectively.
The immobility time of CMF],, group was lower than that
of R group and even than that of the control group, without
reaching statistical significance (Fig. 3).
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DISCUSSION

Reserpine is a long known substance with a mechanism of
action involving the depletion of brain monoamines due
to the irreversible block of the vesicular monoamine trans-
porter. The behaviours produced by its administration,
such as anhedonic-like state and decreased locomotion,
might be interpreted as depressive-like and Parkinson’s
disease-like symptoms. Both of these disorders include
the decreased levels of monoamines in the synapse, espe-
cially dopamine.!® In the present study, the administration
of reserpine induced a dose-dependent hypokinesia in the
OFT, which was in agreement with the findings of Qingjun
et al.'® Dopamine reuptake blockers or direct dopamine
agonists induce the locomotor activity in rats.!” Dopamine
transporter inhibition in the substantia nigra might pre-
vent drug-induced dyskinesia or when in the mesolimbic
system, be responsible for the reversal of anhedonia.'

The administration of CMF] showed a dose-dependent
tendency to reverse the reserpine-induced hypokinesia.
These effects might be explained with the high concentra-
tion of polyphenols in the CMF]. Phenolic acids and fla-
vonoids are the main active ingredients found in CMF].
Dietary polyphenols are known to modulate the mono-
aminergic system by increasing the synthesis or interac-
tion with dopamine and serotonin receptors.!>* Previous
findings suggest that the polyphenols in other Chaenomeles
plants modulate the effects of the catecholamines. Chae-
nomeles speciosa dried fruits have been shown to inhibit the
activity of dopamine transporter and thus elevate the levels
of dopamine in the synapse.?! A similar action of CMFJ in
this study might explain its effect to antagonize reserpine-
induced hypokinesia.

The dysregulation of dopaminergic system, especially
the mesolimbic reward pathway, might be a possible mech-
anism involved in the pathogenesis of depression.?? In the
current study, however, the single injection of reserpine did
not produce a significant elevation of the immobility time
in the FST. Since the full clinical manifestation of depres-
sion requires time, we suggest that the slight prolongation
of the immobility time in this acute setting of administra-
tion of reserpine was due to the decreased locomotor activ-
ity of the animals. CMFJ at the dose of 10 ml/kg managed
to reduce most markedly, but not significantly, the immo-
bility of animals. The administration of CMF]J antagonized
the effect of reserpine, probably by increasing the locomo-
tion, rather than affecting the depressive-like state.

CONCLUSION

In conclusion, this study showed that administration of
CMEF] reversed reserpine-induced hypokinesia in the OFT,
which might be associated with monoaminergic modula-
tion. The effects of reserpine and CMF] on the immobility
in the FST were not significant and might be explained with
the effects on locomotion. The effects of CMFJ might be at-

tributed to the polyphenols found in very high concentra-
tions in the juice.
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AGCTpakT
BeeaeHue: Opykrosbiii cok 13 Chaenomeles japonica popa maulei (Mast.) odenb 6orat nomudeHOTbHBIMA COSINHEHMAMI.

Lenb: Lenpio faHHOTrO MccIenoBanmus 6bUI0 n3ydenne BavsiHus Gppykrosoro coka n3 Chaenomeles maulei (0CXM) Ha BbI3BaHHbBIE
PesepINHOM M3MeHEHNs TIOBEJIEHNS Y KPBIC.

Matepuanbl 1 meToAbl: MeTonuKa UCCTeNOBAHNA BKI0Yana B cebs 50 )KMBOTHBIX, pa3/le/IéHHBIX Ha C/Ief[yIONIye IPYIIIbl: KOH-
tponbHad, R, R + PSXMS5.5, R + PSXM5 u R + PSXM10. BceM >XMBOTHBIM B IPYIIIaX, KpOMe KOHTPONBHOI, BBOAVIIN OHY BHYTpPH-
OPIOIIMHHYIO0 MHBEKIMIO pe3epIIiHa, TOTa KaK KOHTPOJILHOI IpyIine BBOAyM pactoputens. ®CXM BBOAMIN Yepe3 OporacTpab-
HyIo KaHIomo B 0, 19 1 23 rpajycax IIoc/ie MHBEKIMN pe3epyHa B fo3ax 2,5 ml/kg, 5 ml/kg u 10 ml/kg coorBeTcTBeHHO /14 Tpymm R,
R + PSXM2,5, R + PSXM5 n R + PSXM10. KonTponbHoit rpymie u rpymme R BBogum auctiwmmpoBanHyio Bogy (10 ml/kg) B Te e
IIepMOAbl BpeMeHN. Bulmn nmpoBeieHn! Tectsl OTKpbITOro nonA (TOIT) u tect npunyaurensHoro mnasanus (TIIIT). TopusoHTanbHbIe
ABIDKeHMs (IIepecedeHyie KBapaToB) U BepTUKATbHbIE BYDKEHNA (IIOybEM 3aJHNX JIall) KaK IOKa3aTe/ly IBUIaTelbHON aKTUBHOCTHI
6t namepenst Ayt TOIT u TIIIL. TTpy TTITT BpeMst HEIOABYKHOCTI CITY)KI/IO MHAMKATOPOM AEIPECCUBHOTO IOBEJICHIA.

Pesynbratbl: B TOII Konn4ecTBO BepTUKATbHBIX ABIDKEHNUI KPBIC OBUIO 3HAYMTENbHO CHIDKeHO (p <0,05) 3a cueT pesepmmHa.
OCXM npoTUBOJIENICTBYeT BAMAHMIO pe3epIMHa Ha IBUTaTe/TbHYI0 aKTUBHOCTD KpbIC. [Tpn TIIII pesepnun BbI3bIBaT 3HAUUTETBHOE
COKpalljeHIie BpeMeHI HeIIOBIDKHOCTH, Torfa Kak ®CXM IOITHOCTHIO M3MEHST 9TOT 3 (HeKT, BEPOSATHO, 3a CIeT yBeINIeHs ABUTa-

TEJIbHOV aKTUBHOCTM.

BbiBofbl: PCXM 13MeHsAeT B IPOTUBOIOIOXKHYIO CTOPOHY IPOLIECC pe3epIH-MH/YIMPOBAHHOI TMIOKMHE3NN Y KPbIC. ITOT -
dext DCXM MOXKHO OTHECTH K IONM(EHOIaM, 0OHAPY>KeHHBIM IIPU O4YeHb BHICOKMX KOHIIEHTPAIVIAX B COKe.

KnioueBble cnoBa

¢bpykrosbiii cok 13 Chaenomeles maulei, monmgeHonsl, ABUraTeIbHAS AKTUBHOCTD, Pe3€PIIH, KPBICDI
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