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ABSTRACT

Beryllium induced neurotoxicity and therapeutic potential of naringenin had been explored for the first lime in rats.
For this purpose, 30 female albino rats were divided into six groups. Group 1 served as control, group 2 was naringenin
par se and rest of the four groups waere exposed to beryllium nitrate (1mghkg, i.p.) daily for 28 days. Maringenin was
orally administered in group 4, 5 and & at different doses (10, 20 and 30 mg/kg) for 5 days after 28 days of neurotoxicity.
All the animals were subjected to elevate plus maze, light dark chamber and rotarod experiments. Beryllium exposure
decreased body weight, ime spent and number of entries in open arm, increased time spent in close ams as compared
to control in elevated plus maze whereas decreased % time spent in bright arena, number of entries in bright arena and
increased % time spent in the dark arena in light and dark chamber, decreased motar coordination and balance skills on
rotarod. Maringenin showed therapeutic potential and brought the studied variables more towards control at 20 mgfkg
dose. It can thus, be concluded that naringenin may be an agent of therapeutic choice in case of beryllium induced

behavioral alterations.
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Introduction

Industrial pollution is the biggest health risk
of mankind. Industrial expansion has led health
problems among the workers. A diverse number of
metals have been reported to exert serious health
effects on human and other organisms. Light metal
beryllium and its compounds possess exceptional
properties which make them essential in several
medem branches of industry. People living in the
vicinity of power plant get affected by beryllium from
buming of coal and metallurgical processing of
beryllium like melting, casting, cutting and
electroplating. Other activities like handling of
broken florescent tubes, diamond cutting by
beryllium knife are also sources of its exposure to
toxdicity.

Earliest recognized reports of beryllium

compounds exposure on pulmonary disease were
reported® in 1930s and 1940s. Hypersensitivity
reactions due to beryllium salt was reported in
chronic beryllium disease occurred in the 1950s,
which lead to the first clinical demonstration of the
immunological basis of this disease®. Occupational
exposure to beryllium causes a number of diseases
such as bronchitis, bronchiolitis, chronic pulmonary
granulomatosis and pneumonitis” 12, However, very
less scientific information is available on beryllium
induced neurotoxicity. Thus, in the present
investigation, naringenin was evaluated for its
therapeutic potential against beryllium induced toxic
effects in brain.

Maringenin is one of the natural flavonoid
compound, abundantly found in the peels of cifrus
fruits3. It is reported as powerful antioxidant, anti-
inflammatory and immune-modulatory'® and
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neuroprotective®. It has therapeutic effects against
Parkinson’s disease, Alzheimer’s disease and
amnesia related pathology. It protects against
oxidative damage in various pathological
conditions due to its ability of penetration into the
brain®. Thus, it was hypothesized that naringenin
may also be helpful in mitigating beryllium induced
toxic insult to brain and bring behavioral alterations
towards normal.

Materials and Methods

Female albino rats of Wistar strain (180x
20 g) were purchased from DRDE, Gwalior Madhya
Pradesh, India. Animals were housed in cleaned
cages in a proper ventilated house with optimum
conditions and acclimatized to animal house
condition. Animals were allowed free access to
commercial pelleted rat feed and water ad libitum.
Entire experiment was conducted under the
Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA)
India, guidelines. The study was worked out with
the approval of the institutional animal ethics
committee (994/Ere/Go/06/CPCSEA).

Beryllium as beryllium nitrate [Be (NO,),]
purchased from Sigma Aldrich and administered
intraperitoneally for the induction of toxicity. To
evaluate therapeutic potential of naringenin, thirty
six female rats were divided into six groups of six
animals each and received beryllium nitrate for 28
days followed by naringenin dose as follows:

Group 1: Normal

Group 2 Naringenin per se (20 mg/kg, po)

Group 3: Beryllium (1 mg/kg. ip)

Group 4 Be (1 mg/kg. ip) + Naringenin (10 mg/
kg, po)

Group 5: Be (1 mg/kg.ip) + Naringenin (20 mg/
kg, po)

Group 6: Be (1mg/kg. ip) + Naringenin (30 mg/
kg, po)

Animals were weighed before dose
administration and after 24 hours of last animal
dose. The % difference (increase) was calculated
to evaluate naringenin against beryllium induced
behavioral alterations. Elevated plus maze and light
and dark chamber are two experimental model of
anxiety, based on the assumption that unfamiliar,
non-protective and brightly light environmental
stress provokes inhibition of normal behavior. This
normal behavior suppression was further

augmented in the presence of fear of anxiety like
state.

Elevated plus maze:

The elevated plus maze consists of two
open arms ( length 50 cm X breadth 10 cm ) and
enclosed arms of the same size ( Height 40 cm ),
an open roof arranged in such a manner that the
two open arms remain opposite to each other. Rats
were individually placed on the centre of the maze
facing an open arm, and the number of entries and
the time spent in closed and open arms were
recorded during 5 minutes observation period'2.

Light dark chamber:

This apparatus consist of two distinct
chambers, a dark chamber (20 X 30 X 35 cm)
painted black and a bright chamber (30X 30 X35
cm) painted white and brightly illuminated with 100
W white light sources'-'4. By observing the time
duration an animal spends in light or dark arena in
light dark chamber, one can predict the anxiety
status of that animal.

Motar coordination:

Rotarod was used to monitor the motar
coordination status or balance skill of the animals.
In this, rats were placed on a rotating rod that can
be accelerated for desired rpm to analyze the effects
of beryllium on motor coordination and balance
skills2.

Statistical analysis

The data was expressed as Mean + S.E.M.
The data was analyzed by student’s t-test and

compared with controlled group at p=0.001,
p0.01and p0.05.

Results and Discussion

Beryllium administration at 1 mg/kg dose
for 4 weeks decreased body weight significantly
(Fig. 1A, p0.001). Significant restoration was seen
in body weight gain with treatment of naringenin at
doses viz 20 and 30 mg/kg, po and at 10 mg/kg
dose when compared with beryllium (p0.001 and
p0.01). Maximum recovery in body weight was
observed at 30 mg/kg dose of naringenin.

Motar coordination:

Therapeutic effect of naringenin against
beryllium was assessed by behavioral alterations
that include motar coordination by rotarod, level of
anxiety by elevated plus maze and light and dark
chamber. Administration of 1 mg/kg beryllium for 4



200

248 KOMAL SINGH SUMAN, SATENDRA KUMAR NIRALA AND *MONIKA BHADAURIA

Elevated plus maze

20

10 +

th

% Open arm time { Sec)

Control Per se BetN10 BetN20 BetN30

Open arm enteries

T B 1

Be BetN10 BetN20 Bet+N30

Control

Fig. 2: Data are meanzS.E of n = 6; °Be vs Control at P£0.001, ®Therapy vs Be at P£0.01, ‘Be vs Control at
P£0.001, ®Significant at 5% for ANOVA.

F Variance %0pen arm time open arm entry
(At5% level) 29.7¢ 33.8¢

Abbreviation: Be = Beryllium, N10 = Naringenin 10 mg/kg, N20 = Naringenin 20 mg/kg, N30 = Naringenin
30 mg/kg.
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Abbreviation: Be= Beryllium, %TSBA = % Time spent in bright arena, N10= Naringenin 10 mg/kg, N20=
Naringenin 20 mg/kg, N30= Naringenin 30 mg/kg.
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weeks decreased (p0.001) coordination was found
(Fig. 1B). Significant recovery at 0.1% was found in
motar coordination when animals were exposed
to 20 and 30 mg/kg doses of naringenin. Naringenin
dose at 10 mg/kg was restored motar coordination
at 1% level of significant.

The neurological problem was indicated by
inability of rat to coordinate on rotating rod for 3 min
in each trial'. Beryllium exposure significantly
decreased motor coordination or balance skill that
was restored toward control in the experimental
rats with 20 mg/kg dose of naringenin.

Elevated plus maze:

Beryllium administration (1 mg/kg, ip) for 4
weeks enhanced (p0.001) anxiety level (decreased
% Open arm time and decreased open arm entries)
(Fig. 2A & 2B). Restoration (p0.001) was found in
open arm entries at all therapeutic doses.
Therapeutic doses of naringenin 20 and 30 mg/kg
were increased (p0.001) open arm time and 10
mg/kg dose of naringenin increased % open arm
time at 1% level when compared with beryllium
induced group.

Anxiolytic drug enhances the number of
entries and time spent in open arms?'. In the
present study, beryllium exposure to experimental
animals decreased number of entries and %time
spent in open arms showing anxiogenic effect, so
20 mg/kg, naringenin worked as anxiolytic drug

against beryllium.
Light and dark chamber:

Administration of beryllium dose 1mg/kg for
4 weeks enhanced (p0.001) anxiety level (Number
of transition and % time spent in bright arena) (Fig.
3A and 3B). Number of transition and time spent in
bright arena were restored in dose dependent
manner of naringenin. Number of transition were
increased (p0.001) at 20, 30 mg/kg but 10 mg/kg
dose of naringenin was not showed any significant
effect; therapeutic doses of naringenin 20 and
30mg/kg were increased (p0.001). %time spent in
bright arena and 10 mg/kg dose of naringenin
increased time spent in bright arena at 1% level
when compared with beryllium induced group.

Reduction in time spent and number of
entries in the light chamber is regarded as markers
of anxiety214. This study showed that beryllium
exposure decreased % time spent and number of
entries in bright arena the light chamber which
confirmed anxiogenic effects of beryllium that was
decreased by naringenin dose at 20 mg/kg.

Beryllium administration for 28 days altered
behavior of the experimental animals. Naringenin
showed therapeutic potential in a dose dependent
manner, however, 20 mg/kg dose was found to be
most effective. It can thus, be concluded that
naringenin may be an agent of therapeutic choice
in case of beryllium induced behavioral alterations.
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