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Zinc and linoleic acid pre-treatment 
attenuates biochemical and histological 
changes in the midbrain of rats 
with rotenone-induced Parkinsonism
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Abstract 

Background: Studies have suggested the supplementation of Zinc and Linoleic acid in the management of neu-
rodegenerative disorders but none has investigated the combined effects. Little is known about the neuroprotec-
tive effects of either Zinc or Linoleic acid or their combination against development of Parkinsonism. This study was 
designed to investigate the neuroprotective effects of Zinc and Linoleic acid in rotenone-induced Parkinsonism in 
rats.

Methods: Thirty-six young adult female rats weighing 100–150 g divided into six groups were used. Rats were 
induced with Parkinsonism by subcutaneous administration of rotenone (2.5 mg/kg) once a day for seven consecu-
tive days. The rats received dimethyl sulfoxide (DMSO)/Olive oil or rotenone dissolved in DMSO/Olive oil. Groups III 
and IV received Zinc (30 mg/kg) or Linoleic acid (150 µl/kg) while group V received a combination of both, 2 weeks 
prior to rotenone injection. Groups II and VI served as negative (rotenone group) and positive (Levodopa groups) 
controls respectively. Oxidative stress levels were assessed by estimating Lipid peroxidation (MDA), total antioxidant 
capacity, Superoxide dismutase, reduced Glutathione (GSH), glutathione peroxidase and catalase in the midbrain. 
Histological examination was done to assess structural changes in the midbrain.

Results: There was a significant prevention in lipid peroxidation and decrease in the antioxidant status in interven-
tion-treated groups as compared to the rotenone treated group. In addition, histological examination revealed that 
Parkinsonian rat brains exhibited neuronal damage. Cell death and reduction in neuron size induced by rotenone was 
prevented by treatment with zinc, linoleic acid and their combination.

Conclusion: These results suggest that zinc and linoleic acid and their combination showed significant neuroprotec-
tive activity most likely due to the antioxidant effect.
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Background
Parkinsonism is a general term that refers to neurological 
disorder that causes movement disorders. These disor-
ders include supranuclear palsy, vascular Parkinsonism, 
dementia with Lewy bodies, corticobasal degeneration 
and drug induced-Parkinsonism [44]. The pathophysi-
ology of the latter is related to drug-induced changes in 
the basal ganglia motor circuit secondary to dopaminer-
gic neuron destruction [21]. The consequence of nigro-
striatal fibre degeneration is a loss of nerve endings in 
the striatum which contain tyrosine hydroxylase, and 
thus a reduced production of dopamine in the striatum. 
This produces tremor bradykinesia, rigidity and postural 
instability [18].

The aetiology of PD is considered to be associated with 
environmental exposures to various factors and genetic 
mutations [10]. Suggested environmental factors related 
to the aetiology of PD include exposure to herbicides 
and pesticides, intake of contaminated well-water and 
neurotoxins for example rotenone. Oxidative stress has 
been suggested as the common underlying mechanism in 
both sporadic and genetic cases of PD. This leads to cel-
lular dysfunction [19]. The oxidative stress brings about 
death of dopaminergic neurons in the substantia nigra 
pars compacta. The initiators of these cascade of pro-
cesses associated with generation of oxidative stress in 
the nigral dopaminergic neurons are thought to be the 
reactive oxygen species (ROS) produced during inflam-
mation of the neurons, dysfunction of the mitochondria 
and metabolism of dopamine [22]. Micronutrients and 
trace elements have been described as key components 
in the combat against these ROS and hence the onset and 
progression of neurodegenerative disorders [5].

Current treatment of Parkinson’s disease (PD) is based 
on dopamine replacement therapy, but chronic admin-
istration may cause motor fluctuations and dyskinesias, 
increased free radical formation, accelerating neuronal 
degeneration in some PD patients. Studies in rodents 
showed that levodopa/carbidopa do not offer neuropro-
tection as well. Several agents have been investigated 
for neuroprotection against development of Parkinson 
disease or for slowing down the degeneration dopa-
minergic neurons, yet none has successfully offered 
neuroprotection.

Zinc homeostasis has been implicated in several pro-
cesses related to brain aging and the onset and develop-
ment of age-related neurodegenerative disorders. Serum 
Zinc did not significantly correlate with age of onset 
and duration of the disease in a study of Zinc status in 
PD patients [56] suggesting that Zinc does not play any 
role. Studies have found that Zinc deficiency accompa-
nies many cases of PD as shown by significant low levels 
of Zinc in the cerebrospinal fluid (CSF) of PD patients. 

Zinc has been shown to play an important role in pro-
tecting dopaminergic neurons against free radicals and 
toxins from the environment by stimulating metallothio-
nein production [26]. Another micronutrient essential 
for influencing signal transduction, neurochemistry, 
enzymes, membrane proteins and gene expression is the 
omega-6 polyunsaturated fatty acids of which Linoleic 
acid is the major long chain PUFA [7]. Omega-6 PUFAs 
also modulates transmission in cholinergic, serotoniner-
gic and dopaminergic systems. Dopamine storage vesi-
cle formation have been shown to significantly reduce 
in prolonged omega-6 PUFA deficiency [58]. Omega-6 
PUFA is involved in inflammation, neurotrophic support, 
and oxidative stress through modulation of expression of 
genes responsible for that. Despite all these, the neuro-
protective effects of omega-6 PUFA in PD are yet to be 
investigated elaborately [30].

There is therefore the need to investigate the poten-
tials of micronutrients and trace elements offering 
protective effects in the brain or slowing down the 
degeneration processes that occur in toxin-induced 
neurodegeneration.

Using the hypothesis that mitochondrial dysfunc-
tion and oxidative injury underlie neurodegeneration in 
PD; the inclusion of metabolic modifiers may provide an 
alternative and early intervention approach. In order to 
investigate this we used a toxin-induced model of Par-
kinsonism to assess the protective effects of the trace ele-
ment Zinc and micronutrient Linoleic acid. These agents 
may provide a potential neuroprotective therapy aimed 
for use as a prophylaxis to delay the onset or halt the pro-
gressive nature of Parkinsonism.

Methods
Chemicals and drugs
Rotenone (Sigma-Aldrich, St Louis, SA) was dissolved 
in 1:1 (v/v) dimethylsulfoxide (DMSO, Sigma-Aldrich, 
St Louis, SA). Zinc dust (10 g) (Sigma-Aldrich, St Louis, 
SA) was dissolved in distilled water; Linoleic acid (Sigma-
Aldrich, St Louis, SA). All other chemicals and reagents 
were obtained from the Biochemistry and Physiology lab-
oratories of the University of Yaounde 1 Cameroon and 
were of analytical grade.

Animals
Female wistar rats were used in the present study. Their 
weight ranged between 100 and 150 g. Rats were housed 
in groups of six in stainless steel cages under hygienic 
laboratory conditions (temperature of 25 °C and reversed 
12/12  h light/dark cycle). Water and food pellets were 
given ad  libitum. All the experimental protocols were 
approved by the Institutional Animal Care and Eth-
ics Committees at the Kampala International University 



Page 3 of 11Mbiydzenyuy et al. BMC Neurosci  (2018) 19:29 

Western Campus and Faculty of Medicine and Biomedi-
cal Sciences, University of Yaounde 1, Cameroon under 
the reference number No 2017/01/699/CE/CNERSH/SP.

Experimental design
Thirty-six young adult female rats aged 8–12 weeks and 
weighing 100–150  g, obtained from the animal house, 
Department of Physiological Sciences and Biochemistry 
University of Yaounde I, Cameroon and acclimated in a 
room at temperature of 25 ± 1  °C were used. Rotenone 
(2.5  mg/kg dose, s.c.) was employed to induce experi-
mental Parkinsonism [52]. Rotenone was prepared to be 
injected in a volume of 1  ml/kg body weight. The rote-
none solution was first prepared as a 50X stock in 100% 
dimethylsulfoxide (DMSO) by dissolving 125  mg of 
rotenone in 1  ml of DMSO. 40  µl of the stock solution 
was then diluted in 1960 µl of olive oil. The solution was 
vortexed to create an emulsion of the DMSO contain-
ing rotenone and Olive oil. Fresh solution was prepared 
every 2–3 times in a week. Rotenone is sensitive to light, 
so it was stored in small vials and protected from light 
by wrapping the vials with foil papers and kept in refrig-
erator. Before administering the Rotenone solution to 
rats, the vials were inverted several times or vortexed to 
obtain a uniform mixture with the DMSO/Olive oil. Each 
rat received a volume of 1 ml/kg of Rotenone and control 
animals received the vehicle only (Olive oil/DMSO).

Group I (normal control) received the vehicle Olive oil/
DMSO once a day through the study period of 3 weeks; 
Group II (negative control) as described by Fujikawa 
et al. [13] and Ojha et al. [33] received 2.5 mg/kg of rote-
none subcutaneously once a day consecutively for the last 
7 days of the experiment. Group III received Zn (30 mg/
kg b.w.) according to Partyka et  al. [36] and Anna Par-
tyka et al. [37] orally for 3 weeks in drinking water once 
per day and rotenone (2.5 mg/kg) once a day for the last 
seven consecutive days. Group IV received a daily dose 
of Linoleic acid (150 µg/kg) subcutaneously for 3 weeks 
once per day and rotenone (2.5  mg/kg) once a day for 
the last seven consecutive days. Group V received both 
Zinc (30 mg/kg) and Linoleic acid (150 µg/kg) orally and 
subcutaneously once per day for 3 weeks respectively and 
rotenone (2.5 mg/kg) once a day for the last seven con-
secutive days. Group VI served as a positive control and 
received Levodopa (6  mg/kg) orally once per day with 
rotenone (2.5 mg/kg) once a day consecutively for 7 days.

Brain tissue processing
At  the end of  the experiment,  the  rats were  fasted over-
night and  humanely sacrificed by cervical dislocation 
without anaesthesia. The whole brain of each rat was rap-
idly  dissected,  removed and rinsed in ice-cold isotonic 
saline. The whole brain was weighed and immediately 

the midbrain region was isolated and this isolated brain 
section was used for further investigations. Portions of 
the midbrain were removed to use for histological assess-
ments. The remainder midbrain tissues were homoge-
nized with ice-cold 0.1 M phosphate buffer saline (pH 7.4). 
Tissue homogenate (10% w/v) was prepared in 50  mM 
phosphate buffer saline (pH 7.4) using a Symphony type 
Eperndorff homogenizer. The brain homogenate was cen-
trifuged at 2000g for 10 min at 4 °C. The pellet which con-
tained debris and nuclei was discarded. The supernatant 
was then again centrifuged at 12,000g for 20 min to obtain 
post mitochondrial supernatant. The supernatant was 
kept at − 80 °C until determination of the levels and activ-
ity of oxidative stress markers [25].

Brain oxidative stress marker assessments
Brain lipid peroxidation
The method described by Stocks et  al. [47] was used to 
measure lipid peroxidation. A coloured complex called 
thiobarbituric acid reactive substance is formed from a 
reaction of malondialdehyde and thiobarbituric acid. The 
complex was assayed spectrophotometrically at 532  nm 
and expressed in micro moles.

Brain total antioxidant capacity
The Ferric Reducing Antioxidant Power (FRAP) was used 
as a method of measuring the total antioxidant capac-
ity of the homogenate [4]. This method determines the 
capacity of the homogenate to reduce ferric iron to fer-
rous iron at a pH of 3.6. A deep blue coloured compound 
of ferrous tripyridyltriazine (TPTZ-Fe-2+) is formed as a 
result of the reduction of ferric tripyridyltriazide (TPTZ-
Fe3+). The absorbance was measured at 593 nm and the 
results were expressed in micromolar.

Brain reduced glutathione
The method of Boyne and Ellman [6] was used to esti-
mate the level of reduced GSH in the brain homogen-
ate. To precipitate the tissue proteins in the homogenate, 
it was mixed with 0.1 M phosphate buffer (pH 7.4) and 
then added to equal volume of 20% trichloroacetic acid 
containing 1  mM EDTA. The mixture stood for 5  min 
before it was centrifuged for 10  min at 2000  rpm. The 
supernatant was then transferred to a new set of test 
tubes, to which was added 1.8 ml of the Ellman’s reagent 
(5,5′-dithio bis-2-nitrobenzoic acid). The reaction mix-
ture was measured at 412 nm against blank.
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Brain superoxide dismutase activity
The method of Misra and Fridovich [32] was used to 
assay the activity of superoxide dismutase. The method is 
based on the principle that super oxide inhibits the oxi-
dation of adrenaline to adrenochrome. Each 3-ml of the 
reaction mixture contained 0.1-ml tissue homogenate, 
2.8  ml of Potassium phosphate buffer (0.1  M, pH 7.4), 
and 0.1-ml pyrogallol solution (2.6 mM in 10 mM HCl). 
The pink product formed, adenochrome was detected 
in a spectrophotometer at 480  nm. The results were 
expressed as units/mg protein.

Brain catalase activity
The method of Sinha [45] was used to assay catalase 
activity. A volume of 0.5 ml of the homogenate was added 
to the reaction mixture which contained 1 ml of 0.01 M 
phosphate buffer (pH 7.0), 0.5  ml of 0.2  M  H2O2, and 
0.4 ml  H2O. The tubes were all heated at 95 °C for 10 min. 
To terminate the reaction, 2 ml of dichromate/acetic acid 
mixture was added to it. To the control, the homogen-
ate was added after the addition of acid reagent. The 
absorbance was read at 570 nm, the enzyme activity was 
expressed as micromoles of  H2O2/min/mg of protein.

Brain glutathione peroxidase
A colorimetric assay kit was used to assay the activity of 
glutathione peroxidase (GPx) (Sigma-Aldrich, Germany). 
This test is based on the principle that reduction of 
organic peroxide by glutathione peroxidase produces oxi-
dized glutathione which is immediately converted to its 
reduced form (GSH) at the same time oxidizing NADPH 
to NADP+. The oxidation of NADPH was monitored 
spectrophotometrically using as a decrease in absorbance 
at 340 nm [14].

Total brain protein
Quantitative estimation of brain homogenate  total  pro-
tein  was  carried  out  according to  the Biuret method 
Gornall et al. [17]. This was done in order to quantify the 
concentration of proteins in the samples.

Light microscopic examination
Small sections of each midbrain from the normal con-
trol and the various treated animals were fixed on 10% 
paraformaldehyde to assess for histological changes. 
Thin frozen brain sections of 30 µm from were obtained 
using microtome. The tissues were dehydrated in ascend-
ing grades of alcohol following fixation, and were then 
embedded in wax. Approximately 5–7  µm thick paraf-
fin sections were cut and then subjected to hematoxy-
lin–eosin staining as described by Fischer et  al. [11]. 
Appearances of necrosis, apoptosis, size and quantity 
of cells were observed. The prepared slides were sent 

to the histopathology Department of the University of 
Yaounde, 1 Teaching Hospital for specialist observation 
and interpretation.

Statistical analysis
Results were collected, tabulated and expressed as 
mean ± S.E.M. Measurements were analyzed using one-
way analysis of variance, ANOVA, followed by Tukey’s 
multiple comparisons test. All statistical tests were done 
employing Graph Pad Prism version 6. Differences were 
considered significant at p ≤ 0.05.

Results
In this present study, subcutaneous administration of 
rotenone (2.5 mg/kg) to rats consecutively for 7 days pro-
duced biochemical alterations accompanied by histologi-
cal changes in the neurons in the midbrain.

Percentage survival
Repeated treatment of rats in this study with rotenone 
resulted in morbidity and mortality in rats. Death began 
occurring from the 4th day of administration of rote-
none. The percentage survival of rats at the end of the 
experiment was found to reach 83% (5 out of 6). Death 
of rats occurred in the rotenone (01), zinc and Linoleic 
(01) and levodopa group (01). The survival of rats was 
not improved by treatment with Zinc and Linoleic acid as 
compared to rotenone group. From day 3, some animals 
showed severe weakness, apparent weight loss and loco-
motive inability. Rats that died during the course of the 
experiment were excluded from statistical analysis.

Biochemical measurements
Lipid peroxidation by MDA measurement
In the estimation of MDA levels, all animals in each 
group showed variable levels of MDA (Fig. 1 and Table 1). 
There was significant increase in levels of MDA in rote-
none treated animals (p < 0.0001), when compared with 
normal control animals (0.03 ± 0.01 to 0.44 ± 0.06). There 
was significant decrease in MDA levels in Zinc treated 
animals (0.44 ± 0.06 to 0.03 ± 0.01; p < 0.0001), Linoleic 
acid (0.44 ± 0.06 to 0.02 ± 0.00; p < 0.0001), and a com-
bination of both (0.44 ± 0.06 to 0.07 ± 0.03; p < 0.0001) 
when compared with rotenone treated animals. The 
effect of the zinc, Linoleic acid and the combination was 
significantly greater when compared to the Levodopa 
group (p < 0.0001 Table 1). There was however no signifi-
cant difference in MDA levels of the combination when 
compared with individual treatments. Zinc lowered the 
MDA levels to normal control group levels (0.03 ± 0.01 
to 0.03 ± 0.01), while Linoleic acid and the combination 
groups lowered to near normal control levels (0.03 ± 0.01 
to 0.02 ± 0.00 and 0.03 ± 0.01 to 0.07 ± 0.03) respectively. 
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Levodopa did not significantly reduce the MDA levels 
(0.44 ± 0.06 to 0.43 ± 0.04, p > 0.05, Table 1). The effect of 
linoleic acid and the combination was significant when 
compared to levodopa (p < 0.0001). 

Total antioxidant capacity
The total antioxidant capacity in rotenone-treated rats 
presented in the Fig.  2 and Table  1 was found to sig-
nificantly (p ≤ 0.05) decrease compared to vehicle-
treated rats (699.2 ± 3.473 to 554.6 ± 8.921). The zinc 
and linoleic acid groups had significantly prevented the 

decrease in total antioxidant capacity (TAC) caused by 
rotenone administration (554.6 ± 8.921 to 686.7 ± 8.559; 
554.6 ± 8.921 to 702.1 ± 4.699 respectively) (p < 0.0001); 
their combination also prevented this decrease in TAC 
caused by rotenone administration (554.6 ± 8.921 to 
630.2 ± 33.28) (p ≤ 0.05, Fig.  2). The effect of the com-
bination was not significant when compared to single 
treatments (p > 0.05, Fig. 2). Zinc, linoleic acid, the com-
bination and levodopa all increased TAC to near normal 
control levels.

Table 1 Effect of zinc and linoleic acid and their combination on LPO and the antioxidant system enzymes in mid brain 
of rotenone treated rats

Total protein and antioxidant biomarker activity and concentration in the midbrain of the experimental groups. Results are expressed as mean ± SEM

LPO lipid peroxidation
a p ≤ 0.0001 compared to vehicle group; bp ≤ 0.05 compared to rotenone group; cp ≤ 0.0001 compared to levodopa group, dp ≤ 0.05 compared to levodopa group

*p ≤ 0.0001 compared to rotenone group

Groups MDA 
(µmoles/mg 
protein)

TAC (µmoles/mg 
protein)

GSH 
(µmoles/mg 
protein)

SOD (UI/mg 
protein)

CAT (µmole 
 H2O2/min/mg 
protein)

GPx (UI/ml 
enzymes)

TP (mg protein)

Mean ± SEM

Vehicle (n = 6) 0.03 ± 0.01 699.2 ± 3.473 4.44 ± 0.43 6.68 ± 1 0.64 ± 0.01 0.0200 ± 0.003536 10.67 ± 1.052

Rotenone (n = 5) 0.44 ± 0.06a 554.6 ± 8.921a 0.57 ± 0.18a 1.42 ± 0.63a 0.22 ± 0.03a 0.0062 ± 0.002131 9.370 ± 0.3590

Zinc (n = 6) 0.03 ± 0.01*c 686.7 ± 8.559* 3.91 ± 0.31* 5.16 ± 0.24b 0.74 ± 0.03*,d 0.0358 ± 0.006778b 10.41 ± 0.06512

Linoleic acid 
(n = 6)

0.02 ± 0.00*c 702.1 ± 4.699* 3.76 ± 0.49* 5.34 ± 1.04b 0.74 ± 0.04*,d 0.0752 ± 0.004758*,c 10.95 ± 0.2067

Zinc + linoleic 
acid (n = 5)

0.07 ± 0.03*c 630.2 ± 33.28b 3.62 ± 0.34* 7.11 ± 0.73b 0.68 ± 0.05* 0.0812 ± 0.007716*,c 11.30 ± 0.6652

Levodopa (n = 5) 0.43 ± 0.04 692.7 ± 3.239* 3.69 ± 0.23* 5.09 ± 0.55b 0.50 ± 0.08b 0.0170 ± 0.0030 11.28 ± 0.3937
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Reduced glutathione concentration
There was significant decrease of reduced glutathione 
(GsH) level (4.44 ± 0.43 to 0.57 ± 0.18) in brain content 
in rotenone treated groups as compared to the vehicle 
group (p ≤ 0.0001) (Table 1 and Fig. 3). There was signifi-
cant increase in reduced glutathione levels in zinc treated 
animals i.e. 0.57 ± 0.18 to 3.91 ± 0.31 (p < 0.0001), linoleic 
acid 0.57 ± 0.18 to 3.76 ± 0.49 (p < 0.0001), and a combi-
nation of both i.e. 0.57 ± 0.18 to 3.62 ± 0.34 (p < 0.0001) 
when compared with rotenone treated animals i.e. 
0.57 ± 0.18. The combination of zinc and linoleic acid did 
not significantly increase GSH levels when compared to 
individual treatment (p > 0.05, Table 1, Fig. 3). Levodopa 
significantly increased brain GSH levels compared to the 
rotenone group (0.57 ± 0.18 to 3.69 ± 0.23). The effect of 
zinc, linoleic acid, their combination and levodopa was 
not significant compared to the normal control group.

Superoxide dismutase
There was a significant decrease in SOD activity in rote-
none-treated rats as compared to vehicle-treated rats 
(6.68 ± 1 to 1.42 ± 0.63; p ≤ 0.05, Fig. 4 and Table 1). The 
zinc group had a significant increase in SOD activity as 
compared to rotenone group (1.42 ± 0.63 to 5.16 ± 0.24, 
p < 0.05). The linoleic acid group showed a similar effect 
(1.42 ± 0.63 to 5.34 ± 1.04, p < 0.05), as did their combi-
nation enhanced SOD activity as compared to rotenone 
group (1.42 ± 0.63 to 7.11 ± 0.73, p ≤ 0.05, Fig.  4). The 
combination of zinc and linoleic acid also significantly 
increased SOD activity when compared to individual 
treatment (p < 0.05, Fig.  4). The effect of zinc, linoleic 

acid, their combination and levodopa was not significant 
when compared to the normal control group. Also the 
effect of zinc, linoleic acid and their combination was not 
significant when compared to levodopa (p > 0.05).

Glutathione peroxidase
The glutathione peroxidase activity was not significantly 
decreased in rotenone-treated rats as compared to vehi-
cle-treated rats (0.0200 ± 0.003536 to 0.0062 ± 0.002131 
p > 0.05, Fig.  5 and Table  1). The linoleic acid and the 
combination group had significant increase in GPx activ-
ity as compared to rotenone group (0.0062 ± 0.002131 
to 0.0752 ± 0.004758 and 0.0062 ± 0.002131 to 
0.0812 ± 0.007716 respectively, p < 0.0001, Table  1); 
the zinc group also showed a significant effect 
(0.0062 ± 0.002131 to 0.0358 ± 0.006778, p ≤ 0.05, Fig. 5). 
The effects of zinc and linoleic acid on increasing GPx 
activity were significant in comparison to the normal 
control group (0.0200 ± 0.003536 to 0.0358 ± 0.006778 
and 0.0200 ± 0.003536 to 0.0752 ± 0.004758 respectively, 
p < 0.0001). The effects of linoleic acid and the com-
bination was significant when compared to levodopa 
(p < 0.0001) while zinc effect was not significant (p > 0.05).

Catalase
Catalase activity in the vehicle treated group was found to 
be 0.64 ± 0.01 μM of  H2O2 used/min/mg protein (Fig. 6). 
Rotenone treatment resulted in a significant decrease in 
CAT level in the midbrain as compared to the vehicle-
treated group (0.64 ± 0.01 to 0.22 ± 0.03, p < 0.0001). 
The zinc group (0.22 ± 0.03 to 0.74 ± 0.03), linoleic acid 
group (0.22 ± 0.03 to 0.74 ± 0.04) and their combination 
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(0.22 ± 0.03 to 0.68 ± 0.05) had a significant increase in 
CAT activity as compared to rotenone group; (p ≤ 0.0001, 
Fig. 6). The combination of zinc and linoleic acid however 
did not significantly increase catalase activity when com-
pared to individual treatment (p > 0.05, Table  1, Fig.  6). 
The CAT activity increasing effects of zinc, Linoleic acid 
and their combination was not significant when com-
pared to the normal control and levodopa groups.

Histopathology
The vehicle-treated group animals showed normal neu-
ronal density and normal cellularity of neurons with no 
atypical cells, no visible cell death  (Fig.  7). In rotenone 
treated group there was neuronal cell death, slight struc-
tural damage to the midbrain. The zinc group showed 
midbrain structure with slight hyperplasia of cells, pres-
ence of micro vacuolization and augmented number of 
cells reflecting cellular injury however with small blood 
vessels. There was no visible cell death in the linoleic acid 
group. The combination group showed normal neuron 
cell population, with some cells appearing multinucle-
ated. The levodopa group showed slight cellularity of the 
midbrain region with multinucleated cells. There was no 
apparent cell death.

Discussion
The present study was done to evaluate the role of Zinc 
and Linoleic acid and their combination, as neuropro-
tective agents against rotenone-induced parkinsonism. 
As shown previously [2] intraperitoneal injection of 

rotenone over 7 days precipitates biochemical and histo-
logical deficits in the midbrain of rats. Interestingly, pre-
treatment of rats with Zinc or Linoleic acid prevented the 
decrease in total brain antioxidant capacity and activities 
of antioxidant enzymes.

In animal model studies, Rotenone (an alkaloidal pes-
ticide), a specific inhibitor of complex I is employed 
to increase oxidative stress-mediated neuropathology 
[50]. More specifically, it is used to generate toxin-based 
rodent models of Parkinson’s disease [43]. Because of its 
mechanism of action involving oxidative stress, exposure 
of rodents to Rotenone provides a valuable model for 
studying both mechanisms of oxidative stress and neu-
roprotection by antioxidant agents [39]. Pathologically, 
Rotenone induces the degeneration of the nigrostriatal 
dopaminergic pathway which is one of the cardinal path-
ological markers of Parkinson’s disease [2, 50].

A number of studies have shown that the dopaminer-
gic neurons in PD exists in a state of constant oxidative 
stress, due in part largely to the generation of  H2O2 [24]. 
Lipid peroxidation measured by MDA levels was observed 
to be elevated in rotenone treated animals than controls. 
This agrees with other studies which suggest that oxida-
tive damage is involved in the neuronal abnormalities in PD 
[28, 53]. However, treatment with zinc and linoleic acid or 
their combination reduced MDA levels and therefore lipid 
peroxidation and brought it to control levels. The reduc-
tion of MDA levels and thus lipid peroxidation by zinc is in 
line with the study of Ozturk et al. [34] who investigated the 
effects of zinc deficiency and supplementation on malon-
dialdehyde and glutathione levels in blood and tissues of 
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rats performing swimming exercise, and showed that zinc 
supplemented rats had increased reduced glutathione and 
decreased MDA levels. The lowered MDA levels due to 
linoleic acid corroborates with the studies of Yang and col-
leagues who showed reduced MDA levels in the hippocam-
pus of diabetic rats on administration of omega-3 PUFA 
[55]. The mechanism involved in lowering lipid peroxida-
tion by linoleic acid appears to involve detoxification of 
peroxy radicals and other ROS species [16].

Decreased levels of GSH might play an important 
role in inducing oxidative stress in brain [57]. Such lev-
els have been detected in remaining neurons and in 
SNpc of PD patients as compared to controls of similar 
age [49]. In this present study, GSH levels were lower in 
rotenone treated animals. Studies have shown decreased 
levels of GSH leads to oxidative damage to DNA, pro-
tein and lipids in PD [8, 48, 54]. Oral administration of 
zinc and subcutaneous administration of Linoleic acid 
increased GSH levels. Zinc has been suggested to exert 
this GSH-increased level effect through the actions of 

metallothionein [40]. On the other hand the GSH activ-
ity-increasing effect of linoleic acid corroborates with the 
study of Ahmad and Beg [1], who evaluated the thera-
peutic effect of omega-6 linoleic acid and thymoquinone 
enriched extracts from Nigella sativa oil in the mitigation 
of lipidemic oxidative stress in rats. The effects of lin-
oleic acid on GSH may be due to their direct antioxidant 
effects or the prevention of GSH oxidation.

The rotenone treated group showed a significant 
decrease in glutathione peroxidase activity. This agrees 
with the studies of Testa et  al. [51]. Zinc pre-treatment 
was able to increase glutathione peroxidase activity. This 
corroborates with the study of the effect of zinc supple-
mentation on glutathione peroxidase activity and sele-
nium concentration in the serum, liver and kidney of rats 
chronically exposed to cadmium by Galażyn-Sidorczuk 
et  al. [14], showed that zinc significantly increased glu-
tathione peroxidase levels. Linoleic acid in the study of 
Ahmad and Beg [1] also protected glutathione peroxidase 
activity by 90%.

Fig. 7 Histopathological changes in the mid brain of rats stained with haematoxylin and eosin ×100 and ×400: vehicle section showing normal 
histoarchitecture. Rats treated with rotenone (2.5 mg/kg) with decrease neuron size and density. Rats treated with rotenone and interventions 
showing increased cellularity compared to rotenone group alone
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SOD activity in the group treated with rotenone was 
found to be reduced. Complex-I of the mitochondrial 
respiratory chain is a major source of superoxide free 
radicals. The loss in SOD activity might contribute to 
increase in oxidative stress in rotenone treated animals 
[12, 27]. A lowered SOD activity would be detrimental in 
cases when superoxide radical production is increased. 
The decrease in SOD activity following rotenone treat-
ment might be due to inactivation of SOD by ROS [12]. 
Administration of zinc was beneficial in restoring the 
SOD activity. This agrees with the studies of Paz Matias 
et al. [38] who investigated the effect of zinc supplemen-
tation on superoxide dismutase activity in patients with 
ulcerative rectocolitis. In the study of Ahmad and Beg 
[1], omega-6 linoleic acid supplementation also increased 
SOD activity.

The present study showed reduced CAT activity in 
rotenone-treated rats as compared to vehicle-treated 
rats. This agrees with the studies of Liu et al. [26], Prema 
et al. [41] and Soczynska et al. [46]. A study by Sharma 
and Bafna [42] showed a non-significant increase in the 
activity of CAT in rotenone treated rats compared to 
vehicle-treated rats. Zinc and linoleic acid increased the 
activity of CAT compared to the rotenone treated group. 
Zinc effect on Catalase activity agrees on the study of 
[35] who investigated the effect of zinc supplementation 
on antioxidant status and immune response in buffalo 
calves and showed that zinc supplementation increased 
Catalase activity. The protective effects of linoleic acid 
might reflect its ability to improve energy metabolism 
and repair damaged layers of lipids, hence suppressing 
the exudation of free electrons from the mitochondrial 
electron transport system, which is a prerequisite reac-
tion to generate free radicals [29].

The antioxidant effect of Zinc has been suggested to 
work via metallothionein by regulating the secretion of 
pro-inflammatory cytokines and these metallothionein’s 
are strong scavengers of free radicals [20, 31]. Linoleic 
acid with efficient free radical scavenging capacity could 
be involved in lowering MDA and slowing the degrada-
tion of the antioxidant enzymes CAT, SOD and GPx on 
its administration [9, 23], thus improving the total anti-
oxidant capacity. The combination of zinc and linoleic 
acid showed remarkable antioxidant effect by lowering 
MDA levels and increasing GSH, SOD above the levels of 
individual interventions. Zinc and Linoleic acid antioxi-
dant activity from the combination group did not show 
additive effect, supporting cited literature that Zinc and 
Linoleic acid act through independent pathways. We 
however suggest that either of the two facilitate the activ-
ity of the other.

The Levodopa treated group showed a significant 
increase in the total antioxidant capacity, levels and 

activity of antioxidant markers (Table  1) compared to 
the rotenone treated group. This corroborates with 
previous studies of Testa et al. [51], who evaluated the 
Levodopa and carbidopa antioxidant activity in nor-
mal lymphocytes in  vitro, examining their implication 
for oxidative stress in Parkinson’s disease. Their studies 
showed that Levodopa protected DNA from damage, 
scavenged free radicals and modulated the expression 
of genes involved in cellular oxidative metabolism.

In histopathological findings visible neuronal cell loss 
in the midbrain was identified that indicates the damage 
of neurons at this region in rotenone treated animals. 
Findings from earlier studies have shown that the sub-
stantia nigra is more vulnerable to damage by rotenone 
[26]. This may be attributed to higher susceptibility of 
the neurons in this region to free radicals. Histologi-
cal findings in the midbrain were more correlated with 
impaired motor coordination responses along with 
biochemical evidences [51]. This may indicate that 
the midbrain area responds highly to oxidative stress 
caused by rotenone. This vulnerability of the midbrain 
to rotenone-induced oxidative stress has also been 
demonstrated in other studies [43]. Zinc and linoleic 
acid and their combination improved the neuronal loss 
in the midbrain caused by rotenone administration. The 
decreases in necrotic cells observed in the zinc treated 
group agrees with the studies of Galvão et al. [15] who 
also observed a decrease in the number of necrotic cells 
in hippocampus as well as cortex of zinc supplemented 
group for both male and female pups, in a study inves-
tigating the effect of “Prenatal zinc in adult rat offspring 
exposed to lipopolysaccharide during gestation”. Lin-
oleic acid effect on the midbrain corroborates with the 
studies of Beltz et  al. [3], who investigated the effect 
of Linoleic acid on hippocampal neurogenesis. They 
advanced suggestions that linoleic acid plays this role 
via increasing expression of brain derived neurotrophic 
factor. The group treated with Levodopa were protected 
from neuronal loss in the midbrain region.

Limitations
Even though the study did not set out to investigate sex 
difference or confounding role of female sex hormones, 
the use of female rats in this study was a matter of 
choice motivated by the limited studies conducted on 
the effect of these micronutrients and trace elements 
on female rats. It is worth noting that the impact of the 
differences in estrous cycles of the rats could not be 
accounted for. It has been shown that estrous cycle var-
iation, a consequence of variation in the levels of repro-
ductive hormones, also influence the expression of 
genes responsible for production of antioxidants [32]. 
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Our experimental design did not consider the impact of 
this variation on the results.

Conclusion
In the present study, repeated systemic administra-
tion of rotenone (2.5 mg/kg doses, s.c.) in rats produced 
increased midbrain lipid peroxidation and impaired anti-
oxidant status, accompanied by histological changes. 
Zinc, Linoleic acid and their combination prevented the 
increase in MDA levels and decrease in brain antioxi-
dant status induced by rotenone treatment. Cell death 
and reduction in neuron size induced by rotenone was 
prevented by treatment with zinc, linoleic acid and their 
combination. However further studies are needed to 
explore the possible mechanisms involved in this behav-
ioral effect.
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