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ABSTRACT
A global concern has been observed since the findings about acrylamide formation during high temperature cooking and

its presence in infant formulas causing deleterious damage to the vital organs of the body including the major organ brain.
Acrylamide is a well-known neurotoxin. It causes alterations and changes in the normal structure of hippocampus. Therefore,
there is an urgent need to discover herbal formulation that can combat the toxic effects of acrylamide. Hence, in the present
investigation Murraya koenigii is used to establish its efficacy as a neuroprotectant against acrylamide damage.
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Introduction
With the changing lifestyle, food habits of people

are also changing leading to the consumption of fast
foods, breads and sugar rich food. To add taste and
crunch to food numerous chemicals are being added.,
acrylamide (ACR) being one such. Acrylamide, an
industrial chemical is a reactive, highly water-soluble vinyl
monomer employed in the manufacture of
polyacrylamides which are commonly incorporated in to
skin care products such as lotions, cosmetics and
deodorants 12.  Acrylamide is a potential neurotoxin and
a known carcinogen  in humans. It is the ingredient of
many processed foods such as French fries, chips,
bakery items etc. Therefore, it has become an apex of
public health concern. According to a report by World
Food and Agriculture Organization, the daily
consumption of acrylamide from food is a maximum of
0.3-0.8 mg/kg. In reality, more than the average value is
consumed by people around the world. Daily
consumption of acrylamide by children is 2-3 times more
than that of adults as it occurs as a contaminant in baby
foods and infant formulas also11,26,28.

Several studies confirm neurotoxicity,
carcinogenicity, genotoxicity, reproductive toxicity,
immunotoxicity, hepatotoxicity, cardiotoxicity,
hematotoxicity, nephrotoxicity, developmental toxicity of
acrylamide not only in different organisms but in human

beings also.

Brain is the highest intricate centre of the central
nervous system as it is involved in control of all the
functions of the body. Hippocampus is an important part
of limbic system, located in medial temporal lobe. The
primary function of hippocampus is acquisition of
memory and consolidation and navigation of spatial
memory22,25. Trace amount of acrylamide has been
detected in breast milk, while a notable amount of it
passes to the developing foetus through placenta3. It
causes neurodegeneration and alpha-synuclein
accumulation leading to Parkinson disorder17. Several
studies confirm that Acrylamide causes the neurotoxic
effects on getting exposed at the workplace 18.

Studies have depicted that sensory, motor and
autonomic axons are equally spoiled by acrylamide
intoxication in human beings24.

The neurons were characterized by rough,
clumped hyperchromatic chromatin with granular /
amorphous grey cytoplasm in rats treated with ACR. It
is confirmed that ACR affects brain tissue in a
degenerative manner21,2.

Commonly known as curry patta or Meetha neem
is an aromatic, deciduous shrub or small tree. It
possesses anti-diarrheal, antifungal, blood purifying, anti-
inflammatory and anti-depressant, antioxidant, lipid-
lowering, nephroprotective, neuroprotective, anti-cancer
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and antibacterial properties. It also possesses
anthelminthic, anti-inflammatory, stimulant and analgesic
activities1.This traditional medicine exhibits various
biological activities against neurodegeneration4,13.

The increasing prices of prescription drugs have
led the people to look for alternatives. Herbal drugs are
more effective, affordable, eco -friendly, free from side
effects and available at relatively low cost. They are
comparatively safe as compared to synthetic drugs that
are regarded to be unsafe to human beings and
environment. Hence, this investigation aims to provide
valuable insights into acrylamide neurotoxicity and
explore the potential protective role of leaf extract of
Murraya Koenigii.

Experimental Design
Animals

Adult healthy, colony bred, male Swiss albino mice
were used in the present investigation. The animals were
caged in polypropylene cages under standard laboratory
conditions and provided water and pellet diet ad libitum.

Experimental Groups

The animals were divided into four groups.,

Group I: Control (distilled water) for 30 days.

Group II: Acrylamide treated (35.6 mg/kg body weight)
for 30 days

Group III: Leaf extract of Murraya (150 mg/kg body
weight) treated for 30 days

Group IV: Pre-treated with Murraya (150 mg/kg body
weight) for 15 days followed by acrylamide (35.6 mg/kg
body weight) and Murraya for 30 days (150 mg/kg body
weight) and post- treated with Murraya (150 mg/kg body
weight) again for 15 days (Total 60 days exposure)

Histopathological Study

The hippocampus was dissected out after
sacrificing the mice and fixed in the 10% formalin for 24
hrs. After fixation, the tissue was passed in alcohol series
for dehydration, cleared in xylene and embedded in
paraffin. Serial sections were cut at 10 ìm thickness with
rotary microtome and double stained in Hematoxylin
Eosin, cleared in xylene and mounted in DPX. The slides
were then observed under microscope for
photomicrography.

Observations
Following observations were made in CA1 region

of hippocampus of mice brain.

Fig. 1 shows the general morphology of
hippocampus. All the regions CA1, CA2, CA3, CA4, DG
appeared normal.

Fig. 2 is the control group depicting all the 3 layers

POL (Polymorphic Outer Layer), middle PML (Pyramidal
Layer) and inner dense ML (Molecular Layer) with normal
arrangement of cells. PML shows 5-6 compact layer of
small pyramidal cells of CA1 region.

Fig. 3 is acrylamide treated group showing deeply
stained glial cells (dg), lightly stained glial cells (lg),
presence of vacuoles (V) and dilated blood capillaries
(bc) Thickness of pyramidal cell layer decreased to 2
layers. Peri neuronal edema (arrow heads) was
observed in this treatment group. Clumping of neurons
(f) was also seen in some areas.

Fig. 4 is the Murraya treated group administered
Murraya only for 30 days. The section of this group shows
regularly arranged packed cells. The PML display
pyramidal cells with big circular vesicular nuclei. Few
neurons appear triangular with darkly stained nuclei.
Normal blood capillaries (bc) are also seen.

Fig. 5 is the section of the group administered
only Murraya for 15 days (pretreatment). the section
displays normal histological morphology with densely
packed neurons in PML quite similar to that of control
group.

Fig. 6 belongs to the group administered
acrylamide (15 days) after the pretreatment with Murraya
(15 days). The section display presence of vacuoles (V),
deeply stained (dg) and lightly stained (lg) glial cells in
POL. Shows degeneration and necrosis in neuronal
cells. However, preservation of few pyramidal cells (P)
is still observed.

Fig. 7 belongs to the group pretreated with
Murraya for 15 days followed by acrylamide treatment
for 30 days. In this group, multiple necrotic neuromas
(arrow heads) with extensive vacuolation (V)   have been
observed. Shrunken pyknotic nuclei (pn) and dilated
blood capillaries (bc) are also seen.

Fig. 8 belongs to the pre-and post-treated group
with Murraya. The section shows restoration of normal
architectural pattern quite similar to that of control group.
Preserved pyramidal cells (arrow heads) with normal
thickness of layers is also seen.

Result and Discussion
Various studies have been conducted on

experimental animals and humans which incline that the
brain is principal target organ for AA toxicity 27.

It has been reported that AA intoxication at a dose
of 10 mg/kg bw/day for 7 weeks leads to glial cell
activation 29. Arylamide neurotoxicity adversely affect
hippocampal neurogenesis and neurocognitive
functions16

There are reports confirming changes in the
histology of hippocampal neurons (at all dose levels)
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Figs. (1-4) : CA1 region of differently treated groups showing pathological changes. Fig. 1 : Different parts of
the hippocampal formation, Fig. 2 : Group I (control), Fig. 3 : Group II (Acrylamide treated), Fig. 4 : Group III
(only Murraya tracted) H & E X 40).
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Figs. (5-8) : Group IV : CA1 region. Fig. 5 : Pretreated with Murraya for 15 days. Fig. 6 : Pretreated with
Murraya for 15 days followed by Acrylamide treatment for 15 days. Fig. 7 : Pretreated with Murraya for 15
days followed by Acrylamide treatment for 30 days and  Fig. 8 : Post treated with Murraya again for 15 days
(Total 60 days exposure) (H & E x 40).



and manipulations in number of neurons,15. All these
observations are quite similar to the present findings of
our study. Marked changes necrosis, presence of
vacuoles were observed in rats at a maternal Acrylamide
dose starting at 25 mg/kg bw/day, with decreased BDNF
levels and induction of oxidative stress10.

Hippocampus of mice brain after treatment with
Acrylamide for 30 days showed alterations in the
structure and biochemical properties of CA1 pyramidal
neurons which are in support of the present study2,21.
Early morphologic studies showed that nerve damage
in both the central and peripheral nervous systems was
linked to low-dose sub chronic induction of ACR
neurotoxicity19. Massive increases in pyknotic neuronal
cells separated by wider gaps, an increase in apoptotic
cells, and Purkinje cell and granular neuronal cell death
were all observed 8. 

Acrylamide treatment to mothers induces
neuronal degeneration in foetal brain tissue, hemorrhagic
injury, and a decrease in brain-derived neurotrophic
factors levels9. The neurotoxic effect of acrylamide on
some biochemical parameters such as (BDNF, A â, and
IL- 6) and histological deformities and neuronal
dysfunction have been indicated in the brain of rats on
oral exposure to acrylamide at 50 mg / kg for 21 days
were also observed30.  Similarly, a reduction in AchE
activity in the selected brain structures, such as
hemispheres, cerebellum, and brainstem has been
observed on acrylamide exposure 14.

As a result of ultrastructural changes in the brain,
functional effects may follow. Rats exposed to ACR
showed neuronal necrosis in the hippocampus, Purkinje

cell degeneration and granular layer reduction31.  All
these available literatures support the findings of present
investigation as massive damage has been observed
on acrylamide exposure including degenerated neurons,
dilated blood vessels. Pyknotic nuclei and decrease in
thickness of layers of CA1 region. (Fig. 2).

Herbal medicines are becoming increasingly
popular due to their efficacy, safety, acceptability, and
lack of side effects. They have been found to be more
compatible with the human body. Traditional medicine
is used by approximately 80% of the world’s population,
according to the World Health Organization (WHO).

Large number of plants have been used to cure
many neurodegenerative disorders such as Alzheimer’s
disease, anxiety, cerebrovascular impairment, stress,
seizures, head injury, Parkinson’s disease and other
memory related disorders7. Histopathological features
were restored in the hippocampus of rat induced with
diabetes on administration of Murraya koenigii 6.  A broad
range of neurodegenerative disorders, like AD, PD, and
others have been found to be treatable on
supplementation with M. koenigii leaf extracts5.  M.
koenigii renders neuroprotection potential against
orofacial dyskinesia induced by resperine23. It has also
been reported to improve memory in both young and
aged mice20. Similar results have been observed in our
present investigation.

Conclusion
From the findings of present investigation, it can

be concluded that Murraya koenigii renders protection
against Acrylamide induced neurotoxicity in the
hippocampus of mice.
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