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Fig 5. The effects of PGT at different concentrations on

%o Neurit outgrowth (% Control+SEM)

50 the neurite outgrowth measured by image analysis on
Chlorpyrifos (25 uM) on NB2a cells. Results are expressed
- . as mean percentage compared the Chlorpyrifos + SEM
) 7 (* P<0.05, *** P<0.001)
Control Ethyl Chlorpyrifos  PGT 1 uM PGT 3 pM PGT 10 yM  PGT 30 pM
alcohol(1/5) P o

Chlorpyrifos (25 pM)

>

15

&

12 ]
Fig 6. NB2a cells were observed to have quite healthy ®
morphology with neurite outgrowths at 10 and 30 uM | | & ¢ |
concentrations under PGT influence and without marked 3
apoptosis. No statistically significant difference was observed E -
between PG 10 and 30 uM concentrations (P>0.05), Chlor- 2
pyrifos (25 puM) produced significant apoptotic cells which | | £
were significantly (*** P<0.001) reduced by PGT at 30 uM g 31
concentrations compared to that of control < 0
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Fig 7. An increase in the number of
apoptotic cells under the influence
of Chlorpyrifos (25 uM) on NB2a cells
was seen at low (x100) and high
(x400) magnification and there was a
significant decrease by PGT at 30 uM
with similar magnification

the treatment of diabetes mellitus, and it is thought to
have beneficial effects as well as neuroprotective effects,
particularly in peripheral neuropathies, in patients with
diabetes "%, In the culture medium, OP toxicity on the
neurons was shown with MTT assay. PGT showed neuro-

protective effect against this toxicity. TUNEL showed
that neurons underwent apoptosis in response to toxic
effects, and the antiapoptotic effect was detected for PGT.
MTT assay revealed that CPS provided neurite inhibition,
as well as apoptosis by toxic effect, and it was blocked
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by PGT. Protective effects of PGT treatment against
antiproliferative, antiapoptotic and neurite retraction were
revealed for the neurons in culture.

If the cell is exposed to a toxic effect, degeneration will
started due to the synapse deterioration as a result of
perineurium being directly affected or loss of trophic
factors.The damage is determined by the severity, duration
and persistence of the toxicity. Degeneration process may
occur quickly or slowly depending on the mechanism. The
delayed neurotoxic effect can be shown by measuring
the enzyme level of neuropathy target esterase (NTE) in
a culture medium "%, in our results we didn't see any
toxic effect.

Neurite outgrowth, which is the primary function.of
neurons in vitro medium, is associated with critical cellular
events, such as axonal transport. The neurite outgrowth
depends on specific structural elements such as the neurite-
like microtubule binding protein and neurofilament
protein. Neurite outgrowth can be inhibited by biological,
chemical and environmental toxic substances. The neurite-
developing factor, neurotropic factor and glial maturation
factor have roles in the process of neurite outgrowth.
Thus, monitoring of neurite outgrowth could be used to
investigate the neurotoxic activities of the new molecules™.
The mechanism by which OP reduced neurite outgrowth,
whether alone or in combination is their ability to
interact with acetylcholinesterase might play a role,
as acetylcholinesterase has a trophic role influence in
developing cells. However, this role is unrelated to the
inhibition of hydrolysis of acetylcholine and therefore the
relative potencies of the OP to inhibit neurite outgrowth
would not necessarily be related to their short-term
toxicities '\ Our results showed that PGT did not show any
significant toxic effect to our cells.

Some OP compounds, such as CPS, have neurotoxic effects in
susceptible species and cause neurodegenerative changes
in peripheral nerves. Accordingly, they cause organo-
phosphate-induced delayed neurotoxicity. Typically, this
syndrome begins with impaired coordination one or a few
weeks after exposure to organic phosphorous.compounds
and can progress to full paralysis of the hind legs. This
condition tends to affect the distal parts of the long axons
of nerve cells and manifests itself with a Wallerian-like
degeneration. It is believed that there is a relationship
between NTE inhibition and organophosphate-induced
delayed neuropathy 2%,

The main determinants in alcohol-induced neurotoxicity
are mechanisms which play roles in excitotoxicity and
neuroinflammation, and the protective effects of PPARy
agonist seem to be associated with the inhibition of pro-
inflammatory cytokines 2", In the MPTP mouse model
of Parkinson’s disease, PGT reduces neuronal damage
through a mechanism that involves the inhibition of the
MAO-B enzyme 22, In several studies, PPARy activation has

been shown to lead to growth inhibition, apoptosis, and
differentiation of a number of tumor cells 2324,

The primary effect of thiazolidinedione (TZD) agents is
to decrease the peripheral insulin resistance. They show
their primary effects by activating specific receptors
called PPARs. It has three subtypes: PPARq, PPAR () and
PPARYy. Antidiabetic effects of TZDs have been found to
be closely related to the ability to bind to and activate
the PPARy . TZDs have effects on the vascular.system.
Most of their vasculoprotective effects are independent
from their effect on relieving the insulin resistance or
antihyperglycemic effects . A common function of
PPAR subtypes is the suppression of oxidative stress and
inflammatory processes. In this way, PPAR agonists have
been shown to have neuroprotective effects in various
disorders of the central nervous system 2627, We showed
that PGT may protect the cells from toxic effect of CPS.

AT1receptorblockageactivatesthe nuclearreceptor PPARY,
which is an important neuroprotective system. Telmisartan
or losartan are thought to exert neuroprotective effects by
PPARYy -activations 5%, Telmisartan has a neuroprotective
effect in apoptosis through AT1 receptor blockage and
PPARy activation *. Additionally, PPARy activation may
promote neuroprotection against glutamate-mediated
neurotoxicity and may also reduce neuronal damage in
neurodegenerative diseases %\,

The modulation of PPARy activity and peroxisomal function
for PGT was found to relieve the NO, hydrogen peroxide-
mediated neuronal damage and axonal damage. It has
been suggested that PGT is a new therapeutic approach
for the neurodegenerative changes associated with neuro-
inflammation B% In the MPTP-induced rodent model of
Parkinson’s disease, the possible neuroprotective effect of
fenofibrate and PGT has been shown to be mediated by
NF-kB activation, which plays a role in neuroinflammation.
MPTP treatment has been shown to activate caspase-3,
resulting in apoptosis-associated neuronal death. On the
other hand, treatment with neuroprotective drugs has been
shown to inhibit caspase-3 activity and reduce neuronal
damage P. PGT has been shown to be neuroprotective
against decreased locomotion and rearing frequencies and
to reverse hypolocomotion following intranigral infusion
of MPTP. Administration of PGT at a dose of 30 mg/kg
has been shown to elicit a partial neuroprotective effect
against the neurotoxic effect of MPTP B'. These results and
mechanisms also support our results for neuroprotection
of PGT.

Lee Et al reported that CPS attenuated PPAR-y expression
and NF-kB played a proapoptotic role in CPS-induced
neuroblastoma cells death B2, PGT is PPAR-y agonist which
has also neuroprotective effects and is able to inhibit the
proinflammatory factors. These anti-inflammatory effects
might.be involved in preventing the neuronal cell death
caused by CPS.
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AMP-activated protein kinase (AMPK) regulates signalling
pathways related to cell survival and apoptosis and plays
a role in increasing hippocampal neurogenesis B3, It
has been argued that AMPK activation directly inhibits
B-amyloid accumulation in vitro 543 PGT, by AMPK
induction, has been shown.to improve neuronal apoptosis
and B-amyloid accumulation in monosodium glutamate
(MSG) neurotoxicity, which develops secondary to AMPK
depletion by 5¢. Our TUNEL results were similar with these
studies.

Intracellular antioxidant activity caused by TZDs is
important and responsible for some of the cellular
protective effects. They do not have a direct antioxidant
effect on free radicals. However, they exhibit protective
effects by blocking the mechanism involved in the
formation of the several hyperglycemic conditions causing
oxidative stress 73, In a study performed on hippocampal
neurons, Calcium channel functions of which were
improved in the culture medium, were shown to live.much
longer than known. TZDs modulate Calcium dependent
pathways in the brain and have different inhibitory profiles
on two major Calcium sources, potentially conferring
neuroprotection to an area of the brain that is particularly
vulnerable to the effects of ageing and/or Alzheimer’s
disease. TZD may have potential applications in conditions
associated with impaired learning and memory 9. Neuro-
protective effect of PGT has been.observed at doses in
the range of 5-10 uM. This range is comparable.to plasma
concentration of PGT when it is used in humans "%, These
studies also support for the effect of PGT which could be
use for similar disease.

Invitro methods are known to be effective in demonstrating
in-vivo neurotoxicity. This property can also be used to
determine if an agent may be protective and preventive
in case of acute damage. Neurite inhibition is an important
indicator that could provide information about the long-
term consequences of moderate toxicity-related damages.
MTT, on the other hand, indicates severe toxic effects
on cells. Using these methods, we found a significant
protective effect of PGT in CPS-induced neurotoxicity and
that apoptosis was involved in this damage, which can
be alleviated by PGT. Absence of an adverse effect of PGT
in culture environment and presence of neuroprotective
effects highlights the efficacy and safety of PGT in the
clinical use for many disease.
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