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Abstract

Currently, the utilization of waste from corn industry has not yet achieved the
full potential. Although wastes of various parts of corn which obtained from corn
industry have high potential to apply for medical purposes, the utilization of corn waste
in this aspect is still limited and lack of scientific evidence to support the utilization. In
order to increase the utilization of corn wastes for medical purposes especially for
preventing and decreasing chronic diseases, the important health problems worldwide
including in Thailand, we aimed to 1) screen the potential to protect against chronic
diseases of the extract of various parts of Zmays (var. Insee2) and Z.mays (purple color
var. Fancy 111) 2) to determine acute and subchronic toxicity of Zmays extract 3) to
determine the pharmacological effects of corn waste extracts on health promotion in
animal.

Data obtained from the screening for the potential to protect against chronic
diseases of Zmays (var. Inseee 2) and Zmays (purple color var. fancy 111) showed that
the water extract of stem of Zmays (var. Insee 2)showed the most potent suppression
activity of acetylcholinesterase (AChE). The water extract of cob of Zmays (var. Insee 2)
exhibited the most potent antioxidant activity and the suppression effects of angiotensin
converting enzyme (ACE) andphosphodiesterase V (PDE-V). It was found that ethanaolic
extracts of silk and cob of Zmays (purple color, var. Fancy111) showed the most potent
aldose reductase suppression effect. To provide the understanding concerning the
maximum bearing dose of the selected corn waste extracts, we had determined the
acute toxicities of the water extracts of stem and cob of Z.mays (var. Insee2) and
ethanolic extract of Zmays (purple color var. Fancy 111). It was found that the
administration of all extracts mentioned earlier up to 5000 me.kg-1 BW to Wistar rats
produced no death. Due to the limitation of supported budget, we only determined the
subchronic toxicity of water extract of Z.mays cob (var.Insee2). The results showed that
NOAEL dose in both male and female rats was 500 mg.kg_lBW

In addition, in vitro study also showed that water extract of corn root (purple
color var. Fancy 111) showed the highest anti-lithiatic potential. Based on the pilot
information mentioned earlier, the water extract of Zmays (var. Insee 2) stem was
selected for studying the neuroprotective effect against mild cognitive impairment (MCl)
and early phase of Alzheimer’s disease whereas the water extract of Zmays (var. Insee
2) cob was selected for studying the protective effect against stroke and myocardial
infarction and ethanol extract of Zmays (purple color var. Fancy 111) silk was selected

for studying the protective effect against cataract.
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To determine the memory enhancing effect in rats, the water extract of Zmays
(var. Insee 2) at doses of 2, 10 and 50 mg.kg_1BW were administered to male Wistar rats.
The results showed that all doses of extract could enhance spatial memory but only the
extract at doses of 10 and 50 mg kg-1 BW could enhance non-spatial memory. In
addition, we also administered the extracts at all doses mentioned earlierto memory
deficit rats induced by scopolamine and by AF64A. It was found that all doses of extract
could improve spatial memory in memory deficit rats induced by both methods and
suppressed acetylcholinesterase activity (AChE) in hippocampus. In addition, memory
deficit rats induced by AF64A and received the extract at doses of 2 and 10 mg.kg-1 BW
showed the increase of neurons density and cholinergic neurons density in
hippocampus, an area playing an important role on learning and memory. The oxidative
stress in hippocampus also improved. Therefore, the present study, demonstrated that
the water extract of Zmays (var. Insee 2) stem exhibited the memory enhancing effect
both in normal and in memory deficit conditions. Based on this information, we
developed the memory enhancing food supplement which contained the water extract
of Zmays (var. Insee 2) stem and the combined extract of Anethumgraveolens and
Cissempelospariera (PM52). It was found that the developed recipe could increase the
suppression effects on AChE and monoamine oxidase (MAO) activities.

According to the study about the neuroprotective effect against stroke of water
extract of Zmays (var. Insee 2) cob, male Wistar rats. The results showed that cerebral
ischemic rats induced by right middle cerebral artery occlusion which received the
extract at doses of 100, 200 and 400 mg.kg_1 BW used in this study showed the
decreased malondialdehyde (MDA) level together with the elevation of superoxide
dismutase (SOD), catalase (CAT), glutathione peroxides (GSH-Px) in the brain. In addition,
the decreased brain infarcted volume and the improved sensation and neurological
scores were also observed. These data suggested that the water extract of Zmays (var.
Insee 2) has the potential to protect against stroke. The possible underlying mechanism
might occur partly via the decreased oxidative stress status. Based on the synergistic
effect of herbs, we developed anti-stroke food supplement recipe which contained the
water extract of Zmays (var. Insee 2) and Anethum graveolens extract. It was found that
the developed recipe exhibited antioxidant effect better than the effect of water extract
of Zmays (var. Insee 2) or Anethum graveolens extract alone. Therefore, the developed
food supplement recipe should have the potential to protect against stroke.

According to the study about the protective effect against myocardial ischemia of
water extract of Zmays (var. Insee 2), male Wistar were orally given the extract at doses
of 100, 200 and 400 mg.kg-1 BW for 28 days and induced myocardial ischemia with

isoproterenol. The results demonstrated that the water extract of Zmays (var. Insee 2)
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all dosage decreased oxidative stress status which in turn decreased the destruction of
myocardium resulting in the decreased the serum levels of lactate dehydrogenase (LDH),
creatine kinase (CK) and troponin-T. Therefore, the water extract of Zmays (var. Insee 2)
exhibited the potential to protect against myocardium ischemia. To enhance the
capacity to protect against myocardium ischemia, we developed the recipe of anti-
myocardium ischemia food supplement which contained the water extract of Zmays
(var. Insee 2) and Oryza sativa (purple color). The developed recipe exhibited the
potential to scavenge free radicals and to decrease vasoconstriction so it should have
the potential to protect against myocardium ischemia.

To study the effect of ethanolic extract of Zmays (purple color var. Fancy 111),
we administered the extract at doses of 2, 10 and 50 mg.kg-1 BW toSTZ-diabetic mice.
The results revealed that the extract at dosage range used in this study showed trend to
decrease lens opacity but no significant difference was observed. The evaluation of
underlying mechanism at the end of study showed that the ethanolic extract of Zmays
(purple color var. Fancy 111) decreased MDA level but enhanced GSH-Px activity
together with the decreased aldose reductase activity in mice lens.Due to anti-cataract
effect of the ethanolic extract of Zmays (purple color var. Fancy 111) and the synergistic
effect of herbs, we developed the recipe of anti-diabetic cataract food supplement
which contained the ethanolic extract of Zmays (purple color var. Fancy 111) and
Morusalba fruit extract. It was found that the developed recipe showed the suppression
effect on aldose reductase, an important factor for cataractogenesis in diabetic
condition. Therefore, the developed recipe should have anti-cataractogenesis in diabetic
condition.

We also determined the facilitatory effect of polymer based nanofiber
transdermal patch loaded with purple corn cob extract on the recovery of spinal cord
injury in animal model of traumatic spinal cord injury induced injury at spinal cord level
of T10 by aneurysm clip. The results showed that rats with spinal cord injury which
received polymer based nanofiber transdermal patch loaded with purple corn cob
extract at concentrations of 5% and 10% improved BBB score and gross motor score.

In addition, the improved thermal sensation and increased density of survival neuron,
catalase (CAT) activity but decreased malondialdehyde (MDA) level. Moreover the spinal
cord injury rats which received polymer based nanofiber transdermal patch loaded with
purple corn cob extract at concentrations of 5% and 10% showed the reduction of
COX-2 and GABA-T activities but increased NGF level. However, no change of NOS was
observed.

Although the primary results from in vitro study of the developed food

supplement recipe show the potential to protect against chronic diseases mentioned
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earlier and polymer based nanofiber transdermal patch loaded with purple corn cob
extract has the potential to facilitate spinal cord recovery after injury. However the
preclinical studies in animal model to confirm the effective are still required before
moving forward to clinical trial study.
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yhauveaeulesiGABA Transaminase (GABA-T) Tulvdundsve sy
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yausEAU Nerve growth factor (NGF) Tulvdundsvesyimienhliiin
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guisurudeiniaduleindwesseiuulunauasasadiinesinonissediu
endothelial nitric oxide synthase (eNOS) Iulsuﬁju%éjwaﬂwﬁmﬁlmﬁﬂﬁ
Winn1IEspinal cord Injury
ameldindesganssmiuansnsivAsuulasTinasdodefignarelule
FuvdsomyusninagfimienhliAnnespinal cord Injuryfdsuene 4x
ananglindoansseiuansnisiuasuuiasmnumuiuivreseaduszam
sensory Tuiﬁuéi’wé’qsuamwiwmeliﬁmﬁmﬁﬂﬁﬁmmwspinaL cord Injury
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ananglindoanssemiuansnisiuasuuiasmnumuiiivyeseaduszam
motor lulvdundsvesyusmmagimienilfiAnngspinal cord Injury
Maaeny 20X

TenIdeaduauysal

nsiiuyarianIngnamnssutlnaluguvesraniasiguin Usulseann 2555

2-30

2-31

2-31

2-32

2-33

2-33

2-34

2-35

2-36

2-37

1-19



[

o a o ¢ v 1 a a v
ArasUNeAdanualkazAgaN g lun15Ide

ABTS = 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
ACE = Angiotensin converting enzyme

ACEl = Angiotensin converting enzyme inhibitors
AChE = Acetylcholinesterase enzyme

ACSF = Artificial cerebrospinal fluid

AF64A = Ethylcholine mustard aziridinium ion
ALP = Alkaline phosphatase

ALT = Alanine aminotransferase

AST = Aspartate aminotransferase

% = Percent

UM = Micrometer

BBB = Basso, Beattie and Bresnahan

BW = Body weight

BUN =  Blood urea nitrogen

CA = CornuAmmonis

CK = Creatinine Kinase

CAT = Catalase

COX2 = Cyclo-oxygenase 2

Dlwater = De-ionised distilled water

DPPH = 2,2-diphenyl-1-picrylhydrazyl

EtOAC = ethyl acetate

EtOH = ethanol

eNOS = Endothelial nitric oxide synthase

FDA = Foods and Drugs Administration

fL = Femtoliters

G = Gram

GPx = Glutathione peroxidase

GSH-Px = Glutathione peroxidase

H,0, = Hydrogen peroxide

HCl = Hydrogen chloride /Hydrochloric acid
HPLC = High performance liquid chromatography
HT-29 = Human colon adenocarcinoma cell line
Ke = Kilogram
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ASY

Asuedyanualuazalganltluniside (se)

Lactic Dehydrogenase

Lethal dose 50

Molar

Middlecerebral artery occlusion
Mean corpuscular hemoglobin
Mean corpuscular hemoglobin concentration
Mean corpuscular volume
malondialdehyde

Milligram

Minute

Milliliter

Millimeter

Millimolar

Sodium hydroxide

Nanometer

Nerve growth factor

Nuclear Magnetic Resonance
Number
No-observed-adverse-effectlevel
Nitric oxide synthase
Phosphodiesterase V

Degree Celsius

Red blood cell

Spinal cord injury

Superoxide dismutase
Sulforhodamine B
Streptozotocin

Thiobarbituric reaction
Microliter

Ultraviolet

Vitamin C

White blood cell
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