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Abstract
Alternariol (3,4,5 trihydroxy 6-methyl dibenzoxy-a –pyrone) is a metabolite result of various strains of alternariatenuis
organism. Its structure has closeness to cannabinol subordinates. The impact of the alternariol on nitric oxide snythase (NOS)
extracted from distinct parts of rat brain; particularly: frontal cortex, basal ganglia, cerebellum, pons, medulla oblongata was
considered. Kinetic studies were done to decide the sort of inhibition of NOS and the inhibitor dissociation constants (KI) by
alternariol. The outcomes showed that alternariol inhibited NOS of the cortex, medulla oblongata and cerebellum more than that
of alternate parts of the brain. These parts are in-charge of observation, tactile, psychic exercises and reflex focuses of breath. The
inhibition of these enzymes increased with increasing the dose of alternariol added to the examined blend, i.e., the inhibition was
dose dependent and of the competitive type. The estimations of KI for alternariol –NOS complexes shifted from 1.8 to 5.6 mM.
The distinction in the level of inhibition of the extracts of these brain parts could be ascribed to the slight contrast in the structure,
i.e. course of action of their amino acids (isozyme phenomenon) and to their particular gene loci.
Keywords: Alternariol, Nitric oxide synthase, Brain parts, Inhibition.

Introduction
Alternariolis, a metabolite created by distinctive
strains of alternariatenuis.(1) Its structure was built up as
3,4,5 trihydroxy 6-methyl dibenzoxy - - pyrone C14
H10 O5 (I). It has striking likeness to cannabinol
subordinates (II).

incorporated by nitric oxide synthase (NOS), and
increased in an assortment of tumor cells. NO controls
various cell reactions by S-nitrosylation.(6) Nitric oxide
synthase (NOS) was initially recognized and depicted
in 1989. The development of NO by NOS in vascular
endothelial cells opened up what can be viewed as
another territory of organic research.
Brain NOS is a constitutive compound, the
capacity of which is to deliver NO on interest for
various neurophysiological exercises.(7) NOS intercedes
the development of the neurotransmitter NO in addition
to citrulline from L-arginine. NO plays an important
role as a neurotransmitter in the nervous system, as a
vasodilator in the cardiovascular system and as a
cytotoxin in the host defence mechanism of
macrophages.(8)
The present review was led to research the
inhibitory impact of alternariol on NOS extracted from
entire and five sections of rat brain, to be specific;
frontal cortex, basal ganglia, cerebellum, pons and
medulla oblongata. Compound kinetic studies were
done to decide the sort of inhibition and enzymeinhibitor dissociation constant (KI) of NOS by
alternariol, and to know which of these parts was
repressed by alternariol more than different parts.

Common events of Alternaria toxins have been
accounted for in different natural products, handled
organic product items, for example, squeezed apple,
tomato items, wheat and different grains, sunflower
seeds and pecans.(2-3) Pre-cancerous changes were
observed in the esophageal mucosa of Alternariol fed
mice for 10months.(4)
Nitric oxide (NO) is an administrative organic
substance and an essential intracellular errand person
that goes about as a particular middle person of
different
neuropathological
disorders.(5)NO
is

Material and Methods
Alternariol was prepared by growing a strain of
alternariatenuis, Catalogue number S.M.108, on
Czepek-Doxmedium using either glucose or molasses,
as a carbon source.(1)The metabolite was extracted from
the dried defatted mycellian with ether, then purified by
repeated crystallization from dioxane giving colorless
needles m.p. 350° (decomp).
Chemicals: Naphthyl ethelenediamine dihydrochloride,
Sigma (Deisonhofen Germany), Sulfanylamide, Sigma
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Deisonhofen Germany, Phosphoric acid (H3Po4):
Deisonhofen Germany and Buffer: Phosphate
(KH2PO4 and Na2HPO4) 0.1 M, pH 8.0 BDH.
Animals: Thirty male albino rats (125-150 gram body
weight) age 2 months were used in the experiments.
Rats were supplied from Medical Research Institute
Animal House, Alexandria University (Egypt) and were
housed in group cages (five in each) and given free
access of food and tap water (ad libitum). The brains of
these rats were used as a source for NOS. The rats were
profoundly anesthetized and slaughtered by beheading
after an overnight fast, with free access of water. Each
brain weighed about 1.6 gm.
Assay of Nitric oxide synthase (NOS) activity:
Brain Nitric oxide synthase (NOS) is a
constitutive compound and the capacity of which is to
create nitric oxide (NO):

 L-citrulline + NO
L-Arginine 
NOS was controlled by evaluating nitrite (NO2)
(being the most stable metabolite). It is utilized as a file
for NOS.(9-10)
Because of the transient and unpredictable nature
of NO which makes it precarious, continually oxidized
to the steady forms nitrite (NO2) and nitrate (NO3), the
most advantageous discovery technique for NO was to
be measured as far as NO2 which can be identified by
photometric strategy utilizing Griess reagent(9)at 546
nm. Griess reagent consists of one part of naphthyl
ethelenediamine dihydrochloride (NED) in distilled
water and one part of 1% sulfanilamide in 5%
concentrated phosphoric acid (H3PO4). The two parts
being mixed together within 12 hours of use and kept
chilled. Each part may be stored separately refrigerated
up to 2 months. The mixture of the two parts incubate
with a NO2-continaing sample (ratio 1:1) to form purple
azo dye and its absorbance is measured at a wave length
of 546 nm.(9,10)
To decide NO2 in brain tissue; 150 μl brain
homogenate containing 20mg tissue were blended with
1.5 ml of Griess reagent and the blend incubated for 5
min at room temperature. The color formed was
measured at absorbance 546 nm. Nitrite was computed
from NO2 standard curve.
For the assurance of the binding constant (KB),
bimolecular rate constant (ka) and the inhibition rate
(ki),(11)alternariol was added to the previously
mentioned blend in the following concentrations: 140,
NOS

280, or 420 or 560 µM while keeping the substrate at a
steady fixation (166 µM), then the catalyst was
examined after various interims (0, 15, 30, 45 and 60
sec).
The experimental design and interpretation of the
results were based on the following equation:(11)

where [I] is the inhibitor fixation , and (△ t/2.3 △ log v)
is the first order rate constant at steady [I].
For the assurance of the kind of inhibition and the
enzyme-inhibitor dissociation constant (KI), the
substrate fixation was differed: 111, 166, 222 and 333
µM while the inhibitor (alternariol) was kept constant
for every investigation: 140, 280 or 560µM.The
inhibitor and substrate were added all the while
simultaneously to the previously mentioned blend.
Results
Graphical representation of the inhibition of NOS
by alternariol at various concentrations (140, 280, 420
or 560 µM) got by plotting log v (the speed of reaction)
against time (t) gave straight lines (Fig. 1a). The slopes
were processed and gave the esteem 2.3∆ log v/∆t.
These results were utilized to develop the chart of
[I].∆t/2.3∆ log v plotted against [I] (Fig 1b).
The slope of the straight line gave 1/ki(ki is the rate
of inhibition), the catch on the [I] pivot gave KB
(binding constant) and the capture on the ordinate gave
1/ka(ka is the bimolecular rate constant).The estimations
of ki, KB and ka are given in Table 1.
As regards the kind of inhibition of NOS by
alternariol; Figure 2 demonstrates that the double
reciprocal curves of 1/v (v is the speed of the reaction)
versus 1/[S] (S is the substrate concentration in
µmol/L), keeping the inhibitor [I] constant for every
analysis and changing the substrate concentration as
mentioned
by
Dixon
and
Webb.(12)
The
slopereplots(inset of Fig.2) demonstrate that alternariol
is a linear competitive inhibitor (after Cleland
nomenclature).(13)
The subsequent estimations ofKI (enzyme inhibitor dissociation constant), Km (Michaelis'
constant) and KI/Km (affinity constant) for the
distinctive parts under analysis, are recorded in Table 1.

Table 1: Kinetic constants characterizing the inhibition of NOS of whole and different parts of rat brain by
alternariol. Values represent mean of 3 repeated experiments. S.D. was 10%
Part of the brain
ki(a)
KB(b)
ka (c)
KI(d)
Km(e)
KI/Km(f)
(min-1)
(mM)
(µM.min)-1
(mM)
(µM)
Whole brain
3.25
1.1
3.0
3.5
325
10.7
Basal ganglia
1.7
0.8
2.2
1.8
333
5.4
Frontal cortex
5.4
0.4
14
5.6
290
19.3
Medulla oblongata
5.6
0.8
7.0
5
400
12.5
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Pons
1.75
0.4
4.5
Cerebellum
3.67
0.6
6.1
(a) Inhibition constant
(d) enzyme-inhibitor dissociation constant
(b) Binding constant
(e) Michaelis’ constant
(c) Bimolecular rate constant
(f) Affinity constant
2

4.5
4.7

[I].t / (2.3 log v) µM.min

460
415

9.8
11.3

35.0

1/ki

30.0

log activity %

25.0

1.8

1/ka

20.0

10.0

1.6

5.0

KB
0.0
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

[I] mM

1.4
0

20

40

60

Time (sec)

Fig. 1(a): The time course of inhibition of cerebellum Fig 1(b): Main plot of the data of the inhibition of NOS
by alternariol in vitro at constant substrate cerebellum NOS by alternariol. The slope of the concentration
(0.3mM), concentrations of straight line gave 1/ki (ki: rate of inhibition), the alternariol: 140(
(∆), 560 (○) µM. intercept on [I] axis gave KB (binding constant) and the intercept on the ordinate gave
1/ka(ka: bimolecular rate constant)

Inset: Cleland replot of the slopes obtained from Fig. 2 against the inhibitor concentration [I].
Fig. 2: Competitive inhibition obtained from Line weaver-Burk plot of 1/V versus 1/S, under the effect of
alternariol on activity of basal ganglia NOS. () Control, () 4.0, () 7.0 & () 10 mmol/L
parts which was in agreement with other authors(15) who
Discussion
found that the Vmax and Km values of the enzyme in
The preliminary experiments showed considerable
cortex and cerebellum of rats were higher than in other
difference in NOS activity in the various parts of rat
brain parts. These studies show differential distribution
brain. The highest activity was detected in the medulla
and higher activity of NOS in rat brain regions and
oblongata, frontal cortex and cerebellum, lower in basal
spinal cord compared to mouse tissues.
ganglia and pons. The high NOS activity in the
Alternariol possessed higher affinity and binding to
cerebellum is in agreement with the results described by
the enzyme extracts of medulla oblongata (responsible
other authors(14) who found that NOS activity was
for neural control on heart rate, respiration and blood
significantly decreased by 75% in the cerebellum.
pressure) than to the extracts of the other parts. This
Decreased NOS activity in the nervous tissue was
indicated that it resembled serine(16) that was introduced
associated with decreased motor activities and
as a NOS inhibitor which was time and dose-dependent.
spontaneous behavior of rats.
It also resembles carbaryl (sevin)(a carbamate analogue
In the present work, the in vitro study of the effect
of eserine which was introduced as a cholinesterase and
of alternariolon NOS activity showed that alternariol
NOS inhibitor).(17)
had an inhibitory power on NOS of the cerebellum,
pons and medulla oblongata more than that on the other
Panacea Journal of Medical Sciences, January-April,2017;7(1): 15-18
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6.

7.

Carbaryl (Sevin)
8.

Alternariol was introduced in this work as a NOS
inhibitor as it was previously postulated(18)that NOS
inhibitor agents play crucial roles in neurodegeneration
and neuropathic pain, as it is known that NO levels rise
after neurological insults causing the previously –
mentioned malfunctions.
Alternariol was previously introduced as having a
dual inhibitory effect on cholinesterase (ChE) and
monoamine oxidase (MAO).(19)
Finally; it is note-worthy to mention that the
difference in the rate of NOS inhibition by alternariolin
different parts of rat brain could be due to:
a. The inhibition of NOS in the various regions of the
brain is dependent on the concentration or the form
of the enzyme i.e., isoenzyme phenomenon.(20)
b. The high effect of alternariolon NOS activity may be
due to the solubility of this compound in the lipid
layer in the brain exactly as eserine behaved and also
affecting the parts containing white matter (e.g.
medulla oblongata) more than the parts containing
gray matter, as previously proved by Osman et al.(21)
c. The difference in isozyme inhibition could be due
to distinctly different gene loci(22) and the amino
acid sequence(23) leading to substrate specificity of
the isozymes.
d. The difference in inhibition could be due to NOS
content in each part of the brain.
So, it is recommended that further studies are to be
done to produce medications from alternariol as a triple
inhibitory agent on ChE, MAO and NOS to overcome
neurodegenerative disorders and accompanying pain.
References
1.

2.

3.

4.

5.

Raistrick H, Stickings C.E, Thomas, R. Biochemistry of
microorganisms: Alternariol and alternariolmonomethyl
ether, metabolic products of alternariatenuis. Biochem J.
1953;55:421.
Ostry V. Alternaria mycotoxins: an overview of chemical
characterization, producers, toxicity, analysis and
occurrence
in
foodstuffs. World
Mycotox
J.2008;1(2):175–188.
Logrieco A, Moretti A, Solfrizzo M. Alternaria toxins
and plant diseases: an overview of origin and
occurrence. World Mycotox J. 2009;2(2):129–140.
Yekeler H, Bitmis K, Özcelik N, Doymaz M, Calta
M .Analysis of toxic effects of Alternaria toxins on
esophagus of mice by light and electron
microscopy. Toxicologic pathology.2001;29(4):492–7.
Rodrigo J, Fernández AP, Alonso D, Serrano J,
Fernández-Vizarra P, Martínez-Murillo R et al. Nitric

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

oxide in the rat cerebellum after hypoxia/ischemia. The
Cerebellum. 2004;3(4),194-203.
Zhu W, Yang B, Fu H, Ma L, Liu T. Flavone inhibits
nitric oxide synthase (NOS) activity, nitric oxide
production and protein S-nitrosylation in breast cancer
cells.
Biochemical
and
biophysical
Research
Community. 2015;458(3):590-5.
Robbins PA, Hamel FG, Floreani AA. Bovine bronchial
epithelial cells metabolize L-arginine to U-citrulline.
Possible role of NOS. Life Science.1993;52(8):709-16.
Bredt DS, Snyder SH. Nitric oxide mediated glutamated
glutamate-linked enhancement of cGMP levels in the
cerebellum. ProcNatlAcadSciUSA.1989;86(22):9030-3.
Marzinzing M, Nussler AK, Stadler J, Marzinzing E,
Barthlen W, Nussler NC et al. Improved method to
measure end product of NO in biological fluid. Nitric
oxide: Biology and Chemistry 1997;1(2):177-89.
Ayub S, Verma J, Das N. Effect of endosulfan and
malathion on lipid peroxidation, nitrite and TNF α release
by
rat
peritoneal
macrophages.
International
immunopharmacology. 2003;3(13):1819–28.
Main AR. Affinity and phosphorylation constants for the
inhibitions of esterases by organophosphates. Science,
1964;144(3621):992-3.
Dixon M, Webb EC. Enzymes (2nd edn). Green and Co,
London. 1964:328-30.
Cleland WW. Mechanisms of catalysis. In: The enzymes.
Boyer PD, editor. New York: Academic Press.
1970;3(2):1-65.
Halcak L, Pechanova O, Zigova Z, Klemova L, Novacký
M, Bernatova I. Inhibition of NO synthase activity in
nervous tissue leads to decreased motor activity in the rat.
Physiological
research/
Academia
Scientiarum
Bohemoslovaca. 1999;49(1):143-9.
Barjavel MJ, Bhargava HN. Nitric oxide synthase activity in
brain regions and spinal cord of mice and rats: Kinetic analysis.
Pharmacology. 1995;50(3):168-74.
Osman HMY. Effect of the carbamate (physostigmine) on
the activity of nitricoxide synthase in different parts of rat
brain (Invivo Studies). Bulletin of High Institute of Public
Health. 2007;37(2):415- 23.
Osman MY and Osman HMY. Effect of Carbaryl (Sevin)
on the activities of acetylcholinesterase and nitric oxide
synthase in different parts of rat brain. The Faseb
J.2013;27:563.1.
Mukherjee P, Cinelli MA, Kang S, Silverman RB.
Development of nitric oxide synthase inhibitors for
neurodegeneration and neuropathic pain. Chemical
Society reviews. 2014;43(19):6814-38.
Osman MY, Osman HM. Dual effect of Alternariol on
Acetylcholinestrase and Monoamine oxidase Extracted
from Different Parts of Rat Brain. The FASEB Journal.
2009 Apr 1;23(1 Supplement):676-2.
Stenesh J. Foundation of biochemistry. Plenum Press.
New York &London.1998;(1):67.
Osman MY, Abdel Tawab S, Sharaf IA. Effect of
physostigmine on cholinesterase activity in different parts
of rat brain. Arzeneimittel-Forsch Drug Research.
1995;45(1):663-5.
Shih JC. Molecular basis of human MAO-A and MAO-B.
Neuropsychopharmacology. 1991;4:1-3.
Veselovsky AV, Ivanov AS, Medvedev AE. Is One
Amino Acid Responsible for Substrate Specificity.
Biochemistry (Moscow).1998;63(12).

Panacea Journal of Medical Sciences, January-April,2017;7(1): 15-18

18

