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Antimicrobial Effect against Animal Pathogenic Bacteria by Essential Oils
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Abstract: The objective of this study was to investigate the antimicrobial effect of essential
oils from local Thai plants. Eight essential oils of Cymbopogon citratus Stapf. (Lemongrass),
Cymbopogon nardus Rendle (Citronella grass), Citrus hystrix DC. (Leech lime), Citrus medica
Linn (Citron), Ocimum basilicum L. (Sweet basil), Piper nigrum L. (Black pepper), Ocimum
sanctum L. (Holy basil) and Ocimum basilicum Lf. var citratum Back (Hairy basil) were
evaluated for their antimicrobial properties by agar-disc diffusion technique against pathogenic
bacteria, including Escherichia coli, Staphylococcus aureus, Salmonella Typhimurium and
Pseudomonas aeruginosa. The results showed that various degrees of antibacterial activity
were found from different essential oils. The essential oil from Cymbopogon citratus Stapf.
showed higher tendency to inhibit tested pathogens when compared with other essential oils
used in this study. However, the inhibitory effects of essential oils from Ocimum sanctum L.
and Ocimum basilicum Lf. var citratum Back were not observed. Minimum Bactericidal
Concentration (MBC) of Cymbopogon citratus Stapf. essential oil by microbroth dilution test
was ranged between 125-500 ppm for all tested pathogenic bacteria. The results showed the

antimicrobial activities of essential oils from different plants against pathogenic bacteria.

Keywords: Essential oil, Thai plant, Antimicrobial efficiency
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Introduction

Due to the tremendous demand for

meat and dairy products, the livestock
production has been growing rapidly
worldwide. The Food and Agricultural

Organization (FAO) estimated that there are
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more than 4.0 billion domestic animals
including cattle, pigs, sheep, goats and horses
which employ over 1.3 billion people
(Brooks-pollock et al., 2015). Although the
productions in livestock are needed and

would make a lot of fortune, bacterial
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infection is still one of the problems in
livestock industry which causes economic
losses. To treat bacteria-infectious disease in
animals, antibiotics have been wildly used
without doubt. However, the use of
antibiotics in animal feeds has been raising
various hidden problems such as antibiotic-
resistant bacteria, antibiotic residue and
serious health problems coming over (Hong
et al., 2012).

Herbal plants have been drawing a lot
of attentions as an alternative to as antibiotic
in animal feeds because of their naturally
phytochemical components, demonstrating
antimicrobial activity (Jarriyawattanachaikul
et al., 2016). Among these phytochemical
substances, produced in plants, essential oils
are one of the most popular candidates
owing to its distinct biological functions
(Celikel and Kavas, 2008). Essential oils have
been reported to possess beneficial effects to
intestinal microflora, digestive enzymes and
immune system (Hong et al, 2012). In
addition, the essential oils have also been
reported to have  anti-microorganism
properties such as bacteria, parasites and
fungi (Talbert and Wall, 2012; Katiki et al.,
2012; Singh et al., 2009; Oussalah et al., 2007;
Fichi et al., 2007). Therefore, this study was
aimed to determine the in-vitro antimicrobial

activity of selected essential oils, extract from

local plants in Thailand, against pathogenic

bacteria in animals.

Materials and Methods

Preparation of essential oils

Essential oils extract of Cymbopogon
citratus Stapf. (Lemongrass), Cymbopogon
nardus Rendle (Citronella grass), Citrus hystrix
DC. (Leech lime), Citrus medicaLlinn (Citron),
Ocimum basilicum L. (Sweet basil), Piper
nigrum L. (Black pepper), Ocimum sanctum L.
(Holy basil) and Ocimum basilicum Lf. var
citratum Back (Hairy basil) were prepared by
hydro-distillation method. Briefly, plant
matters were packed in round bottle flask
with  sufficient amount of water and
subsequently brought to boil. Then the vapor
mixture of essential oil and water was
condensed by indirect cooling from the
condensing part. To separate water from

essential oil, the essential oil was dried over

sodium sulfate anhydrous and store at 4°C

until use.

Screening for antimicrobial activity

To screen for the antimicrobial activity
of each essential oil, Staphylococcus aureus
(TISTR 746), Escherichia coli (TISTR 117),
Salmonella Typhimurium (TISTR 1469) and
Pseudomonas aeruginosa (TISTR 357) were
used in this study. A single colony of bacteria

was grown in nutrient broth, 16-18 hours at
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37°C to obtain the bacterial concentration of
1x10° CFU. The nutrient agar plate was
covered with 100 pl of bacteria culture. The
6 millimeter-sterilized paper discs with 10 pL
of essential oil to impregnate were placed on
the nutrient agar plate. The plates were
incubated at 37°C for 24 hours to observe
antimicrobial  activity.  Disc ~ with  of
oxytetracycline (50 pg) and distilled water
were used as positive and negative control,
respectively. All tested were done in triplicate
and antimicrobial activity was evaluated by
measurement the diameter of inhibition zone

in millimeter (mm.).

Microbroth Dilution Assay

The Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal
Concentration (MBC) were evaluated by using
Resazurin  Microtiter Assay Plate method
(Rahman et al, 2004). One hundred
microliters of nutrient broth were pipetted
into each well in 96-well plate. A two-fold
dilution was prepared the essential oil in
various  concentrations. One  hundred
microliters of the bacteria were added to the
mixture of essential oil. The concentration
used of each essential oil in this study was in

the range of 0.12-500 ppm. The 96-well

plates were incubated at 37°C for 24 hours

to obtain MIC. MIC is defined as the lowest

12

concentration of the essential oil with no
visible growth of indicator strain. After that, 30

UL of 0.02% resazurin was added. The plates

were then incubated at 37°C for 24 hours to
obtain MBC. MBC is defined as the lowest
concentration of essential oil with no color
change of resazurin, indicating 95% of

inoculation was killed.

Results

Screening for antimicrobial activity

The results of antimicrobial activity
showed in Table 1. There was found that
essential oils from different plant species
possessed various antimicrobial activity. Of 8
essential oils tested, 6 essential oils revealed
their antimicrobial activities over tested
bacteria. On the other hand, another two
essential oils, extracted from Ocimum
sanctum L. and Ocimum basilicum L.f. var
citratum Back did not show any antimicrobial
activity against bacteria. The highest inhibition
zone (32.06+0.99 mm.) was found in the
present of essential oil from Cymbopogon
citratus Stapf. against E. coli (Tablel and
Figure 1). It was about 1.5 times higher than
control (20.13+0.21 mm.). Oppositely, the
lowest inhibition zone was observed when
testing the Ocimum basilicum L. essential oil

with S. aureus (7.70+£0.49 mm.) (Tablel).
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Table 1 /n-vitro antimicrobial activity of essential oils

Source of Essential oil

Indicator strain

S. aureus E. coli S. Typhimurium  Ps. aeruginosa

Cymbopogon citratus Stapf.  14.14+0.52 32.06+0.99 29.26+0.93 7.95+0.32
Cymbopogon nardus Rendle  11.69+0.18 30.99+0.22 27.97+0.94 9.01+0.58
Citrus hystrix DC. 10.63+0.82 10.31+0.88 11.50+0.75 10.47+0.52
Citrus medica Linn 8.08+0.39  8.20+0.16 9.17+0.83 10.32+0.86
Ocimum basilicum L. 7.70+0.49  11.85+0.82 11.08+0.73 8.42+0.78
Piper nigrum L. 10.54+0.23 11.82+0.50 8.77+0.28 9.98+0.74
Ocimum sanctum L. - - - -
Ocimum basilicum L.f. var - - - -
citratum Back

Distilled water - - - -
Oxytetracycline (50 ug/disc)  20.27+0.45 20.13+0.21 29.71+0.95 11.61+0.14

Data expressed as mean of triplicate + standard deviation (SD) including the disc diameter (6

mm.). All values were rounded to two decimal places.

indicated no inhibition.

d

Figure 1 Inhibition zone of essential oil from Cymbopogon citratus Stapf. Against S. aureus (a),

E. coli (b), S. Typhimurium (c) and Ps. aeruginosa (d)

Microbroth dilution assay

MIC and MBC values of essential oils
were presented in Table 2 and Figure 2. The
data showed that MIC values of all essential
oils tested in this study towards S. aureus, E.

coli, S. Typhimurium and Ps. aeruginosa were

found as 500, 250, 500 and 125 ppm,
respectively. Nevertheless, the MBC values of
tested essential oils were diverse, with noted
that the essential oil extracted from
Cymbopogon citratus Stapf. was the most

active essential oil. It was because this
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essential oil had the lowest MBC values
against S. aureus and S. Typhimurium which
were 500 and 500 ppm, respectively.
However, the MBC values of the essential oil
from Cymbopogon citratus Stapf. against E.
coli and Ps. aeruginosa were the same as
those of essential oils from other plants (250

and 250 ppm, respectively).

Discussion

Agar-disc diffusion results indicated the
variety of antimicrobial activity among
essential oils against pathogenic bacteria. The
differences between antimicrobial activities
might be due to various major and minor
components, present in essential oil of each
plant. Components, synthesized in each plant
were claimed to be responsible for their
alteration in antimicrobial activity of essential
oils (Qussalah et al., 2007). These plant
components were influenced by geographical
origin and environmental condition (Celikel
and Kavas, 2008). However, the broth dilution
results were not correlated with agar-disc
diffusion test, showing that the inhibition
zones of most essential oils against Ps.
aeruginosa seemed to be lower than the
inhibition zones, observed in other indicator
strains. The difference between these two
methods might come from the problem of
the diffusion property of components in

essential oils, resulting in agar-disc diffusion
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technique was less reliable than broth
dilution assay. These contradictory results
between agar-disc diffusion and dilution assay
were also reported by Yousef and Tawil
(1980) when they studied on the
antimicrobial activities of 22 essential oils.
Rios et al. (1988) concluded on the conflict
between these two methods that the agar-
disc diffusion technique was not acceptable
for the samples which were difficult to
soluble water or non-polar samples. In
addition, there is no relation between
diffusion power and antimicrobial activity as
well as there is no relationship between MIC
values and inhibition diameter. However, the
agar-disc diffusion method was suitable for
screening in the term of the small size sample
used and the possibility to test many
compounds against a single microorganism.

To determine MIC and MBC with the most
precise technique and suitable for non-polar
samples such as essential oils, a dilution
method was recommended (Clark et al.,
1981; Miski et al., 1983; Rios et al., 1988).
Therefore, the microbroth dilution assay was
employed in this study to evaluate the
strength of antimicrobial activity. The result
showed that the MIC and MBC values of
essential oil from Cymbopogon citratus Stapf.
towards S. aureus, E. coli, S. Typhimurium
showed the same result (500, 250 and 500

ppm, respectively). It demonstrated that this
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Table 2 Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration

(MBC) of each essential oil

Indicator strain

Source of Essential oil MIC/MBC
S.aureus E.coli S. Typhimurium Ps. aeruginosa
(ppm)
Cymbopogon citratus Stapf. MIC 500 250 500 125
MBC 500 250 500 250
Cymbopogon nardus Rendle MIC 500 250 500 125
MBC >500 250 >500 250
Citrus hystrix DC. MIC 500 250 500 125
MBC >500 500 >500 250
Citrus medica Linn MIC 500 250 500 125
MBC >500 500 >500 250
Ocimum basilicum L. MIC 500 250 500 125
MBC >500 500 >500 250
Piper nigrum L. MIC 500 250 500 125
MBC >500 500 >500 250

1 2 -3 4 6.8 .7 8.9 10-941 12

Cymbopogon citratus Stapf. Cymbopogon citratus Stapf.

1 2 3 4 5 6 7 8 9 10 1112

Cymbopogon nardus Rendle
Citrus hystrix DC.
Citrus medica Linn
Ocimum basilicum L.
Piper nigrum L.

Positive control (S. aureus)

Negative control (Nutrient broth)

Cymbopogon citratus Stapf.
Cymbopogon nardus Rendle
Citrus hystrix DC.
Citrus medica Linn
Ocimum basilicum L.
Piper nigrum L.
Positive control (S. Typhimurium)

Negative control (Nutrient broth)

1 2 3 4

5 6 7 8 9 10 1112

Cymbopogon nardus Rendle
Citrus hystrix DC.
Citrus medica Linn
Ocimum basilicum L.
Piper nigrum L.
Positive control (€. coli)

Negative control (Nutrient broth)

Cymbopogon citratus Stapf.
Cymbopogon nardus Rendle
Citrus hystrix DC.

Citrus medica Linn
Ocimum basilicum L.
Piper nigrum L.

Positive control (Ps. aeruginosa)

Negative control (Nutrient broth)

Figure 2 MBC result of essential oils against S. aureus (a), E. coli (b), S. Typhimurium (c) and
Ps. aeruginosa (d). The concentrations of each essential oil were in the range of 500-0.12 ppm;
500 ppm (1), 125 ppm (2), 62.5 ppm (3), 31.3 ppm (4), 15.6 ppm (5), 7.81 ppm (6), 3.91 ppm
(7), 1.95 ppm (8), 0.98 ppm (9), 0.49 ppm (10), 0.24 ppm (11) and 0.12 ppm (12).
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essential oil was inhibitory and bactericidal at
a single concentration. For Ps. aeruginosa, it
seemed to be the most sensitive bacteria
towards Cymbopogon citratus Stapf. as
noticed by the lowest MIB and MBC values.
Hence, the susceptibility of microorganisms
by essential oil from Cymbopogon citratus
Stapf. was Ps. aeruginosa > E. coli. > S. aureus
and S. Typhimurium. This data imply that the
gram-negative bacteria were more vulnerable
than gram-positive bacteria towards essential
oils. This data did not agree with the report
from Suwanpugdee et al. (2012), reporting
that the essential oils from lemongrass and
citronella grass could successfully inhibit S.
aureus and followed by E. coli. Nevertheless,
comparison on the susceptibility of bacteria
might vary. It was not only because of the
antimicrobial agents in essential oils, but also
the variation of tested microorganisms
(Kamazen et al., 2012; Oussalah et al., 2007;
Hammer et al., 1999). Another possible factor
might contribute the different results was the
type of media used to test for antimicrobial
activity. Using different kinds of media might
differ in bacteria growth condition. For
example, the media used by Suwanpudee et
al. was Tryptic Soy Broth while Nutrient Broth
was used in this study. These aforementioned

factors can contribute the result differently.

However, it could be said that the promising
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antimicrobial property of essential oils,
especially the essential oil from Cymbopogon
citratus Stapf. could be possibly applied in
animal treatments, as an alternative to
antibiotic for animal infectious treatment. Yet,
the toxicity and safety issue of using this

essential oil would need to be considered.

Conclusion
To summarize, the essential oils had a
potential to inhibit and inactive both gram-
negative and gram-positive bacteria. Their
activities different,

antimicrobial were

depending on their phytochemical
components. However, the essential oil from
Cymbopogon citratus Stapf. seem to be the
inhibit  the  tested

most  active to

microorganisms in in-vitro condition.
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The Polymorphism of Heat Shock Protein 70.1 (hsp70.1) Gene at AP2 Box

Region in Thai Native Cattle
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Abstract: Heat shock proteins family (Hsp) is known to play a major role in the protection of
cells from thermal stress. It is an important to protect cells from heat damage as well as to
prevent protein denaturation and apoptosis. The genotypic variants of hsp70.1 gene in the
AP2 box region, especially the deletion of cytosine base (base position g895) are associated
to decrease cellular thermo-tolerance in cattle. In Thailand, There is no information to display
the mutation of this gene in Thai native cattle. The aim of this study is to investigate the
genotypic variation of hsp70.1 gene in the AP2 box region in Thai native cattle (at base position
g895). To elucidate, we used DNA from 51 samples of Thai native cattle comprise 9, 22, 10
and 10 samples from 4 regions of Thailand composed of the North, North-East, Central region
and the South, respectively. Double PCR-RFLP was used to identify the genotypes of hsp70.1
gene in theAP2 box region. Our results revealed that the wild type genotype was found in
70.59 % (n=36), homozygous mutation 27.45 % (n=14) and heterozygous mutation 1.96 %
(n=1) respectively. Furthermore, The North region of Thailand is the most group of mutation.
The result from this study may be useful to evaluate the correlation of thermo-tolerance and
genotypic variation and useful for selection and improvement of Thai native cattle in the

future.

Keywords: Thai native cattle, hsp 70.1, Heat shock protein 70, PCR-RFLP
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nsgnnsEAuMenzauaienantladedy
WU AN50UYadaTY NILVIALFRN NIBNTTSNLEY
v9aLgaa (Basirico et al., 2011) ANSAILATIEN
lUsiu HSP70 gnaltuAulau8u heat shock
protein 70 gene (hsp70) 34nu31n191Uae Y
ulasarsuiianalelnaves promoter region Tu
du 5 -UTR 2¢iinanon15anasuoinsaaase
1USAUNTONITAIAIVDY MRNA ¥8381 hsp70

LAarIdNARANUAINITALUNISNUSUVDUTAR

anaanag (Shwerin et al., 2003; Basirico et al.,
2011; Deb et al., 2013)
N15AIUANNITHATIENLUAU HSP70 &
ﬁWLLMﬁQﬁWﬁ@ﬁﬁWLLMﬁQ promoter region Faudu
R1WNUAT heat shock protein transcription
factor W11 N1EkAENTEAUITLANNTEUIUNIS
ANABNA1INUTNITU DonTHA wazduasieiiu

Tsausiely Tnelulanuindunisd heat shock

1a o 1

transcription factor Lﬁﬁmmmz%agmumu
AP2 box region (position -130) @aifudiuvas
promoter region U938uU hsp70 WUIIN1TVIN
meluresarnuiimalelnaludunusningaini
navn N sdaas1zRilusAy HSP70 anasvinle
ANENITOIUNTNUSoUTDILAARAY LazdNayin
T¥nandnuiuuanas (Schwerin et al., 2003)
Wuiganun1sneaeslulauuaieiuignray
Frieswal TuUsginaduiisuwasluareiug
Chinese Holstein TuUszinaldu (Xiong et al.,
2012; Deb et al., 2013) Hsiilafieglungu Bos
indicus agiinnuannsalunisnusoulanninla
ﬁasﬂuﬂeju Bos taurus (Hansen, 2004; Deb et
al., 2014)
dmsulalneiiudiosdneglunduladuiie
(Bos indiicus) SvurnAoudadn fuuduindeu
NTNEIIUBUUN MRINLAU AElAuALEn Wiles
aauaznislavioddauinin lunén ddeusin
Wisafunnladne faruudausanuniy
uonaniifsiiauausalunisnudou nusielse

wazuuaslas vaune (nguideanuvainvany

IS o w £ v o € v ¢ I
M9 driinauRugdnd nsudadad) e
dmSutayanuraINFULUUNIIRUENITUTDY

8u hsp70 Tulalneiugiuiosidnoglungy
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Bos indicus TINAMUAINITOIUNITNUADANIN

a o Y

a1nmaTeulan delaifiveyauinou AaugIdeds
INTANBIAIUNAINFURUUNIIRUTNTTUYDY
8u hsp70.1 NeUnUs AP2 box region lulalney
Wughuiiles ienaglansiuianisivdsuudas
sarsuiianalelnafidiunusninaiiaziie g
I v dy o [y [ I [ =

Judeyanugiudmsunisdaionuaziauiiive

nsuTulpaeiuglanudesulssmalnesoly

gUnIalLazIsN1g
UszyInsuasngun19e19

nsAnuluaeiildiegdalneiug

¥ [
) A

fuiflosiendoegluusaziiufiveauszinalne
o 4 nau Téun Tnenadpuiadulafiudies
nenAmile $1uau 9 Frege Talnediuiies
waunABanu s1uau 22 fegns Taanudadule
fufleanianianans $1uau 10 Fegns wavle
sudadulaiuilomeniald s1uau 10 fhog
Sauvianun 51 §10819 ¥inasiiudaetadon
nvaeaLdens Jugular vein) Ussyldluvaen
Audegsiifanstestunsudswhvendenvia
EDTA fho819as 6 fladans 91ndusnwranin
Fregrslundossnuianundud ¢ ssmades
JunIazievesufiRnisuaziiuinwidiedald

a = ! [ v a ®
Y1 -20 2IANYALLYA UNINEVINNTANANLDULD

MsiiuUTIMEI g suAemailni e s

o nsiiindTutaarsiugnssuluusian
AP2 box region lulalneiugiiuilos

WNUSUIUENTHUTNTTUUTII AP2 box
region Amaglnswes §1uau 1 gfe Forward: 5’

GTC GCC AGG AAA CCA GAG AC 3" was

82

Reverse: 5'GGA ACA CCC CTA CGC AGG AG 3’
(GenBank M98823)

accession  number
(Schwerin et al., 2003) Mndegadanlaiiann
dragaannd1t593U (FavorPrep™, Favorgen
Biotech corporation, Taiwan) Iagluujizenig
9150301015 20 lulasans Usenausie PCR Tag-
buffer Usuas 2.0 lulasdns MeCl, AMILUNTU
5 mM Usung 0.6 lulasans dNTPs A uLtaty
10 mM USu1as 0.4 lulasdns Forward primer
AULNTY 10 pmol/ul Usums 0.5 lulasans
Reverse primer A214L789U 10 pmol/ul
U3u105 0.5 1ulAsans Tag DNA polymerase
AULTUTY 5 unit/ul USuaas 0.1 tulasans
DNA template U3u1as 3.0 lulasans wagihiu
dH,0 auasy 20 lulasans arntuiunldly
\a3eafinUTuua swugnssuiflaniizaiuay
gaunnidiuau 35 sovu Keil gaunndl 94 aaen

=

CRIGEEG) L‘TJ‘UL’J@’] 1 U Uil 60 99N

9 U

al

waldea 1Wunan 1 ud LLazﬁqmuqﬁ 72 996N
watded tJutial 30 U9 (AawUadann
Schwerin et al., 2003) mmfumwaawamém
Aga1smewmaiineznlsaaadianinslnsda lay
Tdagnilsannuidudy 2 wWesifud uan
LWWisutsudulaufduLlauInsgau

(GeneRuler™ Thermo Fisher Scientific Inc.

USA.)

e nsiiNUSuIMansRugNIIUYRIEY

s

hsp70.1 TuuSiins AP2 box regiontulalneiug
fudlos

Lﬁmﬁmmmﬁﬁuqﬂﬁm%mgu hsp70.1
TuuSLaa promoter 999 AP2 box region 217

NAKARNTD15IUYD 2.1 aaelwsiues Forward: 5'
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GTT CTG GGA GGA GAG GCA TTC AG 3
Reverse: 5' CTG CCA TGT CGG GAA TAT TCA
AGG 3' (Schwerin et al., 2003) TagludfAsen
Ago15UTues 20 lulasdns Usznauaae PCR
Tao-buffer Usu1ns 2.0 tulasans MeCl, A4
WUTW 5 mM USuias 0.6 lulasdns dNTPs
AL NTY 10 mM USuaas 0.4 lulasdng
Forward primer A2 8t uUu 10 pmol/ul
U3u1ns 0.5 lulas8ns Reverse primer A2
Wudu 10 pmol/ul Usuas 0.5 lulasans Taq
DNA polymerase ALY 5 unit/ul USuns
0.1 lulAs8ms DNA template USu105 3.0
lulasans wazidy dH,0 3uAsu 20 lulAsans
nduthunldlueiesfuiumastusnssy 7
fan1rAiuAugunidiuIu 35 58U Fadl

=

aamndl 94 psrwal@eailung 1wl gaumgl

9 Y

b

'
a a

60 paAgaLRyd Wula1l Ui Naunnd 72

9 Y

[

paALgalded LJuia130 Ui (dandasann
Schwerin et al., 2003) 31NHUATIVAOUNANER
fgesmemaineznilsaaadianinsinsda lny
Tdagn1lsaninududy 2 vUasidud wan
Wisuitlsudunaufidulaninsgiu
(GeneRuler™ Thermo Fisher Scientific Inc.
USA) arndusinlduianidiegadniiasy
FavorPrep™ Gel/PCR Purification (Favorgen

Biotech corporation, Taiwan)

N13759959UAIUNAINGUUUUYEEY hsp70.1
ln&35 PCR-RFLP

wdsannlddunidulevasiy hsp70.1 1u
U0 AP2 box region LaviNA1IATIEaUAIIL

nainguuuudrduiiandlelnalagnisdnniey

wulwidngunigsiia Scrfl (Bme13901, Thermo
Fisher Scientific Inc. USA.) Tagn1sy ul3d
onumgil 37 esrmiwaldea U 6 9alus uazvign
nsviu§Azelasmsunliigungd 80 oemn
walded Uiy 20 Ui ndunsIvEeUNaNSHA
mueuladdninizalgisesnlsaaadianing
W53a lngldornilsaminandudu 2 Wosidud
LWisuilflsudunaumdulonInsgiu
(GeneRuler™ Thermo Fisher Scientific Inc.
UsA) Tnefisduuunisfniudrufiduiodaeg

wulwddndinig 3 sUluy fegun 1

SUN 1 Lanwg19TURUUNISAATUAILALD Y

v U

A8 ULIARI NI A ScrFl L A DNA

ladder Wddie jUnuudlulnduuu wild type
genotype F99znuLURLSULBBETIVUA 49
wag 47 eua HM Ae sUkuudlulnduuy
homozygous mutation Gﬁﬁ%WULLﬂUﬁL‘SUL@
ogfivun 96 fiua wag HT fe suuuudlulnd
LUU heterozygous mutation %dt’\]%WULLOUa

Bueaguwn 96 49 way 47 Fiud
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HANISNARDY
nsiSuais1sugnsuTuysaas AP2 box
region Zufﬂlwyﬁ’ujﬁ”uzﬁm
n1sUTuanImn1syinuJasen laedsutas
annealing temperature Hﬁlqmwﬂ”ﬁ 60 93AN
waldea w1 W17 wazU¥utae extension 17
QAU 72 BamlALgYd WY 30 U @115
WinduauansiugnIsvesdu hsp70.1 Tulelne
fuiileats 4 nguld Tnsanuisonuunuans
WUFNITUVUIA 550 Giud LAaneiee19maue

vodlalneiuiiems 51 dreganagui 2

n7szﬁhd?y7ma7sﬁu§nssm/aof7u hsp70.1Tu
U31904 AP2 box region vadlalneniugituiios

1NN1TNAABIAILITALANTIUIUATS
WugnIIUVeIdU hsp70.1 TuuTiaas AP2 box
region Tulalnewugiuiiiosldfs 4 ngu sau
fiaAu 51 fre813 IngnuknuaIsugnTsuegi

YA 96 ALua FagUN 3

N15A59989UAIUVAINFULUUYEIEY hsp70.1
Tulalneitudiodlngs PCR-RFLP
31NN1TATIAADUANUNAINFULUUVRIEY
hsp70.1 Tulelneiuiledlngds PCRRFLP 1o
Ieulgddndnmzyia Scrfl wugduuunisin
Idu 4 3Uuuy ﬁ'ﬂgﬂ‘ﬁ' 4 laglAr1IaIwy Wy
sUsuuilulndiduuuu wild type genotype
1UIU 1 F29879 LUV homozygous mutation
F1u3U 8 f0819 waildnugvuuudlulnduuy
heterozygous mutation Iﬂiwaﬁmﬁa%mumﬂ
darunudlulndiduuuu wild type genotype

U 19 19879 LUV homozygous mutation

84

41U 2 §19819 LagUU heterozygous
mutation 37U 1 #29819 Tnaru wudlulnd
WUU wild type genotype 97UIU 8 AI9E719 WU
homozygous mutation §1UU 2 A10E19 ey
wudlulnduuu heterozygous mutation wazla
gunuUsuuTlulnduuu wild type genotype
§1u2U 8 fae0819 uazwuIlulnduuy
homozygous mutation §1UU 2 A10E19 ety
wudlulnduuy heterozygous mutation Ty
915197 1 aznundaadiuguuuuilulnduuy
wild type genotype Wuﬁmﬁiuuﬁﬂﬁqmﬁmﬁu
§puay 70.59 T0984N1ABLUY homozygous
mutation AntduSesasy 27.45 wazuuy
heterozygous mutation Antduiesay 1.96

ANUAIAU

1RO ST S5 N R VA S RO ()

Ul 2 uansiogauaUNananTiTensilaan
MaiUTInuansugnssluuInal AP2 box
region Tulalnefiuidesdmunnuasiugnssy
v 550 flua (L Aa DNA Ladder vngia

1-10 Aa feguaUaIRUgNIIUNAAINlATL)
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2 345 6 78 9 10

gﬂﬁ 3 uanefeg L UNaNERTTeNSTildann
MaLisUTinamsugnssuvesdu hsp70.1 Tu
U3tand AP2 box region vaslalnefiudios Tng
WULDUANIWUGNIINRETIVUIN 96 fLua (L fp
DNA Ladder #snetav 1-10 A9 62981910

asiugnIsuilaaniaaiy)

[

= - . =

12 13 14 15 16 17 1851921 ]2 e

-

-
=
—
<=

;:;U‘ﬁ 4 LEANIFIEELAUNANAATTD ST LAN
n1sanaleteuledfndnIgyfin Scrfl (L A
DNA Ladder #u18ta9 12-22 A9 #28819u0U
asugnssuitldanlefiudiosauniadany

Neg.C fip f79E19A7UAY)

M13199 1 wansdnnukazdnduguuuululndnnuvesdu hsp70.1 NUsae AP2 box region Tula

Ingiiudosusasnay

ngusinagnelalne sUuuudlulnd

ﬁuﬁ:ﬁ’mﬁaﬂ Wild type Homozygous mutation Heterozygous mutation o
lavamu 1 8 0 9
1An1ABEU 19 2 1 22
TAau 8 2 0 10
1Ay 8 2 0 10
394 36 14 1 51
ans3oeaz 70.59 27.45 1.96

Asalnan1snaag Induesdu hsp70.1 AFuns AP2 box region

Mndedslalnetuiiuiiests 4 nqu
shuanun 51§89 §1A15197 1 aEwudn
dndruguuuuIlulnduuy wild type genotype
wuldudndiuuiniian s99a9u1A0LUY
homozygous mutation LLazWUﬁaaﬁqme
heterozygous mutation ?jwhw’mi’lm’mmaﬂ

Deb et al. (2013) AildinsAnuifsguuvuily

somuainsalunisuiouvedlaungnHaany
Wug Frieswal (Holstein Friesian X Sahiwal) Tu
Useimaduide wuinguuuudlulndinudanlng
Vu heterozygous mutation Spuay 60.71
30I89U1ABLUY wild type genotype Wusouay
39.29 ulinuguuuudlulnduiin homozygous

mutation TuUvMENNNNISANEIVDY Schwerin
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et al. (2003) NAVIN1sANYIRIUTEANT A INUDS

a

sruvdunugivanvaedlulndvestu hsp70.1 9

6

MILYUS AP2 box region lulauuanewug
Holstein Friesian Tudsginaigasuil wuan
stnvudlulndanudiulngazidusin wid
type genotype T99a9U1ABYIN heterozygous
mutation wagwuIlulnduda homozygous
mutation ﬁaaﬁqm WedarnnsAnwdandn
wuingulanfdlulnduuy wild type genotype
fiUszansnmvesszuvduiusangauaysinli
Snsmsdafisvaslangudsnaniitosningui
LWAANTSNABUBBU hsp70.1 fisumtis AP2 box
region A7y LWULALIAUNNSANYIYBY Basirico et
al. (2011) AlEnsAnefeguuuuiulndvesdu
hsp70.1 ludau 5 -UTR fisunis ¢895 lulauy
a189Wug Holstein Friesian ¥03UseiNnABN14
wuIlanguaieg1eldlulnduuy wild type
genotype 1niigaantiusosay 66.8 s09a3u1
ABLLUY heterozygous mutation AnduSeuay

28.8 LLazﬂEjaJ homozygous mutation WUNBY

d' a [ o g XA 1w 1
‘V]?jﬁ]ﬂﬂLUU'ﬁ@Sﬁ% 4.4 VIQULU@QQ?ﬂIﬂﬂ@MW'J@SN
91N37184971UU84 Deb et al. (2013) ﬁﬂﬂd?%‘ﬁﬂiﬂ

6 6

aneudanuan (Cross breed) insnaudiuiug
yilvilemalunisuaniudsuiugnssuldinnni
Iﬂﬂ&juﬁlﬂu Holstein Friesian w%amﬂﬂejuiﬂim
ftusudies Feidndrulunisnusuuuuilulnd
bUU heterozygous mutation Mﬂﬂ’jﬂgULL‘U‘U
9u Tuvazilanduansiug Holstein Friesian
MndeguTsnuiinavielalneiugiudes
Jungulafidnsuauaieluaneiudideady
(Pure breed) vilviiilanalunisuantuaeusiug
nssutesnindanugluuuitulnduvy wild
type genotype a2l

ndoyalunisnad 2 azwuindeudiingy
hsp70.1 a1 ¥uBuiioyiny (Kregel, 2002) ud
Tnmsenulundsinunsnanevestu hsp70.1
Afunys AP2 box region Tulalneiuiiie
Taglanizagradanunisnanesila homozygous

mutation 411131 heterozygous mutation 4

FALEINUTI8UIUFIUTLNANNUNITNATU LU

M13199 2 wansdndrugunuuilulndvesgu hsp70. 17unis AP2 box region 3MNT1EUHIN

¥

Sewavguuuudlulndin

Aenug Wy K31891u

wd HM HT
Talnefiudios Useineilng {39y 70.59 27.45 1.96
W3da duLhy Deb et. al,, 2013 39.29 0.00 60.71
loadlpansidon  Lwosuil Schwerin et. al., 2003 66.05 6.98 26.97
loadlpansidouy  8ana Basirico et. al., 2011 66.8 4.4 28.8

wd fi sukuuIlulnduuu wild type genotype

HM fio sUsuudlulnduuy homozygous mutation

HT Ao ;JULLUU%IuleﬂLLUU heterozygous mutation
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heterozygous mutation 411A31 homozygous
mutation wagiilefinnsanlunguiiegislaiy
a1 ukdd wudruszeansngudananislu
ﬂiz%ﬁﬂiﬁauiwgyjﬁwumiﬂmmmgu hsp70.1
FanuuuuudTulniifunuy homozygous
mutation 19 8 A19E1ILAENU wild type
genotype L8 1 AI9E19 Matenaiiewiain
1Jizsmﬂisuaqiﬂsunﬁ’lwvuiu{]ﬁ]ﬁ;ﬂ’uﬁ'uﬁmiam
Pwuanluegrannuasdmuinlavanuly
An1MNI15LasImNsssuRtuaulngdnig
sasgifies 3 Swiauaunmamiowihiuldun
Fedlmd dyu wazaUe Wudu (RTe wasans,

2553) Fanaginnilo1avinliian1sHatiugiu

1%
[ Y 1

Aelungy (inbreed) satuninviausiiugues
nguuszyinsiidnvazlulvdiduuuy
homozygous mutation aNwMLAIUNAINNATY
v93lulndiazanasirlinguuszyinswud
sUwuululndiluwuy homozygous mutation
Judlnguazagyilianinaunavesiiulngd
vosUszrnsuldsuntasiuliiduluanung
Y99 Hardy-Weinberg iuﬁqm (Hartwell et al.,
2011)
faiignvazdandnorndullddings
agslalveiudeddasanizlarndiyuens
WAamgni1sal auladudueuniaiugnssy
(Genetic drift) 1Aadu Tasfin1sag (fix) sULUY
Fulndursgduuuliawilidlulndusguuuy
gaynuly lnganusreanisiinanuldwiuey

NIRUGNITURAAANMANTAIRANTENUIING

(%
Y

naga (Founder effect) Inga1aLinannisenen
YaanawliugvIaUsrvIN1sIuIudeungunile

WINNFUUTEVININGUFNTI19H FURUUTIY

[ ' '
LYY | a

Infifisauduisgluvuidudeiuiiofinimd
$1uruvesUszrInsindu nuuszrnsluaile
gnusUuuuvelulndifiesunegunuuniune
wiugiidui s lulnduisgunouggymely
FuduiinisnuiluadinuinsuuuuiTulnduoy
wild type genotype #3®WLUU homozygous
mutation 3 NUUIAATINTTINUKU Y
heterozygous mutation ( Matute, 2013)
uennBuLdIAMANITAnA s IuLua UG
WUFNTTUDIAUANINWANTAIUTEYINTADUIN
(Population bottle neck) Faduniswasuula
18N15anT1UIUTBIUTEYINILANATRE19TINTY
yhlsussrnaiuveiesuiuliosituuay
Usernangudenaniiuenafisuuuuilulndifies
U’NEULLUULVIITSU fetudlenguuszansifui
aandengininfiusuiulssnauniu nau
Usgrinslnidaasnuguuuudlulndiiiesung
sUwvuhEuagilUuuuIlulndunsguiuy
gayviely \Judu (Hartwel et al., 2011)
uanaNLudIanmnnInAnauliuiueunig
WUgNITU 21ANINNIITlAARERNAMEN WL
paneiugu1IUsENsTainasinligunuuily
Indureguuugymeluld udisiidesann
Fodrdalunisifiudiedns S1urused sildly
nsAnwluafaifafufiosdumisesserins
fléAnudednvazaiunaInguLuunIs
fiugnssuvesdu hsp70.1 ARIUMLY AP2 box
region WihiunsAnwIdsdnuazaRugAans
Us9IN3089NgULAT 1A UAINA1I0193E ARl
nafiudegnsliuiniuifiolfraeunquuay

s

WEINO AN USUUTLLLUAINUNBINVAIYNIINUS

9

NTIUY098U hsp70.1 Tulonasely
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LALINAISANEININA1IVINIINTIUD 1A

a

AN FULUUNNAUTNTTUVDIVDIEU hsp70.1 7
Awnie AP2 box region lalneiuiiioslungy
7 1 dl o = 1 gj v 1 YV = =
f198197vn1sAnw vty Seluladnene
ANUFURNUSTENINIANNAILITAlUNISTNUS DU
vaslawdaznguiugusuuitulndsneg anu
L% gj d' o e‘d’l’ = d" U 1 1
Aatiun1siilalneiugiuilesdneglungy Bos
indicus hazdAIIUEINUITALUNISNUS DU
(thermotolerance) 1a@n11 Bos taurus Hu
(Beatty et al., 2006) N1SNUTDUAING1IDI1AY
agludnuaznsuumdeanmuinaeulafsy
Y . = ] Y a
A8 (compensation) saginlaangluuuily
IndAnuiivisdumdu wild type genotype Uag
duiian1snately waraInNsIe9IUYe ININ3Y
wagAug (2555) nuinilelAegn1iziATendNn
AMNSBUTINIEATINTUSUSIaen1sneTaLEn
FUWALINISTUMID9DNUININTULA b wuA21L

LANAIIYDITLAUNITLNUTUYDY heat shock

protein 70 3nnigaaLtiinldenv1ivedlalne

(% '
=

fudtes Fedlviiutilalneiudiudosuanain
gildnvaenisnuioulafudifanuguuuunis
nuseuluanvurnisdsuailafonnie
LuULRYINY
faudn9gdsneauaInaeUseinavay
aduifin1svnaesdenauduRussEning
mma’]m%ﬂumwu%@uﬁugﬂLLUU?}IuiwﬂﬁWU
warnudrguuuudlulnduuy wild type
genotype 188U hsp70.1 fivunie AP2 box
uzwnn1s81un 19y Bio-maker 1fionas

s

AntaankarUSulaaeiug (Schwerin et al,,

2003, Basicrico et al., 2011; Deb et al., 2013)

wrnaunaziunldiaduesasiiolunisdaidan
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wazUuusameiuglulalvetusiudosiu s
AN15ANINIANUFURUGTERINIANEINNTa LY
nsmuFeurusuuuuIlulndiinuluguuuusiieg
T¥iAudaaunndadudou tiofiavaiunsa
Aonlenazdadenlafifiaiiuaiunsalunisny
Souldindodmdenlaiiinruainisalunis
USusnsennuannundedlamduiu wazasi

= a a a A A v
NIFANWILWU LWNIUITJiG]u%u@EJUWQEJ

dyunan1Innay

nnsdnuiluadadagulain 1) dnns
NanBueIBY hsp70.1 Aisunis AP2 box region
(position ¢895) lulalvefiuiiiesis 4 ngulng
sUnuuilulndfnuuinigaazidunuy wid
type genotype T9383UN Ao homozygous
mutation warnutesfigaidunuy
heterozygous mutation 2) RFRGRER LR
hsp70.1 ARWMLS AP2 box region Andufu
ngusegsadlavadmusinigalasidunis
NANYLLUY homozygous mutation

datuann1snylunseidinludeya

a o (% ]

drrnazurlulelunis@nenda

o

&
Hug1u
v o € ' = & o
ANduNussEninegUwuuitulndanuiu
ARasatunsusouvadlalneiugiuio
waziludnisdnidenuazuiuusaneiuglule

Ineiudiasluauinnnaly

Anfnssuusenid
VDUVBUNTEAN NIATYINUTAIANT AL
IYAEAST UANINYIRUAYATAERS (U1IUL) i
oynwanuiinaziadesiieluiesufiinaslu

N13%1 gradient PCR ¥80UANM AT.ATTLNYLY
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lan0d ANENEUT FWAUTY an.0. 405107 B9
Usgiasy wag w.an s Ans51515 Nngan
HIEMADLATS1NEAINETAINTUNITN UMDY

A P & X
wialglun1sAnwasall

LONHNTINNDY

NANITYANMUNAINYAILNTININ FTInaIn
fugdng nauvadnd. Tafudlos. lonans
weuws Msiieudiudedidnnsednd.
\felaann : http://breeding.dld.go.th/
biodiversity/new%2 0  eleamning/
animal%20nativos.html. (19/6/2559)

In3N3Y 13YAaY anT NALINY ERUNIEY LAz
4319AUN GULAA. 2555. AITNBUAUBINIY
a3sinenazyiuaa HSP70 Twidiaden
yvedaiudosnedeanmoinidlusou
. Ununems. 40 atuiiey 2: 377-380.

Wn yiau g3y yyluse wag F1ungy aslnd.
2553, WlUUN19iugNITUANYaIEAIY
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Quality Evaluation and Contamination Testing in the Fish Meal used for

Livestock Production Industry
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'Department of Animal Production Technology and Fisheries Faculty of Agricultural Technology,

King Mongkut's Institute of Technology Ladkrabang Chalongkrung Rd., Ladkrabang , Bangkok 10520

Abstract: Fish meal is also claimed as one of the best feedstuff which contained various
valuable nutrients and consists of an optimum quality for livestock. Therefore, it is also
necessary to evaluate fish meal before using to confirm its quality. This study was aimed to
evaluate the qualities of fish meal samples under the physical characteristic. Twenty-five
samples of fish meal were graded to five levels according to the Thai fish meal producers
association as the premium grade, number 1, number 2, number 3 and head fish grade which
each grade contained five samples. The results showed that color of fish meal presented
brown and dark brown which were related to the fresh of fish. Some serious impurities were
also found such as feather meal which it was found 8 % (2/25) in fish meal number 2 and 3
as 20% (1/5) each. Limestone and ground shell were found 24 % (6/25) in the grade premium,
number 1, 3 and 2 amount 60% (3/5), 40% (2/5) and 20% (1/5), respectively. There were not
found chromium and urea granule in all selected fish meal samples. However, the salt content
is high above the newest regulation limit. The overall results from this study are able to
summarize that the quality of fish meal which supplied to the customer has mostly well
prepare to meet a regulation of fish meal standard. Nevertheless, contamination of feather
meal, limestone and ground shell are also found and these are able to interfere some

nutritional values of fish meal.

Keywords: Fish meal, Feedstuff, Physical evaluation
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Echinostoma revolutum in Domestic Chickens: Developmental Larval Stages

and Fecundity of an Intestinal Trematode
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'Energy and Environment Program, Faculty of Science and Technology, Chiang Rai Rajabhat University, Chiang
Rai, 57100, Thailand; “Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 50200,
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Abstract: This study was conducted to observe the recovery and fecundity of intestinal
trematode, Echinostoma revolutum in domestic chick (Gallus gallus domesticus) and notes
on their egg development. Each 60 three days old domestic chicks were fed 50 cysts of E.
revolutum isolated from Filopaludina martensi martensi. Worm recovery, uterine egg counts,
numbers of eggs per gram of feces (EPG), egg morphology and development of E. revolutum
during of experimental infection in chicks were analyzed. The worms survived in chicks for 36
days post infection (PI). The incidence of infection was 60.0% (36/60). Of the 1,800 cysts fed
to chicks, 465 (27.1%) worms mainly recovered from the jejunum and ileum, occasionally in
caeca. The worms became ovigerous by day 10 and produced eggs, which were detected in
feces as early as 10 days Pl. The number of EPG, determined by a modified formalin-ether
concentration technique, as well as EPG per worm increased slowly during day 10-16 Pl and
then remaining stable and showed a little fluctuation until day 36 PI. Additionally, egg
development was characterized from day 0 to 10 post embryonation. Eggs developed fully

formed miracidia from chicks after 10 days and emerged later.

Keywords: Echinostoma revolutum, Domestic chicks, Fecundity, Egg development
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Introduction vertebrate hosts, such as birds, mammals,
Echinostoma revolutum (Froelich, 1802)  including human and occasionally reptiles and
Looss, 1899 (Digenea: Echinostomatidae) is an  fishes (Kanev, 1994; Fried and Graczyk, 2004).

intestinal parasite of a broad range of E. revolutum is cosmopolitan and infect a
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large number of different hosts, both in nature
and the laboratory. This worm has a wide
range of experimental definitive hosts, though
the compatibility may differ considerably
between species (Fried, 1984; Franco et al,
1986; Humphries et al, 1997). The
establishment of £. revolutum in experimental
animals has been studied in mice (Hosier and
Fried, 1986), golden hamsters (Chai et al.,
2011; Chantima et al.,, 2013) and domestic
chicks (Fried et al., 1997). Several studies have
been reported the fecundity of echinostomes,
which had made on the basis of eggs per gram
of feces (Odaibo et al., 1988, 1989), uterine egg
counts (Christensen et al., 1990) and total
amount of eggs in the feces of the host
(Toledo et al., 2003; Munoz-Antoli et al,
2007). Detailed information concerning uterine
egg counts and egg output to determine
fecundity appears limited to infections with E.
revolutum in experimental animals. However,
the fecundity of E. revolutum in experimental
animals has been studied in detail, but no
report for studying in details of the uterine egg
counts and egg output of this worm infection
in domestic chicks.

Echinostome eggs are unembryonated
when laid and require a period of incubation
in the environment to form mature miracidia
capable of hatching (Huffman and Fried, 1990).
A comparative photographic study of the eggs

of echinostomes, including E. paraensei, E.

Fusan uazelava 19fatan / dmunmdamnuasans. 2559, 11(2): 101-114.

trivolvis and E. caproni was done by Krejci and
Fried (1994) and Fujino et al. (2000). There are
not morphologically different from other
echinostome eggs, whereas the ultrastructure
of E. revolutum eggs was not reported
previously. Incubation of E. revolutum eggs
from laboratory infected hosts used to study
in avian hosts (Kanev, 1994). In addition, the
studied on storage and incubation of this
worm eggs recovered from wild Canada geese
was done by Davis (2005). Most studies
about  the

concerned hatchability — of

miracidium in various conditions, without
observations on the development of E
revolutum egg to form mature miracidia. The
developments of E. revolutum eggs are not
well understood, and there is no report on egg
development of this worm recovered from the
domestic chicks. Therefore, the present study
was aimed to determine the worm recovery
and fecundity of E. revolutum in an
experimental chick. Moreover, the authors
described ultrastructure  and

have the

development of eggs to form mature

miracidia.

Materials and Methods

Experimental infections and worm
recovery

Three days old domestic chicks (Gullus
gallus domesticus), weighing between 48-60 ¢
hosts.

were used as the experimental
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Metacercariae of E. revolutum were collected
from naturally infected snails, Filopaludina
martensi martensi from Chiang Mai province,
Thailand. They were collected by the
crushing method and isolated using a sharp
pin, gently covered with a coverslip, and
observed under a light microscope. The
presence of a head collar with 37 spines was
highly indicative of E. revolutum. Fifty
encysted metacercariae of E. revolutum were
orally forced fed to each chick. Each 60 chicks
were sacrificed daily at day 1-60 post-
infection (PI) by excess diethyl ether for
examination of the parasite. All experimental
hosts were managed according to the
guideline approved by the Animal Ethics
Committee of the Faculty of Science, Chiang
Mai University. All Chick digestive tracts were
roughly divided into the esophagus, crop,
stomach (proventriculus and gizzard), small
intestine  (duodenum, jejunum, ileum),
caecum and rectum, longitudinally with a pair
of scissors and placed in 0.85% NaCl. Worms
were collected and examined under a stereo
microscope. The number of recoveries was
recorded to determine the infectivity and

worm recovery.

Fecundity of the worm
Data on fecundity were determined by
uterine egg counts (UEC) and a number of

eggs per gram feces (EPG). Fecal samples
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were examined for determining the EPG. The

chick feces were collected separately,
incubated at 60°C for 24 hours, weighed and
fixed in 10% formalin before an examination.
Chick feces were checked daily by a
modification of  the formalin-ether
concentration technique (MFECT) (Elkins et
al., 1991). Eggs per gram of feces were
determined according to Odaibo et al. (1988,
1989). The number of eggs in the uterus of 10
worms from each day during early appeared
in uterus (10 days PlI) to the end of
experimental was determined by dissection
(Christensen et al., 1990). The correlation was
used to quantify the association between the
worm recovery and UEC, and/or EPG. In
addition, the correlation of UEC per worm
(UEC/worm) and EPG per worm (EPG/worm)

was determined.

Egg morphology

The  eggs were  photographed,
measured and illustrated under a compound
microscope  for  morphological  study.
Morphological traits of eggs (n=30) were
studied and measured by an Olympus eye-
piece micrometer. Some eggs were studied
for the surface ultrastructure with scanning
electron microscope (SEM). Briefly, the eggs
were rinsed several times in 0.1 M phosphate
and fixed in 25%

buffer, pH 7.4,

glutaraldehyde at 4°C for 24 hours, and post-
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fixed with 1% osmium tetroxide for 3 hours.
Then they were dehydrated in a g¢raded
alcohol series, transferred into acetone, and
finally dried in a critical-point dryer. The
specimens were mounted on stubs and then
coated with gold. The specimens were
observed and photographed using a JEOL
JSM-5400LV SEM.

Observations of egg development
Mature unembryonated eggs were
purified from chick feces by filtration through
a series of graded sieves, then observed
under a stereo microscope. The eggs were
washed in 0.85% NaCl several times and then
incubated in multi-well plate cultures
containing 2 ml of distilled water. The eggs
were incubated at room temperature (25-
28°C) with ambient room lighting for at least
2 weeks to observe the final hatch to obtain
eggs with fully developed miracidia. Egg
observed under a

development  was

compound microscope from live eggs
prepared as wet mounts. Egg development
was monitored daily. Developmental stages
were photographed using a compound

microscope (OLYMPUS DP20, Olympus).

Results
Worm recovery
After orally introduced to chicks, the

metacercariae excysted and developed into

Fusan uazelava 19fatan / dmunmdamnuasans. 2559, 11(2): 101-114.

adults in the small intestine. From day 1 to
day 36 PI, a total of 465 worms were
recovered from 36 chicks that had been
infected with a total of 1,800 metacercariae.
The incidence of infection was 60.0% (36/60)
and the average worm recovery per chick was
27.1%, which varied from 2.0 to 74.0%.
Metacercariae of E. revolutum developed
into mature adults after 8 days Pl and
ovigerous adults developed after 9 days PI.
The worms were mostly recovered from the
jejunum (75.2%), ileum (23.4%), and some
from the caecum (1.4%) while not found the
worms in other parts of the digestive tract.

The worms were survived until day 36 PI.

Fecundity of worm
The worms vigerous and began to
produce eggs on day 10 PI. Based on the eggs
in feces (Figure 1), they firstly appeared at 10
days Pl and egg was released continuously
from the first day until day 36 PI. Egg per gram
of feces per worm (EPG/worm) increased
slowly and showed a little fluctuation during
day 10-22 Pl and then slowly decreased until
day 36 Pl After that, the worms were
expelled from the chicks by day 37 PI. Figure
1 also shows that the uterine egg counts per
worm (UEC/worm) during early appeared in
(10 days
The

uterus P) to the end of

experimental. UEC/worm  rapidly

increased during the first two weeks of
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infection and the mean number of UEC/worm
observed daily was 172.8+64.6. When the
UEC/worm and EPG/worm were plotted, no
correlation was observed between those 2
parameters  (r=0.06) whereas the worm
recovery and the number of EPG/worm were
highly correlated (r=0.98), also the correlation
coefficient of worm recovery and UEC/worm

were relatively high (r=0.58) (Figure 2).

Egg morphology

The morphology of E. revolutum eggs
were photographed under a light microscope
(LM) and SEM (Figure 3). LM observations
revealed the structures of the operculum and
abopercular region. The eggs were ovoid,
pyriform or elliptical, operculate and yellow-
brown. They are unembryonated, with a
smooth shell with a definite knob like
thickening at the abopercular end of the
shell. The eggs of E. revolutum were 113-133
pm long and 60- 0 pm wide. As determined
by SEM, the surface ultrastructure of the eggs
showed that the egg shell surface is smooth
and operculate. The operculum was smooth
and surrounded by an opercular junction

(Figure 3C). The abopercular knob wrinkled
invaginates the eggshell (Figure 3D).

Egg development

Egg development showed in Figure 4.

The mature eggs were unembryonated when
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laid (day 0). In 1-3 days old eggs, there are
clusters of vitellocytes, which are small cells
peripheral to the early embryo, like foam
bubbles.  The  vitellocystes  became
progressively smaller and then not apparent.
In 4 day-old eggs, the vitellocytes surrounded
the embryo. In 5 day-old eggs, there was a
spherical core of cells forming the developing
embryo with clusters of vitellocytes. In 6 day-
old eggs, the growing embryo is surrounded
by a layer of vitellocytes. In 7 day-old eggs,
there was larger enlarged embryo, contained
in defined clusters of vitellocystes and
balloon-like vesicles. From day 8 to 9, the
embryo began to resemble a miracidium,
contained balloon-like vesicles. The embryo
developed a body with cilia and the embryo
had attained nearly the same size as the
miracidium with apical papillae and the eye
spots obvious in 9 day-old eggs. At day 10,
the miracidia was oriented along the long axis
of the egg and the balloon-like vacuoles filled
with a clear refrainment fluid. The vacuoles
incompletely encircled the miracidium and
they fill a large space between the shell and
the miracidium. Most eggs had two vesicles,
but some three or only one fully developed
miracidia observed by day 10-11 and hatched
later.

Miracidia formed within a week and
developed slowly. The first miracidia hatched
at day 10 and eggs usually hatched in greater



Anfte SuSu1 uazelaua 2datan / dmunndumuasans. 2559. 11(2): 101-114.
numbers by day 11. The miracidia showed tegument is ciliated and began to beat and
slisht motility within the eggs, with the larva  showed bending movements. Newly hatched
moving longitudinally from the posterior end  miracidia swim rapidly, changing direction

to the anterior end of the egg. The miracidial  from time to time.

—a— UEC/worm —e—EPG/worm
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Figure 1. The number of uterine egg counts per worm (UEC/worm) and egg per gram of feces per worm

(EPG/worm) detected during experimental from day 10-36 post-infection. Vertical bars represent the

standard deviation.
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Figure 2. Illustrated the correlation among the parameters used in this experiment: (A) Correlation of the
worm recovery and uterine egg counts (UEC); (B) Correlation of worm recovery and egg per gram of feces

(EPG); (Q) Correlation of UEC per worm (UEC/worm) and EPG per worm (EPG/worm).
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Figure 3. The eggs of £. revolutum. (A) Newly laid egg collected from chick feces showing the operculum
(Op) and abopercular knob (K); (B) Surface ultrastructure of the egg showing the smooth egg shell surface

with the operculum and abopercular knob; (C) Enlarged view of the operculum showing the operculum

and operular junction (OpJ); (D) Abopercular knob.
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& M e
By -\ By 2 g = .
{ U ’ Bv o —Es
[ By &-_ Lo
T | O
\ Bv By | By l oy /)
Bv \ >
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Figure 4. Light micrographs of egg development to form mature miracidia of E. revolutum. Note the
operculum (Op), abopercular knob (K), the central core cell (CQ), the embryo (Em), balloon-like vesicle (Bv),

apical papilla (Ap), eye spots (Es), cilia (Ci) and layer of vitellocytes (arrowhead); scale bar = 30 pm.

Discussion fecundity of E. revolutum in the experimental

The results of this study has been chicks. The average of worm recovery was

pointed out that the worm recovery and high (27.1%) and maintained thus in domestic
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chick until day 36 PI. The worm recovery rate
in this study was relatively higher than
previous reports in the domestic chick by
Fried et al. (1997). Based on the distribution
of worm indicate that this worm will invade
the jejunum and ileum, and some in the
caecum. Nevertheless, no study about the
longevity of E. revolutum in domestic chick
was found. Kanev (1994) reported the
longevity of E. revolutum in pigeons lived
between 4 and 8 weeks under laboratory
conditions, while in this study they were
survived in domestic chick intestine for 36
days (5 weeks).

The eggs of E  revolutum usually
appeared in feces on day 10 Pl of young
pigeons and day 11 or 12 Pl in hamster
(Kanev, 1994), while the worms in this study
were ovigerous and began to produce eggs on
day 10 PI. These findings suggested the birds
(chicks) host  than

were  compatible

mammalian hosts. Several studies used
quantitative methods for measuring fecundity
of echinostomes (Toledo, 2009). The
quantitative measurements for fecundity of £.
revolutum are not well understood and had
no report. The fecundity of E. revolutum in
this study was measured by the UEC and EPG.
The patterns of EPG/worm is similar to E.
malayanum in mice (Srisawangwong et al.,
2004), E. friedi in rat (Toledo et al., 2006) and

E. caproni in mice (Munoz-Antoli et al., 2007)

Fusan uazelava 19fatan / dmunmdamnuasans. 2559, 11(2): 101-114.

and hamster and rat (Toledo et al., 2004),
that gradually increases and high egg output
observed on day 22. The UEC of E. revolutum
was not constant during this experiment. The
UEC rapidly increased during the first two
weeks of infection, which probably in relation
to the progressive maturation of the adult
worms. The UEC/worm in E. revolutum
infection in domestic chick in the present
study is similar to that observed for the
closely related E. caproni in NMRI mice
(Odaibo et al., 1988, 1989). Recovered worm
dependent constraint on worm fecundity was
observed in these studies. The correlation
coefficient indicates that the worm recovery
and EPG/worm were highly correlated. This
result also showed the positive correlation
between worm recovery and UEC/worm. In
other words, an increase of recovered worm
may reveal higher the egg production in
uterus and egg output in feces. In contrast,
the correlation between EPG/worm and
UEC/worm are not correlated. Therefore, the
numbers of egg in uterus may not reflect the
egg release of worm. The authors prefer both
parameters, UEC/worm and EPG/worm can
be used to determine the fecundity of E.
revolutum in experimental chick.
Nevertheless, the egg production on the basis
of UEC/worm and EPG/worm constitute only

partial measurement of fecundity, because

the egg output of echinostomes depends on
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a number of factors. Toledo (2009) suggests
that these factors include echinostome
species, population density, age of infection
and host species. Uterine egg counts and the
number of egg releases as measurements of
the fecundity in E. revolutum infections in
other host species needs to be re-evaluated.
Furthermore, there was considering the
morphology of eggs worm. LM investigations
revealed the opercular and abopercular
region in eggs of E. revolutum, which agrees
with Chai et al. (2011). Moreover, eggs of E.
revolutum are similar morphologically to
other echinostome, including E. paraensei, E.
caproni and E. trivolvis (Fujino et al., 2000).
The SEM of E. revolutum eggs has not been
documented previously. The present results
reveal that the surface ultrastructure is similar
to other echinostomes (Krejci and Fried, 1994,
Fujino et al., 2000). Eggs are characterized by
a smooth shell, opercular area with an
opercular junction and an abopercular knob.
The opercular junction was not conspicuous
as with the eggs of other trematodes,
heterophyid and opisthorchiid (Lee et al.,
2012). The abopercular knob has winkles,
deep invagination and infolding of the shell,
while that of other echinostomes (E
paraensei, E. caproni and E. trivolvis) has
superficial winkles and shallow infolding
(Krejci and Fried, 1994; Fujino et al., 2000).

This distinguishes this worm from other
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echinostomes. Additionally, the present SEM
finding of this worm egg was newly added for
study and significant finding of abopercular
knob were obtained.

The egg development of E. revolutum
has only one other reported (Davis, 2005).
Direct comparison between their studies and
this study is not able to be made because of
differences in the methods of egg preparation
and incubation. Davis (2005) determines the
effect of cold storage duration on the
incubation success of E. revolutum eggs. The
eggs were stored at 4-8 °C for up to 72 weeks
before being examined, whereas this study
were used fresh eggs isolated from host feces
which were undeveloped (unembryonated)
when laid. The eggs contained clusters of
vitellocytes at an early phase of
development which was also described in E.
caproni eggs by Schmidt (1998), while the
vitellocystes in other trematode, Fasciola
hepatica termed as yolk cells (Hussein et al.,
2010).

During the late phase of egg

development, balloon-like vesicles are
formed and filled with a clear refrainment
fluid. Schmidt (1998) suggested that these
vesicles are probably cell debris left from the
vitellocytes  which are dispersed by
movements of the miracidia. The ballon-like
vesicles seem to be identical to those in E
caproni (Idris and Fried, 1996; Schmidt, 1998).

These vesicles in E. caproni described as
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glycan vesicles become altered during the

late phase of development of the
miracidium. They fuse into larger entities
ending up as one or two vesicles per egg
(Schmidt, 1998).

In the present study, miracidia become
fully developed and hatch at as early as 10
days, but maximal miracidia hatching
occurred in day 11. In comparison, initial
hatching of E. trivolvis occurred after 11 days
and hatching of E. caproni from hamster-
source eggs in day 11 and from mouse-source
eggs after 13 days (Behrens and Nollen, 1993,
Nollen, 1994). However, the authors did not
study the viability of egg produced from
experimental host. More detail about viability
of eggs need to be included in the
determination of the fecundity and parasite

reproductive success.

Conclusion
Conclusively, the authors evaluated the
worm recovery and fecundity of E. revolutum

in the experimental chick. The results

presented in this study provide the most
extensive up to date of experimental host for

this  worm. The authors provided a

background for further studies on the

fecundity of this worm infection and use of
the E. revolutum/chick system as a model for
the

study of host-parasite relationships.

Additionally, the present report is the first

Fusan uazelava 19fatan / dmunmdamnuasans. 2559, 11(2): 101-114.

report reveals the development of eggs to

form miracidium of this worm. Such
information provides an essential background
for the further development of this worm as
an applied for treatments and management

of this parasite.
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Clinacanthus nutans (Burm. f.) Lindau Extract against Cyprinid Herpesvirus 3

in Koi Fin Cell Line
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Veterinary Medicine, Faculty of Veterinary Science, Chulalongkorn University, Bangkok 10330, Thailand
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Abstract: Cyprinid herpesvirus 3 (CyHV-3) or Koi herpesvirus (KHV) is a virulence viral infection
in common carp and koi. The disease has caused global epizootic and economic loss in fish
aquaculture and in the wild. Clinacanthus nutans (Burm. f.), belonging to the family
Acantaceae, is a well-known medicinal plant used in Thai traditional medicine. Virucidal effects
of the plant extract against human herpes simplex virus have been reported. In this study, C.
nutans crude extract, dichloromethane fraction and n-butanol fraction were tested for antiviral
activities against CyHV-3 in koi fin cell line. The extracts were tested for cytotoxicity, pre and
post infection antiviral activities. The 50% cytotoxic concentration of crude extract was at
1,701.57 pg/ml, dichloromethane fraction at 522.47 pg/ml and n-butanol fraction at 1,797.98
ue/ml. Effective concentrations of the crude extract pre and post-infection were at 250, 500
and 1,000 pg/ml. The dichloromethane fraction and n-butanol fraction did not have antiviral
activity. The results showed that crude extract expressed antiviral activity against CyHV-3 which

can be applied as therapeutic agents in common carp and koi in the future.

Keywords: Clinacanthus nutans (Burm. f.) Lindau, Cyprinid Herpesvirus 3, Antiviral activity,

Cytotoxicity, Cell line
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Introduction (Cyprinid Carpio koi) from many countries
Cyprinid Herpesvirus 3 (CyHV-3) or Koi  worldwide including Thailand. The first report
Herpesvirus (KHV) has been reported in of this disease was isolated from mass

common carp (Cyprinid Carpio L.) and koi mortality of common carp in Israel in 1998
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(Hedrick et al., 2000). It is highly virulence and
contagious viral disease which causes high
mortality. Many criteria for viral prevention
were reported. For example, produce fish
strains and crossbreeds for more resistance to
virus (Ronen et al., 2005). Immunization is
another option to prevent those fish from
infection.  Unfortunately, the use of
inactivated virus vaccine (Yasumoto et al.,
2006) or viral proteins has been proven
unsuccessful.  Two  methods  of  fish
immunization were developed and used only
in Israel by immunizing fish with pathogenic
virus (natural immunization) (Ronen et al.,
2003) or with live attenuated virus vaccine
(Perelberg et al., 2005). At present, there is no
report of any drug or chemical that can
effectively treat the virus in fish. Clinacanthus
nutans (Burm. f.) Lindau is one of Thai herbal
plants with antiviral activities. Extracts from
leaves showed antiviral activity against
Herpes Simplex Virus (HSV) and Varicella
Zoster Virus (VZV) in human both in
experiments and clinical trials (Jayavasu et
al, 1992% Jayavasu et al, 1992°
Thawaranantha et al., 1992; Sangkitporn et
al., 1995). The herb extract was also reported
to be effective against Yellow-head
Rhabdovirus in Black tiger shrimp by feeding
for 7 days (Direkbusarakorn et al., 1998).
Moreover, it was reported to have in vitro
antiviral Infectious

activity against

(IHNV) and
Oncorhynchus Masou Virus (OMV) which is
fish
(Direkbusarakorn et al., 1996). This study was

Hematopoietic Necrosis Virus

herpesvirus  disease in  salmonid

focused on the antiviral activity of
Clinacanthus nutans Burm.f.) Lindau ethanol
extracts against CyHV-3 in cell culture (in
vitro). The results of this study would be
useful for alternative treatment and
prevention of Cyprinid Herpesvirus 3 disease

in koi and common carp.

Materials and Methods

Virus isolation and cell cultures
Koi Fin Cell line (KFC) was obtained from
Dr. Peiyu Alison Lee, The Central Taiwan
University of Science and Technology. Cell was
propagated in Dulbeco’s Modified Eagle
Medium (DMEM) (Gibco®) and 25% Leibovitz
medium (L-15) (Gibco®) supplemented with
10% fetal calf serum (Gibco®) and antibiotics
(Gibco®) at 22°C. Cells were cultured for 3
passages before using in the experiments.
Cyprinid Herpesvirus 3 (CyHV-3) was isolated
from infected koi that was confirmed by
nested PCR (IQ2000TM KHV Detection System,
Farming IntelliGeneTech. Corp®) at the
Veterinary Medical Aquatic Animal Research
Center, Faculty of Veterinary Science,
Chulalongkorn University. The viral titer was
determined by viral assays and was expressed

as 50% Tissue Culture Infected Dose (TCIDsp).
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Preparation of herb and extraction

Fresh aerial parts of Clinacanthus
nutans (Burm. f.) Lindau was collected from
medicinal herb plantation in Chiang Rai
province during October to December. The
9.8 ko)

thoroughly and dried before blended. The

plants  (weight were  washed
sample was extracted with 95% ethanol at

room temperature for 72 hours. The
extracted solutions were filtered through
filter sheet and the filtrates were
concentrated on a rotary evaporator to give a
dark green thick oil which was crude extract
(3,764 ¢). The crude extract then was
partitioned between water and
dichloromethane (CH,Cl,) and the water layer
then was extracted with n-butanol (C;HyOH).
Removal of the solvent of each fraction gave
the CH,CL, fraction as the dark green thick oil
(192.6 g), the n-butanol fraction as brown wax
(178.63 g). The crude extract, CH,Cl, fraction
and n-butanol fraction were dissolved in
DMSO before tested to compare their

antiviral activities against CyHV-3 in this study.

Cytotoxicity assay of C. nutans extracts
The cytotoxicity assays were performed
in order to find the concentrations of crude
extract, CH,Cl, fraction and n-butanol fraction
that were non-toxic to KFC which were used
in antiviral activity tests. Briefly, KFC was

seeded in 24-well plate at concentration 2.4
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x 10° cells/ml and incubate at 24°C for 24
hours. The crude extract, CH,Cl, fraction and
n-butanol fraction were prepared into 2-fold
serial dilution for 5 concentrations before
adding to cell 500 pl per well for 6 wells.
Control groups were added with 500l of L-
15-2% medium and DMSO at 0.01%, 0.1%
and 1% then incubated at 24°C for 72 hours.
The cell viability was counted by dying cell
with 1% trypan blue and calculated for % cell
viability. The cell viability was then calculated
to compare % cell viability between
experimental groups and control group using
Chi square with IBM SPSS statistic version 22
(New York, USA). The results were considered
statistically significant if the P-value less than
0.05. The concentrations that reduce the
number of viable cells by 50% were
evaluated as 50% Cytotoxicity Concentration
(CCsp) by using doses-response curve
between doses and percentages of survival
cells and calculated by probit analysis with

IBM SPSS statistic version 22 (New York, USA).

Pre-infection antiviral activity test

To compare the efficacy between
crude extract, CH,Cl, fraction and n-butanol
fraction of C. nutans against CyHV-3 before
infected to cell line, tests were performed as
briefly: cells were seeded in 96-well plate
and incubated at 24°C for 24 hours. The

extracts were prepared at the highest
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concentrations that were non-toxic to cells.
Then make 2-fold serial dilution with L-15-2%
for 5 concentrations. The control group was
added with L-15 2% without extract. The virus
(MOl 0.1) was mixed with each extract at
different concentrations. The mixtures were
incubated at 24°C for 1, 2, 3 and 4 hours
before infected to cells. All plates were
incubated at 24°C for 14 days and cytopathic
effect (CPE) were observed and recorded
daily for 14-21 days. The end point dilutions
(TCIDsp) were calculated and the tests were

done in triplications.

Post-infection antiviral activity test

To compare the efficacy between
crude extract, CH,Cl, fraction and n-butanol
fraction extract of C. nutans against CyHV-3
after infected to cell line. The virus was
prepared as 10-fold serial dilution for 5
concentrations with L-15-2% then added 50
ul of the virus per well in 96-well plate.
Infected cell was incubated at 24°C for 1 hour
then removed the inoculums. The 2-fold
serial  dilutions  of  extracts  (five
concentrations) were added after removing
the inoculums. The extracts were added 100
ul to each well for 8 wells per concentrations
then incubated at 24°C. The control group
was added with L-15 2%. CPE was observed

and recorded daily for 14-21 days. The end

point dilutions (TCIDsy) were calculated and

the tests were done in triplications.

Statistical Analysis

The end point dilution of virus in the
antiviral activity experiments were calculated
by the method of Reed and Muench (1938).
The concentration that reduced virus titer for
more than 1 logl0 when compared to the
control group was the effective concentration
that inhibits 90% viral replications (Haetrakul,
2009).

Results

Cytotoxicity —assay of C. nutans
extractsCrude extract of C. nutans at 2,000,
1,000, 500, 100 and 50 pg/ml, CH,CL, fraction
at 1,000, 500, 100, 50 and 10 pg/ml, n-butanol
fraction at 2,000, 1,500, 1,000, 500 and 100
peg/ml were tested for toxicity in cell line. The
toxic concentration of extracts to KFC was
determined by comparing % cell viability
between experimental groups and control
group. Crude extract at 1,000 pg/ml, CH,Cl,
fraction at 100 pg/ml and n-butanol fraction
at 1,000 pg/ml were significantly different
from the control group (P<0.05), respectively.
AWl concentrations of DMSO were not
cytotoxic. The CCsy of crude extract was
1,701.57 pg/ml, dichloromethane fraction
was 522.47 peg/ml and n-butanol was 1,797.98

pg/ml.
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Pre-infection antiviral activity > ? T
The direct antiviral activity of C. nutans § Z o
against CyHV-3 after mixing each fraction of %f , _
herb extracts with the virus at room E 1] I I
temperature for 1, 2, 3 and 4 hours are shown e w0 0 s as 0

Crude extract concentration (pg/ml)

in fisure 1-4. The viral titers of CyHV-3 in the

control group  were 1.75)(104, 1.39x10%, Figure 3 Pre-infection antiviral assay of crude extract
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5 TCIDgy/ml
2 1.59 x 10° : ) ) o
3 TCD it Figure 4 Pre-infection antiviral assay of crude extract
e B . .
F ? and CyHV-3 at 4 hours, effective concentration
< 2 A
£ started from 250 pg/ml
5 1
.‘>:
0 . - 4
1000 500 250 125 62.5 0 5 1.46x10
TCIDs o/l
Crude extract concentration (pg/ml) EE' 1.40 x 10*
. . . .o \% 4 TCIDg/ml _
Figure 1 Pre-infection antiviral assay of crude extract S ,
and CyHV-3 at 1 hour, effective concentration g ,
5
started from 250 pg/ml B, A
=]
s , /- - - O N O
1000 500 250 125 62.5 ]
Crude extract concentration (pg/ml)
o 5
5 o Figure 5 Post-infection antiviral f crude extract
¢ o igure 5 Post-infection antiviral assay of crude extract,
[ . .
& } effective concentration started from 500 pug/ml
S 2
3
w1 , , . . . .
E: Post-infection antiviral activity
Z

00 50 20 125 e 0 CyHv-3 was used as a control and viral

Crude extract concentration (ug/ml)

titer was 1.46x10% TCIDso/ml. The results show

Figure 2 Pre-infection antiviral assay of crude extract .
$ Y that since 500 pg/ml of crude extract
and CyHV-3 at 2 hours, effective concentration

concentration, could reduce CyHV-3 >1 log10
started from 250 pg/ml

(Fig.5). However, CH,Cl, fraction and n-
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butanol fractions at non-toxic concentrations
could not reduce virus replication post-

infection.

Discussion

Ethanol crude extract from C. nutans
could reduce CyHV-3 pre and post infection in
KFC. However, dichloromethane and n-
butanol fractions could not reduce CyHV-3
atnon-toxic concentrations. Phytochemical
analysis of C. nutans was reported to contain
alkaloids, flavonoid (Satayavivad et al., 1996),
chlorophyll (Sakdarat et al, 2009) and
cerebrosides (Tuntiwachwuttikul et al., 2004).
Ethanol extracts of C. nutans were reported to
have antiviral activities against Herpes simplex
virus (HSV) before infection in the human cell
line (Jayavasu et al., 1992°; Tuntiwachwuttikul
et al., 2004; Vachirayonstien et al., 2010). The
report of Vachirayonstien et al. (2010) also
indicated that treating HSV with either less or
higher purified extracts before infection gave
great reductions of viral infectivity in HEp-2
cells. Chloroform extract of C. nutans was
isolated to give chlorophyll a and chlorophyll
b related compounds which had anti HSV-1
activity before infection (Sakdarat et al,, 2009).
Dichloromethane fraction was ineffective
which was contradicted to previous report on
the effectiveness against HSV-1 pre-infection in
the cell line (Kunsorn et al., 2013). N-butanol
soluble fractions were reported to have 6
flavones

compounds of  C-glycosyl

(Tuntiwachwuttikul et al., 2004) and 5 sulfur-
containing glucosides (Teshima et al., 1998).
The C-glycosyl flavones are flavonoids which
contain anti-inflammatory activity (Satayavivad
et al., 1996). The recent study showed an
antiviral activity of monogalactosyl diglyceride
and digalactosyl diglyceride from C .nutans
extract against HSV-1 and HSV-2 post-infection
(Pongmuangmul et al., 2016). The same
pattern of antiviral activity resulted from
synthesis monoglycosyl diglycerides showed
high inhibitory activity against HSV in human
cell line (Janwitayanuchit et al., 2003). The
antiviral activities of C. nutans crude extract
with ethanol gave significant results in reducing
viral number after entering into the cells. The
possibility of inhibition may occur during viral
infection. Some

replication after

monoglycerides showed antiviral — activity

against virus by a destruction of viral
envelopes (Thormar et al., 1994). The previous
study of C. nutans alcohol extract showed
deformity of CyHV-3 virion in KFC after the
Transmission  Electron

2009).

treatment  under

Microscope (TEM) (Haetrakul, Pre-
infection antiviral activities at 1, 2, 3 and 4
hours showed an efficiency of crude extract
against CyHV-3 directly before entering into
the cell. The concentration that significant
reduced viral titer when comparing to control

started from 250 pg/ml. Some researchers

reported that CyHV-3 can surveil in water at
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least 4 hours without hosts (Perelberg et al.,
2003).So this crude extract can be applied for
water treatment in common carp or koi ponds.
The direct effect of C. nutans extract also
reported to inhibit Infectious Hematopoietic
Necrosis Virus (IHNV) and Oncorhynchus Masou
Virus (OMV) in fish which showed 100% plaque
reduction rate in cell line before infection

(Direkbusarakorn et al., 1996).

Conclusion

Crude extract of C. nutans could inhibit
cyprinid herpesvirus- 3 pre and post infection
in koi fin cell line. The present study showed
direct detrimental effects of the extract to
the virus and possibly interrupted viral
replication process post infection. The use of
crude extract from C. nutans against cyprinid
herpesvirus 3 would be an alternative
treatment to prevent and decrease mortality
in infected fish. In vivo study should be
performed to evaluate the toxicity of extract
in fish and check for antiviral activities. This
will be beneficial to common carp and koi

aquaculture to prevent the losses of valuable

fish and minimizing the economy loss.
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Determination of Cyanide in Cattle Whole Blood by Microdiffusion
Spectrophotometric Method

Sontana Mimapan®®, Anusorn Yooyen!, Benjama Metharatanukul’,

and Sawittree Inudom?!

1To><icology and Biochemistry Section, National Institute of Animal Health, Bangkok, Thailand 10900

Abstract: Cyanide is a chemical substance found in plants, pesticides, rodenticides and salts used
in the industrial process such as stainless, refining precious metals (gold and silver). Cyanogenic
glycoside, one of the chemical forms of cyanides, is naturally presented in many plants including
cassava, sorghum and mimosa. Consuming toxic forage is the main cause of acute cyanide poisoning
in livestock. In this study, we developed microdiffusion spectrophotometric method to validate the
quantitative determination of cyanide in cattle whole blood. Microdiffusion extraction method was
performed and the time required to achieve full recovery in the extraction was studied. The optimal
time then was used to validate the quantitative determination of cyanide using UV-Vis
spectrophotometer at 587 nm wavelength. It was found that the time required to achieve full
recovery in the microdiffusion extraction was considerably 2 hours. The established method gave a
linearity in a concentration ranging from 0.2 to 4.0 pg/ml. (r=0.997). The limit of detection (LOD) was
0.2 pg/ml while the limit of quantitation (LOQ) was 0.5 pg/ml (102 — 109%Recovery, 2.56 %RSD). The
accuracy was evaluated using fortified sample blanks (0.5, 1.0 and 3.0 pg/ml) was 105.16, 97.24 and
92.43 ug/ml, respectively which ranged from 90-108% (standard at 80-120%) and the precision was
evaluated by %RSD ranging from 1.73-2.56 (standard at <10) and HorRat ranging from 0.16-0.26
(standard at <2) which all are acceptable. The method was then used for the determination of
cyanide in 48 whole blood samples of cassava pulp-fed dairy cattle. The results revealed that the
concentrations of cyanide ranged from 0.24 to 0.54 pg/ml, which were in the same range of normal
expectation in blood of most animal species. In conclusion, the microdiffusion spectrophotometric
method developed in this study provided accuracy and precision as well as proved to be easy and

reliable and it should be suitable for use in blood of other species.

Keywords: Cyanide, Whole blood, Cattle, Microdiffusion spectrophotometry
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cyanide MenAlAIDUe

auUnIalLazIsns

arsail

Potassium cyanide (AR grade, Asia Pacific
Specialty Chemicals Ltd, Australia), Barbituric
acid 99% (ReagentPlus®, Sigma-Aldrich Co. LLC,
Germany), Sodium hydroxide (AR grade, Merck,
Germany), Sodium dihydrogen phosphate (AR
grade, Merck, Germany), Chloramine-T trihydrate
97% (ACROS Organics, U.S.A)Sulfuric acid(AR
grade, QReC,New Zealand),Pyridine (AR grade,
VWR International, LLC., EU)

ﬁ'mg;uazm?aoﬁa

Microdiffusion cell uALEUHUAUENAS
59UUBN-(Outer Diameter: O.D.) 83 HadLUNT
YUIAVDIYRIUTIaITatuly (center
compartment) WUHIUAUGNANG 35 Hadiuns
an 4 Taduns wag YUINUeITBIUTIYAITAIY
wan (outer compartment) tEUHUANINAS 60
fadluns an 10 Jadwuns (Bel-Art products,
U.S.A.), UV-Vis Spectrophotometer model DU-
64 (BECKMAN, U.S.A) Winua1833uUy Sipper,
analytical balance model BP 221S (Sartorius,

Germany)

IBIATINTITALAIENINTFIY
W3BLATaza1Y cyanide Wasgiuitodu
stock solution T#laad1udutu 200 lulasnsy

Rofladdns Inads potassium cyanide 0.0500

N5U avaluAlvaIsarane sodium hydroxide
0.1 M Turadausuinsauin 100 dadans Usu
U3um5auAsyU ndentunienaisazane
urnsgrudrunsulgeanu (working standard
cyanide solution) lagvi1n15139319@15aza1
11A551U cyanide Wadu Fedindulildania

Wutu 0.2, 1.0, 2.0 waz 4.0 lulasnSumaiiadans

55wmSeuhenad

LS pyridine-barbituric acid reagent
Tneds barbituric acid 6 n3u asluvInTAUzuInS
YU 100 Hadansiiunsa hydrochloric [WNTY
6 1addnT 199979028 pyridine 30 AAAANTLAY

YFudsumsmgiinauauasu (Aaswssuluainn

[V
v a vV

ASINADINS )

W3B @13azany 0.25% chloramine-T lng
%3 chloramine-T 0.25 n%u asluvaniausuns
g1 100 fiadans iy AosqFoaneinduay

avan® LaUSUUSUIRSAEUNNAWAUATY

IBImTEsAI0E19AIUAN

wisulaenisvia fredraudanlafiia
cyanide finsruA1Adud ULt uound o
fortified sample blank lagLAua1s cyanide
113571 a3lu sample blank 58 pooled
cattle whole blood TfiAULINIUMNAY 0.5,

1 wag 3 lulasnsuseliadans

agda 14
5UATIZY
1) N158fia cyanide 89n31Nd1TaEAY
UINIFIULALAIDE19LEaAlARIBLNALA

microdiffusion WA TN SIAIAAIL QD
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spectrophotometry 153LAS18AAALUAINIRIN
78904 Flanagan et al. (1995)

1.1 n15aind1s cyanide 9nasazane
WINTFIULALAIREEmALlA microdiffusion
Ywmansazate 0.1 M sodium hydroxide
2 1addans aslu center compartment U914
microdiffusion cell (ﬁﬂgﬂ‘ﬁ' 1) wsazsuil label
Fotndulblank) #198¥AUUINTIIU AI8E19
auau viiadetadenly andulie blank
4158818019551 FI0819ATUAN NTBAIBEN9
Foaflaznsiiniviesisay 1 1addns ady
d7UVD9 outer compartment 19U A1NUAIE
d158ra1e 1 M sulfuric acid 1 fladansanniu
YA microdiffusion cell fin1daedalaun3e
way faslifgumgiiveduggantudung 2
Flug

1.2 MInTInUSuIuENs cyanide ae
7% spectrophotometry

Yimansazae 0.1 M sodium hydroxide
0.5 Aaaansa1n center compartment Tuunay
audutuiildaslunaonnaaesvuin 15
Hadans uwuuliUn urarvasalfvaisazane
sodium dihydrogen phosphate 1 lagaanswas

d15aza18 0.25% chloramine-T 0.5 Ladans ad

[
a

10 wanlidnfuson3as vortex Gafisly 2 wndl
nduLAutnen pyridine-barbituric acid 1.5
fiadansaslunasn naulidrfuseoiados
vortex 3371413 10 uindqrdrlusaniAnng

ANNAUYBILEAT (absorbance) 91 587 UNTULUAT

Y

¥

F8LA303 UV-Vis Spectrophotometer Tagld
peristaltic sipper a%fwmwlmmg’lu (standard

calibration curve) lagY1AINITAAN T UL

130

(absorbance) ﬁuaaa’rﬁazmEJmmgmﬁm%ﬁm
Towasradunny y wazusunaanududura
d13azansuInIgIULAazszauLtasaduLny
AUIUIIAULNTUTBS cyanide Tuldanlaain

@113 linear regression; y = ax + b

2) N15ANEI5ZETLIATMNNISAUN IS IuTUnaU
n1sana cyanide Aremaiia microdiffusion

MlaginIEua1Ta¥a18uInIFIU cyanide

¥ ¥

TudInauA L TuTY 0.2, 1.0, 2.0 way 4.0

a

lulpsnSuseiiadans 91U 3 gandeu blank 11
Tasgvimuduneulude 1.1 aAvududuay 7 9
Tngga microdiffusion cell sliNgamgiiviesly

o A o 9 o
ARAIUNLIAN 1,2118¢ 3 FAlae Na9NTULED

e

asuianlusdazdalus ¥ransazans sodium
hydroxide 910 inner chamber Alaluinszn
audunoulude 1.2 mAnade aAndesuu
UIATTIY bAY %aaammmt,ﬁmwummgm
(9%RSD) ¥93A1 absorbance N1¥alaa1nLAT0
spectro photometer W15 US B UL UND
svpznainzauildludunounisatn udnh
Franadenanluldlunisdneiluduneuns

NAFBUAINNABIYRIITNTAB LY

3) N1SNAFBUAIINGNADIVDIITALATITH
(method validation) NM5nAgeUANLYNABYTT
AATIZMIIML TIWIT30d (2549); afiy (2547)
3.1 nMsnadouAUduldunTILaZ Y9
N5LAT1EN (linearity and range)
WIL9NI5IATIEN (range) lasn1sLaTou
d19a8a181195314 cyanide TliAadudu 8

5¥AU AD 0.2, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0 a 6.0
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lulasnsusiefiadans AAs1gvnudslute 1.1
way 1.2 Aududuay 191 a519n51sEning
AILTUTUAITUINTFIY (LAY x) AUAND
absorbance (LAY y) Farsandreiidudunse
w1 dudunsa (inearity) Inagain
n31Mved range @ontasrmuutuiiiudunse
1198 1UDY 6 T¥AU IATITRANUTTAIULTUTU
az 3 91 a¥ensanseuineaududuans
1ASFIUARTINURUAT absorbance AuraIM

[y

ArduUsransanduiusvendosdu (Pearson’s
correlation coefficient: r) LNUMNNIS8BUSU r
1ININIDLAY 0.995

3.2 A1SUITATINATUNITATITNUNI ©
AnudduanTiasanTI9TA Al (Limit
of detection: LOD)

11 sample blank (pooled cattle whole
blood) 113tAs1ERRNTunouly 1.1 way 1.2
$9uU 10 91 AuamAIAE T uLaE AL
Wauduiade (X) wazAndesuuuinsgiu (SD)
294 sample blank L&2A1UIINIAT LOD 210
gns LOD = X + 3SD

3.3 ANSWVATINAVDINITUNTIIUTUU
vioAututuigafiaiunsansaaiinsen
Usunaulaegngudug (Limit of quantitation:
LOQ)

A LOQ Weasduainer LoD Tnefuna
91n@UN1T LOQ = X + 10SD (va4A1 LOD)
nvududiual LOQ Inenisinsey fortified
sample blank (1f1@15 cyanide 11035 1uasly
sample blank) Wiflaanduduwindue LOQ (3
Uszanains) wielnades Sinsievinnuduneuly

99 1.1 8% 1.2 97U 10 971 INUUAIUIUNN

U1 iguiva suInsgILa A NIATBY

a¥N1SAUNAU (%Recovery) 21N@NN1T

C1-C2

%Recovery= x100

C3

Tag C1 fio Ananduduadaves fortified sample
C2 A9 AMUTNTUVDY sample blank

C3 fo Aunduduvesansunsgiu cyanide i
Laev¥osazveeA e uLNINTIU (%RSD)

INFUNTT

SD

%RSD=—x100
X

3.4 NMIVAFOUNIANULLUULAZAIY

Lﬁﬂﬂ (accuracy and precision)

w3ey fortified sample blank lagnsiAu
@19 cyanide mmsgmaﬂu sample blank Tilel
AULIUTY 3 SEAU AB S¥AU LOQ, 1 way 3
lulasnsusiofadans urazANUTUTWILATIZY
a1y Junoulude 1.1 way 1.2 §1uau 10 91
mﬂﬂ?uﬁﬂmmmm % Recovery, % RSD uagi

AN HorRat (Horwitz ratio) a1n@unny

%Experimental RSD

HorRat ratio=
Predicted HorwitzRSD

s

ULl TUAINULIUTBIITNITILASIEH

(accuracy) L fia138413nAY % Recovery 1iog
Turssoaz 80-120 d@1uAuLIB (precision) 1
U3zl uInAT HorRat (Horwitz ratio) Ingtneusinng

gausu Ao Uaunan 2 (Horwitz and Albert, 2006)
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4) msUszgndldiilenstavU3unaens cyanide
fuAleE1danla

NIN153tAT1EUnIUSNI cyanide Tu
Frog1adenla s1uau 48 Frogreinuningdy
dnUymaadudiunaunanvoansiionmstunia
AWNTWATIEINTE 1.1 wag 1.2 wieunusegs
A (fortified sample blank) 3 sefU Lilam
%Recovery LNIB U UAITALAY cyanide
mmsgm‘ﬁ'mwm%m%u 0.2,1.0,2.0 wag 4.0
lulAsnSumeNadans wWaLIENINaNITILATIZN
fog1easvhms ez (Duplicate analysis)
1 faegslunne 10 Fregreiingranienteten
10% 8910819791n159579 Lﬁaﬁ]umimuau
AuANAITIAIIgAtuglUA 9 ndu
ATUIUNT %AIULANAIIHUNNG (%Ralative
percent difference; %RPD) Taadnaannsg
yousUIBINTIneteunivdewiniu 10% a7n

aunng

(A1 - A2)
%RPD= x100
(A1+A2)/2

Al A9 NANSNAFBUATIN 1

A2 A9 HANNSNARDUATIN 2

Nan1SANEN
e a a
ANAISANYITLYLIBN AU TAUN LT LU
TUNBUNITANA cyanide A18LnALlA
microdiffusion A4WaAAILUAITI9N 1 WU T
szgznmvngadlunisaninegndilued 2 1oy
T91A1 absorbance wWUARNNUATUAINULTUTUT
g99uveIUsuN cyanide Mldluntsnaasy

YBNINTULAIAT % RSD Tudlued 2 defiany

132

TnaAsaiulneuanmeiulasnia 2% (LNusing
gausuiitesnin 10%) @ udalusdi 3 1iua
wWuRgtuwaldaunnd meidedadenld
sroziranludilued 2 dwmsuilulddnuly
Sﬁ”'umaumsmaaummgﬂéfawaﬁﬁmwialﬂ
nansnagauANLL UL uRTILaTdanS
As189 (linearity and range) WU11924015

<

Aasevianauduidunsseglugie 0.2 - 4.0
lulasndudefiadans lnafidduuszans
avdunusvaudesdu () wiiiu 0.997 duwandly
A5 1
NanTAFUAMIITITUAgATia1TD

a0

A5727A512% L8 (Limit of detection: LOD) fiAn

windu 0.2 Tulasnsusefiadans AuLIUTY

'
o

faniianunsonsaaiinsizinUTaldesis
widugn (LOQ) HA1tv1dvu 0.5 lulasnsune
fiadans sawandlunseit 2 Tnefian %Recovery
agluyieiosay 102-109 wag %RSD Wiy 2.56

NANITNAADUAINNLLU (accuracy) hag
AULTiE (precision) ¥0435n153 AT 1ERAN

[y

#1089 fortified sample blank 71 3 s¥duAIY
WUTUAD 0.5,1.0 war3.0 lulasnsuseiiadans
JiAs12 Anududuag 10 91 wudiauwiud
Alade % Recovery 1n11u 105.16, 97.24 uag
92.43 pua1eu 1ny %Recovery YOI 3 ST
ANUutueY Tunaeiiveusuldde tredosas
80 - 120 drun1suszifiunnuiiies nuI1A%
RSD aglutias 1.73 - 2,56 dstfouninfeay 10
uawA" HorRat ratio uagluzae 0.16 - 0.26 &
ogluinamifivoniuldfetesnit 2 fadunis
NAFBUAIUUUUVDIIDNITUATNITNAABUAIIY

Weadsaglunamnneausule
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1NN1TATIANIUTUIUEANT cyanide 210
FregradenlaiifiuesdsddniniudUzngs
Wudiunananaeisaana 91U 48 fleg1d
WuUSuIals cyanide luidenlalugieaing
Wudu 0.24 - 0.54 lulasnsudefiadans wade
0.38 + 0.07 lulAsnSusiediaddns n15AIUAY
AMNINNITATITIATITYIAIBYIT WUTT 8819
PuAufindadu 05, 1.0 uay 3.0 lulasn3u
sediadans dA1 %Recovery agluyissosay 95
~ 117 ua %RPD 9 NMs AT IEvidege da

Taiusdaway 10

microdiffusion cell

center compartment

outer compartment \
UM 1 uansiegranazdiulsznauled micro

diffusion cell

1.2000

1.1000 /
1.0000 /
0.9000 | /
0.8000 J

£ 0.7000 ‘

2 05000

" 0.4000 =

A5 1 uanamansadgeunududunses
/NITIATIHIIINAITATANY cyanide UINTFIU
figreanududu 0.2- 4.0 lulasnsusefiadans
TPUAU X AD AUTNTUVBIAITAZAY cyanide
195U WNL y Ae AAnsganAuLasTingaa Tale
AaeLn %I 93 spectrophotometer L& ¢ R

duUseansanaunusilosdu () windu 0.997

M15199 1 LARIAINIIRANAULALRAY (abs), duldeauunnggiu (SD) uae %RSD vesasavany

cyanide 11915971 NTEAUANLTNTUANY Auutuay 7 91 nen1sannmewaila microdiffusion

Tudlusd 1, 2 uae 3

Std. cyanide 52821987 1 92lug 53821980 2 T2lag 52821981 3 B2lug
(ug/mU) abs SD %RSD abs SD %RSD abs SD %RSD
(mean) (mean) (mean)
blank 0.0134 0.0005 3.98 0.0143 0.0005 3.41 0.0154 0.0005 3.46
0.2 0.0340 0.0037 11.00 0.0484 0.0008 1.62 0.0487 0.0005 1.00
1.0 0.1931 0.0476 24.63 0.2474 0.0008 0.31 0.2456 0.0005 0.22
2.0 0.3669 0.1112 30.31 0.5353 0.0023 0.42 0.5563 0.0090 1.62
4.0 0.6370 0.2469  38.77 1.0889 0.0085 0.77 1.1125 0.0084 0.74
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M13199 2 KaRIAIAIILTNTUAgATI@11150A5I9NUL (LOD) Wag AMdNTUAIgATaInse

AasgimUsunalaegieudug (LOQ) ¥9935n150523uUsu U cyanide Tuldonlanig?d

microdiffusion spectophotometry

a

3

YUAFS

LOD (ug/mU)

LOQ (ug/ml)

Cyanide

0.2 0.5

A1919% 3 LAAIAT %Recovery UBINITNARDUAINNLAY AT9%RSD LagA1 HorRat ratio U89113

NAABUAILTLY NTTAUAITUTUANGE AUTNTUSY 10 9

AULUTY (ug/ml) %HRecovery £ SD  %RSD HorRat ratio
0.5 105.16+2.70 2.56 0.22
1.0 97.24+1.68 1.73 0.16
3.0 92.43+2.17 2.35 0.26

4

300
NNIIANYINAIUIIDIATIZINNITATIAN
USuad cyanide Tudonlaneds microdiffusion
spectrophotometry e LUaIN19INITUD
Flanagan et al. (1995) Fudu3znsramusuna
cyanide luidenau wuinssezafivianzadly
n15d@na cyanide a1ntdenlaniuinailn
microdiffusion egfidaluei 2 Agaumgiivies Feld
17811 88n7135984 Flanagan et al. (1995) 1
Falus weiliilesannsdneniiannsusuldsunms
UYBIA1ALAY cyanide UIATFIU FI8E19LH00
wazienadildlunisnedeusisius sdanals
113959970l sz ez mu zauanAa Y
ADAARBINUNITANYIVDY Lundquest et al.,
1995 finui1U3u1nsvesansazareiinanan
absorbance ag3lsfinuszasafimunzauly
nMsafia cyanide ldannmsanuadailldiaan
WINN3INISAN WIS Tsuge et al. (2001) Fild

Lanluduneunisana cyanide NUutUaulu

134

a i = o g & -
WAIBIANLiee 1 9alue Medlonatiieanann
nsAnwiasailvinnisadaigungiivies  we

[

N19ANYI Y99 Tsuge et al. (2001) Yinn13@din

[
= 1

Cyanide figunnfl 40°C Fsgaunniifigaduni
paunfiviest fnatieiseniafnufiseisening
cyanide Tusaeg1afunsaldaaurialaldiian
o883 (Holzbecher and Ellenberger, 1985) Wil
whadiAntuannisiuiisende uialalasiau
laggnlud (HCN) aggniulisneansazaiy 0.1 M
sodium hydroxide 11 center compartment 84
microdiffusion cell NUNNAITAYA18AINAIIN
ms19u1USu I cyanide Aa8LAS e
spectrophotometer

dlewSeuisus LOD, LOQ, %Recovery
WAz %RSD AlFannsinmeSaiifunisAneves
Shafi et al. (2015) #1433 Headspace GC/FID
M57393LAS18% cyanide A1 LOD LWy 1
lulasnsumefiadans, LOQ Wiy 4 lulasnsusie

1adans, %Recovery LYINAUS88aE 95 - 102,
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9%RSD Wifudesas 1.3 - 3.9 wuinnisanuade
dfid1 LOD wag LOQ #1n31 wazA1v9
%Recovery H%190119A31 WH %RSD fA1UDE
LguLAgafy U93313% microdiffusion
spectrophotometry @1415005273an1UTUN
cyanide Tudenldlusyauiisnninig Headspace
GC/FID wsisaesiBiaruutunazanuniisedlu
neugiesudule Taeds microdiffusion
spectrophotometry didatduAalgiianlunnsg
Sipswiuunit Wesandeddnaluduneunis
affafog1euiuds 2 49109 wA3s Headspace
GC/FID ldnevanadiegnsneutilunsiain

= o =

Yo N aSsueuNuUNISAN®IYa9 Mateus

Yaa

et al. (2005) #1993

=

cyanide TuldoanudeiaAi LOQ 1Ay 0.025

Y

HPLC m533a%1USu1ed

lulasnSudeiadang (LOD lainusieaudoya)

%Recovery L1 USD8agy 103 - 112, %RSD

v YV

Wwirduseway 5.4 - 7.9 wui1is HPLC daAn LOQ
#1n7913% microdiffusion spectrophotometry 7
§annnsanwndedl wansinid HPLC anunsa
A379UTU cyanide ludonldluszduiisn

177135 microdiffusion spectrophotometry W3

adadd 1

aam%ummLLuuLLazmmLﬁaqagiummsﬁﬁ
vouSulAuReaty agslsAnuAdes HPLC §
$IANG9NTT SEUUASYIUlaugsendudau
1NNIATBY spectrophotometer Metinsazi

A8Talulalunisnsiaiaseifiag199usdnu

Y

v

INALATILVNALLADNWAUIAT LA LN U ZAUAY

saa 1

d' = 19 a va &
Lﬂi@ﬂll@LLazq‘Uﬂiﬁu‘mm@%lu%@ﬂﬂa‘U@ﬂqiuu

A J

maamuﬁﬁ]ﬁmﬁzﬁumammmLﬂuﬁwmaa

1%
(% )

. Ao Yy & a aa A A
cyanide v ldnSvflntiudeTinmsziasasile

LAALUTLLANTTAANUANNITOIUNITHTINIAANS
Talaiwinfuy

A o ada v

W3S AU lau1es1siuAID819
& d‘a L o YR~ o
WanlauuNiunInTud1Usrdaduanng 3nuIu
48 freg1e WudUu cyanide aglutieminy
WUty 0.24 - 0.54 lulasnSuseiadans (lady
0.38 + 0.07 lulAsnSumaiadans) TIANNNTIINY
AananluiiuaIun® lneanulutuYes cyanide

v [ &=

FlavlAAnfivludnsretosninuiewiafu 0.5
lulasnSuseliadans (The Merck Veterinary
Manual, 2014) Wedidesanans Cyanogenic
slycosides Tusfudgndailegnun nses 8n 910
nszuruNsanaewasiueanaunane uningiu
sevilvanstavareeonludmald HON Mdufiy
anad (A35mi, 2555)
2619l5AMUINN1TRTIIMIUS U UENS
cyanidelusaogradonla 48 faognail wuinil
Wine 7 fegadlen cyanide geninszdiu LOQ @
Juadianuisaseulsinaiidanuwiuiay
iesmsslusedufisonsuld (wissas, 2549) @
30 41 Fregeiimde wuUSuwas cyanide 6
13181 LOQ Fetulun1ssiesunanisnsiada
sEAUUSUIUENT cyanide 3NAI0819AITENS

5¥yA1 LOD wazA1 LOQ vesianldnsialiluly
SNYITUNANITATIDATILIFIDE19TIUN Y SIUDS
o = | Y v A o Ya a v ¢ o X
SEAUMIBANANULUTUNTIN N AN wludnd 198
dl Y VY a v v aa U
Welvigsuusnislaniuwaylduszneunisitlady
LIORDNITUIDINANTENUINNN YYD
cyanide #agunIndninuiniye1visdnivane
YA @1S cyanogenic glycosides wag nitrate
avavagludu 11atl (2525) Te91unnuduiiy

wuudsundululanugowsiuusvdu 5 6qly
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Jainveunnuiyniinuwdasiugsulimunanas
wan81N15UIEeETURIALLHTIn Tnela 3
cY a aa Y a £Y a aa
A @8TInN8TU 3 74 way 1Adn 2 A7 L EFeT I
Aoty 11-12 TURONT NANITASITNTL
e UuRAN159INAI0E 190 M T UN TN NY
@15 nitrate wag cyanide lnensiigudiuans
wnsgrudadunisnsrndsguninlususi
Lerdsri et al. (2014) S1897UAN UL T UR YLUU
Weundulula 9 Mludwmiayssudniuluesiuls
PUILLAILENIDINISUIB T U NYULLAEINY WAy
FHeIn Han1InTIanIsieslfuRnIsiyIne1an
freggbugsulsrnuiuaredelznteluvealan
Eedan Ao Wala du 1o wuansie nitrate we
1 . 1 [ 1 dydy
75230NU cyanide pgslsnmusigunanily

Y B 2 a

FalAiiud s wvadlugs1ul S rmunuNa v adn I

[ [ = v &

seilnsyeldinunduivenmsdnimsiziivany
AsAnwITefidusuissunsefsussvesie
¥inil (Alex, 1991; Rajan et al., 1986; Usha et
al., 2009) nmsAnwaded 3EnsremUsunm
cyanide Tutdanlaniginadia microdiffusion
spectrophotometry AlEHauT Y @a131500529
pzUSInaes cyanide ludendievsuanis
seauaNdunivls Inga1u1sansiaanndlngns
Fenlafifduanionnisiae wieandiegig
BonlafideTislndq Jeazdreliaunsadusy
ns3tadelsale egnelsAmudiegnsdmsiansg
da1nsrafivieau fUAnsIMSan nnlyl
ansalsmsiusnenaniniiegraudonliv
gaumail 4 °C wagasdsiioddlfisfiannely
1-2 ¥u (Ballantyne, 1987) Haiidun1sindes

AMUNSoUYR U URANISAYINe Tviuse

136

anunsal tazundgionafetuainnislasu

asiwsiadleamelulusunen

fnAnssuUsENIA
AEEII8Y8Y0UAN Dr. Sung-Won Park
e Dr. Sohee Kim 310 Analytic Toxicology
Laboratory, Animal and Plant Quarantine
Agency (QIA) Ussmanmnd fleu3nulugiu
wWAtA Microdiffusion spectrophotometry au
ansaidnuusuldlun1snsiaiasigst Cyanide

WJeUSunadlunsdnuendl

LONE1591994
ARy d1918. 2547. Lana15UTENBUNITOUTU-
FUNUIPINITAIUGAAINNTIDING: N3
M3IAINFIUAINYNABIVDIITNAADUNIS
wil. ao1tue s, nyamwe. vt 1-44.
Anassa dedes. 2549. uurfuAnmeasy
AINYNADIVDITTIATITYINILAL Ty
WU JuAnisiied. nsuinerAans
NITUNNG NTENTIETITUGY. 124 wi.
Uruding @3Lud. 2551, iman1salnsalguseau
wimuaaLazdeTInlulssnunielines.
AMTFUNU ATV TANEINY AU TEINA
Tne Afsi2 o n3wanIaedvn 0. 1iloq 9.
L o919, [Online]. Available: http://
www.med.cmu.ac.th/dept/forensic/201
2/ images/ files/ forensic-toxicology
2560.pdf, Accessed August 31, 2016.
1Al aulnen. 2523, iwingwaynisidaselse

& o

o s a ¢ © A a
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Detection of Aflatoxin B1 Producing Aspergillus flavus Genes from

Maize Feed using Loop-mediated Isothermal Amplification (LAMP) Technique

Sontana Mimapan*, Phattarawadee Wattanasuntorn! and Phanom Saijit’

Toxicology and Biochemistry section National Institute of Animal Health Bangkok 10900 Thailand

Abstract: Aflatoxin contamination in maize feed, one of several agriculture crops grown for livestock feeding, is
still a problem throughout the world mainly under hot and humid weather conditions like Thailand. In this study
Aspergillus flavus (A. flavus), the key fungus for aflatoxin production especially aflatoxin B1 (AFB1), isolated from
naturally infected maize were identified and characterized according to colony morphology and PCR detected
on I[TS, B—tubulin and calmodulin genes. The isolates were analysed for the presence of four aflatoxigenic
biosynthesis genes in relation to their capability to produce AFB1, Verl, Omt1, Norl, and afiR. AFB1 production
of the isolates was then confirmed using high performance liquid chromatography (HPLC) technique. A loop-

mediated isothermal ampilification (LAMP) was applied as an innovative technique for rapid detection of target

nucleic acid. The reaction condition was optimized at 65°C for 60 min and calcein fluorescent reagent was added
before amplification. The LAMP results showed clear differences between positive and negative reactions in end
point analysis under daylight and UV light by the naked eye. In daylight, the samples with AFB1 producing A.
flavus genes developed a yellow color, but those without the genes retained the orange color. When excited
with UV light, the positive samples become visible by bright green fluorescence. LAMP reactions were positive
after addition of purified target DNA until dilutions of 10° (89 pg/ul) whereas PCR reactions were positive after
addition of purified target DNA until dilutions of 10” (0.0089 ng/ul). The reaction products were then confirmed
and visualized with 1% agarose gel electrophoresis. To test the LAMP utility, 50 maize samples were collected
from livestock farms and tested for the presence of four aflatoxigenic biosynthesis genes. The results were
positive in 18 samples (36%) but negative in 32 samples (64%). All of the samples were rechecked by multiplex
PCR and the results were the same as LAMP, indicating 100% specificity. Additionally, when assessing LAMP
results with the HPLC aflatoxin analysis results using correlation coefficient, there was a significant correlation
between the two methods (r = 0.83, P<0.05) which suggested that positive maize samples were likely to be a
high- risk feed. In conclusion, the LAMP technique in this study can provide a simple and rapid approach for
detecting AFB1 producing A. flavus genes from maize and appeared to be a promising tool for the prediction of

potential aflatoxigenic risk in livestock feedings.

Keywords: Aflatoxin B1, Aspergillus flavus, maize, Loop-mediated isothermal amplification (LAMP),

Aflatoxigenic biosynthesis genes
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Introduction

Aspergillus flavus (A. flavus) is one of
the major producers of the well-known
carcinogenic aflatoxins.  Based on their
fluorescence under UV-light (blue or green),
the four major aflatoxins are call aflatoxin B1
(AFB1), B2 (AFB2), G1 (AFG1) and G2 (AFG2)
(Squire, 1981). Not all strains of A. flavus are
aflatoxin-producing, several strains are non-
toxigenic because aflatoxin synthesis may
become unstable in these fungi (Bennett and
Christensen, 1983; Rodrigues et al., 2007).
Aflatoxin-producing strains of A. flavus can
produce AFB1 and AFB2 (Horn and Corner,
1999). Among them, AFB1 is of great concern
because of its toxic effects such as
carcinogenicity and immunosuppression in
human and animal. Contamination by AFB1
can occur in several agricultural products and
commonly found in maize. AFB1 production
on maize feed appeared to be greatly
influenced by environment under hot and
humid weather conditions and it may cause
serious consequences to animal health
(Hussein and Brasel, 2001). Several reports
have shown the impact of AFB1 on animal
health including pigs (Harvey et al, 1989;
Lindemann et al., 1993), poultry birds (Espada
et al., 1992) and dairy cows (Fink-gremmels.,
2008).

Analytical methods for detection of
food and

aflatoxin  contamination in

feedstuffs have been carried out including
(TLO),
high-

thin-layer chromatography

immunochemical  methods  and
performance liquid chromatography (HPLC).
One of the major chromatographic methods
used for determination of AFB1 is HPLC. The
HPLC technique makes use of a stationary
phase and a mobile phase which flow
through the solid absorbent. While HPLC is
AFB1

considered the ¢old standard for

analysis, it requires expertise, extensive

sample preparation and expensive
equipment (Wacoo et al., 2014).
Conventional  methods used to
distinguish between aflatoxin producing and
non-aflatoxin producing strains of A. flavus
are based on cultural and analytical methods
(Bennett and Papa, 1988; Hamed et al., 2004).
These methods are time-consuming, labor-
intensive  and need the expertise of
mycologists to avoid misidentification. To
date, molecular methods have been
introduced as a powerful tool for detecting
and identifying aflatoxin producing strains of
A. flavus (Shapira et al., 1996). Recently, it has
been demonstrated that 25 identified genes
clustered in 70 Kb DNA regions in the
chromosome of aflatoxin producing strains of
A. flavus are involved in the biosynthetic
pathway of AFB1 and the sequences of these
genes appear to be highly conserved in A

flavus (Yu et al, 2004). Therefore, PCR
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detection of aflatoxin biosynthetic gene
presence has been used as a diagnostic tool
for aflatoxin producing strains of A. flavus
(Giesen, 1998; Levin, 2012). However, it needs
sophisticated instruments like thermal cycler
to maintain different temperature and a long

detection period. These limitations affect

their applications to use in the low-
technology laboratory.
Loop-mediated isothermal

amplification (LAMP) was originally described
as a specific, rapid and cost-effective method
by Notomi et al. (2000). This novel nucleic
acid amplification method relies on auto
cycling strand displacement DNA synthesis
performed by the Bst DNA polymerase. All
reactions can be conducted under isothermal
conditions ranging from 60 to 65 C° The
specificity of the reaction is very high because
it uses four primers recognizing six distinct
regions on the target DNA. The amplification
products are stem-loop DNA structures with
several inverted repeats of the target and
with  multiple

cauliflower-like  structures

loops and can be detected by visual
assessment of turbidity or fluorescence of the
reaction mixture (Mori et al., 2001).

For these reasons, LAMP has been used
as a powerful tool for the detection of
bacteria (Iwamoto et al., 2003; Zhuang et al.,

2014), virus (Zhou et al., 2011; Zhang et al,,
2011) and parasites (Kuboki et al., 2003; lkadai
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et al., 2004) but only few application of LAMP
have been used for detecting and identifying
mycotoxin producing fungi (Niessen et al.,
2013). The aim of this study was to apply
LAMP technique for the detection of AFB1
producing A. flavus genes in maize feed
samples collected from livestock farms, and
compared its sensitivity and specificity with
results from PCR. The correlation between
LAMP and HPLC aflatoxin analysis results

were assessed using correlation coefficient.

Materials and methods
Fungal isolation and identification:
1) Media and culture conditions
A. flavus tested in this study were
isolated from five naturally infected samples
selected from contaminated stored maize.
They were directly cultured on Petri dishes
containing Yeast Extract Sucrose (YES) Agar.
Petri dishes were incubated at 25° C for 7 days
at pH 7. Macromorphological observation of
fungal colonies was done based on the study

of Varga et al. (2011).

2) Aflatoxigenic ability of the isolates

For the determination of AFB1
production in YES agar, aflatoxin extraction
was carried out as follows. After incubation,
the entire culture was blended and extracted
with 100 mL of 80% methanol. The extraction

solution was filtered through a glass micro
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fiber filter (VICAM, Milford, MA, USA). Two mL
of the filtered extraction from YES agar were
applied to the immunoaffinity cleanup
column AflaTest (VICAM, Milford, MA, USA).
Then, the column was washed by 5 mL of
distilled water for two times and aflatoxins
were eluted with 1 mL of methanol. The
eluted extract was dried under gentle air
stream and the residue redissolved in 0.25 mL
of HPLC mobile phase. AFB1 was determined
by HPLC/fluorescence detector set at an
excitation wavelength of 365 nm and an
emission wavelength of 435 nm (Agilent 100

Series, Agilent Technology, Santa Clara, CA,
USA).

3) Multiplex PCR analysis of fungal isolates
The purified fungal genomic DNA was
extracted using DNA extraction kit (Biotech
rabbit GmbH, Neuendorf str. 2d4a 16761
Hennigsdorf, Germany) according to the
manufacturer’s instructions. DNA samples
were resuspended in 100 pl of sterile distilled
water at a concentration of 5 ng uL™.
For multiplex PCR analysis of A.
flavus, amplification of a part of the ITS, B—
tubulin and  calmodulin  genes  were
performed using the primer sets as shown in
Table 1. Each multiplex PCR reaction
contained 10 ng of template DNA, 12.5ul of
IX multiplex PCR, 1uM of forward and reverse

primers and 25 pl of final volume. Thermal

cycling conditions were: initial denaturation
temperature of 95°C for 5 minutes, followed
by 30 cycles of denaturation temperature of
95°C for 30 seconds, annealing at 55°C for 30
seconds, and extension at 72° C for 30
seconds. Final DNA extension was at 72°C for
10 minutes and then 4°C was set at the

holding temperature for storage.

4) Multiplex PCR analysis of Aflatoxin B1
producing strain of fungal isolate

Multiplex PCR assay for direct
identification of pure culture of aflatoxin-
producing A. flavus was carried out for four
genes (Verl, Omt1, Norl and aflR) as these
genes are considered as indicators of AFB1
production (Shapira et al., 1996, Farber et al.,
1997 and Rahimi et al., 2008). The primers
used for multiplex PCR detection of the four
genes are shown in Table 2.

Multiplex PCR reaction conditions were
optimized with a 10 pL reaction mixture
containing 1 unit of Tag polymerase, 0.6 uM
of each published forward and reverse
primers, 0.2 uM dNTP solution mix, 1 uL 10x
buffer with 20 mM MgCl,, and 1 pL of DNA
template of aflatoxin-producing A. flavus
(DNA template from AFB1 nonproducing
strain of A. flavus which was isolated from this
study and water were used as negative

control). Thermal cycling conditions were:

initial denaturation temperature of 95°C for 5
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minutes, followed by 30 cycles of
denaturation temperature of 95°C for 30
seconds, annealing at 65 °C for 30 seconds
and extension at 72 °C for 30 seconds. Final
DNA extension was at 72°C for 10 minutes,
then 4 °C was set at the holding temperature

for storage. PCR products were viewed using

agarose gel electrophoresis at 1% gel
concentration.
5) LAMP reaction solution and

optimization

LAMP assay for direct identification of
pure culture of AFB1 producing A. flavus was
tested. We used primer sets designed by
Nagamine et al. (2002) with the nucleic acid
sequences as shown in Table 3.
The LAMP assay was carried out in a total of
25 pl reaction mixture. The reaction solution
was modified from the protocol outlined by

Niessen and Vogel (2010). It contained 2.5 pl

of 10X Thermopol buffer, 2 pl of primer mix
(10uM of FIP, BIP, F3, B3, LoopF and LoopB
primer), 6mM MgSOy, 0.4mM Betaine, 1mM of
dNTP, 1.5 pl of calcein, 8U Bst DNA
polymerase and DNA template of AFB1
producing A. flavus. DNA template from AFB1
non-producing strain of A. flavus and water
were used as negative control. The reaction
mixture was incubated in a Thermoblock at
60 °C - 65°C for 1 h.

Assay sensitivity (limit of detection) was
determined by using 10-fold serial dilutions of
the total genomic DNA of AFB1 producing
strain of A. flavus ranging from 10" to 107
were prepared and amplified with the four
gene sets of primers as described above. The
experiments were repeated three times.
Detection limits were defined as the lowest
concentrations that tested positive in all

three repeats.

Table 1 The primer sets for detection of Aspergillus flavus

Genes Primer pair Primer sequence (5’>3") References
Internal Transcribe spacer [TS1 TCC GTA GGT GAA CCT GCG G White et al., 1990
[TS2 TCC TCC GCT TAT TGA TAT GC White et al., 1990
VoG TTA CGT CCCTGC CCTTTG TA Masclaux et al., 1995
LS266 GCA TTC CCA AAC AACTGC ACT C  Masclaux et al., 1995
B—tubulin (Ben A) Bt2a GGT AAC CAA ATC GGT GCT GCT TTC  Glass & Donaldson., 1995
Bt2b ACC CTC AGT GTA GTG ACC CTT GGC  Glass & Donaldson., 1995
Calmodulin (CaM) CMD5 CCG AGT ACA AGG ARG CCT TC Hong et al., 2005
CMD6 CCG ATR GAG GTC ATR ACG TGG Hong et al., 2005
CF1 GCC GAC TCT TTG ACY GAR GAR Peterson et al., 2005
CFa TTT YTG CAT CAT RAG YTG GAC Peterson et al., 2005
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Table 2 PCR primers used for the four genes involved in aflatoxin B1 biosynthesis

Primer pair  Gene Primer sequences (5’>3’) Optimal PCR References
Annealing  product
Temp. (°C) size (bp)
VER-F Ver-1  ATGTCGGATAATCACCGTTTAGATGGC 65 895 Shapira et al., 1996
VER-R CGAAAAGCGCCACCATCCACCCCAATG
OMT-F Omt-1 GGCCCGGTTCCTTGGCTCCTAAGC 65 1024 Shapira et al., 1996
OMT-R CGCCCCAGTGAGACCCTTCCTCG
Nor-F Nor-1 ACCCGTACGCCGGCACTCTCGGCAC 65 400 Farber et al., 1997
Nor-R GTTGGCCGCCAGCTTCGACACTCCG
afR-F aflR CGCGCTCCCAGTCCCCTTGATT 65 630 Rahimi et al., 2008
aflR-R CTTGTTCCCCGAGATGACCA

Table 3 Loop-mediated isothermal amplification primers for the detection of Aflatoxin B1

used in this study

Primer sets Primer sequences (5’>3’) Reference
FIP-Afla TAGACCTGCTTGAGCACGCCATGAGGGAGGCTGGTATCC Nagamine et al., 2002
BIP-Afla AGGTCAGCAAGGGCAACATCCGGCCCAGGAGTAGTCGATAG
F3-Afla ACCGCTGTTGCTAAGAACAA
B3-Afla TTACGGACGAGACCGAGC
LoopF-Afla ATGTCCTCAAAGGTCTCGGG
LoopB-Afla GAGCCTGTTCCCCCTAAGAT

6) Observation of LAMP products

Lamp  amplified  products  were
analyzed by electrophoresis on 1% agarose

gels and photography.

Maize sample analysis:
1) LAMP assay in spiked maize and maize
samples

Fifty samples of maize feed were
collected from various livestock farms. Spike

maize samples were inoculated by immerge

in suspension of AFB1 producing A. flavus for
3 days and then used as & positive controls
whereas maize samples without AFB1
producing A. flavus as well as water were
used as negative controls). DNA extraction
was performed by the same method as
above.

LAMP reactions for the presence of four
aflatoxigenic biosynthesis genes also were
performed by the same method described

above.
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2) Multiplex PCR analysis

DNA extraction from the same maize
samples used for LAMP assay, with and
without inoculation with AFB1 producing A.
flavus were performed by multiplex PCR

using the same method as described above.

3) HPLC analytical method for detection
of AFB1

Maize samples were finely ground using
a household electric grinder and the ground
samples were subjected to solvent extraction
with 100 mL of 70% methanol. The extraction
solution was filtered through a glass micro
fiber filter (VICAM, Milford, MA, USA). Two mL
of the filtered extraction were applied to the
immunoaffinity clean up column AflaTest
(VICAM, Milford, MA, USA). The column was
then washed with 5 mL of distilled water for
two times and aflatoxins were eluted with 1
mL of methanol. The eluted extract was dried
under gentle air stream and the residue re-
dissolved in 0.25 mL of HPLC mobile phase.
AFB1 was determined by HPLC/fluorescent
detector set at an excitation wavelength of
365 nm and the emission wavelength of 435
nm (Agilent 100 Series, Agilent Technology,
Santa Clara, CA, USA).

4) Statistical analysis:
Statistical analysis of the relationship

between LAMP and HPLC results in 50 maize
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samples was done using IBM SPSS Statistic
(ver. 22, NIDA, Thailand).

Results
Cultural and morphological observations:
The fungal colonies on YES agar were
grown well, appeared after 2-4 days and
mostly reached all plate within 7 days as
shown in Fig. 1. The colonies were first white
and rapidly became typical yellow-green

colonies of A. flavus (Varga et al., 2011).

Fig. 1 Characteristic white and yellow-green
color change by fungal colonies on Yeast

Extract Sucrose (YES) agar

Aflatoxin B1 production of the fungal
colonies

The chemical analysis by HPLC
revealed that the fungal colonies in this study

were able to produce AFB1.

Multiplex PCR identification of Aflatoxin
B1 producing strain of fungal isolate
The

yellow-green was

AFB1

colony

identified  as producing A. flavus
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whereas the white colony was identified as

non-AFB1 producing A. flavus.

PCR identification of the fungal isolates
Multiplex PCR identification of Aflatoxin B1
producing strain of fungal isolate

The yellow-green colony was identified
as AFB1 producing A. flavus whereas the
white colony was identified as non-AFB1

producing A. flavus.

1 2 3 4 5 6

(N

2000

ol N H # B - Tubulin 1875
1000 bp - : i :
750 bp ‘ ITS 1185 bp
500 bp .

Calmodulin 700
250 bp

Fig. 2 PCR product of ITS, B—tubulin and calmodulin
genes of A. flavus were amplified. M: DNA size
marker; Lanel-2; The white colony of fungal

isolates; Lane 3-7; the yellow-green colony of fungal

isolates.
e
M W NCNon Nonzw
l- % -
P w OMT 1024 bp
100 ! Verestp
i fe!
. u. S Norsco b

Fig. 3 PCR products of Omt1, Verl, afiR and Norl were
amplified. M: DNA size marker; W: water; NC: buffer and
water; Non1, Non2: the white colony of fungal isolate;

PC: the green colony of fungal isolates.

Multiplex PCR identification of the fungal

isolates

\éﬁ"
) g sisg s

2% % N A e

Fig. 4 Multiplex PCR reactions were positive after
addition of purified target DNA until dilutions of 107
(0.0089 ng/ul)

Fig. 5 (A) The LAMP positive result showed yellow
color and the negative result showed orange color
in daylight. (B) The LAMP positive result showed
bright green color under UV light. Negative control
(NO) = the tube without DNA template, Positive
control (PC) = tube with AFB1 producing A. flavus,
Non = tube with non AFB1 producing A. flavus.

149



aunun Jugiug wazAne / daunnduniunsans. 2559. 11(2): 141-158.

LAMP results of pure culture

The LAMP results showed clear
differences between positive and negative
reactions in end point analysis under daylight
and UV light by the naked eye as shown in

Fig. 5

Nen PC M0 100 0 10 0 100 f0

C1 BRI EE (daile' IR ‘M
, W W Y W

o & ' B

Fig. 6 LAMP reactions were positive after

addition of purified target DNA until dilutions
of 10 ® (89 pg/ul). A = under daylight, B=
under UV light.

il

|

Fig. 7 Electrophoresis analysis of LAMP
products of pure culture. Left to right: lane M,
DNA size marker; lane NC, negative control
(water); lane PC, positive sample; lane Non,

non-AFB1 producing A. flavus
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Fig. 8 LAMP results of maize samples: No. 1=
water; No 2= negative control maize sample
No.3 = spiked maize sample; No. 4, 5 and 6:
positive results (yellow color) and No. 7, 8
and 9: negative results (orange color) under

daylight

e

"“~~

‘e

Fig. 9 Electrophoresis analysis of LAMP
products of maize samples. Left to right: lane
M = DNA size marker; lane NC= water, lane 1=
Spiked maize samples 2, 3, 4 = positive

sample; laneb, 6, 7=negative maize sample

Assessment of the results obtained with

LAMP assays and HPLC analysis using
Pearson’s correlation coefficient showed that
the correlation coefficient (r) equals 0.83,
indicating a strong relationship between the

two methods (r = 0.83, P<0.05).
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Table 4 LAMP and multiplex PCR detection
of four aflatoxin B1 biosynthesis genes and

HPLC detection of aflatoxin B1 in 50 maize

samples
No. Samples  LAMP PCR HPLC
1 Al
2 A2
3 A3
q Ad + + +
5 B1 + + +
6 B2
7 B3
8 B4
9 B5 + + +
10 C1
11 Cc2
12 3
13 ca
14 D1
15 D2 + + +
16 D3 + + +
17 Da + +
18 El + +
19 E2 + + +
20 E3 + + +
21 E4
22 F1
23 F2
24 F3 + + +
25 Fa4 + + +
26 G1 + +
27 G2
28 G3
29 G4
30 H1
31 H2
32 H3
33 Ha + + +
34 11 + + +
35 12
36 13
37 14

No. Samples  LAMP PCR HPLC
38 J1 + + +
39 J2

40 J3

41 Ja

42 K1

43 K2

44 K3

45 Ka + + +
46 L1 + + +
a7 L2 + +

48 L3

49 L4

50 L5

+: positive; -: negative.
A B C D, EF G HI J Kand L represented different

livestock farms.

Discussion

In this study, a range of methods was
used to detect aflatoxigenic A. flavus
including cultural, analytical and molecular
methods. The identification of A. flavus is
complicated because of the similarities of
morphological characters with A. parasiticus
and other closely related species (Klich and
Pitt, 1988). According to Ggaleni et al. (1996)
YES agar is a great medium for the
biosynthesis of AFB1. For this reason, YES agar
was selected to culture the aflatoxigenic
potential of A. flavus. To identify the toxin
production, the culture was directly extracted
and AFB1 was identified by HPLC. Thus, the
result of this study suggested that the use of
YES agar at 25 °C, at pH of 7 and with an

incubation period time of 7 days was suitable
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to detect the aflatoxigenic potential of A.
flavus. However, differentiation of aflatoxin
producing and non-aflatoxin producing strains
of A flavus is very important because
conventional methods like cultural and
analytical methods are not entirely reliable
(Criseo et al., 2001). Furthermore, these
methods are time-consuming, require
facilities and sometimes they fail to detect
some aflatoxin producing strains because
instability of aflatoxin production may occur
in certain toxigenic strains growing in culture
media (Abarca et al., 1988). Therefore,
multiplex PCR method using three genes
(Table 1) ITS, B—tubutin and calmodulin for
different target regions is an alternative
approach to confirm A. flavus (Shapira et al.,
1996; Haugland et al., 2002).

The successful amplification of the
three genes (Fig. 2) can be used for species
identification but do not confirm aflatoxin
production. For this reason, multiplex PCR
has been used for distinguishing aflatoxin
producing and non-aflatoxin producing A.
flavus by targeting one or several genes in
AFB1 biosynthesis (Levin, 2012; Yin et al.,
2009). In the present study, the use of
multiplex PCR with four sets of primers (Table
2) to amplify AFB1 biosynthetic genes, Verl,
Omt1, Norl and aflR was performed in pure
culture of aflatoxin producing and non-

aflatoxin producing A. flavus. The result

152

demonstrated that multiplex PCR assay with
aflatoxin  producing isolate exhibited the
complete sets of genes whereas the non-
aflatoxin producing isolate lacked the PCR
products (Fig. 3). Here LAMP assay for direct
identification of pure cultures of aflatoxin
producing A. flavus were tested and
accomplished using the primer set given in
Table 3. The condition

reaction was

optimized at 65°C for 60 min. The addition
of calcein fluorescent reagent before the
LAMP reaction enhanced the determination
of a positive result. Calcein is a colorimetric
indicator which the color gradually changes
from orange to yellow or green color. Thus,
instead of inspection the white turbidity
resulted from magnesium pyrophosphate
accumulation, the clear difference color
between positive and negative reactions to
the LAMP results in end point analysis could
successfully make a distinction between
infected samples and

negative  ones.

Interestingly, LAMP can produce reliable
product even under lower DNA concentration
(10°® dilution or more).

Maize is prone to infection by A. flavus
and contamination with aflatoxins (Medina,
2004). The samples of naturally contaminated
maize feed were analyzed during the current
study. All samples were collected from various

livestock farms and tested for the presence of

the four AFB1 biosynthesis genes using LAMP
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and multiplex PCR together with data on
presence or absence of AFB1 by HPLC in
corresponding samples. Results given in Table
4 showed aflatoxin producing A. flavus was
presented in 18 out of 50 samples (36%).
Thirty-two of the samples (64%) were found to
be uninfected. The samples that showed
positive by LAMP also showed positive by
multiplex PCR, indicating 100% specificity
when compare LAMP to multiplex PCR. The
results from this study showed that LAMP
tested in both pure cultures and in naturally
contaminated maize samples can be
complete within 60 min with about 0.0089
ng/ pl DNA concentration while multiplex PCR
needed at least 3 hr with about 89 pg/ ul DNA
concentration to complete the reaction. In
Addition, when assessing LAMP results with the
HPLC-based aflatoxin analysis results using
Pearson’s correlation coefficient, there was a
significant  correlation between the two
methods (r= 0.83, P<0.05) which suggested
that positive maize samples were likely to be
a high- risk feed. The study by Abdel-Hadi et
al. (2010) also showed that there was a good
between the

correlation expression  of

aflatoxin  biosynthetic genes and AFB1
production and the study by Priyanka et al.
(2012) showed that the aflatoxin biosynthetic
gene (Norl) detection matched with the HPLC
it was

analysis unequivocally. However,

observed that four maize samples (D4, E1, G1,

L2) with the presence of the complete set of
four genes did not produce AFB1. It is likely
that  environmental  factors  including
temperature, pH and water stress condition
have a significant impact on AFB1 biosynthetic
gene expression and aflatoxin production in
maize (Medina et al., 2014).

The two assays, LAMP and multiplex
PCR, had enough potential to make
differentiation and detect infected samples.
Other recent studies using LAMP also showed
it to be more effective than multiplex PCR in
detecting fungi in contamination of agricultural
crops (Jiufeng et al., 2010; Adb-Elsalam et al.,
2011; Ghosh et al., 2015). The results of this
study suggested that LAMP technique, without
the dedicated equipment like multiplex PCR
and the need to confirm amplification
products, proved to be much more useful as
some factors including time, safety, cost and
sensitivity were taken into account. It also
suggested that LAMP can be used as an
alternative method for the detection of AFB1
producing A. flavus in maize feed. It may
become a promising tool in the prediction of
a potential aflatoxin risk at an early stage in
various types of food and feed sample.

Acknowledgements

We are thankful for technical assistance
and some advices from Assoc. Prof. Dr. Apisit
national  science  and

Eiamnor  from

153



aunun Jugiug wazAne / daunnduniunsans. 2559. 11(2): 141-158.

technology development agency (NSTDA)
and Miss Thanida Sihapandit from Faculty of
Science, Mahidol University. Thanks to
parasitology section, NIAH for thermal cycler

and gel electrophoresis service supplied.

References

Abarca, M.L., Bragulat, M.R., Bruguera, M.T.
and Cabanes, F.J. 1988. Comparison of
some screening methods for
aflatoxigenic moulds. Mycopathologia.
104: 75-79.

Abdel-Hadi, A., Carter, D. and Magan, N. 2010.
Temporal monitoring of the Norl (aflD)
gene of Aspergillus flavus in relation to
aflatoxin B1 production during storage
of peanuts under different water
activity levels. J. Appl. Microbiol. 109(6):
1914-1922.

Abd El-Salam, M.H., Hippen, A.R., El-Shafie, K.,
Assem, F.M., Abbas, H., Abd El-Aziz, M.,
Sharaf, O. and El-Aassar, M. 2011.
Preparation and properties of probiotic
concentrated yoghurt (labneh) fortified
with conjugated linoleic acid. J. Food
Sci. Tech. 46(10): 2103-2110.

AflaTest Instruction Manual. 1999. Aflatest

Fluorometer Procedure for Corn, Milo,

Grains and Feeds (0-300 ppb, 0.2 gram

sample equivalent). Vicam, L.P. 313

Pleasant Street Watertown, MA 02472

U.S.A: 34-35.

154

Bennett, J.W. and Christensen, S.B. 1983. New
perspectives on aflatoxin biosynthesis.
Adv. Appl. Microbiol. 29: 53-92.

Bennett, JW. and Papa, KE. 1988. The
aflatoxigenic Aspergillus spp. Adv. Plant
Pathol. 6: 263-280.

Criseo, G., Bagnara, A. and Bisignano, G. 2001.
Differentiation of aflatoxin producing
and non-producing strains of Aspergillus

flavus Department of

group.
Microbiological, Genetic and Molecular
Sciences, Messina, ltaly. Lett. Appl.
Microbiol. 33: 291-295.

Espada, Y., Domingo, M., Gomez, J. and Calvo,
M.A.  1992.  Pathological  lesions
following an experimental intoxication
with aflatoxin B1 in broiler chickens.
Res. Vet. Sci. 53: 275-279.

Faber, P., Geisen, R. and Holzapfel, W.H.
1997. Detection of aflatoxinogenic fungi
in figs by a PCR reaction. Int. J. Food
Microbial. 36: 215-220.

Fink-Gremmels, J. 2008. Mycotoxins in cattle
feeds and carry-over to dairy milk: A
review. Food Addit. Contam. 25(2): 172-
180.

Gieson, R. 1998. PCR methods for the

detection of mycotoxin producing fungi.

In Bridge, P.D., Arora, D.K.,, Reddy, C.A.

and Elander, R.P. (eds). Applications of

PCR in mycology. Wallingford - CAB

international. P. 243-266.



aunun Jugiug wazAne / daunnduniunsans. 2559. 11(2): 141-158.

Ghosh, M., Bhadra, S., Adegoke, A,

Bandyopadhyay, M. and Mukherjee, A.
2015. MWCNT uptake in Allium cepa
root cells induces cytotoxic and
genotoxic responses and results in DNA
hyper-methylation. Mutat. Res. 774:
49-58.

N.L. and Donaldson, G.C. 1995.
Development of primer sets designed
for use with the PCR to amplify
conserved genes from Filamentous
Ascomycetes. Appl. Environ. Microbiol.

61(4): 1323-1330.

Gagaleni, N., Smith, J.E. and Lacey, J. 1996. Co-

production of  aflatoxins and
cyclopiazonic acid in isolates of
Aspersgillus flavus. Food Addit. Contam.

13(6): 677-685.

Hamed, K., Abbas, R.M., Zablotowicz, M.A.,

Weaver, B.W., Horn, W.X. and Shie, W.T.
2004. Comparison of cultural and
analytical methods for determination of
aflatoxin  production by Mississippi
Delta Aspergillus isolates. Can. J.
Microbiol. 50: 193-199.

Harvey, R.B., Kubena, L.F. and Huff, W. E. 1989.

Effects of aflatoxin, deoxynivalenol, and
their combinations in the diets of

growing pigs. Am. J. Vet. Res. 50: 602-608.

Haugland, R.A., Brinkman, N. and Vesper, S.J.

2002.  Evaluation of rapid DNA

extraction methods for the quantitative

detection of fungi using real-time PCR
analysis. J. Microbiol. Methods. 50: 319-
323.

Hong, S.G., Cramer, R.A., Lawrence, C.B. and

Pryor, B.M. 2005. Alt a 1 allergen
homologs from Alternaria and related
texa: analysis of phylogenetic content
and secondary structure. Fungal Genet.

Biol. 42: 119-129.

Horn, B.W. and Dorner, JW. 1999. Regional

difference in production of aflatoxin B1
and cyclopiazonic acid by soil isolates
of Aspergillus flavus along a transect
within the United States. Appl. Environ.
Microbiol. 65(4): 1444-1449,

Hussein, H.S. and Brasel, J.M. 2001. Toxicity,

metabolism, and impact of mycotoxins
on humans and animals. Toxicology.

167: 101-134.

lkadai, H., Tanaka, H., Shibahara, N., Matsuu,

A., Uechi, M., Itoh, N., Oshiro, S., Kudo,
N., learachi, I. and Oyamada, T. 2004.
Molecular evidence of infections with
Babesia gibsoni parasites in Japan and
evaluation of the diagnostic potential of
a loop-mediated isothermal

amplification method. J. Clin. Microbiol.

42: 2465-2469.

lwamoto, R., Yamazaki, S., Asakura, M,

Takashima, S., Hasuwa, H., Miyado, K,
Adachi, S., Kitakaze, M., Hashimoto, K,

Raab, G., Nanba, D., Higashiyama, S.,

155



aunun Jugiug wazAne / daunnduniunsans. 2559. 11(2): 141-158.

Hori, M., Klagsbrun, M, and Mekada, E.
2003. Heparin-binding EGF-like growth
factor and ErbB signaling is essential for
heart function. Proc. Natl. Acad. Sci.
USA. 100: 3221-3226

Jiufeng, S., Najafzadeh, M.J., Vicente, V., Xi, L.
and de Hoog, G.S. 2010. Rapid detection
of pathogenic fungi

using  loop-

mediated isothermal amplification,

exemplified by Fonsecaea Agents of

chromoblastomycosis.  J. Microbiol.
Methods. 80: 19-24.

Klich, M.A. and Pitt, J.I. 1988. Differentiation of
Aspergillus  flavus and  Aspergillus
parasiticus and other closely related
species. 91(1): 99-108.

Kuboki, N., Inouc, N., Sakurai, T., Di Cello, F.,
Grab, D.J., Suzuki, H., Sugimoto, C,
lgarashi, . 2003. Loop-mediated

isothermal amplification for detection

of African trypanosomes. J. Clin.
Microbiol. 41: 5517-5524.

Levin, R.E. 2012. PCR detection of aflatoxin
producing fungi and its limitations. /nt.
J. Food Microbiol. 156: 1-6.

Lindemann, M.D., Blodgett, D.J., Kornegay,
E.-T. and Schurig, G.G. 1993. Potential
ameliorators of aflatoxicosis in weaning
growing swine. .J. Anim. Sci. 71: 171-178.

Masclaux, F., Gueho, E., Hoog, G.S.D. and

1995.

Christien,  R. Phylogenetic

relationships of human pathogenic

156

Clasdosporium ~ (Xylohypha)  species
inferred from partial LS rRNA sequences.
J. Med. Vet. Mycol. 33: 327-338.

Medina, A., Rodriguez, A., and Magan, N. 2014.
Effect of climate change on Aspergillus
flavus and aflatoxin B1 production.
Front. Microbiol. 5: 348.

Mori, Y., Nagamine, K., Tomita, N. and Notomi,
T. 2001. Detection of loop-mediated
isothermal amplification reaction by
turbidity derived from magnesium
pyrophosphate formation. Biochem.
Biophys. Res. Commun. 289: 150-154.

Nagamine, K., Hase, T. and Notomi, T. 2002.
Accelerated reaction by loop-mediated
isothermal amplification using loop
primers. Mol. Cell Probe. 16: 223-229.

Niessen, L., Luo, J., Denschlag, C. and Vogel,
R.F. 2013. The application of loop-
mediated isothermal  ampilification
(LAMP) in food testing for bacterial
pathogens and fungal contaminants.
Food Microbiol. 36(2): 191-206.

Notomi, T., Okayama, H., Masubuchi, H.,
Yonekawa, T., Watanabe, K, Amino, N.
and Hase, T. 2000. Loop-mediated
isothermal  amplification of  DNA.
Nucleic Acids Res. 15:28 (12): E63.

Peterson S.W., Vega, F.E., Posada, F. and
Nagai, C. 2005. Penicillium coffeae, a
new endophytic species isolated from a

coffee plant and its phylogenetic



aunun Jugiug wazAne / daunnduniunsans. 2559. 11(2): 141-158.

relationship to P. fellutanum, P. thiersii
and P. brocaeon parsimony analysis of
multilocus DNA sequences. Mycologia.
97: 659-666.

Priyanka, S.R., Ramana, M.V., Balakrishna, K,
Murali, H.S. and Batra, H.V. 2012. A novel
non radioactive PCR- DNA Probes for
detection of Aflatoxins  producing
Aspergillus species from major crops
grown in India. Adv. Microbiol. 2: 577-586.

Rahimi, P., Sharifnabi, B. and Bahar, M. 2008.
Detection of aflatoxin in Aspergillus
species isolated from pistachio in Iran.
Phytopathology. 156: 15-20.

Rodrigues, P., Soares, C., Kozakiewicz, Z.,
Paterson, R.R.M.,, Lima, N. and Venancio,
A. 2007. Identification and

characterization of Aspergillus flavus

and aflatoxins. Commun. Curr. Res.
Educ. Top. Trends Appl. Microbiol. A
Mendez-Vilas (ed). 527-534.

Shapira, R., Paster, N., Eyal, O., Menasherov,
M., Mett, A. and Salomon, R. 1996.
Detection of aflatoxigenic molds in
grains by PCR. Appl. Environ Microbiol.
62: 3270-3273.

Squire, R.A. 1981. Ranking animal carcinogens-
a proposed

Science. 214: 877-880.

regulatory  approach.

Varga, J., Frisvad, J.C. and Samson, R.A. 2011.

The new aflatoxin producing species,

and overview of Aspergillus section
Flavi. Stud. Mycol. 69(1): 57-80.

Wacoo, A.P., Wendiro, D., Vuzi, P.C. and
Hawumba, J.F. 2014. Methods for
detection of aflatoxins in agricultural
food crops. J. Appl. Chem. 2014(Article
ID 706291): 1-15.

Yin, H., Chu, A, Li, W., Wang, B., Shelton, F.
and Otero, F. 2009. Lipid G-protein-
coupled receptor ligand identification
using B—arrestin PathHunter™ assay. J.
Biol. Chem. 284: 12328-12338.

Yu, J., Whitelaw, CA,

Bhatnagar, D. and Cleveland, T.E. 2004.

Nierman, W.C,
Aspergillus flavus expressed sequence
tags for identification of genes with
aflatoxin

FEMS

putative roles in

contamination  of  crops.
Microbiol. Lett. 237: 333-340.
White, T.J.,, Bruns, T, Lee, S. and Taylor, J.
1990.  Amplification  and  direct
sequencing of fungal ribosomal RNA
genes for phylogenetics. PCR Protocols:

A Guide to Methods and Applications.

p. 315-322.

Zhang, Y, Fu., P., Li, J., Jiang, F., Li, J. and Wu,
W. 2011. Development of loop-
mediated isothermal  amplification

method for visualization detection of
the highly virulent strains of porcine

reproductive and respiratory syndrome

157



aunun Jugiug wazAne / daunnduniunsans. 2559. 11(2): 141-158.

virus (PRRSV) in China. Afr. J. Biotechnol.
10(6): 13278-13283.

Zhou, S., Han, S., Shi, J., Wu, J,, Yuan, X., Cong,
X., Xu, S., Wu, X, Li, J. and Wang, J.
2011.  Loop-mediated  isothermal
amplification for detection of porcine
circovirus type 2. Virol. J. 8: 497-501.

Zhuang, L., Gong, J,, Li, Q., Zhu, C., Yu, Y., Dou,
X., Liu, X., Xu, B. and Wang, C. 2014.
Detection of Salmonella spp. by a
loop-mediated isothermal amplification
(LAMP) method targeting bcfD gene.
Lett. Appl. Microbiol. 59(6): 658-664.

158



UNAINIYINTS

dRNNIUNIUATENS

JOURNAL OF MAHANAKORN VETERINARY MEDICINE

Available online: www.vet.mut.ac.th/journal_jmvm

\Wasanviiaunaniwan lultegiy: n1sitadenaznisneinsallse

21581 dudwash?

'AvIMginaemand Auedniunmemans sninendemaluladuniung naunny 10530

undaga: Mast cell tumor uiifesaniinuldveslufimmdsnesaiiy dnwmsdivsnguaznginss
yaiesenimuudsiuiailfeindenissnu nsidede mast cell tumor FemInsIneaduas
SnwaurnaneBinedurinldlasnimsagdnuursuiauasnisindveswadiundn uonand
nsfeuiedememaiadalaniafineg é’ammiaﬁlﬁ%gahmsmaﬁﬁa%Lﬁwﬁué’w JCEER}T

Wellomedniavuaznisvageuufisemaniivendulsdnfinuduniziaizas agslsiniuie

s o o

N NINAUINTVDIIBAUDLUINUUTILINADNITINLUNTRAVDWTAE kazsNVNlANAANUEUEUNY

a a ¥ L

fisUsadeiu n153tadedeenananainle wnaila

A

& | o
\psanlungu round cell tumor ¥Hindu

aaa ° = d'

ma@mﬂu%zﬂmLﬂﬁe‘z'fﬂﬁi’fl,l,auauawummmwamewial,%aém‘%aﬁ’aﬁwmq6] NADIN1TNTIVADUI
gnihunlfifievszneunisidadonaznisnensallsaiiesen unanminuniudnuay mast cell
tumor Tuflwilsgiy muvanisdoudodememaiadalnaiuayduyludalaaiviame Ssanuns
thurldlunsnnaidadouasnmamensailss fudethuusznautudeyanisedinuaziuedaun
wtelimaidadouaznensallsafiauusiugunntu demadonismausunsinyikasnisihae T

TsAnsiUseansamw

[
o o w = a

AdnATy: Lesenyinunaiwad alawnil duylugalanil Mtadels fuwnsnensadlse aiv

v
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Canine cutaneous mast cell tumor: diagnosis and prognosis
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'Department of Anatomy, Faculty of Veterinary Medicine, Mahanakorn University of Technology,

Bangkok 10530, THAILAND

Abstract: Mast cell tumors are the most common skin tumors of dog. Their appearance and
biological behavior are variable, leading to frequent failure in treatment. Most mast cell tumors
are routinely diagnosed by cytological and histological examination base on their
morphological and staining characteristics. Others histochemical staining can give more
information about their specific staining and enzyme activity. However, poorly differentiated
mast cell tumors can be confused with other round cell tumors. Misdiagnosis and failure to
identify the tumors might be circumstance. Immunohistochemistry has been used as an
adjunct in the diagnosis and prognosis of neoplasms, including mast cell tumors. This article
reviews the features of canine cutaneous mast cell tumors, as well as various histochemical
and immunohistochemical stains used for their capability to diagnosis and prognosis. Together
with clinical information and other prognostic indicators, these will support treatment planning

and tumor monitoring properly.

Keywords: Mast cell tumor, Histochemistry, Immunohistochemistry, Diagnosis, Prognostic

indicator, Canine
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unin
Mast cell dpidueaduoniaidaiieniui
wunszaweginllusianielasianizuina
s0Uq aoalden waentvass WduUszEm
srvutuaredaanivuazduiug ssuumaiu
915 sruUmaiumele waziamids Fady

USIIUSRUADNUAILINADNNIEUDNIIINY
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(Abraham and Malaviya, 1997; Metcalfe, 1997)
Tugdunvanlufdmids Joa ssuumaiueinis
wazsiu (O Keefe, 1990) mast cell AMLHEANIAIN
CD34 progenitor cells Tulunszan Lﬁagﬂﬂdaﬁ
nlunszgnesnuigiiioBoudaFainnis
WasuwUanduwadfiaSafue (Kitamura and

Fujita,1989) Lwaail unuMaAgyLAeIU99iUNIT
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dntau nalnn1stesiudivessisnieslagianis
N1 (allergy) hazn11znilui (anaphylaxis)
Fannzdanarninaingysvesansiussgeylu
wNTUATDY mast cell taun Baniilu Uiy dls
Inilu proteases Lo lnlail eosinophilic
chemotactic factor hay tun1lulavives
arachidonic acid (Prussin and Metcalfe, 2003)
wadazgnnszdulivdsansainiladesiieg end
AUSOU UIALKE @15y wsenalnluszuu
QIANAUYDITIINTY LYY N1TTUAUTENT
antigen-specific IgE AU IgE receptor PECER
mast cell tJufu (Beaven and Metzger, 1993)
vlodou mast cell faed Romanowsky %3 8
Toluidine blue LNTYAVDUIARILAATUI
(metachromasia) \losanUfA3evesdTdlY
Jufuieu3udadu proteoslycan fimuuinly
kN3YAYDY mast cell (Huntley, 1992; Bancroft
and Gamble, 2008) mast cell lugivuyalu 3
wilagoy mudulul chymase uaz tryptase &
nus1mzluunsyaves mast cell windu Téun
¥iinfiunsyaussq chymase Litgsogaied vin
funsyaussq tryptase Wesografien uazvdai
LLﬂiHausiﬁ;ﬁg\‘i chymase wae tryptase 671'!@ mast
cell wiingnietunuvesiianlufiandeais
(Kube et al., 1998) lngunuInued chymase
way tryptase YutRgdesiunsniiesthliiin
AMsad1avaeniden (angiogenesis) vauiiasen
(de Souza Junior, 2015) FeilnaronmsduTauay
nsmUTeiesen

Mast cell tumor %358 mastocytoma 4
aglunguues round cell tumor Huiloseniinu

1o UssunuSesas 7-25 voullossenianiega

waznulanndunusresianda eg1elsiniy
d’lj a dy o Y v
anuisanutilesanviadlatluald du wazsny
Mg wadlgURnisalntesndi BnvyilanilaRe mast
cell leukemia @aLdunsalNnULAAT UL 08U1N

(Dorn et al., 1968; Pakhrin et al.,, 2007) Im g

'
a

AULEEIURINITIARLasanIgLuTulug Y
A = o ¢ v
geogearUsennal 8 U uanainunugguvsadu
JadelduthliiAngUfnisalvesiloseniiiuay
e Fanuldvesluiuglonwes veaduwmesisy

@ 3

Uanan a1us1nes tnawusninves wld dn

Y

< Y (e a 1 [y}
agnalsfinunevesguvldiininuieitesiu
gURnIsalveInIsiiniiasen (Goldschmidt and
Shofer, 1992) §nwaugN19@INe1vedlsalillasan
mast cell fiauudsiudeudnsas s1ieea 50

Id a dy $% & W 1Y) ) g
VW UBUALUDIY FI9RIINITNAULWUULN g/
nrsunsnszwlidwontniesusnalndifes
’gﬂﬁﬁaﬂas 80 (Simoes et al.,1994) mast cell

I3 Yo ¢ a aa v A
tumnor o1avduanuglidndidedialaiiesain

a a o I aaa d’f

AMNRAUNADULTUNANTZNUINNUNIBIVDILUD
390 (paraneoplastic disorder) laun mwgﬁu,ﬁ
WUU anaphylaxis N30LNALHANAULALLNANE]
Tunseinzenmisuasald Jananess U
asnuladeiouay 80 vosgruiilu mast cell
tumor FILANIINENTVBIFAMITUNNAIN1IN
Wwaakiiasan (Howard et al,,1969) ag14lsAny

d‘ o Vg 1aa gj L% d‘
91N133us It awnTIntudnnulusedn
Wuilles1e dnwmzvns mast cell tumor
Aandasududnnuiludeune Aoudisyy dn
Tiudadulanasdafauuu low-grade tumor &

a a v Qy 13 [ I dylj

nstsaulagn winisliuueraiauiduile
IDNNTANUIIBUITWINTY DIINURNAVAUTINAY

ANSTNLEUUINLAIVDILLDIDNWALLUBLE DU LI
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50U9 wnlusresNiunsnisnszansudl fou
dill I3 |.§{ = 1
Wesonaglaswazvuialnadu dveulvaly
FALAU BITNUFULENT NSTBTRINTITBUY oY
dy 1 a A
Wesenwuinlug vissTenuilidenlvasenu
nNauLilananiu (Dobson and Scase, 2007)
1355w lAgNISHIARLA87 UL AR IRRM1991N
NOULLDDENLBY 3 LURALIAT WATNINTUITNEN
v a o % Gl L v dd‘
feLALUNUn NIoa18598se8 Tunsdanis
wensadlsalaid (Misdrop, 2004)
153838y mast cell tumor MR

PUUBNIINNITATIVINNINAANNLAY TIADI
91fuN1InTITadVI oI N 1aiB U uRNS
S9UMY LNDINITULNINNLLBIDNRINUITLADU
Ineaniziiiesanlungy round cell tumor 819
melanoma,

lymphoma,  plasmacytoma,

histiocytoma L & ¢ transmission venereal

tumor (TVT) @93isUS19U0 9 9aanagnaIny

Y

(Duncan and Prasse, 1979) wagaglunisuen
1 d’f 1 <@ d’lJ .
ﬂqmaqLuaﬂamuﬂumaﬂaﬂﬁﬁum (benign

tumor) #39Lie99n318 (malignant tumor) &3

139NN 19nTtIINNLLSe (cancer) NANISHTID

[ 4 [

AINETANUFIAYADNITIIHHUNITTNBILAY
nsnensailsa tieUsznounisindulaves
wrednunndgiinissnurlunisidonuud
msmsnufingan MInsaitdadewaduio
dleidemaresufifinisludesdud 2 33 un
n1sMsIaNIItgaainen (cytological
examination) La¥N1TATIINIIANYITINGN
(histopathological examination) Faurazizd

¥ =]

Tonuwardalduunnm19iu LATaN1IMTIAN199a

a

g133ne1vglvdayalunisiiadeNnauysal

=

11NN @IUITONYINTAULTALAEATIANS
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uninsyanevesiesenld egrslsAniunisnsia
Fadelsaiietensneg Insorfonsnsaans 2 3
Fanann sauvenstioudfiay (special stain) lu
vnensainldanunsadiuunafinveswadlaagna
wide gy iesoniidwmuinisdn (poorly
differentiated tumor) tJudu 39lasinasld
watinsuyludalaiail (immunohistochemistry)
waelunisnsraifeds TneldueuRvendil
AU INselwadiiosen uenanitianunsa
A519E0URIUY (indicator) Tunswennsaflsald
e unauilanuniutumansidedenay
n1snensallsa mast cell tumor TuRntsgin

nsnslaludagdu

We15ALIAYY mast cell tumor

#1W9Y0N13LAA mast cell tumor Falal
Jufinsuwida e1aiinainaivgmnateedig
$2uffu (multi-factorial) WWuiienfunisiiniile
senvilndug egrslsAnuiiteyaativayuii
fiugnssufiaamAsatesiunisiin mast cell
tumor (Dobson and Scase, 2007) 1NN1SANYI
1ae London et al. (1996) wui1 stem cell
factor receptor (KIT) fiunuiniisadasiunis
1AM mast cell tumoriu@jﬁfﬁu KIT §adu surface
growth factor receptor Avsan N9 qu UUu
haematopoietic cell e mast cell Fanoansiia
11910 proto-oncogene c-kit (Galli et al., 1994)
lutanadsenaunieg extracellular ligand-
binding, transmembrane region W & ¢
cytoplasmic tail GREY tyrosine kinase activity
nN1INTY él:u KIT signal transduction pathway

denaldiiinnisifingiuiu nsiasSahiude



91587 AUTIUNYST / FANNOUMIUATAS. 2559. 11(2): 159-176.

(maturation) N154AADUAY (migration) WaLNY
R §J: I8AVBY haematopoietic stem cells lLLay
mast cell (Linnekin et al., 1997; Serve et al,,
1995) Aunusved KIT fio stem cell factor 1uil
i%’ﬂiuu’m steel factor #138 mast cell growth
factor (Nocka et al, 1990) 31nn15Anw1 LAY
UNIVYNAYVIUNUNITLEANIDON (expression)
¥99 KT wely mast cell UnAuas mast cell
tumor 10949 wAznuNInTuly mast cell
tumor 4@ poorly differentiated (London et
al., 1996; Morini et al., 2004; Webster et al.,
2006a; Kiupel et al., 2004) N1TLAAIDDNVDY
KIT T mast cell Un@ waz mast cell tumor Tu
atafifanvaunainnisnateiugues ckit tud
ANLANANNAU IAEATNUNITUERIBDNUDS KIT
Uinandevuwad uaglulalnwardy muddy

Taen1swandaonuad KIT Tulalnnaidudunuin

'
o

HFuNusAunITneInIallsAnNI9AaLng
(Webster et al., 2007) A31891UNITANYIAI
wangliiiudn mast cell tumor lugiadiiinain
N1sNaNeRugues c-kit nulssusosay 15 ig
40 warflauierdesegadveddyiunisdy

W999NNLANUSIBLIININTU N1TNAIYNUSLAN

9

[
Y

livannnaneguuuulagianizil axon 11 93914
point mutation #1349 Lag tandem duplication
Tuusia@ juxtamembrane coding region
(Downing et al., 2002; Zemke et al., 2002,
Jones et al., 2004; Riva et al., 2005; Webster
ot al., 2006b) waldnudiusnsu Fersanly
dlesan mast cell Tupuiifinnunisnateiugd
c-kit kinase region (Furitsu et al., 1993) 911

nsAnelag Gleixner et al. (2007) Fsnaaeuld

g1fieeanansianizee KIT tyrosine receptor #a
\waalauyed mast cell tumor vasgHuwas mast
cell 9niifesen  wudawisadudsnisiiiy
Frusuvengadiinaasuld uiid1 mast cell
tumor 1nATFesar 60 ANuANYIRINET7
lasunisiaatudvinlusinnsnateiugues c-kit
waneliLiudnisnaleiugue ckit a1y
Aeadesfumsasynionmuveniosen mast
cell Wigeu1sdIu wrn1snaewuguestuludIu
3uq Swualduirdanufesdesiunissusu
(initiation) ka=N1IWAUIYDI mast cell tumor

dlug) (Welle et al., 2008)

AINTIANNUYAAINE

AMIRFIIMLTas e NJun1InTIINade
Tudosdu Tnensifiuiegrawadainfouie
IDAAIYNITLAE A (fine-needle aspirates:
FNAs) Wionmauveshouliiesonasuuunualas
Baeisaninuaziondiiionsianisvas duiu
Biiazain Usenda uaziimnuvasndoaiuisa
adiwaadidiendnwails A7ldden mast cell
inarevida 19y Toluidine blue @lungu
Romanowsky-type stain %30 New methylene
blue

Toluidine blue Wuddoulungy thiazine
Faflauauddluduianmgivdiusznauves
Hededdunsa 1dud Fawa Arsuendian
phosphate radical ALOULD LALDISLOULD
(Epstein et al., 1992) dndudfidusudoniialy
N137539319d8 mast cell lngunsyaves mast
cell §audndvniulutiosoniidwauinis

TnatAgeanuigaadnd (well-differentiated

163
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tumor) d@duinsyavuIaLinazideadainnuly

(%
= 14 a

Wwadves mast cell tumor luinsnfigadudondn
#1729 (Simoes and Schoning, 1994) 518974
msAnsUieuiisunisdend 4 viadfionsiam
mast cell @4Lfiuan bronchoalveolar lavage
fluid vosshdadulsassuumadumela nuin
w19n3sd toluidine blue foudndualudiuves
unsyaluuualasvhalddedsenariliideds
Aananals 9819lsARNEILTOLINANLANATY
VBUYAALALALLATYAVR YA LUALATNIAEE]
vuralugninaznuuliailoalulelnna @
(Leclere et al., 2006)

?lé’]aﬂuﬂfjm Romanowsky-type stain il
nangyia Lawn Wright’s stain, Giemsa’s stain,
Wright-Giemsa stain, Wright-Leishman stain,
May-Grinwald Giemsa stain @ ¢ Diff-Quick
Dusu Teazdonfinunsyaves mast cell i
hiduness (O’Keefe, 1990) mast cell fins9
naaaIgdulngamnsaidadelaludeanidn
Inwaaizusinay lalnna@uusunaiunans
wnsyafifoudndddiuiunazyuinmiag fu
fndsanay visassdaadsasiagnuatiadg
unsYadsAndLty enanuwadulnduTINY 1y
dlogluila 9alns¥a dululed wieolwadsgy
nszanefaonadulnlusuana sgnslsfimumud
fl mast cell v1sdruiiunsyadouldfnd Diff-

Quick F9p71anulatunisdeuwaatiosannd

De

=

N1 wadiiunsyausanaliann nydld
Arsifiuaatlunisnisaniniead wielda
Giemsa, Wright-Giemsa stain #1358 Toluidine
blue Tunséeuwadunuddinansdouunsyai

Lﬁulﬁﬁﬁ’mmumﬂsﬁu (London and Segun, 2003)

164

UaNINARINaILAT Y TADUS LU Panoptic
stain FINAIUNAUUD S Romanowsky stain
(azure B) fuddonsdu laun hematoxylin uag
phloxine B a3Usuusanisandunsualule
TAnanadnuaza1ulTENaUUS VOUTAN LAAU
Aaa v A oy &

15n13deuinlasiniauarsinign (Kurz and

a A

Wittekind, 2001) kNIYAVBI mast cell SoURNE

N

1179 (metachromasia) Liledoudedyiagl
(Strefezzi et al, 2009) n1sld&@lun a4
Romanowsky-type stain fidoldusounsaiia
Foudnaadisindenludiotemedasdiely
msusnviinwadidnideaiiiodudoyauszneuly
M3n52938a8e yonaniduifuayisnisvadeu
Ufnseveseuleyl nedalaniidnvaeviin A
asulilunsedt 1 Faanunsaiunldlunisi
aould nsfinddulungluegfuinaieuniu
n30d15UsgnoU glycosminoglycans (GAGs)
¥findue (Walls et al., 1990) 5779 esterase
Bulesifussgegnisluunsyaves mast cell
(Leader, 1979) a1nn15An®w1laY Simoes and
Schoning (1994) wuinnisdesilewdo mast cell
tumor @38 toluidine blue, Luna’s method,
alcian blue, Safarin O, Unna’s method iLag
Geimsa Han1SARAALY mast cell UnRagy
mast cell AifiiauIn1slnaLAvITasUnd
nsns93d9deEesennawadIne 1ty

1 v 61

winlinuwadilesenilidorsagindnivagl
[ & o 1 s & & M v
Jullasenmaeiegawaaiiuintiueialaile
< s & & & [ o !

Wutgadailudinune Feududmiunduas
BnsiAudegns uenanlidesldanudiungy
wazUsvaunsalvesynslunsiuunviinues

WadMe N1INTIINISEaRINeI@IUlrgaNTe
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A19delsa mast cell tumor Tuadvla GREY
Uselomilunisusediunisdnenludosdu 910
nsAnwIgaunaslag Duncan and Prasse (1979)
WUIMHANITATIVILIAY mast cell tumor A
wadineuazgane1sineriuiinuaonades
fureutrannAniduiesay 94 veanguiioef
AN N15ATIIMAEREINETTUAISINABUNTS

pdaLesaniindaluasansn viedielunis

UsZLAUAINNT NN VOIUNARNFA LA RN T AN AU
insavesiesenluoiu whiluuensdiadey
d1311903%Y degree of differentiation vouile
30Nla wAlaNITAUBNAMUTULTINTBLNTAVDS
uzSsldnsoungu Madumsdsiedstuioiie
A5IANNaNETINeIAIUALUMIE (Dobson and

Scase, 2007)

M13197 1 YiedEdau mast cell waznan1sAnduNTYa

ddounsauiseadl NAENS
Toluidine blue AunRunsedng

Romanowsky-type stain (Wright’s stain, Giemsa’s stain,

AUNRU-129U1R_ -9

Wright-Giemsa stain, Wright-Leishman stain, May-Grinwald

Giemsa stain wag Diff-Quick)
Alcian blue

Azure A

Panoptic stain

Thionine

Csaba’s alcian blue safranin
Aldehyde fuchsin

PAS

Luna’s method

Unna’s method

Safranin O

Chloracetate esterase reaction (fast blue RR)

Chloracetate esterase reaction (pararosanilin)

Avidin peroxidase

WGA, Con-A

WeeuuIRu (bluish-green)
GIGR

1179

[2\D)}

v
o Aa A A

AUTINUMIDALAN

D

A129-LA9

= = ’(;
Andes-Unna
Taluwsueu (variable)
179

(%

FUNRuUIUMSadLTY

f2\))}

dUmnauag (brick red)

v

DRISIIRTEY

f2\D)}

Avaidu-uns
AduLAa

= £
GIINEGE

‘171|m: Bancroft and Gamble, 2008; Kurz and Wittekind, 2001; Simoes and Schoning, 1994.
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N1SATIINNYANYIFINGN
aa & aaa
N1IMTIIN19RANY15IMeNTUINE U150
UBNTEAUAIINTULTIVBLTHBIaNLALAEAR N
Vaun1svesad (cellular differentiation) N3

CY Y

Aavidsgivdrulvgdnlaidudou Wesenluyia

<

lafiuavgaruuwnsnagluduniaudt (dermis)

Y

W3 tulAN MY (subcutaneous) §USNVBLTAT
\esenTuiussAunmuINIsvoLTasd e19lsn
pugadilosondiulngdnilveutvataiau

1 (3

TUATUANANBLNAINTAR UAALITARUTITLNTYA
TudSunafiunneady wadfidwauinislndifes
AutwadunAnuitunsyafndsae (basophilic)
dIUlwaaluszey intermediate ®38 AWAIUINNT
foounsyaazindaicas tilodeudae
hematoxylin W& eosin (Simoes and Schoning,
1994) iiagaudiy toluidine blue 9x@indnd ey
fuiildnauudalunisdouseiSwasitede
pranuldulemeaariaulualasun (stroma)
Usunaudiosaudenn unsnfeenanunisuan
%39 hyalinization ¥93ADaaLAU I1UWIUD LTI
Hadnusunusluusasidosondseranunszane
yhluniesysiunga nsdmun mast cell tumor
AULNEUNBY Patnaik et al. (1984) lauA 1nsa |
(well-differentiated tumor) LEaad WaIuIN1S
TnatAgedulgadyund tnsa Il (moderately-
differentiated tumor L¥AaRNAIUINITUIIEIU
f1391nLgadUn@ wazinsa Il (poorly-

o

differentiated tumor) twaadulugiiinmuinis
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c': d' 1 <@ v} 1 % o’dy
M1 (115197 2) agnalsnaugluaunsalununi
I3 Ly 1

Wuussingrulunisuusssezve mast cell
tumor 11399ane13InenlaegsauyTaiiiodnn
ALUALNTALLDIBNATULNUNHINA1ININ
nsAnwdounaseliiuiungudiegnsliuinin
UINAINTLNTANBINLAAS AU TN NS INeN
21ATINNSIRLNLANANIAUIINATATILDIDA
= [} v € a U é’ % '3

LWPEINUAILLNUNAEINUTUNUUTELAUNISAIVD4
wiazuarageiniinlunsdiiiaduiloseninga |l
(Northrup et al., 2005; Strefezzi et al., 2003;
Kiupel et al., 2005) 1YBNAINT mast cell tumor
59 1l FIWINABAITINLUNYRAVDUTAA UIBNT
= L A A i ° v a )

psaan nilaLdanlufnao1avinlminAnuduau
#eN15IUR8LENAN round cell tumor YRADU
(Jackson, 1994) n1sdautiaLge mast cell
tumor AI8ddauNLAYlNaNISEuNTALaUlY
nguLraainauInisindidesiuiaaunauely

Y 5

ansalglalunsaiiwaddiulngdwauinisen
= P U a & la o .

Fenanisdeusinfndansamseliiindias (Simoes
and Schoning, 1994) 1ia931nLUBI9NAINEIN
aslusnsyausunadesniolunuiay arsidu
aeRUsEnoumantuwnsyafeLaUFugaindus,

a o

U isemaaiifuddenlaediulvg (Walls et
al., 1990) 3nTainfinfInanIainsiunaiia
meduyluFalanilidnunusznaulunisdudunis
m57978338 mast cell tumor 5IUDINITNEINT
15a LUAlUNAITMOUAUDIRBNITSAEI LAY

wqﬁﬂﬁmauﬁaaaﬂ (Fernandez et al., 2005)
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M13199 2 FnuaEn19IaNe FINg1ves mast cell tumor MANNTIVE Patnaik et al. (1984)

dnwauziinu nse | wnsa ll s il
Aunatsiiny Frumidaust Sumidaudt wasduldfonds  Fundandt Tuldianda
wazidlaldodnaies
AMUNUIUY oy Uunans - 1an 110

A1SN5LANLAIVDNYAR

anznaIngy
(pleomorphism)

sUsaad

faeded was Alnalead

& a I3 & @
waalseudunal niotdu
nquLing egszninaduly
ADARNLIU VB ULALLBIDN

ABUY9TA

sUs1Inau Wiureuwas
Faau wnsyatulalnnan
FuilvurAnais wadiile

spndrulngigusianuy

R

Japaganay AlAsuiiu

agfiuwiy linulindleda

wadTandunguegszning
WWulemoaaiaw vaulum
Hesenlidesdniay 019
WUNISUILY IS 0

hyalinization ¥8sARaR LAY

Yunane

JUTNNaU 1303 waddu
g fatiuvoutundniau
wnsyalulelvmaiduién
azidun analinuwnsyaly
UIngad Wwadjunsvany
b ey giant mast cell
NITINNTLANY

fndvanaunieiuses
ndn lasuIAunIza1896a
wutlipdleda 1 6u ulg

Wwaadl 2 dedud

wadiseaduuiueg suiu
$1uaun veuaLiesen
T ¥mau nunIsUANTY
%39 hyalinization 28 4
ABAAILIY NUNITUINLA
\ionoen LazLYadnIY
DIINUUNANAY

GR

sUs1maInuany douin
nal1s gadnay 3 3
N3¢dl8 oy giant mast
=3 [

cell WiuvauLwaa ludnau
wnsyalulelvmanduién
avidendUSuiuted
vEelinulnIyaLag

a a | [
Japdeardussendn
anwugland1egaun
(vesiculated nuclei) 1@ 5
1AUNTLANYAY WURIAD
lodd 1-2 9u WuL¥aa 2
J7.A38d NS0Kany

s &
Jumdganszangluiilosen

Giant mast cell wutleenviselinuiay WUNT¥NY WUTWILNN

AsuaNLLazilaniy wutle NUNILINY WUVT’J‘],U

Mitosis/HPF Taiwy 0-2 3-6
duylugalaall waudlauveuYad samuslunisnensailsa

a a A& a ~ g v A
duwludalapiiduinadanidanldiie

Y

U52NaUNITAIINILITLLALNISNEINTAILSALLD

sonvdneeg laglduouRvedidnniznalusiu

Wudmageu ann1sinulae Kiupel et al.
(2004) WU anti-KIT Way anti-tryptase #39

anti-chymase 918lun15399d8 mast cell
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tumor tn5a 1Il'lA deardesiun1sAnellag
Fernandez et al. (2005) F950UINMIVAEOU
fae anti-tryptase W a ¢ chymase activity
arursauunlgsanduluni1sitdads mast cell
tumor Taawuin mast cell tumor aglsauan
‘flyjﬂ tryptase antigen Wag chymase activity éﬁﬂ

ad

Uguanltni1ne 2 5UTUsEANS AW Ae iy

ad v 1

LASHANITNAADUNY 2 I5AINaNLAINUADNAADY

= a a

AunansIan1ane sinetluseduanaLduy
(kappa 0.56-1.00 N1919ANLTONUNTDEAY 95)
NANABLANAUINABNISNAGDU mast cell 1N l,
Il waz Il WwinnuSeslasidud (7/7) Seuay 85.7
(6/7) wazrsaway 42.9 (3/7) AMUAIAU AL
<@ 1 v

LRUINY I mast cell tumor tnsa llkag Il

1 -d! v 1 d’j 4! 1 Va o

vadudslinaauien1snaaeull Feanquiidy
AullvgIuineainanANURANEIAUINUTEANS
1umimaaw§awamﬁﬁaﬁwmawmﬁ%wmﬁ
° a a & ~ =~
P1UNUSIUMEULUDILANUARIALARDU WAY
Juldldan mast cell linaauanaenadey
Tuszezwaainiswasuwlastssunsaluinig
WasuwUasdedinisasisansasnaazaulu
wnsuatudSunaliuinneseanisnaasu nsol
AINAITIAITAAAINTBYAN AT TNTINAIELND
[~ & 1 aa % dy =
Wudszlevisanisinane uenannin1sAnen
HaNa11g9N U3 mast cell tumor vAsA Il
U2 1 feg1s linaaude tryptase antigen
Wwag chymase activity LeiluInmani1sdou
toluidine blue (@ W1z#BLaU5w) Fatuadaly
ANUN90AALLBIDNN NAAUABNISNAADUAIYID
meaastoantulailuly mast cell tumor wag
AITRANTUINANITATIVDUY W1UTENOUNU 817

ARl TLOUAUDANAIEAILUNITNAFBULAIAA
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poorly differentiated U84 round cell tumor
yilnduoonludaiuisigatimaeden
FIUUNTANBIAIGG WAAILELIIUIN mast
cell tumor TugtfaiAnainnisnaneiugues c-
kit (proto-oncogene) HA21uLAg 008148
Fodrdyfunisdudesenluinsniigedu
(Downing et al., 2002; Zemke et al., 2002;
Webster et al., 2006b) Lagn15naeiugAna?
Blin1suansoonves KIT §a8u stem cell
factor receptor WHeauuly Tnely mast cell
UnAinunsuanieanves KIT uinaderuiead
Wil mast cell mauﬁaqaﬂﬁﬂmaﬁuﬁ:ﬁuwums
waneanvey KIT Tulglnnar@u Inslanizuiiau
50U9 tlpded (Webster et al., 2006a) fogan
nsn1sLULNIALEetenALnaSTveT Patnaik et
al. (1984) 9121ANULANANAUTENINUNNET
WPMAALAUAIANENILIMAIT1AU AUNTILAd
Aswaunasituladlng Kiupel et al. (2011)
Fauwvauszavniswensallsa mast cell tumor
MIUFULUUNITUEAIDDNUDY KIT ﬁﬂﬁmgﬂu
mast cell 104 3 uuu Ifun wuideruimad nu
nsgarglulglnnaidy wasnusauiuluuiegaly
lalywandy Ssguuvunisuandeanyos KIT 44
aruduiudiufuausuiswesiosen Tneiile
sonfinuni1snssanesiives KIT lulglnnandus
nsnennsallselald (Webster et al., 2004) fatiy
nstimatinduylugalaiaiiuinsivaasunis
Laneeenved KIT fhdssuuluanun@sady
wuaneLaEsulun19Idads mast cell tumor LN3A
Il wa Il le
osanileseniinannmsuvaeadiil

anusamurule IlalinisnegeuiioUsziiu
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nstinduuveswad wdnhdeyanltlunis
wmmaﬁwqaﬂsimmLﬁaaaﬂ%ﬁmﬁms“] QILERN
n11917319 (Welle et al., 2008) Tunadmaknng
Ensnaaeuiildlaeiialy 1dud nisdeu
argyrophilic  nucleolar organizing region
(AgNORs) n1sdeuduylufalaiaiive
proliferating cell nuclear antigen (PCNA) e g
Ki67 FaiinnsAnwdavsdmandnaly mast cell
tumor maaqﬁfmﬁuﬁu (Welle et al., 2008; Roels
et al., 1999)

AgNORs 1Juusinaludedeaiduiiau
fulUshu 1Wu nucleolin wag nucleoplasmin &4
Weadesfunisnensiaves ibosomnal RNA
(Derenzini, 2003) Sl Sususddmiu tumor

kinetic wa¥ metabolic activity Lagus L7

'
=

AgNORs @nx15aduiuluanavaadu (silver) @
seadtuldnelindesqanssaiidedomiode
A28 silver-based histochemical stain 112U
v99 AgNORs sadumdsaidudndruiudnsinis
m%fgt,au‘[msuauﬁaaaﬂ (Ogura et al., 1992;

Trere et al., 1997) wagd1u1uNngedul

1%
]

AMUFURUSAVTATINITANY NITNEULLANGN
LaTNITUNINITTIevesuzialuieTeedu
(Simoes et al., 1994; Scase et al., 2006)

PCNA [Wunihegpaves DNA polymerase
Faduthdedreluruiuns replication waznis
gFouues DNA wazldifudsdlunswennsellse
N15U31n£83 PCNA Hanuduiusiudnsinis
A1gveIaiuiLiu mast cell tumor iR
(Simoes et al., 1994; Scase et al., 2006)

ki67 Wulusiuludaedeainudsinglu

5813719 active phase luininsvouwad Ki67 i

Auduiusegsgaiontsnensallse Jaidusn
Uvsdlunisnensallsanliduiuinsavesilesen

(independent prognostic factor) 3991 T w7

(%
A

Uil dend (objective prognosis) (Scase et
al., 2006; Webster et al., 2007) Ki67 Lﬂuﬁ’sﬂﬂ%
WBausuafidaotuudusdlunisneansal
NOANTIUYDY mast cell tumor guauLaeIiy
AgNORs n1slanioaney KIT Tulwaduss mast
cell tumor snsluanwaaund danudunusiu

AUNITULERIDBNYDI AgNORs Lag Ki67 AaiunIs

'
a

WNTUYRIAIUTNT 3 Falinnsnensallsalad
Alguureiulgdasinmsiudiuiugadlunis
wen mast cell tumor 30 110U 2 nqueaedad

AULANANYDIYINIANTDATIN (survival time)

al

\Juedaun (Webster et al., 2007) 91ndoya

o

Tain1s@nwnnuuneg1sariosdaladniswuzin

LUINN9lUN15ITeRY mast cell tumor Tudmin

[
a

TANAITUNILATILVLUSAY K67 SIUNUAIUIT
ANSNEINSAILSARIDU 917 LNSANNYANYITINEN
wagsULUUNITUAR98aNYaY KITASUTEIUNNT

Winduvesnwadlngliduylugalani awise

o w

Prundusiusiuanulisenissnenlewaividn

(Y]

Hesnenaividainanewaddidnisuiasa

(Webster et al., 2007)
AMUNUILUUYDIVRDALEBAVUIALANTY

L‘ﬁa 380 (Intratumoral microvessel density:

% =

IMVD) 1ususdineadunisastavasnidon 34

[J

nadaulalaeldwauRuadNITLwIz@e von

Willebrand factor vuwadiayvasniion IMVD
annsathanldutadelunisweinsallsa mast
cell tumor TuiInegivlugrandenisnifg

(Preziosi et al., 2004.)
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Dos Santos Costa Poggiani et al. (2012)
lafnwimnuduiusseninsdeyaniandiin n1s
Winsruauwad (LFun K67 expression way
mitotic index) IMVD Wag apoptotic index U
histological grade Wag3ULUUNITUENIDDNUDY
KIT (KIT pattern) 984 mast cell tumor iR
v wudn histological grade HAuduiusAU
IMVD mi‘wuLLma‘wqmLLazaﬁ’mauﬁumLﬂfmaﬂ du
NsHiuN1LARdDBNT8Y Ki67 Wae mitotic index
Fuvusiv KIT staining pattern As1nglule

[

Inwa%u wazhistological grade AANUAUNUS

EN

flu mitotic index 31NNSANWIGINAIITE LA

aa

LEUDIIN1TAT29313d8 mast cell tumor Tu
HInTaguuAI5U T UANKNAN51I histological
orade saufuFaUsElunsnensallsnfaaug
Wy JUNUUMsHanIoenes KIT Ausinglule
wanBy IMVDA Msifiusuinead nsnuwsa
wqmasaﬁ’ﬂmmﬁmaﬂ nsndundug waznis
wnsnsranglufeTenrau nsasaaeuiaved
919 Ki67 %30 KIT staining pattern a1ginaila
duyludalaaionaluniudenlunisnensal

Tsalas13ulunsainnisitadeniweadingiin

o w

I3 1 <@ a Y
WU mast cell tumor ag9lsAnuenaivaanng
v19UsEN19iinanealilaiudlureieadd

L“fJuL{]’WiﬂJ"IEJN'W]i’JR]

a0

v a a = = v
argmadaduyludalaialiiAlyddneg

' (%
1 ¥ =

Aoutegesluneuinennludlaldistinsiaaey

AUTR19Y AInanulallanaue Js3uniunay

q

AUVDIUIYARILNNG L UNITLEDNIT T MU T AL

lngfiarsantdteyanuaulseneu lawn Joya

o 1

n19Adln (Wug 018 A1unleanny YuaLay

9

F1urUvaLean N1snduNdugn) tnsaile
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I9NINNHANTINNIYANYITINYT mitotic index
ANSENINT2lUTI9T878DU WASHANSIIN

WosUURN5ouY

GELY

Mast cell tumor TuRanisatuiidnwue
LLazwqaﬂiimaqLﬁaﬂaﬂﬁmmﬁuwiﬁauﬁﬁwqq
Mle1nfen15I89d81azn13INET N150939
Fiedsnarnisneinsailsafiududigoudu
Usgleviidonisidonisnissnunfvaneau nns
Iadelaevlulddoyauseid nanisnrana
Aailn wazdnvarnanenmesiouliiosen
$UNINTITNLTAING AL AN BN
szvlimsuiiauazinsaveaiiosen n13nsa9
Lﬁu@uﬁlug] 19U Ki67 expression AGNORs count
A1 IMVD 52179 KIT wae tryptase staining
pattern dufusvedfidnnuduRusiv mast
cell tumor AfiffaILINTTA a1unsatieIdade
waznensalsaldiiauuiugrunniy Tngld
wadansdeuiieBodeiztuyludalaag way/
wsegalaaiiuldlunisnaasy a1ntayatineny
Feagduwmslumdadeuasnensailsa mast
cell tumor Tufiamilagiiy fanansluuaunmii 1
fatinsezidenldisladuiuiuaandeuves
o URNIs AuTIILasUsEaun1Talves
yaansiiierteslunisnsiaidedefie s
Anyidelusunandssesnsimuanufifetu
mast cell tumor ludungAnssuvesiiesen
N3LUIUNITANBUVDILYAE (apoptosis) Afeades
AUNITHERIDDNYBITY N1TAIVANTYINTVES

L9aa way multidrug resistance-associated

protein §9919UUgnN1INEINTAINAUINITVDS
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History. Physical and Cytological examination

X

Confiration diagnosis

Histopathological examination with conventional stain and/ or
special stain for mast cells such as Toluidine Blue or
Chymase HC or Tryptase IHC

A

Histopathological grading

Grade | Grade |l Grade Il

Uncertain graging |

Additional detection for
grading and prognosis

Ki-67 IHC
and/ or AGNOR staining
and/ or IMVD IHC
and KIT IHC staining patterns

WRUATNA 1 agUuuInianisitdadenasneinsallsa mast cell tumor Tuianilegey HC =

histochemistry, IHC = immunohistochemistry,

\osen wiansldiaiivadalunnssnunledl
UssAvSnmiiniuy
AnfnssuUsznA

ALY UVDVBUNTEAMN HYIUAIANTIA1TE
WAN.AT. MUSFNR LU LAY 0.U.EN.AT.HaPUNS
YyAslead §ainn1a3 e sinen Auedng
wnneatans unndnerdomaluladuniung AW
Jafnunazdotauanuglunisinduatuau

d159qa290
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