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Abstract

'6T4=($I4O&Breast cancer is the most common cause of cancer-related deaths in women 
both worldwide and in Malaysia. Azadirachta indica (A. Juss), commonly known as neem, 
is one of the most versatile medicinal plants that has gained worldwide prominence due 
to its medicinal properties. However, the anticancer effect of ethanolic neem leaf extract 
against breast cancer has not been documented.  The purpose of the present study is to 
 !"#$% &'%#(%)#(#**#+%(,*(!##-(.#'*(#/%0'+%(,!(+123+(,!+,&#!#(#/40#$$ ,!( !(567(80#'$%(
cancer BALB/c mice. 

5!(43$!2;&!*G&54(%1G;O& 9!( %) $( #/4#0 -#!%'.( $%:;3<(=( %,%'.( ,*( 5>( *#-'.#( ?=@?A+( - +#(
B#0#(; " ;#;(0'!;,-.3( !%,(*,:0(&0,:4$(,*(7C(- +#(4#0(&0,:4D( E+'!+#0(+,!%0,.(FGGH(%0#'%#;(
B %)(IEJK(6B##!(CI( !(L?M<(  E(IEJ(N&A-@(%'-,/ *#!(+ %0'%#(FG6H<(   E(CJI(-&AO&(!##-(.#'*(
#/%0'+%(FGCJIH<('!;( "E(JII(-&AO&(!##-(.#'*(#/%0'+%(FGJIIHE(In situ reverse transcription 
polymerase chain reaction (in situ RT-PCR) was applied to evaluate suppression of c-Myc 
oncogene expression in breast cancer tissue. 

?4;"2(;O(6)#(GJII(&0,:4($),B#;($ &! P+'!%(F4QIEIJH($:440#$$ ,!(,*(+123+(,!+,&#!#(
expression compared to the CC group. 

B1*=2";$1*O&+123+(B'$(*,:!;(%,(8#(;,B!(0#&:.'%#;(:!;#0(%)#(#**#+%(,*(JII(-&AO&(#%)'-
nolic neem leaf extract. 
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Introduction

 !"#$%&'#('"!&)$&%*"&+,$%&',++,(&'#-$"&,.&'#(-
cer death in women and is a growing health prob-
/"+&)(&0#/#1$)#2&3'',!4)(5&%,& %*"&6778&9#%),(#/&
Cancer Registry Report, breast cancer was the 
most common cancer for all ethnic groups, among 
#//&."+#/"$&.!,+&%*"&#5"&,.&67:&;)%*&#(&#5"&$<"')='&
)(')4"('"&!#%"&,.&>62?&<"!&@77:777&A@B2&C"$<)%"&%*"&

<!"$"('"&,.&$"D"!#/&!"',5()E"4&!)$F&.#'%,!$&$-'*&#$&
early menarche, late menopause, nulliparity, and 
positive family history, there is no realistic option 
for primary prevention of breast cancer in indi-
viduals at the present time (2). 

Oncogenes are gene encoding proteins involved 
in cell cycle regulation. They sustain numerous 
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genetic damages and produce proteins capable of 
'"//-/#!& %!#($.,!+#%),(2& 0-%#%"4& ,!& #G(,!+#//1&
expressed oncogenes under extreme conditions 
convert normal cells to cancer cells. Oncogene 
products are found in different subcellular com-
partments such as plasma membrane (ras, srs, 
#G/B:& '1%,</#$+& A!#.:& "!GHIB:& #(4& (-'/",-$& A+1':&
.,$:&$F):& J-(B2&Azadirachta indica (A. Juss), com-
+,(/1&F(,;(&#$&(""+:&)$&,("&,.&%*"&+,$%&D"!$#%)/"&
medicinal plants that has gained worldwide promi-
nence owing to its medicinal properties. Some of 
)%$&)+<!"$$)D"&%*"!#<"-%)'&K-#/)%)"$&#!"&)%$&#(%)HD)-
!#/:&#(%)H+)'!,G)#/:&#(%)H)(L#++#%,!1:&#(%)H%-+,-!:&
anti-pyretic, anti-bacterial, anti-fungal, and anti-
*1<"!5/1'"+)'&<!,<"!%)"$&A8B2

Recently neem has been reported to induce 
#<,<%,$)$& )(& %*"&0MNHO& G!"#$%& '#('"!& '"//& /)("&
APB2& Q"D"!#/& $%-4)"$& *#D"& 4"+,($%!#%"4& %*#%& #/-
coholic extracts of neem leaf are more effective 
%*#(& #K-",-$& "R%!#'%$& .,!& '#('"!& %!"#%+"(%& A>B2&
I,;"D"!:&%*"&#(%)'#('"!&".."'%&,.&"%*#(,/)'&(""+&
leaf extract against breast cancer has not been 
documented.  The purpose of the present study 
is to investigate the effect of neem leaf extract 
,(& ,(',5"("& A'H01'B& "R<!"$$),(& )(& PS@& G!"#$%&
'#('"!& 3T U'&+)'"2

Materials and Methods

Cell culture

0,-$"&+#++#!1&%-+,-!&'"//$&APS@B&;"!"&<-!-
chased from American Type Culture Collection 
A3SMMV& '#%2& (,2& MWT6>8XB2& 3//& '-/%-!"& ;,!F&
was performed under strict aseptic conditions. 
M"//$&;"!"&'-/%-!"4&)(&@7Y&WZ0[H@\P7&AW@8?8:&
Q)5+#:&Q%2&T,-)$:&0,:&]Q3B&'"//&'-/%-!"&+"4)#&
supplemented with 10% fetal calf serum (FCS; 
Q)5+#&3/4!)'*:&]Q3B&#(4&@Y&<"()')//)(U$%!"<%,-
+1')(&AQ)5+#&3/4!)'*:&]Q3B&)(&#&*-+)4)="4&)(-
'-G#%,!&$-<</)"4&;)%*&>Y&M^

2
 at 8O_M. The cells 

;"!"&',-(%"4&-$)(5&#&*#"+,'1%,+"%"!&AI#;F$-
ley, England). 

Ethanolic neem leaf extraction

9""+&/"#.&;#$&',//"'%"4&.!,+&%*"&]Z0&#!"#:&Q"-
/#(5,!:&0#/#1$)#2&S*"& /"#.&;#$& )4"(%)="4& G1&0!2&
S#J-44)(& 3G4-/& 0#(#.:& 35!)'-/%-!"& 3$$)$%#(%& )(&
%*"& T#G,!#%,!1& ,.& 9#%-!#/& Z!,4-'%$:& [($%)%-%"& ,.&
 ),$')"('":&]()D"!$)%1&Z-%!#&0#/#1$)#2&S*"&(""+&
/"#.&"R%!#'%&;#$&<!"<#!"4&#$&4"$'!)G"4&G".,!"&A\B:&

and left to dry naturally. The dried leaf was then 
5!,-(4&-$)(5&#&=("&5!)(4"!&%,&,G%#)(&%*"&=("&<,;-
dered form. A total of 100 g of powdered neem 
leaf was transferred into a borosilicate glass bottle 
%,&;*)'*&677&+/&,.&?7Y&"%*#(,/&;#$&#44"42&S*"&
+)R%-!"& ;#$& +)R"4& #(4& F"<%& ,D"!()5*%& #%& !,,+&
%"+<"!#%-!"2& S*"& ("R%& 4#1:& %*"& +)R%-!"& ;#$& =/-
%"!"4&)(%,&#&G"#F"!&;*)/"&%*"&!"$)4-"&;#$&/".%&)(&%*"&
G,!,$)/)'#%"&5/#$$&G,%%/"2&3(,%*"!&677&+/&,.&?7Y&
ethanol was then poured into the borosilicate glass 
G,%%/"& %,& $,#F& %*"& !"+#)()(5& !"$)4-":&;*)'*&;#$&
%*"(& F"<%& ,D"!()5*%& #%& !,,+& %"+<"!#%-!"2& S*"$"&
steps were repeated for another three consecutive 
days. Ethanolic extract was evaporated using a ro-
%#!1&"D#<,!#%,!& AW,%#D#<,!&WH877& ]MI[:&Q;)%-
E"!/#(4B&#%&>>_C. Further drying was done using a 
.!""E"&$1$%"+&AN!""`,("&OO>67:&T#G',(',:&]Q3B&
#%&H?7_M&.,!&6P&*,-!$:&#.%"!&;*)'*&%*"&"R%!#'%&;#$&
,D"(H4!)"4& .,!& #(& #44)%),(#/& P?& *,-!$& #(4& %*"(&
$%,!"4&#%&P_C.

Animals

N"+#/"& 3T U'&+)'":&%*!""&%,&.,-!&;""F$&,/4:&
;"!"&<-!'*#$"4&.!,+&%*"&[($%)%-%"&,.&0"4)'#/&W"-
$"#!'*&A[0WB:&a-#/#&T-+<-!:&0#/#1$)#&#(4&;"!"&
"%*)'#//1& #<<!,D"4& G1& %*"&3()+#/& M#!"& #(4& ]$"&
M,++)%%""& A3M]MB:& N#'-/%1& ,.& 0"4)')("& #(4&
I"#/%*&Q')"('"$:&]()D"!$)%1& Z-%!#&0#/#1$)#2&S*"&
mice were housed six to a cage at room tempera-
%-!"&;)%*&#&@6&*,-!&/)5*%U@6&*,-!&4#!F&$'*"4-/"&#(4&
received autoclaved food and water ad libitum. 

Breast cancer induction

Tumour development was carried out according 
%,&%*"&+,4)="4&b#(%*,<,-/,$&+"%*,4&AOB2&3&%,%#/&
,.&P?&."+#/"& 3T U'&+)'"&;"!"&4)D)4"4&!#(4,+-
ly into four groups (one cancer control group and 
three cancerous groups that consisted of 12 mice 
<"!& 5!,-<2& 0)'"& )(& %*"& '#('"!,-$& 5!,-<$& ;"!"&
treated as follows: i. cancer control (CC) treated 
;)%*&72>Y&S;""(&67&)(&Z QV&))2&'#('"!&%!"#%"4&;)%*&
72>&c5U+/&%#+,R)."(&')%!#%"&AMSBV&)))2&'#('"!&%!"#%-
"4& ;)%*& 6>7& +5UF5& (""+& AM6>7BV& #(4& )D2'#('"!&
%!"#%"4&;)%*&>77&+5UF5&(""+&AM>77B2&0)'"&%!"#%"4&
with neem received intratumoural injections of 0.1 
+/&,.&%*"&"R%!#'%&"D"!1&P?&*,-!$2&S*"&+)'"&;"!"&)(-
J"'%"4&$-G'-%#(",-$/1&;)%*&@7P&PS@&'"//$&$-$<"(4-
"4&)(&72@&+/&,.&@7Y&WZ0[H@\P7&)(&%*"&/".%&G!"#$%&
region. The tumour was detected by palpation 
around the induction area. The tumour was meas-
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ured every two days with a digital micro caliper 
A0)%-%,1,:&d#<#(B&#(4&)%$&D,/-+"&A*")5*%:&/"(5%*:&
width) was calculated according to Kotoh et al. 
A?B2&S*"& %!"#%+"(%&;#$& $-GJ"'%"4& .,!& .,-!&;""F$&
after the tumour developed. Sample collection was 
<"!.,!+"4&;""F/1&#.%"!& %*"& %!"#%+"(%&$%#!%"4:& .,!&
#& %,%#/&,.& .,-!&;""F$2&3%&"#'*&$#+</"&',//"'%),(:&
three mice from each group were humanely sacri-
='"4&-(4"!&#("$%*"$)#2

In situ reverse transcription - polymerase chain 
reaction (RT-PCR)

 N,!+#/)(H=R"4& <#!#.=(H"+G"44"4& %-+,-!& %)$-
sues were used for in situ&WSHZMW2&S*"&$#+</"$&
;"!"&$"'%),("4&.!,+&G!"#$%&%)$$-"&<#!#.=(&"+G"4-
4"4&G/,'F$&PH>&c+&)(&%*)'F("$$&;)%*&&#&+)'!,%,+"&
AT")'#& W0& 6@8>B& #(4& </#'"4& ,(& <,/1HTH/1$)("H
',#%"4& $/)4"$2& S*"& <!,%,H,(',5"("& A'H01'B& ;#$&
selected to study changes in gene expression dur-
)(5&(""+&%!"#%+"(%&G1&)(&$)%-&WSHZMW2&eH#'%)(&;#$&
'*,$"(& #$& %*"& *,-$"F""<)(5& 5"("2& S*"& 5"("& $"-
K-"('"$&,.&'H01'&#(4&eH#'%)(&;"!"&,G%#)("4&.!,+&
%*"& 5"(,+)'& C93& $"K-"('"& 4#%#G#$":& f"( #(F&
A9#%),(#/&M"(%"!& .,!& ),%"'*(,/,51& [(.,!+#%),(:&
]Q3B2&S*"&.,!;#!4&A>gHfSfffMMfMSMS3fM-
M3MM33H8gB& #(4& !"D"!$"& A>gHSMSSSf3SfS-
M3MfM3Mf3SSSMH8gB&<!)+"!$&,.&hH#'%)(&;"!"&
,G%#)("4& #'',!4)(5& %,& W#+,$HZ#1i(& "%& #/2AXB2&
S*"& .,!;#!4& A>gM33f3ffMf33M3M3M-
M3MfSMSH8gB& #(4& !"D"!$"& A>gHMM3M3S3M3-
fSMMSff3Sf3SH8gB& <!)+"!$& ,.& 'H01'& ;"!"&
according to Coucouvanis and Jones (10). All four 
$"%$& ,.& <!)+"!& $"K-"('"$& ;"!"& $"(%& %,& f"!+#(1&
A^<"!,(& ),%"'*(,/,5)"$&f+GIB&%,&G"&'*"+)'#//1&
$1(%*"$)E"42&

Isolation of genomic DNA from 4T1 cells 

f"(,+)'&C93&.!,+&%*"&PS@&%)$$-"&'-/%-!"&'"//$&
;"!"&)$,/#%"4&-$)(5&#&j)E#!4®&f"(,+)'&C93&Z--
!)='#%),(&a)%&AZ!,+"5#:&]Q3B2&[()%)#//1:&PS@&'"//$&
;"!"&'-/%-!"4&)(&O>&'+2& %)$$-"&'-/%-!"&L#$F$&)(&#&
>Y&M^

2
&)('-G#%,!&#%&8O_M&-(%)/?7Y&',(L-"('12

S*"&#4*"!"(%&PS@&'"//$&;"!"&%!1<$)()E"4&G".,!"&
*#!D"$%)(5&#(4&%*"(&%!#($."!!"4&%,&#&@2>&+T&+)'!,H
centrifuge tube, where they were centrifuged at 
@8777& !<+& .,!& @7& $"',(4$& %,& '!"#%"& '"//& <"//"%$2&
The supernatant was then removed and 200 µL 
Z Q&;#$&#44"4&#$&#&;#$*2&M"//$&;"!"&'"(%!).-5"4&
#$&;)%*& %*"& <!"D),-$& $%"<& #(4& %*"&Z Q& !"+,D"42&
The cells were then vortexed vigorously and re-

$-$<"(4"42&3&%,%#/&,.&\77&cT&,.&(-'/")&/1$)$&$,/--
tion was added and pipetted to lyse the cells after 
;*)'*&8&cT&,.&W9#$"& $,/-%),(&;#$&#44"4& %,& %*"&
nuclear lysate. The sample was mixed by inverting 
%*"& %-G"& 6H>& %)+"$& #(4& %*"(& )('-G#%"4& .,!& @>H87&
+)(-%"$&#%&8O_C. After cooling at room tempera-
%-!"& .,!&>&+)(-%"$:& &677&cT&,.&<!,%")(&<!"')<)%#-
tion solution was added and vortexed vigorously 
at high speed for 20 seconds, chilled on ice for 
>& +)(-%"$:& #(4& %*"(& '"(%!).-5"4& .,!& P& +)(-%"$&
#%& @8777& !<+2&S*"& $-<"!(#%#(%&;#$& '#!".-//1& !"-
+,D"4&#(4& %!#($."!!"4& %,& #& '/"#(&@2>&+T&+)'!,H
'"(%!).-5"& %-G"& %*#%& ',(%#)("4& \77& cT& )$,<!,<#-
nol. The solution was gently inverted until the 
;*)%"&%*!"#4H/)F"&$%!#(4$&,.&C93&.,!+"4&#&D)$)G/"&
mass, after which it was centrifuged for 1 minute 
#%&@8777&!<+&#%&!,,+&%"+<"!#%-!"2&S*"&C93&;#$&
visible as a small white pellet and the supernatant 
;#$&'#!".-//1&4"'#(%"42&j"&#44"4&\77&cT&,.&!,,+&
temperature 70% ethanol and the tube was gently 
)(D"!%"4&$"D"!#/&%)+"$&%,&;#$*&%*"&C932&S*"&$,/--
%),(&;#$&'"(%!).-5"4&.,!&@&+)(-%"&#%&@8777&!<+&#%&
room temperature, then the ethanol was carefully 
#$<)!#%"4&#(4& %*"&<"//"%& #)!H4!)"4& .,!&87&+)(-%"$2&
C93&;#$&!"*14!#%"4&G1&%*"&#44)%),(&,.&87&cT&,.&
-/%!#<-!"& ;#%"!:& )('-G#%"4& ,D"!()5*%& #%& P_C and 
then stored at -20_C until further use.

Gradient PCR 

^('"&%*"&ZMW&<!)+"!$&;"!"&'*"+)'#//1&$1(%*"-
$)E"4:&#&5!#4)"(%&ZMW&;#$&'#!!)"4&,-%&%,&,<%)+)E"&
the annealing temperature of each set of primers 
A'H01'& #(4& eH#'%)(B2& S*"& #(("#/)(5& %"+<"!#%-!"&
.,!&"#'*&$"%&,.&<!)+"!$&;#$&,<%)+)E"4&.!,+&>7_C to 
\7_C in order to obtain the most suitable tempera-
ture for the primers to be annealed on the target 
$"K-"('"2&3&+#$%"!&+)R&%*#%&',(%#)("4&@7b&ZMW&
G-.."!:&6>&+0&05M/

2
:&6&+0&49SZ$:&@77&<+,/U

µL forward, and 100 pmol/µL reverse primers was 
prepared and the reaction was run in a thermocy-
'/"!&A ),+"%!#®&SH5!#4)"(%B2&S*"&ZMW&<!,4-'%$&.,!&
each sample were electrophoresed to determine 
%*"&,<%)+-+&#(("#/)(5& %"+<"!#%-!"2&S*"&C93&
#(4& +#!F"!& ;"!"& "/"'%!,<*,!"$"4& .,!& P>& +)(-
-%"$& AO7& D,/%$:& @\>&+3B& #%& !,,+& %"+<"!#%-!"2&
S*"&5"/&;#$&D)$-#/)E"4&-(4"!&-/%!#&D),/"%&A]kB&
light (Alpha Imager S0 2200).

 !"#$%&'()*+',-#./#012#13+&*)+',-

S*"&l[3K-)'F&f"/&mR%!#'%),(&a)%&Z!,%,',/&Al[3-
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fm9B&;#$&-$"$4&%,&"R%!#'%&#(4&<-!).1&C93&,.&O7&G#$"&
<#)!$&%,&@7&FG&.!,+&$%#(4#!4&,!&/,;H+"/%&#5#!,$"&5"/$&
in TAE buffer. After deriving the optimum annealing 
 !"#!$% &$!'()'*+,-*'%./'0+%* 1.')$("' 2!'3$%/1!. '
4567' 2!'456'#$(/&* 8'()'!%*2'8!9!* !/'3!.!':!$!'$!+
%"#91;!/'%./'1.*$!%8!/' ('%' ( %9'<(9&"!'()'=>>'?@A'
B2!'"1C &$!':%8'9(%/!/'1. (' 2!':!99'%9(.3':1 2'D'?@'
()'>AE'"3'FGHI"@'"(9!*&9%$':!132 '"%$J!$'KL!$-
"!. %8'=>>'M%8!'#%1$'FGH'9%//!$'"%$J!$N'1.' 2!'( 2!$'
:!99A'B2!'FGH'%./'"%$J!$':!$!'!9!* $(#2($!8!/')($'
O>'"1.& !8'KEE'<(9 87'=PE'"HN'% '$(("' !"#!$% &$!'
and then the gel slice was weighed in a colorless tube. 
Three volumes of QG buffer were added to one vol-
ume of gel (100 mg ~ 100 µL). The gel slice in the 
QR'M&))!$':%8'1.*&M% !/'% 'E>S5')($'=>'"1.& !8A'T.!'
gel volume of isopropanol was added to the sample 
%./' "1C!/A' B218' 8 !#' 1.*$!%8!/'  2!' -1!9/' ()' FGH'
)$%3"!. 8A'H'QUHV&1*J'8#1.'*(9&".':%8'#9%*!/'1.'%'
#$(<1/!/'W'"@'*(99!* 1(.' &M!A'B('M1./' 2!'FGH7' 2!'
8%"#9!':%8'%//!/' (' 2!'QUHV&1*J'*(9&".'%./'*!.-
 $1)&3!/')($'='"1.& !'% '=D>>>'$#"A'B2!'X(:+ 2$(&32'
:%8'  2!.' /18*%$/!/' %./'  2!' QUHV&1*J' *(9&".' :%8'
#9%*!/'1.'  2!' &M!A'G!C 7'>AE'"@'()'QR'M&))!$':%8'
%//!/'  ('  2!'QUHV&1*J'*(9&".'%./'*!. $1)&3!/' )($'
='"1.& !'% '=D>>>' $#"A'>AYE'"@'()'M&))!$'4Z':%8'
%//!/'  ('QUHV&1*J'*(9&".'  (':%82'%./'*!. $1)&3!'
)($'='"1.& !' % ' =D>>>' $#"A'B2!'QUHV&1*J' *(9&".'
:%8' 2!.'#9%*!/'1. ('%'*9!%.'=AE'"@'"1*$(+*!. $1)&3!'
 &M!A'G!C 7'D>'?@'()'&9 $%#&$!':% !$':%8'%//!/' (' 2!'
*!. !$'()' 2!'QUHV&1*J'"!"M$%.!' ('!9&/!'FGH'%./'
left for 1 minute, after which the column was centri-
)&3!/')($'='"1.& !'% '=D>>>'$#"A'B2!'#&$1;!/'FGH'
:%8'8 ($!/'% '[W>S5'&. 19')&$ 2!$'&8!A

DNA sequence analysis 

L($'FGH'8!V&!.*1.37':!'8!. 'Y>'.3I?@'()'#&-
$1;!/'456'#$(/&* '%./'W>'#"(9!8I?@'()')($:%$/'
and reverse primers of each of the selected genes to 
%'*("#%.-'KL1$8 '\%8!']AFAGA'\A^AF7',%9%-81%NA'
B2!' \13F-!®' B!$"1.% ($' <DA=' 5-*9!' ]!V&!.*-
1.3'_1 ':%8'&8!/' ('8!V&!.*!'FGH7':1 2'%.'H\U'
46U],®' DYY' FGH' ]!V&!.*!$A' \@H]B' 8() :%$!'
:%8'&8!/' ('*("#%$!' 2!'8!V&!.*!8'()'*+,-*'%./'
0+%* 1.' (' 2!'8!V&!.*!8'1.' 2!'R!.!'\%.JA'

One-step in situ RT-PCR

\$!%8 ' &"(&$' 188&!':%8'&8!/')($'1.'81 &'6B+456A'
\$1!X-7' 2!' 188&!':%8':%82!/'1.'4\]7';C!/'1.'=>`'
.!& $%9' M&))!$!/' )($"%91.' )($' % ' 9!%8 ' Wa'2(&$8' %./'
then processed in an ascending series of alcohol so-

lutions for 22 hours in an automatic tissue processor 
K@!1*%7'H]4D>>NA' B2!'  188&!8' :!$!'  2!.' !"M!//!/'
1. ('#%$%);.'M9(*J8':1 2'%.'!"M!//!$'"%*21.!'K@!1*%'
ZR==P>7'R!$"%.-N'%./'*((9!/'% '%'9(:' !"#!$% &$!A'
The tissues were trimmed and cut by microtome (Lei-
*%'6,'W=DE7'R!$"%.-N' % 'a+E'b"'/1"!.81(.8'%./'
 2!.' #%8 !/' (.' #(9-+@+9-81.!+*(% !/' 891/!8' K,!.c!9'
Glaser, Germany) for in situ'6B+456A'H'"(/1;!/'(.!'
8 !#'1.'81 &'6B+456'%##$(%*2':%8'#!$)($"!/'%**($/-
ing to Nuovo et al. (11). The slides were incubated 
)($'B:('2(&$8'% 'Y>S5'%./'8&Md!* !/' ('#%$%);.':%C'
removal with xylene (I, II) and decreasing concentra-
tions of ethanol, then treated with 100 µl proteinase K 
KO'?3I"9e'\1($(.'R"M^7'R!$"%.-N')($'=>+W>'"1.-
& !8'% 'DYS5A'4\]'%./'FZ45+ $!% !/':% !$':!$!'&8!/'
to wash off the proteinase K; its digestion was inac-
 1<% !/'M-'1.*&M% 1.3' 2!'891/!')($'='"1.& !'% 'OES5'
(.'%'2!% 'M9(*J' K@!1*%'^U'=WW>NA'G!C 7' 891/!8':!$!'
$1.8!/';$8 '1.'4\]'%./'8&M8!V&!. 9-'1.'/1! 2-9'#-$(-
*%$M(.% !+'KFZ45N' $!% !/':% !$7' 2!.'%1$'/$1!/A'B2!'
891/!8':!$!'1.*&M% !/':1 2'E>'?9'6G%8!+)$!!'FG%8!'
U'KW>'fN'(<!$.132 '% 'DYS5'1.'%'2&"1/'*2%"M!$7' 2!.'
:%82!/' )($' =' "1.& !' :1 2' FZ45' :% !$' %./' =>>`'
ethanol and air dried. In situ'8-. 2!818'%./'%"#91;*%-
 1(.'()'*FGH':!$!'#!$)($"!/'1.'(.!'8 !#'&81.3' 2!'
QIAGEN®' T.!] !#' 6B+456' _1 ' KQUHRZG' ^%"-
M&$3'R"M^7'R!$"%.-N'%./'',%8 !$*-*9!$® gradient 
456' "%*21.!' KZ##!./($)7' R!$"%.-NA'H99' $!%3!. 8'
:!$!'#$!#%$!/':1 2'6G%8!+)$!!':% !$A'g!'"%/!' 2!'
glassware RNase-free by double autoclaving them 
% '=W>S5')($'W>'"1.& !8A'H'"%8 !$'"1C' )($' )(&$' $!-
actions that contained four volumes of RNAse-free 
:% !$7'Eh'QUHRZG'T.!] !#'6B+456'M&))!$7'W'",'
/GB4'"1C7'=>>'#"(9I?@')($:%$/'%./'=>>'#"(9I?@'
$!<!$8!' #$1"!$8' K*+,-*' %./' 0+%* 1.7' $!8#!* 1<!9-N7'
QUHRZG'T.!] !#'6B+456'Z.c-"!',1C7'a>'fI"@'
6G%8!' 1.21M1 ($' K4$("!3%N7' F13(C13!.1.+==+/fB47'
%./'W`'M(<1.!'8!$&"'%9M&"1.'K\]He']13"%7'f]HN'
was prepared. The thermal cycling conditions were: 
='*-*9!'% 'OES5')($'E'"1.& !8')(99(:!/'M-'D>'*-*9!8'
)($'D>'8!*(./8'!%*2'% 'OaS5'KFGH'/!.% &$% 1(.N7'D>'
8!*(./8'% 'EiS5'K#$1"!$'%..!%91.3N7'='"1.& !'% 'YWS5'
K#$1"!$'!C !.81(.N7'%./'='*-*9!'()'i'"1.& !8'% 'YWS5'
K;.%9'!C !.81(.NA'H) !$'6B+4567' 2!'in situ frame was 
3!. 9-'$!"(<!/'%./' 2!'891/!8':!$!'X((/!/':1 2'4\]'
)($'E'"1.& !87'M!)($!'M!1.3' :1*!':%82!/':1 2'4\]A'
\!)($!' /! !* 1(.' ()'  2!' 456' #$(/&* 87' !./(3!.(&8'
#!$(C1/%8!'1.' 2!'M$!%8 ' 188&!':%8'M9(*J!/'M-'1.*&M%-
 1(.'1.'P`'2-/$(3!.'#!$(C1/!'1.'%M8(9& !'"! 2%.(9'
)($'D>'"1.& !8'1.'%'/%$J'2&"1/'*2%"M!$7')(99(:!/'M-'
$1.81.3':1 2'4\]'1.'B:!!.'W>')($'W'"1.& !8A'G!C 7'
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891/!8' :!$!'  $!% !/' :1 2' 3(% ' 8!$&"' K>A>E`e'
j%*J8(.' U""&.(6!8!%$*2' @%M($% ($1!87' U.*A7'
f]HN' )($'=E'"1.& !8' 1.'%'2&"1/'*2%"M!$A'B2!'
891/!8' :!$!' X((/!/' :1 2' 4\]' 1.'B:!!.' W>' )($'
2 minutes and then washed for 10 minutes with 
4\]'1.'B:!!.'W>A'F13(C13!.1.+==+Wk+/!(C-+&$1-
/1.!+Ek+ $1#2(8#2% !+' K6(*2!' F1%3.(8 1*8' @ /A7'
\%8!97']:1 c!$9%./N'9%M!99!/'456'#$(/&* 8':!$!'
/! !* !/'M-' 1.*&M% 1(.':1 2'P>'?@'%. 1+/13(C1-
3!.1.+4TF'K=E>'fI"@e'6(*2!'F1%3.(8 1*8'@ /A7'
\%8!97' ]:1 c!$9%./N' /19& !/' =li>' 1.' =>>' ",'
B$18+^597'=E>'",'G%597'#^'m'YAE')($'D>'"1.-
utes at room temperature in a humid chamber. 
B2!'891/!8':!$!':%82!/':1 2'4\]'1.'B:!!.'W>'
and then in deionised water. Sections were de-
veloped for 10-20 minutes at room temperature 
:1 2'=>>'?@'FH\'*2$("(3!.'K,1991#($!7f]HNA'
B2!'891/!8':!$!' 2!.'J!# '1.' 2!'/%$J'%./'"(.1-
tored at intervals until color development (brown 
*(9($N'1.'%'/%$J'2&"1/'*2%"M!$A'B2!'891/!8':!$!'
X((/!/':1 2'4\]'1.'B:!!.'W>'%./' 2!.'$1.8!/'1.'
distilled water, before being counterstained with 
2!"% (C-91.')($'a'"1.& !8':21*2'8 %1.8'.!3% 1<!'
cells blue, then dehydrated in ascending concen-
 $% 1(.8'()'! 2%.(9'KYE`7'OE`7'=>>`'U'%./'=>>`'
UUN')(99(:!/'M-'C-9!.!'U'%./'C-!9!.!'UU')($'E'"1.-
utes, each. 

Scoring system 

The reaction intensity was variable, therefore a 
scoring system was used to score as follows: 0 (no 
813.%9Ne'=n'K"19/' 1. !.8!Ne'Wn'K"(/!$% !' 1. !.8!N'
%./'Dn'K8 $(.3'1. !.8!NA'B2!'/18 $1M& 1(.'()'$!%* 1<-
ity within the target cell population on the mRNA 
reaction was recorded as follows: 0 (no positive 

*!998N7'=n'K=`+WE`'#(81 1<!'*!998Ne'Wn'KWP`+E>`'

#(81 1<!' *!998Ne' Dn' KE=`+YE`'#(81 1<!' *!998N' %./'

an'KYE`+=>>`'#(81 1<!'*!998NA'L1<!'$%./("'(# 1-

*%9';!9/8'()'!%*2'891/!':!$!'8*($!/A'

Statistical analysis 

F% %':%8'!C#$!88!/'%8'"!%.'o'8 %./%$/'/!<1%-

tion. Analysis of variance (ANOVA) was used to 

compare the means. A post hoc analysis was used 

 ('*("#%$!'3$(&#8A'4p>A>E':%8'*(.81/!$!/'%8'8 %-

 18 1*%99-'813.1;*%. A

Results

U ':%8'/! !$"1.!/' 2% '%' !"#!$% &$!'()'EWAiS5'

#$(/&*!/' 2!'"(8 '1. !.8!7'8#!*1;*'M%./'(.' 2!'3!9'

)($' 0+%* 1.' %./' *+,-*'#$1"!$8'  (' M!' %..!%9!/'  ('

the target.

Scoring of in situ RT-PCR

Figures 1 and 2 show the expression of the distri-
M& 1(.'%./'1. !.81 -'()'#(81 1<!'*!998')($'0+%* 1.'%./'
*+,-*'"6GH'M-'M$!%8 ' &"(&$'*!998'()'aB='"1*!'
&81.3'1.'81 &'6B+456':1 2'/13(C13!.1.+==+/fB4A'

Fig 1: Mean distribution score of breast cancer onco-
gene (c-Myc) signal in 4T1 breast cancer mouse model 
under the effect of neem.Data are expressed as mean ± 
standard deviation.
 !"!#$%&$'( &)!*$++,-,&(,!.$)/!00!%-123! )!3456576
8!"!#$%&$'( &)!*$++,-,&(,!.$)/!0975!%-123! )!3456576
(!"!#$%&$'( &)!*$++,-,&(,!.$)/!0755!%-123! )!3456576

Fig 2: Mean intensity score of breast cancer oncogene (c-Myc) 
signal in 4T1 breast cancer mouse model under effect of neem.
Data are expressed as mean ± standard deviation.
 !"!#$%&$'( &)!*$++,-,&(,!.$)/!00!%-123! )!3456576
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Effect of neem on c-Myc Expression  

Controls for in situ RT-PCR

For the negative control slide of in situ 6B+4567'
:!' $!% !/'*!998':1 2'FG%8!':1 2(& ' 2!'#$1"!$8'KL13'
DHNA'B2!'.!3% 1<!'*(. $(9'82(:!/'.('#(81 1<!'813.%97'
(.9-'2!"% (C-91.'%8'%'.&*9!&8'M%*J3$(&./'8 %1.1.3A'
Cells that were only pretreated with proteinase K and 
.('FG%8!':!$!'*(.81/!$!/' 2!'#(81 1<!'*(. $(9A'L13'
D\'82(:8'%'<!$-'8 $(.37''1. !.8!'M$(:.'*(9($'813.%9'
for the nuclei in the breast tumour cells.

ß-actin mRNA expression as internal control

B2!' 2(&8!J!!#1.3' 3!.!' 0+%* 1.' 82(:!/' 81"1-
lar distributions and intensity in both control and 
 $!% !/'8%"#9!8A'B2!'0+%* 1.'"6GH')($' 2!'*(. $(9'
and treated mice expressed at a strong intensity 
1.' "($!'  2%.' YE`' ()' #(81 1<!' *!998A' B2!' 0+%* 1.'
mRNA signal was brown and intense in the nu-
*9!%$'$!31(.'KL13'D5+LNA'B2!$!':!$!'.('813.1;*%. '
differences in the distribution and intensity scores 
()'0+%* 1.'1.'%99'!C#!$1"!. %9'3$(&#8A'

Localization of c-Myc mRNA expression

In situ'6B+456'(.'M$!%8 '*%.*!$'*!998':1 2'*+,-*'
/13(C13!.1.+9%M!9!/'456'#$(/&* '#$(/&*!/'%'#(81 1<!'
813.%9':21*2'1./1*% !/'!C#$!881(.'()'*+,-*'"6GH'
in the breast cancer tissue. The results showed that c-
,-*'8 $(.39-'!C#$!88!/':1 2' 2!'2132!8 '"!%.'8*($!'
()'/18 $1M& 1(.'KDAYE'±'>AaEe'#p>A>EN'%./'1. !.81 -'

(2.92 ±'>AWOe'#p>A>EN'1.' 2!'M$!%8 '*%.*!$' 188&!'()'
 2!' 55' 3$(&#' KL13' DRN7' :21*2' :%8' 813.1;*%. 9-'
higher compared to the other cancer treated groups. 
The mean distribution score of cancer treated with 
WE>'%./'E>>'"3IJ3'()'.!!"'%./' %"(C1)!.'*1 $% !'
were statistically similar. The positive cell dis-
 $1M& 1(.' 1.'  2!'5WE>'3$(&#'2%/'%'"!%.'8*($!'()'
WAE>±>AEW'%./' 2!'#(81 1<!'*!99'/18 $1M& 1(.'1.' 2!'
5E>>'2%/'%'"!%.'8*($!'()'WADD±>AaO'KL13'D^7UNA'U.'
 2!'5B'3$(&#7' 2!$!':%8'%'9!88' 2%.'WE`'/18 $1M&-
 1(.'()'"(8 '()' 2!'8 %1.!/'*!998'KL13'DjNA'

Discussion

For thousand of years the evergreen neem tree, 
Azadirachta indica (A. Juss) has exhibited sev-
eral properties that are medicinally useful. The 
plant and its preparations have been extensively 
reported to have insecticidal, pesticidal, and agro-
chemical properties. Additionally, its constituents 
%$!' &8!/' 1.' %9 !$.% 1<!' KH-&$<!/%7'f.%.17' 2("!-
opathy) and modern medicine to treat diverse in-
fectious, metabolic, or cancerous conditions (12).  

There were many factors and parameters in-
volved in the in situ'6B+456'"! 2(/(9(3-' ('%<(1/'
getting the false reactive results of the oncogene ex-
pression. The maintenance of an intact morphology 
or the breast cancer tissues of the experimental mice 
$!3%$/9!88'()' 2!'"&9 1#9!'8 !#8'()'#!$"!%'M191c% 1(.

Fig 3:  A. The negative control in situ RT-PCR with omission of primer showed no positive signal. B. The positive control 
in situ RT-PCR with no DNase treatment. The brownish color of the nucleus is very strong and intense. C. In situ RT-PCR 
*,),()$1&!1+!:; ()$&!<=>?!$&!8-, @)! )2<12-! )$@@2,!1+! )/,!00!%-1236!?!@)-1&%!8-1.&!@) $&$&%!. @!18@,-A,*! $&!31@$)$A,!
(,BB@6!C6!D&!@$)2!=E;F0=!*,),()$1&!1+!:; ()$&!<=>?!$&!8-, @)!)2<12-!)$@@2,!1+!)/,!0975!%-1236!?!@)-1&%!8-1.&!@) $&$&%!
. @!18@,-A,*!$&!31@$)$A,!(,BB@6!G6!D&!@$)2!=E;F0=!*,),()$1&!1+!:; ()$&!<=>?!$&!8-, @)!)2<12-!)$@@2,!1+!)/,!0755!%-1236!?!
@)-1&%!8-1.&!@) $&$&%!. @!18@,-A,*!$&!31@$)$A,!(,BB@6!H6!D&!@$)2!=E;F0=!*,),()$1&!1+!:; ()$&!<=>?!$&!8-, @)!)2<12-!)$@@2,!
of the CT group. A strong brown staining was observed in positive cells. G. In situ RT-PCR detection of c-Myc mRNA in 
breast tumour tissue of the CC group. A strong brown staining was observed in positive cells. H. In situ RT-PCR detection 
of c-Myc mRNA in breast tumour tissue of the C250 group. A mild brown staining was observed in positive cells. I. In situ 
RT-PCR detection of c-Myc mRNA in breast tumour tissue of C500 group. A mild brown staining was observed in posi-
tive cells. J. In situ RT-PCR detection of c-Myc mRNA in breast tumour tissue of CT group. A mild brown staining was 
18@,-A,*!$&!31@$)$A,!(,BB@6!I %&$'( )$1&J!x 200  for all slides.

A B C D E

F G H I  
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and thermal cycling was crucial in this experiment. 
The negative control used with in situ' 6B+456'
82(:!/' .(' #(81 1<!' 813.%9' KL13' DHN' :21*2' 1./1-
*% !/' 2% ' 2!'#$(/&* '/! !* !/':%8'1./!!/'*FGH'
%./'.( '%'#$1"!$')$("'*(. %"1.% !/'3!.("1*'FGHA'
g2!$!%8' 2!'#(81 1<!'*(. $(9'()' 2! in situ'6B+456'
KL13'D\N'82(:!/'%'<!$-'8 $(.37'1. !.8!'813.%9'()'.&-
*9!1'1.' 2!'aB='*!9987':21*2'/!"(.8 $% !/' 2!'!))!*-
tiveness of proteinase K digestion and success of the 
8&M8!V&!. '456'8 !#8A'T<!$+/13!8 1(.'()'#$( !1.%8!'
K was manifested by the loss of the cell borders and 
*- (#9%8"'K=DNA'B2!'!. 1$!'#$(*!88'()'in situ'6B+456'
was well-controlled and the doubt of a false positive 
result was eliminated based on the results of the con-
 $(9A'FG%8!'/13!8 1(.':%8'#!$)($"!/'#$1($' ('in situ 

6B+456' ('$!/&*!'.(.8#!*1;*'M%*J3$(&./'%"#91-
;*% 1(.')$("'3!.("1*'FGH'K=aNA'B2!'2132!8 '*(.-
*!. $% 1(.'()'FG%8!'%./' 2!'9(.3!8 '1.*&M% 1(.'/1/'
.( '!$%/1*% !'%99'$!81/&%9'FGH'K=ENA'5(.8!V&!. 9-7'
 2!' 188&!':%8' $!% !/'(<!$.132 ':1 2'W>'f'FG%8!7'
%8' 2!'(# 1"%9'$!*(""!./!/'/13!8 1(.' 1"!'KiNA'U)'
 2!' 188&!':%8'%/!V&% !9-'/13!8 !/'M-'#$( !%8!7' 2!'
3!.("1*'FGH':(&9/'.( 'M!'*("#9! !9-'%**!881M9!'
 (' 2!'FG%8!'K=PNA'

U.'%//1 1(.7'(.!'#( !. 1%9'*%&8!'()'M%*J3$(&./'
can be eliminated by using digoxigenin, because 
it is not found in mammalian cells. Excellent 
results can be obtained over a broad range of 
concentrations of the labeled nucleotide (digox-
13!.1.+==+/fB4N'  ('  2!' &.9%M!9!/' .&*9!( 1/!'
K/BB4N' K=YNA' B2!' #$!+"6GH8' %$!' #$!8!. ' 1.'
 2!' .&*9!&87' :2!$!%8'  2!' 8#91*!/' %./' "(/1;!/'
"6GH'18'*("#%$ "!. %91c!/'1.'8#!*1;*'$!31(.8'
of the cytoplasm or-in cases-in the nucleus (17). 
g!'&8!/' 2!'0+%* 1.'2(&8!J!!#1.3'3!.!'%8'%.'1.-
ternal control of the expression level compared 
to the selected oncogenes for this experiment. 
\%8!/'(.'(&$'$!8&9 87' 2!'2(&8!J!!#1.3'3!.!'0+
actin showed similar distributions and intensity 
1.'M( 2'*(. $(9'%./' $!% !/'8%"#9!8'KL13'D5+LN'
K=YNA' B2!8!' ;./1.38' 8&##($ !/'  2!' 1.1 1%9' %8-
sumption that the RNA was initially well pre-
served by the 10% buffered formalin, which 
proved that the levels of selected oncogene 
"6GH' $%.8*$1# 8':!$!'.( '/!3$%/!/'M!*%&8!'0+
actin as an internal control showed a consistent 
level of expression among the different groups.

B2!'<%$1! -'1.'9!<!98'()'!C#$!881(.'()'*+,-*'(.-
cogene under the effect of neem was judged con-
;/!. 9-'1.'$!)!$!.*!' ('0+%* 1.'!C#$!881(.7':1 2(& '
any doubt about issues of RNA degradation or false 
#(81 1<!' 9!<!98' ()' !C#$!881(.' 1.'  2!' *+,-*' 3!.!A'

B2!'%M.($"%9'!C#$!881(.'()'*+,-*':%8'$!#($ !/'1.'
DW`'()'M$!%8 '*%.*!$8'K=iNA'\! :!!.'=`'%./'Oa`'
K%<!$%3!'m'=EAE`N'()'M$!%8 '*%.*!$'M1(#81!8'2%<!'%'
 2$!!+)(9/'($'3$!% !$'*+,-*'3!.!'%"#91;*% 1(.'K=ON7'
which has suggested its important role in genesis 
and/or progression of breast cancer (20).

\%8!/'(.' 2!'$!8&9 8'1.';3&$!8'='%./'W7' 2!'*+,-*'
oncogene was dominant in the CC groups. Its ex-
#$!881(.':%8'813.1;*%. 9-'2132!$'*("#%$!/' (' 2!'
5WE>7'5E>>7'%./'5B'3$(&#8A'*+,-*'!C#$!881(.'1.'
the CT group was the lowest among the experi-
mental groups, however the level of expression did 
.( '82(:'813.1;*%. '/1))!$!.*!'M! :!!.'  2!'  2$!!'
3$(&#8'K5WE>7'5E>>7'5BNA'

H. 1+!8 $(3!.' %"(C1)!.'KBH,N'18'!))!* 1<!'1.' 2!'
treatment of estrogen receptor (ER)-positive as well 
%8'8("!'Z6+.!3% 1<!'M$!%8 '*%.*!$8A'^(:!<!$7' 2!'
#$!*18!'"!*2%.18"'()'%* 1(.'()'BH,7'!8#!*1%99-'1.'
estrogen-independent cells, remains un-clear (21). 
BH,+1./&*!/'*2%$%* !$18 1*'"($#2(9(31*'*2%.3!8'
are consistent with apoptosis, including the com-
paction and margination of nuclear chromatin, the 
condensation of the cytoplasm, the convolution of 
the nuclear and cell outlines, and other typical bio-
*2!"1*%9'*2%.3!8'8&*2'%8' 1. !$.&*9!(8("%9'FGH'
fragmentation (21).

Several studies have examined the role of the 
*+,-*' #$( (+(.*(3!.!' 1.' *!99&9%$' #$(91)!$% 1(.7'
transformation and mitogenesis, and programmed 
*!99'/!% 2'K%#(# (818NA'\9(*J%3!'()' 2!'*+,-*'!C-
#$!881(.' :1 2' *+,-*' %. 18!.8!' (913(.&*9!( 1/!'
*(.;$"!/' 2% '1 '18'*$&*1%9')($'*!99'#$(91)!$% 1(.A'F!-
$!3&9% 1(.'()'*+,-*'!C#$!881(.'18'%88(*1% !/':1 2'
apoptotic cell death. ZC#$!881(.' ()' *+,-*' #$( !1.'
has been shown to be critical for the growth of both 
hormone dependent and hormone independent breast 
cancer cells (21).

B218';./1.3' 813.1;!/'  2% ' &./!$'  2!'  $!% "!. ' ()'
.!!"7' *+,-*'"6GH'!C#$!881(.':%8' 8&##$!88!/' 1.'
cancerous mice. This has suggested that in a physi-
ological situation, neem has the ability to reduce cell 
proliferation in response to the cancer in mice (22). In 
($/!$' ('1./&*!'%' &"(&$7'*+,-*'"%-'.!!/'.( '(.9-'
to promote cell proliferation, but also simultaneously 
inhibit its tendency for cell death, so as to increase cell 
.&"M!$8'  (' )($"'%'  &"(&$'"%88'KWD7'WaNA'B2!'8&#-
#$!88!/'!C#$!881(.'()'*+,-*'1.'.!!"+ $!% !/'*%.*!$'
mice has shown a tendency towards suppressing the 
proliferation of cancerous cells and to induce apopto-
818'%3%1.8 'aB='*%.*!$'*!998A
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A variety of chemotherapeutic drugs can initiate ap-
optosis in tumour cells, leading to the regression of a 
*%.*!$(&8' &"(&$'KWENA'4$!<1(&8':($J'M-'(&$'9%M($%-
tory has demonstrated that neem leaf extract has high 
antioxidant activity, and cancerous mice treated with 
.!!"'82(:!/'813.1;*%. 9-'2132!$'<%9&!8'K#p>A>EN'1.'
the means of body weight, apoptotic index, and apo-
ptotic score compared to the control group. Further-
more, neem increased the mean survival time in the 
aB='M$!%8 '*%.*!$'"(/!9'Kf.#&M9182!/'/% %NA

]&M%#$1-%'! '%9A'KWPN'/!"(.8 $% !/' 2% '#$!+ $!% "!. '
()'! 2%.(91*'9!%)'!C $%* '% '%'/(8!'()'W>>'"3IJ3'813.1;-
cantly increased the antioxidant level in gastric cancer. 
H//1 1(.%99-7',%.%9'! '%9A'KWYN'2%<!'$!<!%9!/' 2% '*(.-
8&"# 1(.'()'E`'()'.!!"'9!%)'%V&!(&8'!C $%* '$!8&9 !/'
1.'1.*$!%8!'()'%. 1(C1/%. '!.c-"!8' ('%'9!<!9'()'*("-
plete inhibition of chemically induced hepatocarcino-
genesis in rats. These studies would suggest that neem 
"%-'*(. $1M& !'1 8'3$!% !8 '!))!* '%3%1.8 ' 2!'aB='M$!%8 '
cancer model not only via apoptosis induction but also 
by its antioxidant bioactivity. The overall results show 
 2!'! 2%.(91*'.!!"'9!%)'!C $%* '2%8'%'813.1;*%. '!))!* '
%3%1.8 'M$!%8 '*%.*!$'1.' 2!'aB='"(&8!'"(/!9A'L&$ 2!$'
study is needed to understand the mechanism of neem 
leaf extract on oncogene expression. 

Conclusion

In situ'6B+456'82(:!/' 2% '*+,-*'(.*(3!.!'!C-
#$!881(.':%8'/(:.'$!3&9% !/'&./!$'8 1"&91'()'E>>'
"3IJ3'()'! 2%.(91*'.!!"'9!%)'!C $%* A
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