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Abstract GPT were significantly increased in all male AIE-treated
groups in male rats(p<0.05) and, in particular, increase of
BACKGROUND: Azadirachta indica Extract(AIE) serum GPT in dose-dependent manner raise the possibility

containing azadirachtin as active ingredient have been used of liver damage. Even through serum GLU was increased
worldwide as environment-friendly organic material having significantly in high-dose group in male rats compared to
pest control properties. However, the extracts prepared with control, there were no significant differences of urinary GLU
different solvent and from different plant site is very diverse among all groups(p<0.05). In addition, histopathological
and have different toxicity. examination of the liver did not reveal any lesions in all

METHODS AND RESULTS: In this study, the four week AlE-treated groups.
repeated oral dose toxicity test of aqueous AIE in CONCLUSION: In conclusion, 4 weeks of the repeated oral

Sprague-Dawley rats was carried out to investigate the toxic administration of AIE 2.0 g/Kg to rats has resulted no toxic
effect of liver, main toxicity target organ of AIE. The male response in liver. Therefore, AIE was no indicated to have
and female rats were divided into 4 groups, respectively; any toxic effect in the SD rats, when it was orally

control(0 g/Kg bw), low-dose group(0.5 g/Kg bw), administrated below the dosage 2.0 g/Kg/day for 4weeks.
middle-dose(1.0 g/Kg bw) and high-dose group(2.0 g/Kg

bw). As a results, relative liver weight increased with Key words: Azadirachta indica extract, Hepatotoxicity,
dose-dependent of AIE(p<0.05). Serum LDH in all Oral administration, Rat

AlE-treated groups were significantly lower than the

control in male rats(p<0.05). However, serum GOT and
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FH Bl ZEAUel ARstAY ek wiskE o
o7le Aisokl digh w7 g5 Al we
(Woo et al, 2010; Kim et al, 2010), sAFEo] A75] o
e AFAY AAE 9T Qe 3 sAEY AS
T7F 3obA|al QItHChoi et al, 2011). 53] HA 2E3+%
S A715QAA 2 1A ebdel tist 4n|#ke] AlF el 3
ol w2E Aol AREEE WErE A7 Solut 2014d @
A FEivetel 10001F0] 5534 Y FAAZF = Stk

AA AEFEE 7lsdx Al dig <
A FEE] BpolsxInis WAlay, 3 F259% 1L
FH FE=o] WiFEFPY BAle 523 7 5
A77F K=o} ghriMadhumathy et al, 2007; Park et
al, 2008). “1 FIM% Y(Azadirachta Indica) o142
o}, opxrg}7}, ofrlofe} nl= Foll ¥ AlEEA(Mohammed
et al, 2012), H5%% W Fad(active ingredient) °.%
azadirachting 3+t o] f-E|uvpeHent ofhet A2 ©.
2 AFE K sh=d 9] ARl It Schmutter, 1990).
HE 4852 3 FEEY /e e vt =5
9 FEgufe] et 7 55 9 ko] g RuEy
ot | FAeAN FES FAE 258, Yetgol 49, 3
o 37} ¢l om(Dixit et al, 1986; Boeke et al, 2001),
g9 FEAFEEL WA A (Kroes et al, 1993), &
I (Khosla et al, 2000), 7+ HE28(Bhanwra et al,
2000)°] Sitkal HaE ok W, thoket WEEE S s
HE84 F580] Holld el AlE F 7HE B0 2
H, TApoA FET FA9) FRAFEES AFoRE O
FAJo] oFsltia Ha1E It Boeke et al, 2004).

HEEE2 8479 azadirachtin® @ $-g|ueloll A
FgoE TEHY T gt BHEA, FAERA A
© AR Sl | ARl uis AlRAE SR s
AAZN FQ EA7]iHtarget organ)s {HOE Rl
NOAEL(No Observable Adverse Effect Level)2 32
mg/Kg bw/day® 27t v} QlOH(EFSA, 2011), ==
FHESHAME g HEol tigk 90 A FelA 1t FF
4l GGT(Gamma-glutamyl transpeptidase)®| 5717} &
Z¥o] NOAELS 7¢l4 2.3 mg/Kg bw/day, @7°l
A 2.7 mg/Kg bw/day® 274 nu} QITHEPA, 1991).

o} o] JEEE] 1T &l n|R|= gkl st A
TEo| st ZH I glov, tiHE vepacide & Al
e AR SR ol FoA|aL glom, AA vt
71EQAA ARES] ZAl AMEEE FEE ARl g
FA/ AL mu|sk Adstolth wabs, & ATl ME ¢
et X {71 sQAA AL Al AREE T84 HE
5 ARE olgste] 1ol nAl= 54 e ERlstaal,
o) 45 WMEATSAANDS Tl dqseA A
E Y2 24 EYEH wskE BEso RN 8 HEE
9] ks ERlskGith

fr 2 Ho

TR

Al =2

AlgE Alsed frEeEs MR 84 HFEE AR
E Tete] ARESIGITE F 1842 g/Kgd azadirachting:
SHi{(azadirachtin A 8.2 g/Kg, azadirachtin B 3.45 g/Kg,
deacetylsalannin 1.65 g/Kg, salannin 5.12 g/Kg )3t
T MRS AYVRE st Hlo] FatA ke e 870l
ot A2olx masigl o, AHEAA 022 UL filterE ©]
g3to] of3t & Hytapel 34 sto] ARESISITE

=0 Oj

—_
EEANRS Fnqnetae] ER4EAS 2
& o} SN0, A|FEEE SPF Sprague-
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(NAAS 1305)= ®*
Dawley(SD)7l HE=E FKoatech(Kyunggi-Do, Korea)©.
2 RE 2 ol 15U1t 3 F ARSISITE AldEE
HATe] £20% W9 el 9= 458 97l gl o
v 10nte ] Fe ARSI, AR =S 1 23482°C
AUIHE 5545 %, ZHAIZE 12417k0 2SIk 450 A9
713 53F ZETEEMIO|E ARgARLe] 2~ 3ukely Yo} AlY
siglon, 23 AkRe ARAR Az

O

AsE & Fo{dH
oRFAATAN YL XA 1A Al 2012-375.9] HHERo
A58 Aol Fato] Alegich A E 8 S A
&l(Yoon et al, 2014)9] 5453 419E E3 2o LDs
(Lethal Dose for 50 percent)s 7% #5505 g/Kg;
LDs®] 1/4), 55(1.0 g/Kg; LDs2 1/2), IL5%(2.0
g/Kg; LDs)?] 355=E AAste] Al a 7ol Folslsl
3, ETS HrE ARSIt AIEEAS EUE olE
ato] 47714 18], TS ALlst F 53] Folaty 5
FUst AZtel| 9 o} Al B SRl
W T Be AdsEel disl Wil 13] o]y 4A
of AWM ®igl, FETAEE, AFEEEY] AT E
A

RE AgEsEel st Aded Fol /NLRTH 45
= fl3 CO% viHlstol &

o A3 B F sle] Hekow 1 ksl ol

A e Fol 4°C W B 3 F 10,000 rpmelA] 15
2+ Y48 (Hanil, supra 22K, Incheon, Korea)3}3lo.
= AFE A8 A AL dixpAelAlel Yol k AlRE
Haksitk "o 2 0] Aseta] BAE Sl AEys)st
A7](Beckman coulter, AU480, Miami, USA)E ©|&3}

LB(Albumin) %, ALP(Alkaline phosphatase), GOT
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Table 1. Effects of Azadirachta indica extract on relative
liver weights in Sprague-Dawley rats for 4 weeks

Sex Cor};e/nlzl;;tlon Relative liver weight
Control 0.034+0.002¢
0.5 0.035+0.003¢
Male
1.0 0.03840.003P
2.0 0.041+0.0022
Control 0.030+0.002¢
0.5 0.032+0.003¢
Female
1.0 0.03640.002b
2.0 0.042+0.0042

Mean+SD with different alphabetical superscript along a
column are significantly different(p<0.05) among groups
administrated by different concentration of AIE.

(Glutamic oxaloacetic transaminase), GPT(Glutamic
pyruvic transaminase), GGT(Gamma glutamyltransferase),
D-Bil(Direct bilirubin), TP(Total protein), LDH(Lactate
dehydrogenase), GLU(Glucose) 9} U-GLU(Unine-Glucose)
= SAsoleh g, dosha wsks Avley] flste]
Al5=71(Scil, Vet ABC, Colorado, United States)E ©]&
3Fo] WBC(White Blood Cells) ¥ RBC(Red Blood Cells),
HGB(Hemoglobin), HCT, MCV(Mean Corpuscular Volume),
MCH(Mean Corpuscular Hemoglobin), MCHC (Mean
Corpuscular Hemoglobin Concentration), PLT (Platelet)
= S48t
BE AdEEelM AEd k2 10% 573

3117%J A4 Hematoxylin Eosin(H&E) ¢34 % 33tgn|7 0.
400Kl M AT

SH =
kg )5k BAEAS SAS(version 9.2, SAS Institute
Inc,, Cary, NC, USA) &35 o] &33ith AdE4 7

o7y tjxrre] AolE vlwaly] flste] general linear
procedurei HA5F5.0H pairwise t-tests o]&3to] £
A} 0.05 EellM B7Fsteich

2] b

= i

)
n
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S W AT S B TolA AR St
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Zat Hlasko] {94 2] Ko
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o] BT 4 B AwEd 0.5 g/Kg FoATE
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Table 2. Effects of Azadirachta indica extract on serum biochemical parameters in Sprague-Dawley rats for 4 weeks

Parameter
Concentration
Sex (g/Kg) ALB ALP GOT GPT GGT D-Bil TP LDH GLU
(g/dL) (U/L) (U/L) (U/L) (U/L)  (mg/dL) (g/dL) (U/L) (mg/dL)

Control  3.56+0.17 142.08+24.00 104.42+18.70% 45.58+7.51% 0.00+0.00° 0.06+0.05° 7.10+0.372 448.27+253.98* 153.57+55.23P
0.5 3.51+0.14 139.72414.37 97.49+19.15% 47.71+13.92° 0.10+0.19* 0.06+0.05° 7.05+0.232 382.09+190.222b 141.64+45.98>

Male 1.0 3.44+0.18 142.67+35.73 89.91+11.62° 58.21+14.23%0 0.12+0.19° 0.13+0.09% 6.66+0.30° 280.09+110.55> 320.46+88.25
2.0 351010 144.13+14.65 120.82+48.00° 69.80+17.88* 0.45+0.57% 0.17+0.05% 6.89+0.172b 306.82+115.97% 339.35+65.45

Control  3.46+0.16 109.67+14.85* 103.63+24.252 41.90+4.61 0.54+0.43> 0.06+0.07> 6.64+0.28 554.91+358.86 96.21+35.532

Female 0.5 3.39:£0.15 88.12+15.10 89.5149.362b  35.21+4.88 0.29+0.33P 0.09+0.062 6.66+0.30 409.09+219.71 77.48+30.87°0

1.0 3.32+0.17 80.02+9.88b¢ 99.25+42.25% 42.68+19.87 0.49+0.32" 0.07+0.06® 6.66+0.38 468.80+372.48 61.32+20.97°

2.0 3.45+0.22 71.38+11.65¢ 79.83+11.81P

33.3945.97 1.01+0.39% 0.14+0.03% 6.80+0.41 347.00+189.12 70.52+27.75%

Mean+SD with different alphabetical superscript along a column are significantly different(p<0.05) among groups administrated by

different concentration of AIE
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Foigt oA AH g GAS FAPseht
A Eete] 1 71e #EE AWl ALB, ALP, GOT,
GPT, GGT, D-Bil, TP, LDH¢} d% GLUY g w3l=
292 A7R= Table 28} 2tk GOT, GPT, LDHEZ/32 Al
XA A APE - SRR H|Eo] "3 o] Tt
e 5 7 0 A AR 7 9tHOzaki et
al, 1997). £3], GOT9} GPT+ 71, A%, A% 5ol wol
o] Akt 7k 5o S]] sl Al 22
ool A4 Al @Fo= frEEo] 7t FobA 1F 4
A2 o] FHTHReitman ef al, 1957).

B oAgo $79] 4, GOTE thxy) vlwsh S
WEE FoFoA FoF o7 eI B8 GPT+
=] Fojggo] F71ge] wet oA ow F7leks
ARE LDH+= o] skel we} foAoz Fhasqlvt
(p<0.05). HH4, A AAE=GOT7F AlEA Fol &) &
7¥E o 0% Fhastel A b AeE ®elow
(p<0.05), GPT} LDH+= o]l uk& zto]7h glSith

ol Mo A P=olA| azadirachting 0.5, 1.5, 4.5
mg/Kg 604 &<t A7 si3is W GOT+ ooz
7Vt o, GPT+ Blsh} Slole(Gupta et al, 1998),
i Al (vepacide)< albino % e 90YUE<E 0.08,
0.16, 0.32 g/Kg Folg A3 GOTS GPT+ S71st 22
Z YehpKRahman ef al, 2001) & Ago] 471 Aw}9}
ARsRSITE HbE, 7 A= J KSES ofgl 2ol &3 A
FEAE 60 U 52t 0.360, 0.566 mg/Kge Folatsls ol
GOT$F GPT7F Hasielvhal s o ™(Gupta et al,
2001), @ ¢ olgkE 559 azadirachtin d0] w9~
7re] A4 ksl 73 LDHE 7H4aA1A Wk 549 &%=
oot A L gtk RSt tDasgupta et al,
2004). ¥ Alg Al izl vis) AlEAedte] LDH
= s od GOTeF GPT7F 5718kl v 53] GPT7}
Al FE EAORE TN O ER, FAA 7 &3
7FsAdol dtkar 7= gl
D-Bil # Alge] A543 $73 R oA iz
o wal] 8oz F718FAtHp<0.05). D-Bild 7HEA,
7AW, S5, A Aoy 7t Uig) g% #e A

AREEY, Bl 28 2 JIS vHE B4 AME
24 SltKLee, 2002). 121}, 17| A-olA bilirubin

et ksl @t Qltha ®a(Stocker et al,1987;

Neuzil et al, 1994; Siow et al, 1999)% 1. §lo], 84
HFEEE QIS D-Bil 719k 1F &34 Aol #sto]
F7HQ) A77F 2R3 ZoR AlRH:

P EAR ALPE B 749 AsEEA 94 1H,
g} soll st g #A FelX F7HcKSong et al, 1996;
Lee et al, 2003). GGT+ UH 7] %o Ax 2 A
W, AL Qe ARYE & 5 e, GGT7F =2 74
T Al 28 gy B AR 2hg-e 4= glrk AN
GGT S7ktez Ahs Adstolrs= Qkal, ALP7h
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Aogolepd AWkl Shgo] ttolA|i= Z10® HaHo] i}
(Lee, 2002). whA], & =79 A7g By 979 4 &=
T GGT7F tizrel vjsl] oA oz F7ksl 1k 249 7he
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S FoA1 Apoli= HolX] Fal PReM = 28]E i
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1985). B3k E7jolAl 28Y st H2Y(5 mL/Kg) H
FEE(5 mL/Kg)& Fod A9olx IS e avpt
A3 HKhosla et al, 2000). BHH, HFEAF 5 mL/Kgs
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2 Ao goNstA HAL A7t Wl Table 37 2tk F
A, MITE =7 ol T A2 ARl AN Tk
PLTS] 73-%Buss et al 1994) ¥ A|Fojx= A3} =7
BollA] gz vus W GFEE AIEEL Foiil
Al AR Apolzt YA grom, a4 HEo R st
Yot ST N AsEE sH= HCTSX(Elliott ef al,
2005) FEgk BE AlFsEA Y TS FASITHKIm
et al, 1993; Kang et al, 1995).

w3, WBC % RBC, HGB, MCV, MCH, MCHC%.
A G HE BFofA] Fof sl wE {23l vigt
Sle Zo® yeht, H3EE AdEde] e 7oy &
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Table 3. Effects of Azadirachta indica extract on hematological parameters in Sprague-Dawley rats for 4 weeks
Gey Concentration Parameter
(g/Kg) WBC RBC HGB HCT MCV MCH MCHC PLT
Control 29419 7.5+3.1 124435  41.3+188 51.0£169  15.1£1.2 27.042.0 138.6+143.8
Male 0.5 4.642.1 9.7£1.5 13.4+1.9 53.948.2 55.8+1.3 13.9+1.7 25.043.0 414.4+120.4
1.0 6.4+2.5 8.7+1.4 13.6+2.2 48.6+7.8 56.1£1.8 15.7+0.5 279404 227.0+£265.8
2.0 52434 6.7+2.6 10.2+4.5 3724152  54.8+1.8 14.8+2.2 26.943.6  147.8+£123.8
Control 2.7+3.1 57+2.7 8.2+4.3 31.2+¢15.3  54.840.9 14312 26.0 £1.9 190.2+210.4
S 0.5 3.0+2.7 6.9+2.2 99431 3714124  53.6+1.3  14.3+1.0  267+21 173.5+153.5
1.0 2.843.2 6.8+2.4 9.0£3.8 3691134  54.3£1.8 12.0£3.6 22.146.6  203.3+203.0
2.0 3.742.9 6.5+2.8 8.5+4.5 35.3+£15.8  53.7£1.6 12.1+4.2 22.3+£7.7  208.7+180.7
= T Ao 72 w2 Jlo® ddE . Eyong Tk ATl —%%%94 TESM OE = T
T(2013)& mhenel]l 28%%F | 9l ell|be FEES 200 GLUZF WslahA| ekgel weh P X 5o dig avks gl

mg/Kg bw Folalal&
A7} AaskglA et

mg/Kg&

WBC, RBC, HGBS%]¢] 9]

o msel ¥ o Aseh fAlaktt

HEEE Alsfo
3} 7}o] ok =]
3} o]

FTET x‘ ﬂ%ﬂi Aol w2
7Fs3E ASsIloy Al wE St
Fro® fAg wet YFEE E4 Fo= <l
7Fs/Ade vtk Rojxirh
Modak $(2007)2 Y& Tl A8 &

R 3180w, Gonzalez5(2010) %= ‘é

ol— 4 U]._?‘/\oﬂ 1501

W e F YR oRjel AEA 2

w o272} v)wsted WBCSH PLT
$9149) Aol molA] kT w3
31921, Gangar 5(2010)2] ATolAT
2477 AT Tl
Aol ¥

b R S

FE 100

2wtz vmae]
a1 e it

A st B2 g3 A FEE §

l oahd

79 4% GLUO]

HEE

F7Rel et P
LU e

e

a0

1% o)

3 ®ask bh

2 4 it

Table 4. Effects of Azadirachta indica extract on urinary
parameters in Sprague-Dawley rats for 4 weeks

Sex Concentration U-GLU
(g/Kg) (mg/dL)
Control 27.71+15.14
31.02+4.80
Male
30.59+10.09
27.47+10.90
Control 26.73+6.37
23.62+0.07
Female
25.95+6.79
27.3145.34
Zlo| ZxlshY w3}
7re] £} AEESH&E @4 4002 #E3s Avp=

Fig. 13} 2T} Al87, 457 05, 10, 2.0 g/Kg& 47
Ao AT Foigh A3 2H(congestion), Y W

Fig. 1. Effect of Azadirachta indica extract on the liver microscopic findings of Sprague-Dawley male rats after
oral administration for 4 weeks. Panel A: Control, H&E 400X, Panel B: 0.5 g/Kg, H&E 400X, Panel C: 1.0 g/Kg,
H&E 400X, Panel D: 2.0 g/Kg H&E 400X.
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“d(granular degeneration), ¥AHnecrosis), HIT &
(lymphocytic infiltration) & %+ ZZ]eA2] ojugt o]}
WA P 9Rlth Deng 5(2013)S & oA A}
5 A=TE obd wheAoA W FARFAAN FES oY
& #3116 g/Kg bw=Z 28U3F ok 7501 sl3le o
¢ A4 7+ A%(liver lobule)d S &8(central
venous congestion), 2] A #5/4) ¥/ (fatty and
granular degeneration)©| %‘ﬂ"*ﬁrL Huspgi el
Rahman 5(2001)% H¢ 448 A< vepacideE 0.08,
0.16, 0.32 g/Kg2l §7F0= 90 F<t Folge wl 71| ¥
AZE QAL BaskiEd], ARSE A E7F SR A
Aol E2)%o] azadirachtin $FHgo] 12%0°] o|2+= ¥+
FeElom AdsEe] Foives vhE ¥ A9 v
F0)]lt}. 5973t azadirachtin A+& ©] 8314 LDs
1/1075R1 57 ppmO2 A=l 1~3% A5 A7~ Aol
% Zbel| &3¥(congestion), TE d(hydropic degeneration),
Y XHnecrosis) &+ HZF F<r(lymphocytic infiltration) ¥}
T2 A A wsPt #EE It Abdel Megeed et al,
2001). Wb, | Qle) wigkE: 355 05 g/Kge Aol 24
7} 549 109 &3 A7l sto] P Al s A
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