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2-Week repeated oral dose toxicity study of 1,4-dichlorobutane in rats
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ABSTRACT

Objectives: The present study investigated the potential subacute toxicity of 1,4-dichlorobutane (1,4-DCB) by a 2-week re-
peated oral dose in male Sprague-Dawley rats.

Materials and Methods: The test chemical was administered once daily by gavage to male rats at dose levels of 0, 74, 222,
667, and 2000 mg/kg/day for 2 weeks. All rats were sacrificed at the end of treatment period. During the test period, clinical signs,
mortality, body weights, food and water consumption, urinalysis, hematology, serum biochemistry, gross findings, and organ
weights were examined.

Results: At 2000 mg/kg/day, treatment-related clinical signs, as evidenced by hypothermia, decreased locomotor activity,
piloerection, lying on side, and prone position were observed. All the rats were found dead on test day 2. At 667 mg/kg/day,
polyuria, suppressed body weight gain, food consumption, and spleen and thymus weights, and increased adrenal gland and
liver weights were observed.Hematological and serum biochemical investigations revealed increases in the alanine amino-
transferase, alkaline phosphataseand total bilirubinand decreases in the serum Na' level, white blood cell count and
lymphocyte ratio. There were no treatment-related adverse effects in the 74 and 222 mg/kg/day groups.

Conclusions: In the present experimental conditions, target organs were determined to be spleen, thymus,and liver. The

no-observed-adverse-effect level was considered to be 222 mg/kg/day in male rats.
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1,4-Dichlorobutane (CAS No.: 110-56-5; 1,4-DCB)-2
dichlorobutane®] TFeFgt o] WA F2] stz #E=4
L 161~163°C, =72 -38°C, 12|1l BA}2]-S C4Hs
CLe 545 7HAaL Atk f71daA ol &oh= 4
o] M4 FEEARE F4d4dH2 nylon 6,69 AA =
AHEEE, AEl A A G ASEA| Q] tetrahydrofuran 9]
A SOl & G A= AL Qi 1,4-DCB= $-2u
gho A Azt GETFo] 181,487 =2 tYAF 3leHE

Z(high production volume, HPV)& 3]dto|L} H|ALo]
F19 2o ZEA b A =EE o A T
A 7HsAl o] =tHMerk Milipore, 2013; KOSHA, 2007).
Ak QH A 2 T (www.kosha.net)of| A 455}
Q= ExlobA H A X} & (Material Safety Data Sheet)

27, 14-DCBE 7} 73 9 53710 2=
SIek A olo] St Aat QB Au o)
©. AsF& o |tKOSHA, 2007; Sigma-Aldrich, 2013). ©]#
of FEAR AT 2R, e ATR] WA
3420 mg/kgol2tal shH(Merk Millipore, 2013), ICR 1}-$-
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lute toxic dose)S FA}SIAL, 135 olFAEAAAIE Y
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3 Aol motel|E el 0 mnE ol
659 9 =7 EXRH YA A (specific pathogen-free)
Sprague-Dawley S AFg-3helch 122719 7
W 431E 712§ Ageltn BE AL Aol
Aol ARgsEith e AMREE S % 23+
3°C, ASE 50 £ 10%, &7]314 13~183)/hr, ZHA|7F
12A] 7H08:00 H5~20:00 &%) Y Z= 200~300
Lux=z HAE ARE oA 2H| 1 AA] ARSSAL
(235W x 380L x 175H mm)o]l ARSARIS 2ufej =g
sigon, Bae AREEE DR, Be)ol
Noreg ALg BAAAG. B A AHSE BE
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% E-2 1|3 National Research Council (1996)2] “213
e et ARgof gk AH7| wheEl [5-A]5HR

on, 3EAES () B2 ALY (Ins-
titutional Animal Care and Use Committee)2] %<1 3}
T2 = ek

2. AEHEE Y Fof

H AJgof ARE3t 1,4-DCBE Sigma-Aldrich Co. (St.
Louis, MO, USA)o|A] G435} AlEslgom, o
2|7l of| Fof-ggFoll 9| comn oil (Sigma-Aldrich Co.)o]
aflsto] zAskATE HPA tiE2-E com oil -§A
TS AFESHATE AEEEL A AR St
o, Tl 7Y 2ol S AMAE AlF= 7]
Z207 ket 2 mE AASFATHKIm =, 2010).
AR Y U EFHE A
% 30vkele] 47 A= 4] A
50l WHiE =S AlSEelel o3 73 2
2] st3lct oAl 1,4-DCBO] 7 4-RE=2] Ak
420 mg/kg o2 LA Qo (Millipore, 2013), &
Joj Al =3yt T3] o] SAgAFollA 2L
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3~4 AIZF ERF At Al F oF 1 mlE F5to] &
AAE A3 2| (Multistix 10SG, SIEMENS, USA)9} &
A5 B4 7](CliniTek 100, SIEMENS, USA)E o]&
3lo] QW (glucose)T} W] W(bilirubin). A=A (ke-
tone body), £ H]|Z(specific gravity), FF&(occult blood),
pH, QW (protein), 32 % 2] %= Zl(urobilinogen), o}
AFA(nitrite) 9 ¥ E (leukocyte) S =453 Th

7.8

Sl F 4] BE AEFES e =g n}
AN Ao TPl HHL AN F
S 9 E e Beslol A A D
A 710 clsto] 8212 BAE AAIsHlon], ek 2
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3 Fo % oF | ml& 3531491 EDTA-
2K7} 591%)+= CBC bottle (Vacutainer 3 ml, BD, USA)
of] 913t 5 X NE A 7|(ADVIA 2120, SIEMENS,
USA)E o]-&s}o] wiEL4(white blood cell count, WBC)
I A8 4 (red blood cell count, RBC), &35 -(neut-
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1,4-Dichlorobutane®] W= 25 W&

rophil, NEU), ¥ Z-(lymphocyte, LYM), ©&-L(mo-
nocyte, MON), & Ak+L(eosinophil, EOS), & 7| (ba-
sophil, BAS), o3& n] A A A Z(large unstained cells,
LUC), 3|ut&E = E] E(hematocrit, HCT), |2 =24 5=
(hemoglobin concentration, HB), %] & -8-%](mean
corpuscular volume, MCV), % & 1E M A F(mean
corpuscular hemoglobin, MCH), H#Zd &M A
(mean corpuscular hemoglobin concentration, MCHC),
A BE3E(red cell distribution width, RDW) 4 &
ZH~(platelet count, PLT)E =43}tk

9. FEM3stE HAL

4 Al A 9 YEE clot activatorZ} £°]
=5 ml €2 vacutainer tube (IMPROVE, H\/JPROVE
Germany)o]] 43k 152083+ Aheo] WAsle]
TAZL B 3,000 pmeE 10 E7F A —.—E](MF300
Hanil, Korea)s}ith HIwE dAL dNWAsIstE
A 7](AU 400, Olympus, Japan)E ©]-&5}o] ofAulat

ZAF ofu] - # o] § 4~(aspartate aminotransferase, AST)
@} dehd oln|i=F o] f Ay(alanine aminotransferase, ALT),
ZHe) A QA=) A A (alkaline phosphatase, ALP),
=9 4~ 4 (blood urea nitrogen, BUN), Zg|o}Ejd
(creatinine, CRE), %(glucose, GLU), &3~ H=

Table 1. Clinical signs of male rats treated with 1,4-dichlorobutane for 2 weeks

Dose . Days after treatment
(mg/kg/day) Findings 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 Appears normal 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
74 Appears normal s 5 5 5 5 5 5 5 5 5 5 5 0 0 0
Polyuria o o0 o o o0 o o O O o o0 o0 5 5 5
222 Appears normal s 5 5 5 0 0 O 0 S5 5 5 5 0 0 0
Polyuria o o o o 5 5 5 5 0 0 0 0 5 5 5
667 Appears normal 5 5 5 5 5 o o0 0 0 o0 0 0 0 0 0
Polyuria 0 0 0 0 0 5 5 5 5 5 5 5 5 5 5
2000 Appears normal 5 0 0 - - - - - - - - - - -
Hypothermia 0 5 - - - - - - - - - - - - -
Decreased locomotor activity 0o 5 - - - - - - - - - - - - -
Staining around mouth 0o 5 - - - - - - - - - - - -
Piloerection 0o 4 - - - - - - - - - - - _
Prone position 0o 2 - - - - - - - - - - - -
Lacrimation 0 4 - - - - - - - - - - - - -
Lying on side 0 1 . - - - - -
Death 0o 0 5 - - - - - - - - - - - -

A single rat may be represented more than once in the listing individual signs.
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(total cholesterol, T-CHO), &4 Z(total protein, TP),
A o}lgl QlAE Ax(creatine phosphokinase, CPK), &
Hol(albumin, ALB), &3 &]F4l(total bilirubin, T-
BIL), = X|"(triglyceride, TG), F-7]214HKinorganic pho-
sphorus, IP) B! Z¢:(Ca”) =2 ZAsHh A3
.o A} A7) (RAPIDCHEM 744 Na'/K'/CI' Ana-
lyzer, SIEMENS, USA)Z o]g-3to] =459tk

A>T & &F %1 Asi AT =43
Aol AAAT= Bt
ﬁ-r-l%x}i R85t on, dYuAE
analysis of variance) .2 EA%F T} §-9x17} Q1A
ZY Dunnett TFEH|DH(1964)0.2 7+ S9x&
BAST QuE AL Anel 2 vjng:

AFE A (one-way

o] tj=n|we 7§ Oﬂﬁ Kruskal-Wallis* H-test (1952)
£ Axsigom, e 7 Aol A EAE 44
3 5 F7F 89 Ag O] Q14 =™ Mann-Whitney U-test
2 23 FoAE EAs I AlfAR tiet 54
&FA] B2 Path/Tox System (version 4.2.2; Xybion

S
Medical System Co., USA) @ SAS software (version
9.1; SAS Institute, Inc., USA)E ©]-&3}o] AL
% % 1%l4 $2)3E AAsac

m. 38

1. AIUSE Y duts 4
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Table 1] £ 9F5}¢Ich AJ@PEH 0
2}9(prone position)2} 3] 2}9](lying on 51de),
(lacrimation), ¢] X (piloerection), A5 7+4(decrea-
se of locomotor activity), ] A|-2(hypothermia), T}kc(po-
lyuria) 2! 59 & A(staining around mouth) A7
So] WaE gtk 4] 2 A5 2000 mgkg/day o
oA FoZAl T 1A & Hlee pHEE ]l
Foj7fA] Z 2470 = 2000 mg/kg/day Folwto] &
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Table 2. Body weight changes in male rats treated with 1,4-
dichlorobutane for 2 weeks

1,4-Dichlorobutane (mg/kg/day)

Parameters
74 222 667 2000
No. of rats 5 5 5 5 5
Body weight
(®
Day 0 170.9ai 1684+ 169.6+ 1700+ 162.7+
5.29 2.61 4.89 4.20 4.90
Day 7 2253+ 2248+ 2087+ 190.8+
15.19 5.41 18.49  3.92
Dayl4 260.7+ 26691+ 253.+ 220.8%
11.98 5.19 8.40 8.35
Body wel%ht 899+ 985+ 837+ 508 £
gain (g) 6.77 5.12 8.55 9.728

* Values are presented as mean + SD.

b Body weight gain = body weight on Day 14 - body weight
on Day 0.
Slgmﬁcant difference at P<0.01 level when compared with
the control group.

Table 3. Daily Food consumptionin male rats treated with 1,4-
dichlorobutane for 2 weeks

1,4-Dichlorobutae (mg/kg/day)

Parameters

74 222 667 2000
No. of rats 5 5 5 5 5
Food
consumption
(8
Day 0 20.1% 194+ 180i 151i 2.1%*
0.86 0.17 0.35" 1.59" 0.20
Day 7 207+ 222+ 207+ 163+ )
1.48 1.72 2.64 8.45
Day 14 218+ 240+ 268+ 224+
0.34 0.09 2.80 0.72

a*Values are presented as mean = SD.
Significant difference at P<0.01 level when compared with
the control group.

b | 1% % T Eo] AAA AFZ7IE YE
Hotet vt mg/kg Folto A AlFEE Fo
MA 329 9 14UA AFD AFF 7}%1 ES
off sl 2z} li@oi ol A sk
3 ARNHY W SN
AFRAFFS SHT AT Table3o] A R vRe}
Zol A=A Foldtol A FoATNAIYL AFRAF &

o ghzol ua| SFelEAom Fasidrt 22,
667 Bl 2000 mgkg/day Foftoll A o] AL H TS
gzzol wa) 217 BASH o SoloAl T
At BT =4 ZA7NTable4), 2000 mg/kg/day
Folo e Fol7fA Do AdF o] kol Hls)
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Table 4. Daily water consumptionin male rats treated with 1,4-
dichlorobutane for 2 weeks

1,4-Dichlorobutane®] W= 2F HIEAHF R ZA] A

)
w

Table 5. Urinalysis findingsin male rats treated with 1,4-dichlo-
robutane for 2 weeks

1,4-Dichlorobutae (mg/kg/day)

1,4-Dichlorobutae (mg/kg/day)

Parameters Parameters ~ Grades
74 222 667 2000 74 222 667
No. of rats 5 5 5 5 5 No. of rats 5 5 5 5
Water GLU - 5 5 5 5
consumption
(© BIL - 5 5 5 4
Day 0 214+ 245+ 305+ 303+ 213+ + 0 0 0 0
0.74 0.09 7.76 2.85 1.16 1+ 0 0 0 1
Day 7 264+ 305+ 276+ 46.0% )
v 191 187 351 480 KET - 4 0 1 0
Day14 255+ 341+ 37.0 £ 64.2 £ + 1 5 4 2
_ 0.79 4.06 1.53 10.13 I+ 0 0 0 5
*Values are presented as mean =+ SD.
Significant difference at P <0.05 level when compared with 2+ 0 0 0 0
*Ehe control group. 3+ 0 0 0 1
Significant difference at P <0.01 level when compared with
the control group. SG = 1.005 1 0 0 0
1.010 0 0 0 0
At 02 GO QA hastaich W, 667 mg iS00 00
/kg/day Folgto A= Fof7iAl & 7L} 14UdA o], T1 1.020 ! 0 0 !
2l 222 mgkg/day ol M FoHAl F 14 tzs 2 1 > 0
A B3] el vl 242 BAEHE 0= ROl =10 ! > !
H 6.0 0 0 0 0
1A Z7reksict. P
6.5 0 0 0 1
4. QA 7.0 0 1 0 0
Tableso A 1= ule} o] WE AFE 87A} .
_ 8.0 5 3 4 3
FEolA Al e Fojof 2Tt fold e Wk RO \ \ ) ,
wEE A ok
+ 1 0 0 1
5. Sotx RHAA 0 0 ’ :
_ = 2+ 4 4 2 3
Fol A F 14A] BE HEFRE FHsto]
8914 HALAS PAT ANAR vAIA), 74 2 o0 100
= URO 0.1 5 5 5 5
222 mg/kg/day Foiwtox FAE] IA(redness)o]
Zh7} 19 TR e o
NIT - 5 5 5 5
6. SO EHA ZA} OB - 4 5 5 5
HolsLA] A T Table ), 222 mg/kg/day F-oiF - : N,
- +
o4 RDWS} MON ulgo] tjz2o] ula) 212} 57| : ooy v
_ - 2+ 0 0 0 0
spE o= o QA 7tk 667 mykglday % ac SR
oj7o A= MCHC2} PLT, WBC ¥ LYM H|&09] i
2o v3l 2+ EAS AR 2ol 97 A * ! ! 2 4
1+ 3 3 1 0
3t vel, RDWS} NEU % MON H&& 22 54 e,
FHoR g4 A FIH SO

7. EHMEIEE ZAL
S YA 3}FeHA] A I (Table 7), 222 mg/kg/day

http://www.ksoeh.org/

GLU, glucose; BIL, bilirubin; KET, ketone body; SG, specific
gravity;OB, occult blood;PRO, protein;URO, urobilinogen; NIT,
nitrite; and WBC, leukocyte.
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Table 6. Hematological values in male rats treated with
1,4-dichlorobutane for 2 weeks

3
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Table 7. Serum biochemical values in male rats treated with
1,4-dichlorobutane for 2 weeks

1,4-Dichlorobutane (mg/kg/day)

1,4-Dichlorobutane (mg/kg/day)

Parameters Parameters
0 74 222 667 0 74 222 667
No. of rats 5 5 5 5 No. of rats 5 5 5 5
12 732+ 7.28 + 7.14+ 7.65+ 8390+ 97.68+ 108.141i 84.84 +
RBC (x1077) 735 030 0.27 0.15 AST (IU/dD) 3.66° 16.91 9.25 16.74
B (g 40BE 14025 1370+ 1406+ ALT (1U/dl) 372'59‘;i 397'393i 465'32; sg.gg;
& 0.29 0.84 0.37 0.34 : : : .
213.08+ 21410+ 29670+ 394.12+
HOT () 4374 4374% 4204% 4386 ALP (mg/dl)  “30330 3038 5459 110417
2.63 2.63 1.37 1.57 BUN (mga)y  \68% 1742+ 2262& 1474
MOV () S926% 6006+ 6020x 5742+ & 331 4.13 2.57 3.51
1.41 1.51 1.66 211 CRE (mgay ~ 050% 047+ 049+  045%
1924+ 1938+ 1920+  18.36+ & 0.07 0.03 0.05 0.02
MCH (pg) 0.44 051 0.60 0.50° 106.70+ 114.16+ 113.78+ 137.66+
32 ;16 £ 32 '24 + 31 §0 + 31 '98 + OLy e 798 18.54 342 33.18
MCHC (g/dl) % : ' ' . 11260+ 9920+ 9440+ 125.00+
0.18 0.09 0.69 0.40 T-CHO (mg/dl) |7 0e 1608 70 1305
1154+ 1182+ 1282+ 1232+ 0.16+ 0.5+ 0.8+ 023+
0, Ak * *x
RDW (%) g 09 030 065 0.41 T-BIL (mg/dl) 74 o 0.01 001 004
9 14360+ 13168+ 14772+ 1159.6+ 5.96 + 595+ 6.06 + 597+
PLT.CI0MD - 1436 ssas 14743 9329 TP (@) 030 015 013 028
313+ 316+ 323+ 316+
o 901+ 855+  804% 551+ ALB (g/dl)
NEU (%) 8.96 + 12.48 £ 11.94 18.18 & CPK (IU/) 22.50 30.36 2437 26.87"
1.78 5.15 L.14 4.83 TG (mgay 5180 8740%  21940% 8660
LyM (s 5750+  8260% 8200+ 7614 & 9.42 38.82 18237 4537
° 1.90 5.79 1.99 530 2 10.17+ 993+ 980+ 985+
Ca” (mg/d) 0.40 0.14 0.23 0.44
MON (%) 220 334 3.66% 4325 942i 9 _“;Si 9 éOi 10.13i
0.50 0.86 0.87 0.70 : : : :
040 0o 050 046 [P (mg/di) 0.66 041 0.50 1.31
+ + + +
EOS (%) . : . : } 14348+ 14146+ 140‘26} 139.1(*);
0.14 0.30 0.21 0.26 Na' (mmol/l) 073 0.68 203 247
026+ 028+ 014+ 020+ , 486+ 493+ 492+ 507+
0,
BAS ) 015 0.04 0.05 0.07 Kommolh 977 025 020 055
0.66 + 0.84 + 0.88 + 0.72 + ) 103.14+ 102.64+ 10298+ 102.62+
LUC (%) 011 038 0.18 0.13 Cl-(mmol/l) 0.92 0.42 1.17 2.68

* Values are presented as mean = SD.
RBC, red blood cells; HB, hemoglobin, HCT, hematocrit; MCV,
mean corpuscular volume; MCH, mean corpuscular hemoglo-
bin; MCHC, mean corpuscular hemoglobin concentration; RDW,
red cell distribution width; PLT, platelet; WBC, white blood
cells, NEU, neutrophil; LYM, lymphocyte; MON, monocyte; EOS,
eosinophil; BAS, basophil; and LUC, large unstained cells.
*Signiﬁcant difference at P <0.05 level when compared with
the control group.
**Signiﬁcant difference at P<0.01 level when compared with
the control group.

ofoll A AST =27} tiztol vlsl] FASHH o=
FIAUA F7Fek v, Na© £ ditol| H]3)
ol oAl astaiTh 667 mg/kg/day Foftoll A=
ALTS} ALP 9 T-BIL 4=x]7} thzto] v|s)] &4 8t
Hoz FolA A 715t e, CPKe} Na' 424]+=

J Korean Soc Occup Environ Hyg, 2013: 23(1): 1-10

* Values are presented as mean+SD.

AST, aspartate aminotransferase; ALT, alanine aminotransfe-

rase; ALP, alkaline phosphatase; BUN, blood urea nitrogen;

CRTN, creatinine; GLU, glucose; T-CHO, total cholesterol; T-

BIL, total bilirubin; TP, total protein; ALB, albumin; CPK, crea-

tine phosphokinase; TG, triglyceride; Caz’, calcium; IP, inor-

ganic phosphate; PL, phospholipid; Na®, sodium; K', potas-

sium; and CI’, chloride.

*Signiﬁcant difference at P <0.05 level when compared with
the control group.

**Signiﬁcant difference at P<0.01 level when compared with
the control group.

8. %7158
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1,4-Dichlorobutane®] M= 25 HFEBEAHFTEAZGAY 7
Table 8. Absolute and relative organ weights in male rats treated with 1,4-dichlorobutane for 2 weeks
1,4-Dichlorobutane (mg/kg/day)
Parameters
0 74 222 667
No. of rats 5 5 5 5
Brain (g) 1.758 +0.0427° 1.769 +0.0355 1.775 +0.0348 1.676 £0.0352"
per body weight (%) 0.738 +0.0285 0.735+0.0269 0.802 + 0.0404° 0.862+0.0401"

Liver (g)
per body weight (%)
Spleen (g)
per body weight (%)
Heart (g)
per body weight (%)
Thymus (g)
per body weight (%)
Lung (g)
per body weight (%)
Prostate (g)
per body weight (%)
Kidney-left (g)
per body weight (%)
Kidney-right ( (g)
per body weight (%)
Adrenal gland-left (g)
per body weight (%)
Adrenal gland-right (g)
per body weight (%)
Testis-left (g)
per body weight (%)
Testis-right (g)
per body weight (%)
Epididymis-left (g)
per body weight (%)
Epididymis-right (g)
per body weight (%)

7.491 +0.5420
3.141 +0.1306
0.656 +0.0585
0.275+0.0211
0.955+0.0708
0.401 +0.0204
0.533 +£0.0897
0.223+0.0319
1.370 +£0.0677
0.575+0.0254
0.245 +0.0585
0.102+0.0199
0.872 +0.0497
0.366+0.0143
0.892 +0.0534
0.375+0.0238
0.0210+0.0015
0.0088 +0.0005
0.0217 +0.0012
0.0091 + 0.0006
1.566 + 0.0692
0.658 +0.0490
1.564 +0.0251
0.657 +0.0302
0.261 £0.0125
0.110 +0.0082
0.276 £0.0170
0.116 +0.0076

8.736+0.5778""
3.630+£0.2351"
0.696 = 0.0807
0.289 + 0.0293
0.965 = 0.0553
0.401+0.0172
0.594 = 0.0702
0.247 +0.0289
1.281+0.0575
0.532 +0.0208
0.249 + 0.0454
0.104+0.0199
0.900 +0.0193
0.374 = 0.0069
0.949 + 0.0342
0.394+0.0133
0.0209 + 0.0015
0.0087 £ 0.0006
0.0221 + 0.0019
0.0092 £ 0.0008
1.621 + 0.0846
0.674 +0.0333
1.626 + 0.0822
0.676 % 0.0306
0.266 +0.0141
0.111 +0.0051
0.258 +0.0133
0.107 = 0.0068

9.621+0.6318"
4.347+0.3422"
0.594 = 0.0521
0.268 +0.0180
0.938 +0.0238
0.424 4 0.0100
0.544 = 0.0507
0.246 + 0.0252
1.266 +0.1239
0.571 +0.0421
0.338 +0.2479
0.152 +0.1100
0.977 +0.0610"

0.441+0.0211"
0.975+0.0152"
0.441+0.0157"

0.0229 +0.0022

0.0104+0.0011"

0.0216 +0.0020
0.0098 +0.0008
1.524 £ 0.0951
0.688 +0.0341
1.561 +0.1354
0.704 + 0.0553
0.263 +0.0205
0.119 +0.0099
0.272 + 0.0469
0.123 +0.0207

9.330+0.8202""
4791 +0.3903"
0.363 +0.0405""
0.187 +0.0201"
0.762 +0.0540"

0.391 +0.0253

0.305 + 0.0602""
0.156 +0.0281"
1.132+0.1236"

0.582+0.0639
0.124 +0.0138
0.064 +0.0082
0.878 +0.0650

0.451 +0.0378""

0.893 +0.0290

0.459 +0.0201""
0.0274 +0.0019"
0.0141 +0.0012"
0.0258 +0.0019"
0.0132+0.0011"

1.449+0.0418

0.745 +0.0380"

1.471+0.0376

0.756 = 0.0335"
0.212+0.0182"

0.109 +0.0100
0.222 +0.0416
0.114 +0.0205

Values are presented as mean £ SD.

Slgmﬁcant difference at P <0.05 level when compared with the control group.
Slgmﬁcant difference at P<0.01 level when compared with the control group.

7ko] AT 9 Aol thme] uls) 22} EA

o

Hoz fold 97 Z7Ielgc). 222 mykeday £
AL HZ A3 v]o] Aljad, el 7 He
AVAo] vy 9 Agrigero] thxel vla) 212t 57

#5 pagel A F¥

'-Tf = =

AR e A 1—%—7}0}@4 667 mg/kg/day
7
Ul Aol ol Hls

o v 419 A 2
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8 AF, oUW, AAH, WYY, WAL,

o

A AEE,
Z27] WMo 7 0, 74, 222, 667 L 2000 mgkg/day 8-
o2 14U7F RHEAAREORE & AR AlF,
AR, B 89 9 FRASEH], 14
274 9 A7Ee] HskE wskoth Ald 4y 14-
DCBY| 237t WHEZAGRol= U¥EEA+e] F7ket
AP, AsE7e] oA, AR s, E 3 E@d
Ayskeld ws}, ae|a gk w9 gAY FF
HIE st o= ERIEU

AR A, A9 G, AR, Eebel, 7 3

Bepe] e 545l A vt 18

oA TEE AR Hop Al Foof 7]Ql

H Aoz deE A7) 2852 TN £ 1Y

Aol =2 HEZ wEEen, Azl 4%

gol Aol Fo 2dA o WF AT 667
A [e]

Mo Z/1shglaL, BRI SUtet 8% Na
YA|3t= Aoz Hol AHEH S Fof
of ot EAAAC R FehEch vy, 74 9l 222 mg/
kg/day Aletol A e thir S HEE thE
o] Hsrt FREA] grop 54 Fade ¢l
L Aow AlgHCh
As &7 Al AREE FololA BEE AFF
7Fe] A= dURbEde] S B AbRA Y] et
UABH= 2o AFEHY Folo 7|R1E IF

3

O gebEn. 53], 667 mgkg/day Fofol A=
AR7I1ZE Fe ASA R ATS7He] A7 B E

(Kim &, 2002; Bailey &5, 2004).

A=A FE 374 Al 667 mgkg/day Folgto A &
of 1d7fjof] ¥Hahel HFF] §FE4< dae AlS
=71 AL} dA|et= A~H O ZA 1,4-DCBE] Fof
7} A1 8.5 % (anorexia) S ZEstaL, o2 A3 AFF
71 AAE ek Aes ddtEoh

=43 374 Al, 2000 mgkg/day ool Al Fof
ThA el B A Has AEEEL] Foof
711%l HAlsAdel o8 EdFFe] Aatt o=
Atz =l 222 9 667 mg/kg/day Eoj ol Al TatE
=03 FY SV B §FEAAE vEd A
o2 Hol AYPEHY Folo] o3t sxew
o, o] QI3 theol EF Na'9] 74t Zefje Aoz
ZtEch Androgue?} Madias (2000)2] X lof w2
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HFo] 1 A3 344 AUEEES(dilutional hy-
ponatremia)2] ¥Qlo] Hrlar sl
GHsHA] HAF Al 667 mg/kg/day Fofgtofl Al -zt
MCHCS} PLTQ] 4, 18|31 RDWO] Z7}= 834
o] A=A ehokar, E3F oA yhEE= A
H oY o] HskKang 5, 2004; Wolford 5, 1986)o] A
A=A Fojok= o] gl U3 A(inci-
dental findings)© =2 ThETE WA, 667 mg/kg/day
Fojdtol A #EE WBCE LYM tixtof H|s]
A gasti o, B3t FA A B S
7h EHHE Ao ' Hol A|IFEH ] Folof 9%t &4
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(Kang 5, 2004; Petterino2} Argentino-Storino, 2006).
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1 Q)tH(Andersen 5, 1999; Bailey %5, 2004). 222 mg/
kg/day Foltol A TEE O] AFTF F7Het 667
=14e]
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