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Lipophilic ammonia is toxic gas and can easily diffuse across cell membranes. Excess ammonia is implicated in the
pathogenesis of several metabolic disorders including hepatic encephalopathy and may result in the death. The purpose of
this study was to clarify the inhibition effect of metronidazole on liver cell damage due to ammonia in human Hep G2 cell
and rat hepatocytes. The effects of metronidazole were studied in ammonium chloride treated human Hep G2 cell (75 mM)
and rat hepatocyte (100 mM) following 0.1 uM metronidazole treatment. In MTZ+AC group, cell viabilities increased
prominently and LDH activities decreased over 25% than AC group. Futhermore, ammonia level according to ammonium
chloride treatment reduced over 30% and lipid peroxidation as an index of cell membrane damage decreased more than
twice. By comparison with control, catalase activity showed more than 30% reduction in AC group while less than 10%
reduction in MTZ+AC group, respectively. In addition, MTZ+AC group showed the similar cell structure as control in cell
morphology study by using light microscope, and represented fluorescent intensity decrement compared with AC group in
fluorescent microscopic study with avidin-TRITC fluorescent dye. And cleaved PARP expression due to ammonia reduced
twofold or more in MTZ+AC group. As the results suggest, metronidazole may protect the liver cell by inhibiting cell damages
due to ammonia and be used for an effective antagonist of ammonia in hyperammonemia.
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Zrol| SAEZEL] dRYort v EASH HH 84329
GAgE AjE WA Fok o3t ko] XA e $HHoR
7158 s Hd 724 (liver failure) AE0) Eo|Al HH,
ol YRUSLE 5T F fithe AS vldith Al o)A
SEYoles At g AAA A Tho] AdE o o
ol | ool 7he] QA% EE 259 ST §4

(glutamine synthesis)oll 2J3] sl52 4 Aok 2y A
Fetdle SFERIE 8430l F43] 7HaEe R o}
5 5ol AgleHA At oju AL
B Ake] F718le] o= AR AEE 4 Q1o o|% gHAe|
goiad 2= A We] S48 Yol S Wl Js
Fo] At Al o]2A Hh7).

HArYoldZFe A7 Hixe Jost dryo}
JAE AASE Aotk § dudn A4 A&
AN ZH FF dEYolY £AE GEe WU
Aol2Ae gld HHAE A dEXEEE 0]
FEZ2 (lactulose)d] A7) Fo] L ] 2rto]4l (neomycine),
HWEZUYUTZE (metronidazole), BIEEZIAI]EH (tetracycline) 2}
22 FAAL ol fH =, o] R YRYol FXE Al
7= 4 Z¥ho|t}. o5 TAS tAATIE BlEZlolE A4
ANRoZM 1 ZE-S YER™, noemycine®]H} metronidazoleZ}
22 A7E A 24T A 5 94 dEY
ol S dAste AR e Ao BuHa Jrks-11).

Metronidazole> Y¥HHo 2 AUEZF 7+H<Z (trichomonas
vaginalis-related diseases)oll Q1 X|FA| A2 &
A 9121(12), metronidazole™} YEUol= AAFZOZA 7]
5ol gt gdo] wig- fFAkste] MZ 23} (antagonist) 2§
& 7ol don A welgole] WS dAlEe aFrt
$-478te] 289 metronidazole©] 7HHFol ok EF A9
T2 o 2N I JeAe] A8 o ¥ 4 ok xS
metronidazole 2 FFFATF, =5, #3 2 HIRIA
SAHIQ IRFAL (rosacea)dl] AA|FOZ =¥l XBA|Z
AREEY &, d45S ASshe A 9T 9o dags 89
2% 48A Th13).

mebA] B dAqe dEYolol ofdl &49 Ale] X Hep
G2 cell®} rat®] TFAIE (hepatocyte)E Ul/dS.Z metronidazole
o] ME &g dEYol £F % 7t VT #E3he 2A
Bl T e EAATKI),

o 10 o
%2 el

4y
=

&
0,

ERENT

MN=zF 9 "2

M) A3 Hep G2 cell (human hepatocellular liver
carcinoma cell line)2 3= A|XF 230 (Korean Cell Line
Bank, Seoul, Korea)oll4] 7431312 minimum essential medium
(MEM), fetal bovine serum (FBS), penicillin streptomycin,
trypsin-EDTA, fungizone 5+ Gibco BRL (Grand Island, NY,
USA)AFOl A 913}t Rat hepatocyte primary culture®l] A}
S48 HAYFEL 8% Alo]dd2 (Daejeon, Korea)o] 74733
Sprague-Dawley (SD)F 473 3F (8F%, B 230~250 905
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AME-8FTE Western blotol] A-8-% anti-poly clonal ADP-ribose
polymerase (PARP)+ Cell Signaling Technology Inc. (Beverly,
MA, USA)%A, ammonia kit®} LDH (lactate dehydrogenase)
kit= ASAN (Seoul, Korea)olX] 43ttt #lUHAI= Coming
(Rochester, NY, USA)AA F95}91.2.5, ammonium chloride
(AC), metronidazole (MTZ), thiobarbituric acid (TBA) % 7|e}
Age] Fa3s Aok Sigma chemical (St. Louis, USA) &
Aeke A1gatich

Hep G2 cell {2}

Human hepatocellular liver carcinoma Hep G2 cell line2 10%
FBS9} 1% penicillin-streptomycin®] % 7}€ MEM (minimum
essential medium) HiA|o] A 60 mm HJFHAlel 0.8x10° cells/me
2 AFsto] 48213t vl ol WA E AASIAL, MEM Hj Ao
75 mM ammonium chloride$} 0.1 1M metronidazole 2 2 15
2 F7kske] 24X FRb wiFatsAt

Rat hepatocyte M& 2 H| ¥

4 e 8% ¥ rat 43 Sprague-Dawley (SD)E &%
Ale]d2s (Daejeon, Kored) ZHE] 4 wo} oF 17U 5t A
3} stk AE AR A gyt 13ALE (SamYang Co. Wonjoo,
Korea)9} &2 Apf-20] 319y, AF A 27 3 [2%
(18+4T), 5 (70+10%), B (LY 12417+ F7D]oIA djw)
AE B3 AS 7R TRl EFAZE 220~250 ¢ A=
AL w 3F (iver) IEFS ST vHHE $18] Ketamine
(1 mZ Ketamine HCL 57.68 mg-Ketamine 371241 50 mg, Bayer
Animal Health Co. Suwon, Korea)& < 2~3 m{ FAlsI] 7E
g 5 7+ E9 (portal vein)S E3) 1 mM EDTA (pH 7.4)7}
¥3}l¥ HBSS (Hanks’ Balanced Salt Solution, 137 mM NaCl,
5.5 mM KCl, 0.5 mM NaH,POs, 0.58 mM Na,HPO; 4.16 mM
NaHCO;, 5.5 mM glucose, pH 7.4)E <=3} (circulation)3}>] 3
S 93] AASATE 28] KRB (Krebs ringer biocarbonate)-
collagenase (154 mM NaCl, 5.6 mM KCl, 5.5 mM Glucose,
0.25 mM NaHCOs, 0.2 mM HEPES, pH 7.4) €& X323 &
AR DM E (single cell)’} == 5}l PBS (Phosphate
Buffered Saline, pH 7.4)2 2] ¥ A 3 60 mm HIFHEAd]
MEM H1A] 4 mlE E5310] 3x10° cells/mle] YE2 HESA0)
Algr3ted 24A17F vl & WA E A|ASEL, 100 mM ammonium
chloride®} 0.1 uM metronidazole s 7} 1HHEZ 78l 37C,
5% CO, incubator (Sanyo, MCO-15AC, Tokyo, Japan)ollA] 6A|7F
¢k WSt

Mz Mzg &3

Hep G2 cell ¥j% 3 0.25% trypsin-EDTAS 5% &<+ A2
ala MjFgAZRE H® AEE 2o} typan blueZ 94
3l FrEALO|ET|E (heamatocytometer) S ©]-83| AHEFE
IR A=g

dxyolol] 93k Hep G2 A|XEZXA} F= LDs (lethal dose)E
Fo13l7] 93 96-well platedl] AT E 6.4x10° cells/well 2 HE
3 48417 F9F vj¥Fste] ammonium chlorideE FEEE A
Stk oheFgh AlzbEE ukg A7l 3 MTT (methylthiazol
tetrazolium) 20 x0 (5 mg/m)E H2|dte] 4AZF WHSAF) A,
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DMSO (dimethyl sulfoxide)-EtOH (50:50)2 A @j3te] 308 F<t
Hh$-A]Z1 T3 ELISA (Enzyme Linked Immunosorbent Assay)S
ARE3EA] 540 nmoll FEEE A3 Hep G2 AIXE AES
£ ammonium chloride<} metromdazole E T AR AHEEHA
B AHEE 7I1F0 2 A HESE (9E YERISITE

o AEE 98 WY F9 HHZ]—c 70Tl B3t om,
MAE = wZ T} sonication buffer (20 mM HEPES, pH 7.0/
1 mM EDTA/ 2 mM PMSF)E 2:1 H|&Z 3}9 ultrasonic
generator sonication (US-50, Nissi, Tokyo, Japan)S ©]-&3}¢]
ice-cold water bathol|A 10% 7FZ 2 Z micro homogenations
187 AJ38ka 4TolA 14,000xgE 158 &9 L& 3
o ® AEE 9 g T AP AR

HMEREA §4 (lactate dehydrogenase, LDH) &4 =%

LDH kit (LDH-LQ kit AM159, Asan pharmaceutical, Seoul,
Korea)E o]&3to] 7| da} Jaros FU3 fog it
5 37TeA 583 WA s, stz st HiAlE ¥
A 37CelA AHE3] 103 St BRISE olw) 1 me 345
BANE Wi E£9sted 570 nmolA AlF BFAE ﬂ%ii
TREE S8k o WHoR Frd AE Fo
LDHE A&sto] wjA] o] Ax=4 fdofis &<l 0}"515}

etmL{of =& (ammonia Ievel) =X

AzHjF B 70Tl B s jR|ol] ammonia kit (Ammonia
kit, Asan pharmaceutical, Seoul, Korea)S A}-&3}e] ¢F=ijo}
FFES SHAT 4 WA Yol e dES AA

A3l 1wl A AJekS Qa1 2,500xgoll A 58 B9 AR
% 5 A9) ammonia kit A AFH EA A
t} 3283 37°CHA 2087 WX $ AloF B3
0 nmol X FFE=E A3t wjA] Uld] dEYo}

2 Atk

O
=

(TN

8 S
B B

1

ox M

oot il ol rot j_,

)
A

63
b

AR A EEER

F2Fe}R] AL thiobarbituric acid reaction substance (TBARS)
assays o|&3t] S743ch AlXE FEE TBA £9 (0375%
thiobarbituric acid/ 15% trichloroacetic acid in 0.25 N HCl)<
7hte] 158 &% B Bl S8 § 12,000xgolA 108 &<t
AR Aol F2l¥ malondialdehyde }thiobarbituric
acid (TBA)®| ¥hg<llX AAE AAYGES 535 nmollH T
£ S48

Catalase M =X

Catalase 442 M I & /‘ﬂﬂ
buffer (pH 7.0)2} 0.015 M H,0,E %
Z2E 187 24390H15).

Ao 0.01 M phosphate
I 240 nmol|A &%

Huso|d oa

8-OH-dG$} Eo|3}A| ¥h-&-3li= avidin-tetramethylrhodamine
isothiocyanate (avidin-TRITC, Sigma, A7169, Louis, USA)E
o]&3td AE W) DNA EAAEE SAsAT AxuYg §
trypsin-EDTAE A X2 #2|3}3 PBSE o] H A3 o
70% (v/v) ice-cold ethanolZ 104 <t IPAIZTE PBSE St

o dalEgste] =M% & PBSOl 1:2200°2.2 3|43} avidin-
TRITCE AEo] Hgsted 37T Piol] 127 B2 w2 &
cover glassE ©]8&3}0] Zeiss Axiovert 200 &} dm|Fo=z
ZA3}A T} (excitation, 488 nm; emission, 580 nm, Zeiss, Jena,
Germany)(16).

HETEl poly-ADP-ribose polymerase (PARP) 28 & 53

AEg 27 FEE9] 45N (50 pg DUE)S 12% SDS-PAGE
2 B3 & dlA-S nitrocellulose membrane©]| electrotransfer
StATE ©] membranes FA| Q] HISo|H AFS A s}V
$13+e] blocking buffer (0.1% Tween 20 -3t TBS-& o]l
5% non-fat milkE Y-S buffer) SH 22 12A]17F F<F blocking

A1Z1 %ol 12} & anti-cleaved PARPE 4A]7F 59t 4CollA
U3 AI 71 ¥kg-o] £ nitrocellulose membrane= o2 W
TBSol A3} 23 A 9} whgA]7Ith 1 & ECL western
blot detection kitZ WH5-A1Z] & X-ray filmoll 7ZHgAIAA Thaga
< FA}ATHLT).

M=E Y& ¥}

Hep G2 cello]l ammonium chlorideE 2|3+ &7} =
A AlZto] AFE AXEY I FA7F AR ke A
E F UATHFg. 1, A). 01749‘ A7} gEYole] 93
3 ol AlEe] AEgo] BAT AL ehith

e}

b rulo jil

=
2 15
5 B
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2

Figure 1. Determination of LDsy values of ammonium chloride: A and
metronidazole: B. Viability of Hep G2 cell: C. In C, MTZ, metronidazole,
(0.1 pM); MTZ+AC, metronidazole, (0.1 pM), ammonium chloride,
(75 mM); AC, ammonium chloride, (75 mM). LDs, and cell viabilities were
calculated by MTT assay and trypan blue-stained cell counting methods
respectively. Results represents the mean + SD of four separate experiments.
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60 mm HjFFH Ao A ammonium chloride LDspS =43+ 23}
Hep G2 cellolAe 75 mME ERIFHonZ o]F okri]folo
o3k A XA S 913 ammonium chloride *8] TE&
75 mME ZAAsATE 2181 Tkt B9 metronldazolet—;
48}\]7]- Eo]- ;qao]_oq /H]_J.E.}H /\hﬂg §l. 73_1,]_ zi_‘ox:to
metromdazole AE HAE o & HIE T4 g A&

& 4 AAKFg. 1, B). w}a}/\i 0]% AE-S $I3} metronidazole
9 A F=v 0.1 yMZ ZAAY. 4 tIZT (control),
metronidazole &= 2]+ (MTZ), metronidazole®} ammonium
chloride €% *g]t (MTZ+AC), ammonium chloride ©=
AT (AC) To= ol A AEES SAAHFg. 1, ©).
I Ay 9=0F 75 mM ammonium chlorideE *]2]3 AC
ET} 0.1 uM metronidazoles 7 2|3 MTZ+AC T4
2 AE AEES BYon Axg w3 A ZAasrh
o] 24 metronidazole©] YEUYolol] &3 7HAE &S A
she Ao E AlsETh

LDH 3|

Ammonium chloride LDsy =5 60 mm HIFHAE 7]F
©F Hep G2 cellol= 75 mM, rat9] hepatocyteo= 100 mM
2 Agste] AFsAeh ol $A4 tET, MTZ, MTZ+AC,
AC 722 o] =¥ A $o LDH 845 A3t
w2 ol AEEA fited RS lstgith. 2 23} Hep
G2 cell?} rat2] hepatocyte®l A AC FXRT} MTZ+AC 9
LDH &4¢] @& ZoZ YEWTHFg 2). ol AExA
Aol & metronidazoled] &3= o|w|3lit)

06 B

05

04 r

03

1 _-

5 . - .

MT Z+AC

LDH
(relative absorbance)

Control

10
09

0.7
a1 B . 1
05

MTZ+AC

LDH
(relative absorbance)

Control

Figure 2. Relative absorbance of LDH expression in Hep G2 cell: A
and rat hepatocyte: B. In A, MTZ, metronidazole, (0.1 uM); MTZ+AC,
metronidazole, (0.1 uM), ammonium chloride, (75 mM); AC, ammonium
chloride, (75 mM). In B, MTZ, metronidazole, (0.1 uM); MTZ+AC,
metronidazole, (0.1 pM), ammonium chloride, (100 mM); AC, ammonium
chloride, (100 mM). Results represents the mean * SD of four
separate experiments.

gaL{of =EHS}

ALAE 5 oA ol ol T
x2S HEZ 630 nmolX FREES
Are] s B ol $4 tixw, MTZ, MTZ+AC,
AC o2 A F "R o] dRYo} F#FS stk
I A3} Hep G2 celld} rat9] hepatocyted] Al AC o+ R}
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MTZ+AC 9] Yot FR&= Fho] askitkFig. 3). °l=
metronidazole®] 7HA|E £33 #AH SR o} Zhie] FA
ARl FEE WA= R F AtgHTh

09 &
0.7
05

03

Ammonia level
(relative absorbance)

01 . . .
Control MTZ MTZ+AC AC

1.2 B

0.8
0.0 ! :

MTZ MTZ+AC AC

Ammoaonia level
(relative absorbance)

Control

Figure 3. Relative absorbance of ammonia levels in Hep G2 cell:
A and rat hepatocyte: B. In A, MTZ, metronidazole, (0.1 uM);
MTZ+AC, metronidazole, (0.1 uM), ammonium chloride, (75 mM);
AC, ammonium chloride, (75 mM). In B, MTZ, metronidazole, (0.1 uM);
MTZ+AC, metronidazole, (0.1 pM), ammonium chloride, (100 mM);
AC, ammonium chloride, (100 mM). Results represents the mean * SD
of four separate experiments.

_u.

DHALSIX| A B S

AAI e e YE 54 tET, MTZ, MTZ+AC, AC
o2 1Pro] 2SS w), MTZ+AC 7 AC T Hlg] @&
TBARS $715 HU(Fig. 4). ©] Z== metronidazole®] Y¥EHo}
o ok AIE We] AR 4 AT Ao Azt

005 &
0.04 |
003 |
0.02 |
001 |
0.00

TBARS
(relative absorbance)

MIZ+AC AC

Control MTZ

016 B

012 -

0.08
-~ J -
0.00

MTZ+AC

TBARS
(relative absorbance)

1

Figure 4. Relative absorbance of lipid peroxidation in Hep G2 cell:
A and rat hepatocyte: B. In A, MTZ, metronidazole, (0.1 uM);
MTZ+AC, metronidazole, (0.1 pM), ammonium chloride, (75 mM); AC,
ammonium chloride, (75 mM). In B, MTZ, metronidazole, (0.1 uM);
MTZ+AC, metronidazole, (0.1 pM), ammonium chloride, (100 mM); AC,
ammonium chloride, (100 mM). Results represents the mean + SD of
four separate experiments.

Control

Catalase &lMH 5]
AE o)l catalase FFO] =ETE H,0.7F 449 22
== gEo] EolAn, 4 tRT T MTZ ToA e 22
59 EL catalase #S YEMRI, AC ¥ 4 UR2T

|

o Mo

:
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Bt} ¢F 30% ©]’F catalase E/Jo] ZAAEJ O Y MTZ+AC
2 SA4 Uzl vlE) < 10% o3ty AAE HA. o]AL
metronidazole®] ammonium chlorideo] 2]3+ 7HA|E 2] 344k}
24 A2 AR RAo2 AR A THFg. 5).

(=R =1

0.20

0.15
0.10
0.05 l
0.00

MTZ+AC

Catalase activity
(relative absorbance )

Control

0.20

0.15
0.10
0.05 l
0.00

MIZ+AC

Catalase activity
(relative absorbance)

Control

Figure 5. Relative absorbance of catalase activity changes in Hep G2
cell: A and rat hepatocyte: B. In A, MTZ, metronidazole, (0.1 uM);
MTZ+AC, metronidazole, (0.1 uM), ammonium chloride, (75 mM),
AC, ammonium chloride, (75 mM). In B, MTZ, metronidazole, (0.1
uM); MTZ+AC, metronidazole, (0.1 pM), ammonium chloride, (100
mM); AC, ammonium chloride, (100 mM). Results represents the
mean + SD of four separate experiments.

NESCRE

Ammonium chlorideo -4 H £=/3% Hep G2 cello] tjsh
metronidazole] *]]o] o
A5 ATE MTZ 9 HIE%*EHT‘Z— =4 ey e
2 HolE AT el FBS FA e o] AL
AC ToNE AZS 744 2 Alzkst }\-]]:IL_‘G'—]EH W3l A=
oW AC+MTZ 72| 7% AC 7l H]3| ammonium chloride
2 A% MG AV FEEHAKFig. 6 A, B, C, D).

i T

Flgure 6. Morphology of Hep G2 cells, A and E: intact, B and F:
MTZ treated, C and G: MTZ+AC treated, D and H: AC treated.
MTZ, metronidazole, (0.1 pM); MTZ+AC, metronidazole, (0.1 pM),
ammonium chloride, (75 mM); AC, ammonium chloride, (75 mM).
Left(A, B, C and D): light microscopic images, right(E, F, G and
H): fluorescent microscopic images.

DNA &3}

AIEZ U] gite] 2keld &4s who g-3lo| =S A ToReA]l
(8-hydroxy-guanosine, 8-OH-dG)= H|&3F oj2] 7}X] DNA H7}
AAEo] A web DNA £49] X|%EEA 8-OH-dGo}
Aoz ZAshe FFEZQ avidin-tetramethylrhodamine
isothiocyanate (TRITC)E WHS-AIAA dF3Hu|Foz F&s)

gtk 1 27 AC FAE 4 UERET MTZ o B gL
ggo] FFHUL, MTZ+AC FolH= AC ol vls)] dx3h
4 08 B 4 UUTKFg 6 E, F, G, H). °]= metronidazole
o] drUolzRE Fr® 7HA|E DNA 48 ZaAE
AgkS sl Ao=w AlgdTh

HCHEl poly-ADP-ribose polymerase 28l

ﬂ‘rE
i

Ammonium chlorideZ 18+ Hep G2 cell®] A|¥A
death)ol] ™3} metronidazole®] A¥ALE SAad=E #z-
418t AeE poly-ADP-ribose polymerase (PARP) % fﬂ *Fs
western bloto 2 13}t 1 Ay} §4 tEFT MTZ &
Ae Hlsg A7]e] HYE PARP W=7} T&%}ﬂ‘}igcq,
AC TIAME o4 tiEFo|v MTZ ool HI3| HThE PARP
o] wo] 6ul o) F7Hdel AU 21U MTZ+AC
9] A% AC o] Hls| dhE PARPS] #do] 50% ©|st=
731 2, o]= metronidazole®] ammonium chloride®] 2%k
AZAFES GARNZ AeZ BRAZIHFig. 7).

&

™~
el \ AF
F & & ¥
Cleaved 39 kDa
PARP | m '
ALCURIL  mswpmses i siskaise  oedsR
160
g
w120
&
‘% 80
-0
=" 0 L _

Control MIZ+AC
Figure 7. Western blot of cleaved poly-ADP-ribose polymerase
(PARP) in Hep G2 cell. MTZ, metronidazole, (0.1 uM); MTZ+AC,
metronidazole, (0.1 M), ammonium chloride, (75 mM); AC, ammonium
chloride, (75 mM). Results represents the mean * SD of four
separate experiments.

2k

)
Metronidazole®] YHFA Q] 2jH}o Z A 2] erp);/] metronidazole
2 dEYo} HAET sl o 937 Fago] Fziwo]
A2l A o)A ¥ Yt
£ Aol Me dEAd FAEZF AR Hep G2 cell
rat2] hepatocyteS TIASZ dRUoldl] 23k HEEAAS F &
3tal, 48 7R Eo| thste] AFE9] metronidazole S *E]
3o =M 015'_140}011 o8 M EZ&Ato] W3k metronidazole
AAEHE 3|12t ATk
Metromdazole/] FEE WA in vivo AFoM ARES oz
25 & 500 mge T8l ratS thFoE HJJrC’é%&Ld% &l
64 < Y 30 mgkeS FI FAEHS AR sl NEF
£ o]83s & in vitro APNM] metronidazole 2] =2 HE
E Ads 3 Ot A Rl tE oudd AdERE AlE
AzEgo) JeS FA| 2 OHA| ammonium chloride LDspl &3}
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A ¥he-S YeRE 0.1 iMS A4 w25 Z7gsIaTi(s, 19).

Hep G2 cell?} rat®] hepatocyte®l] Z+z} 75 mMJJr 100 mM<]

ammonium chloride Zixﬂoﬂ w2 onijole] oJsko g ANE =4

o] frElo] AlE AEEo] AAS FAHUL, MrL §4
=

(LDH)%} Ohjqo} T 2 A AY o] St em,
ksl §A9] UFQl catalase®] &4 AU Yebgth &S
AZge o] 4zet Wkl 3 AlE Ul DNA £d¢] dofde
) apotosis 2] W2 AhE PARP W Z71E SukElch
a2} 0.1 M) metronidazoleS 3 23k A (MTZHAC D)
o= ammonium chloride ©% AT (AC B HlE) A A=
‘é’o] R3] 7=, ammonium chlorideol] 213 571 LDH2)
ke 50% olstZ ZAHATE 281 20~30% Fx=e] AE W
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