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Toxicology of Copper Complex (Part I)
Copper Serinate and Copper Salicylate

Hiroshi KAYAHARA, Koji TADASA, Masatoshi YAMAMoTO*, Takashi SHIBANO*,
Khoichi UcHivamA*, Hiroyuki IKEBE
and Hiroshi NAKAGAWA*

Division of Bio-organic Chemistry, Department of Bioscience and
Biotechnology, Faculty of Agriculture, Shinshu University

The availability of copper complex of organic compounds having the potency of
scavenging superoxide has been demonstrated by many researchers as anti-rheumatoid
arthritis, anti-inflammation, anti-ulcer, anti-tumor, etc.

On the other hand, harmful side effects of copper compounds such as hemolytic
anemia and laundice have also been reported.

This report deals with the toxicology of copper salicylate and newly synthesized
copper serinate which have been realized to be effective against rheumatoid and
osteoarthritis. Copper serinate and copper salicylate were administered subcutaneously
to adult female rats (6 rats per one group) at a daily dose of 50mg/kg for 7 days and
their toxic effects were investigated. The same experiment was carried out by using
Cu (OH), and Cu(NO;), respectively which were used to synthesize the complex. The
results were as follows;

1. One animal of the copper serinate group and 4 animals of the Cu(NOs;), group
were died.

2. The behavior of raising the hip up by stretching the hindlimbs which suggests a
lordosis reflex was observed in 2 animals of the copper serinate group.

3. Marked body weight loss was found in animals of the copper serinate and

Cu(NOs;), groups.

4. Hemolytic anemia was induced in animals of all 4 copper compound groups.

5. Histopathology revealed degeneration and necrosis of the hepatic cells and renal
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tubular epithelium in animals of copper serinate and Cu(NOs), groups and enlarged
Kupffer’s cells in all 4 copper compound groups.

6. Thymic lymphocytes markedly decreased, particularly in animals of copper
serinate and Cu(NOs), groups.

7. These toxic effects were due to copper itself and were severer in animals treated
with copper serinate and Cu(NOs), than in those with copper salicylate and
Cu(OH),

Key words : Copper complex, toxicity

(Jour. Fac. Agric. Shinshu Univ. 28 : 141-154, 1991)
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Cu-serine B X Uf Cu-salicylate, 7 & Ic 5 DE K I w7z Cu(OH), 8B L U
Cu(NOs), ZZnZhb0mg/kg, 1EEGICOKBMET v Mz 7 HREBEHE T#S5L, 0D
#FMEERE L T2,

1) Cu-serine #®D 15, Cu(NO,) FED 4 VLSBT L7z,

2) Cu-serine #®D 2 ILTHILZ D> IE> TR b L HIT D, WbWLIT—FYAK

FHERE T 2TEHNEE I NI,
3) Cu-serine 5 X O Cu(NO,) B2 B CEHREERDMFED & iz,
4)  FTRTOFULEYBE CHEIEE ISR 5hiz,
5) il s & CERME LR OZM « 5608 Cu-serine #35 & U Cu(NO,) # T, 7
v 8 — EBMfEAR D TR TOFLEY TRY s 17z,

6) Cu-serine #5 & O Cu(NOs) FETHIIRD V >/ SERIEA DIEFIZZE Lo 72,

7 ZIhs0EERERE,Hs»ICHHZDODDICERKRL TE Y, Cusalicylate B X O
Cu(OH), & Y b Cu-serine B & UF Cu(NO,) i B\ Tiidr - 7z,

&
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WEHE (0,) MEET EBICIE, Vy~F, SEARE, K8, g, E5, ok
ZAERRER S ESERRADPIHRESINTED, ERNTEEBREZRETIWE L L
TA=NRN—=FF¥YF YVALY—¥ (SOD) BHISNLTWwb, LT, EQOEYHFKD
SOD & 7 & VBEED51 0 S153MH DR Y X7 F N T, BHEFZ T 5 HEED SOD BRH S
TW32, WENRRLEATHSEDIE Cu, Zn-SOD TH Y, EHEICHEFRT 2 1 HFof L
RBELEEICOABRT 2 1 ETOHK 2R > - BEE 2 {E» SRV IL> T3, SOD X
A A TEEEI NS D, —75, # e BEAERILEY DR SOD HKRIEM 2Fi> Tk D,
bR BN I 2B RS Sorenson 5% { OWFEEIC L > THRE SN TV BV, Ll
BH6, [FRFICHA 4 >V IcHKT 2 EBbhsmlEbigfMsnTtn s,

S, BRIV U= FEERICE L TEMELTED STV ) FABEE X L 58
FY D FNBEE D BEICAH T = REINGEIRIENE W C L RHERL T A HHICER Lz
itV o nT o7y MBI AEEHELEEMIEE L IO THET 2,
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MHE L UHE

A HWERME

iV > (LUF, Cu-serine) 133EH S5H1989FICER LIz DT, ) v 2 =KMMEE
8 & JS S & THR I AKCER R HOfREm R TH 2,

#i ) Fig (AT, Cu-sal) IZKBAGE SH L V) FVRE 7 )V 3 — VISR CHE -
B & & Tz, KCHE kSRR T, MR8 ik 38 £ ) F A58
FE&tr, AFNZ ALCUSAL INCORPORATED PTY. LTD. (Australia) T1988%F I &1k
EhicbDThH b,

%E, MEC AW aEAEA (LITF, saline) 75 MRS EIC M U 7z KER{LAS 2
#il1 & O =AKRIEERS 2 S T E & LTz,

B EREME L UREESRS

HA T 2 xv sy —thlath (i) CAEES N 14880 SDRZ v b (Sle: Sd), M
30ER V72, B GBRIARF DR E 13231~331g TH o 1o ARBREMIMI P, %27 v
ABT A ¥ —7 =2 (29%x22X21lem) WZEBNCPCE L, #E22~24°C, WE54%6~62%,
SRR AL/ RS 35 & OHRBH12RERT/ H DN Y 7 — Y A 7 AEE THE L1z, TOM, &
HEASHEE L7z 7 v b AEESR (CRF-1, 4 ) x>y VEERFISERASH) 6 &0 bkl
K HHICER S €7z,

C ¥5HF&%
A AR F 7 AL T 1 %R ERL, ARElkg H7-V50mg % 1 H1E, 7
HREEHSE L T Ic G Ui, BEERER X OMEHEE L TRISR L7,

HERYE B55 EHIEZ/ ERED '
(mg/kg) lii3
Saline — 6
Cu-sal 50 6
Cu-serine 50 6
Cu(OH), 50 6
Cu(NOs), 50 6

D #RZIER

BEHM R EH, —BeRERBIEL, RERZHE L, £, BREERSOFEHZZ—T Vv
THREEL, HAFRE D IML CHRIMmEkE (RBC), ~EZunt & (Hb), ~vhrZ7 Vv
ME (Ht), Ak (WBC) B & UIfi/MiREL (Plate.) Ry X X v 7 A2 CC-180A HE)
MEREHECEE) 2, 72, MEL2HAVWT NI VA7 - —¥ (GOT, GPT), 7VA V74X 7
7% —¥ (ALP), AMPiAFEEZR (LDH), vty (T-Bi), 7v7F Y71 A7 *
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¥+ —¥ (CPK), Znva—x (Glu), R#EEF (BUN),7v7F=> (CRNN), #Hav
A5 ua—)v (T-Cho), MU ZVt54F (TG), Y vigE (PL), ¥EH (TP), 717
2 v (Alb), KD > (P), Ay v (Ca) (HILT05HEIOHEE), 7V 74 (Na),
AVwA K) BEvtza—u (C) (HIZ750406E) 2HE L, &8, Sk, s
BHiRlE 2TV, FEEEEE 0, KRR, GO, A, B, R, B, JNE) wwowT
*bh¥FvYr ezt Yy (H E) REOEREZFEHL, HEEBRFIRELTo 2, £72,

EEHNC D T IR BB O BERENEERIC DO W CBIMR G 2T (ST 4 AT 4 v 7 A
R <A NVAZH),

E RSP0z
TRTCOFEMECR LT, Saline DRGH LGRS L OMT t BRE (2 HHER
TE) EITo 72,

1) —heikEE

Cu-serine T 1/t (%5 5HH), CulNOy) HH T4t FEE4HEBLUS5HHE) 2%
A& 5 NIz, Cu-serine B, Cu(NOy) B & b1z, 5 2HHZ WL 3 HH L W BARED
e, IRERERG, 2%, EHEOETEHEOERIBIZE SNz, £72, Cuserine HD 2 JET
BeH5#8 1~ 28I, BEED- > THERE2 b5 5T 28ENAS LI, Cusal BB X
O Cu(OH), HTIRETINEEFRIBERE I E» o7z,
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Fig. 1 Body weight gain in rats treated subcutaneously
with copper compounds at a daily dose of 50mg/kg for 7 days
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HIERE R 2 A ERINE £ U C Fig. 112R”R L7, Cu-serine B & U8 Cu(NO,) B THEE 22 K
HIE TR D 57z, Cu-sal BN Cu(OH) EHETITEE R ZEIIFRD sk o Tz,

3) MRFHINEE

MiEsfE S & Table 11278 L 77, Cu-serine 5 & U8 Cu(NOs) BP0 L2 R L, R
BE, ~EZubrE, A7 b7 Yy MEOFELUWET & FEERMBRAER, HMmEkE, mh
W DE L WIEIIZEED 5 hiz,

Cu-sal # & Cu(OH).F£ T % Cu-serine F£E X 18 Cu(NO,) F & 13 ITHEML T 2 T 1B
ENeD, TORERIHSLICERETH- 72, %8B, Cu(OH),# CIXFHIRIMERERE B X
CHIMREICHRE R Z#H IR sk hr o7z,

4) MRELFEIRE

MRS R % Table 212R U7z, $MLEWEIC B W T GOT, LDH B & OEHE D >~ i &
INaA—R, MEABIOT VT I AMRTHED S5hiz, Cu-serine HTld Eiioft, £
WEYE GPT OERFIR Y 7Y €54 Roinf»d v, Cu(OH), T3 GPT @ LA
23, Cu(NO,) ,HETH Y 7V I 4 FOLEREFRD -7z,

5) [BEREE

HIERER % Table 3ICR LTz SMEEYEAC B THIES X OO BERET & FFES &
OB O \EREIEMRD S, ZOZELORE X Cusal H B & 08 Cu(OH) F itk L,
Cu-serine 8 & UF Cu(NO,) ,#THH S i o 72, EIROZELDM, Cu-serine # T/ B
JUVEIEOERELEEENE FEOEREREREK T, Cu(OH) HTRITEOER ERY
MH3EED & iz,

Table 1 Hematological findings in rats treated subcutaneously with copper
compounds at a daily dose of 50mg/kg for 7 days

Agent Saline Cu-serine Cu-sal Cu(OH), Cu(NOs).
No. of animals 6 5 6 6 2
RBC (10*/mm?) 811+45 253+56** 614+60** 666+36** 279**
Hg (g/dl) 15.5+0.4 6.0+1.3**  11.7£1.3** 12.3+1.0** 6.0%*
Ht (%) 46+2 21E4** 36+E3** 37E2%* 22%*
MCV (x*) 56+1 814 59 2** 56 1** 77
MCH (pg) 19+1 24+ 2% 194+1** 18+1** 21*
MCHC (%) 34+1 294 3** 3342 3341 28**
WBC (10%/mm?) 4745 390+195* 69+17* 47+14 248**
Plate. (10*/mm?) 100414 154 +36** 158 +11** 127 7% 175%*

Values are means + SD
*  Singnificantly different from saline group, P <0.05
**  Singnificantly different from saline group, P<0.01
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Table 2 Biochemical findings in rats treated subcutaneously with copper
compounds at a daily dose of 50mg/kg for 7 days

Agent Saline Cu-serine Cu-sal Cu(OH), Cu(NOs3).
No. of animals 6 5 6 6 2
GOTIU/1) 96+9 149842665 2521 24** 331£122%* 285
GPT(1U/!) 25+5 55465 21+4 6647 11
ALP(IU/I) 248+66 439+416 22024 274+23 219
LDHIU/I) 24794649  11883+21713 321841103  4814+609** 2928
T-Bil(mg/d!) 0.344+0.03  0.75+1.01  0.32%+0.04  0.31%0.04 0.38
CPKIU/I) 650183 859--1008 773+215 852+187 652
Glu(mg/d?) 151428 111+16* 127+13 984-8** 96
BUN (mg/d/) 17+2 28+18 17+1 17+2 24
CRNN(mg/d/)  0.63%£0.09  0.72%0.18  0.56%0.04  0.5740.04 0.67
T-Cho (mg/d/) 5247 54416 60+8 51414 45
TG (mg/dl) 62446 185+54** 66110 77423 227
PL (mg/d!) 116422 151463 133+15 118+29 123
TP(g/1) 6.440.3 5.6+0.6* 5.4+0.3**  5.3%+0.1** 5.6
Alb(g/dl) 3.1£0.2 2.0£0.4%*  2.1£0.1**  1.6+£0.3** 1.9
P (mg/d!) 6.5+1.3 9.8+1.4**  8.5+1.3* 8.20.4* 10.3
Ca(mg/dl) 10.3+0.8 10.1+0.6 9.9+0.6 9.5+0.2% 9.3
Na(mEq//) 141+1 145+7 142+1 142+1 143
K(mEq/!) 4.4+0.8 5.2+1.1 5.1+0.9 4.7%0.2 5.5
Cl(mEq/!) 102+1 104+6 100+1* 100+1* 98

Values are means + SD
*  Singnificantly different from saline group, P<0.05
**  Singnificantly different from saline group, P<0.01

6) TRIERREIFHIATR

Cu-serine #8 & O Cu(NO,) HETIZIZELUOF RN D -7z Thb b, FHiKOKEGL
» Cu-serine B & Cu(NOy) FE D% 2 Blliz, FF/NEESRBAR LYY Cu-serine FED 2 Fliz, Hyhg
D ZEHEDS Cu-serine FED 3 ] & Cu(NOs) FED 1 iz, RN D fEA A Cu-serine FED 6 f] &
Cu(NOy). B D 2 iz, Bl O XM EA D % I KB O K » Cu-serine Ff &
Cu(NOy), HED& 14z, RIE DK Cu-serine B D 1 #lic, BE5HETICB T 2 REE
A Cu-serine B & Cu(NO,) DK 1 Bz, BEIE TICB T 5 KER KD Cu-serine £
D 1FCRED STz, —H, Cusal FETIE, BEIHMET CORBEREL 16, Hilk X
VKRB 1 IR &Nz ny, WEES BRI RS EEIEE IR 1 o7,
Cu(OH), # Tz, BE5HET TORBEEED 4 Flic, H/NEGRARLS 3 Fhic, RITEX
W 1HNCERD 5Tz,

%8, BRI O W CEBR 2 AV CIBIMRIG % S~ 72 /R, BiEfl2 Cu-serine
Fec4/501, Cu-sal BET1/66, Cu(OH) 2FET2/661, Cu(NOs) BT/ 26123 sz,
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Table 3 Organ weights of rats treated subcutaneously with copper
compounds at a daily dose of 50mg/kg for 7 days

Agent Saline Cu-serine Cu-sal Cu(OH), Cu(NOs3).
No. of animals 6 5 6 6 2
Body weight(g) 25229 257417 257+17 269+16 222
Brain(g) 1.940.1 2.0+0.1 1.940.1 2.0%+0.0 1.9
Pituitary (mg) 15+4 13+2 13+3 14+5 15
Thymus (g) 0.300.07 0.0840.02**  0.1740.06** 0.20+0.06" 0.12
Lungs(g) 0.99+0.20 1.124+0.12 0.97+0.11  1.0940.05 1.08
Heart(g) 0.75+0.11 0.9140.09*  0.7720.06  0.810.08 0.80
Liver (g) 7.9+1.2  10.3+0.9**  10.2+0.9** 10.3+0.3** 9.3
Spleen(g) 0.05+0.10 1.78+0.28** 0.74%+0.10** 0.87%0.08** 1.45
Adrenal(mg) R 38+9 579** 39+4 49+5* 58
L 37+5 56+9%* 38+5 46+6* 53
Kidney(g) R 0.75+0.11 0.9940.09** 0.89+0.08  0.08+0.05" 1.02
L 0.78+£0.09 1.00+0.10** 0.8940.12  0.92+0.05" 1.01
Ovary (g) R 45+9 34+8 32+8 44+11 31
L 40+14 307 37+6 44+8 34
Uterus(g) 0.68+0.25 0.4040.04*  0.484+0.10  0.50%0.07 0.30
Carcass(g) 199424 20612 20412 211+13 176

Values are means + SD
*  Singnificantly different from saline group, P <0.05
**  Singnificantly different from saline group, P<0.01

7) TRIERERESFHIFTR

ik - Cu-serine F£D 3 85 & U Cu(NO,) . FED 4 Flic Btk w» LIRRR oS (Fig. 2) »°
RO SNz, FLEHITIRE Sz, FRANIZZ « 70 OB A SN, 7 v X—EfifiER
MERERIC L VFHCEAL Twic (Fig. 3), £FEITIE, BARLZZ v/ —EfflaNic~
Y7 )y eBbh 2 HBOEROwE (Fig 4) B X U—MCBRMRERHELBIZE S,
HESE ML O Bt (Fig. 4) dF:A® o nlz, —F, Cusal BB L U8 Cu(OH), #

TiX, FlEoRE L2 b S 7 vy XN—EMEORELBERERD DA TH> 12,

B ik - Cu-serine £ 8 X 18 Cu(NO,) T, FETHI TN IRME b 0I5 %6 75 B8 5E

(Fig. 5) 2% o4, BRI SRR % Bt 7o 3 PR B R 2 i d: BRI & o
THEIN TV, MEFOAEGFEFITIE, FEREOFEE LK (Fig. 6) 267 2 IRMAEH
EHCEE SN, PERITRMEEENTOLOROBICHMERTS & ORI RS NIC B T
LE7 ) UHEOBRE R HEED sz, —7, Cusal B L U Cu(OH) B TlX, Rl
BELRTENIRD ok o7z,

FafR : Cu-serine #H & UF Cu(NO,) FE T, FIBRY > SERIZZFBHICHA L, RS I3
THAME & 7o > Tz (Fig. 7)o 72, FBEHO—EIZIE, V > /SEROREEGSBRE I L,
Cu-sal 5 L U Cu(OH) BT EINC ) v RO b THh BRI PEDSNEDHTH >
72o
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Bk - b &R CIE TR TCophcREsMEM DO TTE (Fig. 8) O s, ZD%Elk
1% Cu-serine #:8 X UF Cu(NO,) , B CTHEHE TH > /2o & 51T Cu-serine B X OF Cu(NO;),
HTRABMOZER L Ao, BIETHITRE, BEZEFICBW T o, 74 7V U8
H, RIOEFREFERL CEHIER L2707 7 —OBBIES W,

B : Cu-serine #36 X U Cu(NOs) BT, FEMOEKIC X 2 KEfEOIEAK»EE
SNz, Cusal #B &L UF Cu(OH) HETIFZEL X 2o 72,

fifi : Cu-serine #¥5 & UF Cu(NO,) FEDIFETH B L OPBOEFHNCBWT, S -1~
4 70 VIMBOE SR & iz, MBS EEERS LI T 20035780 s iz,

Z oAt 4, Dl K IR IZ TN OFEEVFIC B W T O REIFED S L o7z,
%B, Saline HETIFVLINORBEIIBWLTHEE IR SN o T,

% =

FUIAFIZ IZ U & LTIE & A EDIHSRICHMAT 2SR T, FeRETKInCES
LTCw3, BE5andiEkos {1k, EHRATZEOF L — MEERIETH, Cu(l) F72
i Cu(ll) OBFA A > e L THRMNMEER ST %, 72, Cu(ll) X superoxide dis-
mutase X7 EAZR L, 2H*+2°0, — 0,+H,0,0 Kt 2 B3 2 28, %O K@i
BHICAET 5 HoO, & 'OH BERRICKBE R 5.2 720, AT AT & 5 i o SH £ L
T 5212k 5T O, Z2EESE THIFICERILEE 2 BT 312719,

2RSH, ,Cu(II) ‘0,
(RS)Z) (Cu( I )) ( 0,

W SR 5 & 22 b e Uk FENE, B, Wik & oM, EERL, LElE, A~
LEHARBREEAE L ENME SN TR LI, 74 Y =7 TR L 7289 v T v
Br oy MR LIS E OO TE, B54% 6 B CIRMmE, K, BhE M, BT
fie, WR, CIROIEICZ <, BGE4AR TR, B, IR, Ml O, Mm%, KolE
%o THBHY, F& LT BCEREYD 2 2 LE2RBIN5,

4:[a], Cu-serine, Cu-sal, Cu(OH),8 L X Cu(NO,).* 7 v McE THE L TCF0FEMER
BIH, TOMBICIEERIAGNI OO, EAMCIZIFHEL TUTO XS St R2»E
5Tz,

1) BmEgEm

FRIMERE E ~NE 7O EVEOFELWBA L L b, MIROEK & BEsE My, AR
BEit, GOT & LDH 0F L W LH 7% &, WNEEMBEDOEN b -7z, Th s Db
Cu-serine 3 & 1 Cu(NO,) , THI & »12i <, Cu-sal B & O Cu(OH), T LLILHIERE TH
S12e 58, MIEFHMEIIZIBWT, Cu-serine B & Cu(NOs) HED % HHICE Lwv [ ImER
BRI A & T hs, 2O FEIsFPERIc L 2 0T, AT 2RELLTELWY
EIMTHESH 57 2L 2R THDTH o7z, FULEWRETH/IMIENC b I BIEE S L7z 23,
FERROBEHICE 2 £H 2 65N d, Tz, FMLEMIDOLEBITHREE) > OBEMHRD & hizvs,
I b EWCHRIMBRAEICHK T 2R TH % 5, Cuserine BETERD & iz LIEERRE NN
DV, MBFENCRCEEFRSRY shzwoT, ARk, gicd 2 RIEHEL
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Fig. 2 APl : AL BRRBZE 2 380 5,
Cu-serinef#, No.13 (7 HRE#541)
H. E. #+ff1, x45

e

Fig. 3 JFli : ERENIIZ7 4 7V > O %
RIMERERIC L DFHICERL T3,
Cu-serinef, No.11 (FET-f)

H. E. %251, X220

O, 7 v —EHIEE
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g : % I:. o £ i L .-f. > a” .’. ol
Fig. 4 JiThii - Ffeofalift & 7 v i —EBfiflgDO~EY 7V
WEGERD S,

Cu(NOs),#, No.42 (7 HRH#SEH)
H. E. 3, X200

Fig. 5 &g : REE OLIREIERFED 5,
Cu(NOs),#, No.43 FET-#l)
H. E. x5 X110

i ; A\ '}ii*

i
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AFig- 6 PN FAE U IFERM O RME LR 2R 5,
Cu-serine#, No.13 (7 HFH#54])
H. E. #, X110

Fig. 7 Mo @ U > XBRISFERRICEA L, KEERGSE SRR TH 5,
Cu(NOs),#, No.44 (7 HREHE4])
H. E. 36, X110
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Fig. 8 i : FHALBESEIN 2580 5,
Cu-serine#, No.14 (7 HS#54])
H. E. #f, X110

TR whrtEbh b,
2) FFREE

JFiE I EREOME L 07 v S —HIFER S T R COFMLEMHETHE SN, 3512
Cu-serine #£ 8 & U8 Cu(NOs) , THHEM: O HIIIEEZE, TR 2 E B30 & iz, g0 R
BEERLZISKBT 2 EEbTwaINEH O GPT 1 Cu-serine #£¥ & UF Cu(OH) B D%
BT ERANRSNTZN, Cusal ETRZEMMITRD s o7, BB, MBEIFEREI
BOWTHILAEYE TNV —RA T N7 2 v OREA D, Cu-serine # & Cu(NO,) B D L%
BITHhY 72T 4 ROFELOHEMBPED S/, B, EAB X UOREORER~DHHD
BEENRBEINIEITHS S,
3) BREE

B CEEREMP I XNTCOHILEDHCBE TR o nzd, Cusal FHEB L U
Cu(NO,), FETI IR BER LI 5 L b o 7z, Cu-serine B & Cu(NOs) 7%
DL CERANE IR E R BIEA TR & iz, EEHlics» CRIMFETOREEEB LV
JVT7FZ b EAPEEINT: DD, %< OFITIIRME LK OBHENIEHRT,
E@E%?%? V7S MR LNT, FMIVABIUA Y vV AOMPEREICH A

IO SN o Tz, BRI B AR D E#EAEIC O v T Fuentealba (1988) 522

@fﬁju?b)d*o 20, BRI OBE4E, S A S B ER I IR U 2 L 2 ER
2bDEeFEZ NG,
4) MIBROZEHE
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Y UONEREELESE Th MR T, ERWOB TR COFHEEHTA LN, BRI
13712 Cu-serine # & Cu(NOy) BETE L <, HBFHNICITY > XBROBED, RBEREEHEE,
S SITHROEMED H S NIPITY PN EROMFENBIZE S iz, FRRROERFIZA 7T a4
FEFRE LRSS b BEIN TV S,

5) ‘&onfts

B %D o> TR % b 5 BT 2 R S BI7ED Cu-serine DB CESH 1~ 2 I
MO sz, Lo (1985) OWFEEH % 7 v M IEHENIS L IcRFIcBo iy a v 7
REE L R UHERD 5 IZBH S TId v, ZOTFENIRIE LS v b O%EBE, T
hbuo— Y ARGPNCELULTEB Y, &5 EEEERVE R 2R L, JEN
PRTZENSYD, 22 buV s MEHICL DT E#HESNRS, 72, Cu-
serine i, Cu(OH),#tH & O Cu(NO,) . TRIBEERZ O A 5 11, BT IziX Cu
serine # & Cu(NOs) , TO A FEMIEICERPHEZE SN TWEY, HicL b3 A7 04 FEE
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