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Simple Screening Method for Judging the Complex Formation between
Drug and Aluminum (III)
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We examined a simple screening method for judging the complex formation between a drug and aluminum (III) on
a spot plate. As few drug had color reaction by basing on the binary complex formation of drug-aluminum (III) , the ter-
nary complex formation of drug-aluminum (III) -dye was studied this time using 50 kinds of drugs. The dyes used were
Chromazurol S and Erythrosin. As a result, in the drug that the complex formation with aluminum (III) was assumed, a
remarkable coloration difference was recognized in comparison with the blank prepared under the same conditions. The
proposed simple screening method should be very useful for judging instantly the complex formation between a drug

and aluminum (I1I) .

Key words——simple screening method; complex formation with aluminum (III) ; ternary complex formation; Chro-

mazurol S; Erythrosin
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ES BR

PLIFTOERBRIZBWT, 7oA77 X0—)L S %
CAS, CAS #HWW% hik%E CASIE, TUAOT >
%Z ERY, ERY Z % /L% ERY i%, MRITY IV
oA D& AL SEEHT 5.

1. AELEE

1-1. CAS &%

PRI 0 0.4 M EFRE /EFEE T N U U LRRMER (pH
6.4) ZFHL THWE.

FLEEMER ¢ Brij 78 O 1.0% 7K iAWk % 3R 5L U g
L.

CASB# : 77 Aa—)L'S (CAS, FIYt#l
T M SHED) O 1.0X103 M /KK Z 8 L
THW=.

1-2. ERY %

PRI 0 0.2 M BERR /EFEE T N U U AREMER (pH
5.4) ZFELTHWE.

REEER - A F)Lk)lo—2Z (MC, 350-550
cps) D 0.25% /KiAW =B UM L 7=,

ERY i&¥% : TV 203 > (ERY, FIYEHiSE T 366k
KAEHEED) D 1.0X 1073 M/KIERZFARL THW .

F/2, UTFOEHIIWEICEETH 5.

SEPRELERR © T XTOEY (3. I1ZL#H) &, 5.0
XI02MEWE L THEL, BEE, WEFTICRE
L, BMEFRLTHEHELZ.

AL EW © 7V =0 LR (FIYEHisE T
EHALHE) 2, 1L.OXI03MITFERL CTHERL
7z,

728, HHLUZREINT NSRS 2k R
ETFZOEFHANE BRORAE, EBREKUOBRED
Peiizid, Milli-Q /K% Finrz.

X7, pH OHIEICIIHESGH F-51 EET 5 X
EMEpH A—% —7ZHWiz,

2. 1EHERRE

2-1. CAS%  REIOEIZHE > TR Z i,
RE LUK, mMiKOZM4%E (Blank IFR—REA,
Sample JFik—FH ) ZHEL KL 2.

[Sample &)

1.0X10%m 1.0% pH 6.4 5.0%10™*wm RERE
AI(ARE || Brij 789K || IR |- | CASHER |5 IR
1 1 i 3% 1 11

[Blank ¥5#]

1.0X10%m 1.0 % pH 6.4 5.0X10™*m
AR || Brij 78 %8 || #20E |, | CASWE | | | K&

178 13 3 18 198
2-2. ERY & RHOIEIZH > THEKZIR

m, EEU%, miROEMA2 (Blank R — K&
JRfh, Sample AR —R{0) ZHMAL L /2.
[Sample V5]

1.0X 107\ 0.25% pH 5.4 5.0x10"* M RERERY)
AI(DIIE || MC W || BEER |-, | ERY #R |5 i
1 & 1% 3 17 17
[Blank 7A&]
1.0X10%m 0.25 % pH 5.4 5.0X10™*\ P
A || MC W& || BT | | ERY &R | | | i
17 1 33 17
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Hafmi i, AL -l Simi 2 W T CAS
%, ERY {EIZDWTENZE N Sample {A#K, Blank
IR ZFE L 7=, WL 2@IRE, $XT2ml o
A Xy h2FHL, T0O 1#HEIZHK 704 Th
%, EBEEEHNELESLZRIC2ml 0
ARy e URBREDERZ 1 (] 70 p))
mz7z.

HHNTABRE G ER, EARMORKEICKD
SEEOMIED DI 15401, 30405 & &5 3 EIC
D7 VIEA L7z Sample i% & 3K Y) D A 2 B\ TRkE
ICHRELL /= Blank ik D A = NIE THIZL, F 0D
A E A-D D 4 BBED T L — RITHEEL .
Blank # & D A ZENEKE I NBEWITONTII,
ARy ;W TEBREYIS IR O fE &
584 DHERIBRE (ug) #/RLU7E. E/=, AL
B\ (EW-taFE MICBT 58ERERICKS
BRI OEES FRFTEAEL 2.

JL—RKRARBAGERICHEROHZZKERT

EbHO

7L — R B BFHEL DM DD

JL—RC:#EYLaENEEKRLERE L

7=HD

JVL—RD: @mFALENE2EBDSNEND T

HoD

3. CAS ERUERY E(CEHT BHERIEY

AL(ID) & D §8 A Bl DN W 72 W3R O i@
DTH5.

TFAEY >, YHYFATY 2, FTRAIIVE CE, T
EF U, yOayU =), A T77O7 2,
IF)anyzgryzaxA >, HE7I NS
FU 2, Y TarL /=), BEBEAITII
>, o oFyENL, HBEsOLTOY s,
W Tha >, WY /e, HEEF7
>, HEEISSNY O, HEEN YA Y, HEEE
RSS2, EBEEYOHIVYE Y, EEEY RF
>, BT OhA 7 IR, g 0TS 00—
W, I o >, Aoty AT b
TN, I ZINTyEYD Y, HUFIVE, >
7 aANT I, BAKFERTFAROARMNLT 7
>, ATy ARFF =), ETHRFF b
VL, 774U, MVITHIR, JZAHE
>, JIVT RLFI >, NIVEY—I, TryEFD
>, IRMVEBTNFTY, INT TV, XD

DIV, RUAVEBIINIAN) Y, AYTY
>, ARbPLFH—b, ERE, BRURTIED,
7y BTy, MBEFZ—%, WHWEANLT R
1>, LEIVES, KRR
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1. CAS ZD#st

1-1. HEBRRLTOEZEREEHO®RET T
fipMEt & LT, Xz 2%E1Z pH 6.4 fHIIZH
F5, AI(II), CAS, T hIHA4 27U RHAEY
BOI YA 7Y (MYC) OD=FMIZBIF3=
TCER R AERRIC KX B HARR ETORARSD A EZ
MR L. HiEELTIE, 1.0X1073M @ CAS &
#, 1.0X1073m AI(ID) ¥A#K, 1.0% Brij 78 VAR,
0.4M FElE /BEEE - B U O LRREWR (pH 6.4, fyid
pH 6.3-6.6), 1.0X103M @ MYC Ak & F N ZFh
2ml OEHAE Ry K2 HWT 1T DRH B
L, X<EA LU= Sample 5% 126 LT, MYC
Z fR\ 7z Blank {5 &2 W BRICE O AR ZE 2B L
7o, ZORE, AI(N), BFREGHERICMYC ZH
U 7=k, BikIC 2R %2R L, Blank IFK &
Sample IFIR DI BT ENTND T L 2R L /-
DT, RIT, AI(ID) BB, FEEMEAR O A E,
CAS %, MEROBRZEFHMICKRFLEZ. £7
REiEHEAIOE B2 LZEZ A, FmiGHAlZ
B3 %57 Sample Y5k & Blank YA D 512 $HE 75
BRZENRD S N/=DT, L OER TS miE
AELT, 1.0% Brij 8Kk Z 1 MMASZ & &L
7z, RIZ, BEROBRICOVWTHMALEZED A,
3WMMA Tz L Z TR bEHEREAKREER L. Al
(I EREIZDNT, 1.0X1073M, 2.0X1073M, 3.0
X103 M, 4.0X1073 MIERD K REEITH N THE
L7z, EDORECBVWTHHEREOEAKIGZRL
DT, LOXI0MEKRZ 1HmMASZ & &L
77, HPBIC CAS OEEIZDWVWT1.0X1073M, 5.0
X1074M, 1.0X10*M D% CASIEETH D, Th
TNIEMA T EEOOFELBIR L 2. TOHE,
50X10°*MEERE LW EE, TOMmFAEN
ROEETH-7ZDT, UBOBIETHBNTIE,
5.0X107*M CAS & Z 1 WA Z & &L
122, AEAMEFOZELLENE HEOR
MEFOAEEICL 2 2AEKIENDOEEEZRE L /-
N, FICHEAEZEDEVIIED SR> - £,
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CAS & {MYC-AI(IN)} $Hfk & D EAKRITEIR
WCBWTHRRIGE Z 508, 2 BRI E=E THRET
% EE, KyDEBIEDHEORMICID BAK
IS DHERMMKE I I2 o7z, Lo T, YR
IER, 15701, 30 7B CTORHFEEEZBRL .
13. CAS((CKTHHEBEIRLTOERRE
M8 2. OEMERIEICHELT T, EPEL T
MYC #flW L EDaFAEERAL LA,
Fig. 1 ® a)-d) IT/RT KO RERZERIT &N
T&7/-. a)ld {AI(II) +CAS} B#HTHD, 1.0X
1073 M AL(ID) ¥, 1.0% Brij 78 IRk, =T h <
N1{E, 0.4MEFRR BEEE T b U U LAREME R (pH
6.4) % 3, ZT3IZ 1.0X1073M @D CAS 5K 1 1%
F K Z it TR <IEH U TH 7z Blank ¥R C
H5. b)IF (MYC+AI(I) +CAS} BFETH D,
1.0X 1073 M AL(ID) {&#R, 1.0% Brij 78 Ak, %%
NZEN 1, 0.4MEFEE /BEFR T MU U LREHIK
(pH 6.4, & pH4.8-5.7) % 3§, XIZT1.0X
10°M D CAS VAR 1 Mzl L TL<IEAL, =
ZICHBEM TH S 5.0X10°2M O MYC 5% 1 i
ZMU /= Sample IRIR CTH 5. o) lFdFEELHEY T
BEREKISNIRNWT E 2R T 570 OERIEIR T
{3+ CASHEBIAW T, 1.0% Brij 78 AW 11,

a) {Al(IIl)+ CAS}
(Blank solution)

b) {(MYC+ AIl(IIl)+ CAS}
(Sample solution)

¢) {MYC+ CAS} d) CAS

Fig. 1. Color Reaction on White Spot Plate
a) AI(II)-CAS solution (Blank solution); b) MYC-AI(II)-CAS solu-
tion (Sample solution) ; ¢) MYC-CAS solution; d) CAS solution.

0.4 M el /BEEE ) N U U LFEEW (pH 6.4) #E1E
W 3, FNIT1.0X1073M D CAS AR 1 T K&
VkZHR ETE<EAL, T ZITRBED 2R
LEZbDTHD. mEIZ, dEELT, FED
CAS Ak & 0.4M BFIE /EEBE T B U U A RR IR
(pH 6.4) EREEMEAITH 5 1.0% Brij 78 IRk K&
DIKDBEBEEDK 2 d) ITRT.

14, BEEEXERLOEERE HxORIESE
HOBEHEREL D [ 2. OEEREEZZEL,
FIR S TG A ) —= > 7 &t 7. %A
V=2 TITHWEEDZ, EELRMNXEFT
SEEDF L — MEKIC K 2 HEERFETH O T EEME
MRERENTVWDHD, AL IER#NR<ED, £
OEEMNS AL & OF L — B ZE Z 9 0] fE
WRHBEZEZENDZHDTHS. DY HET
(B 2. ICREEH LMD, RABERICHEE AN
EEWRTELDOET L —RA, BREEOM
WRbDETL— KRB, EYLaENEERLEL R
tBLZ2bDET L —RC BHEAENEDSNEND
b0 1L —RKDD4BEETHEL, £27
L —RA&EBOEBIOVWTIE, TOGFEMNE
HCHRATEDIRAEZY A 70T T LA THDOET
=i, FVIL—RCEDIDODWTIH—HELTED
Mzl Lz (Table 1),

2. ERY ZE0D#st

2-1. ABFHRLETOEERIGEGHDKRET CAS
HBAEBEI1T, 1.0X107°3M O ERY K, 4.0X1073
M AL(ID) ¥, 0.2 M FElE/FEfE o B U ™ AR R
(pHS5.4),1.0X103MA70F %2> (OFX) &
HEThZNn2ml OBHAE XYy hZ2HWT 1HT
DR EiCmmL, X <iESA LUz Sample {5k &,
OFX ZRRW\WTHM L =il 7 7 > VKR, Al(ID)
ZFR\/- ERY & OFX ORGEKZRICFDE
BRIGEBR L. TOME, AL, BRES
AT, OFX Z#MiL 2B, BREFICE AT
20, AL(ID) 2R\ 7=t BRI Tl 3 &Y
DRIIFRE Z 57, ET T >V IRIK & RO
Thoilz. ZOZEXD, WK ETITET A
EOFX ML, EDHBRBEFELMAERTLHIET
BOEKGNELCTWSEEZ NS, ZORERITHE
D&, CAS ik &[RRI NG Z I MET L 72
FEE, 1.0X1073M @ AL(ID) Ak 16, 0.25%MC
Wiz 1, 0.2MEFlL FeEe - b U 0 LR WK
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Table 1. Grade of Color Reaction after Mixing Drug, Al (1)
and CAS Solutions

Grade A {Drug, Detection Limit (ug)}

Ofloxacin (1.8), Chlorpromazine (1.8), Minocycline (2.5),
Daunorubicin (2.8), Fluphenazine (3.3), Salazosulfapyri-
dine (4.0), Imipramine (7.9), Dibucaine (9.5), Propranolol
(14.8), Amitriptyline (15.7), Ergometrine (22.1), Strep-
tomycin (36.4), Quinine (39.1), Hydralazine (49.1), Pyri-
doxine (77.1)

Grade B {Drug, Detection Limit (ug)}

Methotrexate (113.6), Amoxicillin (209.8), Cefoperazone
(333.9), Thiamine (409.2), Folic acid (1102.5)

Grade C

Reserpine, Papaverine, Levodopa, Noradrenaline, Ketotifen,
Cyanocobalamin, Vancomycin

Grade D

Erythromycin, Rifampicin, Azathioprine, Tolbutamide, Iso-
proterenol, Penicillamine, Captopril, Riboflavin, Clotiazep-
am, Noscapine, Dextromethorphan, Ibuprofen, Mesalazine,
Sulfamethoxazole, Procainamide, Barbital, Salicylic acid,
Aspirin, Theophylline, Famotidine, Allopurinol, Pilocar-
pine, Ascorbic acid

(pH5.4) % 134, 1.0X1073M @ ERY Ak % 1
i, ABEMEEE 1 #NA 72 ® O % Sample VK
EL, RBREMBERZRVWTRBRICHARL THE2
Blank B =M E L TZOMAEZKERT DI &
L.

2-2. ﬁ¢WMM$® JEBLREE HEOR
IEFDEFEIZ L 5 BEKIENDOEEEZRHFL -
N, FRICHEAEZDEVWEIED NN 2. £,
ERY & OFX-AI(ID) 8k & @ 24 NI ERITH
WTHRIRFICE Z 270, 2KMMU EEIRTHET 2 &

X, KO DOAEFITLES E ORI KD EBKBD
RN EE /> /=, Lo T, EUIEKRE NE
%, 15501%, 30 p e COBMEEZBHREL -

2-3. ERY :2([CK(THHEHEIRLETCOERRIL

(KB 2. OEERIEITHLT T, EHEL T
OFX zHWhELEDBHAEZMAELLEZ A,
Fig. 2 D a)-d) ITRTHEREZBIRTH LN TE
a)ld {AI(II) +ERY} FHKTH D, 1.0X103M D
AL(ID) 7k, 0.25% MC &k, ZZhZh 1,
0.2M el /BERE S NV O AFEE R (pH 5.4) #EfE
W72 3, THIZ 1.0X1073M @ ERY K 1 7§ K&
UK ZEHER ETESIESL TH7Z Blank BIR TH

L

a) {Al(IIl)+ ERY}
(Blank solution)

b) {OFX+ Al(I)+ ERY}
( Sample solution)

¢) {OFX+ ERY} d) ERY

Fig. 2. Color Reaction on White Spot Plate
a) AI(II)-ERY solution (Blank solution); b) OFX-Al(II)-ERY solu-
tion (Sample solution) ; ¢) OFX-ERY solution; d) ERY solution.

%. b) 13 {OFX+AI(Il) +ERY} FRTHO,
1.0X1073 M @ AI(ID) F#E, 0.25% MC FR %= €1
T, 0.2M FEEE BEEE S N U U ARRMETWR (pH
5.4) FEMEZ 3, T2 1.0X1073M @ ERY &
W1 EZEMK ETR<EAL, & 2IHRBREY 21
L7 Sample BRI TH 2. ¢) IFEAFEELEMNE
BRINENWZ L2 T 20 OMAREKRT
{OFX+ERY} REEAEHK T, 0.25%MC &7 1 i,
0.2M Filig /Hifg - NV U AR (pH5.4) % 3
M, ZHIZ 1.0X1073M @ ERY & 1 i e Ok 2
R ETR<EAEL, 2ZITHBEDZRFEML 2D
DTHh5. REBIHBEL T, FEDERY & 0.2
M e S HERE - N U U AFRER (pH 5.4) &SNS
PEFITH % 0.25%MC EIR DR G VIR O A DX
Z d)ITRT.
24. FEEEREOEBRE L ORINE
#@@d%%xbf%%JZ@FE%W% REL,
NS TG A —Z 2 T 2127, B X
0U~*y7’%mt¥%1F%%J&K%Lt.
INsOEMI, EEMBRMXEFTREZDOF
L — MERIC K2 HAEMFEHFEBE O etk 7RR E 1
TWaD, HLLIEEEN RS ED, ZOBENS
A(ID EDF L — Mk ZRE TN D 5 &
EZAOLNDHOTH D, ZOHBIHET 195 2.
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ICREH L7720, RO ERZICHEROFEZEET
ZXbDET L —RA, BRI EOMIERDDE
JL—RB, #pLaBZNEZNLEALEZDD
7L —RC, BHERIEDEDONRN>ZHD%E
JL—ED &, 4BEBTHELRZ., £V —FR
AL BOEYIIOWTIE, TOGHENHME T
RTEBEAEZAMAI7DOT T LThHOETER
L, ZL—EKC, DoEpIZOVWTITETNEN—E
L Cit#d % (Table 2).

3. (EY-7LIz=IL4(l)} SHEORKNIRY
bIL

CAS i, ERY FEEHICHEROFHZZ R L2
OFX, MYC, #77 /)lET > (DAU), U R+
2> (PYD), WiNTHEIZBWTHEFAZDED S
Nigin->777EF Y (FID) IZDWT, #HW
EAID) DRIK E, EMDOHADWINAXRY RV %
HWETZZEICKD, REHAI V-2 THROH
itk e Uz, ZOfSE%R, AL &8k % 4k
LTWBEHEESINDEYTIX, SHELRRINAXRY
NMVEERRD SN, BHA7 ) —Z 2 THETOR
PEE & —3T 2 BIF S HBEBERR ANz, £
7z, BRENEL AENTRENE S HE SN/ FID

Table 2. Grade of Color Reaction after Mixing Drug, Al (II[)
and ERY Solutions

Grade A {Drug, Detection Limit (ug)}

Ofloxacin (1.8), Minocycline (2.5), Daunorubicin (2.8),
Pyridoxine (10.4), Methotrexate (13.6), Salazosulfapyri-
dine (19.9), Ergometrine (22.1)

Grade B {Drug, Detection Limit (ug)}

Cyanocobalamin, Amoxicillin (104.9), Thaimine (163.7),
Cefoperazone (166.9), Folic acid (1102.5)

Grade C

Chlorpromazine, Reserpine, Papaverine, Vancomycin, Im-
ipramine, Dibucaine, Amitriptyline, Propranolol, Hydrala-
zine, Quinine, Ketotifen, Fluphenazine

Grade D

Streptomycin, Erythromycin, Rifampicin, Levodopa, Nor-
adrenaline, Isoproterenol, Penicillamine, Captopril, Ribo-
flavin, Clotiazepam, Noscapine, Dextromethorphan, Ibu-
profen, Mesalazine, Sulfamethoxazole, Procainamide, Bar-
bital, Salicylic acid, Aspirin, Theophylline, Famotidine, Al-
lopurinol, Pilocarpine, Azathioprine, Ascorbic acid, Tol-
butamide

TIE, MINARYZ MVDOELIZELS ASLNRh->
7=. IS DOER % Figs. 3-7 IZ/R7.

)

2.0
@
<@
=
<
=
B
=3
1723
2 10
A
B
0.0
300 350 400

Wavelength (nm)

Fig. 3. Absorption Spectra of {OFX-AlI(II)} and OFX solu-
tions
OFX : 1.0X1074m; AI(II): 1.0X10-4m; MC: 0.025%; pH: 5.4;
Curve A: {OFX-AI(I)} solution; Curve B: OFX solution.

2.0
o
>
=
<
=
B 1.0 |
=
<

A
B
0.0
300 400 500 600 700

Wavelength (nm)

Fig. 4. Absorption Spectra of {DAU-AI(I)} and DAU So-
lutions
DAU: 1.0X10~4m; AI(II): 1.0X 104 m; MC: 0.025%; pH: 5.4; Curve
A: {DAU-AI(II)} solution; Curve B: DAU solution.

—-
=
1

Absorbance

300 400 500
Wavelength (nm)

0.0

Fig. 5. Absorption Spectra of {MYC-AI(I)} and MYC So-
lutions
MYC: 1.0X10 4 m; AI(I) : 1.0X 10~ 4 m; MC: 0.025%; pH: 5.4; Curve
A: {MYC-AI(I)} solution; Curve B: MYC solution.
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Absorbance

250 300 350
Wavelength (nm)
Fig. 6. Absorption Spectra of {PYD-AI(II)} and PYD Solu-
tions

PYD: 1.0X10 4 m; AI(II): 1.0X 104 M; MC: 0.025%; pH: 5.4; Curve
A: {PYD-AI(II)} solution; Curve B: PYD solution.

2.0

Absorbance
-
>

Wavelength (nm)

Fig. 7. Absorption Spectra of {FTD-AI(II)} and FTD Solu-
tions
FTD: 1.0X10 4 m; AI(II): 1.0X 1074 M; MC: 0.025%; pH: 5.4; Curve
A: {FTD-AI(I)} solution; Curve B: FTD solution; Curve C: AI(II) solu-
tion.
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Table 3. Summary of Color Reactions of Drugs Tested by
CAS and ERY Methods

CAS ERY CAS ERY
Drug Drug
Grade|Grade Grade|Grade
Ofloxacin A A |Minocycline A A
Daunorubicin A A |Salazosulfapyridine| A A
Ergometrine A A |Pyridoxine A A
Methotrexate B A |Amoxicillin B B
Cefoperazone B B |Thaimine B B
Amitriptyline A C |Folic acid B B
Chlorpromazine | A C |Imipramine A C
Fluphenazine A C |Hydralazine A C
Quinine A C |Propranolol A C
Streptomycin A D |Dibucaine A C
Cyanocobalamin | C B [Ketotifen C C
Vancomycin C C |Papaverine C C
Reserpine C C |Noradrenaline C D
Levodopa C D |Aspirin D D
Ascorbic acid D D |Azathioprine D D
Isoproterenol D D |Ibuprofen D D
Procainamide D D |Pilocarpine D D
Salicylic acid D D |Captopril D D
Dextromethorphan| D D |Sulfamethoxazole| D D
Theophylline D D |Clotiazepam D D
Noscapine D D |Tolbutamide D D
Penicillamine D D |Barbital D D
Allopurinol D D |Mesalazine D D
Famotidine D D |Erythromycin D D
Riboflavin D D |Rifampicin D D
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