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Improvement of Levine’s acid colorimetric method
for determination of chlortetracycline

(Studies on keeping quality of fish
by use of chlortetracycline-I)

Yasuo Yone
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B Ky e F A, BRSNS LUK X iR 206, FEEAKSKEKIE &
MLz CTC Osgut/A> FELCEBIHFETHL2TH, COHOKDESCEVFEL IR
O, NOTEFRERESRE LTV 254 { Olb3EfrEREN CTC korRiciE
LT BN ENEBRRL, RO CEOBBCHIIMEEELKEO CTC &ERT 3
7 1 AV A i1 I

A, EHRILO W

ABFH L FDA s XA AEEE UCTEBL OV 2B e X 2 letags®
is0-CTC DEWIC X 55 L UMRHErEY #4= Upham [Gbh3 CTC koG A
ISR RN R YO M GRS 0 CTC & ¢V 7 s @ % v — MuStHho TbERC X
LHENKRO CTC R T3HT 30 EreWikLic. b X3 CTCo
B T, CTC kOWAHD L 5 Smeg/ece MTFo CTC i@ 3 s
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st iR is b 0%
1) i50-CTC O&%I= LB 5ED
ABALIRAAE S Levine KB OFED ok CTC FRCHT 3 L 5 eEsk Uik
G, TAD VECHBLTET 2 iso-CTC OERERALIHETHS. ITEERCK
B 0 CTC T Lic & 27 BRI T O iso~CTC o %¥id Fig. 1 @Rtk

* RALKELE AR R R,



142 o2 B X

9B H1T

50, Table 1. A comparison between values
for CTC obtained when melted
o 40} ice, tap water and distilled water
='§ solutions of CTC were analyzed
- 30l by Japan FDA method and the
% cylinder plate method,
g 201 Japan FDA Cy;{:g’er
5 method® method
g e _ . od.
L 1o} 4.4 4.6
45 38
o . . . . N X N . , CTC in distilled 4,0 4.0
¢ 10 20 30 40 GO 60 70 80 90 water ‘1“8 gg
Time of wradiction {zec) 13 08
Fig. 1. The change in fluorescence of NS ad
iso-CTC prepared by Japan FDA ggt(;rm tap 1.8 33
method® on irradiation with the 0.5 10
excitation light of 360 me. zg i;
2. )
SPRECH 2. LhL 1 9FES CTC 1o et 33 gg
wre ¢ .
DT HEBHHHR Ch 206, WIC in lee 35 23
3 SRR DRMTAER S LUk ?;f; i

mo CTC RAER L. COFEREX
AE & SRk EiE L © Hiidit. Table
1 R ¢ KPR E R
X BRI L { —F LA, HEK

BIOUKF L OB & AHOKER, SMEmReiE X bEhrok.

* The ice was so prepared that it would

contain CTC (5 ppm), carboxymethyl-
cellulose (15.2 ppm), NalIS0; (1.9 ppm),
and NaCl (77.9 ppm).

= OTL R

BMKFDEREL+v— b Lk CTC it, EEBoFE TR iso-CTC Ll
i Er, ROXHEBIRL Thiz. ThbbERKA R I HARC £hFh 4ppm B
2L+ CTC ¥ n/5 EDTA (ethylendiaminetetraacetic acid Nap salt) %Jnx#-
&z A, EDTA Tinzizwiikfo CTC BEREEKh 0 £ho i 1/4 ok, 11
7k 100ce Wiz n/S EDTA % lce fne 2238450 CTC BXEBAKBo 2t <AL

fifs = L1= (Table 2).

Table 2, The effect of sodium salt of

ethylendiamioetetraacetic acid
on Japan FDA value for CTC
assayed on a tap water solution.

E%:fof ;glésed - Fluorescence reading
to 100cc of N
In distilled
481301;:3131? ¢ water In tap water
o 82,5 200
1 800 800
A
2.5 2.5 87.8

2} RINBIBIETEY

Z O Upham X &40k o0 CTC
R Hyvic b o, B#Eskd 005 n
HCl #% » LT 370 mn OFICIE2H5E L
CTC e+ 258 TH 5. AiET
o CTC & LI-f)r pad plate
assay 2R G o A B Ui &
Table 3 iR Ut EHBHELECY
DA BT X D T TRl
RLE. oo FEEREEERc L S
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Table 3. A comparison beiween values for CTC in ice determined
by the Upham et al's method the Sakaguchi et al's
method® and the pad plate microbiclogic method.

The ice possesses the same composition as given in Table 1.

Microbiclogic Sakaguchi et al’'s method ] Upham
method Before filtration After ﬁItratlon [ et al's method
T omeg/ee mcg/cc T mgg/cc ) meg/cc

28 :

2.0 4 2 3.7 i

14 5.0 3.2 |

16 27 2.0 {

33 51

2.9 5.4
34 E:)
35 58
26 i 43
a1 | 57

CTC owhiE&mtst 380 me AN L & 200G, LB ZDX 57 CTC of
R0 R T O R D Bl T BRI T AR IR C B L fe b B B S .

3) ROELO MY 7LEY

CORRBMICTC O T 74 21— MESHD EUL!EL.I 2hmiehs. ko
CTC 4 ¢ 1V adhic L2 U iR Uil & aEitil s bk T2 =, Table 3 iR
T I3 ISR L D L ER A CEWEY R LY, hRiE KOG OFERT
B AEEORNECREL ThbERT A L, BENOMEICHESR T E{ S
H BREEEE L b b R0 ECEER L, MUK DOFECR v — OB
e LTw 500, 7o El a0 ml T2 00M8RTHD, &
ME X EMNETLADSZO L REHTHEAS)

4 BueE

FEmkds YOk e CTC % Sppm OPBRCHE 2 X 5 IKIEMEL, 14~19C T
Li#40 CTC MOHE e Levine OFED wiv- @& L, #i5 Bac. cerens No.
5 #F\vi- pad plate assay fiff & MR LAz, & DL Table 4 7T X 3 CER
io k Bidfi e pad plate assay & DA K2 ot

Table 4. A comparison between values for CTC estimated by the
acid colorimetric method* and the pad plate assay method.}

I e T
Samples Method Tnitial 24 hrs. 72 hrs.
CTC in distilled water {g;ﬁi g; iﬁ ig
. i . 5.
CTC in tap water {;;g‘ i_ﬁ 3,% %.g

CTC solutions were left standing at 14-19°C. * Levine’s method®
The absorbancy was measured by Beckman spectrophotometer,
t Test organisms used was Bacillus cereus §5,
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AFDHIEC Levine OBHfEY i« X 57kt CTC s RAGT B rREE X Heid
EL{—#L, AR CTC oiMirebh 5 s 2 m>i. Ll Levine ©
feHfah T/ NE (2ce) oRFIE L b, BEEAHTHTHES 3728, CTC k4n
I 5 fnfEmEE (Smeg/cc LUT) © CTC EROB{AICE, HRICOFEST. R->T
AR T EAERRG AWML, kPo CTC #FR ¢ ¥ 5 X 5K Levine thi
gL,

W OE R H

) B x

20 % HIRE : £920 & THRD 2V E I 1 L OEEEY R IE T 205 04D
Az bR BN, FRSZEN L bV, BROMEMHIERERE S0, =0
FEMREBLIARIE L 2 in .

E% CTC# : CTC 80mg (s Y LT 86 mg) #iikicx 2L 100 cc iER
TA. 2ofEx lecc ¥ UEREICAEL, H)=FLr v RS LCHERE L #7557
. BiERETIL 1 2 JESHOETIRAVA, BIHRL 72 DR HUESERIEL T b
. ERECIRBREOABEANKTHRL T 10cc KBS L, 8meg/cc DR
S 3. BEHIEACHEIRLTSG, 5, 4, 3, 2 XU 1megfoc DEHFREAR2LE.

b) EEomI

KEE—FH 5B LK Y =y OBE AR, MR L ESEACE Bmeg/ec I
T CTC s 2 X 53 WHR+T5. Be@Oo w28 TOFFRBT s Lic
<y EREMEC Lo o CHIRRER M CARBLIA L Ao B Bl 5.

c) WMREOHER

EEMTHRE L L Ckike A 5. SHHETRECE CTC 2F vk ks
A 3EZCH 2505, kird 4 E 28 EKD BB KK R - AUE XV,

4) & 13

50 cc OFtF, EHER I UTHRES 100cc D7 2 Ao 300E 100ce D AR T
FRaALLY, CRELRER 20cc O 0% EHEML S I{BRLLRT T Y
T AR Rle B FERC 80°C OHRC AR TR 20~30 3 (7 7 == Hoikis 80°C
CRELTHE 5~15 5/ M LicObic s b T ELHEHAKCHE L, 35K 100 ce
EHEBELLOBLEAFTOERIRG (BX 100 mm) %V 440 me OWCEE & ¥l
FPERE CTC WOBREE: WOLH : OBRe RTBHER VT, RCEBORL
BEL D ERR OB R E LR el dRke, ZOficiid 5 CTC e BEEi L »
R B,

X B o B

1) In#EREds L Uhnaamm

Levine 3Gi3ibech ¢ 5 FEMBE L0, HHICAWT5 L IclmLTvws. W
DCABFE T Smegfee @ CTC # 50c¢c i 17.7ce DZEMBERE & Ff L A2 0 hig
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AHCin L, %8, 6, B, 12% 100 orpemcreea== o heoted o} I00%E
L0 17 SOWEEEME LIz b 25 so| o o ooe
BOLHED RIS {, ARty L 89 5 v TTTTYTTITTE e
RUROEREth . SR ¥
B e 5 %A 5 SMEMB L 5
R LEV-O6, ToMBEf
R risdhnridh s, HWoT 80°C
DB I L 1o 2 2 Sk 12 43
B REBOLEER R L, 27 sk L i
AERUEERL L (Fig. 2). &
AW ORI 2 ke 80°C 0BEl

IS

Absorboncy {-lag T)

Temparcture (*C)

13 20 4.3
Time of heofing min

Fig. 2, Change in the absorbancy at 440 mp

WG L o B & o Bl 5 oV EokE with the time of heating at 80°C or 100°C.
O bR Rl 25, PIEE 20C © To 50cc of CTC solution were added
L . 17.7 ¢cc of a distilled HCL. The absorbanc
RENThEE 15 500 304 % T o was measured with Becl:r:a: g;:lezlt:i'i:ny-r
B, F7- #E 6C osiit s photometer, Temp. of sample, ~---- .
25 450D 354 ETOMIZE A ¥—it absorbancy, —.
gt —— = ol =L 7 (Fig.
80 30604:::-..5.0- B s ﬁﬁﬁj{ﬁﬁ ’5:‘?.I'L‘f (Fig.
_. 7o} fdde...o 3. F-Figs2 BXr 3o
£ eof Sy 1* 7 ROZBRTL 7 A0 HORE
e 50l 6# |, 8 ook srm., g
g solif S L ot SRR LA LR
é 30l 2 g U Chote. Y LoRRM L3
& 208 ' § HE R 80°C LU, i
1ot S MR HEES 80C KELTHE
o — . — 5~15 ; )
y 'S 20 30 20 Hic SimE AR,

20~30 -
Time of heating {min) GORCPETELS

Fig. 3. Change in t b d absorb R N
ig. 8. ange in temperature and absorbancy o
the sample having different initial-temperatures 2) EMoRE
with the time of heating at 8¢°C, CTC MRz h
20°C at start, (; 6°C at start, @. Temp, of 30C, EROENCERT A
sample, - - -; absorbancy, ——, ~ ;
RS L i b

(B MR BB TED R BN S 2. LAaat o TR G 1.2 ppm ORI A A
UTXREMS LU 03 ppm D eatrifiie (B 18R L HWC, B o
CTC #% anhydro-CTC & UCEEE %R LR, MEEHL S DERLACS L
SERMEIZECE , FRERERERL R Y CTC BAVNE Lot L LiEE
Fr LR T AR T RIS RE T2 20 CEER DR E O, B TE
HER (20 %) RHVBZ 2 HER L\ (Table 5).

3 EEmEnE
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Table 5. The effect of active chlorine on acid colorimeiric method.

Hel L1 7?5‘-1\&- DD:D a2
Guaranted reagent grade 10.2 gé gg 27
Regular reagent grade* 93 6.6 41 15
Grade for industrial uset g2 5.6 a0 0.8
Distilled 75 5.2

* Regular reagent grade conlained 0.3ppm active Clz. + 1.2 ppm active
Cle.

Levine $E7L 2¢cc DEAFHT Scc @ 2n MM &ML Tind+2 X S ciBRL T W
5. L7z 50 ce OREF L HEIERE & HV Bk T, 17.7cc oA IinL
Ll b, L Lz 3R FAERBEM LR uiicd 5 ionicHime iy & %
HEE: O BEE LML . FORET Table 6 &7+ X i, 177ce L b 25¢cc ¥
DYFEINGCC v F U ERERICHE R Lz, B> T 50 cc @XFRS 20 cc o EETHISR & A
TEZ L .

4) CTC Jpe &R & OBAtE

LR ORB G A EMHE Lic 0, Wic CTC B & Akt i fo Bt : o lfE

Table 6. Optimum amount of 20 %
l HC1 required for maximum
[ ]

vield of anhydro-CTC.
- 5 cc of 20 25 1ICL added j
E. i to 50 cc sample Absorbancy, -log T
OB | 10 0.330
P 3J 15 0.330
g r 17.7 0.333
g 20 0.332
2t 25 0.333
- 30 0.323
AT
, R . ) Table 7. Absorbancy (-log T) of anhydro-
o 25 s 75 10 CTC yield by the hot acid treat-
CTC (ppm) ment of CTC in distilled water or
Fig, 4, The relation between in well water,
CTC concentration and mcg/cc Distilled Well waier
absorbancy of anhydro-CTC. . CTC water water e
10 061 0.62
Futz. RS LOFIF A « Okt z5 088 e
CTC #BBLL-EReREc ot 25 0.125 0.130

HULtroh, Table7 TRTr5K
WK & FHEAO B xEs s ot £ Fig. 4 @ X 5w CTC pifs: BotEr
& OFEfRL Lambert-beer OBART Lichi 5 & L BWEL»CH 5.

5) CIC LU CTC 4ol

ko CTC 4 L cErbhd o, isoCTC, RSk X0 3 fiofk1 &
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i@ e B I on
A, Lizdotohbddg 0'2
fitdmi— d & O BEORE oI,
AL T A ol %5
S Bt iso-CTC 11 5

VIS X B g £ 93 109

b5, ChbHosMoH 09

MR L 2 b o B

HOme OX AT TDE7 T g

bif, ko CTC Dokt 3 o
g oa
§

Wave length m.
megfee @ CTC # 10cc Fig. 5. Absoption curves for CTC and degraded CTC.
2 2ce @ pl 7.5 o B @ anhydra-CTC, () ise-CTC, A degraded CTC with

S AL, HbkR T Cly, @ degraded CTC with Fed#,

5B M LI OTChH D, Bl ES X Fe¥t 1ok 3 CTC oMb itikis, 1000
megfece @ CTC i Scc i 6ppm @ Cl 2@&¥esk, &3\ 2 0ppm @ Fef+ 244
S LIz 1L B Lo CTC e M IR T, chba o
CTC MRk kO CTC W # RETRE LB LHR L L, Fig. 5 e ET15k
anhydro-CTC oWXih# L £ CTC 4o Fh i irdegic B b, anhydro-CTC
ORRFIREETHS 40me ©iX, Fe kL 3544 X OMMmMTIZ LA LR
Fehm &gk, Febt ik 25440 o RN, il Fett 4o 440me ©
i3 2 ELDWEIINE> T, —ROBEK AR kEk) izt Fe 25 1ppm BL[-
LEENACEEAEVOT, Te i IAESIZ LAY VWS 3,

6) FiEde LT pad plate assay EICk kP CTC ERIEOIE:

¥-FHlwis CTC 164 %, Carrageen 59.7 %, Ca-acetate 23.9 % ofif+ 4 oK H
CTC #&E T2 < ofzskhe CTC R4 Kkl X¢f pad plate assay $:Cm L 1.
Fig. 6 WAL 8RS HHML X 5, AEIC X 3E% pad plate assay {81 384
LTl e

Wi CTC 5.0%, CMC 114 %, NaS5:0s (b5 ik NaHS0s) 28%, 30l iais
808 % rhEakHE CTCHYRH VW T2 2kbo CTC RERBCWERLAEL,
pad plate assay {5 & Feé L4z, Fig. 7 iR LR LGS MR Z L%, NasSiOs
R L 7z CTC ck Akt pad plate assay i L O etz s, NaHS0,
LW L AR TIOARIEIGL pad plate assay X 9 D BEEVEERLL.

A. iso-CTC OEIC X 2758, 1Y ¥ ik SBIMRIRIGHE o L U BRHetadhic X0 Tk
Yo LUK D CTC &ttt L, Bekipbldfl & Bt L iR 2 BT 5 L ROEY TH 3.

1. PEEAERD iso-CTC Stk d CTC #8RT 3L, £<0EABEHR
EME D BEERR L, Upham GBSO RS IVEIKLOFEI VTR I ELLE
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Fig. 6. Comparison between values for CTC (meg.sq) by microbioassay

CTC in ice which were determined

by the modified acid colorimetric and Fig. 7. A comparison between values for
pad plate microbiclogic method, CTC in ice containing either NaHSO,
The ice originally contains CTC or NasS:0s which were determined
(5 ppm), carrageen (182 ppm) and by the modified acid colorimetric and
Caacetate (7.3 ppm). pad plate microbiologic method.
The ice originally contains CTC
\ — ~ (5 ppm), carboxymethylcellulose (11.4
WA IRL ppm) NaHSO; or NazS:0p (2.8 ppm)
2. Levine @R X2 ClRAk and NaCl (80.8 ppm). ) contained
.y " - ; N , @ NallSOs,
XUIAO CTC R R Lick =5, # 225:0s, @ NallS0s

et X 5 0l X Skt il L O EATRA Eiiot.

B. Levine OREHAEROEMRMELVHL, kRO CTC 4 T3 ki kikl
fo. U ABIMIR O I 5 Aty B Cn 3.

3. RE% S0ce kb, SNENERAACBT LR L DT bmeg/ce DIFo CTC #4&
B L UVREERS < R TE .

4. 80°C &g 20~30 SRIOINEE & fr 440 ma it} B SO EE A A .

5. MRS O BEREERC LS CTC OB NRESE s HW 22 ickoTHE
Hio.

6. Iso-CTC, HEMiERIs Loz X 3 CTC S0k B Licv.,

7. A X bakwhey CTC A3tk Uioffivt NaHSOs 481 CTC RDOEA LM E pad
plate assay filiELI LA,

X 3

13 Monastero, F. et al. 1951, 1. Am, Pharm. Assoc. {Sci. Ed.) 40 ; 241, Grove, D. C, and
Randall, W. A. 1955. Assay method of antibiotics, A laboratory manual {Amntibiotics
monographs No. 2) p. 66, New York, N. Y., Medical Encyclopedia Inec.
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2) FAMORMEE. 1958, KLIUMBC I oLF b 544 2 ) v O EERBRICOWT, #5
5 3L4 4 QA 3344 H).

3) Levine, I, Garlock, Ir. E. A. and Fischbach, H. 1949, The chemical assay of aureomycin,
J. Am. Pharm. Assoc. (5ci. Ed.), 38 : 478,

4) Upham, 8. 1D, Stirn, F. E,, Weidenheimer, J. F., Callahan, F. M. and Ritter, L. 1954.
Method of dispersing aureomycin in ice. Proceedings of the Gulf and Caribbean
Fisherieg Institute, seventh annual session, Havana, Cuba.

5} Sakaguchi, T. and Taguchi, K. 1955. Metal chelate compounds with tetracycline de-
rivatives, I Colotimetric determination of aureomycin with thorium (IV). Pharm. Bull,
3:166.

Summary

Since CTC-ice containing carboxymethylcellulose, sodium chloride and
sodium bisulfite or sodium thiosulfate is widely used for keeping the freshness
of fish in Japan, a practical field method is required for the determination of
the concentration, distribution and destruction of the antibiotic in ice.

The present study was undertaken to determine whether the chemical
methods are applicable to the determination of the CTC concentration in ice,
and to improve the acid colorimetric methed.

1) When CTC values in ice assayed by the chemical methods were com-
pared with that obtained by the microbioclogic method, higher values were
always obtained by the Upham et al's method? and the Sakaguchi et al’s
method®?, and lower values by the Japan FDA method® The Levines acid
colorimetric method” gave a comparable value to that obtained by the micro-
biologic method (Tables I-1, I-3 and I-4).

2) The acid colorimetric method was improved with respect to its sensi-
tivity and accuracy. The improvement involves using the Beckman spectro-
photometer and heating at 80°C. This method was found to yield comparable
values to the microbiologic assay values in case of a CTC ice containing sodium
thiosulfate, as contrasted to higher values in case of a CTC ice containing
sodium hbisulfite (Figs. I-6 and I-7).

The improved method is as follows: Place a 50cc aliquot of sample and
of each of standard solution series (1~8 mcg/cc) in separate 100cc flask and
add each a 20 cc aliquot of 20% hydrochloric acid. Heat for 20 to 30 minutes
in a water balh at 80°C, After cooling in running water, fill the mixture up
to the mark of flask with distilled water. Measure the absorbancy of the
sample by the Beckman spectrophotometer at wave length of 440 mg using
a cuvette of 100 mm light path. Prepare a standard curve by plotting the ab-
sorbancies of the standard CTC solutions against the corresponding concen-
trations of CTC. A representative standard curve is presented in Fig. I-4. From
the standard curve find the CTC concentration of the sample solution.

Fisheries Laboratory,

Faculty of Agricutture,
Kyushu University



