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Note 

A method of assay for sulphobromophthalein and other dyes in whole blood 
by a DEAE-cellulose column technique 

The use of DEAE-cellulose colutnt~ chronxtroyxphy for the assay of sulplw- 
hromophthtllein (BSP), brotnpl~enol blue (BPB) and am dyes in whole blood has been 
investigated in the past. Although it INS been very comtnon to determine BSP in 
plasnx~ colorinwtrically after treatment lvith sodium hydroxide, this simp!e method 
has two disadvantages. Firstly, even slight haetnolysis, bilirubin or turbidity. usually 
due to lipoproreins and lipids, cause interference in the detcrn~inntion. Secondly, in 
order to study rhe time course of the concentration of BSP in whole blood in small 
animals, too large an amount of blood is required_ Therefore, these two weak features 
0T the method have not made it possibl r’ to investigate accurately the biotransformtl- 

tion of these druss, particulsrly in snxtll animals. Various merhods have been pro- 
posed for eliminarin~ rhr above interferences. Gaebler’ and Reinhold made correc- 
tions for these factors by reading optical densities at two or rhree wtvelen@~s_ Selig- 
son ~‘f CA_” proposed :t method which eliminated errors due to protein binding with 
albumin by treatment of serum with sodium II-toluenesulphonate. However, these 
methods do not alter the requiretnenr for :t larse volume of blood. 

In this paper, ;I simple and sensitive assay method with high accuracy for BSP, 
BPB and am dyes in rat \\-hole blood using ;t DEAE-cellulose (HCO,-) colun~n is 
reported, in which the two previous difliculties are overcome. 

ESPERlhIENTAL 

DEAE-cellulose(Brown. New York. N-Y__ U_S.A_:0_90~~~equiv_~~)~\;as~tsedafter 
conversion into the OH- form by :I known rnethodJ_ BSP w;ts obtained from K S: K 
Labs. (Hollywood Calif., U_S_A_)_ BPB, azorubin S (AS), atnaranth (AM) and new 
coccine (NC) were obtained from Tokyo Chemical Industries (Tokyo, Japan). 

DEAE-cellulose (OH-) w;1s packed to a height ofabout 4 cm in a glass colutnn 
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(1.2 ;-: 15 cm)_ It was then converted into the HCO,- form with 20 ml of 1 Al 
KHCO,, and washed with water until OH- and HCO,- were not eluted. 

Procehre_for assay of BSP irr n-hok hioocl 

Rat whole blood (0.05-0.10 ml) containin g BSP (S-200 /cg) was haemolyzed 
by theaddition ofan aliquot amount of water and appIied to the top of the prepared 
column_ The sample that remained on the column ~a11 was washed down with at 
least two successive 5-ml portions of water, and an additional cellulose (HCO,-) 
layer prepared in advance was then placed on top of the column to a hei@t of about 
0.5 cm_ The column was washed through with 50-100 ml of water followed by 20 ml 
of O-25 M potassium hydrogen carbonate solution in order to eliminate the blood 
components_ After an additional wash with about 20 ml of water, the dye was eluted 
with 20 ml of O-05 _N sodium hydroxide soIution and the aikaline eluate collected in 
a 25mI measuring flask- After the mixture in the flask had been made LIP to the cali- 
bration mark with water, the absorbance of the dye solution was measured at 57s nm 
against a blank- The blank was prepared from a control blood (obtained before the 
infusion of dye) taken through the same procedure_ 

RESULTS AND DISCUSSION 

As BSP has a high affinity for the biood proteins, it has previously been im- 
possibIe to-determine it by a deproteinizing procedure_ In the present study, the LISA 

of a weak basic anion exchanger, DEAE-cellulose (HC03-), used extensively for 
separating proteins, has made it possibIe to separate completely the dye from the 
blood components_ Table I shows the relationship between absorption and concen- 
tration ofdye obtained from the assay of BSP (51OO:cg) in rat whole blood (&OS 1111). 

TABLE I 

ASSAY OF BSP IN RAT WHOLE BLOOD 

_ Mean i S-D. in the number oresperimcnts given in parcnttw~cs_ 

Conformity with Beer’s Iaw over the entire concentration range was obtained. The 
recovery of BSP (5-100,~g) added to the bIood (0.05-0.10 ml) was 94-IOO:,!;, which 
varied slightly according to volume of bIood used. It was observed that the use of a 

higher volume of biood gave a lower recovery_ In a practical esperiment, a 
correction can be made by running through an aliquot of control blood containing 
a standard dye solution. 

BPB has been used as a mode1 compound of anionic drugs in a study of trans- 
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port mechanisms in the liver, and its assay in whole blood can be carried out in a sim- 
ilar manner to that for BSP. A 25ml volume of 0.20 11; potassium hydrogen car- 
bonate solution was used instead of the 0.25 M solution in order to wash out the blood 
components_ The absorbance of the alkaline eluate was measured at 590 nm. As 

shown in Table II, conformity with Beeis law over the entire concentration range 
from 5 to 160,~g was obtained. The recovery of BPB (5-160,x& added to the blood 
(0.05-0, IO ml) w:ts 9s- 100 %_ 

TABLE II 

ASSAY OF BPB IN RAT \VHOLE BLOOD 

BPB (.rr.cj 

5 
10 

40 
so 

120 
160 

_ Mean :‘_ S-D. in the number of csperinwnts given in parcnthcses_ 

The azo dyes (AS, AM and NC) have also been used as modei compounds in 
a study of transport mechanisms in the liver5_ Assays of these azo dyes in whole blood 
can also be carried out in :I similar manner to that for BSP. In order to elutc these 
dyes. 20 ml ofO.1 N sodium hydroride solution was used instead of the 0.05 N so- 
lurion, and the eluate was neutralized with 2 ml of 1 ;I2 sodium dihydrogen ortho- 
phosphate solution. The misture in the fask was made up to the calibration mark 
\vith water and the absorbance of the dye solution measured at 515 11111 for AS. 
522 nm for AM and 507 mn for NC. The results in Table Ill are given as tin esample 
of the determination NC. Conlbrmity with Beer’s 1:1w over the entire concentration 
range from 5 to 100 ,~_e was obtained. For AS and AM. similar good results \vere ob- 
tained_ The recoveries of am dyes (5iOO,q) added to the blood (0.05-o. 10 1111) \vere 
97-100‘,:; for NC, 92-100’::: for AS and 9%100 I!: for AM _ 

The procedures for the xssa~~ for the five anionic dyes used are summarized 
in Table IV_ 

TABLE III 

ASSAY OF NC- IN RAT WHOLE BLOOD 

5 0.007 
IO 0.0 15 
‘5 0.03s 
50 0.07’ z O.oOl (1)’ 
75 0-I IO 

100 0.141 16 0.004 (71’ 

* ?v!ean & S-D_ in the number of csperim~nrs given in pnrenthtse. 
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T.4BLE IV 

PROCEDURES IN ASSAYS OF DYES IN R_4T WHOLE BLOOD 

11 is obvious that the &C:S with a larger number of sulphonic acid groups re- 

quire ;L hi&er concentration of sodium hydroxide solution !-or elution_ When two 
dyes are present in blood together (l-or example, BSP and BPB, BSP and azo dyes. 

and BPB and azo dyes;), a dilferential assay may be possible by selecting the concen- 
trations of potassium hydrogen carbonate solution used to wash out the protein and 
alkaIine solution to elute the dye. 

Although the assay for BSP in whole biokrd using deproteinizing reagents has 
not been possible because of-its strong adsorption on the proteins, the useofa DEAE- 
cellulose column technique has made possible the assay of the dye in whole blood_ 
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