
131. S. Bory, D. J. Lin, and M. Fetizon, Bull. Soc. Chim., 1298 (1971). 
132. C. W. Marshall, R. E. Ray, I. Laos, and B. Riegel, J. Am. Chem. Soc., 79, 6308 (1957). 
133. H. Hiroshi, S. Yoshioko, O. Tomoko, K. Kaeko, M. Shinichi, and N. Toshio, Chem. Pharm. 

Bull., 26, 2210 (1978). 
134. H. Nagano, J. P. Poyser, K. P. Cheng, L. Bang, G. Ourisson, and J. P. Beck, J. Chem. 

Res. (S), 217 (1977). 
135. K. Heusler and A. Wettstein, Helv. Chim. Acta, 35, 284 (1952). 
136. W. Klyne, J. Chem. Sot., 3449 (1951). 
137. E. J. Corey and R. H. Sneen, J. Am. Chem. Soc., 78, 6269 (1956). 
138. A. V. Kamernitskii, I. G. Reshetova, E. I. Chernoburova, and N. E. Voishvillo, Khim.- 

farm. Zh., 1437 (1985). 
139. J. Pearson, Y. S. Chen, S. Y. Hsu, and T. Ray, Tetrahedron Lett., 25, 1235 (1984). 
140. A. J. Pearson, Y. S. Chen, G. R. Han, S. Y. Hsu, and T. Ray, J. Chem. Soc., Perkin 

Trans. I, 267 (1985). 
141. A. Nichon and J. F. Bagli, J. Am. Chem. Soc., 83, 1498 (1961). 
142. J. A. Edwards and J. S. Mills, J. Am. Chem. Soc., 91, 1248 (1973). 
143. C. R. Popplestone and A. M. Unrau, Can. J. Chem., 51, 1223 (1973). 
144. P. M. Green and J. A. Edwards, Tetrahedron, 27, 1199 (1971). 
145. J. R. Hanson, A. W. Johnson, and M. A. C. Kaplan, J. Chem. Soc., Perkin Trans. I, 263 

(1978). 
146. D. Baldwin and J. R. Hanson, J. Chem. Soc., Perkin Trans. I, 1941 (1975). 
147. A. Windaus, H. Lettre, and F. Schenk, Ann. Chem., 520, 98 (1935). 
148. L. E. Fieser, M. Fieser,and R. N. Chakravarti, J. Am. Chem. Soc., 71, 2226 (1949). 
149. I. Stary and P. Kocovsky, Coll. Czech. Chem. Commun., 50, 1227 (1985). 

USE OF CARBOCYANINE DYES IN ANALYSIS OF BACTERIAL LIPOLYSACCHARIDES 

(ENDOTOXINS). 

III. LIPOPOLYSACCHARIDES OF Yersinia enterocolitica 

M. N. Mikheeva, R. P. Gorshkova, and L. I. Brutko UDC 543.42.062.8 

On the basis of a study of the conditions for the formation of associates of 
a carbocyanine dye with lipopolysaccharides, a new verification of the quan- 
titative determination of these substances by a spectrophotometric method 
has been proposed. 

A study of the possibility of replacing biological methods of estimating bacterial endo- 
toxins - lipopolysaccharides (PLSs) - by suitable physicochemical methods is an extremely 
complex and important task. Its realization will permit a passage to the solution of the 
problem of determining ultramicro amounts of impurities of pyrogenic substances in parenteral 
medicinal forms. 

Among the physicochemical methods of determining LPSs mention must be made of a colori- 
metric method proposed by Janda and Work [i] and studied in detail by Zey and Jackson [2]. 
This is based on the capacity of a carbocyanine dye for forming colored associates with LPSs 
the spectral maxima of which are shifted in the short-wave direction as compared with the 
maximum of the dye itself. 

Analysis of literature information has shown that solutions of a dye in an acid medium 
- pH 4.05 - are usually used for the determination of LPSs. However, to obtain stable as- 
sociates in this case it is necessary to add an antioxidant (ascorbic acid) to the reaction 
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Fig. i. Absorption spectra: i) dye in 96% ethanol (Xma X 576 
nm); 2) dye in 30% aqueous ethanol (Xma x 573 nm); 3) associate 
of the dye with the LPS isolated from Y_~. enterocolitica, serovar 
0:9 (strain 380), Xma x 467 nm. 

TABLE i. Influence of the Concentration of Eth- 
anol on the Absorption Properties of the Dye and 
Its Associates with the Lipopolysaccharides of 
Yersinia enterocolitica, Serovars 0:9 and 
0:5.27 

Absorption properties ( ~ ~  

Concentration 
of ethanol 

20 
30 
40 
50 

I , dye 

528 
573  
573 
574 

associates of the dye 

serovar 0:9 

468 
467 
574  
573  

serovar 0:5.27 

469 
468 
578 
573 

mixture and to observe the temperature conditions strictly. But in these circumstances, 
the acquisition of reproducible results for LPSs isolated from different microorganisms is 
difficult [2]. Furthermore, the difference between Xma x of the dye and Xmax of the associ- 
ate amounts to a magnitude of the order of 30-45 nm [i-3], although, according to the general 
theory of photometric analysis, A%ma x e I00 nm. 

In view of this, our aim was the study and selection of the optimum conditions for the 
photometric determination of LPSs: the solvent, the dye, its concentration, the range of 
concentrations of LPSs within which the basic law of light absorption is observed, and also 
the stability with time of the associates obtained. 

We used a carbocyanine dye described in the literature [i] - l-ethyl-2-[3-(l-ethylnaph- 
tho[l,2-d]thiazolin-2-ylidene)-2-methylpropenyl]naphthol[l,2-d]thiazolium bromide. We inves- 
tigated the lipopolysaccharides isolated from Yersinia enterocolitica, serovar 0:9 (strain 
383), R-form, and Yersinia enterocolitica, serovar 0:5.27 (strain 885). The spectra were 
recorded and the optical densities were measured with protection of the solutions from day- 
light at a temperature of 22°C on a Gilford 240 recording spectrophotometer (USA). 

The choice of solvent for the reagent - the carbocyanine dye - was made on the basis 
of information on the solubility of the materials under investigation (water) and the dye 
(96% ethanol), and also of a study of the spectral properties of the dye in aqueous and buf- 
fer (pH 7.0) media and in aqueous-alcoholic mixtures. The dye concerned is insoluble in 
water. In neutral McIlvaine buffer solution (pH 7.0) [4], the dye is unstable, and its spec- 
trum shows three bands, at 430, 540, and 580 nm, respectively, from different states of ag- 
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TABLE 2. Quantitative Determination of the Lipo- 
polysaccharides of Y_a. enterocolitica Serovars 0:9 
and 0:5.27 by the Spectrophotometric Method 

LPS taken, Vg LPS found I Metrological 
Pg 1 ~ I characteristics 

~O,(X) 
~),00 
~0.00 
~0,00 
~3,00 

Y. enterocol i t tca s e r o v a r  0 : 9  

20.12 100,60 
20,76 103,80 
20,55 102,75 
20,47 1~2,35 
19,70 98,50 

~=2o.a2 
$=0.4164 

S ~"=0,1862 
E~, =0,5176 
A=+2,55% 

~3.00 
2¢), 00 
20.00 
23.00 

Y. enterocolitica ~mrovar 0 : 5.27 

21,21 I 106,05 
21.46 ] 107,30 
21 26 lC6,30 
22,12 110,60 
19,90 r 99,50 I 

2=21,19 
S-----0.6609 

S~" =0.2956 
E,~ =0,8218~ 

A=::i::3,88 % 

gregation of the molecules, which considerably complicates the subsequent treatment of the 
results of analysis of the lipopolysaccharide associates formed. Ethanolic solutions of 
the dye are stable and are characterized by the presence of one sharp maximum at 576 nm 
(Fig. I). 

In view of the fact that lipopolysaccharides dissolve only in water and the addition 
to the reaction mixture of appreciable amounts of 96% ethanol may lead to their precipita- 
tion from solution, we investigated the influence of the concentration of ethanol on the 
absorption properties of the associates formed and of the dye itself. 

It follows from the results given that at high concentrations of ethanol in the reac- 
tion mixture (40 and 50%) no associates are formed. At 20% of ethanol, the formation of 
associates does take place, but at this low concentration of ethanol additional maxima ap- 
pear in the spectrum of the dye. Under these conditions the difference between %max of the 
dye and %max of the associate is 60 nm, i.e., the condition A%ma x • i00 nm is not satisfied. 

Thus, a 30% concentration of ethanol in the reaction is the optimum and ensures the 
formation of associates with &%max • i00 nm. 

The spectra of the dye and of the associates obtained in aqueous ethanol at an ethanol 
concentration of 30% are shown in Fig. i. 

The amount of carbocyanine dyes necessary for the complete binding of the lipopolysacch- 
aride into colored associates was determined from the maximum yield of the reaction product, 
i.e., from the maximum light absorption of the associates obtained. For this purpose, aque- 
ous solutions of the lipopolysaccharides of Y_: enterocolitica, serovars 0:9 and 0:5.27, with 
a constant concentration of I0 pg/ml and a series of solutions of the dye with increasing 
concentrations - 5, i0, 20, 30, 40, and 50 pg/ml in 96% ethanol - were prepared. It was 
established, on the basis of the values of the optical density (D) of the associates formed, 
that the lowest concentration of dye ensuring the maximum light absorption of the associates 
was 20 pg/ml in 96% ethanol. 

To investigate the stability of the associates in time we measured their optical densi- 
ties for 30 min (from the moment of adding the reagent to the mixture) at 5-min intervals. 
It was found that in the first 5-10 min there was some increase in the optical density of 
the associates, and it then stabilized. 

We determined the intervals of concentrations of lipopolysaccharides in the final vol- 
ume for which the basic law of light absorption was satisfied. For the associates of the 
two lipopolysaccharides mentioned the intervals were the same: 1-15 pg/ml. 

The results of the quantitative determination of the LPSs of Y. enterocolitica, sero- 
vars 0:9 and 0:5.27, by the spectrophotometric method are given in Table 2. 
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As can be seen from the figures given, the standard deviation for five determinations 
(n = 5) does not exceed 4% (for the associates of the two lipopolysaccharides mentioned it 
amounts to 2.55 and 3.88%). 

The specific absorption indices of the associates of the LPSs of Y_:. enterocolitica, 
serovars 0:9 and 0:5.27, are 2.36"102 and 1.98.102 , respectively. 

It was established experimentally that concentrations of 0.4 and i pg/ml of the LPSs 
of Y__: enterocolitica, serovars 0:9 and 0:5.27, correspond to associates with optical densi- 
ties of 0.007 and 0.002. 

EXPERIMENTAL 

The microorganisms Yersinia enterocolitica, serovars 0:9 (strain 383) and 0:5.27 (strain 
885), were obtained from the International Yersinia Center (Paris, Prof. H. H. Mollaret). 
Lipopolysaccharides were isolated by extraction with 45% aqueous phenol. The aqueous phase 
was freed from nucleic acid by ultracentrifugation. The characteristics of the polysacchar- 
ide of the S-form of Y_~. enterocolitica, serovar 0:5.27, are given in [5], and those of the 
lipopolysaccharide of Y. enterocolitica, serovar 0:9, R-form, in [6]. 

The carbocyanine dye was obtained from the All-Union State Scientific-Research and De- 
sign Institute of the Photographic Chemicals Industry (Moscow). 

Procedure. To 1.0 ml of a solution of the sample in water containing from i0 to 30 
pg of lipopolysaccharide were added 0.4 ml of apryogenic distilled water and 0.6 ml of the 
reagent solution (a solution of 0.5 mg of the dye in 25 ml of 96% ethanol is stable on stor- 
age in the dark at a temperature of +4 to +6°C for 5-6 days). The reaction mixture was care- 
fully stirred and the optical density of the solution was measured on a Gilford 240 spectro- 
photometer (USA) (£ = i0 mm) at 467 nm (the LPS of Y. enterocolitica, serovar 0:9) or 468 
nm (the LPS of Y. enterocolitica, serovar 0:5.27) relative to a comparison solution composed 
of 1.4 ml of apryogenic distilled water and 0.6 ml of the reagent solution. 

The amount of LPS in the sample was calculated from the specific adsorption index. 

CONCLUSIONS 

I. A procedure has been developed for the quantitative determination of two serovars 
of Y. enterocolitica which ensures the formation of stable reaction products without the 
use of an antioxidant. 

2. The proposed procedure is characterized by adequate sensitivity, reproducibility, 
and simplicity of performance. 

i. 
2. 
3. 
4. 
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