
A I$&-performance liquid chromatographic procedue has been developed 
for separating and quantitatjng the components of thiazine dyes and compound 
blood stains. In terms of speed, quantitation, and component resolution, the assay 
reported here is superior to other reported chromatograpbic methods of cationic dye 
separation. The components present ia commercial samples of thiazine dyes and 
LARC? stain, a modified Wright-Giemsa stain, have been resolved in 25-40 min 
on a 5-/lm microparticuk&e siiicz coEumn using a~methanol-water-glycine/acetic acid 
mobile phase. The mechanism of separation is demonstrated to be based predomi- 
nantly upon the weak ion-exchange proper&s of siiica. 

Since their introduction by Romanowsky in 1891L, stains composed of methy- 
lene blue in combination with eosin Y have been used extensively for the routine 
dyeing of blood smears. These staias now include a complex variety of combinations 
of: metbylene blue and its closely related demethylated derivatives with eosin Y. Such 
variations in stain composition are exempIified by the staining properties of Giemsa’s, 
Leisbman’s, MacNeal’s, Wright’s, and May-Greenwald’s stains. 

One major problem in using blood stains is the large variation in their staining 
properties from batch to batch, resulting from di@erences in stain compo#ionz4. 
fn an autkknated leukqcyte recognition system such as the LARtI? system developed 
by ConGig Glass Works, ceil _wEor and deizsity are required elements in the nzwgni- 
tfon secpencg?-7_ For such instruments reptdducible stain is a key elements_ 

Variation in stain~composition is, in part, a result of the slow degradation of 
-the thiqine dye components to their lower homologs2*3*g-12 (Scheme I)_ 

_ -T&e major &use of stain compkment variation, howeVer, is the unavaik+biEty 
of pUre dyes use&in stain- construction and the lack of an adequate method for the 
sepai%ti& and @antitation.df the individual dye components. 

~Num~ro& proced_mes have been developed for anaEyzLng-the thionk-type 
. dies ~&&.hykn& blue, azure B, azure A; azure C, symmetrical dimethyl thionin, and 
@&I&~, Wonolin-type &es <meth$ene GioIet, methyl ttio&oIin, thionolln, and 
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&t&of sodium chloride, formic-acid, or an orgamo Su&r.~TabEe IE&ts ‘&e rn~obr$e 

$.aseSe xzsnkd and their compos6as. The b&red modife ph&eS were prepared 
by titrating an appropriate volume of aqueous sodium acetate or glycirre with glacial 
aoetic acid to the desired pH and ‘&en diluting to 1 1 with methanol. XII the mo.biTe 
-phase code A-B-C/D used throughotit thik paper, A is the percent water, B I‘s the 
modifier (CT for sodkm chloride, AC fir sadnun acetate, and G fkgZy&ej, Cis the 
concentration (m&Y) of modifier in the final solntion, and D corresponds to the pH 

of the aqueous modifier before dilution with metkxnol D is not presented for non- 
buffered mobile phases. 

Liquid chromatography (LC) 
A Model 830 liquid chromatograph (DuPont, Wilmington, DeL, U.S.A.) fitted 

with a PIfodel835 filter photometer was used for all analyses. A 5-pm microparticulate 
silica column (Zorbax-SiL; DuPont), 0.21 x 25 cm, was used for all studies_ All 
analyses were performed at 50” to facilitate mokcular diffusion and to decrease 
solvent viscosity. A lo-@ sample of dye or stain was introduced into-the column by 
means of a G-port high-pressure injection valve, Unless otherwise stated, the Bow-rate 
was adjusted to 0.5 ml/n&, which required 2,290 to 2,800 p.s.i. The-separations were 
monitored at 254 nm and recorded on a Corning Model 843 recorder. Peak areas 
were integrated on the recorder’s analog integrator. 

Gas chromarogrqhy 
Analysis of the reaction between methanol and formic acid in the methanol- 

water-formic acid mobile phase was made on a Tracer Model 550 gas chromatograph 
equipped With a thermal conductivity detector. Two COO508, 80-100 mesh Chromo- 
sorb 101 glass columns (Supelco, Bellefonte, Pa., U.S.A.) were used for all analyses. 
A carrier gas (helium) flow-rate of 30 ml/min was maintained_ The detector current 
was 130 mA. Analyses were temperature-programmed 
7.5”/min. 

from 60” to 130” at a rate of 



‘Good separation of the components contained in commercial samples- of 
thiazine dyes using TLC on sibca gel p&es was recently reportedIs. Our obselvations 
confnm that active solvent systems such as butanot or isopropanol in combination 
with water, salt, and an organic acid appe&r to offer the greatest resolution. 

Using these solvents in KPLC mobile phases on mic:opartic&te silica 
c&&s of 5qrn particle diameter has proved dir%xit due to the hi& viscosity of 
but&o1 and prtipanol and the resulting high pressures required for ad&pate flow- 
rates. FolIowing numerous unsuccessful attempts at separating the components of 
LARC stain, reasonable resolution was achieved using a methanoiic mobile phase 
containing 19.5 % (v/v) water and 0.5 yO (v/v) formic acid at a cohunn temperature 
of 5W.. The Bow-rate achieved at 2,200 p.s.i. was 0.35 ral/min. A chromatogram of 
this stain taken under these conditions is shown in Fig. 1. Three distinct classes of 
dyes are resolved with this system: eosin Y (2’,4’,5’,7’-tetrabromofluo~xxein), a 
xanthene dye used in combktion with basic dyes for blood staining; the thionin-type 
dyes; and the thionolin-type dyes. The structures of each of the thionin-type and 
thionolin-ty_pe dyes (phenothiazine derivatives) are given in Scheme I. The tentative 
identities of each component resolved are iisted in Table IIf. These assignments are 
based upon the analysis of a series of dye standards which is discussed below. 

Eosin Y is not retained in the column and elutes in the void volume. The 
thionin-type dyes are strongly retained by the silica and elute late, while the thionohn- 
type dyes are weakly retained and elute early. The degree of retention under these 
acidic conditions appears to be a function of the degree to which the dyes are methyl- 
ated. The relationship between retention and the degree of met&&ion has been 
observed by others in TLC and LC separations on both silica gel and cellulosef~*lg*u. 

The analysis of thizzine dye standards nnder the above conditions has demon- 
strated that thionin (4) and methyl-thionolin (4’) efute at the same position. It was 
also obsemed that as the mobile phase aged, thionolin-type dye retention decreased 
and retention of the thionin-type dyes increased. This resuhed in the eventual overlap 
of peaks 8 and 9. Gas chromatographic analysis of the solvent composition over a 
period of several days demonstrated that methyl for-mate was being produced at the 

TABLE Ill 

TENTATIVE COMPONENT IDENTETIES 

D3e campiment Peak identification no. 

1’ 
1 
2 
4 
9 
4 
6 
8 

11 
ri 
13 
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exp&& of the fofmic acid concentration. The resdtiilg increase in solvent pK and 
decrease in ion& s&en&h was akring retentioti. Each of these-variables was examined 
in ftErzL = 

_ 

20 2 water and i&easing Concentrations of sodium chloride.from L to +OO m&f. The 
res$ting se$zations tie displayed in Figs. 2A-H. Under these conditions, only the 
poGtiv&y ‘cmged thionfn-type dye components are retained and resokd on the 
column. Eosio Y and the thionolin dyes, which are not charged in neutral solvents, 
are not retained on the c&mm. As the concentration of sodium chloride is increased 
to 400 mlcr, the thionin-type dye components progressively elute more rapidly and 
eventually merge with the non-retained components. Fig. 3 is a plot of retention 
volume versus sodkm chloride concentration. The cuNes are similar to those ob- 
tained in classical ion-&change systems in which d ecreased retention at imzreasing 
s&t cooce&r&ions CSI be understood in terms ofexcbnge eqrrilibrkmz. It appears, 
then, that silanol sites on the surface of the silica behave as weak cation-exchange 
sites render these conditions. Due to the extreme polarity of the solvent, it is difficult 
to inkgine adsorption via hydrogen bonding is the mechanism of szpzration. Like- 
wise, it is difikuit to envisage a partitioning mechanism under these conditions. 

To determine what effect water has on the separation, LARC stain was also 
chromatograbhed in a mobile phase containing 5% water in methanol and 5 mM 
sodium chloride. It was observed that decreasing the water concentration improved 
resolution possibly because of the lower viscosity, and thus improved mzss transport 

Acetate b@er system 
Et is apparent that if the thionolin-type dyes are to be resolved, the pH of the 

mobife phase must be lowered such that the ionic equilibria of these dyes are shifkd 
toward the cationic form. LARC stain was therefore chromarographed ic a mobile 

7 

Fig. 3. Variation bf the retention voolumes of thiz&e dyes as a function of sadium chloride concen- 
b&iOEL 
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phase containing methanol, 5 % water, and 10 mM sodium acetate at decreasing pH’s. 
It should be noted the ionic strength of-these mobile phases was not constant but 
incre&ed with increasing acidity. ‘The sn@ changes in the @cent methanol con- 
centration.caused by in&a&g vohunes of acetic acid fitrant would not be expected 
to affect the chromatograms. The resultitig separations are presented in FigS. 4A-E_ 
As-the pH of the mobile phase_ is lowired &om 6.5 to Z.$ decreased retention of the 
thionin-type dyes is observed. This results from~$he-progtisively &x&sing ionic 
strength of the mobiteph&e as-more acetic acid &&an~ was required to’&@& ~WCX 

~9’s. Below a pH of3.5, ~~~thionolin-Q&dye me&ylene_ vi$et [!?I &egins {o be 
retarded; but the-prtitonatioti of methylene- violet and- cM&x&ant- retention iS 



PH 

Fig. 5. Variation of the retention volumes of thiazine dyes as a function of the pH of the sodium ace- 
tate/acetic acid buffered mobib phase. 

counteracted by the increased ionic strength of the mobile phase. A plot of retention 
volumes for the thionin-type dyes and metkylene violet vers~.~ pH is shown in Fig. 5. 

To completely resolve the thionolin and thionin-typz dyes, lower pK and 
ionic strength solvents are required. A glycine/zcetic acid buffer system was thus 
chosen for study. 

Giycine buffer system 

Mobile phases btiered with glycine were examined with respect to pu, percent 
water, and glycine cuncentration. As in the acetzte buffer system, the ionic strength 

increased as the pH was decreased_ Chromatograms of LARC stain taken in the 
various glycilre mobile phases are given in Figs. 6A-H. The retention volumes of 
methylene vidlet (91, thionin (41, and methylene blue (13) are plotted as functions of 

the three variables in Figs. 7&C. 

The effect of simtitineously decreasing pH and increasing ionic strength can 
be seen in Figs-~ 6A, 6B, and 6C (solvent IO-G-IO/X, where X = pH 2.7, 2.5, and 
2.3, res+ctivefy) and in Figs. 6E and 6F (solvent 5-G-10/X, wkere X = pH 2.5 and 
2.3, respectively)_ The effect of pH on retention volume is plotted in Fig. 7B. AS the 
pH is +creased, the concomitant increase in ionic strength causes the retention of 
tke tkionin-type dyes to decrease. This is-to be expected for an ion-exchange system 
Gkere the ionic equilibrium of e&k species remains reiativefy unchanged at the 
different #I%. The tkiono&-type dyes, however, exhibited increasing retention with 
decr+r;g pHf despite the inwe in ionic strength. This is explained by the fact 
that their iotic equifibria are shifted more in favor of tke cation at lower pH. The 
Totic strengtk &r&.se was not ablle to counteract thts effect. 
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Fig_ 7_ variation OE t!x retention vol&nes of methykne blue (ckcks); thionin (trimgks), and methyyl- 
ene violet (squares) as a furt&on wok oA water, pH and giycine concenSation. (A), X-G-10/2.5 
f----j; X-G-l0LZ.3 (- --). (B), icrc;-lo/X ( -); S-G-IOX (- - -). (C), l&-G-X/2.3. 
(k is the :/o water, pH, or gEycine va-iabte). 

The effect of increasing the percent water can be seen from Figs. 6B, 6E, and 
6M (solvent X-G-10/2.5, where X = 10, 5, and 2 %, respectively) and from Figs. 6C 
and 6F (solvent X-G--10/2.3, where x = 10 and soA, respectively). The effect of 
percent water on the retention vobme is plotted in Fig. 7A. The retenticn of the 
thionin-type dyes decreases with increasing water, while that of the thionolin-type 
dyes increases. To understznd this observation, one must remember that the pH of 
the aqueous buffer solution was adjusted before dilution with methanol. Increasing 
the water percentage of the mobife phase decreases the pK of the buffer system, 
increases acidity, and increases ionization of the b&e?. The resulting higher ionic 
strength causes the thionin-type dyes to be retained less, while the increase in Kt 
activity shifts the ionic &@ibrium of the thionolin-type dyes more in favor of the 
cation, thus causing them to be retained more strongly despite the increase in ionic 
stretigth. 

The effect of increasing the gtycine concentration can be seen in Figs. 6C and 
6D-(solvent fQ_G-X/2.3, where X = 20 and 5 m&f, respectively) and in Fig. 7C. 
As expected, all components are retained less as the ionic strength is increased. 

The optimum asmy 
The optimum s$ain assay must utilize a mobile phase in which the pH is low 

-enongb that the thionolin-type dyes are protonated and retained and in ivhich the 
i&c strength is tow enough that the thionin-type dyes are more strongly retained. 
Particulti care must be taken to allow sufiicient resolution between thionin (4) and 
methylene vi&let (9). Respectively, these Z.&Z the least and greatest retained members 
of their group& Also, the foti assay time must not he too lcng or band spreading 
and b&-J& drift may prestitit probEem.& 

:- -Bf the mobile phases p&se&d he&, the IO-G-10/2.7 system MS the best. 
k exSmp!& of the se&katio~ m achieved is- fo&d in Fig. 6A. Here, methykne blue, 
the most strongly retziped component of&e- stain, had e retention time of 28 min. 
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With a regent Zorba+SiI cofugm the retetition was cut to 14 min with similar resolu- 
tion of aH c5mponents. Variations in the mobile phase as described above, or the 
a_dditiGn of another salt such as sodium cM5ride, may be utifized to adjust the sepa- 
ration as a cohmu- &comes iess efiicient or to accommodate silica gel of varyling 
characteristics. 

Methmoiic solutions of eosin Y, methyfene blue, azure B, azure A, azure C, 
thionin, and methylene violet were chromatographed in the formic acid mobile phase 
used in our initial studies and in the optimum IO-G-L0/2.7 mobile phase. The chro- 
matog&s obtained with this mobile phase are given in Figs. 8A-G. Et is immediately 
apparent that these commercial dye sampfes are not pure compounds znd may con- 
tain as many as ten additional components. 

Eosin Y, an acid dye utilized in combination with the thiazine dyes to form 
blood stains, @utes as two components slightly behind the void volume (Fig. SA). 
The major component is assumed to be eosin Y since, in several samples examined. 
it was the only component present. The contaminant is most likely di- or tribromo- 
fluoresceinrg. No attempt was made to resolve the acid dyes further. 

Four components have been resolved in this commercial sample of methytene 
violet (Berntsen) as seen in Fig. SB. The major fraction (9) has been tentatively 
identxed as methylene violet by spectral analysis of the purified materiaF”_ In order 
of decreasing retention, the contaminants include: methyl thionolin (43, thionohn (2), 
and thionol (I). Similar separations have been achieved on TLC plates in-house and 
by others’q and component identi&ation was similarly based upon the observation 
that retention is a function of the extent of methylation’j. These identities were 
ver&d by oxidizing purified samples of each component in aqueous 0.06 M NaHC03 
and observing the order of product formation. Similzuly, peak 2 was verified as being 
thionolin by oxidizing thionin to thionolin and observing its reaction products13. 

As shown in Fig. 86, thionin is 5ne of the purest commercial dyes yet ex- 
amined. Thiomn (4) is contaminated n&h thionolin (2), thionol (I). and an unknown 
species of slightly greater retention. Its identity- has been esfablished by spectral 
analysis of the nearly pure material and by noting that it is oxidized in basic solution 
to form thi5n01ixP. 

AU commetid samples of azure C appear to be highly contaminated with 
other thiazine dyes (Fig. SD). Based upon the postulate that retention is a function 
of methyl&ion, peak 6 is tentatively identified as azure C. Its contaminants in&de 
methy thionolin (43, which was discussed above, azure A (II), azure B (12), and 
methylene blue (13). Peak 8 has been tentatively identified as symmetrical dimethyl 
thionin since its two methyl groups would result in a slightly greater retention than 
azure C. 

Azure A, like azure C, is highly contaminated with other thiazine dyes (Fig.SE). 
Peak 1 Z has been tent&ively identified as azure A since, in alI samples examined, it 
comprises greater than 75 oA of the total area obse&Ted. Its contaminants include azure 
B, symmetrical dimethyl thionin, azure C, thionin, methylene violet, methyl thionolin, 
thionobn, and thionol. 

The sample of azure B, Ii&e the other azures, is highly contaminated with the 
other thitine dyes (Fig. 8F). The major fraction (12) has been tentatively ident&ed 



Metbylene bluz 4.6 95.4 
AzureB 3.3 4.0 13.9 3.5 44.7 30.6 
Azur A 1.0 1.3 3.6 1.8 12.4 0.4 0.2 78.6 2.5 
Amrec 13.1 21.5 24.9 . 5.3 25.9 9.4 
Methylene violet 1.1 102 24.6 64.2 
ThiOCil 3.4 1.7 94.9 
LARCskn * 4.1 4.0 1.2 3.2 5.9 9 7 3.8 17.9 so.2 

.* Eosin U and thionol not iircluc!ed. 

as azure B. ft was the major fraction in all samples ex&nined, it eludes between di- 
and tetramethyl thionin, and the spectra of purified samples correspond to those of 
azure B (reE 24). Its major contaminants include methylene blue, azure A, sym- 
metrical dimethyl thionin, azure C, and thionin. 

The chromatogram of metbylene blue is presented in Fig. 843. It is the purest 
of all dyes examined and has been conclusively identified by spectral analysis of the 
purifki materkP_ 1Methylene blue (13) is contaminated by a small amount of 
azure B (12). 

Table III lists the tentative identities of each of the dyes exkned. Absolute 
confirmation of dye identity must await chemical analysis of the purified components. 
Similarly, absolute quantitation of each component within the dye mixture must 
await the evaluation of extinction coefkients in the mobile phase used in the sepa- 

ration. Quantitation of the stain and dye components may be made in terns of the 
percent total area observed for each component at the ~,vavelength in question. If we 
assume the extinction coefkients cf the thiazine dyes at 254 nm to be nearly equal, 
we may express the relative areas as relative molar concentrations. The areas of each 
component peak, expressed ils a perc&t of tobl area, are tabulated in Table TV for 
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all ofthk dye stan$ards and for URC stiin. A amparative examination of cummer- 
.ciaI dyes and stains wifi agp&r in a &bsequeat pap&T 

The limxa&y of this assay technique was examingd by amlyzing multiple 
dilutions of azure C in mobile phase ICI-G-10/2.7 (Table n). The peak areas for each 
of the six major zomponeuts, expressed as integrator counts times ijetectof sensitivity 
are plotted Y~~SUS coucentratlon in Fi,. = 9. Exceilent linearity is indicated by the good 
fit of the -points to the linear Ieast square lines. 

CONCLUSIONS 

AlI of-the major thiazine dyes composing Romanowsky-type blood stains 
have been resoived in a quantitative manner by HPLC on a S-,~m microparticulate 
silica colrrma. The assay technique is useful for the quantitative analysis of blood 
stains and the thiazine dyes from which they are constructed. 

The behavior of the system in mobile phases of varying ionic strength, pH, 
and percent water strongly suggests that the siiica packing is behaving as a weak 
cation exchanger. The resolution of dye components is probably based upon their 
degree of charge localization. This distribution of charge is a function of the degree 
of methylation of each dye type and affects the pK, of each species. 

This technique has proved indispensable in the evaluation of dye purity, in the 
precise construction of stains for use in patte_ri recognition systems, in the studies of 
the effects of compositional changes on stainin g, and in quantitating the demerhylation 
reactions which result in stain instzbility. 
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