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Reversed-phase high-performance tiqciid chromatography of biekycin 

The bleomycin complex (Fig. 1) produced by Strepfomyces verticiilrts (ATCC 
15003) is a mixture of closely related, water-soluble basic glycopeptide antibiotics 
which differ only io the limited area of their terminal amine’**. The structures of the 
tJvo major components A, and B, and nine minor components in the natural complex 
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A% U+C+.-CH@H.-SO-CKn 9.3 
CM-A: W-CH,-CH,-C&,-S-t3 2.6 

A+ NH-ClQ-CH,-Cli,-f=tCH& 54.5 

AZ--D NH-CH2-CH2-CH,-CH,-N.4, 
AZ-b NH-Cl$-CH2-‘+-NH, 3.6 

A2-C 
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-&ive beeq.ide$ifkd 3s4 The antitumor and chelating properties of the Meomycin . 
com@ex -h&vc been investigate& and utilized for therapeuti?,” and diagnostic’-* 

p--es= 
The first reported separatioh of the bleomycin complex in its copper Form was 

achieved by ion-exchange chromatography on CM-Sephadex C-259 using 2 linear 
gmdiexxt of ammonium formate (WE-l.0 M)_ This-provided 2 rough separation of 
major component. The repeated chromatography of the coarse fractions in different 
systems Eke pyridine-acefate b&er on Dowex 5OW-X4 or sodium bicarbonate on 
CM-Sephadex C-25 was required to obtain piire fractions. In our attempt to evaluate 
th= tumor uphke of To-labeled imiividgaf bleomycinsLo we have successfully em- 
ployed high-performance liquid chromatography (HPLC) of copper-free bleomycin 
using a silica gel packing Cporasii A or Partisil 2C?), 0.3% ammonium formate- 
methanol (1 :I) as the mobile phase, and a flow gradient (Fig. 2). 

Successfu! applications of the reversed-phase HPLC for the separation of 
various antibiotics have been reported’l-u. This commllnication describes the satis- 
factory use of a reversed-phase system in the separation of the bleomycin complex. 

EXPERIMENTAL 

A Waters Associates high-pressure liquid chromatograph Model ALC 202/ 
6OKl was used throughout this study. The additional equipment consisted of a second 
Type M6OOA pump with a triple inlet manifold, a Type 660 solvent programmer, 
and a Type U6K septum&s injector. The chromatograph was equipped with a UV 
detector operating at 254 mm. Narrow-bore analytical_ columns with an I.D. of 2.3 
mm were dry packed with BoIzdapak C&orasil and Bondapak Phenyl/Corasil by 
adding small amounts of packing at a time and gently tapping. Bondapak C&Porasil 
B and @ondapak CIB columns were custom-packed by Waters Associates. 

Sterile bleomycin s&fate @lenoxzze) and bleomycin AZ sulfate were prepared 
in water solutions (1%) and stored at +4” prior to use in sealed serum vials. 

Ammonium formate (Cetied; Fisher Scientific, Pittsburgh, Pa., U.S.A.), 
methanol (Spectranalyzed; Fisher Scientific) and freshly distilled water were used for 
the preparation of the mobile phases. 

The following columns were used: (i) 1830 mm x 2.3 mm I.D., Bondapak 
C,&orasii; (ii) 1830 mm x 2.3 mm I.D., Bondapak PheGyljCorasil; (iii) 1220 mm 
x 9.5 mm I.D., Bondapak Cls/Porasil B; (iv) 305 mm x 4.6 mm I.D., @ondapak C,,. 

After use the columns were flushed with distilled water and stored filled with 
methanol. 

FtE2mL.m AM3 DISCUSSION 

Of the four column packings investigated, three (i-ii) provided a separation 
pattern similar to that obtained with the silica gel type of support. This is probably 
due to insticient coating of the silica with the nonpolar monolayer. Only PBonda- 
pak Cl, packing performed as a true reversed-phase packing. 
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Fig. 2. HPLC of l$eomycini Lot 73LSlO July/7.5,150 ,x1 of 1.5 wits in .OA ml of %oCiz, (approx. i 
x&i/ml) i 40 pl OF 1 N NaOH, pEZ 6.5 Column, Porasil A, 1220 mm x 9.5 mm, 20”$0w gr%dient, 
l&S.0 ml/en; press-, 340--210@ p.s.i.; attenuation, 64; mobile phase, 0.3% ammonium format& 
eetkanol (1 :l), pH 6.4; 

Fig. 3_‘HPLC of bleomyc& Lit F5745 JuIy/76,2SOpg_ Column iv, y&kdapak Crs. 300 n&n x 4.6 
mm, 20”; flow-rate, 1.5 mI/min; pressure, 2500 psi., attenuation,. OS; mobiIe phase: (a.) S m.M 
ammonium formate in 15 “/- aq. metiunol,. 2 h, (b) liiear~f32dient from (a) to 5 m&f ammoniuii 
formate in 30 % a+ methzzol, 1 h, (c) linear gradient from (b) to 5 m&$ ammonium f&mate in 95 % 
aq. me-&m& 1.5 h. 

The presence of ammonium formate iii the mobile phase is c&z4 f@ the ehi- 
tion and resolution ofbleomycin complex. Ammonium format& @ay act as an ionize- 
tion suppressant and increase the polarity of the mobile phase. At the same. time a’ 
high cdncetitration~ of axnmooiuzn forxriate makes fhe recovery of.‘t& colIe&ec? fraC- 
tions diEcult and,.l&e bi&.temperattqe and elevated or lowered pH;.mayJead.t@ al- 
teration or destruction of. the. antibiotS”. A&our sepaiations were. performed at 
pH 6.4 & 0.1. 

The separations display& (Fig. 2) wekobtained at-5 x- .I?:) M co~cezitrgtiqn 
of ammonium iou; the fotiest possible doncxktration at Whicfi elutko &rid @jar&ion. 
are achieved. The only diikdty q;ire have encountered is .the -behavior of dfeom$in 
&which, becace of its structrrre (Fig. l), is permkntly in_ catioric form and @hose 
ionization mot be suppressed by .thk prv& -of-a&m&i+ i&s; -~ .:. __ 

Contrary to co&k&g reports, t&k. magipulafiog: of the kethant&zo~~~~ 
t^ration in the mobile phase greztiy enha=- the x-e&don a&d alh5ws tkseparati~n 
of S. -basic zmtibiotic complex by .a revers&pha.%‘-&miqtie*~. ~Xhe’rn$oi :&zction$ 
were collected, freke-dried with simulta&aus re&o& of voI&l&. @rmios$titi -for- 
mate, and :identifkd by their correspotiding values. & s&ca gel thi&ay& chromak- 
&aphyg.. . . .- . 
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The reported technique represents the most rapid method thus far reported 
for the Complete separation of in&viduaI. bIeomycin components from the natural 
chmpl~x~inkture withdttt inducing structnre damage or alteration. 
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