
THIN-LAYER CHRQMAT0GRAPEFY OF MACROLLDE ANTIBIoTIcs 

SUMMARY 

Various macrolides and macrolide esters, which are commercially available, 
were examined in different chromatograpbic systems, The most useful system for the 
identifkation of macrolides was ethyl acetate-ethanol (or isopropanol)-15°~ ammo- 
nium acetate adjusted to pH 9,6 (9:4:8) on silica gel plates. For the separation of 
erythromycin esters, chloroform+9hano~l5 y0 ammonium acetate pH 7.0 (or 3.5 % 
ammonia) (85: 15: 1) gave the best results. The different components of erythromycin 
were separated on sihurised si!ica gel plates with methanol-water-ammonium acetate 
pH 7-O (5WZO: IO). These systems also can be used for the separation and identilication 
of various macrolides. 

iN?iRODUCFION 

The recent introduction of some new macrolides has raised the problem of 
their identification. No systematic study seems to have been published. 

We have not examined paper chromatography, because this method is tedious. 
Information about the use of this method for some macrolides can be found in recent 
reviews’~*. High-performance liquid chromatography (HPLC) can be used for the 
identification of drugs but this rather elaborate method will not be a first choice in a 
pharmacopoeiai compendium. The assay of different components and impurities in 
erythromycin aud its esters by HPLC has been published3”. HPLC of other macro- 
hdes like leucomycin, tykxzin and spiramycin also has been describedG9. Thin-layer 
chromatography OLC) has been employed for some macrolides using the solvent 
systems: chloroform-methanol (I :1 and 95:5)l”; n-bntanokxetic acid-water 
(3:1,-f)“*” and chlorofok-methanol-17 % ammonia (2: 1: l)=. Results with some of 
these chromatographic systems will be examined in this publication. TLC of ery- 
thromycin esters has also been reported and will be discussed later. 

The stereochemical formuiae of the macroiides have been presented in different 
ways_ We have used the preseutation of Masamuue et aZ_‘3_ The structures of eryth- 
romycin Ale, B15, Cl6 and D” have been determined by chemicai methods. Con- 
@ration and conformation has been studied by difTerent physicochemical tech- 
niques’8-*o- The structure of oleandomyciu was elucidated by ckssical methodsu== 
and the absolute con&qration was determined by CehneE13. Both have been co&rmed 
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recently by X-ray diEraction2c. Leucomycin (kitasamycin) is a mixture of a great 
number of component&=. The structmx of lewomycin Al was determined by Urnma 
et al.%. Josamycin is identical with leucomycin Ax=. Spiramycin is a mixture of three 
related substance5 with spiramycin I as the main componenP. Its structure has been 
stud&i in merent I2b0r2tories and its relations with Ieucamycin has been exam&&*_ 
The cotigwational assignment at C-9 of the leucomycins and spiramycins has been 
revised recentiy~. The conformation of leucomycin axid spiramycin was studied by 
NMR31*3f. Midecamycin (antibiotic SF-837) is n&ted to leucomycin~. Tylosin is 
another 16-membered macrolide, whose structure and con&uration was determined 
by various teclmiqu& *sW_ _MegaIomicin and rosamicin are macroliti produced by 
Ucroz~onospora~*~_ Thestruct,ureofmegaIomicinA~wzssevised recentlylp.~e 

smcture of rosamicin (at fkst named ro saramicin) was ehxcidated by Reimann and 
JZUet=. 
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Products 
Erythromycin samples of the firms Abbott, Lilly, Polfa, Proter, Roussel and 

Upjohn were examined. Samples of erythromycin B and C were donated by Abbott 
Labs. (Chicago, Ill., U.S.A.) and erythromycin D by Dr. J. Majer, Department of 
Biochemistry, Northwestern University Medical and Dental Schools, Chicago, Bl., 
U.S.A. Eythromycin esters used were: erythromycin ethylsuccinate (Abbott), eryth- 
romycin ethyicarbonate (Lederfe, Pearl River, NY., U.S.A.) and erythromycin estolate 
(propionylerythromycin laurylsulphate) (Lilly, Indianapolis, Ind., U_S_A_)_ Josamycin 
was furnished by UCB (Brussels, Belgium), kitasamycin by Mr. E_ Denis, Institut 
d’Hygi&ne et d’EpidCmiologie, Brussels. Midecamycin was obtained from Clin-Midy 
(Paris, France), megalomicin and rosamicin from Schering (Bloomfield, NJ., U.S.A.), 
oleandomycin and troleandomycin from Pfizer (Brussels, Belgium). Spiramycin was 
extracted from RovamycinR tablets. Samples of spiramycin I, II and III, obtained from 
Specia (Paris, France), were given by Mr. G. A_ Bens, University of Ghent, Ghent, 
Belgium. Tylesin wzs given by Lilly Labs_ 

Erythromycin spiroketal~ and erythromycin 8,9-anhydro-6,9-hemiketaI1’ were 
prepared using the described procedures. 

Ciuomatographic procedure 
Solutions (5 ,A) containing 20 mg of the drug in 10 ml of methanol were applied 

to the piates by means of micropipettes and the plates were placed in a filter-paper- 
lined chromato_graphic chamber which had been saturated overnight. 

Plates (0.25 mm thickness) were prepared with Kieselgel G (Type 60; Merck, 
Darmstadt, G-F-R_) and Kieselgel 60 HF 254 silanisiert (Merck). Pm-coated plates 
used were: Ferti_&atten Kiesc~gcl60 F 2% (Merck), Stratocrom SIF 254 (Carlo Erba, 

Mih, Italy), Sil G-25 (Macherey, Nagel & Co., Duren, G.F.R.), Fertigplatten SiF 
(RiedeT-De Hai%, Hannover, G.F.R.), Fertigplatten Kieselgel 60 F 254 silanisiert 
(Merck) and Whatman RP KCl8. 

Spray rreagents 
(A) 50% Sulphuric acid. Heating at 130’ for 10 min. All macrolides gave dark 

brcwn spots. This reagent can be used for the semiquantitative estimation of impurities_ 
(B) A solution of glucose (2 g) in a mixture of 35 % phosphoric acid (10 ml), 

water (40 ml), ethanoi (30 ml) and n-butanol(30 ml). Heating at 150” for 5 min4z*“. 
This reagent is more complex than 50% sulphuric acid and presents no advantages 
because all macrolides g!ve similar colours. 

(C) A 10% solution of phosphomolybdic acid in ethanol. Heating at 1.50” for 
2 min(J. All macrolides give green-blue spots on a yellow background_ This reagent 
can have some use as a general detection reagent. It is much less sensitive than reagent 
D, which has the additional advautage of providing a variety of coiours for different 
macroEdes. 

ID) Anisaldehyde-conc. sulphuric acid+ethanol (1: 1:9). Heating at 110” for 
2 mid’. This sqxay gives a great variety of colours for different macrolides and it is the 
most suitable reagent for identification. 



Q Suiphuric a&i-methanol (I : 1) applied to plates w&h bad been heated at 
lOQ* for LO mkP_ This reagent yields dikkent colours for various macrolides but the 
variety of c&ours is less marked than with reagent D. 

(F) A- 0.05% solution of xanthydrol in 30 % sulphuric acid. Heating at 100” 
for 3 min. This reagenp also gives some difference in calour between some macrolides 
but it is inferior to the reagent D. 

(G) Dragendorffreagen~s gave weak spots with all macrolides (20 fcs). 
(IQ A solution of 20 mg 2,74icblorofluoresceine aad 10 mg rho&mine B in 

100 ml of ethanol. Examination under W light of 365 mn or 254 nm. This reagent is 
used for the detection of lipids. 

RESULTS AND DISCUSSION 

One of the most useful chromatogcaphic systems (TabIe I) was that described 
by Majer et ~1.~‘. The original mobile phase (lY) was modified in that the ratios of 

TABLE I 

RF VALUES IN THE MATER TYPE MOBILE PHASES 

RF values obtained with !Fertigplatten Merck silica gel 60 -4. Amount: IOpg, exept <a) where 
S,xg and @) where 15 pg were applied. Mobile phases: I = ethyl acetate-isoproprsnol-15% am- 
monium acetate (9:7:8); II = ethyl acetatextbanol-15% ammonium acetate (9:7:8); III = ethyl 
ace~t~isopropanoi-lS%~onium acetate (9:4:8); IV = ethylacetate-ethanol-15% ammonium 
acetate (9:4:8). In all systems, the 15% ammonium acetate was adjusted to pH 9.6 with COIE- 
ammonia and the upper phase was used after careful separation of the phases. Detection: spray D, 

except for (b) where spray G wds used. -, Not exam&d. 
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solvents were changed from 9:7:8 to 9:4:S aud that isopro-ol was replaced by 
ethanol. The change of alcohols had little in&xence, bat in soue critical mixtures the 
separation was somewhat better. The lower amount of alcohol improved the sepa- 
ration on i&oratory made p&es aud it gave excellent results with ready-made plates. 

Most chromatograms were run on Merck plates, but very similar RF values were 
obtained with ready-made silica ~1 plates of Carlo Erba, Macherey, Nagel & Co. and 
Riedel-De Ha&r. Identikation was aided by the di5erence in c&our observed by 

detection with spray D (ankldehyde-sulphuric acid) : %ay-Sreen to brown for eryth- 
romyciu and its esters; different shades of blue-violet to violet-gray for josamyciu, 
megalomicin, midecamycin, spiramycin and tylosin; pale brown for rosamicin; red 
for okaudomycin aud trokandomycin. 

Although this chromatographic system (especiahy mobile phase IV) gave 
excelleut results, it should be no-d that josamycin and midecamycin remain together 
and that some erythromycin esters are not separated. A separation or partial sepa- 

r&on of erythromycins A, B, C and D was observed when small amounts were 
applied. Their detection was aided by the difference in colour obtained with spray D: 
eqthromycin A and C; gray-green; erythromycin B and D, -violet-brown. The mobile 
phases I-IV were not suitable for the estimation of the components B, C and D in 
commercial erythromycin, where they are present in concentrations from 1 oA to more 
than 10 %. The presence of erythromycin C could easily be detected, but erythromycin 
B was located iu the upper part of the maiu spot (erythromycin A), where its presence 
was adumbrated by a difference in colour. 

The separation of the erythromycin components by HPLC on reversed-phase 
coEumus3 iudicated that their detection should also be Possible on reversed-phase 
plates. Separation of erythromycins A, B and C was obtained on Whatman KCIS and 

on silanised silica gel plates. Various combinations of solvents were examined but 

mobile phases V and VI gave the best resuits (Table II). Because of the lower price, 
silanised silica Se1 seems preferable at the moment. The colours obtained with spray 
D (auisaldehyde-sulphuric acid) were somewhat different from those observed on 
silica gel; most signiiicaut is the differeucc iu colour for erythromycin A (and esters) 
and C @ray-brown) and erythromycin B and D (blue-green). The RF value of eryth- 

romycin spiroketal on siianised piates with mobile phase VI is 0.35. The anhydro- 
hemiketi has the same RF as erythromycin B. Reversed-phase plates were the most 
appropriate ones for separation of the components of leucomyciu. The separation of 

josamycin and midccamycin is a useful application of these plates. The various eryth- 
romyciu esters and different macrolides, which were couid be identifted with the 
Majer type solvents, were not separated. 

The separation of different erythromycin esters. which could not be obtained 
by previous mobile phases, was observed with a SO: 1.5: 1 mixture of chloroform- 
ethanol-ammonia or ammonium acetate (Table III). Similar results were obtained 
with difkrent brands of ready-made silica ~1 plates and also with plates prepared in 
the Iaboratoj, althou@i the RF values are higher in the last case. MobiIe phase VII 

is somewhat better than VIII, because erythromycin ethylcarbonate and ethyl succi- 
nate can be separated. It is less suitable for the macrolides with lower RF values, 
becausosometailiugoccurs. Mobile phase VIII is rrseful to confirm the identification 

de&xc4 ftom chromato_wphy wit& one of the systems of Table I. It should be noted 
that.solveuts VI and VII are not suitable for the separation of the three components 



TLC OF MACROLIDE ANmBIoTIcs 12s 

TABLE DE 

Rr VALUES ON REVERSED-PHASE PLATES 
W. RP = Whatman RP #Cl& M. Sir. = Fertigplatten Kiese!gel 60 F254 sibisiert (Merck]. 
Mobile phases: V = metbanol+cetonitriIe-water-IS% ammonium acetate pH 7.0 (30:40:10:20); 
VI =methanoLwater-15% ammotillm acetate pH7.0 (50:20:10). Amount: IOpg. Detection: 
Saran D. For other symbols see Table I. 

B&gdoti* 

Okandomycin 
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Tylosln 
spiramycin I 

ErythromycinC 
A 
B 
D 

Mideeamycin 
JoSamYCin 
Leucomycin 
Erythmmycin ethylcarbonate 

ethylsuccinate 
propionate 
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Midrxamycin ethykxrbonate 

W_ RP, V M. Sii., V M. Sil., VI 

0.50 
0.45 
OAO 0.58 0.48 
0.56 0.63 0.52 
0.48 0.58 0.49 
0.40 0.53 0.35 
- - 0.49 
0.29 0.57 0.38 
0.21 0.54 0.31 
7 spots 5 spots 7 spots 

0.12 0.40 
0.07 O-43 0.16 

TABLE III 

RF VALUES IN V_4RIOUS MOBILE PHASES 

M = Merck Fertigplatten silica gel 60 F254; L = laboratory made plates using silica gel G 60 
(Merck). lKobiIe phases: VII = chloroform-ethanoClS% ammonium acetate pH7_0 (85:19:1); 
VIII = chloroform-ethanol-3.5% ammonia (85:15:1); IX = chloroform-methanol-toluene (80: 
17:23); c = chlorofoMHne than01 (75:25); XI = tt-butanol-acetic acid-water (3:l:l). Amount: 
IOpg, except (b} where 15 pg were applied. Detection: spray D, except (b) where spray G was used. 
(c) Elongated spots and double front in the lower part of the plate; (d) elongated spots. For other 
symbols, see Table I. 

M, VII L., VII hf., VIII M, IX al_, x M., XI 
--~ ---- 

Midecamycin ethylcarbonate 0.67 - 0.78 0.60 0.72 
Midecamycin 0.63 

0.62 1* 
- 0.72 

0.72) 
0.52 0.67 

l 
sosamyein 0.72 0.56 1 

l ** 0.67 30 
rylosin 0.50 0.55 0.60 0.35 0.52 0.51 
Troleandomycin 
Erythmmyein ethykarbonate 0 

ethylsucdnate 
pmpionate 
laurylsulpbate - 

0.48 
0.07 (b) - 

spiranlycin Ix t III 0.40 (c) 0.56 0.19 (d) 0.33 (d) i 
I 0.32 (c) O-42 0.51 0.13 (d) 0.25 (d) j9-20 

Rosatnicin 0.27 - 0.37 0.15 0.24 (d) 0.39 
Erythromycin 0.16 (c) 0.17 0.24 (b) O-@J (d) 0.17 (d) 0.46 

steam&e - - 0.10 (b) - 
Oleandomycin 0.05 0.12 0.22 0.09 (d) 0.17 (d) 0.37 
MC?gdOUliCh 0.05 - 0.10 0.03 0.05 (d) 0.26 
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of spiramycin. Replacement of ethanol in VI and VII by methanol or isopropanol gave 
mobile phases with lower separating power. 

The separation of erythromycin esters from erythromyein has been effected on 
sodium acetate buffered silica gel plates with methanol-O.02 N sodium acetate 
(120:3o:P*~ and with chloroform-methanol-hexane (lOO:40: 10) and methanol-water 
(5Ck50)46. Separation was also possible with an acid mobile phase, chloroform- 
methanol-acetic acid (90: 10: l and ?0:5:5) “*-. It should be noted that the different 
erythromycin esters coutd not be separated in these solvent systems. 

We examined n-butanol-zcetic &&water (3 : 1: 1) as acid mobile phase (XI, 
Table III) because diKerent macrolides had already been studied in this system11*‘2_ As 

neutral solvents, we used chloroform-methanol (7595) (X, Table III), similar to the 
mixtures used by Bickel et ol.l”, and chloroform-methanol-toluene (80: 17:23) (IX, 

49 Table IID), selected by Gzntes er al_ for the chromatography of oleandomycin esters. 
On these neutral mobiie phass, several macrolides show tailing_ The addition of 
ammonia is necessary for obtaining round spots. 

The sqparation of erythromycins A, B and C has been described~ on silica 
gel-Kieselguhr (1: I) plates impregnated with 15 oA formamide in acetone, and run in 
dichloromethane-n-hexane-ethznoi (60 :35 : 5)-_ We aiways obtained bad tailing 
with this method. This was confkrned in other 1aboratories5*~‘2, although Dr. C&lam 
hu obtained satisfactory results?. 

Some erythromycin salts are also used in medicine, i.e., erythromycin stearate 
and the laurylsulphate of propionylerythromycin (erythromycin estolate). For the 
detection of the fatty acid part we used rhodamine B. We found that a mixture of 
rhodamine B and dichiorofluoresceine (spray G) and examination under W light 
gave much better results than rho&mine B-sodium hydroxide. With this spray, the 
erythromycin part was also visible on the pIate. This detection was oniy examined with 
solvents IV and VIII. On silani_sed silica gel, erythromycin and stearic acid are not 
separated and give only one spot. This detection is more convenient than with di- 
chromate-sulphuric acid=_ 

In conclusion, the presently available mzcrolides and their esters can be 
identifkd by chromate-mphy on silica gel in one of the Majer type solvents (I-IV), 
with solvents VII or VIII and on reversed-phe plate with solvents V or VI. Other 
solvent mixtures (Table III) may co&km the identification, but are not essential. 
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