
MECHANlSMS OF TETRACYCLINES ON A Ca REVERSED- 
PHASE MATERIAL 

The influence of &rent parameters on the retention of tetracyclines on a C, 
reversed-phase column has been investigated. Optimal performance was obtained 
using eluents containiig organic acids at relatively low pH, where the solutes mainly 
exist in their cationic forms. In contrast to earlier studies, which suggested that ion- 
pair formation was the separation mechatism for tetracyclines, a more complex 
model is presented. Retention behaviour in the present system was not consistent 
with oue single mechanism but was obviously caused by a mixture of phenomena. 
Essentially, several ionic interactions are likely to predominate over purely hydro- 
phobic effects. 

KNTRODUCXION 

The exact nature of separation mechanisms on reversed-phase materials in 
high-performance liquid chromatography (HPLC) is still subject to specuiationl_ 
Although the hydrophobic theory is well documentedz4, more complex models, 
based OQ ionic interactions, are generally required to rationalize the puzzling reFention 
bebaviour of ionizable substances. Elucidation of the mechanisms involved in the 
chromatography of amphoteric compounds is a particular challenge. Tetracycline 
antibiotics can be considered as model compounds in this respect. Their highly 
unfavourable chromatographic propeties have led to a proliferation of studies, all 
trying to develop more eBicient HPLC systems for these drugs. An excellent review 
of the extensive literature available has recently heen given by KIIOX and lurand’. 

However, few studies have attempted to get more insight into the mechanisms 
underlying retention of tetracyclines on reversed phases. Knox and co-workerss*g 
initially suggested that a strongly acidic mobile phase, e.g., one containing percbloric 
acid, was essential for efficient chromatography of these compounds. Retention was 
explained in terms of ion-pair formation with perchlorate anions. Partition of these 
ion-pairs was thought to occur between the mobile phase and a microlayer of 
acctonitrik, adsorbed on the packing material, 

Iin more recent work, Knox and Jurand7 preferred less acidic eluents (PET > 3), 
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containing ethyleaediamiaetetraacetate (EDNA). They presented =_ideace which 
indicated zwitterion-pair formation between tetracycliaes aad this chelating corn- 
poaad, which itself would be adsorbed onto the hydrophobic surfaoe. Maxim-m.n 
reteatioa occuzz at pH 3.3. Salt addition proved useful to reduce cap&Q ratios 
(k’) aad to improve the overall e&ieacy_ 

In two previous paper+” we described new reversed-phase c~aditioas coa- 
sistiag of RP-8 cohnas aad a re!atively strongly acidic mobile phase @H 2.1), based 
on citric acid_ Althorrgh originally used for the estimation of doxycycliae aad a&o- 
cycliae in biological materials, these systems show po’k&al for the separation of 
different aaalogues aad dso of impurities_ One system’” wzs chosen to study the 
effct of elueat meters on retention because it -was characterized, ualike that of 
Knox aad Jamad’, by extremely fast equilibrztioa. Our results indicate that for 
tetracycliaes a RP-S column probably acts via 8 mixture of ionic interactions rather 
tbaa by oae well-defined separztioa mechanism. 

The liquid chromatograph used was cqaipped with a syringe w pump 
(Model 8500; Varizn, Palo Alto, CA, U.S.A.), a sample valve injector with a 20-~1 
loop (Model CV-6-UHP -N 60: Valco Instruments, Houston. TX, U.S.A.) aad a 
variable-wavelength detector (Varichrom; V.zriaa), operated at 350 aa~ T&e c&am 
(10 x 0.2 cm) contained w octyl silica (5%pm EiCbrosoorb W-8; E. Merck, Dann- 
stadt, G-F-R) and wits packed using a previously descri_@ed slurry technique’9 Eluents 
were prepared Fox aqueous solutions of various orgaaic acids or sodium diiydrogea 
phosphate (aaalytical grade; E. Merck) aad acetoaitrile (analytical grade; Carlo Erba, 
Milaa, Italy)_ The specif%d pH ( f 0.02 uaits) was adjusted with solid sodium hydrox- 
ide or phosphoric acid, respectively, before addition of the organic modifier zad, 
hence, does not represent r&e “true- value in the elueatU. Salts (nitrates) were finally 
added whenever required_ The elueat flow-rate was 0.5 ml/mia @ack pressure 
l%M3-2OOQ p_s_i.) aad the temperature ambient. 

Three tetracycline derivatives, demeclocycliae (DMC), chlortewcliae (C’K) 
(both from Lederle Laboratories, Brussels, Bel&un) aad doxycycliae @OX) (Pfizer, 
Brussels, Beigium), were chosen as test substances. Elueat parameters were varied 
aad the k’ values of these compounds ia each system detenniagd- 

RESULTS AND DlSCUSSKOM 

The elutioa _cequeace of tetracycliaes in the initially used “standard” mobile 
phase, Le., acetoaitrile-O_l ,% citric acid, was maialy in a-meat with their relative 
degrees of lipophilicity (Table I). The basic structures of the derivatives involved 
are presented in Fig_ 1. As predicted from their abilie to partition into chloroform, 
znhydzotetracycliaes are strongly retained. The other compounds, which are vi&ally 
insoluble in most organic s4veats, date approximately in the order of their increasing 
octaaol-water partition coefficients. 6-e@-Doxycycliae is, due to steric reasoas, fess 
lipophilic tbaa doxycycliae’3_ The 4-epimers are stronger bases*+ aad more water 
soluble than the “aonnai” derivatives aad, hence, less strongly retaiaed. Lymecycliae, 
rolitetracycliae aad aziaocycliae, all containing aa additional aitrogea atom ia their 
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TABLE E 

ELWON SEQUENCE OF ‘FEFRAh- ON A RI?-8 COLUMN 

Cohrnn, lLXfmsorb RP-8,5 pm (10 x 0.2 cm): mobile phase, zceso&.rileAl M citric add (2575 
vlv); tersl~~ 2mbim, 

ezbnpt?&frd EU.SiC Subsfifueafs P’ K 

lLyElx&im I a3 OK EL II b l * 1.5 
2 Ro?.h?wqcb I -3 OEF H H ** 

WCH,), “N 
1.7 

3Iaine I H H H 0 21 
4<hEytenacydine I 

s 
OH OH H H 0.0035 2-3 

5 Gepi-TetracycFine Ii OH H H H 2.8 
6 Tetracydine I CM, OH H H H 0.0x4 3.5 
7 4-epi-Dereedcxydine II OH H 4.1 
SIlclned~ I E OH H Ei E 0.13 5.2 
9 lzilIv~ I CH, OH H Cl H 0.15 8.0 

10 Met#aqd& I =CH* OH H H 0.69 9.0 
11 4-f@-DoxycycI& II =3 H OH H H 9.1 
12 bcpf-lXmyqc&e I H CHs OH H H 9.3 
13 L)axycydine 

h 
CH, H OH H H 0.52 lO.4 

I4 4-epi-Anhydrom-acy~e - --- - 13.5 
15 Anhydm~~cyc~ III - - - - - 18.6 

* P = Partition coefkient in octanol-water at pH 2-P. 
.I 

a= --CH,-N 

I \ - 

b= --CH,-----_Ct@,--;H-COOH 

=+z =2 

ln IV 

Fiil.Eksicstnrcrurts of tetrwych~. Namre of substimez~ts is given in Table I. 
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ruoecules, possess enhanced water solubility compared to other andogues. k 
typical separation of set= derivatives is i&&rated in Fig_ 2 

TIME i biINU?ESI 

Fii_ 2 Sqaration of seven tetrxydina. Cohmn 10 x 0.2 em LiCbrosorb RP-8 @pm). EIuent: 
0.1 Mci~~~6acetonitriie(76:24,v/v); ffow-rate, 0.33ml/min. Tern_perature, ~O’C_PRSS~IE, 1800 
ps.i. Peaks: I = o.xytetrzycline; 2 = tetracqrline; 3 = doxycycline by-product; 4 = demed* 
~~;5=~~~~~;6=~e~~;7=dox~Iine. 

E1ue.zt.s based on citric mid 

Efict of pH. The effect of pH upon retention (Fig. 3) is similar to that generally 
observed in reversed-phase ion-pa?’ or cationexchange” chromatograDhy. In an 
acidic medium, the cationic form of tetracycIines is predominant so that interactions 
with negative counter-ions or anionic sites on the packing material are F2vomed. The 

pH of the standard eluent provided maximal k’ values (Fig. 3 and Table II) and op- 
timal coIumn performance_ 

E@ct ofionic strength. Jhcreaskg amounts of citric acid were incorporated in 
the eiuent and the pH adjusted to 2.1 with sodium hydroxide. Consequently, the 
sodium ion concentration was increased simultaneously. Capacity ratios were in- 
verseIy proportional to the molar citric acid concentration (Fig. 4). Such a reIation- 
ship usually oEers a reliabIe criterion for the occurrence of ion-change phenome- 
na’-S When the pH was not kept constant, 2 significant decrease in XI’ was also ob- 
served uFn increasing the citic acid concentration (Table 11). These effects con&t 
with a retention model based on hydrophobic interactions’_ Citrate can be supposed 
to adsorb onto the packing and thus would act as a deactivator by displacing the 
solute from active sites. It is doubtful whether a dynamic ionexchange system is 
generated because citrate is maiuly uncharged under the conditions used. 
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Fig. 3. JSkct of pH on the capacity factors of denteckxyciine (I) and doxycycline (II). Column, 
10 x O-2 cm Lichrosorb RF-S (5 pm)_ Ekeat, 0.1 M citric acid-acetonitrile (7634, v/v). pH ad- 
justed with sodium hydroxide_ 

TABLE PI 

EFFECT OF CITREC ACID CONCJZNTRATION ON TEE CAPACITY RATIO OF DOXY- 
c?xLrNE 

Mobile phase. water-acetonitrile (76524, v/v), containing increasiog amounts of citric acid. 

c7JrceMmziGa (M) PK Em3X 

0.1’ 2.1 11.4 
0.15 1.9 89 
02.5 1.7 7.5 

‘Standard elflent. 

E@cct of so&m n&&e_ Table III summarizes the variations in k’ following 
sodium nitrate incorporation in the standard eke&. Initially, salt addition dramat- 
ically reduced retention, but subsequently a slight increase was again noted. The 
efkct was independent of the nature of the cation, Le., sodium, potassium or 
lithium. This bebaviour initially seemed to be in agreement with the hydrophobic 
theorYq. However, it has previousIy been shown that the solubility of doxycycline in 
water is considerabIy enhanced by sodium nitratels, so that a “salting out” effect, 
which would explain the secondary increase in K, is unlikely. 

Ehents based on other organic acih 
Citric acid colrld be replaced by other organic acids (Table IV). Their relative 

elution strengths seemed to paralfel their dissociation constants, but also could 
partiaUy be ascribed to the preser;ce of variable concentrations of sodium ions_ The 
efkct of acids with increasin g aliphatic chain lengths was more relevant (Table V)_ 
Differences in cation concentration could no longer account for the great divergency 
of K values. For example, it is striking that the duent based OQ 2,2-dimetby!glutaric 
acid, which was free of sodium ionq afforded much smaller k’ values &IQ sutic 
acid, conizining sodim If ion-pair formation in the mobile phase-is predominant, 
the order of elution strength should be correlated with the hydrophobic&y of the 

. 



Fig. I Plot of capacity factors of derxckqdine (I) and daxycyclke (II) us_ the redprocal v&e 
cf the molvcitric acid conozl~tion (l/M)_ C&mm& 10 x oL2 cm LiChrosorb RP-8 (5 Jml)_ Ekntr 
vc.zter-acetonitr& (76~24, v/v}, containing ia& concentrations of citric acid. pH adjusted to 
2il with sodium hydroxide.. 

TABLE HI 

EtFFEm OF SODIUhf NITRATE ON THE CAPACITY RATIO OF DOXYCYCLINE 

Mobik phase, 0.1 M citric acid-asetonitriIe (76524, v/v). cos%ain&g ixnzsing amounts of sodium 
nit&e, pH 2.1. 

- 11.4 
0.1 6.3 
0.2 6.6 
0.5 7.1 
1.0 7.9 

TABLE IV 

CAPACITY RATIOS (k’) AND PLATE NUMBER (N). OBTAINED WITH ELUENTS CON- 
TAINING DIFFZRE NT ORGANIC ACIDS 

Mobile pbse, water-acetonitrikz (77:23, vfv). containing difkreat oq&c acids (0.1 M). pH adjusted 
to 2-1 with slxiiurn hydKcui&_ 

&id PIG &m.eckyc~ti Doxy32y&te 

K N K N 

Chdic acid 1.26 25 646 5.3 990 
hfdeic acid 1.92 3.1 430 6.6 510 
hfaIonic acid 286 3.6 922 7.8 1674 
Tzrtsictcid 
Citric acid 



oxak acid r.27 2.2 42 
M&&c acid 2.86 2.9 5.3 
3.3-Dhe@I&.mric acid 3.70 4.6 8.0 
2,2-Diwtkylglwaricacid >4.32 
Gk&s& acid 4.32 

1:: 11.4 
19.3 

Sua5nic acid 4.21 11:4 20.4 

counter-ion. The substituted ghrtaric acids would be expected to yield the highest k 
values. However, this was not the case. Ahmatively, satwation of active sites could 
again contribute to the obsemed effects, The afhnity of each acid for the non-polar 
surface will be mainly governed by its hydrophobicity and degree of ionization. 
However, because the nature of the ionic species in the eluent prays an essential role, 
ionic rather than purely hydrophobic interactions must be operative. 

Ehenis based on phosphon’c acid 
When 8 mobiIe phase containing a phosphate bufEer was employed, the 

chromatographic efhciency and capacity ratios of tetracyclines were perfectly corn-. 
parable to those obtained with organic acids. Phosphate has little or no a5ity for 
hydrophobic surfaces and is a poor counter-ion in ion-pair chromatographylg. 
Therefore, ionic interactions, as outlined above, become less probable in this 
medium. 

Sodium nitrate again considerably affected retention_ Table VI compares k 
values in the presence and absence of this salt. By relating these to the data given in 
Table III, some conclusions may be drawn with respect to the role of cations. After 
addition of the salt to an eIuent which is originally free of sodium ions, a decrease 
followed by a slight increase of the capacity ratios occurs. In contrast, if sodium ions 
are already present, e.g., in the form of sodium phosphate, there is no initial decrease 
in k’. Since saiting out is unlikely the phenomenon might be alternatively explained 

TABLE VI 

EFFEm OF SODIUM NITRATE ADDITION TO AN ELUENT BASED ON A PHOSPHATE 
BUFFER 

Mokiie phase. 0.1 M sodhn dikydrogen pkospkatwxztonit (78:22, v/v). pH adjusted to 2.1 witk 
phosphoric acid. 

- Pkospkoric add onty. 



by assuming participation of residual silanoZ groups. This has been documented for 
o&r substanc&“~. The effect of sodium ions on the interaction of polar com- 
pounds with such groups has also been rationaIized*~. The inifiai decrease in K can 
be considered to arise from a competition between sodium ions and tetracycline 
cations for a ccessible mlzr sites_ Ion-pair formation with nitrate ions could account 

for the subsequent re-%xtion increase. This theory is supported by the fact that an 
octyl phase should bz richer in unreacted siJano1 groups than octadecyl mate&M. In 
additioc, it has been poiited out that RP-8 siIica occupies a unique position in the 
chromatography of tetracyclines~. Indeed, similar eluents containing citric acid, as 
used in this study, faiied to chromatograph te&acyclines on RP-18 materials. 

CONCLUSIONS 

In the present paper, etidence is given which suggests that retention of tetra- 
cyciines on a R.P-8 column can not be expkined in terms of one single class of 
irrterzctiors. Our results indicate th2t probably 2 complex mixture of mechanisms, 

including ion-pair formation, competition eff&cts, deactivation of active sites and 
posssibIy ionexchange and interaction wi*& s&no1 groups, underlies the behaviour on 
this particular reversed-phase material. The eIuent composition determines the 
relative importance of each eff&A_ Nevertheless, the group of ionic interactions as a 
whole obviously predominate over hydrophobic e&c&, if present at all_ 
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