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SUM_MARY 

High-performance liquid chromatographic separations of repository penicil- 
lins (hardly soluble salts of organic bases with penicillins) described previously permit 
only the determination of the penicillin part; the identification or quautitation of the 
catiouic part was possible only by additional analysis. The optimization of the pH 
value of the mobile phase succeeded in giving a simultaneous determination of the 
cationic and anionic parts nnder isocratic reversed-phase conditions. 

The eiution characteristics of the basic components benzathine, procaine and 
clemizole depend strongly on the pH of the mobile phase. In mixtures of phosphate 
buffer and methanol the retention time increases rapidly with increasing pH, whereas 
the retention time ofthe penicillin part is only slightly influenced. For the analysis of 
benzathine penicillins a pH of 5.0-5.5 can ‘be recommended, for procaine penicillin G 
pH 7.s7.5 and for clemizole penicillin G pH 2.5-3.0. For all components linear 
calibration graphs were obtained over the concentration range 0.1-l mg/ml (injection 
volume 20 $)_ The relative standard deviation, depending on the component and 
separation system, was 0.5-2°~. The separations can be performed within a few 
minutes at 5O”C_ 

INTRODUCIXON 

Different methods for the analysis of repository penicillins are described in the 
various pharmacopoeias. The most important chemical procedure for the quantita- 
tive determination of penicillin is still iodimetric titration, which can be traced back to 
Alcino in 1946:. The iodimetric titration is included in the Code of Federal Register 
(FDA) for ah peniciliins. A few years ago Karkberg and Forsman described mercury 
titration2, which is included in the draft of the next edition of the European Pharma- 
copoeia for some penicillins. The cationic component in repository penicillins (ben- 
zathine, procaine and clemizole) can be determined be separate chemical analysis. 
Thus the British Pharmacopoeia describes a. titrimetric -assay after extraction for 

. , 
* This paper was presented at Euroanaiysis IV, Hekinki, August 23rcW8th, 1981.‘ 

~t-%7W32~tlMWWl0~~2_75 0 1982 Eketier Sciatic Publishing Company 



452 F. NACHTMANN. K_ G!STFLEIN 

benzathine3 as well as for procaine4. For procaine different calorimetric methods are 
also possible*‘. 

Separations of repository penicihins can be performed by thin-layer chromato- 
graphy (TLC)_ Fooks and Mattok’ succeeded in separating free procaine, penicillin 
G and procaine penicillin G on silica gel plates. The separation system is particularly 
suitable for tests for identity and purity. Wilson et aL9 described an analogous test 
method for benzathine penicillin G_ As has been demonstrated recently by 
Nachtmann and co-workers, the high-performance liquid chromatographic (HPLC) 
determination of penicillin G and V on reversed phases is superior to chemical meth- 
ods with regard to selectiv<ty and thus to accuracy. The selectivity of HPLC can be 
explained by the fact that ah by-products and degradation products of pcnicilhn are 
separated’*“. For this reason it was obvious to apply HPLC to the analysis of 
repository penicillins_ As the basic cationic part of these compounds also shows UV 
absorption, it should be possiiile under appropriate conditions to determine the 
cationic and anionic component at the same time. The analysis of oral benzathine 
penicillin V suspensions by HPLC was described by Lebelle et a1_13_ According to this 
method, only the penici!hn component can be determined. Tsuji et al.” succeeded in 
carrying out a simultaneous determination of procaine and penicillin G. Problems 
occurred, however, with regard to the reproducibility of separation_ 

This paper describes the simultaneous determination of the basic and acidic 
component in benzathine, procaine and clemizole salts of penicillin G and V. 

EXPEFU_MENTAJ_ 

The penicillin salts tested, benzathine benzylpenicillin (DBED-G), benzathine 
phenoxymethylpenicillin (DBED-V), procaine benzylpenicihin (Proc-G) and clemi- 
zole benzylpenicillin (Clemizole-G), were manufactured by Biochemie GmbH 
(Kundl, Austria)_ Ah solvents used were of analytical-reagent grade (E. Merck, 
Darmstadt, G.F.R_)_ LiChrosorb RP-8 (Merck) was used as the stationary phase for 
the HPLC separations_ This material, particle size 10 m, was packed in stainless- 
steel columns (250 x 3.2 mm I.D.) using a slurry techniquer5_ 

App.matus 
For the chromatographic separations an Orlita AE 10-4.4 pump and an Altex 

110 A pump in combination with a Rheodyne 7120 injection valve (20 4) were used. 
The detection was carried out in the UV region (215-220 mu) with a Schoeffel SF 770 
or Perk&-Elmer LC 55 spectrophotometer. The separation column was placed in a 
thermostated water-bath_ All determinations were carried out under isocratic con- 
ditions A Hewlett-Packard 3353 data system was used for integration of the peak 
areas. 

Prel~aration of samples 
The dissolved penicillin salts can be injected into the column without any 

further preparation. A solution of 1 mg of sample per milhhtre of solvent proved 
suitable for all salts tested. The solvent was composed of phosphate buffer @H 7.0) 
(ljl5 _&Q-methanol (35’). 
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RESULTS AND DISCUSSION 

The low solubility of the repository penicillins examined causes some prob- 
lems. Methanol is certainly an excellent solvent, but it causes rapid degradation of 
penicillin and the corresponding aikyl-a-D-penicilloic acid is produced’. Our own 
experiments contirmed the instability of penicillin G and V in methanol_ 

The reaction can be slowed down by adding water to methanol. A compro- 
mise could be attained with the mixture of phosphate buffer (pH = 7.0) (l/l5 M)- 
methanol (3:7); 1 mg of the salts examined can be dissolved in 1 ml of this mixture 
without difficulty_ 

In order to achieve a simultaneous rapid determination of the cationic (basic) 
and the anionic (acidic) components of repository penicillins it is necessary to find 
separation conditions that guarantee optimal resolution of the components_ The 
reversed-phase systems hitherto described for penicillins, mostly utilizing pH values 
of 6.0-7.0’“-‘2, do not permit such a separation. Elution of the cationic components 
of the salts cannot be achieved. For this reason, experiments were carried out in order 
to reach the desired objective by varying the pH of the mobile phase. 

In order to facilitate routine analyses the same type of column (250 x 3.2 mm 
I.D.) was always used. As earlier experiments carried out by Nachtmann and co- 
workers have shown, LiChrosorb RP-8 is an excellent stationary phase for the sepa- 
ration of peni~illins’~*” and it is advantageous to carry out the separation at high 
temperatures. An increase in temperature from 20 to 50°C will shorten the analysis 
time and reduce the back-pressure of the column if the flow-rate is kept constant. At 
the same time, the plate number of the column is slightly increased. Therefore, all 
tests described in this paper were carried out at 50°C. For quantitative determinations 
an external standard was used. Reproducible elution times for all penicillin salts 
examined were obtained only after conditioning of the column with the sample. For 
this purpose it was sufficient to inject the sample 5-10 times prior to analysis. Experi- 
ments with different batches of the LiChrosorb RP-8 stationary phase showed dif- 
ferences in the elution characteristics described in below by up to one pH unit. 

Benzathine penicillins 
The most important types are benzathine benzylpcnicillin (DBED-G) and ben- 

zathine phenoxymethylpenicilin (DBED-V). In penicillin V p-hydroxypenicillin V is 
always present as a byproduct. The elution behaviour of these penicillin salts was 
examined on a C-S column (Table I). With constant polarity of the mobile phase the 
elution behaviour of benzathine depends strongly on pH. In the interesting range 
from pH 4.0 to 5.5 the elution time and the asymmetry of the peak of benzathine 
increase with increasing pH. By adding 0.1 y0 of triethylamine to the mobile phase the 
peak symmetry could- be improved considerable but the retention times remained 
unchanged. 

Within the range examined the elution time of penicillin G depends only 
slightly on pH. The elution characteristics of penicillin V, on the other hand, differ 
from those of benzatbine_ The separation selectivity in the range examined is hardly 
InfIuenced by a change in the ratio of phosphate buffer to methanol. For the determi- 
nation of DBED-G the separation system at pH 4.0 could be regarded as most 
favourable with respect to the time of analysis and separation. Under these con- 
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TABLE I 

ELIJXON BEHAVIOUR OF BENZATHINE PENICILLiNS 

Stationary pbzsez LiCbroscrb RP-S, 10 c Mobile phase: phosphate buffer (l/i5 M)-methanol_ Flow- 

razz: LO ml;min. Temperature: WC. Wavelcngthr 215 nm- 

Mob& phase Refemion riine (min) 

Ben=arhine PemXih G PeniciIIin V p-HyakoxypeniciIlin V 

Buffer* @H = SZ+methanol (I:?) 1-s 1.5 0.9 
B*dfer @H = 55_mSthanol(6:4) 2.S 2.6 I.2 
Bxffcr @H = S+methanol(i’:3) 5.5 3-7 4.3 1.4 
BufFer @H = S_O)-metbanol(7:3) 4.3 3-S 6.7 2.9 
Buffer @H = 4.~me*&anol(7:3) 2.9 4.0 7.0 1-S 
B*xt&- @H = 4-O)-methanol (7~3) 1-S 4.1 

* Phosphate buffer (1 i 15 M). 

Es15 

T 

Fg 1. Determination of benzathine pcnkillin G by HPLC. Stationary p&se: LiCbrosorb lUU_- 10 q. 
Mobile phase: phosphate buffet (I/IS M) i O-l% trierhylamine @H = 55)-methanol(7~3). Flow-rate: 
2_4 djmin. Tempexatuz: 5OO’C. _ 
Fig_ 2_ Detesmina tion of benzatbine penicillin V by HPLC. S&OS& Phase: JiChr~~~rb RP-S. IO pn. 
Mobile phase: phosphate btier (l/15 M) (pH = 45+methanol(7:3). Row-rate: 1.8 ml/min. Tempera- 
ture: 5O”C_ 
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ditious, however, any degradation products of penicillin present, such as penicilioic 
acid, are not separated from the benzathine peak. Assuming tbat such impurities 
could be present the chromatography has to be carried out at pH 5.5 (Fig. 1). These 
separation conditions impiy an increase in the time of analysis and, in spite of the 
admixture of triethylamine, asymmetry of-the benzatbine peak, but, on the other 
h?nd, the selectivity of the separation system is improved. All known degradation 
products of penicillin are eluted before the peak of penicillin G and thus do not 
interfere in the analysis. 

For DBED-V the separation system at pH 4.5 has to be regarded as the most 
suitable mobile phase. The p-hydroxy penicillin V occurring as a small impurity is 
eluted before the two main components and thus a sensitive detection of this by- 
product is possible. There is a baseline separation for all three eluted peaks. Fig. 2 
shows the corresponding chromatogram obtained for a commercial product of 
DBED-V. A waveIength of 215 urn was chosen for detection as it represents a 
favourable compromise for all components of interest. For benzathine as we11 as for 
-&e penicillins linear calibration graphs passing through the origin were found for 
solutions of O-l-1-0 mg/ml of sample. The method is sufficiently precise for routine 
tests. In the above range of concentrations the relative standard deviation (fz = 7) was 
0.8 % (conditions as in Fig. 1) and 0.5 % (conditions as in Fig. 2) for benzathine, 1.3 “/, 
for penicillin G and 1.7 % for penicillin V. 

The following substances are suitable as external standards: benzathine ac- 
etate, sodium penicillin G, potassium penicillin V and sodium p-hydroxypenicillin V. 
The substances used had a purity of greater than 99%. 

The method described was used to examine the stoichiometric composition of 
the above-mentioned penicillins_ Table II shows the results for several batches of 
DBED-G. When considering Table II one has to take into account that theoretically 
DBED-G is composed of 68.16 % of penicillin G, 24.50 % of benzathine and 7.34 % of 
water. An experimental determination of the water content was not carried out. The 
results show that the stoichiometric composition of the batches examined was con- 
firmed in all instances_ The differing absolute contents, however, suggest a varying 
degree of purity of the samples. Analogous results were obtained for DBED-V. - 

Procaine penicillin G and clenrizole penicillin G 
Further important salts of penicillin G witb depot character are procaine pen- 

icillin G and clemizole penicillin G. As a similar dependence of the elution of the 
cationic component on the pH of the mobile phase was assumed, a pH profile analo- 
gous to that for the benzatbine salts was investigated_ The results are summarized in 
Table III. The situation is similar to that with the benzatbine salts. The elution times 
for procaine and clemizole increase with increasing pH, whereas the elution time for 
penicillin G is only slightly chan,&. Procaine penicillin G can be analysed in both the 
acidic and neutral pH ranges. For a phosphate buffer-methanol (7:3) mixture at pH 
6.0 procaine is eluted before penicillin G, which is in accordance with the results 
obtained by Tsuji et al. _ I4 In the alkaline range, however, the order of elution is 
reversed. If detection of the degradation products of penicillin is desired (stability 
tests) a pH range of 7.3-7.5 is preferable. Under these conditions the degradation 
products of penicillin elute before penicillin G and can be identified in the chromato- 
gram. Such a determination is shown in Fig. 3. At a wavelength of 220 nm linear 
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TABLE E3 

SIMULTANEOUS DETERMINATION OF THE CA-I-IONIC AND ANIONIC COMPONENTS OF 
BENZATHlNE BENZYLPENICILLIN BY HPLC IN DIFFERENT COMMERCIAL PRODUCTS 

Stationary pk JiCbrosorb RP-S, 10 elm_ Mobile phase: phosphate buffer @I-i = 55) (1jlS 
JQ-methano! (73) Tempcxatun: 50cC_ Wavelen_& 215 nm_ 

Product No. Conlent (%I 

Peniciiilin G Bea-alhine 

Stoichiometric 
rafio 

1 68.6 
2 639 
3 69.3 
4 67.1 
5 65-S 
6 692 
7 66.5 
8 68-9 
9 62.5 

10 69.: 
II 67.9 
12 66.1 

24-3 LO3 
737 2.02 
24.1 2.07 
24.0 t01 
233 1.98 
233.6 2.11 
23.1 2.08 
24-O 2-06 
21.7 2_07 
2xj.8 210 
24-4 2.00 
24.4 195 

calibration graph’s were found for both components in the range 0.05-l mg/ml of 
sample. At a concentration of05 mgiml the relative standard deviation (n = 7) was 
1.2 7; for penicillin G and 2.0 % for procaine_ The low precision for the determination 
of the procaine portion is due to problems of integration cause by peak tailing. 

For clemizole penicillin G the elution power of the mobile phase has to be 
increased by increasing the concentration of the methanol component_ Moreov& the 
analysis can only be carried out in the acidic pH range from 2.5 to 3.0. Owing to the 

TABLE III 

ELLTION BEH_4VIOUR OF PROCAINE PENICLLLIN G AND CLEMIZOLE PENICILLIN G 

S~cionzry phawr JiiChrosorb RP-S. 10 F Mob& pbse: phosphate buffer (I!15 M)-methanol_ Fiow- 
rater 1.8 &kin. Tempemturc: 5O’C. Wavelength: 220 nm. 

Mobile phase 

Buff-er*(pH = 4_O)-methzmol(7:3) 1.1 17.6 
Buff-m (13H = 5_O)-echmol(7:3) 13 26.0 
Buffer QH = 6.O)-metlsazoi (7:3) 13 
Buffer @H = 7_O)-xmthanol(75) 4-2 
B&ii (.pH = 7_3)-methylol(7r3) 7.1 
Rufkr (pH = 7.S)-methanol(73) S_C! 
Buffer @H = 25)-metbauol(6:4) 4.7 
ButTi&- (pH = 3.O)-m&asmI (63) 52 
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Fig. 3. Determination of proczine penicillin G by HPLC. Stationary phase: LiChrosorb RP-8, 10 e. 
Mobile phase: phosphate buffer (i/15 AZ) (pH = 7_3)-metbanol(7:3). Flow-rate: 1.9 ml/min. Tempera- 
tuie: WC. 

Fig. 4. Determination of clemizole penicillin G by HPLC. Stationary phase: LiChrosorb RP-8, 10 m. 
Mobile phase: phosphate buffer (l/15 &K) (pH = 2_5)-methanol(6:4). Flow-rzte: 2.1 n&‘min. Tempera- 
ture: 50°C. 

rapid chromatographic separation no degratation reaction of penicillin G could be 
observed. Fig. 4 shows a typical chromatogram for clemizole penicillin G. As with 
procaine penicillin G, linear calibration graphs were obtained for clemizole and pen- 
icillin G at 220 nm in the range of 0.05-l mg/ml of sample. The relative stand%rd 
deviation (n = 7) was 0.5 % for penicillin G and 0.7 % for clemizole. The concentia- 
tion was 0.5 mg/ml_ The fact that the vahtes are superior to those of procaine penicil- 
lin G can be explained by the more favourable peak symmetry- 

CONcLUSIONS 

The HPLC methods described permit the simultaneous quantitative determi- 
nation of the cationic and anionic components of repository peniciihns within a few 
minutes. They are superiour to all hitherto described procedures for this group of 
substances_ Their application is not hmited to the quality control of the pure penicillin 
salts. The anaQtical characterization of mixtures of repository penicillins with soluble 
penkiUins or mixtures of cUTerent repository penicti is also possible_ 
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