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Analysis Of Mixtures Of Demeclocyclime, Mimocycline
And Tetracycline Utilizing Differential Pulse Polarography !
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ABSTRACT

A modified differeatial pulse polarcgraphic technique
was utilized to analyze tetracycline hydrochloride, minocyline
hydrochloride and demeclocycline hydrochloride and two
mizxtures of these compounds. The results indicate that the
method may be a useful techaique for the amalysis of the
hydrochloride salts of tetracycline derivatives. A pH of
4.3 vas found to be optimum for the polarographic peak

separstion and quancitative snalyeis.

The use of polarography in the analysis of tetracycline and icte

analogues 1s well studied (1-5). 1Tn 1972 the use of differential pulse
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polarography to snalyze tectracycline was reported (6). In this study
a mudified differuncial pulue polarographic techaique is employed in
the in vitro analysis of the hydroahloride salts of demeclocyclioe,

minocycline smd tetracycline alona and (wu mixtures of the conpounds.

Experimental

Appuratus - All polarograme were recorded cn a pohtogtnph‘ equipped
with 3 threa slectrode system and aa X-Y ru:atdctb. The working elec-
trode couslstud of a dropping mercury electrode (DME) with a drop Cime
of one swcuad, which was coatrolled by a sechanical drup knockar. A
commarcial calomel electrode was used as the reference eslectrode and a
placinum wire as the auxiliary electrode. The electrolysis call® uci-
lized hau 4 total volume of 25 ml and the concencracion of the tetra-
cyclines derivatives studied ware betuesn 107% and 103 M. Potencial
sweups of 1 or 2 aV/uec and pulse modulacions of 10 or 25 mV vere
anployed for the determinations.

Deaeration was performed by pasuing a stream of highly purified
aitrogea through the solutions for a minimum of ten minutes. All experiments
ware carried out at room temperaturs aad pacsntials are reported with
Cospact tu the saturaced calomel electrude (SCE).

Resgents - Su-plud of demeclocycline hydrochloride, minocycline hydro-
chloride und tetracycline hydrochloride of compendial grade were ucilized
without further purificatioa. Acetate buffera wers freshly prepared from

reagent grade macecials.

% Princetoa Applied Revearch Model 174 Polarographic Analyzer
b Princecon Applied Rasesarch Madel 9002A X-Y Recorder
€ Princeton Applied Research Cell Model 9301

4 Provided by Lederle Laboratories, Pesacl River, Hew York
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DIFFERENTIAL PULSE POLAROGRAPHY. I 79

Procedure - Analyses were performed by a standard addition technique.
Known concentrations (~img/ml) of various tetracycline derivatives were
added in small iscrements, of the order of 5-20 wl, wsing microliter
pipettes® (toleramce $0.5%) to exactly 25ml of acetate buffer, acetate
buffers comtaining a simgla tetracycline derivative or acetate buffers
containing a bimary mixture of tetracycline darivatives. Volume changes
ware therefores negligible, The sclutions were deserated amd currenz-
voltage curves were recorded betwveen ~0.8 volts aad 1.9 volta. Calibra-
tion curves were established for each tetracycline derivative alone and

in binary mixtures by measuring peak heights at appropriate potentials.

Results and Discussion

The variation of peak current with concentration for demeclocycline
hydrochloride, tetracycline hydrochloride amd minocycline hydrochloride
as given in (Tablc 1) demonstrates the direct proportionality between peak
current and concentration. The peak potentials at which these currents
were measured are the msjor reduction potentials in the polarographic
spectrum for the individual tetracyclines (Figure ). The excellent
correlation of chis duta indicates that differential pulse polarography
is a highly satisfactory technique for anulyzing the three tetracyclines
studied. (correlation coefficients for demeclocycline and minocycline
wers 0.999 and for tetracycline 0.997}.

Polarograms of binary mixtures of minocycline hydrochloride with
tetracycline hydrochloride and of demeclocycline hydtochloride with
tetracycline hydrochloride demonstrate clearly separable peaks in
acetate buffer. This was not the case for mixtures of minocycline

hydrochloride and demeclocycline hydrochloride (Figure 2). Therefore

¢ Fischer Lambda Pipettes
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N
g TABLE [. VARIATIONM OF PEAK CURRENT WI1TH COUCEMTRATION OF VARIOUS TETRACYLCIHE
S DERIVATIVES
o
c
S
é (Aceatate Buffer - pil = 4.3)
B
=
=]
% A. Tetracycline Hydrochloride
§ { Twtracycline HC1 } Peak Current
°
5 x 10%4 (uA at -1.35 volea)
2 0 )
Qo 3.12 0.06
S 6.24 0.138
S 9.36 0.304
§ 12.48 Q. 404
£ . 15.60 0.494
g2 18.72 0.580
& ° 21.84 0.670
£8 24.96 0.720
s 28.08 0.842
£8
5%
=S8
%L? B. Mi cline Hydrochloride
o
E { Minocycline UCl} Peak Current
3
8 x 108 (uA at =1.24 volrs)
g 19.52 0.830
% 22.54 0.956
£ 25.57 1.104
= 28.59 1.246
= 31.61 1.3482
j
=]
£
o]
§ C. Demaclocycline Hydrochloride
5]
g_ { Dumeclocycline HCl } Peak Current
o
_g x 1065 (uA at -1.28 volta)
g 17.30 0.720
= 20.22 0.856
8 23.14 0.990
26.06 1.126
28.98 1.262
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o the fucmur twe Casus it lu posdible 2o acalyze for uae derivacive ia
the presence of 4nuther. The sepdaratioa of the polarographic peaks was
found to be clearly pH dependent. This is shown for tecracycline hydro-
chloride and misucycl ine hydrochloride in Table 1i. Optimums separation
accurtad at a pil of 4.1,

While boch minocycliue and tetracycline exhibit positive putencial
shifts with decreasiag pli (Tablell), the effect ts more provounced with
minocycline hiydrochloride, leading to the obsurved increaws in peak sep-
aracloa ot low pil valuus. Peuk separution for mixtures of minocycline
hydruchioride and demuclocycline hydrochloride was not appreciably im-
proved by pil changes in the range studlied.

By using the stsndard addition techanique, peak current versus con-
cuntratioa curves ware constructed awd are given in Figure 1 for tecracyc-
line hydrochloride (peak potential = ~1.35 voltg) la the prasence of
demuclocycl ine hydrochioride and msinucycliae hydrochloride (peak potencial =

-1.24 volts) in the presenca of tatracycline hydrochloride. In the former

For personal use only.

TABLE 0. EFFECT OF pd OM TUE PEAK POTENTIAL OF TETRACYCLINE HYDROCLULORIDE AND
MINOCYCLINE MYDROCHLORIDE

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/19/12

pht £p (TETRACYCLINK HC) Ep (MINOCYCLINE HCl 4 Ep
{(volcs) (volts) (millivolcts)
7.0 -1.420 -1.400 20
6.5 ~1.440 -1.390 50
5.5 -1.402 -1.318 84
5.0 -1.3724 -1.290 84
4.5 -1.354 -1.264 90
4.0 -1.330 -1.240 9a
3.5 ~1.312 -1.222 30
l.Q0 -1.295 ~-1.208 a7
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75 0,998
O TETRACYCLINE WCL 1N PRESENCE OF
1.95 x 1075 u DEMECLOCYCL INE WCL
0.50 p~
& NINOCYCLINE WCL 1IN PRESENCE OF
1.95 x 1075 wrarmacreLine nct
0.5~

0 i | | L }
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CONCENTRATION x 105 0

EIGURF 3 AMALYSIS OF MIXTURES OF TETRACYCLINE
DERIVATIYES USING DIFFEREATIAL PIESE POLARUGRAPHY
(Acsyane Busees - pHl = 8.3)

case the linearity of the current - concentration reiationship falls off
at higher demeclocycline/tatracycline ratios (Figure 3).

These curves were used to snalyze various mixtutes of tetracycline
analogues. The data are presented in Table 1II. The correlation between
observed and actual comncentrations in 20.58 to :7.922. The petcent error
for tetracycline/minocycline is consistently lower than for tetracycline/

demeclocycline as would be expected in view of the becter peak separation.
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Table ITTANALYSIS OF MIXTURES OF

TETRACYCLINE DERIVATIVES USING DIFFEZENTIAL PULSE POLAROGRAPHY

TETRACYCLINE UCl 1IN PRESENCE OF DEMECLOCYCLIHE HC1

AMOUNT FOUND ACTUAL AMOUNT I ERROR
 x 103%) (t x 10%)

1.64 1.70 3.583
1.77 1.66 6.63
1.89 1.87 1.07
2.16 2.04 5.88
2.18 2.02 7.92

Average .01

MINOCYCLINE WC1 PRESKNMCE OF TETRACYCLINE HC1

AMOUNT FOUND ACTUAL AMOUNT Z ERROR
o x 10%) o x 10%)
1.58 1.63 3.07
1.70 1.71 0.58
1.88 1.93 2.59
1.90 1.82 4.40
2.06 2.02 1.98
Average 2.52
Conclusion

Diffecential pulse polarography can be used to analyze mixturass of
tucracycline with a good degres of accuracy. The technique is pH dependaent
aond, under the comditions utilized, a pil of 4.3 proved to be cptimum for hath
peak separacion and drug quaatification. The aucthars feel the technique

may be applicable to (1) the study of mixturas of tatracycline in the
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presence of other sntibiotics, and (2) the study of mixtures of tetracyclines
in the presence of their metabolites snd degradation products, both in

vitro and in vive. Work in these sress is currestly under study.
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