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Dqarfmenf of PiuzmmcoRinefics and Biopharmaceuks, Eloffmann-h Rocize hzc.. Nutky, . 
NJ 07llO(US.A_) 

(KeceivedSeptember24th,1979) 

Pi~~~&Ilinam hydrochloride (I), the pivoloyloxymethyl ester of mecillinam, 
and m@lhnam (II) (Table I) are 6-amidinopenic~anic acid derivatives un- 
dergoing cli.nical evaluation as antibiotics effective against gmm-negative- 
organisms Cl]. Fivmecilhnam hydrochloride was specifically developed as 
an orally active form of mecillinam. It is a prodrug which is well absorbed 
from the g&rointesCnal tract, and whose activity is due to its rapid biotrans- 
formation to mecillinam, the active antibiotic. agent 121. MetzW, how- 
ever, is EtdminStired only parentemIly_ The synergistic activity of mecillinam 
with other &lactam antibiotics is of sigrrifkmt clinical importance in chemo- 
therapy [3]. 

The de’termination of mecillinam in biological fluids (plasma and urine) 
is performed mainly by microbioogical assay methods ]4], by which v&r- 
able pharmacokinetic and biopharmaceutic information in humans hasbeen 
obtained [5-S]. However, these procedures require speciai Eabomtory con- 
ditions for their routine use, and a more generally applicable chemical as- 
say was therefore sought for clinical pharmaco@netic studies. 

A spectrophotometic method involving the formation of a Caminometh- 
yleneimidazol-5-(e-one derivative which was measured at 330 run, was 
published for the determination of meciihnam and used for the study of 
the degradation kinetics of the drug 19, IO]. This principle was also used 
for the determination of the compound in plasma or urine by b&h-perfor- 
mance liquid chromatographic analysis via post~ohmm derivatization [IO]. 

As mec5hmrm is thermally unstable and non*x&ictable Born aqueo-us me- 
dia owing to its amphoteric nature, analysis by high-performance liquid chro- 
matography (EIPLC) is a very practicable means for its chemical analysis. 
The technique has been rrsed successfuhy in the analysis of sever& types 
of antibioticg, Viz., kamaycin [ll], tekacyche [X2], gentamycin ]13], 

*To whom correspondence should he addressed. 
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cephalothin [x4], chloramphenicd [15] and amoxicillin [16, 171. The& 
methcds use- either the intrinsic ?YV absorbance of the compound or the 
fhzoresce~ of a suitable derivative (fhzo rescam% or O-Phthalaldihyde), 
p&pared post-column as the means of detection. The i.ntrir+ W absor- 
bance of mecillinam at 220 Elm was used f&r I5tzhim te&ig oft& b&k 
drugandforquality asswanceofits dosage forms byEPIE [18] _ 

The IiZPLC procedure presente&here is an adaptation of 8 previous me*- 
d El81 sI1cL involves tit&ion of a tie sp&imen followed by reversed-phase 
HPLC an&~& and detection of intact meciJ&nam by its W absorbance at 
220 run. As thedrugis extensively eliminated inurhe(609oof adoseelim- 
inated in a 12 h excretion period), determined by microbiological assays 
15-81, its coneentition in urine is sufficiently high to be determined by 
direct analysis of a dilution of urine. The HPLC assay has a sensitivity limit 
of 0.05 m&ml (50 pg/ml) using 2 l-ml urine ,aple per assay, equivalent 
to 2 minirnm detectable amount of 50 ng of meciBnam injected on to the 
column. 

Colu?nn 
A p-packed, 30 cm X 4.6 mm 1-D. stainless-steel cohmm containing 2 

1O-pm Chromegabond Cts reversed-phase microparticulate packing (Serial 
No. 289-1-29-821, ES. Industries, Marlton, N.J., U.S.A.) was used. 

A W2ters Model 6000A high-prse liquid chromatography pump, equipped 
with 2 Model U6K injection; system and 2 Waters pre+zolumn filter (2 pm) 
(W2& Assoc., Milford, Mass., U.S...4_), was used for chromatography. A 
Tracer Model 970A variable-wavelength absorbance detector (Tracer Instru- 
men& Austin, Texas, U.S.A.) was used for quantitation at 220 nm. 

The isocratic mobile phase consisted of 15% acetotitrile (W grade) in 
O-01 M potassium buffer (pH 5.0) pumped at a cor&ant flow-rate of 2.0 
ml/m& Uxzder these conditions the retention time of me&Il&am was 4.25-4.5 
min (Fig. 1). The chart speed of the Hewlett-Packard dualchannel recorder 
(Model 713A with option 108) was 0.5 in./min. 

Reagents 
All reagents were of analytical-reagent grade (A.C.S.). AB aqueous buffers 

were prepared in distilled, carbon-filtered, deionized water filtered through 
a 0.2Tm filter (Type DC Syu&em, Hydra Service and Supplies, Durham, N-C., 
U.S.A.). 

Potassiram phosphate buffer, 0.01 nf (pH 5.0), was prepared by titration 
of 0.01 &I KH2p04 (1.361 g/l) with 2 smali amount of 0.01 M K2EiP0.s 
(anhydrous) (1.742 g/l) unti the desired pH was attained. 

Acetonitrile (W grade), “distilled in glass” and suitable for both spectro- 
photometry and liquid chromatography, was purchased from Burdick & 
Jackson, Muskegon, Mich., U.S.A. 
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Fig. 1. Chromatagrams of (A) control human urine, (B) control urine conkiting 2 mg/ml 
of authentic mecillinnm added and (C) patient urine 4-6 h after a 15 mg/kg intramus- 
cular dose. 

stock solutions of medlinan, 6-p { [ (he~yd-~~)-me~y~- 
ene] amino )-3,3&methyl-7-oxo-4-thia-I~bicyclo(3_2.O)hep&1e-2carboxylic 
acid, Cpg Ha8 Na 0, S, mol. w-L 325.41, m.p. 146” (with decomposition), 99% 
purity, were prepared on each day of analysis in fresh control human urine. 
Fifty nCH@ams of mecillinam were weighed into a IO-ml volumetric flask 
and dissolved in and diluted to volume with contil human urine to yield 
a stock solution A containing 5 mg/ml. Serii dilutions of solution A were 
made in urine to yield standard solution B conMni.ng 1 mg/ml, sol&ion C 
containing 0.2 mg/mf and solution D containing 0.05 mg/mL 

NO&Z Au standard solutions must be made up &sh daily and discarded 
after use. The sulutiort~ are stable over a 24-h period at 4” (refrigerator tem- 
perature) but axe unstable over a 4S-h period. 

Procedure - 

Theurines~ensi;obeanalgzed.we~taken~om afreezerat-70”aud 
allowed to thaw at room temperature while the working standard soIutions 
were being prepared_ If the vobme of the urine sample was great- Thor ap- 
proximately 10 ml, then the containers were partially immersed in water 
(2O-25”) to. speed up the thawing. The thawed urine specimens, together 
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with standa@ solutions A-D and control urine (E), were diluted from 1.0 
ml to 10.0 ml with water in volumetric flasks and mixed v&L If a diluted 
urine sample appeared cloudy or had a visible sediment then a LO-ml ali- 
quot was fiRered through a O.K+m pore size MiUipore membrane filter 
for clS?rificetion_ 

A .IO-;rl aliquot of each of the clear diluted urine samples, standards A-D 
and control urine (E) was injected for HFLC analysis. The standard solutions 
A-D are used TV establish a concentration-response cme for the cakula- 
tion of the amount of mecillinam in unknown samples for each day of anal- 
ysis. 

The concentration of nx&Ukam in unknown samples is determined by 
interpolation from the calibration graph for the working standard solutions 
(A-D) in the concentration range 0.05-5.0 mg/ml, processed together with 
the unknown samples, using the direct calibration (peak height versus con- 
centration) technique, The same working standard solutions are also used 
to establish the chromatographic retention volume, and the sensitivity and 
linearity of the detection system for each day of analysis. 

RESULTS A&D DISCUSSION 

Pksma levels of mecillinam determined by microbiologiczd assay meth- 
ods ]4] are relatively low (C pmas <IO pg/ml) following single 200-mg iv. 
doses [G] owing to its rapid elimination in the urine. The concentration of 
the drug in uriie, however, is sufficiently high ]5--81 to be determined di- 
rectly in dil~tec! urine by HPLC -using UV detection at 220 nm, The rela- 
tively weak UV absorbance of the compound limits the sensitivity of the 
method. Sample dilution is essential to reduce the introduction of endogenous 
particulate material onto the column, which would otherwise impair its per- 
formance. The high water solubility and amphoteric nature of meeillinam 
necessitates the use of reversed-phase HPLC for its analysis. The inka-assay 
relative standard deviation with 0.20-5.0 mg of mecihinam added per milli- 
Iike of urine is P-5% (Table DA), whereas the inter-as-y relative standard 
deviation over the same concentration range is 6.3% (Table DB). 

Sample siomge and handling 
Studies on tie kinetics and mechanism of the degradation of me&linam 

in aqueous solutions [lo] have demonstrated that for optimal stability, the 
pH should be maintaLed at 4.5+%0, i.e., at about the isoele&ic pH for 
this amphoteric drug. The acid stability of me. is comparable to that 
of ampicillin, ‘one of the most acid-stable penicillins. However, at neutral 
and weakly basic pH, mecillinam is 5-10 times more susceptible to hydro- 
lysis of the ~4actam ring to penicilloic acid than is ampicilhn [IO]. Hence 
the a&ability of mecillinam at physiological pH becomes critical and can be 
assured only by storage at low temperature. 

BkciUinam is unstable in urine even at freezer temperatures (-17 to -20”) 
(Table IDA), the mean recovery declining from 88% at 16 days to 80% at 
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STATETSTICAL ANALYSIS OF ASSAY PARAMETERS 

Parameter. lcfeeillinam Rephdes Mean response Menam Relative 
added (n) (sh30rbanCe found Standard 
img/w units X UP) (mg/mi) deviation 

W) 

(A) --=w 
prfxision* 0.00 2 12 0.015 - 

o-05** 4 36 0.051 7.8 
0.20 4 124 0.194 1.3 
1.00 4 620 0.937 
5.00 4 3140 5.000 

(B) Inter-assay 

reproducibility o-05** 3 - 0.047 14.5 
0.20 : - O-184 8.5 
1.00 - 1.020 6.3 
5.00 6 - 5.090 4-2 

*Calculated from least-squares curve fit. Lilrear lea&squares regression analysis: y = mx c b. 
Slope = 1.565, intercept = +0.0065. Correlation coefficient (r) = 0_9999. 
l %imit of detection. 

40 days. Although storage in dry-ice for shipment is satisfactory for short- 
term stability (48 h), long-term stabtim (Table IiIB) requires storage at tem- 
peratures below -70” (e.g., Revco Ultra Low Temperature E’reezer, Series/ 
Models 800 or 1000, Rheem Refrigeration Products Div., SC., U.S.A.). 

Samples stored at -70” should be allowed to thaw gradually to room tem- 
perature, without exposure to elevated temperatures, and analyzed expe- 
ditiously, i.e., within 4 h of thawing to room temperature. 

Applicutin of the method to biologicd fiuids 
Urine specimens were colkcted at various time intervals over a 24-h ex- 

cretion period in three subjects fol.lowing a single 15 mg/kg intravenous or 
inttamuscular adminiskation of meciJlinam (Table IV). The rapid elimina- 
tion of &act mecillinam is indicated by the extensive recovery of the dose 
over the O-6 h excretion interval. The data on urinary excretion obtained 
with the HPLC assay are in good agreement with those previously reported 
using microbiological assays following either the parenteral administration 
of meci&nam [S-S] or the oral administration of pivmecillinam [19-2L]_ 

Specificity of fhe assay 
pivmecillinam hydrochloride (I) when admiktered orally is rapidly bio- 

Wormed by de-esteri&ation into mecillinam (II) (the active antibiotic). 
No measurable phsna levels of I have yet been reported 15, 211. Under the 
BPLC conditions used in this assay, I is not eluted from the cokmn even 
&t.er 30 min, and it would require a more polar mobile phase for elution 
[22]. than is described here; hence it does not interfere with the anaiysis 
d mecilkam. 



Storage P&2lnconcen- stanm 
tbe(days) tratiosfound deviation(%) 

(%I 

iTi if i-i 
40 80 3:2 

(B)Stabilityat-700 

- 

Sto-mge Cmeentration Concentration Recovery Meanre- starxkd 
time(days) added found (%I covery deviation(%) 

hkZ/W h&QU (%I 

10 O-2 O-21 107-O 10X5 4-7 
1.0 0.99 98.8 
5.0 4.99 93.8 

20 0.2 O-19 98.5 94.8 11.3 
0.2 0.15 72.5 
1.0 0.97 97.0 
1.0 l.OE 105.0 
5.0 4.96 93.2 
5.0 4.83 96.6 

0.2 0.17 85.0 
0.2 0.17 86-o 
1.0 1.08 108.0 
1.0 1.21 121.0 
5.0 4.77 95.4 
5.0 6.10 122.0 

102-g 16.6 

40 ii 0.16 90.0 97.2 6.2 

l:o 0.18 0.98 92.0 98.3 
1.0 0.98 95.0 
5-o 5.29 105.8 
.5-o 4.94 98.8 

50. 0.2 0.18 92.0 97.6 5.9 
1.0 0.99 99.0 
5.0 5.01 100.2 

Uveaflmean: 98.8 9.4 

several urinary rnetaboliks of pivmem and m '**- hm7e~been 

reported 16, 211 -(Table I)_ Of these,compamd I& ffie peni~oic acid of 

mecillinam, and compound V&a metalmEt& ide&ifkd o&y imthemt ES, 

211, have tie SaEie azotiethlne (C = N) &romt3pkXe as mm. @on- 
pound II3 has a retention time of 1.8 min and is completely reMv& &am 
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Tke capacity f&ctors of a number of cornpo~&~ cka~~c~erized 2s break- 
down prodlucts and/or met&oEte~ of pivz+eeiUintun/m~ using mobile 
pkases analogous to that used OIL tkis study, kave been n&o&d by H&gel 
and Waysek 1221 as a stabirity im%Sing keversed-pkase HPEC assay for 
pivxnec- hydrocblorid~ in acapsule +xage form, and in ticeptibiZty disks 
123). All of thw. breakdown prodwts, which should not be present in &ozen 
urine samples (-W’), wculd' be eMed in the solvent front owing to the small 
k’ values obtained with the mobile phase used in- this study, and hence would 
not interfere with the specificity of the assay for mefSl$am. 
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