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Interferences due to dietary intake and administered
drugs remain a source of concern in clinical pathology and
medicine (1-3). Here, we describe the confounding of
multiple laboratory tests engendered by the administra-
tion of cefaclor to a pediatric patient. The observations
were based on three structural characteristics of the
cefaclor molecule (Fig. 1B): its aliphatic amino group,
which conferred ninhydrin reactivity; a functional alde-
hyde-equivalent structure comprising 0-6 and positions 1
and 5 of the dihydrothiazine ring, which appears to be
responsible for its reducing action; and the conjugated
double-bond system involving the dihydrothiazine ring
and the carboxyl group, which confer the ultraviolet ab-
sorption property of the compound.

Paper chromatography, paper electrophoresis, and nin-
hydrin staining were carried out as previously described
(3, 4). Peroxide oxidation was performed by mixing the
sample with one-tenth volume of 30% hydrogen peroxide
at room temperature for 30 min. Oxidation of cefaclor was
also carried out by adding hydroxy(tosyloxy)iodobenzene
(Koser’s reagent) to an acidified solution of cefaclor, pre-
cipitation from solution with triethylamine, washing with
cold alcohol, and air drying. Infrared analyses were car-
ried out with a Bomem MB100 (Bomem, Quebec, PQ)
FTIR spectrometer, and 1H and 130 nuclear magnetic
resonance spectra were determined in deuterochloroform.
Ultraviolet spectra were determined with a Gilford spec-
trophotometer Model 250 (Ciba Corning Diagnostics,
Oberlin, OH). Ion-exchange chromatography of the amino
acids was carried out in a Beckman 6300 axhalyzer (Beck-
man Instruments, Fullerton, CA). Reducing sugars were
measured with the customary five-drop Olimtest (Miles,
E]khart, IN) method. Antibacterial activity was assessed
semiquantitatively with 6-mm-diameter Whatman No. 3
MM (Whatman, Clifton, NJ) discs applied to #{225}garplates
streaked with Streptococcus faecalis. Antibiotics were
commercial products purified in the laboratory.

The ninhydrin reactivity of cefaclor led to its detection
in three different routine methodologies for the analysis of
amino acids: paper chromatography, where it tended to
migrate with an Rf of about 0.5; paper electrophoresis,
where it migrated somewhat more slowly than glycine at
an acid pH; and ion-exchange chromatography, where it
comigrated with glycine and alanine. Peroxide oxidation
or Koser’s reagent converted cefaclor to a compound that
retained its ninhydrin reactivity but migrated more slowly
in the paper systems. Ultraviolet, infrared, and magnetic
resonance spectroscopy indicated that the oxidation con-
ditions resulted in the formation of the sulfoxide deriva-
tive of cefaclor without other alterations in its molecular
structure. The complete loss of antibacterial activity asso-
ciated with the sulfoxide derivative of cefaclor indicates
the importance of the oxidation state of the sulfur atom in
relation to the biological activity of the antibiotic.

The false-positive sugar reaction of the cephalosporins
and of the penicillins has been recognized for many years.
Ten cephalosporin compounds representing first-, second-,
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Fig. 1. Structural formulas of ampicillin,
cefaclor, loracarbef, and the aldehyde-
equivalent reducing site: (A) ampicillin,
containing an aliphatic amino group and
reducing site; (B) cefaclor, containing an
aliphatic amino group, reducing site, and
conjugated double-bond system; (C) bra-
carbef, containing an aliphatic amino
group and conjugated double-bond sys-
tem but no reducing site; (D) aldehyde-
equivalent reducing structure.

and third-generation drugs were found to react positively
in the Clinitest reaction, as did penicillin G and ampicillin
(Fig. 1A). The observation that 7-aminocephalosporanic
acid, clavulanic acid, thiazolidine, and thioproline were
also reducing agents in the reaction suggests that the
functional aldehyde structure involves 0-6 and positions 1
and 5 of the dihydrothiazine ring, one of which is nitrogen
and the other either sulfur or oxygen (Fig. 1D). Further
support for the involvement of this configuration was
derived from the absence of reducing activity in the
synthetic (3-lactam antibiotic loracarbef of the carba-
cephem class, in which a methylene group is substituted
for the sulfur atom (Fig. 10).

The ultraviolet absorption characteristic of cefaclor is
due to the conjugated system of double bonds involving
the dihydrothiazine ring and the carboxyl group. Maxi-
mum absorption was found at 265 nm and was shifted to
260 nm after peroxide oxidation. Evaluation of ultraviolet-
absorbing compounds in urine after paper chromatogra-
phy and paper electrophoresis was subject to interference
by the presence of cefaclor, and the potential for interfer-
ence in other tests remains a possibility.

We also studied various cephalosporins and other re-
lated compounds in terms of these interferences. The
compounds can be divided into four groups. Group I
compounds, characterized by a positive reducing sugar,
ninhydrin reactivity, and ultraviolet absorption, included:
cefaclor, cephalexin, cefadroxil, cephadrine, and 7-amin-

ocephalosporanic acid. Group II compounds reduced cop-
per, had an ultraviolet spectrum, but were ninhydrin
negative; they included: cefazolin, cefoxitin, cefuroxime,
cefotaxime, ceftriaxone, and ceftazedime. Group III com-
pounds reduced copper but had no ultraviolet absorption
and reacted with ninhydrin: ampicillin, thiazolidine, and
thioproline. Group IV compounds reduced copper, had no
ultraviolet absorption, and were ninhydrin nonreactive:
penicillin G and clavulanic acid.

We have found these observations extremely useful in
evaluating screening tests in pediatric patients. The res-
olution of interference problems has furnished the infor-
mation to increase diagnostic accuracy, avoid repetition of
tests and extensive further study, and provide a more
rapid turnaround time and reduction in cost.
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