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In order to provide fundamental knowledge about the determination of deacetyl-
ceprhaloglycin excreted in human urine as an active metabolite of cephaloglycin, the degrada-
tion of cephaloglycin in acidic media has been investigated with varying reaction temperature
between 30° and 50°C and pH between 1.2 and 2.8. The degradation pathway observed
under these conditions was the elimination of the 3-acetyl group yielding deacetylcephaloglycin
followed by formation of deacetylcephaloglycin lactone. Estimation of first order rate
constants revealed that deacetylation is the rate-determining step for the degradation of
cephaloglycin to the lactone. It is found from the kinetic results that reproducible assays
of deacetylcephaloglycin excreted in urine can be achieved by a quantitative conversion to
deacetylcephaloglycin lactone in a medium of pH 1.4 at 37°C for 2 hours, followed by a
reversed-phase ion-pair high-performance liquid chromatography. The utility of the present
method is demonstrated by determining the time course of urinary excretion of deacetyl-
cephaloglycin after oral administration of cephaloglycin capsule.

Several investigations have reported the in vitro stability of cephalosporins!™. It is known that
in neutral and alkaline media cephalosporins as well as penicillins undergo facile cleavage of the
[f-lactam bond. 3-Acetoxymethylcephalosporins (e.g. cephaloglycin, cephalothin), unlike 3-deacetoxy
derivatives (e.g. cephalexin, cephradine), have another possible site susceptible to degradation in
acidic media. YAMANA and Tsui* have shown that the acidic hydrolysis of 3-acetoxymethyl-
cephalosporins yields corresponding deacetyl intermediates which further undergo rapid lactonization.
Such reactivity has been utilized for the syntheses of 3-deacetyl derivative and corresponding lactone®.
The acidic degradation kinetics, however, were quantified only by following the decrease in the amount
of unchanged species*’, and no kinetic consideration has been made on the formation and disappearance
of deacetylcephaloglycin and corresponding lactone.

The in vivo studies on the fate of cephaloglycin in man have revealed that a small portion of an
orally administered amount is excreted in urine in the intact form®, and deacetylcephaloglycin is the
sole known metabolite™. The hydrolysis of side chain amide linkage to form 2-phenylglycine has also
been known as another metabolic pathway in the rat dosed with cephaloglycin-**C.*> The analytical
methods used in these studies, differential microbioassay and bioautography, involve a problem that
deacetylcephaloglycin retains anti-microbe activity comparable to cephaloglycin itself®, requiring
consequent tedious procedure.

In our studies on chromatographic determination and pharmacokinetic analysis of f-lactam
antibiotics!°~!®, a simple and accurate method for the assay of cephaloglycin and its metabolites was
needed. We intended at first to determine the amount of deacetylcephaloglycin in urine by referring to

its standard material. Deacetylcephaloglycin, however, was hard to obtain in a pure form possibly due
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to chemical instability. The published method of synthesis® afforded a very low yield of crude material
which was hard to purify. Thus, we attempted to quantitate by converting deacetylcephaloglycin
to corresponding stable lactone. This paper describes the acidic degradation of cephaloglycin and
the determination of deacetylcephaloglycin by high-performance liquid chromatography.

Experimental

Reagent and Materials

Cephaloglycin used as a standard material (1,010 x«g/mg as potency) and cephaloglycin capsule
(Kefglycin® 250 mg as potency) received by volunteers were gifts from Shionogi Seiyaku Co.
(Osaka, Japan). Deacetylcephaloglycin lactone was synthesized by the established method® and its
purity was confirmed by elemental analysis and high-performance liquid chromatography. Sodium
n-heptylsulfonate used as an ion-pairing agent was synthesized according to Strecker reaction'®.
Glass distilled water and methanol were degassed and used to prepare the mobile phase.

Chromatography

A high performance liquid chromatograph (Waters Assoc., ALC/GPC) equipped with a UV
detector (254 nm) was used with a stationary phase of u-Bondapak C;s®(Waters Assoc.) packed in a
4-mm x 30-cm stainless steel tubing and a mobile phase of water - methanol (4: 1, v/v) containing
0.004 M sodium n-heptylsulfonate and 0.01 m (NH4)H:PO., whose flow rate was maintained at 1.0 ml/
min (1,400 psi.). A short column (4 mmx2 cm) packed with Bondapak Cis/Corasil B (Waters
Assoc.) was used to guard the main column.

Kinetic Measurement

The known amounts of standard cephaloglycin and deacetylcephaloglycin lactone were dissolved
in normal human urine to make the concentrations 175.4 ug/ml and 445 ng/ml, respectively. With
deacetylcephaloglycin, human urine collected from a volunteer (T. N.) 3 hours after oral administration
of 1 g cephaloglycin was used as a substitute for standard solution. The concentration of deacetylce-
phaloglycin in this urine was later estimated to be 880 x#g/ml. To a 1-ml portion of each urine solution
was added an appropriate volume of 0.1 N HCI to adjust pH to 1.2, 1.4, 1.8, or 2.8. The acidified
solution was sealed in a glass vessel and put in a thermostatic water-bath whose temperature was
maintained at 30°, 37°, or 50°C. A small portion of the reaction solution was withdrawn at an
appropriate time interval and submitted to high-performance liquid chromatography under the condi-
tions described above. The rate constants were estimated as the slope of time vs. logarithmic
residual or productive % plots for each species.

Urinary excretion

The cephaloglycin capsules (250 mg x 4) were orally administered to each of three male volunteers
who had been fasted for 12 hours before receiving the capsules. Urine samples were collected just
before and 1, 2, 3, 4, 6, 8, and 10 hours after administration. After measuring the volume, the urine
was filtered through 0.45 um pore size triacetylcellulose filter (Fuji Photo Film Co. Tokyo, Japan).
A 1.0-ml portion of the filtrate was acidified to pH 1.4 by addition of a known volume of 0.1 N HCI,
and kept at 37°C for 2 hours. A 2- ~10-xl portion of the reaction solution was exactly applied to
the liquid chromatograph. The quantitations of deacetylcephaloglycin were achieved by referring to
the calibration graph constructed on the basis of peak heights for the several known concentrations of
standard deacetylcephaloglycin lactone dissolved in control urine. The empirical equation for the
conversion was [deacetylcephaloglycin]=1.027[deacetylcephaloglycin lactone], where [ ] denotes a
concentration unit, weight/volume.

Results and Discussion

Prior to the kinetic measurements in urine solution, the degradation of cephaloglycin in acidic
aqueous solution was investigated. On a chromatogram obtained from a pH 1.3 solution of cephalogly-
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cin, there appeared only the peaks due to cephaloglycin and deacetylcephaloglycin lactone in the whole
monitored duration of the reaction at 37°C. The relative intensity of these two peaks changed as a
function of reaction time, whereas no peak assignable to deacetylcephaloglycin was observed within
the full-scale recorder response for the peaks of cephaloglycin and deacetylcephaloglycin lactone.
This is because, as mentioned later, deacetylcephaloglycin is lactonized at a much higher rate than is
formed from cephaloglycin. The hydrolysis of side chain amide linkage to form 7-aminocephalo-
sporanic acid was unlikely; otherwise it could have been detected by the particular UV wave length
(254 nm). The cleavage of f-lactam bond was suspensive as far as chromatographic observation
was concerned, since it would cause the UV absorbance to be markedly decreased. Stability
investigations on cephalosporin C" and cephalothin®, however, suggest that the cleavage of f-lactam
bond in an acidic solution may be much slower than deacetylation.

The degradation of cephaloglycin in urine solution was also followed by high-performance liquid
chromatography. The standard cephaloglycin dissolved in normal urine without addition of 0.1 N
HCI gave a peak completely separated from the background peaks due to regular urinary com-
ponents. The intensity of the peak was quite reproducible against the repeated injection of a constant
volume, and no extra peaks appeared on the chromatogram when the solution was kept frozen. On
acidifying the solution, an additional peak due to deacetylcephaloglycin lactone was eluted after the
peak of cepaaloglycin, whereas no peak due to deacetylcephaloglycin was again obtained and no change
was observed in the background peaks. Fig. 1 shows the chromatogram of the intact urine excreted
after administration of cephaloglycin, where in order to clear the separation profile the sensitivity was

raised by 40-times after elution of deacetylcepha-

Fig. 1. Separation of cephaloglycin (2), deacetyl-

cephaloglycin (1) and deacetylcephaloglycin lactone
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Injected volume; 5 pul.

loglycin peak. The interesting facts found in

Fig. 2. Conversion of deacetylcephaloglycin to
deacetylcephaloglycin lactone in acidified urine
(pH 1.4, 37°C, 2 hours).

Injected volume; 5 ul. Sensitivity; 0.02 aufs.
Peak numbers correspond to those in Fig. 1.
- N

0.02 oufs

0.002 oufs

Injection

L
=
)
)
or J———— Injection
‘>/—/-

[0] 10 20 30 40 10 20 3‘0 4&)
Time (min.) Time (min.)



VOL. XXXII NO. 5 THE JOURNAL OF ANTIBIOTICS 465

200-times higher than that of unchanged cephaloglycin, and that the minor peak of deacetylcepha-
loglycin lactone is detected from the unacidified urine. When the urine sample was acidified, as seen in
Fig. 2, the former peak disappeared more rapidly than the peak of cephaloglycin, accompanied with a
noticeable increase in the peak intensity of deacetylcephaloglycin lactone. These results confirmed
the peak assignment of deacetylcephaloglycin and that deacetylcephaloglycin lactone is a minor meta-
bolite of cephaloglycin which is found for the first time from human urine. The peak intensity of
deacetylcephaloglycin lactone obtained thereby would be partly due to the amount which had been
originally present in urine as the metabolite and to that formed from unchanged cephaloglycin. These

amounts, however, were negligibly small compared with that from deacetylcephaloglycin.

Scheme 1. Degradation pathway of cephaloglycin
in acidified urine. Fig. 3. Simulation curve for yield (%) of deacetyl-
cephaloglycin lactone in acidified urine (pH 1.4,
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Scheme 1 illustrates the degradation pathway of cephaloglycin thus confirmed in acidified urine,
where k: and k. are the rate constants for deacetylation and lactonization, respectively. Although the
cleavage of f-lactam bond may be involved concurrently with k: and k. steps, it is expected, as
mentioned above, to give a smaller contribution than k; and k. to the overall kinetics. The time vs.
lactonization 9, plots of deacetylcephaloglycin in acidified urine (Fig. 3) indicated a maximum
followed by a gradual decrease. This downgrade was very close to the slope of the time course
obtained from acidified control urine solution of standard deacetylcephaloglycin lactone. Therefore,
ks was approximated to this slope. The peak of the degradation product, however, was not observed on
the chromatogram. The rate constants, k: and k., estimated from the residual %; plots for cephaloglycin
and deacetylcephaloglycin, respectively, are listed in Table 1, where the values for k. at 50°C were not
obtained, because the lactonization rate at this temperature was too fast to be followed by the present
method.

In line with another purpose of this paper, that is, high performance liquid chromatographic
determination of deacetylcephaloglycin in urine, the relevant kinetic step involving k. and ks was
followed by simulation. When the initial mole concentration of deacetylcephaloglycin in urine, Co,
is decreased by the consecutive acid-catalyzed degradation as shown in Scheme 1, it follows that

[DACEGL]/Co=ka(ks— kz)~'(e7"2 — e7*%),
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where [DACEGL] designates the mole concentration of deacetylcephaloglycin lactone at time ¢ after
acidification of urine. Fig. 3 shows a simulation curve obtained by substituting the values for k: and ks
in Table 1 (37°C, pH 1.4) to the above equation, indicating that the curve is well fitted to the experimental
data points and the maximum yield of deacetylcephaloglycin lactone is estimated to be 93 9 theoretical
at 1.7 hours. The reaction time varied between 100 and 140 minutes produced insignificant difference
in the yield %, therefore being flexible for the in vivo assay. The reaction condition for the assay of
deacetylcephaloglycin described in experimental part was thus determined as pH 1.4, 37°C and
2 hours, and the empirical factor (1.027) was calculated by substituting the k., ks, and ¢ values at this
condition to the right hand side of the above equation. The overall reproducibility of the present
method wes found to give coefficient of variation 0.7 %; for 880 xg/ml (n=4).

The assay method thus established was applied to the in vivo experiments. Figs. 4 and 5 show the

time courses of urinary excretion rate and cumulative excretion amount of deacetylcephaloglycin for

Table 1. Rate constants for the degradation of Fig. 4. Time course of urinary excretion rate of
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three volunteers dosed with 1 g cephaloglycin capsule, respectively. The results reveal an appreciable
scatterness due to individual difference among volunteers. The excretion ratio of deacetylcephaloglycin
to the dosed amount at 10 hours after administration where the excretion is almost completed is
10.7 to 24.0% by cephaloglycin equivalent. The time course data to be compared with the present
results have not appeared in literature except a paper given by SHIMIZU et al.®’, which indicates that
average 26 % of the administered amount is excreted in urine over 6 hours collection period. This value,
however, is not due to deacetylcephaloglycin alone but to total activity against test organism
(Sarcina lutea) which can detect both cephaloglycin and deacetylcephaloglycin™. The detailed
discussion on the entire metabolic pathway and pharmacokinetic treatments of cephaloglycin will be

given elsewhere.
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