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To estimate the effect of some injectable antibiotics (ampicillin sodium, cefazolin sodium,
cephaloridine, cefuroxime sodium and chloramphenicol sodium succinate) on pyrogen tests,
the Limulus amebocyte lysate (LAL) test and an ultrafiltration technique were used. The rab-
bit pyrogen test was also used in the case of cafazolin sodium. At high antibiotic concentra-
tions, these samples which were artificially contaminated with endotoxin inhibited the gelation
reaction of LAL. But the gelation reaction occurred when most of the antibiotic was removed
by ultrafiltration. Likewise, cefazolin sodium interfered not only with the LAL test but also
with the rabbit pyrogen test. From these results it can be said that special modification to eliminate
interference should be taken into consideration for valid method of pyrogen tests in the parenteral

products containing these antibiotics.

Pyrogens may be responsible for fever and
other toxic reactions in man, if they occur in suf-
ficient amounts in parenterals.! It is generally
believed that pyrogens are endotoxins, specially
lipopolysaccharides, usually resulting from the
autolysis of cell walls of gram-negative
bacteria.?* Both raw materials and inadequate
manufacturing procedure might contribute to the
endotoxin contamination, and the toxic activity
of endotoxins is not easily removed by conven-
tional method.®

Endotoxins are usually detected by the rab-
bit pyrogen test,®”’ and by the Limulus
amebocyte lysate (LAL) test specified in the USP
XX1.®

The LAL test is based on the discovery of
Levin and Bang that the amebocytes of the
Limulus polyphenmus coagulate in the presence of
endotoxin.® A number of later investigators
have demonstrated that the amebocyte lysate
contains a clottable protein which reacts
specifically with trace amounts of endotoxin to
form an opaque gel.'*!V

The sensitivity of the LAL test, however, is
affected by the presence of certain drugs.'*-'¥
The rise of the rabbits’ body temperature caus-
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ed by the endotoxin also is sometimes inhibited
by the pharmacologic activity of the coexistent
drugs.15.16)

Newsome showed that penicillins inhibited
the sensitivity of the LAL test.'” Recently
Takahashi ef al. reported the detection of trace
amounts of pyrogens in injectable ampicillin
sodium preparations using ultrafiltration
technique.'®

This study reports the effects of some injec-
table antibiotics (ampicillin sodium, cefazolin
sodium, cephaloridime, cefuroxime sodium, and
chloramphenicol sodium succinate) on the sen-
sitivity of the LAL test. In the case of cefazolin
sodium, the effect on the rabbit pyrogen test is
also reported in this paper.

EXPERIMENTAL

Samples and Reagents

Injectable ampicillin sodium, cefazolin
sodium, cephaloridine, cefuroxime sodium and
chloramphenicol sodium succinate preparations
(Chong Kun Dang Co.) were used as the test
samples. E. coli Endotoxin® and Pyrogent® were

purchased from Malinckrodt. The Blue
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Dextran® solution (2ug/ml of dye-combined dex-
tran) was also purchased from Sigma Chemical
Co., and it was used after confirmed to be
pyrogen-free. Pyrogen-free distilled water was
used as a solvent.

Ultrafiltration Apparatus

Ultrafilitration of the test solutions was per-
formed with the use of Centricon-10 micro-
concentrator® (Amicon Co.) designed for use in
a centrifuge. A diagramatic representation of this
apparatus are shown in Fig. 1.

Experimental Animals

New Zealand white rabbits weighing
2.0-3.5kg were used in the experiment. They
were bred and maintained in a constant
temperature (25 + 2°C) and relative humidity
(50 £ 10%). Only those rabbits that showed good
endotoxin sensitivity were conditioned for 3
hours prior to the pyrogen test by conducting
sham tests (i.e. without injection).

LAL Test

A 0.1ml aliquot of the reconstituted lysate was
added to the bottom of a number of pyrogen-
free, 10 x 75mm test tubes sufficient to perform
the necessary tests. A 0.1 ml aliquot of the sam-
ple solution was transferred to the tubes, which
were stoppered and incubated for 1 hour in a
37 + 1°C water bath. Special caution was taken
not to disturb the tubes during this incubation
period. The tubes were examined at the end of
1 hour by carefully inverting them 180 degrees.
Each tube was judged using the following four
grades : (+ + ) a solid gel was formed and it did

L ——""Sample reservoir
Retentate cup

Membrane
(YM-10 Type)
Membrane support
base

O-ring

Filtrate cup

Figure 1 — Diagramatic representation of ultrafiltra-
tion apparatus.
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not move when the tube was inverted; (+)
although a gel was formed, it moved when the
tube was inverted; ( + ) a coarse granular gel was
formed and the viscosity was increased; and ( - )
the media remained in the liquid state without
any change. v

Ultrafilitration

All glass apparatus were depyrogenized by
heating at 250°C for 2 hrs. The inside of
ultrafiltration apparatus was washed three times
with pyrogen-free distilled water, and the
washings were confirmed to be pyrogen-free by
the LAL test. The surface of the membrane was
coated with 1 ml of dye-combined dextran
(average molecular weight 2,000,000) solution
to prevent adsorption of the endotoxin. The test
sample was dissolved in pyrogen-free distilled
water and diluted to the required concentrations,
100, 75 and 50 mg (potency)/ml, which were ar-
tificially contaminated with 10 ng/ml of endotox-
in. Each 2 ml of these sample solutions was
placed in the ultrafiltration apparatus, and the
ultrafiltration was carried out by centrifugation
at about 1200 G until the volume of the residual
solution was reduced to one-third. After the ad-
dition of pyrogen-free distilled water to the
original volume, filtration was repeated until a
half of the original volume was remained. Finally
pyrogen-free distilled water was added to the
retentate to make the original volume, and then
the retentate and filtrate were detected by the
LAL test.

Rabbit Pyrogen Test

Rabbit rectal temperatures were measured
using a thermoelectric couple-type thermometer
(Type APT 75, Ellab Instruments, Denmark).
Temperatures were measured twelve times at
intervals of 15 min. prior to administration: the
twelfth measurement was regarded as the
control. Immediately thereafter, the sample
solutions (2 ml/kg) were administered
intravenously through the auricular vein, and
rectal temperatures were measured at intervals
of 13 min. for 3 hours. The difference between
the highest temperature recorded after injection
and the control was regarded as the rise in
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Table I — influence of the Antibiotic Concentration
on the LAL Test.

Concentration of the samples conaining
10ng/ml of endotoxin®, mg (potency; /ml

aj

Sample
100 75 50 25 2.5 0 Negative”
control

Ampicillin sod. -~ - + ++ ++ ++ +
Cephaloridine - - ++ ++ ++ ++ +
Cefazolin sod. - - ++ ++ ++ ++4 +
Cefuroxime sod. - - -+ ++ +4+ ++ +
Chloramphenicol — - & + + o+ +

sod. succinate

E. coli 055-B5. *LAL test for water for injection.
temperature.

RESULTS AND DISCUSSION

The samples, which were dissolved in
pyrogen-free distilled water, diluted to the re-
quired concentrations and artificially con-
taminated with 10 ng/ml of endotoxin, were
tested by the LAL test. As shown in Table I, the
gelation reaction by 10 ng/ml of endotoxin was
inhibited by low concentration (50mg as poten-
cy/ml) of the antibiotic samples except chloram-
phenicol succinate.

sodium Noticeably

Table II — LAL Test of Antibiotics After Ultrafiltra-

tion.

Concentration of the
samples containing

10 ng/ml of endotoxin®,
mg (potency) /ml

Sample
100 75 50
Ampicillin sod. Retentate -+ + +
Filtrate — — +
Cephaloridine Retentate ++4+ ++ ++
Filtrate — — —
Cefazolin sod. Retentate ++ ++ ++
Filtrate — - —
Cefuroxime sod. Retentate -++ —++ +-+
Filtrate — - —
Chloramphenicol ~ Retentate + + 44
sod. succinate Filtrate — — _

“E. coli 055-B5
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Figure 2 — Dosc-response curve of E. coli endotoxin

in the rabbit pyrogen test.

Key: O O, endotoxin solution without cefazolin
sodium (n = 3); @
ing 400mg of cefazolin sodium (n = 3)

® , endotoxin solution contain-

chloramphenicol sodium succinate inhibited the
gel reaction even at relatively low concentration.

17) and

In ampicillin sodium, Newsome
Takahashi et al.*® reported the same results.

To separate antibiotics from endotoxin, the
sample solutions which showed the inhibition of
gel reaction were ultrafiltrated. After ultrafiltra-
tion the retentate and filtrate were tested by the
LAL test, and the results are summarized in
Table 1I.

Although the retentate of ampicillin sodium
and chloramphenicol sodium succinate showed
weak gel reaction, others exhibited strong gel
reaction. In all the filtrate, however, no gel reac-
tion was observed.

These results from Table I and Table II in-
dicate that the gel reaction by the LAL test is
inhibited by certain concentrations of the anti-
biotics used in this experiment.

On the other hand, to estimate the effect of
antibiotics on the rabbit pyrogen test, we pick-
ed out cefazolin sodium and compared the rise
of rabbits’ body temperature after the ad-
ministration of endotoxin solution with and
without cefazolin sodium.

As shown in Fig. 2, although the data for the
endotoxin solutions without cefazolin sodium did
not show dose-dependent temperature increase,
there was a clear difference in temperature
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increase between endotoxin solution with and
without cefazolin sodium.

These in vivo results showed that cefazolin
sodium has an inhibitory effect on temperature
rise in rabbit so that the sensitivity of the official
pyrogen test might be decreased in the parenteral
products containing certain antibiotics such as
cefazolin sodium. These results were also
consistent with the results for ampicillin sodium
of Takahashi ¢ al.'®

The mechanism to inhibit the sensitivity of

-the LAL test and the rabbit pyrogen test is not
known clearly. Newsome'”’ reported that the
inhibitory effects of penicillins was not mediated
by chemical reaction of various penicillin
decomposition products, nor was the penicillin
B-lactam ring involved in inhibition of the LAL
test. And he also reported that there was some
correlation of serum binding potential of several
penicillins with their ability to inhibit the
Limulus reaction.

CONCLUSION

It was found that three cephalosporins and
two other antibiotics had an inhibitory effect on
the gelation reaction of the LAL test, and
cefazolin sodium interfered with the sensitivity
of the rabbit pyrogen test. These resultls are
summarized in the following:

1. Ampicillin sodium, cefazolin sodium,
cephaloridine, cefuroxime sodium, and
chloramphenicol sodium succinate inhibited
the sensitivity of the LAL test.

2. These antibiotics could be separated from the
endotoxin by ultrafiltration.

3. Cefazolin sodium interfered not only with the
LAL test but also with the rabbit pyrogen
test.

4. Special modification to eliminate the in-
terference is necessary for valid method of
pyrogen tests in these antibiotic parenterals.
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