VOL. 43 NO. 11

Colorimetric bioassay for measuring aminoglycoside antibiotics in blood
spots on filter paper
—Individual application to netilmicin, gentamicin and isepamicin—
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A simplified microbiological detection method for aminoglycoside antibiotics, using Bacillus
subtilis and thymolphthalein as colorimetric indicator, is described. In each test, netilmicin,
gentamicin and isepamicin were sufficiently recovered from individual blood spots during
incubation in the same medium. After incubation, the concentration of blue-colored thy-
molphthalein was determined by both fluorescence polarization immunoassay and a spec-
trophotometer equipped with a multichannel photodiode array detector for each aminoglyco-
side. There was proportionality between the concentration of each aminoglycoside and the
degree of discoloration of thymolphthalein. No difference was found between these two meth-
ods. The advantage of this method is that the approximate individual concentration of
netilmicin, gentamicin or isepamicin can also be detected visually by using a paper disc con-
taining thymolphthalein for the individual aminoglycoside as follows: navy blue, more than
peak concentration; light blue, within therapeutic range; white, less than trough concentra-
tion, and ready for injection.
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INTRODUCTION

Aminoglycosides (AGs) have been extensively
used for treatment of serious infections with
gram-negative bacteria. The widespread use of
these antibiotics has led to the development of
methods to quantify them in pharmaceutical
preparations and biological fluids. Treatment with
AGs is associated with several adverse effects,
and drug monitoring is effective in preventing
ototoxic and nephrotoxic adverse effects and con-
firming therapeutic concentrations because of
their narrow therapeutic range.

Microbiological procedures, traditionally time-
consuming, have been widely used and theoreti-
cally accepted for detection of AGs and are based
on the antimicrobial activities of these drugs. In
other words, microbiological procedures still have
many advantages if the analysis can be accom-
plished within an adequate time.

We have been investigating the colorimetric

bioassay of netilmicin (NTL)"?, an aminoglyco-
side. Discoloration of the color indicator, thy-
molphthalein (TP), on a paper disc (TP-indicator
disc) is due to the presence of CO: produced by
Bacillus subtilis.

Sample collection by finger pricking instead of
venipuncture is potentially useful for determining
the level of AGs in pediatric patients® where
venipuncture is often difficult or on some occa-
sions impossible. Although the applicability of the
blood spot method® is limited, it has an advan-
tage in terms of sample collection. In view of
these advantages, there is a need to develop an
assay combining a colorimetric bioassay and the
blood spot method for AGs. We determined the
applicability of a proposed method by using NTL
dissolved in buffer. To avoid any interference
with biological components, different specimens
were evaluated prior to application to the other
antibiotics.
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In the present study, first we investigated
interference by blood components in CO: produc-
tion, then determined, by colorimetric bioassay,
the individual concentration of NTL, gentamicin
sulfate (GM) or isepamicin sulfate (ISP) in blood
collected from the ear vein of a rabbit by the
blood spot method. Application of the bioassay
during therapy to confirm trough aminoglycoside
blood levels before subsequent injection is
extremely useful for preventing adverse effects.

MATERIALS AND METHODS
Animals

Male rabbits weighing about 3 kg were used
(Shimizu Animal Laboratories, Kyoto, Japan).
The rabbits were acclimatized in a temperature
(24TC) and humidity (60%, relative humidity)
controlled room before treatment.

Chemicals, equipment and others

The chemicals, fluorescence polarization
immunoassay (FPIA, TDx®) equipment and other
factors including the microbiological procedures
used were as described previously'~* unless other-
wise mentioned. GM and ISP were from
Schering-Plough (Osaka, Japan), and a comput-
erized spectrophotometer equipped with a flexible
optical-fiber sensing probe and a photodiode
array detector was from Otsuka Electronics
(model MCPD-1000, Osaka).
Determination of CO: production with blood
specimen

To determine the influence of blood components
on CO: production, various concentrations of NTL
(0~10 #g/ml) were put into buffer, plasma, whole
blood or blood spots and incubated under the
condition of colorimetric bioassay?. CO: produc-
tion was measured by gas chromatography (GC)?.
Preparation of blood spots

The blood spots were prepared by spotting 100
ul of the standard solution or by adsorption to
the blood sampling paper blood containing each
aminoglycoside after administration of the amino-
glycoside to rabbits, then stored at ambient tem-
perature without contamination.

Recovery and reproducibility

To determine the rate of recovery of AGs from
the blood spots, we prepared the blood spots con-
taining NTL (0~20 xg/ml). The blood spots was
cut with scissors into five or six pieces, and then
were placed in a Reacti-flask® containing 1 ml of

nutrient broth and 2 ml of 0.1 M phosphate
buffer solution (PBS) (pH8.0), and then placed
in a water-bath (37£1TC) for 3 h. The extract
from the blood spots was transferred to a
Minicent® and centrifuged at 3,000Xg for 156 min
to remove hemoglobin which affects the FPIA
assay. The filtrate was then conpentrated by the
conventional freeze-dry method to a range suit-
able for FPIA because the extract is too highly
diluted with nutrient broth and PBS to be ana-
lyzed by FPIA directly. The filtrate reconstituted
with 0.5 ml of the dilution buffer for TDx® was
examined by FPIA.
Administration of antibiotics and blood sam-
pling

Two experiments were performed with six rab-
bits, and were divided into three groups. The
rabbits were fixed on a rabbit holder (Type:
Oshida, Natsume, Tokyo). Each rabbit in the
first group received NTL solution equivalent to 4
or 8 mg of NTL per kg by intramuscular injec-
tion. The rabbits in the other two groups
received GM solution equivalent to 4 or 6 mg of
GM per kg, or ISP solution equivalent to 12.5 or
20 mg of ISP per kg in the same manner. Blood
was collected from the ear vein of each rabbit by
means of a disposable syringe at the following
times: before administration and 10 and 30 min
and 1, 2, 4 and 6 h after the injection.
Approximately 100 u1 of the blood was also placed
on blood sampling paper at the same time, and
the blood spots were treated in the same manner
as reported previously?’. To determine the serum
concentrations of AGs, the blood collected with
the syringe was centrifuged at 3,000 rpm for 10
min, then assayed by FPIA to evaluate the data
generated from the colorimetric bioassay present-
ed in this report.
Spectrophotometric analysis of indicator disc

The appearance of the TP-indicator disc was
checked visually and conventional color pho-
tographs of the disc were taken just after incuba-
tion with the blood spots. To prevent the discol-
oration phenomenon, we took photographs in a
CO:-free atmosphere by aeration using barium
hydroxide solution. Then, to determine the rate
of discoloration of the TP-indicator disc, the
intensity of the blue color of the disc on pho-
tographs were determined at 655 nm as reflect
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absorption wave length of the TP, by using the
computerized spectrophotometer described above.
The flexible optical-fiber sensing probe equipped
the spectrophotometer is essential for measure-
ment because neither TP-disc nor photographs
are transparent, so a general spectrophotometer
is not adequate for those specimens.

According to the Z 8729 of Japan Industrial
Standards, the AEab* (color change parameter)
value was also calculated by the spectrophotome-
ter as follows:

AEab*=[(Aa*)?*+ (Ab*)*+ (AL*)*]“ where a*
and b* are the chromatically diagram and L* is
lightness.

RESULTS
Influence of blood components on CO: pro-
duction

As the result of the influence of blood compo-
nents on CO: production, the standard calibration
curves for each specimen were as follows:

0.1 M PBS (pH 8.0): y=4.76%¢" (—0.206x) r=
0.970,

plasma: y=6.823*¢" (—0.213x) r=0.990,

whole blood: y=7.781*¢" (—0.179x) r=0.987.

CO: production was slightly enhanced in the
presence of both plasma and whole blood when
compared with 0.1 M PBS (pH 8.0) as control
samples. The results indicate that the difference
in CO: production is not negligible for the colori-
metric bioassay, so that an increase in NaOH
concentration in the TP-indicator disc as adsor-
bent of CO: was required. As a result of the
test, 50 1 of 0.8 M NaOH for plasma assay and

Table 1. Influence of the blood components on the specimen for
respirometric assay of netilmicin
Concentration of Respiratory CO: production*

Specimen NTL (X 10-* mol)
(p g/ml) Intra-day Inter-day
0 6.0710.11 5.991+0.07
0.1 M PBS 2.5 2.471+0.20 2.501+0.05
(pH 8.0) 5.0 1.30+0.08 1.39+0.09
10.0 0.7210.08 0.7510.05
0 7.7910.23 8.03+0.13
2.5 3.861+0.27 4.0310.08

Plasma

5.0 1.911+0.03 1.83+0.02
10.0 0.9110.05 0.98+0.04
0 8.781+0.30 9.021+0.27
Whole blood 2.5 4.591+0.12 4.13+0.17
5.0 2.8210.11 2.31+0.14
10.0 1.41+0.16 1.32+0.07

*Mean+SD (n=3)
NTL: netilmicin

0.856 M for blood assay were adopted in this
assay. The precision and SD for 0.1 M PBS (pH
8.0), plasma and blood are shown in Table 1.
Recovery of NTL from the blood spots under
incubation conditions

In our early study”, we evaluated solvents for
extracting AGs from the blood spots, and we
chose 0.6 M Na:HPO« as the eluant of AGs.
However, we could not use that eluent in this
study because of the increased pH and ion
strength of the incubation medium. Therefore, to
ensure recovery of NTL from the blood spots in
the incubation medium consisted of 0.1 M PBS,
we determined NTL in the elute by FPIA. The
results demonstrated that the incubation medium
was satisfactory for eluting NTL from the blood
spots under the conditions used, although hemo-
globin was also released from the blood spots
(Table 2).
Calibration curves of CO: production for AGs

The CO: production profiles of blood spots con-
taining NTL, GM or ISP during incubation was
confirmed by GC and are shown in Fig. 1. We
observed an excellent linear correlation between
the concentration of these antibiotics and the log-
arithm of CO: production, indicating that the elu-
ate from the blood spots containing sufficient
amounts of aminoglycoside for quantitation, in
other words, elution of aminoglycoside from the
blood spots, are sufficient under the incubation
conditions. The calibration curves for NTL, GM
and ISP in blood spots were linear over the
range of concentrations effective against each
aminoglycoside. The calibration curves provided
for this study were as follows (Fig. 1):

NTL: y=6.618*¢" (—0.141x) r=0.986,

GM: y=6.927*¢" (—0.168x) r=0.996,

ISP: y=17.518%¢" (—0.048x) r=0.982.

Table 2. Recovery of netilmicin from blood spots by fluorescence
polarization immunoassay (TDx™)

NTL . NTL . Recovery
concentration concentration (%)
added (ug/ml) found* (ug/ml)
0 ND. Ll —
2.5 2.10%0.12 88.0
5.0 4.17%0.12 83.4
10.0 8.44%0.31 844
20.0 18.48+0.63 92.4
*Mean*SD (n=3)
**Not detected
NTL: netilmicin
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Spectrophotometric analysis of indicator disc

The rate of discoloration of the TP-indicator
disc was determined visually. To confirm the rate
of discoloration by comparing with visual results,
we used a spectrophotometry for quantitative
evaluation of the disc. As shown in Fig. 2 (a), a
good linear correlation was observed between
NTL concentration and reflect absorbance by the
spectrophotometric method. We also found that

CO: production (% 107 mol)

0.1
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Concentration ( zg/ml)

Fig. 1. Respiratory CO: production by Bacillus subtilis.
@ netilmicin, A gentamicin, [l isepamicin
Each value represents the means+SD (N=3).

25 710
£
B0
2 20f 18

~

: 3
2 15+ 16 =
y (=}
= .
3 10r 14 8
£ o
g =
: 5F 42 :é
= Z
=z =

0 . L : 0

0 60 120 180 240 300 360
Time after administration (min)

~ 20 10
E
¥
- 16 18
2 o
= c
< les =
_§ 12 6 é
K §
§ 8 44 S
< —
5 X
g, , 3
= r ]
: {
3

0 0

0 60 120 180 240 300 360

Time after administration (min)

AL 2 0 E 2O b  NOV. 1995

ISP concentration in whole blood (ug ml)

Fig.

20 (a)

—— y=0.151x + 0033 r=0999

Absorbance (655 nm)

05 +

oL " R ,
0 2 1 6 8 10 12
Netilmicin concentration ( #g/ml) in whole blood
100
(b)
y=6298x + 5832  r=1.000
80
S 60
3
/‘
10 ]
0 e
/
v
o | . 4 i
0 2 4 6 8 10 12

Netilmicin concentration ( ug/ml) in whole blood

Fig. 2. Relationship between netilmicin concentration
and absorbance (a’, and AEab* (b) on TP-indica-
tor disc.

Each value represents the means+SD (n=3).
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3. Time profiles of aminoglycoside antibiotics con-
centration and CO: production after intramuscular
administration to rabbits.

a) NTL; b) GM; c) ISP. Solid lines, Concentration;
Each value represents the means+SD (n=1).
Dashed lines, CO: production; Each value represents
the means*+SD (n=3). Dose: closed symbols, 4
mg/kg for NTL and GM; 12.5 mg/kg for ISP, open
symbols, 8 mg/kg for NTL; 6 mg/kg for GM, and 20
mg/kg for ISP.

NTL: netilmicin, GM: gentamicin, ISP: isepamicin
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NTL concentration versus AEab* value had a
linear correlation (y=6.298x+5.8382, r=1.000)
[Fig. 2 (b)].
Blood concentration of AGs

As shown by the solid lines in Fig. 8, the indi-
vidual concentrations of AGs in blood and the
amount of CO: produced, were measured, respec-
tively, by FPIA and GC, as one of the conven-
tional assay methods, using blood spots as the
specimen after intramuscular administration. AGs
were rapidly absorbed from the injection site of
each rabbit, and reached peak concentration
about 15 to 30 min after administration.

In contrast, COs production by B. subtilis was
definitely inhibited in the presence of AGs and

the TP-indicator disc showed no discoloration.
This means that the aminoglycoside concentration
in the blood reached around peak level. The time
versus aminoglycoside concentration profile and
time versus CO: production profile showed sym-
metrical results (Fig. 3), indicating that the col-
orimetric bioassay can be applied as a range
assay method for detection of levels lower than
trough or therapeutic range levels, or more than
peak levels (Table 3).

This colorimetric bicassay also can be applied
for other AGs, GM and ISP. NTL and GM has
the same MIC (=<0.194g/ml) against B. Subtilis®.
On the other hand, ISP has the double MIC (0.2
ug/ml) of NTL (0.1 ug/ml) against B. Subtilis”.

Table 8. Individual time profiles for netilmicin, gentamicin and isepamicin for concentration, A Eab*, visual appearance and estimated range

AGs Dose Time Concentration in AEab* Visual Estimated
(mg/kg) (min) whole blood (ug/ml) appearance range
10 13.3 72 Navy blue More than peak
30 12.6 77 Navy blue More than peak
4 60 8.3 69 Navy blue More than peak
120 4.6 40 Light blue Therapeutic range
240 1.5 White Less than trough
NTL 360 0.6 1 White Less than trough
10 204 Vil Navy blue More than peak
30 18.6 76 Navy blue More than peak
60 15.0 73 Navy blue More than peak
8 120 8.8 69 Navy blue More than peak
240 34 24 Light blue Therapeutic range
360 0.6 4 White Less than trough
10 9.0 73 Navy blue More than peak
30 8.8 71 Navy blue More than peak
60 5.6 44 Light blue Therapeutic range
4 120 2.8 14 Light blue Therapeutic range
240 0.5 3 White Less than trough
360 0.2 2 White Less than trough
oM 10 12.4 72 Navy blue More than peak
30 14.4 73 Navy blue More than peak
60 111 72 Navy blue More than peak
8 120 6.2 52 Light blue Therapeutic range
240 1.7 5 White Less than trough
360 0.6 White Less than trough
10 : 15.1 63 Light blue Therapeutic range
30 18.4 67 Light blue Therapeutic range
60 16.8 65 Light blue Therapeutic range
125 120 8.7 38 Light blue Therapeutic range
240 2.3 4 White Less than trough
360 09 3 White Less than trough
1sp 10 21.2 74 Navy blue More than peak
30 28.4 80 Navy blue More than peak
60 24.7 76 Navy blue More than peak
20 120 16.3 63 Light blue Therapeutic range
240 7.5 27 Light blue Therapeutic range
360 14 3 White Less than trough

NTL: netilmicin, GM: gentamicin, ISP: isepamicin
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DISCUSSION

In Japan, since the launching of gentamicin
more than 20 years ago, AGs have continued to
be. used extensively in the treatment of serious
gram-negative bacterial infections. Therapeutic
activity seems to be directly dose-dependent and
related to the ratio of the peak plasma concen-
tration to minimal inhibitory concentration. On
the other hand, severe adverse effects have been
observed with AGs. Nephrotoxicity and ototoxicity
have been reported to occur with high serum
concentrations. The intensity of toxic effects also
seems to be associated with the area under the
curve. In this situation, drug monitoring is
required to ensure adequate drug concentrations
in the serum and to avoid potentially toxic accu-
mulation.

Traditional microbiological assays for antibiotics
are based on the inhibition of growth of a sensi-
tive microorganism. The assays provide a mea-
surement of the true biological activity of antibi-
otics, whereas nonmicrobiological methods mea-
sure concentration chemically. However, the tradi-
tional microbiological assays require a long incu-
bation time and expertise in handling the
microorganism under aseptic conditions. In view
of these difficulties, several methods have been
reported®® for bioassays to reduce testing time
and improve procedures.

In recently published studies we demonstrated
that an aminoglycoside, NTL, can be measured
with a suspension of B. subtilis and a colorimet-
ric TP-indicator disc. The method uses the prin-
ciple that the antibiotic inhibits CO: production
by the bacterial cells and the CO: produced is
absorbed into an alkaline solution containing TP
as the colorimetric indicator.

Samples on filter paper have been used for
assay of many blood components, and microbiolog-
ical assay has also been used for various antibi-
otics, but this is the first report, to our knowl-
edge, of application of the combination to NTL,
GM or ISP assay by using blood spots as one of
the biological specimens. This simple and conve-
nient method of assay shows excellent correlation
between the concentration of each aminoglycoside
in blood and discoloration of the indicator disc.

The proposed method also has another advan-
tage because discoloration from navy blue to

white (the original color of the paper disc) is
based on the amount of COs produced by B. sub-
tilis. We can therefore measure antibiotic levels
in blood visually without any equipment as fol-
lows: navy blue, more than peak level; light blue,
therapeutic level, white, less than trough level
and ready for injection.

To prevent systemic drug accumulation, before
repeated injection during therapy with the AGs it
will be necessary to reconsider the dosing regi-
men when the blue color remains on the
TP-indicator disc.

In conclusion, the colorimetric bioassay associat-
ed with the blood spot method described above is
a reliable method for measuring the concentration
of NTL, GM or ISP in the blood. It is particular-
ly appropriate for confirming the trough level
prior to repeated administration to patients.
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