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We have developed a simple method for monitoring aminoglycoside antibiotic concentrations in dried
blood spots on filter paper. Gentamicin was recovered from the blood spots most effectively by
incubation for 60 min at 35°C in an ultrafiltration tube containing 500 gl of 0.5 M Na,HPO, solution.
The eluates from the paper were centrifuged and transferred to an Abbott TDX cartridge for measure-
ment by fluorescence polarization immunossay.

Gentamicin in the dried blood spots on filter paper was stable for at least ten days at ambient
temperature. The inter-run precision (RSD) was below 8.5%. Analytical recovery of gentamicin
from the filter paper exceeded 92%. Although the applicability of the method is limited because the
quantitation limit of this method is more than 1 pg/ml for whole blood (2 pg/ml when the hema-
tocrit value of whole blood was taken into account) this method permits simple blood collection.

For monitoring the effective concentration of gentamicin in serum, particularly for newborns.
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INTRODUCTION

Gentamicin, an aminoglycoside antibiotic, 1is
widely used against infections from Gram-negative
bacteria. Monitoring serum levels of this drug has
been suggested to optimize therapy, thus limiting
related toxicity and therapeutic failure’. In cur-
rent procedures for therapeutic drug monitoring in
adults, venous blood is widely used. However,
this is often very difficult and sometimes impossible
for infants and children. Capillary blood spotted
on filter paper has been successfully used for detect-
ing inborn errors of metabolism for phenylalan-
ine?, prolactin®, or for monitoring concentrations
of theophylline**®. Since the collection of blood
by finger prick or venipuncture is minimally trau-
matic and can be performed easily and rapidly, mul-
tiple samples can be collected from newborn pa-
tients.

We previously reported the use of HPLC for the
determination of sisomicin in dried blood spots
(DBS) on filter paper”. In this study, we applied
the fluorescence polarization immunoassay (FPIA)
to the determination of gentamicin in DBS of

pediatric patients.
MATERIALS AND METHODS

Reagents

For gentamicin-free whole blood, we used citrat-
ed or heparinized whole blood from healthy male
volunteers. The blood-sampling paper was filter
paper type I (Fig.1, Toyo-Roshi, Tokyo, Japan).
The absorbing area of this paper holds 0.1ml of
blood when the paper is dried with the blood-wet-
ted surface on top. The hemoglobin kit (cyanme-
themoglobin method) was from Wako Pure Chemi-
cal Ind., Osaka, Japan : the FPIA reagent for the
gentamicin assay (TDX) from Dinabot Co. Ltd,
Tokyo, Japan. The ultrafiltration tubes (“Mini-
cent®” : molecular mass cutoff 30,000Da) were
from To-So Co. Ltd., Tokyo, Japan. Gentamicin
sulfate was from Essex Nippon K.K., Oszka, Ja-
pan ; all other chemicals used were of analytical
reagent grade.

Procedures

Preparation of the calibration curve. We pre-
pared aqueous standard solutions of gentamicin 0~
20 pg/ml, by adding appropriate quantities of aque-
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ous stock solution of gentamicin sulfate (1 mg/ml)
to distilled water. We also prepared gentamicin
standards in blood, 0~20 ug/ml, by adding appro-
priate quantities of the aqueous stock solution to
drug-free pooled blood (hemoglobin content : 12 g/
dD.

Preparation of DBS. We spotted 100 ul of the
standard aqueous solutions or blood solutions of
gentamicin, then dried these at 50°C for 10 min in
an air-circulating oven or at ambient temperature
for 3h.

Preparation of ultrafiltrates from DBS.
Using scissors, we cut the blood-absorbing area of
the DBS into five or six pieces and placed all of
them in a Minicent tube. We added 500 gl of pre-
warmed (35°C) 0.5 M NagHPO, buffer, and incubat-
ed in an oven (35°C) for various times up to 90
min. We then centrifuged the extracted solution
for 15min (3,000 Xg) and transferred the clear
colorless filtrate to the specimen-well of the TDX
cartridge for measurement by FPIA.

Assay of hemoglobin in extracts. We reser-
ved 20 pl of each extract after incubation and mixed
this with 5ml of cyanmethemoglobin reagent.
After 5 min we measured the absorbance at 540 nm
and compared it with that of a standard solution
containing 3.58 mg of cyanmethemoglobin per 5
ml.

Assay of gentamicin. The gentamicin assay
was performed with the TDX according to the ins-
truction manual of FPIA method from Dinabot
Co. Ltd..

RESULTS

Assay of hemoglobin.

To obtain the hemoglobin contents in the DBS,
100 ¢l of the whole blood was spotted on the DBS
paper, which was extracted with 500 #l of 0.5M
NagHPO, for 1h in a water-bath (35°C). The
absorbance of eluates was measured by spectropho-
tometry and the content of hemoglobin was calcula-
ted from the standard calibration curve (y=0.273
X+0.007, r=0.999) of the hemoglobin assay kit.
The eluate from the DBS spotted with 100zl of
the whole blood contained about 2.4 g/dl of the
hemoglobin. i

Removal of hemoglobin.

It has been shown that more than 0.86 g/dl of
the hemoglobin caused interference on the FPIA

Strip (Type I)

Blood absorbing area

Fig.1. Blood sampling paper

gentamicin assay®, In the present study the eluate
from the gentamicin-free DBS paper gave about
2.0 ug/ml as gentamicin value, as shown in Fig.2
(closed circle symbol). So, in order to remove the
hemoglobin (66,000 Da) the eluates from the DBS
papers were transfered into the ultrafiltration ap-
paratus (Minicent, the molecular mass cut off was
30,000 Da) and were centrifuged at 3,000g for 15
min. For the clear and colorless filtrates the pre-
sent FPIA assay gave less than 0.2 ug/ml as mea-
surement value of gentamicin, which was equal to
the detection limit of the used FPIA instrument.
As shown in Fig. 2 (open circle symbol), therefore,
the hemoglobin in the eluates was almost removed
by the present ultrafiltration procedure.

Effect of elution time.

At each elution period, the eluate was transferred
to the Minicent for assay. Since the elution of
gentamicin from the DBS paper reached a maxi-
mum after 60 to 90 min under these extraction
conditions, an elution time of 60 min was adopted
for this study (Fig.3).

Analytical recovery and reproducibility.

The recovery of gentamicin was assessed by mul-
tiple analyses (n=5) of the DBS samples, using
pooled whole blood supplemented with known a-
mounts of gentamicin ranging from 1~10.0 gg/ml.
The recoveries of gentamicin ranged from 92 to
134% (Table 1), which indicates that the pre-assay
treatment presented in this study is also adequate
for clinical samples. The recovery of 134% for
1 ug/ml of gentamicin was considered to be due to
the error in the concentration of gentamicin in
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Fig. 2. Influence of hemoglobin
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Fig. 3. Effect of incubation time on the recovery
of gentamicin*

whole blood. The intra-assay precision - (relative
standard deviation : RSD, n=5) was 8.5, 5.6 and
6.3% for gentamicin at 1, 5 and 10 ug/ml, respec-
tively. The inter-assay variability (RSD, n=6)
was 6.9% for a gentamicin concentration of 5 pg/
ml. When the quantitation limit was settled
within 10% of RSD, the assay limit of gentamicin
was less than 1.0 p#g/ml (RSD=10%) for the DBS
sample spotted with 100 uzl of whole blood. A typi-
cal standard curve is illustrated in Fig. 4.

Estimation of serum or plasma concentra-
tion.

If the hematocrit value is obtained, the con-
centration of gentamicin in serum or plasma can
be estimated from the data by the present method.
In this study, these concentrations(C pg/ml) were
calculated as follows:

gentamicin (pg/ml) in DBS/100-hematocrit value
(%) x 100=C pg/ml

Stability of DBS.

The DBS paper, containing 5 g#g/ml of gentamicin
in whole blood, was stored at ambient temperature

10p
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Fig. 4. Calibration curve of gentamicin from dried
blood spots by ultrafiltration

or 35°C, which was assayed four times during ten
days. As shown in Table 2, no significant loss of
gentamicin was observed, indicating that gentami-
cin is stable in the DBS paper matrix for at least
ten days.
DISCUSSION

The monitoring of aminoglycoside antibiotics
(AGs) in serum or plasma is important for safe
and effective therapy because of their narrow
therapeutic range. AGs in biological fluids have
been determined by a variety of methods, e.g,
bioassay, gas chromatography, high-performance
liquid chromatography, enzyme immunoassay and
others. With the development of monoclonal an-
tibodies and fully-automated assay equipment, the
enzyme immunoassay has become a rapid, precise
and easy means of assaying AGs. For the patient,
especially children, dried blood spots (DBS) collect-
ed on filter paper mean an atraumatic and safe form
of sampling at the bed side. However, DBS have
not been used because of difficulties in extracting
AGs from DBS on filter paper. In a previous
study, we first reported the use of HPLC for de-
termining sisomicin in DBS on filter paper. The
procedure described here combines DBS on filter

Table 1. Recovefy of gentamicin from dried blood spots

Gentamic?n ' Gentamicin Analytical RSD

concentration n ‘ concentration recovery (%)
added (ug/ml) found (xg/ml) (%)

1.0 5 1.34+0.114* 134 8.5

1.5 5 1.724+0.110 15 6.4

3.0 5 3.324+0.110 111 3.3

5.0 5 5.20+0.291 104 5.6

10.0 5 9.16+0.577 2 6.3

* : meanxSD
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Table 2. Stability of gentamicin in dried blood spots on filter paper

Days stored

Storage temp.

0 3 6 10
Ambient 100* 104 104 101
35C 100 97 99 102

* Gentamicin measured, expressed as a percentage of the original gentamicin
concentration (5ug/ml blood, 100 ul spotted), average of two determinations

each.

paper with a specific, rapid and accurate method,
“FPIA", for monitoring the therapeutic range of
gentamicin.

The instruction manual for the FPIA assay points
that the hemoglobin levels below 0.86 g/dl gave
no effect in the assay. The eluate from the DBS
paper contained 2.4 g/dl hemoglobin. In this
study, in order to avoid any interference with
hemoglobin, the eluates from the DBS paper were
transfered into the ultrafiltration apparatus. After
centrifugation, the clear and colorless filtrates cau-
sed no interference in the present FPIA assay.

Regarding the detection limit of filtrates, the
present data supported that the detection limit of
a gentamicin assay is 0.2 pg/ml as described in the
FPIA instruction manual. JOLLEY, et al®. also
reported that the 0.5 ug/ml gentamicin was recover-
ed completely by the FPIA method. As the 100
ul of whole blood in DBS was diluted to 500 gl
during the extraction procedure, the detection limit
of gentamicin was increased from 0.2 to 1.0 pg/ml.
In this study, however, the lower limit of quanti-
tation was less than 10% RSD for 1 gg/ml of gen-
tamicin in whole blood and the recovery from the
DBS was considered to be more than 92%.

When the hematocrit value was 50%, the present
method gave about 2 ug/ml as the minimum amount
of gentamicin in serum or plasma.

RIFF and JACKSON reported®? that the drug was
estimated at a higher concentration in adult patients
with a low hematocrit. On the other hand, Mc-
CRACKEN et al. reported!® that no correlation was
observed between peak levels of gentamicin in
serum and hemoglobin or hematocrit values in
infants at two weeks of age.

This discrepancy should be determined by fur-
ther clinical studies. In conclusion, we have des-
cribed a method for determinating gentamicin in
serum using DBS and FPIA. This method gave
excellent correlation between the gentamicin con-
centrations in plasma and in DBS, if corrected for
hematocrit value. However, the applicability of
the method is limited, because the quantitation
limit is within the effective range of gentamicin.

Finally, we propose this method for monitoring

of the therapeutic range of gentamicin in serum
and pharmacokinetic studies in pediatrics. The re-
sults of our preliminary clinical study in pediatrics
will be reported!® elsewhere.
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