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The transport of fosfomycin into three kinds of exudates (suction blister fluid, burn

blister fluid, and exudates from excoriated skin wounds) from blood was studied after

intravenous bolus injection of fosfomycin (50 mg/ kg). Concentrations of fosfomycin in

serum and in the above fluids or exudates were determined by bioassay using Proteus sp.

(MB- 837) as a test organism. Concentrations of fosfomycin in serum reached 246•}54.6

pg/ml (mean•}SD) 15 minutes after injection, and decreased to 13.3•}10.0 ƒÊg/ ml after 8

hr. Peak concentrations of the antibiotic in suction blister fluid, burn blister fluid, and

exudates from excoriated wounds occurred after approximately 1 hour. According to

calculations made by a modified deconvolution method, Tmax (time of maximum concentra-

tion), Cmax(maximum concentration), AUC 0-8h (area under the curve), apparent trans-

port rate constant K1 (serum to exudate), K2 (exudate to serum) and K1/ K2 were, re-

spectively, 1. 5 hr, 79. 8 ƒÊg/ ml, 391. 8 ƒÊg•Ehr/ml, 0.631 hr- 1, 0.839 hr- 1 and 0. 752 for suction

blister fluid, 1.3 hr, 80.9 ƒÊg/ ml, 358.7 ƒÊg•Ehr/ ml, 0.612 hr- 1, 1.10 hi- 1, and 0.556 for

burn blister fluid, and 0.7 hr, 73.4 pg/ ml, 229.2 ƒÊg•Ehr/ ml, 0.986 hr., 2.27 hr', and

0.434 for exudates from excoriated skin wounds.

INTRODUCTION

Knowledge of antibiotic distribution in vascular

and extravascular compartments provides a guide

for the clinical use of antibiotics. Concentrations

of antibiotic in serum have been useful in deter-

mining the adequacy of therapy however, it is

not clear whether levels in serum reflect extravas-
cular antibiotic activity. Data on concentra-

tions of antibiotics in human interstitial fluids are

scarce because of the difficulty and potential hazards

in obtaining specimens. Studies of other extravas-

cular fluids such as aqueous humor, synovial fluid,

cerebrospinal fluid, and saliva, while helpful in in-

fections involving these areas, are not representa-

tive of the levels in the interstitial fluids because

of the specialized nature of the membranes and

secretory mechanisms of the tissues involved.

In the study reported herein, the concentrations

of fosfomycin in the interstitial fluids of human

skin were investigated, using three kinds of fluids,

suction blister fluid, burn blister fluid, and exu-

dates from excoriated skin wounds. All data ob-

tained were analysed pharmacokinetically.

MATERIALS AND METHODS

The study population comprised 21 patients-ten

male and eleven female-between 14 and 74 years

of age, weighing from 40 to 74 kg. All subjects

gave informed consent to take part in the study

after it was explained to them. Laboratory values

reflecting liver and renal functions were within

normal limits.

A razor knife was used to remove a thin layer

of skin (1 mm thickness) from the abdominal re-

gion for grafting to burn wounds. After bleeding
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had stopped, a bolus of fosfomycin (50 mg/ kg) was

injected intravenously over a five- minute. Sam-

ples of exudate were taken at 0.5, 1, 2, 3, 4, 6,

and 8 hours after administration of fosfomycin.

The exudate fluids(30 to 50 pg) were collected with

a paper disk(Whatman 13 mm AA disk). Disks

were weighed and then stored at-20•Ž until deter-

mination of the drug concentration, which was per-

formed within ten days of sampling.

Suction blisters were produced by application of

negative (- 200 mmHg) pressure to akin areas.

Plastic suction cups (15 mm in diameter) were

tightly strapped to abdominal area. The negative

pressure was maintained for 2 hours, during which

time the blister slowly developed. The suction

blister fluid was withdrawn by injection syringe.

Burn blister fluid (0.5- 1 ml) was removed by in-

jection syringe from blisters formed on the surface

of second- degree burn wounds of patients.

Blood samples were taken at 0. 25, 0. 5, 1, 2, 3, 4, 6,

and 8 hours after the fosfomycin injection. Serum

was separated and each sample was stored at -20•Ž

until the determination of fosfomycin was made.

The concentrations of fosfomycin were deter-

mined by the paper- disk bioassay method 1, 2) Pro-

teut sp. (MB- 838) was used as the test strain.

Nutrient agar (Difco) was the test medium.

Standard curves were prepared by use of

known concentrations of fosfomvcin in pooled ho-

man  serum. After preincubation at 4•Ž for two

hours, the plates were incubated at 37•Ž for le

hours, and the zones of inhibition were read.

Pharmacokinetic calculations were carried out by

computer(HITAC 20). The serum concentrations

of fosfomycin were analysed using a two- compart-

ment model, while the concentrations in exudates,

and in burn and suction blisters were analysed us-

ing a modified deconvolution method.. The model

used for tissue distribution is shown schematically

in Fig. I. There is a balance between the intra-

vascular drug amount (AM) and the amount of

drug in the blister fluid(exudates) (BM) and the

rate of transport from the central to the extravas-

cular compartment is ki; and in the opposite direc-

tion, k2

(1)

For BM= 0 at 0 time, the integral equation obtain-

ed is as follows:

Fig.1 Model for pharmacokinetic analysis

V: volume of central compartment
AM: drug amount of central compartment

v: volume of peripheral compartment
BM: drug amount of peripheral compartment
k2, k2:transfer rate constant

(2)

For concentration A (t) and distribution volume

(V) within the central compartment, and B(t) and
v as those respectively in the exudate, the follow-

ing equation was obtained:

(3)

Here, the apparent transport rate constant (KS) is
k1・V/v.

In the integral equation shown in equation (3),
serum levels of fosfomycin at arbitary times were

substituted for the input function, A(t), while

the concentration of the drug in the tissue was

substituted for the output function, B(t). Appar-

ent transport rate constants, K1 and K2 were ob-

tained by the iterative least squares method.

RESULTS

Fosfomycin Concentrations in serum and

various exudates of burn patients after a kr

lus injection of fosfomyein.

Fosfomycin concentrations in serum after a bolus

injection of the drug (50 mg/ kg) are shown in Ta-

ble 1 and Fig. 2. Fosfomycin concentrations in se-

rum reached 246•}54.6pƒÊg/ ml 15 minutes after in-

jection and decreased to 8. 6•}4.0 ƒÊg/ ml after 8 hr.

Fosfomycin concentrations in suction blister fluid

reached maximum level 1 hour after the injection

(75.4•}33.3 ƒÊg/ ml), and decreased gradually, 11,
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Table 1 Fosfomycin(FOM) levels ƒÊg/ ml) in serum, suction blister, in bum blister and in exudates

from excoriated skin wounds after intravenous bolus infection of FOM (50mg/ kg)

Table 2 Pharmakokinetic parameters of fosfomycin in serum after its intravenous bolus injection

Fig. 2 FOM concentrations in serum, in suc-
tion blister fluid, in burn blister fluid and
exudate from excoriated skin wounds after
its intravenous bolus injection (50mg/ kg)

burn blister fluid, concentrations peaked after 1

hour. There was no significant difference between

the concentrations in the two types of blister fluid.

On the other hand, fosfomycin concentrations in

exudates from excoriated skin wounds increased

rapidly to a maximum level from 0.5 to 1 hour after

the injection.

Pharmacokinetic analysis of fosfomycin con-

centrations in serum and exudates of burn

patients following bolus injection of fosfomy-

cin.

Fosfomycin concentrations in serum after its bo-

lus injection were analysed using a two- compart-

ment model to obtain the pharmacokinetic para-

meter. The rate constants of distribution and

elimination phases were 2.82 and 0.35 hr- 1. The

half- life of the elimination phase (t1/ 2ƒÀ) was 1.969

hr. A distribution volume (VdƒÀ) of 0.226 1/ kg and

an AUC0•¨•‡ of 641.7 ƒÊg•Ehr/ ml are shown in Table

2. Na significant differences between these para-

meters and those of healthy volunteers were found.

Fosfomycin concentrations in exudates were then

analysed using the model as described in "Methods"

and are shown in Fig.3. In the case of suction

blister fluid, Tmax and Cmax were calculated as 1.5

hr and 79.8 ƒÊg/ ml, respectively(Table 3). K1 (=

k1・V/ v)and K2(= k2)  were 0.631 hr- 1 and 0.839

hr- 1.  In the case of burn blister fluid,Tmax.

Cmax, K1 and K2, were calculated as 1.3 hr, 80.9

μg/ ml,  0.612hr- 1 and 1.10 hr- 1, respectively. The
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Table 3 Pharmacokinetic parameters of fosfomycin in suction and bunt blister
fluids and in exudate after its intravenous bolus injection (50mg/ kg)

Fig. 3 Simulation curves of FOM concentra-
tions in serum, suction blister fluid, burn
blister fluid and exudates from excoriated
akin wounds after its intravenous bolus
injection (50 mg/ kg)

curves of fosfomycin levels in suction blister fluid

and burn blister fluid were shown to be similar.

In the case of exudates from excoriated skin

wounds, Tmax was 0.7 hr, and was shorter than

that of suction blister fluid or burn blister fluid.
Apparent transport rates K1 and K2 were 0.986 hr- 1

and 2.27 hr-1, both of which were larger than those

of the other blister fluids.

DISCUSSION

In the investigation of any antimicrobial drug the

penetration into different tissues is of interest.
Such investigations usually assay the amount of

drug in biopsy material4,5,6), which will be contam-

inated by blood or, in the cases of liver and kid-

ney, by bile or urine as well. The information
derived from such an exercise may be irrelevant.

Attempts have been made to use animal models,

i. e., the dog7) or rabbit8), in which cages have been

implanted. The problems of using animal models

and extrapolating to man are well known9) and the

fibrosed nature of these cages must lead one to
suspect that they represent a pharmacokinetically
"deep" compartment

, especially since rather slow
equilibration of radio- labelled compounds has been

found10). Thus, the transfer of various antibiotics

administered to the skin of patients has been stud-

ied using exudates (blister) induced artificially by

the skin window technique(dermabrasion)11,12,13),

dermal suction14,15), or application of canthalidin

ointment16,17,18,19).

The information obtained from the three tissue
models used in this study provides a more accurate

picture of the drug concentrations in interstitial
Said of patients. Two of the models used in this

study are schematically shown in Fig. 4. The blis-

ter technique possibly represents a closed exudate.

On the other hand, the excoriated skin technique

represents a very "superficial" compartment that

attains rapid equiliblium. Tmax, Cmax, and the

transfer rate constant for suction blister fluid re-
sembled those for burn blister fluid. There is the

difference between Tmax in blister fluid (1.5, 1.3

hr) and that of exudates from excoriated skin

wounds(0.7hr). These data of fosfomycin resem-

ble those of cefmenoxime 20). It seems possible that

the volume of the blister Said can result in delayed

peak concentrations and falsely prolonged high con-
centrations as there must be a diffusion of the an-

tibiotics into the fluid, which diffusion would re-

quire a certain amount of time. Pharmacokineti-
tally, in suction blister fluid, the ratio of peripheral

compartment volume to central compartment vol-

ume (V/ v) is constant, an that the apparent trans-

port ratio seems to be the true transport constant.

Staphylococcus aureus and Pseudomonas aerugi-
nosa are commonly found in the skin wounds of

burn patients in our hospital. Minimum inhibitory
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Fig. 4 Model for pharmacokinetic analysia

concentrations (MIC 80%) of fosfomycin against

these organisms were reported to be 12.5 ƒÊg/ ml for

Staphylococcus aureus and 12.5 ƒÊg/ ml for Pseudo-

monas aeruginosa 21,22). In the present experiment,

the drug concentrations in suction blister fluid and

burn blister fluid exceeded these concentrations for

approximately 8 hours; and those in exudates from

excoriated skin wounds, for 4 hours. These re-

sults indicate that fosfomycin should be a useful

antibiotic for burn patients in preventing burn

wound infection.
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体重kg当 り50mgのFOMをone shotで 静脈内に投与し,3種 類の皮膚滲出液(吸 引水疱液,熱傷水疱

液,皮 膚剥離創滲出液)への移行を調べ,薬 動力学的解析を行なった。FOM濃 度の測定はProteus sp.(MB-

837)を 測定菌とする生物学的方法によった。

血清中のFOM濃 度は投与後15分 で246±54.6μg/mlに 達し,8時 間後では13.3±10.0μg/mlで あっ

た。吸引水疱液,熱 傷水疱液,皮膚剥離創滲出液内FOM濃 度が最高濃度に達するのは大体1時 間前後であっ

た。

測定結果をもとに薬動力学的解析を行ないTmax,Cmax,AUC0-8h,K1,K2,K1/K2を 求めたところ,吸 引

水庖液では順に,1.5hら79.8μg/ml,391.8μg・hr/ml,0.631hr-1,0.839hr-1,0.752で あった。熱傷水疱

液では1.3hr,80.9μg/ml,358.7μg・hr/ml,0.612hr-1,1.10hr-1,0.556で あり,剥 離創滲出液ではそれ

ぞれ0.7hr,73.4μg/ml,229.2μg・hr/ml,0.986hr-1,2.27hr-1,0.434と いう結果を得た。


