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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 (50 mg/kg). C of in
serum and in the above fluids or exudates were determined by biosssay using Proteus sp.
(MB-837) as a test organism. C: ions of in serum reached 246:£54.6

pg/ml (mean:SD) 15 minutes after injection, and decreased to 13.3:10.0 ug/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, T'ms(time of maximum concentra-
tion), Camax(maximum concentration), AUCS8b (area under the curve), apparent trans-
port rate constant K; (serum to exudate), K, (exudate to serum) and K,/K; were, re-
spectively, 1.5hr, 79.8 pg/ml, 391.8 yg-hr/ml, 0.631 hr™), 0.839 hr™! and 0.752 for suction
blister fluid, 1.3hr, 80.9pg/ml, 358.7 pg-hr/ml, 0.612hrl, 1.10hr™l, and 0.556 for
burn blister fluid, and 0.7hr, 73.4 pg/ml, 229.2 pg-hr/ml, 0.986hr™, 2.27hr™%, 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 extra:

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
All subjects
gave informed consent to take part in the study
Laboratory values

of age, weighing from 40 to 74 kg.

after it was explained to them.
reflecting liver and renal functions were within
normal limits.

A razor knife was used to remove a thin layer
of skin (1mm 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, 1,28, 4, 6,
and 8 hours after administration of fosfomycin.
The exudate fluids(30 to 50 pg) were collected with
a paper disk(Whatman 13mm AA disk). Disks
were weighed and then stored at ~20°C until deter-
mination of the drug concentration, which was per-
formed within ten days of sampling.

Suction blisters were produced by spplication of
negative (—200mmHg) pressure to skin aress.
Plastic suction cups (15mm in diameter) were
tightly strapped to abdominal area. The negative
pressure was maintained for 2 hours, during which
The suction
blister fluid was withdrawn by injection syringe.

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

time the blister slowly developed.

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°C
until the determination of fosfomycin was made.

The concentrations of fosfomycin were deter-
mined by the paper-disk bioassay method®. Pro-
teus sp. (MB-838) was used as the test strain.
Nutrient agar (Difco) was the test
Standard prepared by use of
known concentrations of fosfomycin in pooled hu-
After preincubation at 4°C for two
hours, the plates were incubated at 37°C for 18

medium.
curves were
man serum.
hours, and the zones of inhibition were read.

Pharmacokinetic calculations were carried out by
computer(HITAC 20).
of fosfomycin were analysed using a two-compart-

The serum concentrations

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 is shown

Fig.1 Model for pharmacokinetic analysis
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V : volume of central compartment
AM : drug amount of central compartment
v : volume of peripheral compartment
BM : drug amount of peripheral compartment
ky, ky : transfer rate constant

M= [ ' AM(t—~0)k, e~ do )
For concentration A(¢) and distribution volume
(V) within the central compartment, and B(r) and
v as those respectively in the exudate, the follow-
ing equation was obtained :
BO=['AG-0)K, -5 as ®
Here, the apparent transport rate constant (Ky) is
bV
In the integral equation shown in equation(®),
serum levels of fosfomycin at arbitary times were
substituted for the input function, A(f), while
the concentration of the drug in the tissue was
substituted for the output function, B(s). Appar-
ent transport rate constants, X, and K, were ob-
tained by the iterative least squares method.
RESULTS

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.

in Fig.1.

cular compartment is %, ; and in the opposite direc-
tion, ky:

%:i:k,AM—k,BM 1)
For BM=0 at 0 time, the integral equation obtain.
ed is as follows :

in serum and
various exudates of burn patients after s bo-
lus injection of fosfomycin.

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:+54.6 ug/ml 15 minutes after in-
jection and decreased to 8.6+4.0 ug/ml after 8 hr.
Fosfomycin concentrations in suction blister fluid
reached maximum level 1 hour after the injection
(75.4£33.3 ug/ml), and decreased graduallys In



VOL. 35. NO. 8 CHEMOTHERAPY 637

Table 1 Fosfomycin(FOM) levels (ug/ml) in serum, suction blister, In burn blister and in exudates
from excoriated skin wounds after intravenous bolus injection of FOM (50mg/kg)

Time after Serum @ (n | Bumblister | Exudate flid

dose (hr) Mean£SD MeanzsD " MeanzSD "
0.25 26+54.6 (6) —_ —_ —_
0.5 191.3+9.1  (6) 6.3£30.8 (7 64.4x18.1 (D) 71£213 (13
1 u1£18.7 (6 75.4+83.3  (12) TE6.0 (1) 7055212 (10)
2 925£18.9 (4 6.7£20.9 (1) n.6:24.7 (D 625146 (8)
3 59.3£5.5 [0} 61.3x24.5  (6) 64.8+23.6  (8) 3715 (6),
4 42.449.4 (4) 49.9¥233  (7) 43.248.8 (6) 242114 (7)
6 15.646.8 @ 275190 (D 24.847.9 (6) 11.9%6.9  (9)
8 8.6£4.0 () S1.8:14.8  (6) 17.9£10.5 () 5543  (8)

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

Parameter | A B a 2 2 i Ku Kn Ko

Units vglml | uglmi | met hrt 1/kg 1/kg et et et

Value 126.7 205.3 2.82 0.35 0.151 0.0614 0.767 1.88 0.529

Parameter Vss Va hn tha Cliot AuUC™

Units 1/kg 1/kg hr? het 1/hr/kg | ug+hr/ml

Value 0.212 0.226 0.246 1.969 0.0796 641.7

Fig.2 FOM concentrations in serum, in suc- On the other hand, fosfomycin concentrations in
tion blister fluid, in burn blister fuid and exudates from excoriated skin wounds incressed

exudate from excoriated skin wounds after
its intravenous bolus injection (50mg/kg)
20y

rapidly to a maximum level from 0.5 to 1 hour after
the injection.

analysis of con.
e, centrations in serum and exudates of burn
fuction blister fluid(0). patients following bolus injection of fosfomy-
exudate from excoriated skin wounc{a)

cin,

g

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

g

elimination phases were 2.82 and 0.35hr™%. The
half-life of the elimination phase (t1/30) was 1.969
hr. A distribution volume (V4p) of 0.226 l/kg and
an AUC*™ of 641.7 pg-hr/ml are shown in Table
2. No significant differences between these para-
meters and those of healthy volunteers were found.

FOM concentration(a/kg)

Fosfomycin concentrations in exudates were then
analysed using the model as described in “Methods”

and are shown in Fig.8. In the case of suction
blister fiuid, Trmax and Crax were calculated as 1.5
br and 79.8 pg/ml, respectively(Table 3). K,(=
#-Vh) and Ky(=k) were 0.631hr* and 0.839
burn blister fuid, concentrations peaked after 1  hr~t. In the case of burn blister fluid, Tpmyy
hour. There was no significant difference between  Cmyx, Ki and Ky were calculated as 1.3hr, 80.9
the concentrations in the two types of blister fluid.  pg/ml, 0.612hr™ and 110 hr, respectively. The

T
‘Time(hours)
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Table 3 Pharmacokinetic parameters of fosomyeln in suction and burn bister
{luids and in exudate fter ita intravenous bolus injection (S0ma/ks)
Tow | Cem | AUC™ | AUC— | I
wt | uglmi | geheml | pgehe/mi | b w | KR
Suction Blster || 15 ™8 | L6 | 69 | o0& | 08 | 072
Bum blster 13 wo | a7 | ae | oz | 110 | 056
Exudate 0.7 14 | w2 | uss | oms | 2z | oau

Fig.8 Simulation curves of FOM concentra-
tions in serum, suction blister fluid, burn
blister fluid and exudates from excoriated
skin wounds after its intravenous bolus
injection (50 mg/kg)

3 4 56 78
‘Time(hours)

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 K, and K; were 0.986 hr~!
and 2.27 hr™l, 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 material®s®, 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 dog™ or rabbit¥, in which cages have been
implanted. The problems of using animal models
and extrapolating to man are well known® and the
fibrosed nature of these cages must lesd one to
suspect that they represent  pharmacokinetically
“deep” compartment, especially since rather slow
equilibration of radio-labelled compounds has been
found'®. 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)!!.1248,
dermal suction!!®, or application of canthalidin
ointmentie7.10.19,

The information obtained from the three tissue
models used in this study provides a more accurate
picture of the drug concentrations in interstitial
fluid 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

- ial” that
Tmuxe Cumaxr 80d the
transfer rate constant for suction blister fluid re-
sembled those for burn blister fluid. There is the
difference between T,y in blister fiuid (1.5, 1.3
hr) and that of exudates from excoriated skin
wounds(0.7 hr). These data of fosfomycin resem-
ble those of cefmenoxime?®. It seems possible that
the volume of the blister fluid 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-
amount of time. Pharmacokineti-
cally, in suction blister fluid, the ratio of peripheral
compartment volume to central compartment vol-

a very
attains rapid equiliblium.

quire a cerl

ume (V/v) is constant, so that the apparent trans-
port ratio seems to be the true transport constant.

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

burn patients in our hospital. Minimum inhibitery
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Fig.4 Model for pharmacokinetic analysis

suction blister

i

(MIC 80%) of
these organisms were reported to be 12.5 ug/ml for
Staphylococcus aureus and 12.5 pg/ml for Pseudo-
monas aeruginosati2®.
the drug concentrations in suction blister fluid and

against

In the present experiment,

burn blister fuid 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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