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This study compared the possibilities and limitations of %9mTc-
labeled synthetic peptides derived from two human antimicro-
bial peptides, namely, ubiquicidin (UBI) and lactoferrin (hLF), for
the scintigraphic detection of bacterial and fungal infections in
mice and rabbits. The rationale of our approach was that se-
lected peptides accumulate in infected areas but not in sterile
inflammatory lesions, because they bind preferentially to micro-
organisms. %mTc-labeled human neutrophil peptides (de-
fensins), ciprofloxacin, and human polyclonal IgG were included
as control agents. Methods: **mTc-labeled peptides and control
agents were injected intravenously into animals that had been
injected intramuscularly 18 h earlier with multidrug-resistant
Staphylococcus aureus, Klebsiella pneumoniae, or fluconazole-
resistant Candida albicans. Sterile inflammatory sites were in-
duced by the injection of heat-killed microorganisms or lipo-
polysaccharide (LPS) into the thigh muscle. Up to 4 h after
injection, the accumulation of %mTc-labeled compounds in the
infected/inflamed thigh muscles was determined using scinti-
graphic techniques and radioactivity counts in dissected tis-
sues. Results: Scintigraphy revealed that ®*mTc-labeled pep-
tides UBI 29-41, UBI 18-35, UBI 31-38, hLF 1-11, and
defensins, which showed preferential in vitro binding to micro-
organisms in a former study, accumulated at a significantly
higher rate (P < 0.01) in bacterial and C. albicans infections in
mice and rabbits than in inflamed tissues induced by heat-killed
microorganisms or by LPS. No significant difference in the
accumulation of 9mTc-labeled ciprofloxacin was observed be-
tween infected and sterile inflamed thigh muscles in mice. Con-
clusion: #mTc-labeled antimicrobial peptides UBI 29-41, UBI
18-35, UBI 31-38, hLF 1-11, and defensins accumulate signifi-
cantly in tissues infected with gram-positive and gram-negative
bacteria and C. albicans. Significantly lower (P < 0.01) accumula-
tion of these peptides occurs in sterile inflamed tissues. These data
indicate that the peptides preferentially tag microorganisms at the
site of infection, which is in agreement with their preferential bind-
ing to the microorganisms in vitro and in vivo. *mTc-labeled cip-
rofloxacin does not distinguish between infections and sterile in-
flammatory lesions, which implies that its specificity for the
detection of bacterial infections is not warranted.
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\/arious99mTc—IabeIed compounds have been developed
for the scintigraphic detection of infection and sterile in-
flammation in humanslj. Unfortunately, these radiophar-
maceuticals do not discriminate between infections and
sterile inflammatory processes, which is often of clinical
importance. In an attempt to develop such a tracer, our
research focused initially on radiolabeled human immuno-
globulin fractions. Unfortunately, the interaction of these
radiolabeled compounds with host cells makes them less
optimal for infection detection?). However,*"Tc-labeled
antimicrobial compounds, such as ciprofloxacB) énd
antimicrobial peptides4(5), may be promising radiophar-
maceuticals that distinguish between bacterial infections
and sterile inflammatory processes in humat)s The an-
tibiotic ciprofloxacin and the human neutrophil peptides
HNP-1-3 (defensins) have been introduced in nuclear med-
icine as tracers that preferentially detect bacterial infections.
A major drawback of ciprofloxacin is its interaction with
both bacterial and mammalian DNA)( Furthermore, the
accumulation of radiolabeled ciprofloxacin at sterile inflam-
matory sites in laboratory animals was reported recently
(8-10). The effects on cells of the immune system, such as
chemotactic effects on leukocyte populations and their mi-
crobicidal activities {1), may hamper the application of
defensins for infection detectiod)(

The rationale of our approach was that radiolabeled syn-
thetic peptides derived from antimicrobial domains of hu-
man natural peptides that bind preferentially to microorgan-
isms 6) can serve as infection-specific tracers. This article
is a sequel to previous studies in this field5]. It is a
comparative study of the possibilities and limitations of various
99Tc-labeled antimicrobial peptides, ciprofloxacin, and hu
man IgG to detect bacterial or fungal infections in mice and
rabbits and their accumulation in sterile inflamed tissues.
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MATERIALS AND METHODS Y01-19 was a gift from Pfizer Inc. (New York, NY). The multi-
drug-resistans. aureugype 2141 (MRSA) was a clinical isolate.
vernight cultures of bacteria were prepared in brain—heart infu-

(UBI 29-41, UBI 18—35, and UBI 31-38) were chosen because n broth (Oxoid, Basingstoke, U.K.) in a shaking water bath at

their preferential in vitro and in vivo binding to microorganisms C.dOt;/ertrrllgfg cg(;turesdofé. alblcanswsreltprezafredzlr; shab-
over host cellsg). This characteristic was also the rationale for thgut;u hrgel ;t X307'°%’: a\r}.r Ie?t/ \gz('fe?g glliblur;b'c(;rns' ereon a
selection of the three lactoferrin (hLF) peptides (hLF 1-11, hLPry w i ! ) ! w

21-31, and hLF 4—11). The peptide hLF 4—11 was chosen a{(&ntamed in mice. Briefly, about X 10" colony-forming units

negative control agen®). The defensins were chosen as positiveadaJ fr)];J;gear:écgaoag;rgfgzgife'mfccéexépéokﬁ?: dt%r”h\éelsn Ic(::an
control agents for infection detectioB)(and were purified from ' ' P

) gf each mouse was removed aseptically and homogenized, and

. ) . . propriate dilutions of the homogenate were plated onto diagnos-
peptides are given in Table 1. Human polyclonal IgG was obtain |§ sensitivity test agar (Oxoid), trypsone soy agar (Oxoid), or

from the Central Laboratory of the Red Cross Blood Transfusion

Service (Amsterdam, The Netherlands) and served as a posit?\?i%f uraud ag"’."t(ogo'fg- AZ'F‘Q'ebC IszV}/asZt;aﬂsf?gigéntglzs n:L
control agent for infection and inflammatiot3). Stocks of the 0’ the appropriate broth and incubated for a - Allquots

peptides were stored in 0.01% (vol/vol) acetic acid (pH-20°C). of these Suspensions containing aboux S.0° \ilrulent MICTOOF
. : : S . ggnisms per milliliter of broth were stored-a20°C. Additionally,
Ciprofloxacin was included in this study because of its suggest

specificity for bacteria 3) and was obtained from Bayer AG it(;)gokg of heat-killed dbactsnzti @dggféns boiled far 2 h at
(Leverkusen, Germany). , were prepared and store .

Proteins, Peptides, and Ciprofloxacin
The three ubiquicidin (UBI) peptides described in this stud%

Labeling Procedure and Quality Control Animali_ h p | ) . iah 202
Antimicrobial peptides and 1gG were labeled witfiTc as Specific-pathogen-—iree male Swiss mice (weight range, 20-25

described in an earlier articlé), and ciprofloxacin was labeled g) and male_ Ne‘fV Zealand White_rabbits (weight range, 2.5—4_kg)
with %"Tc as described elsewher®.(The percentage fre&™Tc were used in _thls study. The anlm_als were ho_used in the animal
activity in the labeling solutions was determined by instant thir{]ousmg facilities of the Leiden University Medical Center for at

layer chromatography (ITLC) using saline or methyl ethyl ketong_aSt 1 wk before the onset of the experiments. Food and water were

as the eluent and by high-performance liquid chromatography given ad libitum. All animal studies were performed in compliance

described earliers). Because fre@ ¢ activity in the solutions with the local Experimental Anima_l Ethical Cgmmittee and the Dutch
containing radiolabeled antimicrobial peptides and IgG (referred lﬁl)WS related to the conduct of animal experiments.

as%¥"Tc-labeled peptides hereafter) did not exceed 5%, no furthgg cterial and C albicans Infections in Mice

purification was performed. Before the application 8fTc-  ,nq Rabbits

labeled ciprofloxacin in the experiments, this preparation was pjice were anesthetized with a single intraperitoneal injection of
subjected to ion-exchange Sephadex-DEAE A-25 chromatograply mL saline containing 1 mg fluanisone and 0.03 mg fentanyl
columns (Sigma Chemical Co., St. Louis, MO) to remove fregyrate (Hypnorm; Janssen Pharmaceutics, Tilburg, The Netherlands).
9mTc activity, which ranged from 20% to 40% of the total activityyjey. approximately Ix 107 CFUs of bacteria§. aureusMRSA,

of the mixture. The percentage fré®Tc activity in the labeling angk. pneumoniakor C. albicansin 0.1 mL saline were injected into
solutions was determined by ITLC using saline or methyl ethyhe right thigh muscle of each mouse. After 24 h, the mice were killed.
ketone as the eluent. Finally, all solutions contaififigic labet e infected thigh muscles were dissected and homogenized, and the
ing agents were diluted in phosphate-buffered saline to a conCefimper of bacteria of. albicanswas determined microbiologically.
tration of 10 nmol/mL peptide or ciprofloxacin. The number oK. pneumoniag2 X 10° CFUs/g tissue) afte4 h of
Microorganisms infection was significantly lessP(< 0.05) than the number d.

Staphylococcus aureu®5923 and Klebsiella pneumoniae 2Ureus(2 x 10" CFUs/g tissue), MRSA (& 10° CFUs/g tissue), and

43816 were obtained from the American Type Culture Collectiofy- 2lPicans(5 X 10" CFUs/g tissue). In additional studies, mice were
(Rockville, MD), and the fluconazole-resistaBandida albicans Made leukocytopenic by injecting 0.2 mL cyclophosphamide (200
mg/kg) intraperitoneall 3 d before induction of infections with X

10 CFUs of bacteriag. aureusMRSA, andK. pneumoniag After
24 h, the number of microorganisms in the thigh muscles was com-
TABLE 1 parable with the number in immunocompetent mice (0.280°
Antimicrobial Agents Used in This Study CFUs/g tissue). Blood counts were performed on randomly selected
mice to confirm leukocytopenia.
Selected peptides were also applied in rabbits with an experi-

Antimicrobial Amino

compound  acids Amino acid sequence Code ; . - o .
mental infection. In short, the rabbits were injected with 0.4 mL

UBI (27) 29-41 TGRAKRRMQYNRR UBI 29-41 saline containing X 107 CFUs of bacteria%. aureusMRSA, and
18-35 KVAKQEKKKKKTGRAKRR UBI 18-35 K. pneumoniakinto the right thigh muscle or into the right front
31-38 RAKRRMQY UBI 31-38 leg muscle. The rabbits were anaesthetized 18 h thereafter by a

hLF 1‘11 gsg\?gvsv\éaWCA :b’j 1‘11 single injection of 0.4 mL saline containing 4 mg fluanisone and
21-31 FQWQRNMRKVR hLE 2131 0.13 mg fentanyl citrate into the left thigh muscle.

Defensin (22)  1-43 - HNP-1-3 Inflammatory Processes in Mice and Rabbits

Icggroﬂoxacm _ _ I(;ugrofloxacm The accumulation of radiolabeled tracers was also studied in

animals with a sterile inflammatory process to select compounds
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with a low accumulation in inflamed tissues that may discriminal
between infection and sterile inflammation. Mice and rabbits we|
anaesthetized as described previously. Sterile inflammation v
induced 18 h before administration of the tracer by an intramuscu
injection of 0.1 mL saline containing either 1 mg lipopolysaccharid
(LPS) or approximately 2< 1 heat-killed bacteria o€. albicans
Eighteen hours after injection with both stimuli, we observed a si
nificant increase>60%; P < 0.001) in the weight of the injected
thigh muscle compared with the contralateral thigh muscle.

Scintigraphy

Animals were anaesthetized 18 h after infection as describc
previously, and 0.1 mL labeling solution containing 1 nmol peq
tide or anti-infective was injected into a tail vein. The accumulg
tion of the radiolabeled peptides, ciprofloxacin, and IgG in th
bacterial orC. albicansinfected muscles in mice and rabbits wa
assessed by planar scintigraphy. Before scintigraphy, a subcuta
ous injection of 0.05 mg diazepam (Valium; Hoffmann-Rochg
Mijdrecht, The Netherlands) in 0.1 mL saline was administered
the mice to induce muscle relaxation. Next, the animals we
placed in a supine position on a collimator of a planar gamn
camera with both hind legs spread out and fixed with surgical tapeI'G.URE 1. Tvoical scintiarams of ® To-labeled UBI 29—41
Continuous anterior whole-body acquisitions of the animals eve&) hLE 1-11 (é')o ciorofl ore

. ) 0 . . - (A), , ciprofloxacin (C), and human polyclonal I1gG

60 s during the fins2 h after injection and a single static ach|S|-(D) 1 h after injection into mice having thigh muscles infected
tion a 4 h after injection of the tracer were made. On the sCint{yity s aureus.
grams, anatomically adjusted regions of interest were drawn over
the entire infected or inflamed muscle (target) and the contralateral
muscle (nontarget). The accumulation®8fTc-labeled tracers at defensins in infected thigh muscles compared with T/NT
sites of infection or inflammation is expressed as the ratio of thaeasured in sterile inflammatory sites (Table 2). The accu-
counts in the target muscle to the counts in the nontarget musgi|lation of ciprofloxacin (Fig. 1) an@™Tc-labeled hLF
(T/NT). Scintigraphic data were interpreted by two observers, arzpl_ll in infected tissues was comparable and showed no

the results were always similar to the data obtained after obdyGeificant difference between bacterial infections and ster-
tion, as described later. When scintigraphic data from the tw,

sessions differed, we used T/NT obtained after obduction. FFI)? m(fjlamr_nattl)ry Sltej' In a_ srrgjall/groupl of frandoc;nly set;
comparison of the accumulation of the vari§&®Tc-labeled com ected animals, we determined T/NT also from data ob-

pounds, we calculated the meanSEM of T/NT at 30, 60, and tained with entirely dissected thigh muscles. The
120 min after injection of the tracers into the mice with infected dggomparison of these data revealed similar T/NT after cal-
inflamed thigh muscles. The animals were kdllé h after tracer culations from scintigraphic data (results not shown).
injection by an intraperitoneal injection of 0.5 mL (mice) or 5 mL To investigate whether the accumulation of the tracers
(rabbits) sodium barbiturate (60 mg/mL saline, Nembutal; Sanafepends on the binding to infiltrating leukocytes, we deter-
BV, Division Algin, Maassluis, The Netherlands). Next, the entirgnined T/NT for the variou§®"Tc-labeled UBI peptides in
infected and noninft_acted_ t_high muscles were removed, Weigh?@ukocytopenic mice with an MRSA oK. pneumoniae
and counted for radioactivity, and T/NT was calculated. infection. These data were compared with the respective
Statistical Analysis values of accumulation in immunocompetent mice. The
Differences in the data were evaluated with the Studaest. esults revealed no significant differences in intensity and
Results for the probability value using the 2-tailed test are réate of accumulation of thé&Tc-labeled peptides in the

ported, and all results are given as mearSEM. infected tissues of leukocytopenic and immunocompetent
mice. This finding indicated that the accumulation of radio-
RESULTS labeled UBI peptides is not dependent on the interaction of

Detection of Bacterial Infections in Mice these tracers with infiltrating leukocytes.

The sites of bacterial infections could be visualizeDetection of Infection with C. albicans in Mice

within 1 h after injection of the®®Tc-labeled peptides. Immunocompetent mice were used to study the accumu-
Typical scintigrams for UBI 29-41 and hLF 1-11 inlation of " Tc-labeled peptides, ciprofloxacin, and IgG in
S. aureusinfected mice are depicted in Figure 1. Thexperimental thigh muscle infections wi@ albicans On
accumulation of%*"Tc-labeled UBI 29-41 in the thigh the scintigrams, theC. albicansinfections in the thigh
muscle of mice infected with various microorganisms imuscles of mice could be seen withl h after injection of
shown in Figure 2. Within the period of analysis, signifi®*Tc-labeled compounds. For example, the time-dependent
cantly higher T/NT was observed f&P"Tc-labeled UBI accumulation of various tracers in the thigh muscles of mice
peptides as well as for hLF 1-11, hLF 21-31, and thafected with viableC. albicansis shown in Figure 3. At 30
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]D MRSA HK. pneumoniae M C. albicans ZLPS E heat-killed bacteria,

5,

H
1

Target-to-non-target ratio

60

time (min) postinjection

1

120

TABLE 2
Mean T/NT of Infected/Inflamed Thigh Muscles After Injection of 9mTc-Labeled Compounds

FIGURE 2. Accumulation of %mTc-la-
beled antimicrobial peptide UBI 29-41 in
thigh muscles of mice infected with MRSA
(white bars), K. pneumoniae (square-
hatched bars), or fluconazole-resistant
C. albicans (black bars). Furthermore, mice
were injected intramuscularly with LPS (di-
agonally hatched bars) or heat-killed bac-
teria (horizontally hatched bars) 18 h before
administration of tracer. Each symbol at
each time point represents mean = SEM
T/NT of at least 12 animals obtained from
three independent experimental settings.

Sterile inflammation

99mTc-labeled S. aureus and Heat-killed
compound MRSA K. pneumoniae C. albicans LPS microorganisms
UBI 29-41 3.3+ 0.2 (21) 2.3 +0.1@21)" 2.8+ 0.2 (14) 1.4 = 0.1 (12) 1.4 +0.1(12)
UBI 18-35 2.4 = 0.1 (33) 2.7 = 0.2 (16)* 2.7 = 0.3 (8" 1.0 + 0.1 (22) 1.2 +0.1(18)
UBI 31-38 3.7 = 0.4 (6) 2.0 £ 0.1 (8)" ND 1.1 = 0.1 (6) ND
hLF 1-11 2.5+ 0.2 (127 ND 3.4 + 0.3 (8" 1.1 £0.1(12) 1.4 = 0.1 (6)
hLF 4-11 1.7 = 0.2 (6) ND ND 1.6 = 0.2 (6) ND
hLF 21-31 4.1 = 0.7 (6) ND 2.4 + 0.4 (6) 1.4 = 0.1 (6) ND
HNP-1-3 2.4 + 0.2 (32 1.9 = 0.1 (22)* 3.2+ 0.5 (6) 1.0 = 0.1 (6) ND
Ciprofloxacin 1.8 + 0.1 (6) 1.7 = 0.1 (6) 2.6 = 0.2 (15)* 2.0 =0.1(8) 1.7 £ 0.2 (6)
1gG 2.5 +0.2(31) 2.0 £ 0.3 (22) 4.2 + 0.3 (6)* 2.1 +0.2(8) 2.0 0.1 (14)

*T/NT is significantly higher (P < 0.05) than T/NT in mice injected with LPS or heat-killed microorganisms.

ND = not done.

Values are mean = SEM T/NT observed at 30, 60, and 120 min after injection of tracer. The number of animals is given in parentheses.

duBI 29-41 HUBI 18-35 EHLF 1-11

H Ciprofloxacin & Ig@

Target-to-non-target ratio

30

60
time (min) postinjection

120

FIGURE 3. Accumulation of %mTc-la-
beled UBI 29-41 (white bars), UBI 18-35
(square-hatched bars), hLF 1-11 (horizon-
tally hatched bars), ciprofloxacin (black
bars), and IgG (checkered bars) in thigh
muscles of mice infected 18 h earlier with
fluconazole-resistant C. albicans. Each
symbol at each time point represents
mean = SEM T/NT of at least six animals
obtained from three independent experi-
mental settings.
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min after injection, all tracers visualized the infected thig
muscles, and the mean T/NT over the interval from 30
120 min after injection was high for all tracers teste
(Table 2).

Sterile Inflammations in Mice

The accumulation of radiolabeled tracers was also studi
in animals with sterile inflammatory processes to selg
compounds that discriminate between infection and ster
inflammation. The results for typical scintigrams of variou
radiolabeled tracers in mice with thigh muscles injectg
with heat-killed S. aureusare shown in Figure 4. Good
accumulation in mice with sterile inflammatory processe
(induced by injections with LPS or heat-killed microorgan
isms) was observed f8P™Tc-labeled ciprofloxacin and IgG

(Fig. 4).

Bacterial Infections in Rabbits

Because of the favorable results in mice, we assessed
accumulation of the®™Tc-labeled peptides UBI 29-41,
UBI 18-35, and UBI 22-35 in rabbits with bacterial infec
tions of the thigh muscle or front leg muscle. Figure 5A i
a scintigram of a rabbit with &. pneumoniaénfection in
the thigh mus@ 1 h after injection of*"Tc-labeled UBI
29-41. Figure 5B is the same scintigram with lower coi
trast to depict the biodistribution of this peptid h after
injection. The highest T/NT in rabbits was observed 4
after injection of%"Tc-labeled peptides; for example, for
UBI 29-41 (Fig. 6), the highest T/NT was approximately
Two rabbits with aK. pneumoniaénfection in the front leg
were injected witl#*"Tc-IgG, and the infected area becam

LIVER
KIDNEY _,_._-9 KIDNEY
e
' URINARY BLADDER
e
/?
INFECTION
LIVER
KIDNEY —2 KIDNEY
&

]

URINARY BLADDER
@ ommn |

FIGURE 4. Typical scintigrams of %mTc-labeled UBI 29-41
(A), hLF 1-11 (B), ciprofloxacin (C), and human polyclonal IgG
(D) 1 h after injection into mice having thigh muscles injected
with heat-killed S. aureus.

FIGURE 5. (A) Typical scintigram of *mTc-labeled UBI 29-41
1 h after injection into rabbits with thigh muscles infected with
S. aureus. (B) Biodistribution of ®mTc-labeled UBI 29-41 1 h
after injection with lower contrast.

visible 2 h after injection. The highest values of T/NT (4-5)
of #"Tc-IgG in infected tissues were obsetdvd h after
injection (data not shown).

Sterile Inflammations in Rabbits

As observed in mice, th®™Tc-labeled UBI peptides did
not visualize inflamed thigh muscles or front leg muscles in
rabbits (Fig. 6).

DISCUSSION

This investigation focused on the possibilities and limi-
tations of various®™Tc-labeled antimicrobial compounds,
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LEI MRSA K. pneumoniae Z Heat killed MRSA E Heat killed K. pneumoniae MLPS
6 -

L]
|

F-Y
L

FIGURE 6. Accumulation of °mTc-la-
beled UBI 29-41 in thigh muscles of rab-
bits injected with MRSA (white bars),
] K. pneumoniae (square-hatched bars),
] heat-kiled MRSA (diagonally hatched
i é bars), heat-killed K. pneumoniae (horizon-

tally hatched bars), or 50 mg LPS (black
bars). Each symbol at each time point rep-
resents mean = SEM T/NT of at least three
animals obtained from independent exper-
imental settings.

Target-to-non-target ratio
w

time (min) postinjection

including antimicrobial peptides and ciprofloxacin, to deteciprofloxacin to bacterial and mammalian DNA, DNA-gy-
bacterial orC. albicansinfections but not sterile inflamma- rases, and the eukaryotic counterpart topoisomerase Il. In
tory processes (induced by LPS or heat-killed microorgangreement, we observed good binding®%fT c-labeled cip
isms) in mice and rabbits. Sonf@™Tc-labeled synthetic rofloxacin to DNA purified from bacteriaS( aureusand
peptides derived from human UBI and hLF, as well ak. pneumoniagor human leukocytes, as well as to intact
natural defensins, can be used to detect infections withicroorganisms and (activated) human leukocytes and en-
bacteria andC. albicans discriminating these from sterile dothelial cells {0). Another disadvantage of using a low
inflammation. This conclusion is based on the evidenam®se of ciprofloxacin in clinical studies could be the emer-
discussed in this section. gence of resistant bacteriag-19). Also, ciprofloxacin af-
99mTc-labeled UBI and hLF peptides and defensingects the immune system, for example, the upregulation of
which all have shown preferential binding to microorganinterleukin-2 gene expression in human cefl§)(
isms in vitro 6), rapidly detected infections in mice and All currently available tracers for the detection of infec-
rabbits with significantly higher scintigraphic intensify€ tions are based on nonspecific entrapment by binding to
0.01) than that for sterile inflammatory sites. Earlier, wkeukocytes present at the site of infection or inflammation. It
reported chemotactic and bactericidal activities of low doses unlikely that the binding of°"Tc-labeled UBI peptides
of defensins injected into mice, and these activities maked defensins to leukocytes contributes significantly to the
defensins less favorable for the detection of infections, faccumulation of these peptides in infected tissues, because
example, in humansl(). In addition, with®"Tc-labeled theseé®"Tc-labeled compounds did not accumulate in sterile
hLF peptides, significantly higher accumulatidh< 0.01) inflamed tissues in mice and rabbits. Furtherm&?P&Tc-
was observed in both bacterial and fungal infections than lmbeled UBI peptides and defensins bound preferentially to
sterile inflamed tissues. However, their accumulation imacteria over (activated) human leukocyt8sif vitro and
liver and deposits in intestine§)(make®c-labeled hLF in vivo. In addition, the accumulation 8#"Tc-labeled UBI
peptides less favorable for imaging infections. On the bagieptides in infected thigh muscles of leukocytopenic ani-
of these considerations, we preféfTc-labeled UBI pep mals is not different from that in bacterial infected thigh
tides, because they can be prepared synthetically under gomgascles in immunocompetent mice. Because the inoculum
manufacturing conditions in large amounts, and no advenssed to infect leukocytopenic mice contained a much lower
effects have been found under the conditions of our experamber of pathogens than that used in immunocompetent
iments. mice, we were able to achieve a comparable number of
Another conclusion is that*"Tc-labeled ciprofloxacin microorganisms in immunocompetent mice. These studies
accumulates with the same intensity (except T/NT iwere performed to exclude the possibility that host cells,
C. albicansinfections was significantly higher) in bothincluding infiltrating leukocytes, contribute significantly to
infected and sterile inflamed tissues, as was seer®Willt- the accumulation of®"Tc-labeled UBI peptides at the site
labeled 1gG. This finding is in agreement with the recentlgf infection. Recently, a good correlation was also observed
reported observation that radiolabeled ciprofloxacin accfor two ®°"Tc-labeled UBI peptides between the number of
mulates in inflamed tissues in rabbi®9). Moreover, we microorganisms and the accumulation of the peptides (un-
have reportedl(0), as have otherd @,15), on the binding of published results).

9%Tc-PepTipE ANTIBIOTICS AND INFECTIONS  Welling et al. 793



CONCLUSION

Taken together,®™Tc-labeled antimicrobial peptides, 7.

such as UBI 29-41, UBI 18-35, and UBI 31-38, allow

rapid and intense visualization of foci of bacterial@ral-
bicansinfections in mice and rabbits. These peptides show

significantly lower accumulationP(< 0.01) in sterile in-

flammatory processes. On the basis of data from in vitrd
binding studies §), we conclude that these peptides bind
preferentially to microorganisms compared with host (in-

flammatory) cells at the site of infection. Furthermore, it i%>
likely that ®*"Tc-labeled ciprofloxacin does not distinguish ;

significantly between infections and inflammatory lesions.
Of course, an extensive study of the possible toxicologic

effects of synthetic UBI peptides in laboratory animals mué
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