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Researchers have used tissue chambers to evaluate 
movements of drugs into sites of inflammation.1,2 

Such studies3 include those in which the effect of in-
flammation on antimicrobial delivery is evaluated. 
Identification of the mechanism of antimicrobial con-
centration at the site of inflammation is complicated by 
the multifactorial nature of the inflammatory response. 
Multiple components of inflammation, particularly in 
acute phases of inflammation, may influence drug con-
centration at sites of inflammation.

Increased vascular permeability and blood flow 
generally increase drug movement into sites of inflam-
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administered. Samples were centrifuged to separate WBCs from plasma (blood) or cham-
ber fluid. Radiolabeled enrofloxacin was scintigraphically detected and pharmacokinetically 
analyzed. Comparisons were made between extra- and intracellular chamber fluids by use 
of a Student paired t test.
Results—14C-ENR was not detectable in plasma, peripheral WBCs, control chambers, or 
baseline samples from inflammation chambers. However, 14C-ENR was detected in extra-
cellular fluid from inflammation chambers (mean ± SD maximum concentration, 2.3 ± 0.5 
ng/mL) and WBCs (maximum concentration, 7.7 ± 1.9 ng/mL). Mean disappearance half-life 
of 14C-ENR from extracellular fluid and WBCs from inflammation chambers was 26 ± 10 
hours and 17 ± 6 hours, respectively.
Conclusions and Clinical Relevance—WBCs were responsible for the transport and re-
lease of 14C-ENR at sites of inflammation. Accumulation of drug by WBCs might increase 
the concentration of drug at the site of infection, thus facilitating therapeutic success. (Am 
J Vet Res 2009;70:16–22)

mation. For example, the concentration of fluoroqui-
nolone in cantharidin-induced human skin blisters is 
postulated to reflect increased blood flow and capil-
lary permeability associated with the acute phase of 
inflammation.1 Environmental pH, protein binding, 
and other factors facilitate influx or efflux of drug from 
the inflamed site.1 For fluoroquinolones, an additional 
potential factor is accumulation of drug within phago-
cytic WBCs. Such a phenomenon has been reported for 
various fluoroquinolones.4–9 Studies7,9 of human WBCs 
exposed to fluoroquinolones in vitro have revealed in-
tracellular accumulation of ofloxacin and ciprofloxa-
cin. Enrofloxacin, its active metabolite ciprofloxacin, 

and marbofloxacin, which are all approved in animals, 
accumulate in WBCs.4,5,8,10,11 In dogs, increased concen-
trations reportedly occur in alveolar macrophages (en-
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rofloxacin, 10-fold; marbofloxacin, 20-fold) and WBCs 
(enrofloxacin, 60-fold), compared with concentrations 
of the same drugs in plasma.4,5,8 Although accumulation 
of other antimicrobials by WBCs has been reported,11,12 
a potential advantage of fluoroquinolone accumulation 
in WBCs is its cytoplasmic location. As such, enhanced 
efficacy toward intracellular bacteria may result, as oc-
curs with phagocytic WBCs containing enrofloxacin in 
swine infected with Staphylococcus spp.2 Accumulation 
of fluoroquinolones within WBCs may also increase 
drug concentrations at sites of inflammation via passive 
diffusion, active transport, or death of WBCs.

It is difficult to isolate the impact of fluoroquino-
lone delivery by WBCs from other effects of inflamma-
tion that influence the delivery of drugs to inflamed tis-
sue sites. The purpose of the study reported here was 
to evaluate the effect of concentrations of 14C-ENR in 
phagocytic WBCs on concentrations of enrofloxacin at 
inflamed sites in dogs by use of a tissue chamber model. 
It was hypothesized that the concentration of enroflox-
acin at an inflamed site is associated with the concen-
tration of 14C-ENR in WBCs.

Materials and Methods

Animals—Six research Bloodhounds (3 males and 
3 females; age range, 2.0 to 2.5 years; body weight, 21.5 
to 33 kg) were included in the study. All dogs were clin-
ically normal on the basis of results of physical exami-
nation and clinical pathologic testing. Except for days 
on which the study took place, dogs were housed in 
separate runs. Dogs were fed a commercially available 
dry fooda once daily, had access to fresh water ad libi-
tum, and received no medication other than a monthly 
oral heartworm preventative.b The study protocol was 
reviewed and approved by the institutional laboratory 
animal care committee and the institutional office for 
radiologic safety, which regulates the use of radioactive 
materials.

Tissue chambers—Tissue chambers were modifi-
cations of those used in several species in other stud-
ies.1,2 Modifications included additional smaller perfo-
rations on the wall of the chamber, which were used to 
suture the chamber to the underlying tissue. Chambers 
were manufactured at Texas A&M University from a 
biocompatible rigid plastic,c which was purchased as a 
solid cylinder (diameter, 41 mm) and modified to an 
appropriate shape. The cylinder was cut to 12 mm in 
height and machined to produce a concave form with 
smooth edges. The top of the chamber was open, and 
the walls and most of the bottom were fenestrated, al-
lowing entry and exit of extracellular fluid and its con-
stituents (Figure 1). Approximately a quarter of the bot-
tom surface was unfenestrated, lessening the potential 
for puncture of underlying tissue during percutaneous 
sample collection. The top of the chamber was covered 
with 1 layer of a 0.5-mm biocompatible silicone sheetd 
secured with a 28-gauge monofilament stainless steel 
suture that fit in a groove near the top of the chamber.

Two autoclaved tissue chambers were implanted 
SC, with 1 chamber over each scapula of each dog. 
Both scapular regions were clipped, and the skin was 
prepared aseptically. Skin over the mid portion of the 

scapula was incised horizontally for 5 cm. Blunt dissec-
tion of the dorsal subcutaneous tissue formed a pocket 
for insertion of the chamber. Chambers were positioned 
in the pocket with the silicone sheeting located super-
ficially and the unfenestrated portion of the chamber 
bottom located dependently. Chambers were secured to 
underlying muscle by means of 2 anchoring sutures of 
an absorbable monofilament synthetic material.e Dogs 
were fitted with a stockinet to cover the surgical site 
overnight. Tissue chamber sites were allowed to heal 
for approximately 1 month prior to the experiment.

All dogs were evaluated within a 2-week period. 
Chambers on each dog (left or right) were randomly 
designated as either inflammation or control chambers. 
Within 24 hours before each phase of the experiment, 
a thorough physical examination, CBC, and serum bio-
chemical analysis were performed. On the day of the 
study, each dog was housed in a stainless steel cage 
with a grid to collect voided urine and feces. Ten hours 
prior to each experiment (–10 hours), 1 mL of chamber 
fluid was removed aseptically by puncturing the skin 
and silicone sheet with a 22-gauge needle.f The needle 
was directed toward the unfenestrated portion of the 
chamber to minimize trauma to underlying tissue. In-
flammation was induced in the designated chamber via 
infusion of 1 mL of a freshly prepared solution of 1% 
carrageenan.g Seven to 8 hours later, (–3 to –2 hours), 
1 mL of fluid was collected from each chamber. Whole 
blood (200 mL) was collected aseptically via jugular 
venipuncture from each dog by use of a commercial 
blood collection system comprised of a vacuum bottle 
containing dextrose and sodium citrate.h The volume 
of blood removed was replaced IV with an equivalent 
volume of isotonic saline (0.9% NaCl) solution via a 
cephalic catheter.i

Preparation of WBCs—Peripheral WBCs were in-
cubated with 14C-ENR, which was supplied as a stock 
solution in acetonitrile at a concentration of 2.25 mg/
mL (1.19 mCi; 53.2 mCi/mmol or 528 µCi/mL).j The 
radiolabeled drug consisted of a carbon-14 on position 
4; as such, the radiolabel was retained in the event of 
metabolism to ciprofloxacin. Therefore, for the purpos-
es of the study reported here, 14C-ENR refers to radio- 
labeled enrofloxacin plus any potential radiolabeled 
metabolite.

For incubation purposes, 14C-ENR was diluted in 
sterile medium.k The solution was freshly prepared on 
each day of the study by adding 25 µL of stock solution 
of enrofloxacin to 5 mL of sterile MEM,k for a final con-
centration of 11.25 µg/mL.

Each sample of whole blood was decanted into a 
sterile 50-mL borosilicate glass tubel and centrifuged 
at 1,150 X g for 15 minutes. The WBC layer (buffy 
coat) was aspirated with a sterile Pasteur pipette and 
transferred into a sterile 5-mL borosilicate glass tube.l 

Samples of WBCs were maintained at 5°C. Contami-
nant RBCs were lysed by adding 2 mL of sterile hypo-
tonic saline (0.2% NaCl; 64.8 mOsm) solution for 30 
seconds, and isotonicity was restored by adding 1 mL of 
sterile hypertonic saline (1.6% NaCl; 547.6 mOsm) so-
lution. The resulting fluid was centrifuged aseptically at 
700 X g for 10 minutes to yield a pellet of WBCs. Super-
natant was discarded, and the pellet was resuspended in 
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5 mL of sterile MEM, to which sufficient 14C-ENR was 
added to render a final 14C-ENR concentration of 11.25 
µg/mL. The 14C-ENR solution was freshly prepared on 
each study day and sterilized by filtration.m

White blood cells were incubated in the 14C-ENR 
solution at 37°C for 60 minutes in an environment of 
6% CO

2
 tension to allow uptake of 14C-ENR by WBCs. 

After incubation, the suspension was centrifuged at  
700 X g for 10 minutes at 5°C, and the 14C-ENR–rich 
supernatant was removed. An aliquot of supernatant 
was set aside for analysis to confirm the concentration 
of 14C-ENR. The remaining pellet of WBCs containing 
14C-ENR was washed briefly (inverted 3 times) with  
5 mL of sterile, cold isotonic saline solution to remove 
any residual 14C-ENR–rich supernatant and immedi-
ately centrifuged at 700 X g for 10 minutes. The su-
pernatant was removed, and an aliquot was saved to 
determine the concentration of 14C-ENR.

The resulting pellet of WBCs containing 14C-ENR 
was resuspended in 5 mL of sterile, cold isotonic sa-
line solution and, after removal of a 0.5-mL aliquot, 
was injected IV into the donor dog through a cephalic 
catheter. The saved aliquot was used to determine the 
concentration of 14C-ENR, evaluate WBC viability with 
a vital stain (0.4% Trypan blue), and quantify numbers 
of WBCs by use of a modified Wright stain, hemocy-
tometer, and optical microscopy. For quantitation of 
14C-ENR, the remaining sample of WBCs containing 
14C-ENR (460 µL) was centrifuged at 1,150 X g for 15 
minutes, and the supernatant (which may have con-
tained 14C-ENR that had leaked from the WBCs) and 
WBC pellet (which provided information regarding the 
dose of 14C-ENR given to each dog) were assayed, as 
described elsewhere.4

Evaluation of contents of tissue chambers—Fluid 
samples (1 mL) were collected from the inflammation 
and control chambers by means of a 22-gauge nee-
dlef prior to (baseline; 0 hours) and 2, 4, 6, 12, and 
24 hours after IV administration of WBCs containing 
14C-ENR. Simultaneously, a 22-mL sample of whole 
blood was collected from a jugular vein of each dog. 
To determine the concentration of 14C-ENR in plasma,  
2 mL of whole blood was added to heparin. To deter-
mine the concentration of 14C-ENR in circulating WBCs, 
20 mL of whole blood was added to 3.8% sodium ci-
trate solution. Samples of chamber fluid were pipetted 
in preweighed microcentrifuge tubes,n and each sample 
was weighed with an analytic balance to estimate the 
volume. One milliliter was considered to weigh 1 g. As 
with the suspension of WBCs containing 14C-ENR, an 
aliquot of each sample of chamber fluid was stained 
with 0.4% Trypan blue to quantify and assess cell vi-
ability, and a second aliquot was used for a differential 
count. The remainder of each sample was centrifuged 
at 1,150 X g for 15 minutes, and the supernatant, repre-
sentative of extracellular fluid, was harvested.

Sample preparation—Pellets of WBCs from blood 
samples were resuspended to a volume of 1 mL by weigh-
ing the sample and adding a balanced salt solutiono 

to achieve a final net weight of 1 g. The volume of the 
WBC pellet was determined by multiplying the num-
ber of WBCs in the sample (determined by cell count) 

by 135 µm3, which is the mean volume of circulating 
WBCs in dogs.13 Samples intended for analysis of WBCs 
containing 14C-ENR were processed as described else-
where.4 Blood samples used to determine plasma con-
centrations of enrofloxacin were centrifuged at 1,150 X g 
for 15 minutes and frozen until analysis.

Urine was collected for 48 hours (ie, 24 hours af-
ter collection of the last chamber sample) and treated 
as radioactive waste. Total volume of urine from each 
dog was recorded, and a 0.5-mL aliquot was saved for 
detection of 14C-ENR. All samples intended for quanti-
tation of 14C-ENR were frozen at –20°C within 2 hours 
after collection. Samples were analyzed within 1 week 
after sample collection by means of liquid scintillation 
counting.

Assay validation—On the day of sample analy-
sis, a calibration curve spanning the range of expected 
sample concentrations in serum was validated for each 
of the different fluids tested by adding known amounts 
of 14C-ENR to 14C-ENR–free aliquots of canine plasma, 
canine urine, cell lysate, chamber fluid, and MEM. The 
optimal ratio of sample and scintillation solutionp vol-
ume that would provide maximum signal enhancement 
(thus lowering the lower limit of quantitation) was de-

Figure 1—Photographs of the top (A) and side (B) of a tissue 
chamber used to evaluate the concentration of enrofloxacin in 
tissues at an experimentally induced inflamed site. The top of the 
chamber was covered with a 0.5-mm layer of silicone sheet that 
was secured in place with stainless steel suture.
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termined by preparing 2 standards in which concentra-
tions of 14C-ENR were within the range of those an-
ticipated in samples of chamber fluid (1.125 and 4.5 
ng/mL).

Calibration points for each fluid ranged from 0.002 
to 8,260 ng/mL. Control concentrations were chosen 
to span the breadth of the 14C-ENR concentrations de-
tected in WBCs. Lower and upper limits of quantifica-
tion for the 14C-ENR assay were 0.22 and 6,630 ng/mL, 
respectively, reflecting the lowest and highest concen-
trations of the control samples predicted accurately 
by the standard curve. For samples that had 14C-ENR 
concentrations that exceeded the upper limit of quanti-
fication, samples were reassayed after a 1:2 dilution in 
scintillation solution; appropriate control samples were 
similarly diluted. All control samples except those rep-
resenting the lowest concentration in each tissue pre-
dicted values within 15% of actual concentrations; all 
lowest concentrations in each tissue predicted values 
within 18%.

The equation that described the linear regression 
line (standard curve) was as follows:

Conc
ENR 

 =  CPM – 10.04
                   156.41

in which ConcENR is the predicted concentration of en-
roflaxacin in the sample, and CPM is the number of 
counts per minute as measured by scintillation count-
ing. The value of R2 for the regression line was equal to 
0.991.

Sample drug analysis—Cell pellet samples were 
defrosted in a hot water bath (56°C) and sonicated for 
15 minutes to lyse cells and release 14C-ENR. Sonica-
tion was repeated 3 times to ensure that no intact cells 
remained in the sample. Samples were allowed to re-
turn to room temperature (approx 24°C) to prevent 
condensation on the vials during scintillation count-
ing. A portion (500 µL) of each liquid sample (plasma, 
urine, cell lysate, and chamber fluid) was transferred 
to scintillation counting vials,q to which 4,500 µL of 
scintillation solutionp was added. Samples were capped 
and vortexed for 15 seconds to ensure proper mixing. 
For cell lysate samples, the entire sample was used for 
quantification of 14C-ENR, regardless of the size of the 
sample. Cell lysate was transferred to vials by washing 
the microcentrifuge tube containing lysate with 0.5 mL 
of the scintillation solution to the volume of 5 mL. All 
samples were protected from exposure to light to mini-
mize photoluminescence and prevent interference dur-
ing scintillation counting.

Data regarding 14C-ENR concentration versus time 
were subjected to computer pharmacokinetic analysis,r 
in which AUC0–∞ was determined by means of a linear-
log trapezoidal method. After completion of the study, 
chambers were excised, and surrounding tissue was 
histologically evaluated.

Statistical analysis—Descriptive statistics for 14C-
ENR in plasma and for extracellular fluid and WBCs 
from inflammation and control chambers are reported 
as mean ± SD for all variables except half-life, which is 
reported as harmonic mean ± pseudo-SD. Comparisons 

were made between chambers and between tissues for 
Cmax, Tmax, MRT, k

d
, and t

1/2d
 by use of a paired Student t 

test.s Values of P < 0.05 were deemed significant.

Results

Animals—All dogs were considered clinically nor-
mal. Values for CBCs and serum biochemical analyses 
were within reference ranges before the study began.

Tissue chambers—Twelve chambers were im-
planted in 6 dogs (2 chambers/dog). No adverse reac-
tion such as bleeding or scratching was observed in 
any dog within 2 weeks after implantation. However, 
infections associated with 4 chambers developed in 3 
dogs at 3 weeks after implantation. Those chambers 
were removed after unsuccessful attempts to salvage 
them. Because both chambers in 1 dog were associ-
ated with an infection, only 5 dogs were included in 
the study. In 2 of 5 dogs, only data from the inflam-
mation chamber were evaluated; however, baseline 
data that were collected from all dogs prior to ad-
ministration of WBCs containing 14C-ENR served as 
negative control values.

In infected tissues, chambers were surrounded by 
purulent exudate. Microbiologic culture of material 
from those chambers revealed a Klebsiella sp in 1 cham-
ber and Staphylococcus intermedius in another. Esche-
richia coli was isolated from both chambers of the dog 
removed from the study.

Characteristics of extracellular fluid and WBCs—
Evaluation of WBC suspensions administered to each 
dog revealed 100% cell survival. Numbers of cells ad-
ministered in the 4.5-mL aliquot ranged from 2.5 X 106 
cells/mL to 10.1 X 106 cells/mL, yielding a mean ± SD 
14C-ENR concentration of 47.08 ± 9.52 µg/mL and a 
mean dose of 212 ± 43 µg/dog. Neutrophils were the 
predominant cells in all chamber fluid samples.

Radiolabeled enrofloxacin was not detected at any 
time in plasma, extracellular fluid or WBCs collected 
from control chambers, or baseline samples from in-
flammation chambers. In contrast, 14C-ENR was de-
tected in extracellular fluid and WBCs from inflam-
mation chambers of all dogs at all times after WBCs 
containing 14C-ENR were administered (Figure 2). Ra-

Figure 2—Graph of mean ± SD concentrations of enrofloxacin in 
extracellular fluid (diamonds) and WBCs (squares) from inflam-
mation chambers after WBCs containing 14C-ENR were adminis-
tered IV to 5 healthy dogs. Notice that the scale for the y-axis is 
logarithmic.
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diolabeled enrofloxacin was detectable in extracellular 
fluid and WBCs obtained from inflammation chambers 
at 24 hours after administration of WBCs containing 
14C-ENR (Table 1). Differences in pharmacokinetic val-
ues between extracellular fluid and WBCs in inflamma-
tion chambers were limited to C

max
 and AUC

0-∞, both 
of which were significantly (P ≤ 0.01) higher in WBCs. 
Mean C

max
 of 14C-ENR in extracellular fluid from in-

flammation chambers was 2.29 ± 0.52 ng/mL at a T
max

 
of 10.2 ± 8.6 hours. For WBCs, C

max
 and T

max
 were 7.72 

± 1.9 ng/mL and 6.4 ± 3.2 hours, respectively. Har-
monic mean ± pseudo-SD t

1/2d 
of 14C-ENR was 26 ± 10 

hours in extracellular fluid and 17 ± 6 hours in WBCs 
(Table 2).

Radioactivity in urine decreased over time; 25.02 
± 13.14% of the administered 14C-ENR was excreted in 
the urine at 48 hours after injection. After the experi-
ment, histologic evaluation of tissue surrounding ex-
cised chambers revealed dense fibrous connective tis-
sue. At the time of chamber removal, evidence of acute 
inflammation was minimal.

Discussion

Bacterial infection is a common complication of 
tissue chamber implantation, reportedly occurring with 
33% to 50% of implanted chambers.1 In the study re-
ported here, a third of the surgically implanted cham-
bers (4/12) were associated with infection, necessitat-
ing their removal. Infection was detected 3 weeks after 
surgery.

Results of the present study suggested that the 
concentration of enrofloxacin in inflamed tissues was 
influenced by delivery of enrofloxacin by WBCs. Lack 
of detectable concentrations of enrofloxacin in serum 
during the study period indicates that the enrofloxacin 
detected within chambers originated from WBCs rather 
than diffusion from plasma.

Disappearance half-life of enrofloxacin in plasma 
of dogs evaluated in another study14 ranged from 4.6 
to 5.2 hours, which is shorter than that measured in 
extracellular fluid obtained from tissue chambers in the 
present study (26 ± 10 hours). The likely reason for a 
greater half-life of enrofloxacin in chamber fluid is a po-
tential delay in release of enrofloxacin by the WBCs. In-
deed, time versus concentration curves of enrofloxacin 
in extracellular fluid were mirrored by those in WBCs. 
Appearance of enrofloxacin in chamber fluid is related 
to the rate of migration of WBCs to the site. Once at 
the site of inflammation, WBCs may not immediately 
release enrofloxacin, contributing to the enrofloxacin 
concentration in WBCs at the site but not to enrofloxa-
cin concentration in extracellular fluid.

When comparing disappearance half-lives
 
from 

different studies, analytic methodology needs to be 
considered. In the present study, enrofloxacin was not 
differentiated from its metabolite ciprofloxacin, which 
has a longer half-life in dogs.4 If WBCs metabolized en-
rofloxacin to ciprofloxacin, a longer half-life may have 
resulted. More likely causes of differences in t

1/2d
 of en-

rofloxacin in plasma and chamber fluid are factors that 
contribute to increased concentrations of enrofloxacin 
at sites of inflammation, including ionization and trap-
ping of enrofloxacin, binding of enrofloxacin to cellular 
debris (eg, protein), and physical barriers impacting ef-
flux of enrofloxacin. Fibrous tissue deposition around 
the chamber is 1 likely contributor to the longer t

1/2d 
of 

enrofloxacin in chamber fluid.
The t1/2d of enrofloxacin was also longer in WBCs 

collected from the inflamed site (17 ± 6 hours) than 
that previously reported for circulating WBCs (4.92 ± 
1.17 hours).4 This difference may be explained, in part, 
by continued migration of WBCs to the site of inflam-
mation. Continued release of enrofloxacin by WBCs 
reaching the site of inflammation might mimic a phar-
macokinetic “flip-flop” phenomenon, in which the rate 
of drug disappearance is dictated by its rate of appear-
ance. Our study design did not allow confirmation of 
such a phenomenon, which would have required injec-
tion of WBCs containing 14C-ENR directly into tissue 
chambers.

The mechanism of efflux of fluoroquinolones from 
phagocytic WBCs is not clear, but bacteria are capable 
of active efflux of fluoroquinolones as a mechanism of 
antimicrobial resistance.15 A similar mechanism may 
exist in phagocytic WBCs. Another study12 revealed 
that antimicrobial efflux in a macrophage cell line can 
be decreased via inhibition of an anionic transport sys-
tem with probenecid. An active mechanism for the ef-
flux of enrofloxacin from phagocytic cells is possible, 
although release of enrofloxacin upon death of WBCs 
is also possible.

In the study reported here, the disposition of enro-
floxacin in WBCs from tissue chambers paralleled that 

	 Extracellular
	 fluid	 WBCs

Time (h)	 Mean	 SD	 Mean	 SD

–10	 ND	 ND	 ND	 ND
   0	 ND	 ND	 ND	 ND
   2	 0.94	 0.41	 3.7	 1.6
   4	 1.56	 0.39	 6.0	 1.5
   6	 2.05	 0.40	 6.3	 3.4
  12	 1.59	 0.61	 6.2	 2.4
  24	 0.87	 0.25	 3.4	 1.0

ND = Not detectable.

Table 1—Concentrations (ng/mL) of 14C-ENR in extracellular fluid 
and WBCs from inflammation chambers at various points before 
(–10 hours and 0 hours) and after IV administration of WBCs con-
taining 14C-ENR in 5 healthy dogs.

	 Extracellular
	 fluid	 WBCs

Parameter	 Mean	 SD	 Mean	 SD

Cmax (ng/mL)	 2.29*	 0.52	 7.72	 1.94
Tmax (h)	 10.2	 8.6	 6.4	 3.2
AUC0–∞ (ng/mL/h)	 98.4*	 8.5	 203.4	 72.0
Kd (h

−1)	 0.018	 0.016	 0.043	 0.014
t½d (h)	 26	 10	 17	 6
MRT (h)	 42	 15	 27	 12

*Mean values are significantly (P  0.01) different between extra-	
cellular fluid and WBCs.

Table 2—Pharmacokinetic values for 14C-ENR in extracellular fluid 
and WBCs from inflammation chambers after IV administration of 
WBCs containing 14C-ENR in 5 healthy dogs.
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in extracellular fluid. Most circulating WBCs would not 
be expected to contain enrofloxacin because ≤ 10% of 
the dogs’ blood volume was collected and exposed to 
14C-ENR. The lack of detectable concentrations of enro-
floxacin in samples of WBCs collected from peripheral 
blood is similarly explained. White blood cells contain-
ing 14C-ENR were not differentiated from WBCs that 
did not contain enrofloxacin; therefore, the propor-
tion of WBCs containing 14C-ENR in the chamber was  
unknown.

With progression of inflammation from acute to 
chronic, changes in populations of WBCs occur. Neu-
trophils, which are the first cells to arrive at an inflamed 
site, would be expected to be replaced with monocytes, 
which are more reflective of chronic inflammation. A 
study3 in which WBCs labeled with 3H-thymidine and 
14C were used revealed that neutrophils increase in num-
ber until about 15 hours after an inflammatory insult, 
then decline, and are surpassed by mononuclear cells 
between 25 and 30 hours after that insult. In the pres-
ent study, WBCs containing 14C-ENR were injected 10 
hours after onset of inflammation. Neutrophils should 
have predominated until approximately 15 hours after 
WBCs were injected. Changes in WBC populations pos-
sibly occurred but were undetected because of the short 
duration of this study (ie, final samples were collected 
at 24 hours [34 hours after inflammatory stimulus]).

The amount of enrofloxacin excreted in the urine 
within 48 hours was approximately 25% of that ad-
ministered. According to the t1/2d of enrofloxacin in the 
WBCs in this study (17 hours), approximately 80% of 
enrofloxacin should have been eliminated from WBCs 
(and thus plasma) at 48 hours. The difference may re-
flect other routes of elimination (eg, biliary). Lack of 
detectable enrofloxacin in the control chambers with 
noninflamed tissue supports the conclusion that trans-
port and release of enrofloxacin at sites of inflammation 
were attributable to WBCs.

To evaluate whether enrofloxacin in WBCs can re-
sult in detection of enrofloxacin in inflamed versus non-
inflamed tissues, we eliminated other factors that could 
have accounted for the movement of enrofloxacin to those 
tissues. Such factors included those related to an increase 
in blood flow or capillary permeability, trapping of ions 
in an environment with an altered pH, and physical bar-
riers to entry or exit of enrofloxacin at the inflamed site. 
Administration of enrofloxacin only via WBCs precluded 
any other source of enrofloxacin from having contributed 
to the drug concentration measured at the site of inflam-
mation. Lack of a detectable plasma concentration of en-
rofloxacin ruled out contribution by plasma. Duration of 
enrofloxacin within the tissue chambers could have been 
influenced by factors other than WBC accumulation, in-
cluding fibrous tissue deposition.

The concentration of enrofloxacin achieved in 
WBCs or extracellular fluid within tissue chambers 
in the present study should not be considered thera-
peutic; concentrations were 1,000-fold lower than 
concentrations measured during routine microbial 
culture and susceptibility testing. However, the in-
tent of our study was not to evaluate potential ef-
ficacy of enrofloxacin when distributed to inflamed 
tissues via WBCs. Rather, the intent was to evalu-

ate whether efficacy of enrofloxacin administration 
might be enhanced or facilitated by distribution via 
phagocytic WBCs to sites of inflammation. Accord-
ingly, the results of the present study suggested that 
clinical efficacy of enrofloxacin or other fluoroquino-
lones may reflect, in part, accumulation of the drug 
in WBCs and its subsequent transport in WBCs to 
the site of inflammation associated with infection. 
Additional studies designed to evaluate the impact of 
fluoroquinolone movement via WBCs on microbial 
response at the site of infection are warranted.

a. 	 Science Diet Canine Maintenance, Hills Pet Nutrition Inc, To-
peka, Kan.

b.	 Heartgard Plus, Merial, Duluth, Ga.
c.	 Delrin thermoplastic, DuPont, Wilmington, Del.
d.	 Silastic, Dow Corning Corp, Alsip, Ill.
e.	 Moncryl, Ethicon Inc, Piscataway, NJ.
f.	 PosiGrip Huber needle, Access Technologies, Skokie, Ill.
g.	 Carrageenan, Sigma-Aldrich Inc, St Louis, Mo.
h.	 Metrix Co, Dubuque, Iowa.
i.	 Abbocath, Abbott Laboratories, North Chicago, Ill.
j.	 Bayer Corp, Shawnee Mission, Kan.
k.	 Eagle minimum essential medium, Sigma-Aldrich Corp, St Lou-

is, Mo.
l.	 VWR International, Suwanee, Ga.
m.	 Syringe filter (0.2 µm), Whatman Inc, Florham Park, NJ.
n.	 Fisherbrand microcentrifuge tubes, Fisher Scientific, Fair Lawn, 

NJ.
o.	 Hank’s balanced salt solution, Invitrogen Corp, Carlsbad, Calif.
p.	 Ultima Gold, PerkinElmer Inc, Waltham, Mass.
q.	 Tri-Carb pony vials, PerkinElmer Inc, Waltham, Mass.
r.	 Winnonlin, Pharsight Corp, Mountain View, Calif.
s.	 Microsoft Excel, Microsoft Corp, Redmond, Wash.
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