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Abstract

Septic arthritis is considered one of the most severe disorders that affect horses’ joints. Therapy
is intended to eliminate the microorganisms that cause this infection. The intravenous
administration of antibiotics is an easily performed technique, but there is no guarantee that the
antibiotics will reach the joint milieu at high concentrations and remain elevated for a certain
period of time. This study aimed to determine and compare the levels of gentamicin in the plasma
and synovial fluid of healthy horses after intravenous administration for seven days. Five horses
received 6.6 mg/kg intravenous gentamicin every 24 h for seven consecutive days. Blood and
synovial fluid samples were collected from the right metacarpal-phalangeal joint before the start
of the treatment (T0) and after 6 h (T6), 12 h (T12), and every 24 h during antibiotic therapy for
seven days (D1 to D7). The levels of gentamicin in serum and synovial fluid were quantified by
Enzyme-Linked Immunosorbent Assay (ELISA). The intravenous administration of 6.6 mg/kg of
gentamicin, in horses, after a period of 24 h, promotes synovial fluid concentrations below the
MIC of the drug, in spite of reaching high plasma concentrations of gentamicin, daily mean serum
concentration which was 29-fold higher than the minimum inhibitory concentration (MIC) of the
drug. The intravenous administration every 24 h during seven consecutive days did not cause
systemic side effects, such as hepatic or renal injury.
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Thejoints and their adjacent tissues, like cartilage and synovial membrane, are predisposed
sites for bacterial infection, due to reduced vascularization and reduced oxygen, leading to
septic arthritis (Meijer et al. 2000; Taylor et al. 2010). In horses, appropriate treatment
should be initiated as soon as possible, to avoid the degeneration of the articulation and
synovial structures (Nix et al. 1991; Morton 2005). Traditionally, systemic antibiotic
therapy, joint lavage, and intra-articular administration of antibiotics are used for the
treatment of septic arthritis, given that appropriate concentrations of antibiotics in the
infected joint are important, so that the infection can be eliminated (Doria et al. 2010;
Motta et al. 2017).

The aminoglycosides amikacin and gentamicin are effective antibiotics against
Gram negative bacteria, used to treat severe conditions (Firth 1983; Nix et al. 1991;
Durham 2018). In horses, the administration of gentamicin is recommended at a dose
of 6.6 mg/kg intravenously with a volume of distribution of 0.18-0.3 1/kg; clearance
of 1.1-2.2 ml/min/kg; and half-life of 1.5-4 h, as pharmacokinetic characteristics
(Spinosa 2006). Gentamicin is effective against more than 80% of bacteria isolated
from musculoskeletal diseases of horses, and is active in the synovial fluid (Snyder
et al. 1987). The minimum inhibitory concentration (MIC) of gentamicin in horses is
2 pg/ml (Moore et al. 1987; Lloyd et al.1988; Skopnik et al. 1992).

The therapeutic success of aminoglycoside antibiotics is associated with the maximum
concentration of the drug (C_ ) that is 810 fold higher than the MIC (Moore et al. 1987;
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Lloyd et al. 1988; Skopnik et al. 1992; Morton 2005). The concentration or dose-
dependent bactericidal activity of gentamicin is related to its peak serum levels (i.e., the
higher the concentration of the drug, the faster and higher the bactericidal effect), with
important residual bacteriostatic activity, which reflects the maintenance of bacterial
growth suppression even when serum concentrations of the drug are lower than the MIC
(Spinosa 2006). Recent studies have reported high bacterial resistance in the synovial fluid
of horses with septic arthritis, involving the drugs penicillin, enrofloxacin, and amikacin.
Bacterial resistance to an antibiotic drug is mainly due to repeated exposure to below adequate
antimicrobial concentrations (Motta et al. 2017; Durha 2018). Thus, it is hypothesized that
the intravenous administration of an antibiotic for the treatment of joint infections can be
responsible for bacterial resistance to the drug and persistence of the disease.

Although the intravenous administration of antibiotic drugs is a relatively easy
technique to perform, there is no guarantee that antibiotics will reach the joint environment
at sufficiently high concentrations and remain elevated for a certain period of time.
Numerous factors alter the intra-articular concentration of an intravenous drug, including
the low protein content of the synovial fluid, which does not favour passive diffusion; the
concentration of a drug in the synovial fluid is dependent on active transport (Nix et al.
1991). In addition, factors such as local pH, blood flow, and presence of inflammatory and/
or infectious processes may interfere with the transport of antibiotics to the synovial fluid
when administered systemically (Meijer et al. 2000; Morton 2005; Schnabel 2012).
In order to verify whether intravenous administration of gentamicin should be performed to
treat arthritis in horses, the present study aimed to determine and compare the concentration
of gentamicin in plasma and synovial fluid of healthy horses during seven days of daily
intravenous administration and concomitantly evaluate the systemic adverse effects of
continued use of the drug.

Materials and Methods

Five adult horses were used, four males and one mare, of undefined breed, considered healthy after clinical
and laboratory examinations, with a mean body weight of 300 + 50 kg. During the pre-experimental phase,
animals were housed in paddocks, provided hay, mineral supplementation, and water ad libitum for adaptation
and conditioning to the routine of the experiment. Before the beginning of the experiment all animals were
subjected to haematological and biochemical (liver and kidney function) evaluation and cytological analysis of
the synovial fluid. Only horses with indices within the physiological normal range were included in the study.

Each horse received 6.6 mg/kg gentamicin (Virbac, Brazil), in the right jugular vein, in a standardized
schedule, every 24 h for seven consecutive days. The volume of gentamicin calculated for the weight of each
animal was diluted in 200 ml of Ringer’s lactate (Fresenius Kabi Brasil Ltda, Brazil) and administered with the
aid of a 14G catheter (Nipro Medical Ltda, Brazil).

Samples of blood and synovial fluid from the left metacarpophalangeal joint were collected before the start
of the experiment (T0) and 6 (T6), 12 (T12), 24 (D1), 48 (D2), 72 (D3), 96 (D3), 120 (D4), 144 (D5), 168 (D6)
and 192 (D7) h after the first gentamicin intravenous administration. The samples were collected just before the
daily antibiotic administration. Blood was collected in dry tubes following puncture of the left jugular vein (Labor
Import, Brazil) to obtain serum samples. Synovial fluid was obtained after clipping the metacarpophalangeal
region of the left thoracic limb of each animal and antiseptic treatment with a chlorhexidine antiseptic solution,
followed by alcohol. With a sterile glove (Descarpack, Brazil), a 30 x 08 disposable needle (Labor Import, Brazil)
was introduced into the palmar recess of the metacarpal-phalangeal joint, between the third metacarpal bone and
the dorsal border of the lateral branch of the suspensory ligament. After access to the joint, a 5 ml disposable
syringe with a slip tip (Descarpack, Brazil) was attached to the needle cannula (Labor Import, Brazil), and 1 ml
synovial fluid was aspirated. After harvesting the synovial fluid, a dressing and a compression bandage were
placed on the region to avoid joint infection.

Samples of blood serum and synovial fluid were stored in sterile Eppendorf tubes (Eppendorf AG, Brazil),
at- 80 °C (-112 °F), for the assessment of the concentration of gentamicin, through enzyme-linked immunosorbent
assay (ELISA; kit “Gentamicin ELISA”).

An aliquot of each serum sample was sent to the Clinical Analysis Laboratory for serum biochemistry
to evaluate the liver function (aspartate amino transferase, alkaline phosphatase, gamma glutamyl transferase, total
protein, albumin, and globulin) and renal function (urea and creatinine), carried out by commercial kits (Labtest®,
Brazil), in automated equipment BS120 (Mindray®, China).
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The data obtained in the experimental phase were analysed as repeated measurements over time on the PROC
MIXED of SAS 9.0 to determine if the effect of the treatment time, and the interaction between time and treatment,
were significant. The means were compared by Tukey test at a significance level of 5%.

Results

The mean serum gentamicin concentrations at some experimental time points were
significantly different. An elevation of serum concentration of gentamicin was observed
at T6 and T12, followed by a reduction, which remained stable from D1 to D4. From D5
to D7, serum concentrations were again elevated, and stabilized at a level similar to T12.
It should be emphasized that these mean serum concentrations were 29-fold higher than
the MIC of gentamicin for horses (Table 1). No serum biochemical abnormalities were
observed during the experimental period for either experimental group with regards to liver
or kidney function (Table 2).

Table 1. Mean and standard deviation of the level of gentamicin (pg/ml) in the serum and synovial fluid, over
time, in horses receiving intravenously administered gentamicin at 6.6 mg/kg, every 24 h for seven days.

Time (hours) Serum concentration (pg/ml) + SD Synovial fluid concentration (pug/ml) = SD
TO (basal) 0d 0d

T6 (6 h) 154.92 +£29.20° 1.33+£0.13*
T12 (12 h) 131.25 +£52.20® 1.20 +£0.13%
D1 (24 h) 58.63 £32.04¢ 0.84 +£0.15°
D2 (48 h) 62.14 +37.07¢ 0.81+0.14°
D3 (72 h) 66.13 = 38.39¢ 0.90 + 0.14%
D4 (96 h) 67.35 + 42.55¢ 0.92 + 0.200
D5 (120 h) 88.90 + 40.90% 0.94 +0.14%
D6 (144 h) 84.30 +21.25% 1.02 £ 0.14%¢
D7 (168 h) 89.11 +34.41% 0.99 £ 0.28"

Different superscripts mean a significant difference between times (P < 0.05). SD - standard deviation. Reliability
of the standard curve of the gentamicin ELISA in serum: 95%. Reliability of the standard curve of the “ELISA
Gentamicin” assay in synovial liquid: 92%.

The mean concentration of gentamicin in the synovial fluid was significantly different
from that in serum at all experimental time points (Table 1). The highest concentrations in
the synovial fluid were obtained in the first 6 and 12 h. Afterwards, there was a reduction
of intra-articular concentration of gentamicin at D1 and D2, which remained stable and
similar to T12, from D3 to D7. In contrast to the serum, mean concentrations in the
synovial fluid did not reach the MIC of gentamicin for horses at any of the experimental
time points (Table 1).

The correlation coefficient between the concentration of gentamicin in the serum
and the synovial fluid was 0.78 considered to be a good correlation for biological samples.
Therefore, when serum levels of gentamicin increased or decreased during the experimental
period after the applications of intravenous gentamicin, the levels of gentamicin in the
synovial fluid also increased or decreased, culminating in a proportional relationship
between the two.

Discussion

Treatment with intravenous gentamicin in horses is usually performed at a daily dose
of 6.6 mg/kg for four consecutive days (Spinosa 2006). In this study, the intravenous
administration of gentamicin at a dose recommended by the literature led to serum
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Table 2. Mean and standard deviation of the serum biochemical factors over time, in horses receiving intravenously administered gentamicin at 6.6 mg/kg, every 24 h for

seven days and normality reference values of these biochemical indices for equine species.

Time (hours)

Reference

D7 (168 h)
1784+ 0.24
32,08+ 6.07
269.6+ 46.16

D6 (144 h)
1.808 £0.24
30.38 £5.57

D5 (120 h)

1.75+0.26
29.78 £5.05
277.8 +44.05

D4 (96 h)
172+027
3026+3.17

D3 (72 h)

1.746 £0.27
31.9+3.97

3124+89.11

D2 (48 h)
1.778 £0.32
31.66+5.77
2742 + 48.46

DI (24 h)
1.772£0.30
33.06+ 6.63
2732+ 38.80

TO (basal)
1.78+0.35
33.02+7.23
283.6+37.19
152+3.11

Serum biochemical factors
Creatinine (mg/dl) + SD
Urea (mg/dl) £ SD

AST (U/l) £ SD

1.0-1.9

25.7-55.7

282.4+51.36 152-294

280 +45.69

9-25.0
102-257

14.6+2.19
200.8 + 68.03
7.178 £0.48
2.818+0.25

15.8+2.05
207.2 £ 65.09
7.274 +0.47

13.8+2.05
192.2+61.19

15+£2.92
199.4 £ 67.89
7.172£0.41
2.806 +0.30

15.6+3.05
190.2 + 58.55

7.002 +0.38

15.4+2.19

14.4+2.30
191.8 £52.79

7.062 £0.32

GGT (U/l) £ SD
AP (U/l) £ SD

189.2 +53.19
6.972+0.29
2.714+£0.30
4258 +£0.58

192.8 +54.49
7.234+£0.55

55-73

2.7-42
2.1-3.8

7.18 £0.41
2.772+£0.32

Total protein (g/dl) + SD

Albumin (g/dl) £ SD
Globulins (g/dl) £ SD

2.866+0.27

2.7+0.28
4302 +0.65

2.768 £0.36

2.856 +0.26
4378 +0.75

4.36+0.69

4408 +0.66  4.408+0.73

4.366 +0.70

4.294 +0.60

SD - Standard deviation; AST - aspartate amino transferase; GGT - gamma glutamyl transferase; AP - alkaline phosphatase. Reference: equine reference values of the

biochemical indices evaluated in this study with the respective units of measurement.

concentrations of the drug well above the MIC
within 6 h after drug administration. Serum
gentamicin  concentration was maintained
at a consistently high level above the MIC
with the continued daily administration of the
drug. Mean serum concentrations were from
77-fold (T6; 154.92 £ 29.20 pg/ml) to 29-fold
(D1; 58.63 + 32.04 pg/ml) higher than the MIC
of gentamicin for horses (2 pg/ml). Thus, this
study demonstrates that gentamicin can be
used in the equine species for the treatment of
systemic infections responsive to the drug, as its
continuous intravenous administration achieves
and maintains serum concentrations above the
MIC.

On the contrary, this study showed that the
concentration of gentamicin in the synovial fluid
of horses remained below the MIC of 2 ng/ml at
all experimental time points, even after repeated
daily administrations of gentamicin. Considering
that in horses, a maximum concentration of at
least 8- to 10-fold the MIC is desired to resolve
joint infections (Moore et al. 1987; Lloyd
et al. 1988; Skopnik et al. 1992; Morton
2005), treatment with intravenous gentamicin at
a daily dose of 6.6 mg/kg for seven consecutive
days is insufficient. Although the systemic
administration of gentamicin is reported to
result in concentrations above the MIC of the
drug in healthy joints (Morton 2005; Schnabel
2012), the results of this study suggest that
other routes of administration should be
used in the clinic, such as regional perfusion,
intravenous or intraosseous perfusion, or even
intra-articular administration of the drug
(Santschi et al. 1998; Butt et al. 2001;
Scheuch et al. 2002; Mattson et al. 2004;
Rubio-Martinez and Cruz 2006).

In this study, a peak serum concentration was
attained, both in the serum and the synovial
fluid, from 6 and 12 h after the initial intravenous
administration of the drug, although the synovial
concentration of gentamicin did not reach the
MIC of the drug. This peak can be explained by
the shorter time intervals in which the sampling
was done, since the peak plasma concentration of
gentamicin is a time-dependent variable of drug
administration (Durham 2018). During this
period, the serum concentration of gentamicin
is higher as metabolism and excretion is
only starting to occur. Since treatment with
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intravenous gentamicin in horses is recommended to be performed once every 24 h, it
is important to know the gentamicin concentration in the synovial fluid after this entire
period, before the next drug re-administration. Lower mean values of gentamicin were
determined 24 h after the intravenous administration of gentamicin, when metabolism and
excretion have occurred to a greater degree. The mean synovial fluid concentration remained
116-fold (T6; synovial: 1.33 £ 0.13 pg/ml x serum: 154.92 + 29.20 pg/ml) to 70-fold (D1;
synovial: 0.84 + 0.15 pg/ml x serum: 58.63 &+ 32.04 pg/ml) lower than in plasma, and did
not reach the MIC at any experimental time point, even with daily re-administrations of the
drug. It should be emphasized that in joint infections, local changes in the pH, blood flow,
and capillary obstruction by fibrin and debris can interfere with the transport of antibiotics,
thereby restricting the appropriate local distribution of a drug after systemic administration
(Schnabel 2012). In these situations, the synovial antibiotic concentration would be
further decreased, thus lending additional support to the assertion that the treatment of
joint infections with systemic antibiotics, such as gentamicin, is not feasible.

The serum biochemical evaluation of horses treated with intravenous administration of
gentamicin at a dose of 6.6 mg/kg for seven consecutive days did not lead to significant
changes in liver or kidney function, remaining within the normal physiological range for
equine species at all experimental time points, according to Thrall (2015), as shown
in Table 2. These data suggest that intravenous administration of gentamicin in healthy
equines for seven consecutive days is safe and does not lead to hepatic or renal injury,
although aminoglycosides are feared mainly for their nephrotoxic potential (Oliveira
et al. 2006; Lopez-Novoa etal. 2011).

In conclusion, the intravenous administration of 6.6 mg/kg of gentamicin in horses after
aperiod of 24 h, promotes synovial fluid concentrations below the MIC of the drug, in spite
of reaching high plasma concentrations of gentamicin. The intravenous administration
every 24 h for seven consecutive days did not cause systemic side effects such as hepatic
or renal injury.
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