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Abstract

and the mechanisms of cell death.

used at concentrations of 70 mg/ml or less.

Background: Only few studies have investigated the effect of topical application of tranexamic acid (TXA) on
“minimally”invasive joint surgical procedures in which articular cartilage is preserved; for this reason, actually many
surgeons avoid the use of topical TXA even if the disadvantage related to a blood loss can occur. The aim of this study
was to evaluate the cytotoxicity, on human chondrocytes, of TXA at different concentrations and times of exposure

Methods: Experiments were carried out on isolated human chondrocytes harvested from eight patients who
underwent total knee replacement. Cell viability was determined using XTT assay and was assessed at 0, 24 and 48 h
intervals after a 10-min-long treatment, followed by thorough washes, or at 24 and 48 h of treatment at TXA con-
centrations of 20, 50, 70 and 100 mg/ml. Cell cycle alterations and occurrence of cell death for apoptosis or necrosis
were assessed by cytofluorimetry. Data were analyzed using Proc Mixed Procedure; LSMEANS was used to compare
multiple group means with Tukey's honestly significant difference test.

Results: A significant correlation between the controlled for factors (type of treatment, time and concentration) was
found in the performed experiment. No significant effect on cell viability was observed when the TXA exposure was
limited to 10 min, while for increased exposure, 24 and 48 h, a remarkable reduction was found; cell death occurred
by apoptosis and was already appreciable after 24 h, reaching a statistical significance after the 48-h-long treatment.

Conclusion: A prolonged exposure to TXA may cause cartilage damage, thus its topical application can be expanded
also to clinical scenarios that include retention of native cartilage chondrocytes, only if it is limited to few minutes and
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Background

The topical administration of tranexamic acid (TXA) has
emerged as an effective way to decrease blood loss and
the subsequent need for transfusion following total joint
arthroplasties, such as total hip replacement (THR) and
total knee replacement (TKR) [1, 2]. Although the intra-
venous administration of TXA has been accepted as a
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safe method, concerns exist regarding its possible sys-
temic effects and, particularly, thromboembolic events
[3, 4]; for this and other reasons (such as increased con-
centration at the operative site and a better surgeon con-
trol), orthopedic surgeons have increased their interest in
the topical use of TXA [5].

Unlike THR and TKR, for which the in situ applica-
tion of TXA is widely documented and accepted, to
date, only few studies have investigated the effect of the
topical application of TXA on “minimally” invasive sur-
gical procedures (ligament reconstructions, arthrosco-
pies, hemiarthroplasties and unicompartmental knee
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replacements), whose aim is the retention and preserva-
tion of the native cartilage. In the latter cases, the appli-
cation of TXA in the local site of surgery could effectively
reduce blood loss [6-8].

Since only few studies have investigated the effect of
TXA on cartilage, without any definitive answer about
cytotoxicity, actually many surgeons avoid the use of top-
ical TXA when native cartilage is maintained, even where
disadvantages associated with blood loss can occur [9,
10].

Hypothesizing that TXA application could affect chon-
drocytes biology, the aim of this study was to evaluate,
in vitro, whether TXA has a cytotoxic effect on human
chondrocytes and, if positive, to verify a dose and time
dependence.

Methods

Ethics statement

The protocols employed in this study and the use of
human tissues were approved by the Internal Review
Board of University of L'Aquila (Protocol Number
10/2018). All patients were informed and provided writ-
ten informed consent to participate in the study.

Cell isolation and culture

Primary chondrocyte cultures were obtained from eight
patients (four males and four females; age range 60-82,
mean age 73, 25 years) affected by knee osteoarthritis
(without any inflammatory and any other medical dis-
eases) undergoing TKR. The specimens were obtained
from osteochondral resections of distal femur and proxi-
mal tibia by saw, performed as provided for by the con-
ventional TKR surgical procedure; since in all patients,
the Kellgren—Lawrence grade was 4 and osteoarthritis
had progressed at the medial side of knee, the study was
conducted using relatively intact cartilage from the lat-
eral femoral and tibial condyles.

For cell isolation, the cartilage was removed from the
subchondral bone using a sterile sharp scalpel and sliv-
ers were diced to improve the subsequent enzyme action:
overnight digestion in 1 mg/ml Collagenase Type II
(Gibco-ThermoFisher, Waltham, Massachusetts, USA)
in DMEM (EuroClone S.p.A., Pero (MI), Italy) supple-
mented with 10% fetal bovine serum (FBS-EuroClone).
After digestion, the cell suspension was filtered through
Falcon™ cell strainers (mesh size 70 um; FisherScientific,
ThermoFisher) to remove undigested tissue and centri-
fuged (450g, 10’, RT). Then, cells were resuspended in
complete medium (DMEM, 1x penicillin/streptomy-
cin, 2 mM L-glutamine (both from EuroClone), 10 mM
Hepes and 2,5 pg/ml amphotericin B (both from Sigma-
Aldrich, St. Louis, MO, USA), 10% FBS), seeded (25,000
cells/cm?), incubated at 37 °C, 5% CO, and allowed to
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adhere and spread for a few days. All experiments were
conducted on passage 1 chondrocytes to minimize the
extent of dedifferentiation over subcultures.

Cell viability

Cell viability was determined using an XTT assay (Sigma-
Aldrich). Living cells metabolically reduce XTT to pro-
duce a colored water-soluble formazan; its optical density
is directly proportional to the number of viable cells.

Briefly, 8000 cells/well were seeded onto a 96-well
plate, incubated in complete medium at 37 °C, 5% CO,
for 96 h to enable cell adhesion and spreading, and then
treated with TXA.

We used a water-dissolved TXA (W-TXA) (to gener-
ate a formulation similar to the commercially available
pharmaceutical composition) or a complete medium-
dissolved TXA (M-TXA) formulation. Since the water
used as TXA solvent could itself affect cell viability, the
cells were treated with water for injections (WFI) (Acqua
per soluzioni iniettabili, Industria Farmaceutica Galenica
Senese s.r.l. Monteroni d’Arbia, Siena, Italy) at a volume
similar to that used for treatment (as control).

Cells were incubated for 10 min (10) at 37 °C, 5%
CO, with WFI, W-TXA or M-TXA, diluted in complete
medium to reach the desired concentrations (20, 50,
70, 100 mg/ml) and then extensively washed in com-
plete medium; the effects on cell viability were observed
immediately after washing (10’/0 h) and after 24 or 48 h
(10’/24 h and 10’/48 h) culture in complete medium.
Cells were also incubated with WFI, W-TXA or M-TXA
for 24 or 48 h (24 h and 48 h).

At the end of each period, the XTT assay was per-
formed and, after 4 h, the optical density (OD) was evalu-
ated at 450 nm by an ELISA reader.

All experiments were performed in triplicate and
repeated eight times.

Cell cycle profile and apoptosis analysis by flow cytometer

For cell cycle, chondrocytes were treated with 100 mg/
ml M-TXA as described above. Once treatments ended,
untreated and treated cells were detached with Tryple
Express (Gibco), washed with PBS, collected by centrifu-
gation (450g, 10 min, 4 °C), counted and fixed in cold 70%
ethanol solution (EtOH) in PBS, with gentle mixing at
4 °C for 30 min. Fixed cells (10° cells/ml) were transferred
to plastic BD tubes (Becton—Dickinson), washed twice
with ice-cold PBS and stained with a solution containing
50 pg/ml PI, 0.1% Nonidet-P40 and RNase A (6 pg/10°
cell) (all from Sigma-Aldrich) in the dark (30 min, 4 °C).
Data from 10,000 events per sample were collected and
analyzed using FACS Calibur instrument (BD Instru-
ments Inc.) equipped with cell cycle analysis software
(Modfit LT for Mac V3.0).
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To ascertain whether the chondrocytes’ viability reduc-
tion induced by TXA is associated with the induction
of apoptosis or necrosis, the chondrocytes were treated
with M-TXA 100 mg/ml for 24 and 48 h. Then, the apop-
tosis and necrosis were measured by flow cytometry
analysis using the Annexin V Detection kit (Invitrogen by
Thermo Fisher Scientific—Waltham, MA, USA), which
allows to detect and quantify live, early/late apoptotic
and necrotic cells. Flow cytometric procedures were car-
ried out according to the instructions provided by the
manufacturer. Prior to flow cytometric analysis, 200 pl of
1x binding buffer was added and 10,000 cells from each
treated group were acquired by flow cytometry using a
FACS Calibur (BD Instruments Inc.) equipped with a sin-
gle laser emitting excitation light at 488 nm. Data analy-
sis was performed in a Becton—Dickinson FACS Calibur
flow cytometer using CellQuest software program (BD
Instruments Inc.).

Statistical analysis

The study was based on an estimated sample size of 24
experiments, with a 1:1:1 ratio for the three types of treat-
ment (WFI, W-TXA, M-TXA), which was calculated to
be adequate to achieve 90% power to detect a large effect
size (Cohen’s £ 0.40) with 2 df and an a of 0.05 on the
OD percentage values between the three types of treat-
ments. Statistical power was calculated using G*POWER
Version 3.1.9.2.

The data obtained from the calculation of OD are
expressed as the percentage +standard deviations com-
pared to the control experiment (conventionally set to
100%) and were analyzed using Proc Mixed Procedure
with subjects (experiments) treated as a random factor
and treatment, concentration and moment as fixed fac-
tors. LSMEANS was used to compare multiple group
means with Tukey’s honestly significant difference (HSD)
test. Analysis was performed on variables logarithmically
transformed to enhance symmetry of measures. Differ-
ences were considered significant when p <0.05.

Statistical analysis was carried out using SAS System
version 9.5.

Results

Effects in vitro of TXA on chondrocyte viability

The W-TXA and the corresponding volume of WFI
affected the viability at all times in a dose-dependent
manner: when cells were washed after the 10-min-long
treatment, the highest dose showed a severe effect on cell
viability (Fig. la—c). When no washing was performed,
both the 70 and 100 mg/ml doses for WFI and 50, 70
and 100 mg/ml for W-TXA strongly affected chondro-
cyte viability at 24 h and 48 h (Fig. 1d, e). The M-TXA
formulation resembled the dose-dependent response of
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the W-TXA form in 24 h and 48 h treatments (Fig. 1d,
e), while it did not show any detrimental effects when
TXA was extensively washed after the 10-min treatment
(Fig. 1a, ¢).

Graphs in Fig. 1 report the average response to the dif-
ferent treatments of the eight cellular preparations and
it is representative of the tendency of viability according
to moments (10'/0 h, 10’/24 h, 10’/48 h, 24 h, 48 h) and
concentrations (20, 50, 70, 100 mg/ml); for greater clar-
ity, the same data are reported in Table 1. Table 2 reports
the significant differences between moments for each
treatment.

We found a significant interaction between the con-
trolled for factors (treatments, moments, concentrations)

(p=0.020).

Effects in vitro of TXA on apoptosis levels and cell cycle
profile of chondrocytes

The cytofluorimetric analysis revealed a significant
increase in the percentage of total apoptotic cells in the
48-h-long treatment (p=0.012) (Fig. 2); a similar trend is
observed in the 24-h-long treatment, even if not statisti-
cally significant. No significant effect in the percentage of
necrosis was observed. Overall, the results demonstrated
that the TXA treatment causes a strong decrease in the
percentage of live cells by activating the induction of
apoptosis.

To further investigate the mechanism underlying the
in vitro biological effects of TXA, its ability to affect the
cell cycle distribution has been also assessed. The results
from this analysis (Table 3 and Fig. 3) showed that TXA
administered over 10 min did not cause any significant
alteration in the cell cycle distribution. However, when
the cells were incubated for 24 and 48 h, the number of
cells in the GO/G1 phase in the cell cycle decreased when
compared to control and to 10-min-long treatments. The
reduction in the cell population in the GO/G1 phase was
associated with a modest increase in the G2/M phase
fraction and a marked and significant increase of cells
in S at 24 h as well as 48 h, when compared with the
10-min-long treatments. Interestingly, when the TXA
was eliminated after 10 min by washing and the cells
were incubated with fresh complete medium for 24 h,
the cell population in the GO/G1 phase increased with a
concomitant reduction of cells in G2/M phases, restoring
a biological condition similar to untreated, although the
percentage of cells in the S phase at 10’/24 h still did not
reach the level of control.

Discussion

Tranexamic acid acts as an antifibrinolytic agent bind-
ing to plasminogen, preventing the formation of plasmin
and, thus, resulting in the inhibition of fibrin degradation
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Fig. 1 Tranexamic acid effects on chondrocytes viability. Cells were treated with W-TXA or M-TXA for 10 min and then extensively washed; effects
on cell viability were observed soon after treatment—10'/0 h (a) or after 24 h—107/24 h (b) or 48 h—10//48 h (c) culture in complete medium.
Cells were also incubated with W-TXA or M-TXA for 24 h—24 h (d) or 48 h—48 h (e). Graphs also report viability tests conducted using the same
volumes of water (WFI) used in the experiments with W-TXA. Data originated from eight cell cultures, all analyzed in triplicate, and are expressed as
% of viability (mean £ SD); in all graphs, the value 100% was conventionally assigned to the viability of untreated cells. The horizontal bars reported
on the graphs highlight the significant differences between treatments for each single moment and the asterisks reported on each single bar
represent a statistically significant difference of treated cells compared to untreated ones (*p < 0.05 for Tukey's test)

[11]. Numerous recent studies have shown the efficacy of  the removal of the entire articular cartilage is executed)
intra-articular TXA in controlling perioperative blood at concentrations ranging between 20 and 100 mg/
loss [12-14] during total joint arthroplasties (in which  ml. Conversely, a controversy exists regarding its safe
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Table 1 Percentage of viability for each treatment at all concentrations and moments
20 mg/ml 50 mg/ml 70 mg/ml 100 mg/ml
10’/0 h
Untreated % viability 100+£0.00 100+£0.00 1004£0.00 100+£0.00
WFI % viability 777542042 74.104£25.56 554542503 —11954+10.92
W-TXA % viability 91.77£16.76 82.56+£1292 722142290 20.04+£24.36
M-TXA % viability 92.58+£2131 85.34+£2330 80.66+17.37 80.62£19.54
10’24 h
Untreated % viability 100+£0.00 100£0.00 100£0.00 100£0.00
WFI % viability 774643521 70.12+36.97 57.67 £38.81 —4.144+1054
W-TXA % viability 10648 £46.19 95.36+£37.60 81.53+£33.80 2288+£16.75
M-TXA % viability 92.454£25.20 86.79+16.73 894941591 9438+ 1599
10’748 h
Untreated % viability 100+£0.00 100£0.00 100£0.00 100+£0.00
WFI % viability 78.784+28.05 74.404£26.51 59.43 £28.64 —63246.79
W-TXA % viability 94.02 +£30.07 87.85+30.19 747342823 325142324
M-TXA % viability 94.45+£3462 88.82 £ 2544 93.74£2135 84.15£13.19
24h
Untreated % viability 100£0.00 100£0.00 100£0.00 100+£0.00
WFI % viability 116.66 £24.37 9240+£26.77 50.93£20.52 11.06+6.23
W-TXA 9% viability 99.33+£24.38 60.97£12.99 48.93 +14.46 59941291
M-TXA % viability 93.13£14.37 63.38+£15.14 472542151 243442953
48 h
Untreated % viability 100£0.00 100£0.00 100£0.00 100£0.00
WFI % viability 1215143741 87.10£40.25 38.76+£20.37 9954751
W-TXA % viability 85.22 42567 411642581 293543097 23841148
M-TXA % viability 75.83+£17.39 38.07£20.36 292942923 174143314

Average values of OD for each type of treatment and each concentration are expressed as percentage compared to the control experiment OD values (assumed as
100%). Untreated: control experiment; WFI: cells treated with water for injections; W-TXA: cells treated with water-dissolved tranexamic acid; M-TXA: cells treated with

medium-dissolved tranexamic acid

administration in case of bleeding during arthroscopies,
joint ligament reconstructions and hemiarthroplasties.
At the same time, hemarthrosis, inducing the destabiliza-
tion of joint homeostasis, may have a detrimental effect
on chondrocytes and their viability [15].

With the aim of extending the use of TXA to the afore-
mentioned minimally invasive surgeries, the possible
risks of systemic administration being known [16], the
present study was designed to evaluate in vitro, in human
chondrocytes, whether pharmacological cytotoxicity
occurs and whether it is related to the concentration and
time of exposure. To the best of our knowledge, only few
studies have investigated the same issue; however, they
were performed on non-human samples or, if conducted
on human chondrocytes, with low TXA doses and short
exposure times [10, 17, 18]. This is the first study to eval-
uate the effect of TXA, in vitro, on human chondrocytes
at concentrations higher than 20 mg/ml combined to dif-
ferent times of exposure.

A major problem in in vitro culture of mammalian
articular chondrocytes is the process of dedifferentiation,

characterized by loss of morphology as well as of func-
tional features. Such dedifferentiation is promoted in cul-
ture cells at low density and with repeated passaging [19,
20]. For these reasons, all experiments were carried out
on passage 1 chondrocytes, so as to minimize the extent
of dedifferentiation over subcultures.

To mimic the composition of the most commonly
used clinical formulation, i.e., the vial, we used TXA dis-
solved in WFL in parallel, aware that water alone could
itself have a cytotoxic effect, we conducted experiments
using the same volumes of water (without TXA) as in the
previous experiment. Furthermore, to work with a more
technically suitable solution for cell cultures, the same
experiment was also conducted by dissolving TXA in
complete cell medium.

In the literature, effective dosing for topical TXA
ranges from 250 mg to 3 g (corresponding to 15—-100 mg/
ml concentration) [21-23]; thus, we commenced to study
the effect on cell viability at 20, 50, 70 and 100 mg/ml,
maintaining TXA in culture for 24 and 48 h. To best
mimic what theoretically occurs in vivo during surgery
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Table 2 Statistical significance between moments

Concentration p <0.05

10’/0 hvs. 24 h
10’/0 hvs. 48 h
10’/24 h vs. 48 h
107/48 h vs. 48 h
10’/0 hvs. 48 h
10'/24 hvs. 48 h
10’/48 h vs. 48 h
10’/0 hvs. 48 h
10/24 hvs. 48 h
107/48 h vs. 48 h
10’/0 hvs. 48 h
107/24 hvs. 48 h
10’/48 h vs. 48 h
10’/0 hvs. 48 h
10/24 hvs. 24 h
107/24 hvs. 48 h
10'/48 h vs. 24 h
10’/48 h vs. 48 h
10’/0 hvs. 24 h
10’/0hvs. 48 h
10'/24 hvs. 24 h
10/24 h vs. 48 h
107/48 h vs. 24 h
107/48 h vs. 48 h

WEFI 20 mg/mll

W-TXA 50 mg/ml
70 mg/ml
M-TXA

50 mg/ml

70 mg/ml

100 mg/ml

The table reports only the statistically significant differences between moments
(10'/0 h, 10'/24 h, 10'/48 h, 24 h, 48 h) for each treatment (WFI, W-TXA, M-TXA)
(p <0.05 for Tukey'’s test)

(soaking TXA locally just for few minutes and then car-
rying out the irrigation/aspiration of the solution) [6, 22],
we assessed also the effect by limiting the exposure time
to 10 min and then evaluating cell viability at 0 (immedi-
ately), 24 and 48 h from this short application.

Statistical significance (p=0.020) was obtained from
the overall interaction between factors (all types of treat-
ment, all moments and all concentrations).

The reason for the observed lower viability in cells
treated 10" with WFI and W-TXA compared to M-TXA
could be explained, in vitro, as resulting from the effect
produced by the vehicle (the water): probably, since the
osmotic effect, water caused the cell death that affected
cell viability measurements; this explanation could justify
the toxic effect of W-TXA compared to M-TXA.

Successively, instead, observing the dose-dependent
response for all treatments after 24 and 48 h of expo-
sure, we could hypothesize that the former highlighted
effects on cell viability are only partially attributable
to a solvent effect of water; in fact, the effect of both
W-TXA and M-TXA is more severe than that of the

Page 6 of 10

WET itself, leading to the conclusion that the TXA has
an intrinsic pharmacological cytotoxicity which affects
cell viability more than the osmotic effect itself.

The analysis reported in Table 3 led us to identify
the critical role of concentration and time of exposure
in cytotoxicity: in fact, the effect of the drug (both
M-TXA and W-TXA) at 20 mg/ml has not shown any
significant change in cell viability, regardless of time of
exposure, whereas 50 and 70 mg/ml may be considered
safe for both M-TXA and W-TXA, only if washes are
performed. The concentration of 100 mg/ml is safe only
for M-TXA and if washes are performed.

Our results align with Tuttle et al. [10], who per-
formed a study to understand the in vitro effects of
TXA on bovine and murine chondrocytes, reporting
that an extended exposure to TXA at high concen-
trations is cytotoxic to cartilage, while chondrocyte
viability was unaffected at lower concentrations.
Also, the studies by Ambra et al. (on porcine cartilage
explants) [17] and Sitek et al. [24] support our find-
ings that a reduced TXA exposure and at a low con-
centration could be safely used. Parker et al. [18] the
observed cytotoxic effects with concentrations above
20 mg/ml of TXA when treatments were prolonged
up to 12 h. However, these studies did not control for
increased time of TXA exposure, higher concentrations
or the possibility to wash away the TXA after short
treatments.

In light of this, our findings widen the horizons, focus-
ing on time of exposure as the most critical factor in TXA
toxicity. In fact, limiting the exposure of M-TXA only for
a few minutes can be considered safe even at the highest
concentration studied, whereas for W-TXA, the highest
safe concentration is 70 mg/ml. Conversely, an increased
exposure time to 24 and 48 h without a wash may dam-
age cartilage due to the direct cytotoxicity of the drug
even at 50-70 mg/ml.

Once the cytotoxic effect was tested, we elucidated the
mechanism by which cell death occurred. To avoid a pos-
sible “water effect” of the solvent, we only analyzed the
toxic effect on apoptosis/necrosis and cell cycle distri-
bution of M-TXA at the highest concentration. Labeling
with AnnV/PI showed a significant increase of apoptotic
cells after 48 h of treatment and a concomitant strong
reduction of live cells compared to the controls. No sig-
nificant effect, instead, was observed for necrosis.

Moreover, the results obtained by cell cycle analysis by
flow cytometry highlighted a reduction in the cell popu-
lation in the GO/G1 phase at 24 h and 48 h, which was
followed by an accumulation of chondrocytes in the S
and G2/M phases. Interestingly, no significant difference
was observed between untreated and 10’-treated cells,
suggesting that the washing is a beneficial step to restore
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Propidium lodide

Annexin V

Table 3 Effect of TXA treatment (100 mg/ml) on chondrocyte cell cycle distribution (%)

Moments
Untreated 10’/0h 10’/24h 10’/48 h 24h 48 h
Cell cycle phase
G0/G1 92.35+£1.31 9236+1.15 87.71£1.01 89.61+282 8461+26 8393+22
S 3.064+0.79 1.94+0.58 7504084 2.66+0.66 5934102 6.58+1.17
G2/M 4594099 5714£0.62 4.79+1.04 773£2.18 9.454+1.68 9384+1.57

The results are expressed as mean percent & SEM of three independent experiments

the basal condition and to prevent the cytotoxic effect of
the drug.

We are aware that this study is limited by the use of
chondrocytes cultures obtained from osteoarthritic knee
that has undergone a TKR, and that the viability could be
influenced by their native condition and/or age [25, 26];
it has been highlighted, in fact, that healthy/OA chon-
drocytes differ for some biological features [25] and that,
similarly, articular chondrocytes exhibit an age-related
modulation of some biological processes related to pro-
liferative and synthetic capacity or the ability to pro-
duce pro-inflammatory mediators and matrix-degrading
enzymes [26]. Our data do not give suggestions about
the possible TXA mechanism of action, so we cannot

hypothesize if it acts through an age-related or physi-
ological state-related mechanism and, consequently, if
our experimental observations can be extended to all the
chondrocytes’ biological conditions.

We also would like to stress out that the study was per-
formed using the most relatively intact cartilage from
samples, that the comparison of treated and untreated
cells should be a reliable internal control and, ulti-
mately, that several studies not specifically concerning
osteoarthritic disease had already used osteoarthritic
chondrocytes as cell culture model [27-29]. Moreover,
the laboratory effect of water-dissolved solutions (we
hypothesized an osmotic damage) is not completely clear
and we will further investigate.
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Fig. 3 Effect of TXA treatment (100 mg/ml) on chondrocyte cell cycle distribution (%). a The graph displays the same data as in Table 3. Note
that, for better visualization, GO/G1 bars have been interrupted between 11 and 65%. The results are expressed as mean percent £ SEM of three
independent experiments. (*p < 0.05 for Tukey's test). b Flow cytometric charts refer to the most representative experiment among the three

performed

We wondered if the systemic TXA administration
could have similar effects on articular chondrocytes.
Usually, after a TXA intravenous administration of typi-
cal doses of 10-15 mg/kg body weight, the concentra-
tion in plasma reaches 18, 10 and 5 mg/ml, respectively,
after 1, 3 and 5 h [30]; it is also known that TXA intra-
venously administered diffuses rapidly into the synovial
fluid until its concentration equals that in the serum [30,
31]. In light of this, we could assume that the toxic effect
of intravenous administration on articular chondrocytes
should be lower than the topical one.

This study also opens a debate on the TXA molecular
mechanism of cell death induction; it has been recently
demonstrated, however, that TXA 100 mg/ml may par-
tially act trough a caspase-3-dependent apoptotic mecha-
nism, not only in chondrocyte, but also in other cell types
(such as synoviocytes and tenocytes) [32] suggesting a
strong involvement of apoptosis molecular machinery.

Conclusion

The presented data suggest that caution in the time
of TXA soaking is critical and making a wash after few
minutes is mandatory to avoid cytotoxicity; a prolonged
exposure could be a cause of cartilage damage also at
TXA concentrations lower than 100 mg/ml. Since the
most useful clinical formulations for TXA is the vial
(that resembles the W-TXA formulation), this study sug-
gests clinicians to show caution when using topical TXA
administration (concentrations of 70 mg/ml or lower
would be advisable when a procedure with preservation
of native cartilage is performed).

However, before topical TXA administration could be
recommended for routine clinical practice. These data
have to be supported by future in vivo studies consider-
ing pharmacological features, such as drug clearance and
tissue distribution that characterize the in vivo adminis-
tration; human clinical trials are also required.
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