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 Background: Adequate visualization is known to be essential to perform arthroscopic procedures effectively and efficient-
ly. We hypothesized that tranexamic acid may be considered as an alternative agent to reduce intra-articular 
bleeding during arthroscopic procedures, after comparing its potential chondrotoxicity with that of epinephrine.

 Material/Methods: Seventy-two rats were randomized into 3 groups with 24 rats each. The injections were performed in the right 
knees, as follows: Group 1: 0.25 mL of tranexamic acid solution, Group 2: 0.25 mL of epinephrine solution, and 
Group 3: 0.25 mL of 0.9% saline, serving as control. One week after the injections, the animals were eutha-
nized. Samples were evaluated histologically based on the Osteoarthritis Research Society International (OARSI) 
Histopathology Grading and Staging System and the “live/dead” staining technique to determine chondrocyte 
viability.

 Results: Comparison of epinephrine and tranexamic acid revealed significantly higher OARSI scores in the epinephrine 
group (epinephrine: 3.42±1.31, TA: 0.92±0.90; P<0.001). The most significant difference between the 2 groups 
was in the number of joints diagnosed with OARSI grade III. The percentage of viability was significantly high-
er in the tranexamic acid group when compared with the epinephrine group (tranexamic acid: 79.74±3.343; 
epinephrine: 63.81±1.914; P<0.05).

 Conclusions: Based on the histologic parameters and chondrocyte viability, tranexamic acid is less cytotoxic than epineph-
rine in rat chondrocytes at the doses typically used in irrigation fluid, and may be a good alternative to epi-
nephrine in arthroscopic surgery.
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Background

The role of arthroscopic procedures in the diagnosis and treat-
ment of a wide variety of joint disorders is evolving. Among 
the many factors that determine the success of surgery and 
patient outcomes, adequate visualization is known to be es-
sential to perform these procedures effectively and efficient-
ly [1,2]. Numerous devices and surgical techniques have been 
developed for this purpose [2,3]. Epinephrine is a potent vaso-
constrictor, frequently added to the irrigation fluid to reduce 
intra-articular bleeding, and thereby maintaining adequate vi-
sualization during the operation [4,5]. Recently, systemic com-
plications, including pulmonary edema and cardiopulmonary 
arrest, have been reported, and they are attributed to the epi-
nephrine in the irrigation fluid [6,7]. Moreover, there is an in-
creasing number of in vitro studies showing the cytotoxic ef-
fects of epinephrine on chondrocytes, and focusing attention 
on the potential chondrolysis [8–10]. Thus, the presence of 
epinephrine in the irrigation fluid has been questioned [4,8]. 
Tranexamic acid (TA) is both an inhibitor of fibrinolysis and an 
activator of plasminogen. It is known to be effective and safe 
in reducing the amount of bleeding during various orthope-
dic interventions when administered intravenously [11,12]. 
Intravenous administration of TA is considered safe; however, 
some studies have associated intravenous TA with postopera-
tive seizures and increased thromboembolic events [13]. Hence, 
the intra-articular administration of TA has been increasing 
over the past several years [14,15], with the benefits of higher 
concentration at the operative site while reducing the risk of 
systemic adverse effects, reduced cost, and giving more con-
trol to the surgeon [16]. However, there are few studies avail-
able on the intra-articular administration of TA, and these fo-
cus on the clinical outcomes only [17,18]. In this experimental 
study, we focused on investigating the effects of TA on the ar-
ticular cartilage, and comparing them with the effects of epi-
nephrine on the articular cartilage. We hypothesized that TA 
may be considered as an alternative agent to reduce intra-ar-
ticular bleeding during arthroscopic procedures, after com-
paring its potential chondrotoxicity with that of epinephrine.

Material and Methods

Animals

A total of 72 adult female Sprague-Dawley rats were used, with 
a mean age of 12-months and weighing 250–350 g. Animals 
were housed under standard management conditions (5 rats/
cage). The room temperature and humidity were maintained 
at 20–24°C and 50–60%, respectively. The light cycle was 
fixed at 12 hours. They were fed a standard rat diet with wa-
ter ad libitum. All animal experiment protocols were approved 
by the Animal Research Committee at Istanbul Bezmialem 

University Research and Training Hospital (date: 07/02/2012, 
id: 2012/309).

Study groups

Seventy-two rats were randomized into 3 groups with 24 rats 
in each. The injections were performed in the right knees, as 
follows: Group 1: 0.25 mL of TA solution (1 g of TA is diluted 
in 50 mL of saline). Group 2: 0.25 mL of epinephrine solution 
(50 mL of epinephrine diluted to 1: 200 000). Group 3: 0.25 
mL of 0.9% saline, serving as control. One week after the in-
jections, the animals were euthanized with high doses of in-
traperitoneal thiopental (200 mg/kg). Twelve specimens from 
each group were separated for the histological analysis and 
the chondrocyte viability evaluation.

Tissue preparation and histological analysis

Tibiofemoral joints of the rats were excised immediately af-
ter the rats were euthanized. Femoral condyles and tibia sam-
ples were fixed in 10% buffered formalin and decalcified in 
8% formic acid. Then, the tissues were rinsed with tap wa-
ter, and routine tissue processing was performed using a 
Shandon™ Excelsior™ tissue processor. Slices of 0.4-μm thick-
ness were prepared from the paraffin-embedded tissue. The 
slides were stained with hematoxylin and eosin and toluidine 
blue. Samples were evaluated histologically for the presence 
of inflammation and osteoarthritis grade (OARSI grades 0–6), 
osteoarthritis stage (OA stages 04), and osteoarthritis scoring 
(OA scoring: [OARSI grade] × [OA stage]), according to the rec-
ommendation of the International Cartilage Repair Society’s 
osteoarthritis and cartilage histopathology grading and stag-
ing system [19]. Hematoxylin and eosin stains were used to 
evaluate the structure, the chondrocytes, and inflammation. 
Loss of proteoglycan staining intensity was assessed by tolu-
idine blue staining. The samples were examined and assessed 
independently by 2 blinded investigators.

Chondrocyte viability analysis

The “live/dead” or “red/green” staining technique was used, 
relying on cell membrane integrity and intracellular esterase 
activity to produce products that can be visualized on confo-
cal microscopy [20]. Full-thickness cartilage was removed from 
subchondral bone and sectioned into approximately 0.5-mm-
thick coronal slices. Tissues were stained with calcein-AM (Cal-
AM) and ethidium homodimer (Et-HD) for 35 to 45 minutes 
in a nutrient medium. After staining, the tissues were rinsed 
3 times with the nutrient medium, for 2 minutes each. The 
stained tissues were examined under a confocal microscope 
(Zeiss LSM 780). Three coronal slices were imaged at 3 ran-
dom locations within each of the superficial, middle, and deep 
chondrocyte regions, for a total of 9 images per specimen. The 
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Cal-AM and Et-HD stained cells were counted separately and 
the percentage of viability was calculated.

Statistical analysis

Inter-observer reliability was evaluated using a two-way ran-
dom absolute agreement method. Data were evaluated using 
the SPSS for Windows 15.0 (SPSS Inc., Chicago, IL, USA) soft-
ware. The independence between the groups was analyzed us-
ing the Pearson’s chi-square test. In the absence of the condi-
tions provided, Monte Carlo simulation was performed. Ordinal 
variables between 2 independent groups were compared by 
the Mann-Whitney U test. The Kruskal-Wallis and Dunn tests 
were used for comparing the parameters. An alpha level of 
0.05 was chosen to assess statistical significance. P-values 
<0.05 were regarded as significant.

Results

Comparison of epinephrine and TA revealed significantly 
higher OARSI scores in the epinephrine group (epinephrine: 
3.42±1.31, TA: 0.92±0.90; P<0.001), (Table 1). The most sig-
nificant difference between the 2 groups was in the number 
of joints diagnosed with OARSI grade III. In the epinephrine 
group, 9 specimens showed grade III changes, whereas only 1 
specimen showed grade III changes in the TA group (Table 2). 
Representative histological lesions assessed as grade III were: 
extension of matrix cracks into the mid-zone to form vertical 
clefts, slightly irregular surface layer, cluster of cells focally, 
as well as hypocellularity, chondrocyte deaths, loss of stain-
able proteoglycan matrix, and moderate toluidine blue stain-
ing. No specimens were determined as grade V or VI where the 
subchondral bone was involved. According to the calcein-AM 

Group
P

Epinephrine Saline TA

MD 3.42 0.33 0.92 <0.001

SD 1.31 0.65 0.90

Median 3 0 1

Percentiles

25 3 0 0

50 3 0 1

75 3.75 0.75 1

Table 1. Comparison of the groups according to the OARSI scores.

OARSI – Osteoarthritis Research Society International; TA – tranexamic acid.

OARSI
scores

Group

PEpinephrine Saline TA

n % n % n %

Grade

0 0 0.0 9 75.0 4 33.3 <0.001

1 0 0.0 3 25.0 6 50.0

2 3 25.0 0 0.0 1 8.3

3 9 75.0 0 0.0 1 8.3

Stage

0 0 0.0 9 75.0 4 33.3 <0.001

1 9 75.0 2 16.7 8 66.7

2 3 25.0 1 8.3 0 0.0

Score

0 0 0.0 9 75.0 4 33.3 <0.001

1 0 0.0 2 16.7 6 50.0

2 2 16.7 1 8.3 1 8.3

3 7 58.3 0 0.0 1 8.3

4 1 8.3 0 0.0 0 0.0

6 2 16.7 0 0.0 0 0.0

Table 2. Histological findings of OARSI assessment.
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and ethidium homodimer-1 staining of chondrocytes, the live 
cells were stained green and the dead cells were stained red 
(Figure 1). The percentage of viability was significantly high-
er in the TA group compared with the epinephrine group (TA: 
79.74±3.343; epinephrine: 63.81±1.914; P<0.05) (Figure 2).

Discussion

Based on the histologic parameters and chondrocyte viability, 
the principal finding of this study is that TA is less cytotoxic than 
epinephrine in rat chondrocytes at the doses typically used in 
irrigation fluid, and may be a good alternative to epinephrine 
in arthroscopic surgery. Moreover, this study is the first to com-
pare the cytotoxic effects of TA and epinephrine. Intra-operative 
bleeding during arthroscopic procedures is a challenging prob-
lem for orthopedic surgeons. Epinephrine is a potent vasocon-
strictor, frequently added to the arthroscopic irrigation fluid to 
reduce intra-articular bleeding and thereby maintain adequate 

visualization [1,4,5,21]. However, recent experimental studies 
have shown that epinephrine is cytotoxic to the chondrocytes 
and may cause chondrolysis [22]. Rao et al. demonstrated that 
epinephrine is toxic to chondrocytes, even at concentrations as 
low as 1: 1000 mL, and its addition to irrigation fluid may not 
be advisable [23]. Alan et al. compared the effects of low-dose 
(1: 3 000 000) versus high-dose (1: 300 000) epinephrine on 
chondrocyte viability, reporting a significant decrease in chon-
drocyte survivability at the doses typically used in arthroscopic 
irrigation fluids. They also emphasized that high-dose epineph-
rine results in a significant increase in chondrocyte death over 
a very brief period (1 hour) [24]. In this in vitro study, the OARSI 
grades were significantly higher in all epinephrine subgroups 
(1-hour, 24-hour, and 1-week subgroups) when compared with 
the control groups: a finding similar to the previous reports.

Tranexamic acid is a well-known agent that effectively suppress-
es bleeding in various orthopedic surgical interventions, and may 
be administered intravenously or topically [18,25]. Only a few 
studies have evaluated the outcomes of intra-articular applica-
tion, and only 1 has investigated the effect of TA on the cartilage 
and synovial tissues [11,26,27]. Tuttle et al. conducted a study 
to understand the in vitro effects of TA on bovine cartilage and 
murine chondrocytes. They studied TA at 3 doses (25, 50, and 
100 mg/mL), reporting that 50-mg/mL and 100-mg/mL doses of 
TA have a cytotoxic effect on the chondrocytes and damaged the 
cartilage. However, 25 mg/mL may be an effective and safe dose 
for intra-articular use of TA in native joints [27]. Intra-articular 
use of TA is a simple procedure, with the inherent advantage of 
inducing partial microvascular hemostasis in the area by prevent-
ing fibrin clot dissolution [28]. When injected intra-articularly, TA 
is rapidly absorbed in the joint fluid, with an average biological 
half-life of 3 hours. Thus, a high concentration inside the joint 

A B

Figure 1.  Calcein-AM and ethidium homodimer-1 staining of chondrocytes. The live cells are stained green, and the dead cells are 
stained red (A: Epinephrine group) (B: TA group).
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Figure 2. Viability stains in cartilage.
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for maximum effect can be achieved with limited systemic ad-
verse effects [18,29]. In this experimental study, we determined 
the cytotoxicity by using histological parameters according to the 
OARSI grading-scoring system and chondrocyte viability percent-
age. OARSI system is a conventional histologic analysis showing 
changes in cartilage and synovial membrane. According to the 
OARSI system (in 1-week subgroups), the epinephrine group had 
significantly higher OARSI grades compared with the TA group. 
The most important cause of this significant difference in the 
1-week subgroup is the greater number of chondrocyte deaths 
and cellular abnormalities in the epinephrine group vs. the TA 
group. Additionally, complex chondrins containing multiple and 
disoriented chondrocytes are seen as being more prominent in 
the epinephrine group, as described by Pritzker et al. [29]. The 
“live/dead” or “red/green” staining technique relies on the cell 
membrane integrity and provides a direct assessment of cell vi-
ability at the time of tissue harvest. This technique has been 

used to determine chondrocyte viability [20]. The percentage of 
viability at the time of tissue harvest was significantly higher in 
the TA group (only in the 1-week subgroup), and corresponded 
well to histologic findings, when compared with the epineph-
rine group. This study was designed as a safety study in regards 
to the cartilage viability, and the efficacy of TA in used doses 
was not within the scope of this study. The efficacy of intra-ar-
ticular TA in these doses should be assessed in future studies.

Conclusions

In conclusion, TA is less cytotoxic to rat chondrocytes than epi-
nephrine at the doses typically used in irrigation fluid. Hence, 
TA may be considered as a good alternative to epinephrine 
for reducing intra-articular bleeding during arthroscopic pro-
cedures, and can be safely used in partial arthroplasty cases.
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