
BASIC RESEARCH

Bupivacaine and Triamcinolone May Be Toxic
To Human Chondrocytes

A Pilot Study

Hasan M. Syed MD, Lora Green PhD,

Brandon Bianski BS, Christopher M. Jobe MD,

Montri D. Wongworawat MD

Received: 23 August 2010 / Accepted: 22 February 2011 / Published online: 8 March 2011

� The Association of Bone and Joint Surgeons1 2011

Abstract

Background Intraarticular injections of corticosteroids

combined with local anesthetics are commonly used for

management of chronic pain symptoms associated with

degenerative joint diseases and after arthroscopic proce-

dures. Several studies suggest chondrotoxicity of local

anesthetics whereas others report chondroprotective and

cytotoxic effects of corticosteroids on cartilage. Given the

frequency of use of these agents, it is important to know

whether they are in fact toxic.

Questions/purposes We asked whether (1) bupivacaine

and triamcinolone acetonide, alone and combined, were

chondrotoxic to chondrocytes in culture; (2) buffering of

the reagents diminished toxicity of the bupivacaine and

triamcinolone; and (3) the presence of the superficial layer

of articular cartilage protects against toxicity.

Materials and Methods We obtained cartilage from

three patients undergoing arthroplasty. To address triam-

cinolone acetonide, bupivacaine, and combinatorial

toxicity to human chondrocytes, we set up monolayer

chondrocyte cultures (n = 8 wells per condition). The

question of buffering was addressed by performing the

same assays as above, but the reagents were buffered. An

MTT assay was used to assess chondrocyte survival in

the monolayer. We harvested 21 articular plugs from

each of three patients (total 63 plugs) and exposed them

to the same reagents as above, including the buffered

reagents. A Live/Dead assay was used to determine

chondrocyte survival.

Results Triamcinolone acetonide, bupivacaine, and their

combination were toxic to human chondrocytes in the

monolayer comparisons. The addition of buffering did not

mitigate chondrocyte death. With the intact superficial

layer in the plug group, bupivacaine was not toxic as

compared with for the control group; all the other reagents

(triamcinolone, combination bupivacaine/triamcinolone,

buffered bupivacaine, buffered triamcinolone, and buffered

combination) produced chondrotoxicity.

Conclusions Triamcinolone induced chondrotoxicity in

the articular plug and monolayer culture, whereas bupiva-

caine induced chondrotoxicity only in monolayer culture.

The combined used of triamcinolone and bupivacaine did

not show additive chondrocyte death in any arm. Buffering

of bupivacaine increased its chondrotoxicity.

Clinical Relevance Although not necessarily reflecting

in vivo conditions, our data suggest physicians should be

cognizant of the potential in vitro chondrotoxicity of

bupivacaine and triamcinolone when contemplating intra-

articular administration.
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Introduction

Intraarticular injections of corticosteroids, combined with

local anesthetics, are commonly used for treating pain in

patients with degenerative joint diseases and postopera-

tively [28]. Clinical studies generally show corticosteroids

help control short-term pain in patients with degenerative

joints [3, 13, 21, 26]. Triamcinolone, a commonly used

intraarticular corticosteroid [8, 42], is clinically nondele-

terious [37]. Although some studies show slowing of

mechanically and chemically induced degeneration on a

gross level [33, 34, 43], others have found histologic evi-

dence of chondrotoxicity from corticosteroids in

experimental models [7, 19, 32, 39]. However, these

studies did not evaluate buffering of the reagents to a

physiologic pH and they were not performed on human

cartilage. Also, there is heightened concern of potential

chondrotoxicity of local anesthetics, with several case

reports of patients having glenohumeral chondrolysis

develop after placement of continuous intraarticular

bupivacaine infusion [23, 25, 29, 35]. Additionally, mul-

tiple in vitro studies suggest a cytotoxic effect of

bupivacaine on articular chondrocytes [1, 11, 12, 27, 36].

Some authors have speculated on the potential chondro-

toxicity of the local anesthetics from their acidic pH effect

alone [16, 22], although buffered local anesthetics have not

been tested on articular cartilage directly. None of these

prior studies examined the combined effects of local

anesthetics and corticosteroids on human articular

cartilage.

We asked whether (1) bupivacaine and triamcinolone

acetonide, alone and combined, were chondrotoxic to

chondrocytes in culture; (2) buffering of the reagents

diminished toxicity of the bupivacaine and triamcinolone;

and (3) the presence of the superficial layer of articular

cartilage protects against toxicity.

Materials and Methods

We collected human articular cartilage from the femora of

four patients and the humeral head of one patient under-

going hemiarthroplasty for fractures. Two of the patient

samples (one femoral head and humeral head) could not be

processed owing to prolonged time from the operating

room to the laboratory. We excluded patients with severe

degenerative joint disease, history of intraarticular local

anesthetic or steroid injections in the joint being replaced,

or those who were on chronic systemic corticosteroid

regimens. Institutional review board approval was obtained

for harvesting of patient cartilage. The articular plug and

monolayer chondrocyte assays were established from each

patient (Fig. 1).

To address triamcinolone acetonide toxicity to human

chondrocytes, we set up monolayer chondrocyte cultures.

We harvested the residual articular cartilage left behind on

the femoral head after the articular plugs were removed.

This remaining cartilage then was scraped off the femoral

head using a scalpel and sharply minced into small pieces.

Each patient’s cartilage was kept separate and was not

mixed in creating the chondrocyte culture. We digested the

minced cartilage in sterile 0.1% collagenase for 16 hours at

37�C. The chondrocytes initially were plated in a 75 cm3

flask in fresh tissue culture media (at a density of 104 cells/cm2)

and maintained in an incubator at 37�C with 5% CO2.

During this time the tissue culture medium (Dulbecco’s

Modified Eagle Medium/F12, 10% fetal bovine serum,

1% penicillin/streptomycin, and 1% fungizone) was

changed every 3 days. Cells were allowed to digest for

1 week; one of the authors (LG) visually inspected the

chondrocytes, using phase microscopy to verify that the

chondrocytes in the monolayer cultures consisted of differ-

entiated chondrocytes based on morphologic features of the

cell. The method was based on that described by Piper and

Kim [36]. The chondrocytes then were transferred to a

96-well plate 24 hours before experimental treatment with a

cell density of 1000 per well and eight wells per condition.

Each patient’s chondrocytes were replated in three wells,

except for those of one patient who had only enough chon-

drocytes for two wells per treatment arm. We aspirated the

culture medium, added 40 mg/mL triamcinolone aceto-

nide (Kenalog1-40, Bristol-Meyers Squibb, Princeton, NJ,

USA) in a 1:4 dilution to each well for 15 minutes, during

which we incubated the samples in 5% CO2 at 37�C, aspi-

rated the treatment solution, rinsed the cells with normal

saline, and added fresh culture medium. Twenty-four hours

after exposure, we used a colorimetric MTT [3-(4,

5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]

assay to assess chondrocyte viability.

To determine bupivacaine toxicity to human chondro-

cytes, we performed the same procedure as above, except

that the treatment solution was bupivacaine 0.25%

(Marcaine1, Hospira Inc, Lake Forest, IL, USA), which

was used without additional dilution. To assess combina-

torial toxicity, the same procedure was performed on the

monolayer using a 1:4 triamcinolone to bupivacaine

ratio in the combination arms (0.04 mL triamcinolone

to 0.16 mL bupivacaine). The question of buffering was

addressed by performing the same assays as above, but the

reagents were buffered. This includes bupivacaine, triam-

cinolone, and combination bupivacaine/triamcinolone in

1:4 ratio, all buffered to the physiologic pH of synovial

fluid at pH 7.4 [14], using a minute amount of 1 N sodium

hydroxide.

As the monolayer is without the specific architecture as

in the native joint, we also harvested articular plugs, which
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preserves the superficial layer. This examines the effect of

the superficial layer. For this part of the experiment, we

obtained 21 full thickness 4 mm2 articular cartilage plugs

from each of the three patient’s femoral heads cartilage

using skin punch biopsy devices, for a total of 63 articular

cartilage plugs. We maintained the articular cartilage

plugs in tissue culture media (Dulbecco’s Modified Eagle

Medium/F12, 10% fetal bovine serum, 1% penicillin/

streptomycin, and 1% fungizone) and, within 12 hours

of procurement, exposed it to the same experimental

treatments (control, triamcinolone, bupivacaine, combina-

tion, and buffered) for 15 minutes. We rinsed the articular

cartilage plugs with normal saline before transferring them

to new tissue culture media. After 24 hours, we used a

vibratory microtome (Vibratome, St Louis, MO, USA) to

obtain one 50-lm thick slice from the middle third of

each articular plug, orientated perpendicular to the articular

surface. One of us (LG) quantified the viability of chon-

drocytes by staining with calcein-AM and ethidium

homodimer-1 (EthD-1) in the live/dead viability/cytotoxicity

kit (Molecular Probes, West Eugene, OR). Concentrations

of dye were modified from the manufacturer’s protocol to

optimize the sensitivity and specificity of the assay. An

Axiocam digital camera captured fluorescence images

Fig. 1 The flow diagram shows

the methodology of setting up the

articular plug and monolayer

chondrocyte assay from the fem-

oral articular cartilage of one

patient. A total of three patients

were used and the cartilage from

each patient was kept separate.

* Dulbecco’s Modified Eagle

Medium/F12, 10% fetal bovine

serum, 1% penicillin/streptomy-

cin, and 1% fungizone and were

kept in an incubator at 37�C with

5% CO2; **except one patient

who had enough cartilage for two

wells per treatment arm.
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(Carl Zeiss, Thornwood, NY, USA). The area for analysis

was 1.0 mm deep from the articular surface and 2.0 mm

wide. We performed semiautomated data collection and

analysis using Adobe Photoshop (Adobe Systems Inc, San

Jose, CA, USA) and a public domain Java image proc-

essing program (ImageJ; National Institutes of Health,

Bethesda, MD, USA).

We performed ANOVA and post hoc pairwise compari-

son against the control to compare the chondrocyte viability

for the means of the different treatment arms. Relative

chondrocyte viability was defined as the mean luminescence

of treated cells divided by the mean luminescence of the

normal saline control cells. We used NCSS Statistical &

Power Analysis (Software, Kaysville, UT, USA).

Results

Relative chondrocyte viability of the monolayer culture

was measured after exposure to the control and treatment

reagents (Table 1). Triamcinolone acetonide is toxic to

human chondrocytes as seen in the monolayer comparison.

Furthermore, bupivacaine also exhibited substantial toxic-

ity. The combination thereof also appeared chondrotoxic.

Additionally, buffering of the reagents did not mitigate

chondrotoxic effects.

The intact superficial layer present in the articular plug

assay was protective against the treatment reagents

(Table 2). The bupivacaine arm of the articular plug group,

in which the superficial layer was intact, did not show a

difference in chondroctye death compared with the control

group (Fig. 2); whereas in the monolayer culture, the

bupivacaine arm showed significantly more chondrocyte

death than the control arm. In addition, the magnitude of

chondrocyte death was greater in all the monolayer arms as

compared with their corresponding treatment arms in the

articular plug group, again suggesting that the superficial

layer may provide some protection.

Discussion

The widespread use of corticosteroids and local anesthetics

for joint disease is one reason there has been concern

regarding potential toxicity to articular cartilage. In vitro

studies suggest chondrotoxicity of local anesthetics and

corticosteroids in various animal models [11, 12, 22, 27,

32, 41]. However, combinational effects of corticosteroids

Table 1. Monolayer

Treatment arms Relative viability p Value

Normal saline control 100.0 ± 9.8%

Triamcinolone 40 mg/mL 14.5 ± 1.8% \ 0.001

Bupivacaine 0.25% 71.8 ± 13.5% \ 0.001

Triamcinolone + bupivacaine 13.7 ± 1.0% \ 0.001

Buffered triamcinolone 40 mg/mL 14.0 ± 1.1% \ 0.001

Buffered bupivacaine 0.25% 22.2 ± 0.1% \ 0.001

Buffered triamcinolone + bupivacaine 13.3 ± 0.6% \ 0.001

Table 2. Articular plugs

Treatment arms Relative viability p Value

Normal saline control 100.1 ± 3.7%

Triamcinolone 40 mg/mL 66.1 ± 16.3% \ 0.001

Bupivacaine 0.25% 101.0 ± 17.9% 0.88

Triamcinolone + bupivacaine 54.9 ± 13.1% \ 0.001

Buffered triamcinolone 40 mg/mL 53.9 ± 19.4% \ 0.001

Buffered bupivacaine 0.25% 76.3 ± 21.8% 0.003

Buffered triamcinolone + bupivacaine 54.3 ± 8.6% \ 0.001

Fig. 2A–G Articular plug fluorescence microscopy stained with

Live/Dead assay is shown after 24 hours after 15-minute treatments

with (A) normal saline, (B) triamcinolone 40 mg/mL, (C) bupivacaine

0.25%, (D) triamcinolone and bupivacaine, (E) buffered triamcinolone,

(F) buffered bupivacaine, and (G) buffered combination.
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and local anesthetics or the buffering of these agents have

not been studied on human cartilage. We asked whether

(1) bupivacaine and triamcinolone acetonide, alone and

combined, were chondrotoxic to chondrocytes in culture;

(2) buffering of the reagents diminished toxicity of the

bupivacaine and triamcinolone; and (3) the presence of the

superficial layer of articular cartilage protects against

toxicity.

Limitations of our study include the following. First, our

studies were performed in vitro and the observations can-

not necessarily be applied directly in vivo; therefore they

would need to be confirmed clinically. Second, as we used

one concentration and exposure duration for triamcinolone

and bupivacaine, our findings may be difficult to apply to

in vivo conditions given the potential dilutional effects in

the joint. Third, even though dose effects on cells may be

different between the in vivo and in vitro settings, we

attempted to use a clinically relevant dose [18, 37, 42] and

a typical one to four, corticosteroid to anesthetic ratio;

however, we recognize dosing variability exists among

physicians [6, 40, 42]. Fourth, although using human

articular cartilage introduces patient variability, we con-

trolled for this by determining relative chondrocyte

viability of each patient’s experimentally treated cartilage

against their own normal, saline-treated cartilage. Further

experimentation with different durations and longer end

points may uncover other dose/time-dependent responses

to triamcinolone, similar to those reported regarding the

chondrotoxicity of local anesthetics, which are time- and

dose-dependent [11, 27]. In a human and bovine chon-

drocyte alginate bead culture study, bupivacaine caused a

time- and dose-dependent loss of chondrocyte viability

[11]. In our investigation, chondrocyte viability decreased

in the bupivacaine arm when compared with the control

arm in the chondrocyte monolayer culture group, whereas

there was essentially no difference in viability between the

bupivacaine and control arms in the articular plug group.

At first glance, the difference in chondrocyte viability in

the articular cartilage plug and monolayer culture groups

treated with unbuffered bupivacaine appears different than

that reported in previous studies [30, 36]. However, the

difference is likely attributable to the dose and length of

exposure of the bupivacaine in our study. Although we

initially chose higher concentrations and longer exposure

times, meaningful comparison was not possible between

groups owing to near-complete chondrocyte loss. There-

fore, we chose exposure times of 15 minutes and 0.25%

bupivacaine strength. Our study’s trends in the monolayer

culture are similar to the 24-hour chondrocyte viability

reported in a previous study using 0.25% bupivacaine

exposure for 15 minutes [11].

Like other studies [7, 31], we found that triamcino-

lone exhibits chondrotoxicity. However, three systematic

reviews suggest that, in knee osteoarthritis, corticosteroids,

when compared with placebo, have short-term clinical

relief lasting between 1 and 4 weeks [2, 3, 26]. In a ran-

domized, double-blind, placebo controlled trial, repeated

triamcinolone acetonide 40-mg knee injections every

3 months for 2 years had no deleterious radiographic

changes, and patients trended toward greater symptom

improvements at 1 year [37]. An in vivo canine osteoar-

thritis model found triamcinolone hexacetonide reduced

osteophyte formation, histologic severity of the cartilage

lesions, and amounts of metalloproteinase stromelysin [33].

However, other studies [31, 32] have shown cytotoxic

effects of corticosteroids. In rabbit knees, repeated intra-

articular hydrocortisone injections with different doses

resulted in degradation of the cartilage in a dose-dependent

fashion [32]. Single dosing of triamcinolone acetonide can

cause substantial chondrocyte apoptosis in implanted

human cartilage in severe, combined immune-deficient

mice, and in a human chondrocyte culture [31]. In the

current study where a single dose was used, our findings

are consistent with those reported in these studies, showing

that triamcinolone treatment caused substantial loss of

chondrocyte viability. Although clinical studies in humans

do not show deleterious effects of the corticosteroids

radiographically or symptomatically, the histologic effects

on the cartilage were not examined.

In the presence of corticosteroids, the addition of

local anesthetics can affect chondrocyte viability. In a

study evaluating equine articular cartilage exposed to

known chondrotoxic agents, cartilage treated with triam-

cinolone acetonide showed higher chondrocyte viability

when compared with the local anesthetic mepivacaine. In

cartilage treated with triamcinolone acetonide and mepiv-

acaine, chondrocyte viability was intermediate between

the mepivacaine-only and triamcinolone acetonide-only

groups. The investigators concluded that triamcinolone

acetonide attenuated the chondrotoxicity of mepivacaine

[5]. In contrast, a study using a bovine cartilage found

that, although the methylprednisolone showed time- and

dose-dependent chondrotoxic effects, the combination

of lidocaine and methylprednisolone showed a synergis-

tic chondrocidal effect; there was no single-treatment

lidocaine group for direct comparison to methylpredniso-

lone [41]. In our study on human cartilage, triamcinolone

caused a substantial loss of chondrocyte viability in the

articular plug and monolayer culture groups and was more

chondrotoxic than bupivacaine. Addition of bupivacaine to

triamcinolone did not synergize chondrocyte loss. The

differences in our observations compared with those of the

others may be multifactorial. Generalization regarding

nonprimate cartilage used in the above studies of human

cartilage may not be possible [20]. The cytoarchitecture of

cartilage in rabbit medial femoral condyles, for example,
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has a much higher density of chondrocytes when compared

with human cartilage [17]. Also, different corticosteroids

and local anesthetics were used in experiments in the

above-mentioned, making it to difficult to distinguish the

individual effects of the drugs.

Buffering of bupivacaine to a pH of 7.4 resulted in more

chondrocyte death in the monolayer culture and articular

cartilage plug groups when compared with the unbuffered

bupivacaine groups. Buffering of local anesthetics is a

recommended way of reducing pain for intradermal injec-

tions [9, 10, 15, 24], although one study evaluating

buffering of intraarticular prilocaine for pain control was

inconclusive regarding its efficacy [38]. Others have con-

sidered whether the acidic pH of the solutions was partly

responsible for its toxicity. Anesthetics containing epi-

nephrine had lower pHs and consistently showed

chondrotoxicity, although the increased cell death could be

attributed to other factors, such as preservatives [16].

Another in vitro investigation found no difference in

chondrocyte viability after exposure to saline solutions

with pH of 5.0, 7.0, and 7.4 [27]. When buffering the

bupivacaine solutions used in our study, these solutions

became slightly cloudy, indicating the formation of a free

base precipitate of bupivacaine [4]. The bupivacaine free

base may be more chondrotoxic than the soluble form.

From the toxicity we observed, alkalinization of intraar-

ticular bupivacaine cannot be recommended.

The major difference between the chondrocyte envi-

ronment in the articular plug group and monolayer cultures

is that the chondrocytes in the plug are surrounded by a

more similar cytoarchitecture as in a native joint and the

superficial layer is intact. We observed no difference in

chondrotoxicity between the control and bupivacaine arms

in the articular plug group as was the case in the monolayer

group. In addition, the magnitude of chondrocyte death

between the corresponding treatment arms between the

articular plug and monolayer groups compared with the

respective control arms was less in the articular plug group.

In a previous study that examined chondrocyte viability in

bovine articular cartilage exposed to bupivacaine, an intact

articular surface was associated with greater chondrocyte

viability [11]. The authors suggested that this may be

attributable to a ‘‘partial barrier’’ that the intact superficial

layer of cartilage affords. Our observations are similar to

those in that study.

Our observations show substantial chondrotoxicity of

triamcinolone in articular cartilage plug and monolayer

models. Viability decreased in the chondrocyte mono-

layer with exposure to bupivacaine, although the combined

used of triamcinolone and bupivacaine did not increase

chondrotoxicity. Buffering of bupivacaine cannot be rec-

ommended given the increased chondrotoxicity observed.

As corticosteroids are commonly administered intraarticularly

with local anesthetics, further studies are needed to eval-

uate the effects of these agents on cartilage.
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