
Background: Epidural and intrathecal injections of methylprednisolone acetate (MPA) have become 
the most commonly performed interventional procedures in the United States and worldwide in the 
last 2 decades. However neuraxial MPA injection has been dogged by controversy regarding the 
presence of different additives used in commercially prepared glucocorticoids. We previously showed 
that MPA could be rendered 85% free of polyethylene glycol (PEG) by a simple physical separation 
of elements in the suspension. 

Objective: The objective of the present study was to explore a possible cytotoxic effect of 
commercially available MPA (with intact or reduced preservatives) on rat sensory neurons.

Methods: We exposed primary dissociated rat dorsal root ganglia (DRG) sensory neurons to 
commercially available MPA for 24 hours with either the standard (commercial) concentration of 
preservatives or to different fractions following separation (MPA suspension whose preservative 
concentration had been reduced, or fractions containing higher concentrations of preservatives). 
Cells were stained with the TUNEL assay kit to detect apoptotic cells and images were taken on 
the Bio-Rad Laser Sharp-2000 system. We also detected expression of caspase-3, as an indicator of 
apoptosis in cell lysates. 

Results: We exposed sensory neurons from rat DRG to different concentrations of MPA from the 
original commercially prepared vial. TUNEL assay showed dose-related responses and increased 
percentages of apoptotic cells with increasing concentrations of MPA. Increased concentrations of 
MPA caused 1.5 – 2 times higher caspase-3 expression in DRG sensory neurons than in control cells 
(ANOVA, P = 0.001). Our results showed that MPA with reduced preservatives caused significantly 
less apoptosis observed with TUNEL assay labeling (P < 0.001) and caspase-3 immunoblotting (P 
≤ 0.001) than in neurons exposed to MPA from a commercially prepared vial or “clear phase” 
that contained higher concentrations of preservatives. Even though MPA with reduced preservatives 
caused 12.5% more apoptosis in DRG sensory neurons than in control cells, post hoc analysis 
showed no differences between these 2 groups. 

Limitations: Our data was collected from in vitro isolated rat DRG neurons. There is a possibility 
that in vivo neurons have different extents of vulnerability compared to isolated neurons.

Conclusions: Results of the present study identified a cytotoxic effect of commercially available 
MPA with preservatives or with a “clear phase” containing higher concentrations of preservatives on 
primary isolated rat DRG sensory neurons. This was shown by TUNEL positive assay and by increased 
caspase-3 expression as one of the final executing steps in apoptotic pathways in DRG neurons. 
However, our results showed no statistically significant difference between the control cells (saline-
treated) and cells treated with MPA with reduced concentrations of preservatives, pointing out 
that either PEG or myristylgamma-picolinium chloride (MGPC) or their combination have harmful 
effects on these cells. Reduction of concentrations of preservatives from commercially available MPA 
suspensions by using the simple method of inverting vials for 2 hours could be considered useful in 
clinical practice to enhance the safety of this depot steroid when injected neuraxially. 
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We recognized the usefulness of identifying a 
preservative-free, commercially prepared form of MPA 
and we previously reported that approximately 85% 
of PEG could be removed from an MPA suspension by 
keeping commercially prepared MPA vials inverted for 
more than 2 hours and by subsequently aspirating only 
the steroid component from the vial (14). We have not 
measured concentrations of MGPC (14), but Rijsdijk et 
al (15) showed that centrifugation of MPA vials reduced 
the concentration of MGPC by as much as 15 times. We 
are assuming that the vial inversion will reduce concen-
trations of both preservatives PEG and MGPC as well. 
Rijsdijk et al (15) estimated without actually measuring 
PEG that the concentration of PEG would theoretically 
be approximately 0.1 times the reported manufacturer’s 
concentration. Furthermore, they showed that the in-
trathecal (IT) administration of MPA in a canine model 
may be harmful to the spinal cord (15). 

Thus, to explore a possible cytotoxic effect of 
commercially available MPA (with intact or reduced 
preservatives) on rat sensory neurons, we exposed the 
primary dissociated neurons of the rat dorsal root gan-
glia (DRG) to commercially available MPA, with either 
the standard commercial concentration of preservatives 
left intact, or to one of the 2 phases separated after 
using our previously described technique (14) (MPA 
whose preservative concentration had been reduced or 
phase containing mainly preservatives). 

Methods

Isolation and culture of the primary sensory 
neurons from rat DRG. 

All experiments involving animals were conducted 
according to protocols approved by the Institutional 
Animal Care and Use Committee at University of 
Illinois-Chicago. Sensory neurons were isolated from 
the rat DRG according to previously published proto-
cols (16-18). Dissecting instruments were sterilized in 
an autoclave for 15 minutes and left to cool. Sprague-
Dawley rat pups 3 – 10 days old (Harlan Laboratories, 
Indianapolis, IN) were euthanized by CO2 asphyxiation 
and taken under sterile conditions into a tissue culture 
hood, where we poured 10 mL of sterile Hank’s Bal-
anced Salt Solution (HBSS) (Gibco, San Diego, CA) in 100 
mm tissue culture plate and placed on ice. Rats were 
dissected under a microscope at magnification of 1.5X. 
The ventral part of the spinal column was located with 
forceps and transferred into a new plate containing 
HBSS. DRGs were carefully cleaned from extraneous tis-

S ince the first published reports of 
methylprednisolone acetate (MPA) injection into 
the epidural space for treating radicular pain in 

1960 (1) and the first prospective study by Winnie et 
al in 1972 (2), wherein the authors compared epidural 
and intrathecal injections of MPA, MPA injections have 
become the most commonly performed interventional 
procedures in the United States and worldwide in the 
last 2 decades (3-6). However neuraxial MPA injection has 
been dogged by controversy, and neither the US Food and 
Drug Administration (FDA) nor manufacturers advocate 
intrathecal or epidural administration of MPA (7-9). 

One area of controversy is the presence of differ-
ent additives to commercially prepared glucocorticoids: 
benzyl alcohol, benzalkonium chloride, myristylgam-
ma-picolinium chloride (MGPC), or polyethylene glycol 
(PEG). Benzyl alcohol was removed by the manufacturer 
from single dose vials (1 mL) of MPA and was replaced 
with MGPC in 1991 (10). MPA suspension for single-use 
(Depo-Medrol®, Pharmacia & Upjohn Company, Ka-
lamazoo, MI; 80 mg/mL) contains an alcohol and non-
ionic detergent, PEG (2.82%) and a bacteriostatic agent 
MGPC (0.0189%). However, even the vial with the half 
dose of MPA (40 mg/mL) contains almost the same con-
centration of both PEG (2.91%) and MGPC (0.0195%).

While the use of MPA with or without preserva-
tives has long been an intriguing topic, there has been 
renewed interest in this issue following the publication 
in October 2012 in the New England Journal of Medi-
cine detailing the index case of fungal spinal meningitis 
associated with tainted, compounded MPA injected 
into the epidural space (11,12). Based on the October 
23, 2013, update from the Centers for Disease Control 
and Prevention, there have been 751 reported cases 
of fungal meningitis in 20 states including 64 deaths 
following spinal injection of contaminated MPA (New 
England Compounding Center, Framingham, MA) (13). 
The use of compounded MPA requires extra precautions 
for its preparation, primarily due to the possibility of 
bacterial or fungal contamination. The compounding 
of MPA has essentially been undertaken for 2 purposes; 
to remove MGPC and PEG in an attempt to minimize 
the theoretical risk of arachnoiditis associated with 
neuraxial steroids, and to reduce costs associated with 
the purchase of the commercial product. However, the 
recent meningitis outbreak associated with compound-
ed MPA highlighted the potential risks of using non-
commercial medications wherein product preparation 
was not subjected to the rigors of industry standards 
and oversight.  
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sue under the microscope and immersed in sterile HBSS. 
Using a coated glass pipette and 0.1% Bovine Serum 
Albumin/Phosphate Buffered Saline (BSA/PBS) (Fisher, 
Waltham, MA) DRGs were collected, left to settle on the 
bottom of the pipette for 20 seconds and transferred 
into a 15 mL conical tube containing 0.25% trypsin 
(Invitrogen, San Diego, CA) in HBSS. Enzymatic dissocia-
tion was done by incubation in a 37°C water bath for 
up to 20 minutes. Following incubation, trypsin was 
inactivated by adding 10% fetal bovine serum (FBS), 
and the tube was centrifuged for 6 minutes at 600g. 
The supernatant was aspirated and cell pellets were 
re-suspended in 1 mL serum-free Neurobasal medium 
(Invitrogen, San Diego, CA), supplemented with 2% B27 
(Invitrogen), 1% Glutamax (Invitrogen), 0.5% penicillin/
streptomycin (10,000 U/mL each, Invitrogen), and 2.5S 
Nerve Growth Factor (20 ng/mL, Invitrogen). DRG neu-
rons were counted and plated in desired densities. Cells 
were kept in a 37°C, 5% CO2 humidified atmosphere 
and the medium was changed by half, every other day. 
Ten µl 5-Fluoro-2’-dexyuridine (FudR) was added to the 
cell media every other time the media was replaced to 
eliminate non-neuronal cells. 

Glass cover slips were prepared prior to seeding, 
when cover slips first are immersed in concentrated nitric 
acid and rinsed with water, then flame sterilized with 
70% ethanol. For coating, 0.5 mg/mL of poly-L-lysine 
(Invitrogen, San Diego, CA) was prepared in autoclaved 
deionized water. Sterile cover slips and 12-well plates 
(CorningCostar, Sigma-Aldrich, St. Louis, MO) covered 
with coating solution were incubated overnight (or lon-
ger) at room temperature. After that, poly-L-lysine was 
removed and cover slips and 12-well plates were rinsed 
with autoclaved deionized water 4 times for half an hour 
each. Next, 10 µg/mL laminin (Sigma-Aldrich, St. Louis, 
MO) in HBSS was spread over and incubated for addi-
tional 24 hours. Such coated glass cover slips and 12-well 
plates were used for plating sensory neurons from DRG.

Treatment of rat DRG sensory neurons. 
Sensory neurons were left to differentiate on the 

poly-L-lysine coated cover slips and 12-well plates for 10 
days at 37°C in 5% CO2 incubator. Two sets of experi-
ments were performed. In the first set of experiments, 
cells were exposed to different concentrations of com-
mercially available MPA (0, 10, 20, and 40 ng/mL) dis-
solved in the normal saline solution (NSS). In the second 
set of experiments, we analyzed 4 experimental groups, 
using 20 ng/mL concentration: control group – exposed 
to normal saline solution; cells treated with only “white 

phase” (containing reduced concentration of preserva-
tives); cells treated with only “clear phase” containing 
mainly preservatives; and cells treated with original 
mixed solution (commercially available MPA with 
preservatives). Briefly, commercially available MPA 
formulation vial (Depo-Medrol®, Pharmacia & Upjohn 
Company, Kalamazoo, MI; 80 mg/mL) was used to aspi-
rate 100 μL of original MPA solution (mixed phase). The 
vial with the remaining 900 μL of the original solution 
was inverted for 2 hours to promote partition of the 
PEG component away from the steroid component. 
While keeping the vial inverted, a 3 mL syringe with 
an 18-gauge blunt tipped needle was gently inserted 
into the vial through the sealed rubber stopper and 
aspiration of only the steroid precipitate (white) phase 
(MPA with reduced concentration of preservatives) was 
undertaken. Another syringe and needle were used to 
aspirate the remaining upper solvent phase (contain-
ing higher concentrations of preservatives).MPA from 
the original vial, as well as two separated phases, 
were diluted in NSS and added into 1 mL of neuronal 
maintenance media per well (12-well plate) to obtain 
final concentration. The treatment of sensory neurons 
was pursued in a 5% CO2 atmosphere in an incubator 
at 37oC for 24 hours in serum-free medium. We used 
much smaller concentrations of MPA than those used 
clinically in humans for epidural injections (80 mg), 
because we used bare DRG neurons without other pro-
tective cells such as microglia, astrocytes, fat cells inside 
dural nerve root sleeves, epidural fat cells, etc.

TUNEL staining (Terminal deoxynucleotidyl 
transferase dUTP nick end labeling). 

TUNEL assay is a method for detecting DNA frag-
mentation by labeling the terminal free ends of nucleic 
acids. The DNA strand brakes are direct consequence 
of apoptosis activation. The DRG sensory neurons 
were treated with freshly prepared MPA solutions 
and control solution (as described above) for 24 hours. 
Thereafter, neurons were stained with the TUNEL as-
say kit (In Situ Cell Death Detection Kit, POD, Roche, 
Mannheim, Germany) as per manufacturer’s instruc-
tions (19). Briefly, following the treatment, neurons 
were fixed in freshly prepared 4% paraformaldehyde 
dissolved in PBS (pH 7.4) for 30 minutes at room tem-
perature, than washed with pure PBS. Neurons were 
then incubated in permeabilisation solution (0.1% 
Triton X-100 in 0.1% sodium citrate [Fisher, Waltham, 
MA]) pH 6.0 for an additional 2 minutes. TUNEL label-
ing reaction mixture was prepared immediately prior 



Pain Physician: September/October 2014; 17:E609-E618

E612 	 www.painphysicianjournal.com

to use, by mixing 50 μL of enzyme solution to the 450 
μL labeling solution (vial 2) and stored on ice. After a 
brief wash in pure PBS, neurons were incubated in 50 
μL of the mixture per cover slip, for an hour at 37°C 
in an incubator, to allow a green fluorescence signal 
to develop. Two negative controls per each experiment 
were included by incubating cells cover slips in labeling 
solution only. Before mounting with Prolong Antifade 
reagent (Molecular probes, San Diego, CA), cells cover 
slips were washed 3 times with PBS. In the last wash, 10 
μL of nuclear ToPro (Molecular Probes, San Diego, CA) 
dye reagent was added per 3 mL PBS and spread over 
the neurons for 10 minutes for nuclear stain to develop. 

For quantification, 10 fields from each cover slip 
were randomly selected per each treatment condition. 
The experiment was repeated 2 more times, and the 
total number of fields used was 30 per each treat-
ment. The TUNEL positive cells (green labeled cells) 
in the cell monolayer were counted versus viable cells 
(blue labeled cells nuclei) identified by nuclear ToPro 
staining. The ratio of the number of apoptotic sensory 
neurons to the total number of sensory DRG neurons 
was calculated. The cell type was scored using the Cell 
Counter plug-in of Image J software (NIH). Imaging 
was performed on the Bio-Rad Laser Sharp 2000 sys-
tem (Bio-Rad, Hercules, CA) using 40x objective (Zeiss, 
Oberkochen, Germany). 

Caspase-3 Western blotting assay. 
After 24 hours of DRG sensory neurons stimulation, 

cells were washed, collected, and lysed in detergent lysis 
buffer (20,21) containing 50 mmol/l Tris-HCl, pH 7.4, 150 
mmol/l NaCl, 1 mmol/l EDTA 1% Triton X-100, 1 mmol/l 
phenylmethylsulfonyl fluoride, 1 μg/ml leupeptin, and 1 
μg/ml aprotinin. The lysates were centrifuged at 14,000 
rpm for 20 minutes at 4°C, and protein concentrations 
were measured using bicinchoninic acid (BCA) protein 
assay reagent (Pierce, Rockford, IL) with BSA as stan-
dard. Protein from lysates were separated by loading 
40 μg of total protein on 12.5% reducing SDS-PAGE gel 
and transferred by electrophoreses to polyvinylidine 
fluoride membranes (Bio-Rad Laboratories, Hercules, 
CA). Membranes were blocked with Tween-20-Tris–
buffered saline (10-mmol/l Tris-HCl, pH 7.5, 100 mmol/l 
NaC1, and 0.1% Tween 20) containing 5% nonfat dry 
milk (Bio-Rad) for one hour before incubation with 
either primary anti-caspase 3 antibody 1:100 (Amer-
sham Pharmacia, Biotech, NJ) or actin antibody 1:1,000 
(Santa Cruz Biotechnology, CA). Antigen detection was 
performed by Amersham ECL prime western blot detec-

tion kit (GE Healthcare Life Sciences, Buckinghamshire, 
UK) with horseradish peroxidase conjugated secondary 
antibodies. Membranes were exposed to film (Kodak, 
Rochester, NY), scanned, and densities were determined 
by Bio-Rad multi imager. Expression of proteins was 
corrected for actin control, and signal intensity analysis 
was performed by using Image J program (NIH). 

Statistical analysis was performed using SPSS soft-
ware (IBM SPSS Statistics 20, Chicago, IL). Differences 
in percentages of apoptotic cells and differences in 
caspase-3 expression between 4 different doses in the 
first set of experiments and between 4 different groups 
in the second set of experiments were analyzed using 
one-way Analysis of Variance (ANOVA) test. In order to 
distinguish differences between paired groups we used 
Bonferroni post hoc analysis. A P value less than 0.05 
was considered to be statistically significant.

Results

In the first set of experiments we exposed primary 
neuronal cells (sensory neurons from rat DRG) to differ-
ent concentrations of MPA (0, 10, 20, and 40 ng/mL) from 
the original commercially prepared vial (Depo-Medrol®, 
80 mg/ml MPA, Upjohn Pharmaceuticals, Kalamazoo, 
Michigan). TUNEL assay showed dose-related responses 
and increased percentages of apoptotic cells with in-
creasing concentrations of MPA (Fig. 1 A, B). All tested 
concentrations of commercially available MPA caused 
2 – 2.5 times more apoptotic cells than control (saline-
treated) cells (ANOVA, P < 0.0001) (Fig. 1B). However, 
post hoc analysis between different doses showed no 
statistical difference between adjacent doses (between 
10 and 20 ng/mL P = 0.385; between 20 and 40 ng/mL P 
= 0.464). Only the difference between 10 and 40 ng/mL 
was statistically significant (P = 0.03) (Fig. 1B). 

Caspase-3 expression showed similar results (Fig. 2 
A, B). Increased concentrations of commercially avail-
able MPA caused 1.5 – 2 times higher caspase-3 expres-
sion in DRG sensory neurons than in control (saline-
treated) cells (ANOVA, P = 0.001) (Fig. 2B). However, 
post hoc analysis showed no statistically significant 
difference between paired groups (P > 0.05).

In order to clarify the cytotoxic effect of MPA with 
intact or reduced preservatives, we exposed DRG sen-
sory neurons to MPA from the original commercially 
prepared vial, or to one of the 2 separated phases. Our 
results showed that MPA with reduced preservatives 
caused significantly less apoptosis observed with TUNEL 
assay labeling (P < 0.001) (Fig. 3) and caspase-3 immu-
noblotting (P ≤ 0.001) (Fig. 4) than neurons exposed 
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Fig. 1. TUNEL stained DRG sensory neurons exposed to different concentrations of  MPA. Rat sensory DRG neurons exposed to 
different concentrations of  MPA (0, 10, 20, and 40 ng/mL). A) showing representative TUNEL stained (green) neurons; B) 
Plots showing the average percentage of  apoptotic cells (mean ± SD) from 30 fields (experiments were performed 3 times with 10 
fields from each cover slips), where * indicates significant difference between control (0 ng/mL) and other doses of  MPA (10, 20, 
and 40 ng/mL) based on ANOVA test, and # indicates difference after post hoc analysis between 10 and 40 ng/mL) (P < 0.05).

Fig. 2. Caspase-3 expression in DRG sensory neurons after exposure to different concentrations of  MPA. Rat sensory DRG 
neurons exposed to different concentrations of  MPA (0, 10, 20, and 40 ng/mL). A) showing expression of  caspase 3 and actin 
from cell lysates immunoblotted with caspase-3 and actin antibody. Signal intensities were quantified using Image J software; B) 
plots represent mean ± SD from at least three experiments performed in duplicates; where * indicates significant difference between 
control (0 ng/mL) and other doses of  MPA (10, 20, and 40 ng/mL) based on ANOVA test (P < 0.05). 
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to MPA from the original vial or “clear phase” that 
contain higher concentrations of preservatives. Even 
though, MPA with reduced preservatives caused 12.5% 
more apoptosis in DRG sensory neurons than control, 
saline-treated cells (Fig. 3B), post hoc analysis showed 
no difference between these 2 groups. However, ex-
posure of these neurons to MPA with intact preserva-
tives (from the original commercially available vial) or 
to “clear phase” containing higher concentrations of 
preservatives caused about 50% more deoxynucleoti-
dyl transferase dUTP nick-end labeling (TUNEL) stained 
apoptotic cells (TUNEL positive cells) than in control (P 
< 0.0001) (Fig. 3B). 

Caspase-3 expression showed similar results (Fig. 
4 A, B). Caspase-3 expression was slightly increased in 

Fig. 3. TUNEL stained DRG sensory neurons exposed to different fractions of  MPA suspension. Rat sensory DRG neurons 
exposed to vehicle (normal saline solution – control), commercially available MPA with preservatives, MPA with reduced amount 
of  preservatives (‘white phase) or to “clear phase” containing higher concentrations of  preservatives. A) showing representative 
TUNEL stained (green) neurons; B) Plots showing the average percentage of  apoptotic cells (mean ± SD) from 30 fields 
(experiments were performed 3 times with 10 fields from each cover slips), where * indicates significant difference between control 
group and “clear phase” and control and commercially available MPA, and # indicates significant difference between “white 
phase” with reduced concentration of  preservatives and “clear phase” containing higher concentration of  preservatives and “white 
phase” and commercially available MPA (P < 0.05).

neurons exposed to MPA with reduced preservatives, 
but the difference was not statistically significant (P > 
0.05). However, cells exposed to MPA from the original 
vial as well as “clear phase” containing mainly pre-
servatives showed significantly higher expression of 
caspase-3 than control cells (P < 0.0001 and P = 0.001, 
respectively) and significantly higher expression than 
cells exposed to “white phase” containing MPA with 
reduced concentration of preservatives (P = 0.001 and P 
= 0.003, respectively). 

Discussion

Despite the fact that epidural MPA injections are 
commonly used as standard treatments in intervention-
al pain management practices, IT MPA administration 
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Fig. 4. Caspase-3 expression in DRG sensory neurons after exposure to different fractions of  MPA suspension. Rat sensory 
DRG neurons exposed to vehicle (normal saline solution – control), commercially available MPA with preservatives, MPA with 
reduced amount of  preservatives (“white phase”) or to “clear phase” containing higher concentrations of  preservatives. A) 
showing expression of  caspase 3 and actin from cell lysates immunoblotted with caspase-3 and actin antibody. Signal intensities 
were quantified using Image J software; B) plots represent mean ± SD from at least 3 experiments performed in duplicates; 
where * indicates significant difference between control group and “clear phase” and control and commercially available MPA, 
and # indicates significant difference between “white phase” with reduced concentration of  preservatives and “clear phase” 
containing higher concentration of  preservatives and “white phase” and commercially available MPA (P < 0.05).

remains controversial. Even though, the IT administra-
tion of MPA has been found to be very effective in 
treatment of postherpetic neuralgia (22-25), repeated 
administration of MPA by this route has also been as-
sociated with numerous neurological complications 
(26-31). The issue of the safety of IT steroid therapy has 
been a controversial subject for several decades. Ad-
verse events occurring following IT steroid application 
have implicated the presence of preservative additives 
(benzyl alcohol, benzalkonium chloride, MGPC, or PEG). 
Neuraxial injections of MPA with preservatives have oc-
casionally been associated with chemical arachnoiditis, 
meningitis, transverse myelitis, etc., especially when 
injected intrathecally (9,31,32).

The unanswered question is whether or not IT ste-
roid administration results in damage to the neurons, 

meninges, and/or spinal cord (8,33-36). Zemel et al 
(37) showed that Depo-Medrol containing MGPC used 
periocularly in the treatment of ocular inflammation is 
highly toxic to the rabbit retina. Since the vertebrate 
retina is derived from an evagination of the diencepha-
lon and developmentally is part of the central nervous 
system (CNS), this toxicity may be related to neurotox-
icity as well (38). On the other side, Benzon et al (39) 
using an in vitro rabbit sheathed-nerve preparation 
found no significant changes in amplitude or conduc-
tion velocity with 3% PEG. Even 40% did not cause 
neurolysis in their study (39). 

Results of the present study identified a cytotoxic 
effect of commercially available MPA with preservatives 
on primary isolated rat DRG sensory neurons shown by 
TUNEL positivity and caspase-3 expression. Caspase-3 
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is one of the final executing caspase in the apoptotic 
pathways in DRG neurons (20,21). Caspase-3, as an indi-
cator of apoptosis, induces the proteolytic cleavage of 
many proteins that leads to cell death (40). Our results 
showed no statistically significant difference between 
the control cells (saline-treated) and cells treated with 
MPA with reduced concentrations of preservatives. 
However, cells treated with commercially available MPA 
or with a “clear phase” containing higher concentra-
tions of preservatives showed statistically significant 
cytotoxic effect by TUNEL staining and caspase-3 ex-
pression. In our previous study (14) we measured only 
concentrations of MPA and PEG, but according to Rijs-
dijk et al (15) our separation should remove MGPC as 
well. Thus, results of this study are confirmatory that ei-
ther PEG or MGPC, or their combination, has a harmful 
effect on the rat DRG sensory neurons. Similar results 
are expected with 40 mg/mL vials, since they contain 
almost the same concentrations of PEG and MGPC as 
80 mg/mL vials. 

Marinangeli et al (36) believed that steroid neuro-
toxicity is related to the addition of PEG and suggested 
that less concentrated PEG, diluted with local anesthet-
ics  and/or saline, might reduce the potential for neu-
rotoxicity. In everyday practice, commercially available 
MPA is often diluted with normal saline and/or local an-
esthetics prior to injection into the epidural space, even 
though glucocorticoid manufacturers do not advocate 
for diluting or mixing MPA due to possible physical in-
compatibility (9). Furthermore local anesthetics per se 
may be neurotoxic (41) and may cause hemodynamic 
derangements or sensory and motor block, depending 
upon dose administered and route of administration. 
Mixing these components can increase the osmolality 
in the epidural space and can potentially cause neuro-
toxicity as well (9). Exposure of DRG sensory neurons 
to different concentrations of commercially available 
MPA in our study showed increased numbers of TUNEL 
positive cells and higher caspase-3 expression with in-
creased concentrations. However, differences between 
adjacent doses were not statistically significant.

While Byrod et al (42) showed rapid venous trans-
port of Evans-blue labeled albumin from the epidural 
space to spinal nerve roots and spinal nerves, indicating 
potentially fast transport of corticosteroids injected 
epidurally, these injections are largely considered to be 
safer than IT injections. Delaney et al (35) in a feline 
study of epidural injections of triamcinolone diacetate 
containing 3% of PEG and 0.9% of benzyl alcohol in 
48 cats found only mild histological changes and con-

cluded that this combination does not significantly 
damage neural tissue. Ten years later Cicala et al (34) 
compared injections of Depo-Medrol (2 mg/kg) and 
preservative-free 1% lidocaine (0.3 mg/kg) with pH-
balanced lactated Ringer’s solution (0.3 mL/kg) injected 
into a rabbit’s epidural space. They found no signs of 
neurotoxicity 10 days after injection and no difference 
between Depo-Medrol and lactated Ringer’s solution 
(34). Triamcinolone acetonide (Kenalog®) and dexa-
methasone sodium phosphate (Decadron®) are free 
of PEG, but they contain 1% benzyl alcohol that has 
been shown to cause retinal toxicity in rabbits (43,44) 
and flaccid paralysis after injecting saline solution that 
contained 1.5% benzyl alcohol (45). There are no stud-
ies showing how to reduce the concentration of benzyl 
alcohol or any studies that compare toxicity of PEG and 
benzyl alcohol. 

Rijsdijk et al (15) showed that levels of MPA in the 
plasma remained detectable for up to 3 weeks follow-
ing a fourth IT injection. Following treatment, all of the 
experimental dogs included in their study had normal 
laboratory results (complete blood counts, liver and 
kidney function). They observed only transient eleva-
tion of cell count and protein levels in the cerebrospinal 
fluid. In that study, animals were sacrificed 6 weeks af-
ter the last IT injection, and were subjected to postmor-
tem examinations, where focal aggregates of activated 
microglia were observed along with mild inflammation 
in the spinal cord, but without evidence of neuronal 
injury or demyelination in adjacent nerve roots (15).

Rijsdijk et al (15) discussed potential direct toxic 
effect of MPA on the spinal cord; however no signs of 
transverse myelitis, sterile meningitis, or arachnoiditis 
were observed among the animals treated IT with MPA 
without preservatives. Furthermore, both Rijsdijk et al’s 
study (15) and our current study used MPA with reduced 
preservatives. There is a chance that even small concen-
trations of preservatives caused the inflammatory reac-
tions after IT injection of MPA in dogs (15), since we also 
had increased cytotoxicity in DRG neurons that was not 
statistically significant after using MPA with reduced 
concentrations of preservatives. Even though we are 
not advocating for the routine use of the IT injection of 
corticosteroids, there is no study showing a direct toxic 
effect of MPA on the spinal cord when used alone. The 
lack of evidence for MPA toxicity makes at least epi-
dural steroid injections, and potentially subarachnoid 
exposure in cases of unintentional dural puncture that 
may occur during epidural steroid injections (14), safe, 
especially when used with reduced concentrations of 



www.painphysicianjournal.com 	 E617

Cytotoxic Effect of Methylprednisolone Acetate Suspension

preservatives. However, neither Rijsdijk et al (15) nor 
we tested the effects of MPA alone, because that would 
have required the use of compounded or purified MPA 
which was outside the scope of our manuscripts. Our 
results in conjunction with their results do suggest the 
importance of distinguishing between the indirect 
and direct neurotoxic effects of corticosteroids on the 
spinal cord, wherein preservatives may induce indirect 
microglia-mediated cytotoxicity in instances where 
the concentration of preservatives is not significantly 
reduced.

Limitations
Our presented study has several limitations.  In the 

first place, our data were collected from in vitro isolated 
rat DRG neurons. There is a possibility that in vivo neu-
rons have different extents of vulnerability compared 
to isolated neurons. Just as Benzon et al’s (39) work on 
isolated rabbit sciatic nerves exposed to concentrations 
of PEG up to 40% is interpreted cautiously by neuraxial 
steroid advocates, our present work is reliable from the 
standpoint of the limitations imposed by using animal 
models in vitro to express concerns regarding human 
neuraxial exposure to glucocorticoid suspensions used 
in pain management.

Conclusions

Reduction of concentrations of preservatives from 
commercially available MPA suspensions by using the 
simple method of inverting vials for 2 hours could be 
considered useful in clinical practice to enhance the 
safety of this depot steroid when injected neuraxially. 

Nevertheless, this method may prove to be an alterna-
tive to using compounded MPA, at least for instances 
wherein the use of compounding is being undertaken 
to provide MPA without preservatives. The fact that 
apoptosis occurred even with a reduction in concen-
trations of PEG and MGPC may stimulate additional 
research into finding methodologies to further reduce 
their respective concentrations prior to the use of these 
steroids in individuals for whom neuraxial injection is 
clinically indicated.
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