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Purpose. This study examined the subacute myotoxic effects of injection of the local anesthetic
bupivacaine on the orbicularis oculi muscle in the rabbit eyelid. In contrast to other muscles,
the orbicularis oculi was resistant to injury by the usual anesthetic doses of bupivacaine when
local infiltration is used. An attempt was made to assess the sensitivity of orbicularis oculi
muscle to bupivacaine using a variety of increased bupivacaine concentrations and in combina-
tion with hyaluronidase.

Methods. Bupivacaine was injected into rabbit lower eyelids at a variety of doses with and
without the injection of hyaluronidase before bupivacaine treatment. Muscle injury was as-
sessed immunohistochemically using an antibody to an isoform of neural cell adhesion mole-
cule, anti-leu-19, a molecule shown to localize on the surface of regenerating muscle fibers.
The number of neural cell adhesion molecule-positive muscle fibers was assessed 4 and 7 days
after bupivacaine injection to determine the number of fibers that were injured.

Results. When bupivacaine was injected into the lower eyelid at a dose of 1.5 mg, only 10% of
the orbicularis oculi muscle was injured. The most effective injury involved either multiple
injections of 3 mg bupivacaine or of hyaluronidase 20 minutes before the injection of 3 mg
bupivacaine, resulting in injury of up to 58% of the muscle fibers. In all cases, the preseptal
region of the orbicularis oculi showed a greater percentage of injury than the pretarsal por-
tions of the muscle.

Conclusions. Although multiple injections of bupivacaine and bupivacaine combined with hyal-
uronidase significantly increased the percentage of muscle cells injured, total destruction of
the orbicularis oculi muscle was never seen. Neural cell adhesion molecule was a good marker
for the quantification of the regenerating muscle fibers. It is proposed that the tight fascicula-
tion of the orbicularis oculi muscle may play a role in preventing access of the local anesthetic
to the individual muscle fibers. This demonstrates the relative clinical safety of local anesthetic
injection into the eyelid. Invest Ophthalmol Vis Sci. 1993;34:3450-3458.

skeletal muscle is susceptible to injury by a number of
agents and methods that result in rapid degeneration
of the muscle fibers. Some muscle toxic agents cause
permanent muscle loss. These include x-ray irradia-
tion1 and doxorubicin.2"4 Other agents cause muscle
injury followed by regeneration. These include physi-
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cal injuries, such as crush injury,5 ischemic injuries,
such as those resulting from autotransplantation,6 and
chemical-induced injuries, such as after the injection
of local anesthetics.7 A variety of local anesthetics have
been shown to induce muscle degeneration and subse-
quent regeneration. These include lidocaine,8"10 me-
pivacaine,1112 and bupivacaine.713 Injection of these
agents typically causes rapid loss of the muscle fibers,
with the earliest effects of the injected drugs seen as
soon as 15 minutes after application.7

Injection of bupivacaine into skeletal muscle can
result in the almost total destruction of a given mus-
cle,14"17 followed by complete regeneration within 1
month. We investigated the effects of injection of bu-
pivacaine into the lower eyelids of rabbits to assess the
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susceptibility of the orbicularis oculi muscle to bupiva-
caine myotoxicity.

Neural cell adhesion molecule (N-CAM), is known
to be expressed on developing muscle cells,18 recently
denervated muscle cells,19 and regenerating muscle
cells, including satellite cells, myoblasts, and myo-
tubes.20-21 N-CAM is not expressed on degenerating or
necrotic skeletal muscle fibers,22 or on normal, adult
skeletal muscle except at neuromuscular junctions and
on satellite cells. The presence of N-CAM was used as a
quantitative marker for the reaction of orbicularis
oculi muscle to bupivacaine induced injury. N-CAM
was localized immunohistochemically on the bupiva-
caine-treated muscles in the rabbit eyelid, and the
number of N-CAM-positive cells was determined.
This number was compared to the total number of
orbicularis oculi muscle fibers in the normal rabbit
eyelid.23

MATERIAL AND METHODS

Thirty New Zealand white rabbits were obtained from
Birchwood Valley Farm (Red Wing, MN). All research
conformed to the guidelines of the ARVO Resolution
on the Use of Animals in Research.

Before injecting anesthetic solution into their eye-
lids, the rabbits were anesthetized with an intramuscu-
lar injection of a 1:1 mixture of ketamine HC1 (Ketalar
HC1, Parke Davis, Morris Plains, NJ) at a dose of 10
mg/kg and xylazine (Tranquired, St. Joseph, MN) at a
dose of 2 mg/kg. Each treated eyelid received the local
anesthetic injections in two elongated and separate
boluses at two injection sites to include exposure of
the entire mediolateral extent of the lower eyelid to
the injected bupivacaine. Rabbits received injections
of varying combinations of bupivacaine HC1 alone
(Sensorcaine, 0.75% solution in isotonic saline con-
taining epinephrine 1:200,000; Astra Pharmaceutical
Products, Inc., Westborough, MA) or bupivacaine and
hyaluronidase (Wydase, 150 units/ml, in sterile iso-
tonic saline; Wyeth, Philadelphia, PA) into each lower
eyelid. If given, hyaluronidase was always adminis-
tered as a separate injection 20 minutes before bupi-
vacaine. The dosage and injection parameters for bu-
pivacaine treatment of the eyelids are listed in Table 1.
An additional five eyelids were injected with the dose
determined to injure the maximal number of muscle
fibers, two injections of hyaluronidase and 1.5 or 3 mg
bupivacaine were given 18 hours apart, and the rabbits
were killed after 7 days. Common dosages of bupiva-
caine in humans vary according to the area being anes-
thetized, and the amount and duration of anesthesia
required. However, common doses for local infiltra-
tion anesthesia are between 0.75 and 3 mg. The recom-
mended dosages for retrobulbar injections, con-
versely, range between 15 and 30 mg. Another four
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TABLE l. Number of Rabbit Eyelids Injected
at Each Dose of Bupivacaine

Series of 2
(hie Injections,
Injection 18 hr Apart

Saline
15 units hyaluronidase*
1.5 mg bpf
3 mg bp
hyal/1.5 mg bp |
hyal/3 mg bpj

2§
2
5
5
6
8

—
—
5
5
5
5

All animals were killed 4 clays after the initial injections.
* 151) units hyaluronidase (hyal) reconstituted in 1 ml isotonic: sa-
line.
f 0.7!>% bupivacaine (bp) HCI in saline wilh 1:2(M),000 epinepln ine.
X Hyaluronidase injected 20 minutes prior to injection of hupiva-
eaine.
§ Values are number of eyelids at each parameter.

eyelids were injected 18 hours apart with two sets of
injections of hyaluronidase and 3 mg bupivacaine but
without epinephrine, and the rabbits were killed 4 days
later.

At the time of death the rabbits were deeply anes-
thetized as described earlier. Proparacaine HCI drops
were applied to the conjunctival cul-de-sac. Samples of
the medial, central, and lateral portions of the lower
eyelids were removed and immediately frozen by im-
mersion in 2-methylbutane that had been chilled on
liquid nitrogen. The tissue was immediately sectioned
at 12 Aim in a cryostat and processed for alkaline aden-
osine triphosphatase histochemistry at pH 10.5, which
allows for the differentiation of types 1 and 2 muscle
fiber.24 Serial sections were processed with standard
hematoxylin/eosin and Gomori trichrome stains. A
third section in serial order was stained immunohisto-
chemically with anti-leu-19, which binds to an isoform
of N-CAM and allows for the visualization of regener-
ating or newly denervated muscle fibers.21 Frozen sec-
tions were fixed in 95% ethanol, rinsed in phosphate-
buffered saline (pH 7.4) and quenched for endoge-
nous peroxidase by incubation in 0.3% H2O2 in
methanol. After incubation in blocking serum, the sec-
tions were incubated with the primary mouse monoclo-
nal antibody anti-leu-19 (Becton Dickinson, Mountain
View, CA) in a 1:80 dilution. After a rinse in phos-
phate-buffered saline, the sections were incubated
with biotinylated horse anti-mouse IgG, followed by
incubation with the Vectastain Elite ABC reagent con-
taining the avidin- biotin-peroxidase complex (Vector
Laboratories, Burlingame, CA). The reacted tissue
sections were incubated using the intensified diamino-
benzidine procedure.25

The eyelid sections were examined using light mi-
croscopy. The sections were analyzed to determine the
extent of muscle injury as a result of the various injec-
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tion protocols, particularly with regard to the inclu-
sion of both pretarsal and preseptal portions of the
orbicularis oculi muscle.23 These divisions are found in
both upper and lower eyelids.23 The pretarsal region
of the orbicularis oculi is defined as the region from
the eyelid margin to the end of the tarsal glands. The
preseptal region of the orbicularis oculi is defined as
the region from the end of the tarsal glands to the end
of the conjunctival surface. Counts of muscle fibers
positive for anti-leu-19 after each of the various injec-
tion protocols were made using the Bioquant Image
Analysis system (R and M Biometrics, Nashville, TN).
The total number of orbicularis oculi muscle fibers per
eyelid cross section was also determined. Results were
compared statistically using the Mann-Whitney test
and a two-tailed P value. Results were considered sig-
nificantly different at P < 0.001. All statistics were
performed using the Instat biostatistics software
(Graphpad, San Diego, CA).

•i rf '

irt,

RESULTS

In the normal control orbicularis oculi muscle some
N-CAM-positive staining could be seen, but only at
what is either satellite cells or neuromuscular junc-
tions as reported in the literature (Figs. 1A, 2A). A
single injection of 1.5 mg bupivacaine containing epi-
nephrine was not sufficient to significantly injure the
orbicularis oculi in either the pretarsal (Fig. IB) or
preseptal (Fig. 2B) areas of the muscle. A single injec-
tion of 3 mg bupivacaine and two injections of 1.5 mg
bupivacaine resulted in slightly greater numbers of in-
jured fibers in both the pretarsal (Fig. 1C) and presep-
tal (Fig. 2C) portions of the muscle. The nerves in
these sections retained a normal histologic appear-
ance. When hyaluronidase was injected 20 minutes be-
fore injection of either 1.5 mg or 3 mg bupivacaine or
when 3 mg bupivacaine was injected twice within 18
hours, there was a significant increase in the number

B

V -

FIGURE l. Photomicrographs o( the pretarsal portion of the orbicularis oculi muscle from
rabbit eyelids stained with a monoclonal antibody to leu-19, an isofoim of N-CAM. (A)
Uninjected control muscle. Four days after an injection of (B) 1.5 mg bupivacaine, (C) 3 mg
bupivacaine, and (D) hyaluronidase followed 20 minutes later with 3 mg bupivacaine. Arrow-
heads indicate N-CAM-positive muscle fibers. Arrows indicate nerve. Note that normal periph-
eral nerve is positive for N-CAM staining. Bar is 100 ^m.
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FIGURE 2. I'holoinitiograph.s ol the piescplal poriion ot the orbicularis oculi muscle from
rabbit eyelids stained with a monoclonal antibody to leu-19, an isoform of N-CAM. (A)
Uninjected control muscle. Four days after the injection of (B) 1.5 mg bupivacaine, (C) 3 mg
bupivacaine and (D) two injections of 3 mg bupivacaine within 18 hours. Arrowheads indicate
N-CAM-positive muscle fibers. Arrows indicate normal nerve in cross-section. Bar is 100 /uni.

of muscle fibers injured compared with single injec-
tions of bupivacaine alone in both the pretarsal (Fig.
ID) and preseptal (Fig. 2D) regions of the orbicularis
oculi muscle. Two injection series of hyaluronidase
and either 1.5 or 3 mg bupivacaine, 18 hours apart,
also resulted in a large number of injured muscle
fibers (Fig. ID).

The number of N-CAM-positive muscle cells 4
days after the various types of bupivacaine treatment
was determined (Figs. 3, 4). Bupivacaine alone re-
sulted in few labeled muscle fibers in either the pretar-
sal or preseptal region of the muscle. Increasing doses
and number of treatments with bupivacaine, even
without the addition of hyaluronidase, resulted in in-
creased numbers of N-CAM-positive muscle fibers in
both the pretarsal and preseptal regions of the muscle
(Figs. 3, 4). In the pretarsal portion of the muscle, all
of the injection protocols that included hyaluronidase
injections before bupivacaine injection resulted in a
significantly increased number of N-CAM-positive
fibers over single injections of bupivacaine alone (Fig.

3). The maximal injury in the pretarsal muscle was
seen after two injections of 3 mg bupivacaine, 18
hours apart, when 26% of the fibers were injured. In
the preseptal region, there was a steady increase in the
number of N-CAM-positive muscle fibers with in-
creasing dosages of bupivacaine, and an even further
increase when hyaluronidase was injected before bu-
pivacaine treatment (Fig. 4). There was no significant
difference between the numbers of muscle fibers in-
jured after any treatment that included hyaluronidase,
but these were all significantly elevated over bupiva-
caine alone.

When the number of N-CAM-positive muscle
fibers is examined as a percentage of the total number
of muscle fibers in either the pretarsal or preseptal
regions of the muscle, there was never injury to all of
the orbicularis oculi muscle fibers. After a single 1.5
mg bupivacaine injection, only 3% of the muscle fibers
were injured in the pretarsal regions as a result of
injection of this local anesthetic, and only 13% were
injured in the preseptal regions (Fig. 5). The injured
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200

180 h

Anti-leu-19 Positive
Pretarsal Muscle Fibers

AJBbp hy/3bpx2

FIGURE 3. Bar graph depicting the number of anti-leu-19 positive muscle fibers in the pretar-
sal portion of the orbicularis oculi muscle after injection with different doses of bupivacaine
(bp) or bupivacaine and hyaluronidase (hy). indicates that the data are significantly different
from the number of fibers labeled after a single injection of 1.5 mg bupivacaine. **Indicates
that the data are significantly different from the number of fibers labeled after either a single
injection of 3 mg bupivacaine or after two injections of 1.5 mg bupivacaine. P < 0.0001.

Anti—leu— 19 Positive
Preseptal Muscle Fibers

iJBbp 3bp 1.5bpx2 hy.1-5fapx2 hy.3bpx2

FIGURE 4. Bar graph depicting the number of anti-leu-19 positive muscle fibers in the presep-
tal portion of the orbicularis oculi muscle after injection with different doses of bupivacaine
(bp) or bupivacaine and hyaluronidase (hy). ^Indicates data are significantly different from
the number of fibers labeled after a single injection of either 1.5 or 3 mg bupivacaine or two
injections of 1.5 mg bupivacaine. P < 0.0001.
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Percent N-CAM Positive Muscle
After Bupivacaine Injections

100

V//A pretarsal

total

hy/3bpx2

FIGURE 5. Bar graph depicting the percentage of pretarsal,
preseptal, and the total number of muscle fibers stained with
anti-leu-19 as a marker of injury after injection of either 1.5
mg bupivacaine (bp) or two sets of injections of hyaluroni-
dase followed by injection of 3 mg bupivacaine administered
18 hours apart compared with the number of muscle fibers
in these regions in uninjured control eyelids.

muscle fibers were diffusely located throughout the
muscle cross-section. This represents an injury to only
10% of the total number of palpebral orbicularis oculi
fibers. After 2 injections, 18 hours apart, of hyaluroni-
dase, followed by 3 mg bupivacaine each, only 19% of

the muscle fibers were injured in the pretarsal region
of the muscle, while 79% were injured in the preseptal
region. This represents an injury to only 58% of the
total number of fibers in the palpebral orbicularis
oculi muscle (Fig. 5).

N-CAM appears to be a good marker for dener-
vated or regenerating muscle fibers and a measure of
the reaction to injury. When serial sections were pre-
pared using standard hematoxylin/eosin histologic
methods and compared with sections stained for N-
CAM expression, there was a good correlation be-
tween the histologic appearance of regenerating fibers
and N-CAM expression (Fig. 6). However, there were
always fibers with a normal histologic appearance in
the hematoxylin/eosin stain that expressed N-CAM
circumferentially on their sarcolemmal surfaces. Thus,
N-CAM expression is an excellent marker for the
quantitative analysis of muscle fiber injury and regen-
eration after myotoxin treatment. The injured fibers
are more readily identified with N-CAM staining than
they are by using hematoxylin/eosin or trichrome
methods.

Injection of bupivacaine without epinephrine al-
ways resulted in fewer muscle fibers injured than the
same dose of bupivacaine that contained epinephrine
(data not shown). Injections of either hyaluronidase
alone or saline into the eyelid did not result in detect-
able muscle injury.

DISCUSSION

When compared with other skeletal muscles treated
with similar doses of bupivacaine as described in the

B

FIGURE 6. Photomicrographs of serial sections through the preseptal portion of the orbicu-
laris oculi muscle 7 days after the injection, 18 hours apart, of hyaluronidase followed by 3
mg bupivacaine. (A) Muscle stained with hematoxylin/eosin. (B) Muscle stained with the
monoclonal antibody to leu-19, an isoform of N-CAM. Arrowheads indicate a labeled nerve
bundle. Arrows indicate fibers that appeared normal in the hematoxylin/eosin stain, but are
positive for N-CAM expression. Bar is 50 jum.
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literature, the orbicularis oculi muscle was resistant to
bupivacaine-induced myotoxicity. Injury to the orbi-
cularis oculi muscle fibers could be increased when the
dose of bupivacaine was increased or after pretreat-
ment of the eyelid with hyaluronidase before injection
with bupivacaine to a maximal injury of 58% of the
muscle fibers. However, none of the injection proto-
cols examined in this study resulted in total injury to
the muscle fibers in the orbicularis oculi.

The small amount of injury of the orbicularis oculi
muscle after an injection of either 1.5 mg or 3 mg
bupivacaine, from 10 to 13%, is in contrast to the
rather extensive injury that has been described after
bupivacaine injection at the same dose in a number of
other skeletal muscles. Comparable doses have been
injected into or in the connective tissue around rat
sternocleidomastoid muscles,26 rat tibialis anterior,16

mouse extensor digitorum longus,17 and monkey extra-
ocular muscles.14 In all of these cases, more than 90%
of the treated muscle was injured. However, the mode
of administration and species treated seem to play a
role in the amount of muscle damaged as a result of
bupivacaine treatment. Retrobulbar injections of a
number of local anesthetics in the rat resulted in ex-
tensive injury to the extraocular muscles, as did direct
injection into primate extraocular muscles.14 In con-
trast, injections of between 7.5 and 15 mg bupivacaine
into the retrobulbar tissues but not directly into the
muscles in the primate orbit have been shown to result
in very mild muscle injury27 with myopathic changes in
only a single muscle fiber type in the extraocular mus-
cles. Direct injection of local anesthetic into a muscle
fascicle is the most effective method to induce muscle
injury. The current study of rabbit orbicularis oculi
muscle and that of Porter27 examining monkey extra-
ocular muscles both demonstrate the resistance of
these particular muscles to local anesthetic treatment.

The reduced myotoxicity of bupivacaine com-
pared to bupivacaine containing epinephrine has been
described previously for a number of other local anes-
thetics.816 This is most likely because of two factors.
First, epinephrine has been shown to be slightly myo-
toxic when it is injected directly into muscle.8 Second,
epinephrine is a known vasoconstrictor, so the net re-
sult of its presence at the time of injection would be to
cause the local anesthetic to remain at the site of injec-
tion for a longer time.

The orbicularis oculi muscle is very tightly fascicu-
lated, with little connective tissue between the muscle
fibers in any given fascicle. It may be that part of the
reason for the limited myotoxicity of bupivacaine in
the orbicularis oculi muscle is due to limitated access
of the drug to the individual muscle fibers. Hyaluroni-
dase is an enzyme that breaks down hyaluronic acid in
connective tissue. It is often used as an agent to in-

crease the spread of a drug at its injection site. It has
been used previously in tandem with local anesthetic
application with the same result shown in the current
study, increasing the amount of muscle injury to rat
tibialis anterior muscle compared with that seen after
injection of bupivacaine alone.13 We have demon-
strated that hyaluronidase is effective in increasing the
myotoxicity of doxorubicin when both drugs are in-
jected into the eyelids of rabbits.3'28 This is substan-
tiated in part by the gradient of muscle injury in the
eyelid that results from the injections of hyaluronidase
with these myotoxic drugs (Fig. 1). Other agents
known to increase the spread of drugs at their injec-
tion site, like dimethyl sulfoxide and collagenase, have
been effective in increasing the myotoxic effects of
doxorubicin, presumably by the same mechanism.3'28

It may be that these would be more effective than hyal-
uronidase in producing bupivacaine-induced muscle
injury.

The immunohistochemical localization of N-CAM
on regenerating muscle cells allowed the quantifica-
tion of the amount of muscle injury after bupivacaine
injections in a more objective manner than has been
possible with traditional histologic stains. N-CAM has
been shown to be present only on satellite cells and
neuromuscular junctions in adult skeletal muscle,20

and on both denervated muscle cells19 and regenerat-
ing myoblasts and myotubes.20"22 It is not present on
normal adult skeletal muscle sarcolemma or on degen-
erating or necrotic fibers.22 In various myopathic dis-
eases a good correlation has been shown between the
histologic appearance of denervated fibers or regen-
erating fibers and the expression of N-CAM on the
surfaces of those fibers.20'2129

The N-CAM-positive muscle cells seen in this
study are most likely regenerating fibers. Based on the
timetable of injury seen after injection of other local
anesthetics,711"14 fatally injured muscle would have al-
ready become necrotic and degenerated 4 days after
bupivacaine injection. Both in our histologic examina-
tion and in the work of others, the nerves appeared to
be intact and undamaged as a result of bupivacaine
injections (Figs. 2, 6).11-26'27 The N-CAM-positive
muscle fibers did not resemble the atrophic type fibers
seen in denervated muscle, which are small and angu-v

lated in appearance.20'21 Rather, in hematoxylin and
eosin stained sections, they had the appearance of
myoblasts and myotubes, with small cross-sectional
areas, slightly basophilic cytoplasm and enlarged, cen-
trally placed nuclei.30 Recently, Figarella-Branger et
al29 have shown that satellite cells and denervated mus-
cles express the nonsialylated form of N-CAM,
whereas the regenerative fibers express the sialylated
isoforms similar to those seen on skeletal muscles cells
in developing embryos. In future studies, by using anti-
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bodies to these various isoforms of N-CAM, we may be
able to identify more definitively that the N-CAM-la-
beled fibers are regenerating after bupivacaine-in-
duced muscle injury.

The orbicularis oculi appears to be somewhat re-
sistant to injury by local bupivacaine injection. Despite
multiple injections of bupivacaine, the maximal num-
ber of fibers injured was only 58%. This contrasts to
that seen in other skeletal muscles at similar dosages of
bupivacaine,13'1426 where 100% of the muscle was in-
jured after a single injection of bupivacaine. Injection
of hyaluronidase before injection of bupivacaine sig-
nificantly increased the number of muscle fibers in-
jured in the orbicularis oculi muscle, but again com-
plete destruction of the muscle was never seen. The
tight fasciculation of the muscle fibers in the eyelid
would seem to protect the orbicularis oculi muscle
from injury after injection of bupivacaine. Many oph-
thalmologic procedures require the injection of local
anesthetic into the eyelid. These results indicate that
the orbicularis oculi muscle is relatively safe from local
anesthetic toxicity in its clinical use.

Key Words

myotoxin, facial muscles, local anesthetics, skeletal muscle,
muscle regeneration, N-CAM
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