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ABSTRACT

Purposes: To evaluate the effects of nalbuphine 1% on the expression of me-
talloproteinase 1 (MMP-1), metalloproteinase 9 (MMP-9), and opioid growth factor
(OGF) in rabbit corneas after lamellar keratectomy.

Methods: The rabbits were assigned to two groups: group nalbuphine (GN, n=30),
which received 30 pL of nalbuphine 1% in 4 daily applications at regular intervals
until corneal epithelialization, and group control (GC, n=30), which received phy-
siological saline solution under the same conditions adopted in GN. The corneas
were collected for immunohistochemistry on days 1, 3,5, 7, and 9 after lamellar
keratectomy, and the expressions of MMP-1, MMP-9, and OGF were analyzed.
Results: The expressions of MMP-1 and MMP-9 increased until day 5 of the evalua-
tion, with no differences observed between GN and GC (p>0.05). On days 7 and
9, significant reductions were observed in the expression of MMP-1 (p<0.01), with
no differences observed between GN and GC (p>0.05). The expression of OGF was
constant in all periods (p>0.05), restricted to the corneal epithelium, and there
was no difference between the groups (p>0.05).

Conclusions: The study results showed that nalbuphine 1% did not alter the ex-
pression patterns of MMP-1, MMP-9, and OGF in rabbit corneas after lamellar
keratectomy.

Keywords: Cornea; Photorefractive keratectomy; Nalbuphine/therapeutic use; Ma-
trix metalloproteinases; Receptors, opioid; Immunohistochemistry; Animals; Rabbits

RESUMO

Objetivos: Avaliar os efeitos da nalbufina 1% sobre a expressdo da metaloproteinase
1 (MMP-1), da metaloproteinase 9 (MMP-9) e do fator de crescimento opidide (OGF),
em corneas de coelhos submetidas a ceratectomia lamelar.

Métodos: Constituiram-se dois grupos: grupo nalbufina (GN, n=30), que recebeu 30 uL
de nalbufina 1% em 4 aplicacées didrias, a intervalos regulares, até a epiteliza¢do cor-
neal; controle (GC,n=30), que recebeu solu¢ao salinanas mesmas condi¢des adotadas
no GN. As cérneas foram colhidas para imuno-histoquimica decorridos 1,3, 5, 7 € 9
dias das ceratectomias lamelares, visando a se avaliarem as MMP-1, MMP-9 e OGF.
Resultados: A expressdo das MMP-1 e de MIMP-9 se elevou até o quinto dia de ava-
liagéo, sem diferen¢a entre GN e GC (p>0,05). Nos dias 7 e 9, observou-se redu¢do
significativa na expressdo das enzimas (p<0,01), sendo que diferencas ndo foram
observadas entre os grupos (p>0,05). O OGF exibiu imunomarcagdo constante em
todos os periodos (p>0,05), restrita ao epitélio corneal. Ndo foram encontradas dife-
ren¢as entre os grupos (p>0,05).

Conclusées: Com base dos resultados obtidos, hd como admitir que a nalbufina 1%
ndo alterou o padrdo de expressdo da MMP-1, da MMP-9 e do OGF em cérneas de
coelhos submetidas a ceratectomia lamelar.

Descritores: Cornea; Ceratectomia fotorrefrativa; Nalbufina/uso terapéutico; Meta-
loproteinases da matriz; Receptores opidides; Imuno-histoquimica; Animais; Coelhos

INTRODUCTION

Humans and animals often develop ulcerative keratitis®”, which
leads to discomfort and pain due to the activation of nociceptors
predominantly located in the superficial layer of the cornea®. Nal-
buphine is an opioid kappa agonist/mu antagonist that produces
moderate to severe analgesia® and has been used in premedication,
surgery, and the postoperative period of obstetric and pediatric
practices focused on controlling pain associated with burns®. Nal-
buphine activity depends on the dose, application site, and sex of
the patient®®. Studies on the analgesic effects of nalbuphine on the
cornea have shown that instillation reduces the corneal sensitivity
to touch in dogs®. In contrast, nalbuphine has been demonstrated
to sometimes cause damage to the corneal epithelium and stromal
fibroblasts”. It is unclear if nalbuphine can impair the expression
of enzymes and growth factors involved in corneal wound healing.

Owing to their importance in maintaining and repairing the epi-
thelium and corneal stroma, matrix metalloproteinases (MMPs) have
been widely studied®?. MMPs are calcium-dependent zinc-contai-
ning endopeptidases involved in inflammation, wound healing, tissue
remodeling, and pathological processes®. These enzymes have been
detected in tears and corneal tissue during wound healing and in
ocular surface disease®'®In corneal ulcers, the combination of the
overexpression of MMP-1 and MMP-9 can lead to rapid degradation
of corneal extracellular matrix®. MMP-1 has long been associated with
corneal destruction after injury and alkali-induced burns™. MMP-9
digests denatured collagen, gelatin, and native type IV, V, and VIl
collagens as well as other extracellular components"?. Higher levels
of MMP-9 have been found in the corneal epithelium of patients with
cornea edema®. Matsubara et al."® observed that the basement
membrane can be dissolved by MMP-9, which facilitates corneal
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ulceration. Knockout mice without MMP-9 have been found to be
resistant to corneal epithelial barrier disruption™. MMP-9 has been
shown to be active during remodeling of the corneal stroma after
lamellar keratectomy®.

Opioid growth factor (OGF) is an endogenous peptide found
in different tissues'™. It serves as a growth factor in developing and
renewing neoplastic cells and tissues!'®. In vitro and in vivo studies
have shown that OGF is constitutively expressed in the process of
wound healing of rat and rabbit corneal epithelium). Regarding
domestic species, OGF and its receptor have been identified in dogs,
cats, and horses in large concentrations in the corneal epithelium®.
OGF downregulates epithelial cell division and migration in the clo-
sing of corneal epithelial abrasions and has a pivotal role in ocular
surface repairt'”.

The goal of this study was to evaluate the effects of 1% nalbuphi-
ne instillation on the expression of MMP-1, MMP-9, and OGF on rabbit
corneas after lamellar keratectomy.

METHODS

Experiments were performed in accordance with the guidelines
set forth by the Association for Research in Vision and Ophthalmolo-
gy (ARVO) for the use of animals in ophthalmic and vision research
and was approved by the Ethics Committee on Animal Use of the
Faculty of Agrarian and Veterinary Sciences, UNESP Jaboticabal
(n2028793-08). Sixty healthy, adult, male, New Zealand White rabbits
with an average weight of 3 kg were used. The animals were indivi-
dually kept in proper, clean, and sanitized cages in well-ventilated
areas, with a diet of commercial ration and “ad libitum” potable water.

For general anesthesia, an intramuscular injection of 15 mg/kg of
ketamine (Cetamina- S(+); Cristalia Produtos Quimicos e Farmacéu-
ticos, Campinas, SP, Brasil) with 0.5 mg/kg of midazolam (Dormire®;
Cristalia, Sado Carlos, SP, Brasil) was used and maintained using iso-
flurane (Isofluorano; Cristalia Produtos Quimicos e Farmacéuticos)
diluted in oxygen 100%. The procedures for local anesthesia involved
instillation of one drop of proxymetacaine 0.5% (Proximetacaina-Anes-
talcon; Alcon, Sao Paulo, Brasil).

Lamellar axial keratectomy was performed in one of the eyes by
using a trephine of 200-um depth and 6-mm diameter (Trépano for
cornea, 6 mm; Steel Inox, Sdo Paulo, SP, Brasil). A 60°crescent scalpel
(Bisturi Crescente Angulado; Ziemer Ophthalmic Systems AG, Switzer-
land) was used to remove the corneal layer. All interventions were
performed by the same surgeon by using a microscope with a magni-
fication of x20 (MC-M902®; DF Vasconcelos, S&do Paulo, SP, Brasil).

The rabbits were assigned to two groups: group nalbuphine (GN,
n=30), which received 30 uL of nalbuphine solution 1% (Cristalia
Produtos Quimicos e Farmacéuticos) instilled 4 times a day at regular
intervals for up to 9 days (time of corneal epithelialization) and were
clinically monitored by using the fluorescein eye stain test (Fluores-
cefna em tiras®; Ophthalmos, Sdo Paulo, SP, Brasil), and group control
(GC, n=30), which received 30 pL of physiological saline solution
(0.9% NaCl) at the same times and under the same criteria as used
forinstillation in the GN. For prophylaxis of the infection, all eyes were
treated with tobramycin eye drops 0.3% (Tobrex®; Alcon, Séo Paulo,
SP, Brasil), at intervals of 6 h. The animals were not treated orally or
parenterally to prevent pain‘®.

After 1,3, 5,7, and 9 days of lamellar keratectomy, six animals of
each group were euthanized by intramuscular injection of 20 mg/kg
of ketamine (Cetamina-S(+); Cristalia Produtos Quimicos e Farmacéu-
ticos) and 0.75 mg/kg of midazolam (Dormire; Cristalia, Sdo Carlos, SP).
Lidocaine hydrochloride 2% (Xylestesin®; Cristalia) was administered
intrathecally without a vasoconstrictor®?. The entire corneal buttons
were harvested, fixed in 10% buffered formalin, and processed for
routine inclusionin paraffin. Cross-sections (5 um thick) of the corneal
tissue were subjected to immunohistochemistry (IHC).
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IHC was performed by using antibodies against MMP-1 (1:200)
(Anti-MMP 1 Rabbit pAb®; Cabiochem, Darmstad, Germany), MMP-9
(1:100) (Anti-MMP 9(Ab-3) Mouse mAb (56-2A4)®: Cabiochem), and
OGF (1:100) (anti-Enkephalin, Clone NOC1®; Cabiochem) according
to the manufacturer’s instructions for each antibody. Dilutions were
optimized in our laboratory to eliminate nonspecific staining. Sections
were submitted for the blocking of endogenous peroxidase achieved
by using a solution of methyl alcohol (Alcohol Metilico Commercial
100%®; Synth, Diadema, SP, Brasil) and hydrogen peroxide (Peroxido
de Hidrogenio 50%®; Synth) at a final concentration of 8%. Incubation
of the primary antibodies was performed in a moist chamber for 18 h
at a temperature of 4°C. Immediately thereafter, a secondary anti-
body (ADVANCE™ / HRP, Rabbit/Mouse; DAKO, Carpinteria, USA) was
added. Diaminobenzidine (DAB Chromogen® Rabbit/Mouse; DAKO,
Carpinteria) was used as a chromogen.

The samples were photographed (Nikon Eclipse E200® microsco-
pe; Nikon, Melville, NY, EUA) (400X) and evaluated in software (Motic
Image Plus 2.0; Hong-Kong, China). The expressions of MMP-1, MMP-9,
and OGF were established by using semiquantitative IHC scores pro-
posed by Stern et al.?V (Table 1).

Data were statistically evaluated by using the Kruskal-Wallis' test
and Dunn'’s post-hoc test. GraphPad Prism 4.0° software (GraphPad
Software, Inc,, La Jolla, CA, USA) was used to perform the statistical
analyses, and a p-value of <0.05 was used to indicate statistical sig-
nificance.

RESULTS

The expression of MMP-1 was observed in the interstitial space
of the basal epithelial cells, over the basal lamina, and in the corneal
stroma occupying approximately 75% of the evaluated microscopic
fields (IHC scores of 5 and 6), with no significant difference observed
between the GN and GC until day 5 of the evaluation (p>0.05). On
days 7 and 9, gradual reductions were observed (IHC scores of 3and 2,
respectively) in the expression of MMP-1 (p<0.01), with no difference
observed between the groups (p>0.05). MMP-1 was restricted to the
basal region of the corneal epithelium (Figure 1).

There was no significant difference in the IHC scores of MMP-9
between the groups during the evaluations (p>0.05). In both the GC
and GN, a similar pattern of identification to the one found for MMP-1
was observed from day 1 until day 5 of the evaluation (p>0.05). On days
7 and 9, significant reductions in MMP-1 were observed (p<0.001)
(IHC scores of 2 and 1, respectively), which were restricted to the
basal lamina and the interstitial space of epithelial cells near the basal
lamina (Figure 2).

Regarding OGF, cytoplasmic localization in the epithelial supra-
basal and basal cells was observed. No differences in OGF expression
were observed between the periods (IHC scores of 1 and 2 for all) or
between the groups (p>0.05) (Figure 3).

Table 1. Classification by semi-quantitative index of immunostaining
in the corneal epithelium (Stern et al. 2006)

index Immunostaining

0-0.5 Absence of staining: <10%

1 10%-25% of microscopic fields

2 25%-50%
3 >50%
4 >75%
5 >95%
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Figure 1. Photomicrographs of corneas from male adult New Zealand White rabbits in group nalbuphine (GN)
(B and D) and group control (GC) (A and C) 1 (A and B) and 9 (C and D) days after lamellar keratectomy. In A and
C, immunostaining of metalloproteinase-1 in the basal cells and corneal stroma (arrows) is shown. In B and
D, a decrease in the immunostaining of metalloproteinase-1 is observed in the basal cells (arrows). Polymer
bound with peroxidase. Magnification, x400.

(B and D) and group control (GC) (A and C) 1 (A and B) and 9 (C and D) days after lamellar keratectomy. In A
and C, immunostaining of metalloproteinase-9 in the basal cells and corneal stroma (arrows) is observed. In B
and D, a decrease in the immunostaining of metalloproteinase-9 is observed in the basal cells (arrows). Polymer
bound with peroxidase. Magnification, x400.
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Figure 3. Photomicrographs of corneas from male, adult, New Zealand White rabbits in group nalbuphine (GN)
(B and D) and group control (GC) (A and C) 1 (A and B) and 9 (C and D) days after lamellar keratectomy. In A and
B, immunostaining of opioid growth factor in the basal cells and intracytoplasm (arrows) and absence of the
opioid growth factorin the stroma are observed. In Cand D, staining of the opioid growth factor indicates similar
concentrations in the two groups. Polymer bound with peroxidase. Magnification, x400.

DISCUSSION

MMPs are zinc-dependent endopeptidases secreted by kerato-
cytes, epithelial cells, and other cell types®. In this study, greater IHC
scores were observed in the corneal epithelium near the border of
the lesion, in accordance with the results reported by Ribeiro et al.*?.
In the present research, MMP-1 and MMP-9 were detected in the basal
membrane and superficial stroma. A similar finding was reported by
Ye and Azar®. In contrast, Mulholland et al.®’ found MMP only in the
corneal sub-epithelial region; this could be related to differences in
the IHC technique used. IHC results depend on the type of detection
procedure and the antibody used (monoclonal versus polyclonal).

The IHC technique used in the present study cannot discriminate
between the active and inactive forms of MMPs®?; however, it is able
to detect different expression patterns of these proteases. Additional
studies should be conducted in this area in the future. Several pro-
cedures are available to quantify MMPs, and all have advantages and
limitations. Western blotting and zymography are used to evaluate
expression at the protein level®. SDS-PAGE substrate zimography
and reverse zymography allow only measurement of the relative
activities of MMPs because pure preparations of MMP are often una-
vailable to permit standardization®. In situ zimography is a comple-
mentary procedure for IHC and reverse zimography; however, it may
be difficult to discriminate between different MMPs classes®. With
in situ zymography, only active MMPs are detected by visualizing
areas where they have digested the substrate, which also occurs with
serine, cysteine, or aspartic proteinases.

There are no previous reports about the effects of opioid ago-
nists/antagonist drugs on the expression of MMPs. Here, decreases
in the expressions of MMP-1 and MMP-9 in the lesion were observed
on days 7 and 9, respectively, in the GC and GN. Clinical parameters
and epithelization times in rabbit corneas treated under the same
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experimental protocols as used here have been reported in a previous
study!?.

Ribeiro etal.?? using IHC and zymography showed that morphine
(pure opioid agonist) increased the expression of MMP-9 in corneas
after lamellar keratectomy. Here, nalbuphine produced no alterations
in MMP-1 or MMP-9. A study involving a MCF-7 breast cancer cell line
showed the inhibitory effects of MMP induced by morphine®, which
isin contrast with the results obtained with nalbuphine in the present
study. In MCF-7 cells, however, the attenuation of MMP secretion by
opioids was not mediated by opioid receptors but was under the
control of the nitric oxide system®@.

Hormonal factors must be considered when evaluating the effects of
opioid analgesics. In this research, only male rabbits were used to elimi-
nate eventual biases related to sex. Sexually dimorphic kappa-mediated
antinociception has been observed in antithetical antinociceptive/no-
ciceptive responsiveness of females versus males to kappa agonists/
antagonists?. Apparently, selective kappa agonists produce greater
antinociceptive effects in males®”. In contrast, women have greater
analgesic effects from the mixed mu/kappa ligands: pentazocine, nal-
buphine, and butorphanol®. Interactions of opioids with estrogen
are poorly understood and should be further investigated to provide
insights into sex differences in analgesia.

In the present study, OGF was detected in epithelial suprabasal
and basal cells. This finding is consistent with those obtained in other
studies™. Even with kappa agonist/mu antagonist action, nalbuphi-
ne did not alter OGF expression. In the present study, it was also found
that the agonist fraction of nalbuphine did not interfere with the ex-
pression of endogenous peptides. In a previous study®, pharmacolo-
gical intervention with opioid antagonist naltrexone (NTX; 30 mg/kg,
twice daily) was related to the inhibition of OGF and delay in corneal
repair of diabetic rats. A study conducted in inflammatory models in



the abdominal cavity demonstrated that local application of morphi-
ne increased the concentration of endogenous opioid peptidest?.

In conclusion, results of the present study showed that instillation

of nalbuphine 1% did not alter the immunohistochemical expression
patterns of MMP-1, MMP-9, and OGF in rabbit corneas after lamellar
keratectomy.
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