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Minocycline delayed photoreceptor death in the rds mice through
INOS-dependent mechanism

Li-ping Yang,' Ying Li,! Xiu-an Zhu,! Mark O.M. Tso*?

Peking University Eye Center, Peking University Third Hospital, Peking University, Beijing, China; 2MImer Eye Institute, Johns
Hopkins University School of Medicine, Baltimore, MD

Purpose: To elucidate the role of activated microglia and nitric oxide (NO) in photoreceptor apoptosis in rds mice, and to
investigate the effect of minocycline treatment on rds mice.

Methods: Photoreceptor apoptosis in rds mice was detected by terminal dUTP transferase nick end labeling (TUNEL).
Retinal microglial cells were identified by CD11b antibody. The mRNA expression of inducible nitric oxide synthase
(iNOS) and chemokines were examined by reverse transcription polymerase chain reaction (RT-PCR) assay. The protein
expression of INOS was examined by immunohistochemistry and Western blotting analysis. The rds mice were treated
intra-peritoneally from the second postnatal day (P2) with minocycline.

Results: Accompanying photoreceptor degeneration in rds mice, microglia were activated and immigrated from inner
retinal layer (IRL) to outer nuclear layer (ONL), and the expression of INOS was up-regulated. Minocycline treatment
reduced the INOS expression and decreased the initial photoreceptor apoptosis, but did not provide long term ameliorative
effect on the photoreceptor cell loss of rds mice.

Conclusions: NO played a major role in the initial photoreceptor apoptosis in rds mice. The migration of activated
microglia to the ONL contributed to the subsequent photoreceptor cell death; minocycline treatment ameliorated the
photoreceptor apoptosis in rds mice, and this protective effect was partly through INOS-suppressive mechanism.

Hereditary degenerative diseases of the retina lead to preequential relationship between microglial activation and pho-
gressive death of rod and subsequently cone photoreceptaoseceptor apoptosis had not been fully elucidated. The induc-
by apoptosis [1]. Improved understanding of the pathologicable nitric oxide synthase (iNOS), previously isolated from
process of these diseases would lead to the effective therapiasirine macrophage [9], is expressed in many cell types espe-
to delay or ameliorate photoreceptor cell death. The rds miggally activated microglia, and induces the release of nitric
is homozygous for a null mutation in the prph 2 gene, whicloxide (NO) over long periods [10,11]. The production of NO
encodes a transmembrane glyco-protein peripherin 2, whickias a major factor for tissue damage after activation of mi-
is essential for the formation and maintenance of normal pharoglia. Previous studies had shown that microglial derived
toreceptor outer segment. Consequently, the rds mice failédO played an important role in the pathogenesis of brain is-
to develop photoreceptor outer segments and underwent prehemia [12] and experimental autoimmune uveitis [13]. Two
gressive loss of photoreceptors by apoptosis [1,2]. In humanthings should be considered: (1) The possibility that INOS
over 10 different retinal phenotypes have been associated withight take part in the retinal degenerative process in rds mice;
mutations in the peripherin gene, including autosomal domiand (2) the co-relationship between activated microglia and
nant retinitis pigmentosa (RP) and macular dystrophieBNOS expression.

(RetNet). Minocycline is, a semi-synthetic, long-acting tetracycline

In the recent decade, increasing attention has been fderivative that has good penetration of the blood-brain bar-
cused on the pathogenic role of microglia in retinal degeneraier. It has recently been shown to have remarkable
tions. Accompanying photoreceptor degenerations in Royaleuroprotective properties in models of neurodegeneration
College of Surgeons (RCS) rat, rd mice, and light-inducegiL4], brain ischemia [12], Parkinson’s disease [15], and mul-
retinal degeneration mice, microglia was activated and mitple sclerosis [16]. Previous studies have demonstrated that
grated from inner retinal layer (IRL) to outer nuclear layeminocycline treatment decreased the expression of INOS [12]
(ONL) [3-6]. Recently, Hughes et al. observed that accompand microglial activation [17]. Recently, Hughes et al. observed
nying photoreceptor degeneration in rds mice, microglia prothat minocycline delayed photoreceptor apoptosis in rds mice
liferated and migrated to the subretinal space, which confirme@]. The possibility that minocycline may exert its protective
the intimate association between activated microglia and theffect through iINOS-suppressive or microglial-suppressive
degenerative process in this animal model [7,8]. However theechanisms must be considered.

In the present study, we investigated the sequential events
Correspondence to: Mark O.M. Tso, Wilmer Eye Institute, John®f photoreceptor apoptosis, microglial activation, and iINOS
Hopkins Hospital, 457 Wilmer-Woods Building, 600N. Wolfe Street, expression in rds mice. We also examined the protective ef-
Baltimore, MD 21287; Phone: (410) 614-0229; FAX: (410) 614-1114fect and possible mechanisms of minocycline on the retinal
email: matso@jhmi.edu degeneration process in rds mice.
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METHODS Tissue sections were fixed in chilled fresh acetone for 10
Animals and procedures: All experiments were performed in min, and were successively incubated with 0.3%9 Hn
accordance with the ARVO Statement for the Use of Animalsnethanol for 15 min, blocking reagents for 10 min, primary
in Ophthalmic and Vision Research. All animals wereantibodies to CD11b (1:50, Serotec Ltd., Oxford, UK) or to
husbanded in according with the guidelines of the AssocidNOS (1:100, Santa Cruz Biotechnology, CA) &tClover-
tion for the Assessment and Accreditation of Laboratory Aninight, corresponding biotinylated secondary antibodies for 45
mal Care. Prph2?R92 and normal control C3B mice min, horseradish peroxidase (HRP) avidin-biotin complex for
(C3.BliAPe®>d) were obtained from Jackson Laboratories (Bar30 min and developed with DAB.
Harbor, ME), and were housed under specific pathogen-free Wholemount retinas were fixed in absolute ethanol for
conditions in the Animal Facility of Peking University Health 10 min at 4°C, re-hydrated in 0.01 M PBS for 20 min, and
Science Center. They were housed in an air-conditioned roomade permeable by incubating in 1% Triton X-100 contain-
with a 12:12 h light-dark cycle at a light intensity of 20 to 40ing 1% bovine serum albumin for 1 h, then incubated in pri-
[ux. mary antibodies to CD11b (1:50 dilution) or to iNOS (1:100
Minocycline hydrochloride (Sigma-Aldrich, St. Louis, dilution) at 4°C overnight. Afterwards the retinas were incu-
MI) 50 mg/kg was injected intra-peritoneally into mice daily bated with corresponding biotinylated secondary antibodies
from the second postnatal day (P2) until P14, P17, P21, archd HRP avidin-biotin complex for 3 h at 3Z, respectively,
P28. At least five animals and controls were used per group.@nd developed with DAB. Retinal wholemounts were exam-
total of about one thousand mice were used. ined by confocal microscope and counted by blinded observ-
Tissue preparation: Animals were euthanized with an ers. Positively stained microglia in the ONL were counted in
overdose of pentobarbital, and their eyes were immediately standard area of retina using a graticule at 40 objective mag-
enucleated and fixed in 4% (w/v) paraformaldehyde (PFA) imification. At least ten non-adjacent areas per eye were counted
PBS for 1 h. The anterior segments were removed and tlier each stain.
posterior segments were further fixed in the same fixative for  Total RNA extraction and semiquantitative reverse tran-
an additional period of 5 h. The tissue samples were transeription: A semiquantitative reverse transcription polymerase
ferred to 20% sucrose buffer overnight at’@ for  chain reaction (RT-PCR) assay was performed to measure the
cryoprotection and then embedded in OCT compound. Fraxpression levels of chemokine mRNA transcripts in the whole
zen sections were cuudn thick through the optic nerve head retina. The eyes were enucleated and bisected. The retinas were
and ora serrata with a cryostat, and the sections were kept ipeeled from the eyecup and immediately homogenized in the
-80°C freezer until use. extraction Trizol reagent (Invitrogen Corporation, Grand Is-
Retinal wholemounts were prepared by bisecting the eydand, NY). Total RNA was isolated by chloroform extraction
at the ciliary body into anterior and posterior sections. Thand isopropanol precipitation according to the manufacturer’s
lens and vitreous were removed, and the retina was subsgastructions. Reverse transcription was performed with oligo-
quently separated from the underling retinal pigment epitheaucleotide primers using Superscript™ reverse transcriptase
lium and choroid. Wholemount retinas were kept in @4  (Invitrogen) according to manufacturer’s protocol. Afterwards
freezer until use. PCR was performed. The primers and annealing temperature
Morphometric studies: The mouse retinas treated with are shown in Table 1. Each PCR product was separated on 2%
or without minocycline were examined in hematoxylin andagarose gel and analyzed with Quantity One 1-D Analysis
eosin-stained sections by light microscopy. For measureme8bftware (Bio-Rad, Richmond, CA). The amount of RT-PCR
of the ONL thickness, only sections passing through the optigroducts was corrected wifltactin expression. Because of
nerve head were analyzed. Nine sections from three mice weltee wide variation in expression levels of these genes, we used
analyzed and measurements were takerud@®@om the op-  different cycles to obtain optimum expression. The levels of
tic nerve head on both sides. expression were then compared within the time course for one
TUNEL studies: Photoreceptor apoptosis was assesseg@articular gene mRNA, but were not compared between genes.
using a DeadEnd™ Colorimetric TUNEL System (Promegd@CR experiments were repeated at least four times.
Corporation, Madison, WI) according to manufacturers’ pro-  Western blotting analysis: The eyes were enucleated and
tocol. TUNEL-positive photoreceptor cells were counted by disected. The retinas were peeled from the eyecup and imme-
blind observer. Positive-stained apoptotic photoreceptors wedkately homogenized with 0.5 ml ice-cold lysis buffer [50 mM
counted in a standard length of retina (1.2 mm) centered ofris-CL pH 8.0, 0.02% sodium azideuty/ml aprotinin, 1%
the optic nerve head using a graticule at 40 objective magnifNP-40, 100ug/ml phenylmethylsulfonyl fluoride (PMSF)].
cation following a technique as described in reference [7]. NinBisoluble material was removed by centrifugation at 120,000
sections from three mice were used for TUNEL studies.  rpm at 4°C for 20 min. Final protein concentrations were de-
Immunohistochemistry studies. Experiments were car- termined using the BCA protein assay kit (Pierce Biotechnol-
ried out using appropriate positive and negative controls (nogy, Rockford, IL) according to the manufacturer’s specifica-
primary antibody). CD11b was used for the detection of mitions. Western blotting analysis was then performed accord-
croglia, is an antigen containing two polypeptides of 170 kDang to a technique described in reference [18]. The antibody
and 95 kDa found on the surface of mouse macrophages with iNOS, (1:1000 dilution in blocking solution) was used for
unknown function. immunodetection, and an anti-ERK2 polyclonal antibody was
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used to serve as a control to ensure that equivalent quantitiegina (Figure 2C). In the rds mice before P14, the number
of proteins were used for SDS-PAGE. Protein bands were digand distribution of the microglial cells were comparable to
tally analyzed with Quantity One 1-D Analysis Software (Bio-those in the normal control C3B retina. However at P17, the
Rad). The Western blotting experiments were repeated at leastcroglial cells were first noted in the ONL in the rds retina
for four times.

Satistical analysis: Data were presented as the mezD.
An independent sample t-test was used to determine statis

cal significance. A p<0.01 was considered significant. rds mice 2:3:::;']@ outer retinal layer
[ '
RESULTS £ 25 7
Photoreceptor apoptosis in rds mice: No TUNEL-positive ?_; 20 *
photoreceptor cells were observed in the ONL of the normz = 2 45
control C3B retina at P14. In rds mice, few TUNEL-positive § © q¢
cells were initially detected in the ONL at P14. At P17 the E 5
number of TUNEL-positive photoreceptor cells reached a peal é 0

P12 P14 P17 P21 P28 P42 P90 P180

After P21 only scattered TUNEL-positive photoreceptor cells
postnatal age (days)

were observed. The time course of the increment and redu

tion of the TUNEL-positive photoreceptor cells in the ONL in
rds retina are illustrated in Figure 1. Figure 1. Temporal relationship between photoreceptor apoptosis and

Microglial activation in rds mice: Two subpopulations CD11b-labeled microglial cells in the outer nuclear layer of rds mouse

N . . . e retina. The number of TUNEL-positive photoreceptor cells peaked
of CDle Iabe!ed mlcrogllsl Cellls vyerehlddelntlfled Iln n(;)rmal at P17, which was significantly higher than at P14 and P21. At P17
control C3B retina. One subpopulation had long-, slender prope 4ctivated meiroglia was first presented in the outer nuclear layer

cesses, localized at the perivascular region in the neural fibghn ). At P28 the number of activated mciroglia in the ONL reached
layer and the ganglion cell layer (Figure 2A). The other, withh peak, which was significantly higher than at P21 and P42. Data
short wide processes, was mostly found in the retinal paremvere expressed as me&D. A p<0.01 (*) was considered signifi-
chyma, did not run along the retinal vessels and was mow@nt compared with P14 and P21 in TUNEL studies. A p<0.01 (hash
localized in the inner plexiform layer (Figure 2B). No micro- mark) was considered significant compared with P21 and P42 in
glial cells were identified in ONL in the normal control C3B Microglial studies.

TABLE 1. OLIGONUCLEOTIDES USED FOR REVERSE TRANSCRIPTASE POLYMERASE CHAIN REACTION

Annealing | Product size
temperature (bp)
Target gene Sequences (5 —3') Location (C)
fi-Actin Sense: CTG GAG AAG AGC TAT GAG CTG NT 786-1031 62 245
Antisense: AAT CTC CTT CTG CAT CCT GTC
INOS Sense: COA CCC GTC CACAGTATGT NT 402-818 57 416
Antisense: TAC AGT TCC GAG CGT CAAAG .
MCP-1 Sense: CCC CACTCACCT GCT GCTACT NT 177-556 . 63 379
Antisense:  GGCATC ACA GTC CGAGTC ACA
MCP-3 Sense: ATAGCC GCT GCTTTC AGC A NT 107-335 | 62 228
Antisense: CTAAGT ATG CTATAG CCT CCT CGA
MIP-1a Sense: CCAAAG AGA CCT GGG TCC AAG NT 307-627 . 63 320
Antisense: GGG TTG AGG AAC GTG TCC TGA -
MIP-1[3 Sense: CCATGAAGC TCT GCG TGT CTG NT 76-463 62 387
Antisense: GGG CAG GAAATC TGAACG TG
Rantes Sense: TGC CCT CAC CAT CAT CCT CA NT 57-366 | 57 309
Antisense: AAG COGATGA CAG GGAAGC GTA -
Eotaxin Sense: CCT GCT GCT TTATCATGA CCA NT 139-419 61 280

Primers were designed using the Primer Express Program and purchased from AuGCT Biotechnology, Beijing, P. R. China.
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(Figure 2D). At P28 the number of microglial cells in ONL immunoreactivity was not observed in the normal control C3B
reached a peak (Figure 2E). After P42 the microglial cells imetina (Figure 4A). In rds retina, the INOS immunoreactivity
the ONL were reduced in number. By P180, only a few microwas restricted to the photoreceptor outer segments (Figure 4B).
glial cells scattered among the ONL (Figure 2F). The microbouble labeling of INOS and CD11b at the peak of microglial
glial cells in the ONL were characteristically ameboid withactivation showed that INOS was not expressed in activated
few stout processes (Figure 2D-F). The temporal relationshimicroglia.
of the increment and reduction of activated microglia in the  Expression of chemokinesin rds retina: Relative levels
ONL with the photoreceptor apoptosis in rds retina is illus-of mMRNA transcripts for chemokines MCP-1, MCP-3, MIP-
trated in Figure 1. la, MIP-18, RANTES and eotaxin were measured by semi-
The expression of INOSinrdsretina: The expressions of quantitative RT-PCR at various time points. A representative
iINOS in rds retina were determined by RT-PCR, Western blotgel image is shown in Figure 5. The results showed that nor-
ting, and immunohistochemistry studies. A representative gehal control C3B retina expressed low levels of mMRNA tran-
image of INOS mRNA expression is shown in Figure 3A-B.scripts for MCP-1, MCP-3, MIPeland MIP-13, but expressed
The results showed that normal control C3B retina constitumodest quantities of RANTES and eotaxin. In rds retina, the
tively expressed detectable quantities of mMRNA transcripts foexpression of mRNA transcripts for MCP-1, MCP-3, MIP-
iINOS. Accompanying photoreceptor degenerations in rds micép, MIP-13, RANTES, and eotaxin was up-regulated when
the INOS mRNA expression was up-regulated in a time decompared with the normal control. The expression of MIP-
pendent manner. The expression of INOS mRNAwas up-reglde, MIP-15 and RANTES were up-regulated from P12,
lated from P12 and, peaked at P14. The expression slowtgached a peak at P17, and had declined to their basal levels
declined, and by P90 the expression returned to the basal levigy. P28. The expressions of MCP-1, MCP-3, and eotaxin were
A representative image of iINOS protein expression wasip-regulated from P14 and, reached a peak at P28. After that
shown in Figure 3C-D. The results showed that normal cortime their expressions slowly declined, and by P180 had de-
trol C3B retina constitutively expressed detectable quantitiesreased to the basal level.
of INOS protein. The expression of INOS protein in rds retina ~ Minocycline treatment reduced photoreceptor apoptosis
at each age group paralleled the result of INOS mMRNA exand iINOSexpressioninrdsmice: Minocycline-treated retina
pression. harbored a thicker ONL and, was composed of more rows of
Location of INOS protein expression was determined byhotoreceptor nuclei than un-treated retina at P17, P21, and
immunohistochemistry study. Our study indicated that INOSP28. The difference was statistically insignificant at P17 and

Figure 2. Immunohistochemical labeling of CD11b-positive microglial cells in retinal whole-mounts on control and rds-@id¢éormal

control C3B mouse retina at P28)(In the inner retinal layer, microglia had long, thin processes, located in the peri-vascular region (arrows);
(B) In the middle retinal layer, microglia were ramified with short, wide processes. Most cells were vessel-independent{@riowsg;

outer nuclear layer (ONL), no microglial cells were identifigel-: Microglial cells in ONL of rds mice. The cells were ameboid with few
stout processes (arrowsP)( At P17, microglial cells were initially present in the ONE):(By P28, the number of microglial cells in the

ONL had reached their peal€)( At P180, few microglial cells were scattered in the ONL. (Magnification x400).
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Figure 3. The INOS mRNA and protein expression in control and rds mice re&ingisne course for INOS mRNA expression in control and

rds retinas for each age gro@.The relative levels of INOS mRNA expression in rds mice were quantified and corrected for thepevel of

actin mRNA expressiorC: Time course for INOS protein expression in control and rds retinas at each ageDgrblg.relative level of

iINOS protein expression in rds mice were quantified and corrected for the levels of ERK2 protein expression. NC, P14 £3BGride.

(*) was considered significant compared with the normal control retina.

Figure 4. Immunohistochemical labeling of INOS protein in control and rds mice reAinasP14 in C3B mice, there was no iINOS-positive
staining seerB: At P14 in rds mice, INOS-positive staining was mainly located at the photoreceptor outer segment (arrows). ONL represents
outer nuclear layer; OS represents outer segment. (Magnification x400).
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trophoresis pattern of RT-PCR products for chemokines MCP-1,
MCP-3, MIP-B, MIP-1a, RANTES, and eotaxin in control and rds
mice retinasB: The time-course for chemokine mRNA expression
in rds retina. The relative levels of MRNA were expressed as a ratio
to that off-actin. NC, P14 C3B mice. A p<0.01 (*) was considered
significant compared with the normal control retina.
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P28; however, the difference was statistically significant at The aforedescribed sequential events suggest that NO
P21 (Figure 6A). might play an important role in the initial photoreceptor
Photoreceptor apoptosis peaked at P17 in minocyclinepoptosis. The microglial activation followed closely with the

treated and un-treated retinas. TUNEL-positive cells in thepoptotic process of the photoreceptors. However the initia-
ONL were counted to obtain an estimate of the difference ition of photoreceptor apoptosis preceded microglial activa-
photoreceptor apoptosis between the minocycline-treateiibn. So, microglia was not likely to be the initial instigator
retina and untreated controls. At P14, a few TUNEL-positivdor rod apoptosis, but might influence the subsequent cone
cells were detected both in minocycline-treated and un-treatexll death in rds mice. Minocycline played its photoreceptor
retinas. The difference was statistically insignificant. At P17 protective role partly through iNOS-dependent mechanism.
the retinal sections from the minocycline-treated eyes displayed
roughly 30% fewer TUNEL-positive photoreceptors than the

un-treated controls. The difference was statistically signifi- 60

cant. At P21, the retinal sections from the minocycline-treate € sg |

eyes displayed fewer TUNEL-positive photoreceptors than th f 40 -

un-treated control eyes, but the difference was statisticall § a0 |

insignificant. At P28, the TUNEL-positive cells in 3§ untreated
minocycline-treated eyes greater than that in the un-treate f 20 ' - minocycline-treated
controls, and the difference was statistically insignificant. The Z 10 ¢

time course of the increment and reduction of the TUNEL 0 . L " ,
positive cells in minocycline-treated and un-treated retinas | P14 P17 P21 P28

illustrated in Figure 6B.

To further examine whether minocycline treatment re-
duced the photoreceptor apoptosis via microglial suppressiy B
mechanism, we investigated the effect of minocycline on th 21 Duntreated
number of activated microglia in the ONL. The results showe!
that minocycline treatment had no significant effect on mi-
croglial activation in rds retina (Figure 6C).

To further examine whether minocycline treatment re-
duced the photoreceptor apoptosis via suppression of iNC
expression, we examined the effect of minocycline on the INO
MRNA and protein expression in rds mice. Semiquantitativ:
RT-PCR analysis showed that administration of minocyline
produced a significantly reduction in the expression of iINOS
MRNA by approximately 75% and 66% at P14 and P17, re )
spectively (Figure 7A-B). Western blotting analysis showec 25
that administration of minocyline produced a significant re- 201
duction in the expression of INOS protein by approximately
72% and 68% at P14 and P17, respectively (Figure 7C-D).

postnatal age (days)

16 Eminocycline-treated

*
P14 P17 P21 P28

postnatal age (days)

Mean number TUNEL
photoreceptors/1.2 mm
(=]

16

10f H
P14 P17 P21 P28

postnatal age (days)

[3.]

DISCUSSION
Our studies demonstrated a temporal relationship involvin
photoreceptor apoptosis, microglial activation, INOS expres
sion, and chemokine expression during the retinal degener
tive process in rds mice. Photoreceptor apoptosis started
P14 and peaked at P17. Retinal microglia were activated and
infiltrated ONL at P17, which was three days after the initiaFigure 6. Minocycline delayed the photoreceptor apoptosis in rds
tion of photoreceptor apoptosis, and peaked at P28, which wasice. A: The retinal sections from the minocycline-treated rds eyes
11 days after the peak of photoreceptor apoptosis. The uparbored a thicker outer nuclear layer (ONL). The difference was
regulation of INOS expression was preceded the photorecegatistically significant at P21B: The retinal sections from the
tor apoptosis. At the peak of iINOS expression, iNOS was préninocycline-treated rds eyes displayed roughly 30% fewer TUNEL

dominantly expressed in photoreceptor outer segment. Exprégpelmg at P17 than un-treated eyes. The difference was statistically

. . ) _ ) significant, however the difference was statistically insignificant at
sion of Chemoklne§ MCP-1, MCP-3, MIR*;.LMIP 18, . P21. At P28, the number of TUNEL-positive cells in the minocycline-
RANTES and eotaxin were up-regulated during the retlnatlreated retina was more than those in the un-treated retina. The dif-

degenerative process. Minocycline treatment reduced the INQ&ence was statistically insignifica@: Minocycline treatment had
expression and delayed the initial photoreceptor apoptosis, b significant effect on the number of ONL microglia in rds retina.
in the late stage of the disease, microglial activation and ph®ata were expressed as me@B. A p<0.01 (*) was considered sig-
toreceptor apoptosis persisted. nificant compared with the age-paired un-treated retina.
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Wehypothesized that the initial gene defect in peripherin/RD$roduction of the peroxynitrite anion ONQ@hich is highly
would result in the developmental disorder of photoreceptaotytotoxic [25]. In the present study the INOS expression was
outer segment, induce the high expression of iINOS, and sap-regulated in rds mice, and its up-regulation was preceded
crete high levels of NO and induced the initial rod photorethe photoreceptor apoptosis. We propose that NO might play
ceptor apoptosis. The apoptotic photoreceptors producexh important role in the initial retinal degeneration in rds mice.
chemokines to activate and recruit retinal microglia to the le-  Previous studies on RCS rat and rd mice suggested that
sion site. However the accumulation of activated microglia iractivated microglia, having migrated to the photoreceptor layer
the ONL not only cleared the debris, but also secreted cytan response to the debris buildup in the subretinal space or
toxic factors to exaggerate subsequent cone photorecepfainotoreceptor dysfunction, might be the instigator of photo-
death. receptor apoptosis [3,5]. In our present study on rds mice, by

It is known that a low level of NO is an important media-closely scrutinized the temporal relationship between photo-
tor of homeostatic processes in the eye, such as regulationreteptor apoptosis and microglial activation, we found that
aqueous humor dynamics [19], retinal neurotransmission [2@he photoreceptor apoptosis was preceded the microglial acti-
and photo-transduction [21]. However the production of NOvation. This was consistent with the findings by Hughes et al
at higher concentrations are toxic to the neurons [22,23]. f8]. In addition, minocycline treatment ameliorated the initial
number of pathways could be involved in the NO-induced phgghotoreceptor apoptosis at P17, at which point activated mi-
toreceptor degenerative process, such as the following: (1) N€&oglia was first presented in ONL. This event, but had no
might act by eliciting a cGMP increase in the photoreceptoeffect on the subsequent photoreceptor apoptosis at P28, at
cells leading to excess calcium influx [21]; (2) NO could ADP-which time activated microglia in ONL reached its peak. We
ribosilate certain photoreceptor proteins and modulate theguggest that activated microglia is innocent in the initial pho-
activity [24]; and (3) NO could also act as a free radical catoreceptor apoptosis, but might be responsible for the subse-
pable of combining with oxygen derivatives, resulting in thequent photoreceptor apoptosis.
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Figure 7. The INOS mRNA and protein expression in minocycline-treated and un-treated rd&,mBicklinocycline treatment reduced the
INOS mRNA expression in rds mice at P14 and P17. The difference was statistically sigr@fiéanilinocycline treatment reduced the
INOS protein expression in rds mice at P14 and P17, and the difference was statistically significant. NC, P14 C3B mide(*)\ w&6.0
considered significant compared with the age-paired un-treated retina.
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