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Abstract

e AIM: To investigate the formation of rats’ choroidal
neovascularization (CNV) induced by acrolein.

e METHODS . Twelve Sprague-Dawley rats were randomly
divided into three groups. Acrolein 200uL (2.5 mg/kg/d)
was poured into the rats’ stomach for 4wk as acrolein 4wk
and for 8wk as acrolein 8wk group. The same volume of
fresh water was also done to the rats as the control
group. Remove all eye balls and embed into paraffin with
HE staining.

¢ RESLUTS :The RPE-Bruch membrane was intact with no
obvious abnormality in the control group and acrolein 4wk
group. Lost in the continuity of RPE and the movement of
choroidal neovascularization were found in the acrolein
8wk.

¢ CONCLUSION :The long time use of acrolein can induce
the formation of choroial neovascularization in rats.
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INTRODUCTION
C horoidal neovascularization ( CNV ) which lead to the
average of millions patients with low vision and hundreds
of thousands blind people in progress has become the main
cause of blindness in our country now. Patients often have the
performance of both eyes at the same time or successively
irreversible,  progressive vision decline''’.  But the
pathogenesis of the disease lack of efficacy and side effects of
the treatment in clinic is not clear. The disease is also easy to
relapse. Thus, to study the occurrence and development of
the disease have great clinical and social significance in
exploration of prevention and treatments.
The cause of CNV is not clear at present, but smoking has
been recognized as the most important risk factors by the
domestic and foreign scholars. The relative risk (RR) of CNV
in smokers is 2. 4 times than that of non-smokers, and the
RR of complement 402H CC genome is 3. 4 times proved by

statistical data™™

Aldehydes, nitrogen oxides and other
toxic substances which were founded in the cigarettes can not
only significantly reduce the levels of ascorbic acid and
hydrogenated sulfur protein in retinal pigment epithelium
(RPE), but also cause the oxidation of fat and protein[’s*g].
However, the toxicity of acrolein ( AC) is 10 times to that of

formaldehyde and 100 times to the acetaldehyde. The AC,

meanwhile, can be directly reacted with the hydrogen sulfide
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protein to have a higher risk index than other five kinds of
toxic aldehydes in cigarettes. In earlier years, we succeeded
in replicating the damage process in RPE cell research by
AC. Thus, we will explore the induction of CNV rats to
provide more experimental data for studying the formation and
development of CNV disease.

SUBJECTS AND METHODS

Experimental Animals and Feed Sources Randomly
selected 12 male, 8 month old Sprague Dawley (SD) rats
weighted about 270 to 300 g. These animals were fed at the
animal house of Sun Yat—Sen University with the temperature
of (25+1) centigrade. The relative humidity of (50+5) % ,
12h light cycle on a day and related feed were purchased from
the the experimental animal center of Sun Yat — Sen
University.

Grouping and the Route of Administration Accorded to
the the random number table, all SD rats were randomly
divided into three groups as the blank group, 4wk for acrolein
and 8wk for acrolein. The amount of 2. 5 mg/kg acrolein
dissolved into 200 L fresh water which was daily gavaged in
SD rats within 2h as the treatment group. At the same time,
the control group was given the same volume of fresh water.
Hematoxylin—-Eosin Staining for Paraffin Section Eyes,
collected from these experimental rats, were removed into the
fixed radium of 4% paraformaldehyde for the whole night.
Then these organizations were dehydration by gradient
alcohol, embedded in the paraffin and sliced with HE
staining. Observed and photoed them by optical microscope.
Statistical Methods Using the SPSS 13. 0 statistical
software to make a statistical analysis. Experiment data were
expressed as mean + standard deviation by single factor
analysis of variance in the complete random block design. The
data was statistically significant when P<0.05.

RESULTS

HE staining of optic nerve and choroida control group: the
structure of the retina was regular with the complete RPE -
Bruch film continuity by optical microscope ( Figure 1A).
Acrolein 4wk group: the structure of the retina was regular
with the complete RPE — Bruch film continuity by optical
microscope ( Figure 1B).

Acrolein 8wk group: the RPE - Bruch film continuity
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A Control group; B: Acrolein 4wk group; C: Acrolein 8wk group; D: Acrolein 8wk group.

interrupted with the invasion of choroidal neovascularization
into the neuroepithelial layer as a typical uplift ( Figure 1C,
1D).

DISCUSSION

More than 300 kinds of substances, as formaldehyde,
acetaldehyde, acrolein, crotonaldehyde and so on, have been
found in the daily food or raw materials like bread, fish,
alcohol and etc. In addition, the contact of oil, sugar and
fatty substance can make the production of aldehydes by
peroxidation during the cooking. But these aldehydes which
contained of aldehyde ( CHO) and hydroxyl ( - OH) or
hydrogen (H) atoms have a strong reduction and oxidation.
The maximum amount of average adult daily contact is about
7mg/kg in the epidemiological studyings, included of
5mg/kg """ mg/ kg
acetaldehyde Otherwise,

acrolein, 2 formaldehyde  and

exposure. foreign  scholars
constructed the acute myocardial toxicity model with the
concentration of 5 mg/kg/day acrolein in the treatment for
30min, the chronic vascular tissue and nerve tissue toxicity
model with the concentration of 2.5 mg/kg/day acrolein in
the treatment for 8wk to make a great contribution in the
animal toxicity model. Therefore, we take 2. 5 mg/kg/day
acrolein as a 50% total unsaturated aldehydes to investigate
the chronic injury of rat retina and choroid.

We found the interruption of RPE — Bruch membrane and
invasion of CNV from the choroidal tissue which might be

possible to form as follows' ™"’

. The production of vascular
endothelial growth factor ( VEGF ) not only promotes the
formation of new blood vessels, but also can stimulate
endothelial cells division, increasing of microvascualr
permeability and the formation of some proteases. Nicotine in
cigarettes can increase the ratio of VEGF and pigment
epithelium — derived factor ( PEDF ) which could cause the
formation of CNV in RPE cells. The levels of VEGF and
TGFB2 were double than that of the control group on the acute
toxicity of RPE cells model ™. Another, the level of VEGF
was 1.417 times to that of the TGF-B/SMAD3. We believe
the induction of TGF-B which was an important factor in CNV
activity and fibrosis could cause the formation of VEGF and
CNV. On the other hand, acrolein can cause the production

of cyclooxigenase—2 (COX-2), nitric oxide (NO), and the
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oxidative damage of nitric, proteins and other biological
molecules. Tt was found the deficiency in COX-2 which made
a decline on the expression of VEGF and formation of
CNVI,

stimulate the proliferation, migration of endothelial cells and

NO can also promote the release of proteases to

increasing permeability of capillaries as an important signal
molecule transduction. Therefore, AC in vitro and vivo can
cause the chronic effects on the formation of CNV which

expand the development of CNV disease in rats.
REFERENCES

1 Biarnés M, Monés J, Alonso J, Arias L. Update on geographic atrophy
in age—related macular degeneration. Optom Vis Sci 2011;88(7) :881-889

2 Lee SH, Ahn JK, Yu HG. The development of recurrent choroidal
neovascularization in a patient with choroidal coloboma. Korean J
Ophthalmol 2011;25(1) :63-65

3 Ratanasukon M, Thongthong K, Bhurayanontachai P, Jirarattana P.
Photoreceptor disruption in central serous chorioretinopathy treated by
half-dose photodynamic therapy. Clin Ophthalmol 2013 ;7 :87-92

4 Ohkuma Y, Hayashi T, Sakai T, Watanabe A, Tsuneoka H. One-
year results of reduced fluence photodynamic therapy for central serous
chorioretinopathy ; the outer nuclear layer thickness is associated with
visual prognosis. Graefes Arch Clin Exp Ophthalmol 2013 ;251(8) :1909-
1917

5 Rabuka D, Rush JS, deHart GW, Wu P, Bertozzi CR. Site-specific
chemical protein conjugation using genetically encoded aldehyde tags.
Nat Protoc 2012;7(6) :1052-1067

6 Perez JM, Arenas FA, Pradenas GA, Sandoval JM, Vasquez CC.
Escherichia coli YqhD exhibits aldehyde reductase activity and protects
from the harmful effect of lipid peroxidation—derived aldehydes. J Biol
Chem 2008 ;283 (12) :7346-7353

7 Cassee FR, Groten JP, Feron VJ]. Changes in the nasal epithelium of
rats exposed by inhalation to mixtures of formaldehyde, acetaldehyde,
and acrolein. Fundam Appl Toxicol 1996;29(2) :208-218

8 Cassee R, de Burbure CY, Rambali B, Vleeming W, van de Kuil A,

van Steeg H, Fokkens PH, van Amsterdam JG, Dormans JA,
Opperhuizen A. Subchronic inhalation of mixtures of cigarette smoke
constituents in Xpa —/— p53 +/— knock — out mice; a comparison of
intermittent with semi - continuous
formaldehyde, and acrolein. Food Chem Toxicol 2008 ;46 (2) :527-536
9 Davidson AE, Millar ID, Urquhart JE, Burgess—Mullan R, Shweikh
Y, Parry N, O“Sullivan J, Maher GJ, McKibbin M, Downes SM, Lotery
AJ, Jacobson SG, Brown PD, Black GC, Manson FD. Missense
mutations in a retinal pigment epithelium protein, bestrophin—1, cause
retinitis pigmentosa. Am J Hum Genet 2009 ;85(5) :581-592

10 Watanabe K, Nakazato Y, Saiki R, Igarashi K, Kitada M, Ishii I.
Acrolein— conjugated low — density lipoprotein induces macrophage foam
cell formation. Atherosclerosis 2013 ;227(1) :51-57

11 Macallister SL, Martin — Brisac N, Lau V, Yang K, O’Brien PJ.
Acrolein— conjugated low — density lipoprotein induces macrophage foam
cell formation. Chem Biol Interact 2013 ;202(1-3) :259-266

12 Zhai D, Jin C, Huang Z, Satterthwait AC, Reed JC. Differential
regulation of Bax and Bak by anti—apoptotic Bel-2 family proteins Bel-B
and Mcl-1. J Biol Chem 2008 ;283 (15) :9580-9586

13 Burcham PC, Fontaine F. Extensive protein carbonylation precedes

exposure to acetaldehyde,

acrolein — mediated cell death in mouse hepatocytes. J Biochem Mol
Toxicol 2001;15(6) :309-316

14 Kern JC, Kehrer JP. Acrolein — induced cell death: a caspase —
influenced decision between apoptosis and oncosis/necrosis. Chem Biol
Interact 20023139(1) :79-95

15 Srivastava S,Sithu SD, Vladykovskaya E, Haberzettl P, Hoetker DJ,
Siddiqui MA, Conklin DJ, D’Souza SE, Bhatnagar A. Oral exposure to
acrolein exacerbates atherosclerosis in apoE —null mice. Atherosclerosis
2011;215(2) :301-308

16 Bian ZM, Elner SG, Elner VM. Regulation of VEGEF mRNA
expression and protein secretion by TGF-beta2 in human retinal pigment
epithelial cells. Exp Eye Res 2007 ;84(5) :812-822

17 Zhang R, Liu Z, Zhang H, Zhang Y, Lin D. The COX-2-Selective
Antagonist ( NS — 398 ) Inhibits Choroidal Neovascularization and
Subretinal Fibrosis. PLoS One 2016;11(1) ;e0146808

593



