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ABSTRACT. The object is to determine the neuroprotective and antioxidative effects of
submicron and blended Lycium barbarum (LB) on retinal degeneration as evaluated by ERG,

retinal histopathology and assays of antioxidant (total GSH) and peroxidant (MDA) in the retina.

A rat model of light-induced retinal degeneration was used to assess the protective effect of
different forms of Lycium barbarum (LB) on retinal degeneration. Rats were divided into four
experimental groups, normal control, light-induced untreated, submicron LB and blended LB
treated. The rats of submicron and blended groups were treated with 250 mg/kg LB orally once
daily for 54 days, followed by induction of retinal degeneration. Retinal function was assessed

J. Vet. Med. Sci. by electroretinography (ERG). Enzyme-linked immunosorbent assay of the retina lysates was

80(7): 1108=1115, 2018 measured for the levels of antioxidants, reduced glutathione and glutathione disulfide, and
peroxidants, malondialdehyde, in the retina. The ERG results showed a protective effect in LB
treated groups with a greater effect observed in submicron LB treated group than the blended LB
treated group. There were higher levels of GSH plus GSSG and lower MDA in submicron LB treated
group than other groups. In conclusion, LB provided protective and antioxidative effects on the rat
retina with light-induced retinal degeneration. Submicron LB protected degenerative retina better
than blended LB. LB is effective against oxidative stress in the degenerative retina.
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Aged-related macular degeneration (AMD) is the leading cause of visual impairment and blindness in the world among people
over age 55 years with the prevalence as 10-15% [2]. One of the major causes of aging is oxidative stress which increases
production of free radicals, reactive species, and oxidant-related reactions resulting in cell damage [1, 23]. It is widely accepted
that disorganizing free radical reactions linked to oxygen metabolism or oxidative stress play an important role not only in normal
aging but also in progression of retinal degeneration [1, 5, 23].

Lycium barbarum (LB) extract from the fruits contains carotenoids such as zeaxanthin dispalmitate and polysaccharides which
are important antioxidants as well as free radical scavengers [14]. Zeaxanthin dispalmitate is as the predominant carotenoid in the
fruits of the lycium species confirmed by high performance liquid chromatography-photo diode array detection-mass spectrometery
(HPLC-DAD-MS) method [13]. As an antioxidants, LB has been reported to decrease DNA damage in non-insulin dependent
diabetes mellitus rats possibly via a decrease in oxidative stress levels [30], protect retinal ganglion cells from pressure-induced
losing in a rat OH model [6], decrease the oxidative stress in skeletal muscle tissue of rats induced by the exhaustive exercise
[18], rescue photoreceptors in rd1 mice [17], inhibit malondialdehyde formation in rat liver homogenate, and superoxide anion
scavenging and anti-superoxide formation activities [31] and restore photoreceptors in experimental light-induced phototoxicity
and macular degeneration [33].

Much progress has been achieved in nanobiotechnology in recent decades. Nanotechnology has improved pharmacokinetics by
alterations in nanometric size ranges, improved permeability, resistance to proteolytic and hydrolytic degradation, and enhanced
uptake based on functional surface ligands [19]. Top-down approach is used to extract Lycium barbarum by homogenizer
“POLYTRON PT3100” (Kinemativa AG, Littau-Luzern, Swizerland) and “Minipur” (Netzsch-Feinmahltechnik GmbH, Belb,
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Germany) the laboratory mill to obtain the submicron Lycium barbarum with the particle size as 100 + 70 nm. The blended Lycium
barbarum is made by general juice blender with the particle size as 3.58 = 3.8 um.

Light-induced retinal degeneration (Noell ef al. 1966) [20] in experimental animal has been studied for 50 years as a model
for visual cell loss arising from retinal degeneration disease like canine retinal degeneration and human age-related macular
degeneration. It has been suggested that intensive light induces oxidative stress in the retina leading to photoreceptors degeneration.
According to that, the treatment increased glutathione peroxidase activity and glutathione level exists a high correlation with
rescuing photoreceptors [17]. Lipid peroxidants may induced by light damage in retina as malondialdehyde (MDA) and antioxidant
enzymatic system as glutathione (GSH) and glutathione disulfide (GSSG) has been assayed in rat retina as a function of age [7]. It
seems GSH and GSSG directly protect against oxidative stress by scavenging free radicals and other reactive species like MDA.
Retinal function and histopathology were evaluated following light-induced retinal degeneration to evaluate the protective effect of
two forms of LB in the rat [27].

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats (8—10 weeks old, 200-300 g) were housed in a temperature-controlled animal room subjected to a
12-hr light/12-hr dark cycle and provided with appropriate food and water The rats were kept in the same row of the steel cages
that the cages were exposed equally to the light between 50—100 lux measured by photometer. [22] All of the rats were examined
by biomicroscopy, indirect ophthalmoscopy, and electroretinography (ERG) prior to study initiation to ensure they were free
from ophthalmic abnormalities. All animal protocols were in accordance with and approved by the Institutional Animal Care.
Use Committee (IACUC) of the National Taiwan University and the TACUC approval number of the study: NTU-98- EL-15. All
protocols were in accordance with the ARVO’s Statement for the Use of Animals in Ophthalmic and Vision Research.

Experimental design

Animals were divided into four groups, treatment Group A (n=7): diet supplemented with 250 mg/kg submicron LB, treatment
Group B (n=7): supplemented with 250 mg/kg blended LB, untreated Group C (n=9) and control Group D (n=3) were fed with a
normal diet. All were housed and fed for a period of 54 days. All rats were free to have their food and water at any time during the
whole experiment. White cool light was chosen for the induction of retinal degeneration with the intensity between 1,400—1,500
lux and exposure for 2 days subjected to a 12-hr light/12-hr dark cycle [11, 21]. Groups A, B and C were exposed to the increased
light while Group D served as an unexposed control. The light-induced damage began after feeding LB for 54 days and following
exposure rats were returned to normal housing for 7 days. On the 7th day all rats were examined by biomicroscopy, indirect
ophthalmoscopy and ERG are according to the original light induced retinal degeneration model established by Noell in 1966.

Preparation of Lycium barbarum extract

Five g dried fruits of Lycium barbarum was prepared by boiling in 500 m/ distilled water then blended with high speed
homogenizer stirrer (Polytron PT 3100) to obtain the blended aqueous extract with the particle size of 3.58 = 3.8 um. In addition,
the blended Lycium barbarum was milled with Minipur to obtain a submicron extract of LB with a particle size of 100 = 70 nm.
The particle sizes were all measured by Flow CytoMetry to make sure the quality of the test material was consistent.

Electroretinography

Retinal function was evaluated using an electroretinogram (BPM-200 Control Program System, ERG/VEP v5.50,
RetinoGraphics Inc., Norwalk, CT, U.S.A.) on the 49th and 63rd day after feeding Lycium barbarum extract. The chosen date
is exactly one week before and one week after the light-induced damage procedure. The data were recorded following general
anesthesia with isoflurane (Attane™) and corneal anesthesia with 0.5% proparacaine (Alcaine, Alcon). All manipulations were
performed under dim red illumination (A,,,,=659 nm) following overnight dark adaptation (>12 hr). Flash ERG was performed
after pupillary dilation with 0.5% tropicamide (Mydriacyl®, Alcon) using an LED light source and responses were recorded and
using a contact lens electrode (ERG-jet®, Universo Plastique Inc., Le Crét-du-Locle, Switzerland) referenced to a subcutaneous
needle electrode (platinum subcutaneous needle electrode F-E2, Grass-Telefactor Division, Astro-Med Inc., West Warwick, R1,
U.S.A.) and a ground electrode on the ear. Two ERG responses from the right and the left eyes were elicited at 10 sec intervals and
were averaged [12].

Histopathology examination

After ERG examination, the animals were sacrificed by intracardiac injection of thiamylal sodium (Citosol®, Shinlin Sinseng,
Taipei, Taiwan) administered under deep anesthesia by inhaled isoflurane 7 days after light-induced damage. Immediately following
death, the eyes were enucleated and fixed in phosphate-buffered saline containing 4% paraformaldehyde for 1 hr then the cornea
was excised and the globe fixed for 48 hr. After graded ethanol serial dehydration, the bilateral globes were transversely dissected
from optic disc into two half spheres separately and embedded in paraffin. Tissue sections were cut at 4 ym thickness and mounted
on slides and stained with hematoxylin and eosin. The retinal thickness, including inner plexiform layer (IPL), inner nuclear layer
(INL), outer plexiform layer (OPL), outer nuclear layer (ONL), photoreceptor segment layer (PSL), and photoreceptor segment
layer—inner limiting membrane (PSL-ILM), were measured under light microscopy. In total, six spots from each eye were chosen for
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Table 1. Retinal thickness (um) of all experimental groups

Layer thickness groups PSL-ILM IPL INL ONL PSL
Group A 163.09 = 21.58% 68.94 + 4.40" 26.37 +£5.58 24.00 + 2.79%9) 27.97 + 6.199
Group B 139.39 +19.38 65.75 +6.92 25.10+6.43 19.13 +3.54% 18.35+10.299
Group C 120.80 £ 10.17 5841 +7.18 20.19 £ 2.51 6.26+2.17 5.87+£2.04
Group D 195.24 + 13.959 83.66+9.01¥ 27.30+3.86 40.51 + 8.1229 47.15 +7.839

The data were presented as Mean + SD (Group A, B, C, D, n=7, 7, 9, 3) and evaluation by one way ANOVA followed by the Student’s
t-test to detect inter-group differences. Differences were considerate to be statistically significant if P<0.05. a) P<0.001, compared with
normal control group (C). b) P<0.05, compared with normal control group (C). ¢) P<0.05, compared with blended LB treated group (B).

examination and measurement, beginning at the optic disc and moving peripherally in 250 ym intervals for each measurement [27].

Measurement of retinal levels of total glutathione (GSH + GSSG) after light exposure

Glutathione assay kit (CS0260, Sigma-Aldrich Inc., St. Louis, MO, U.S.A.) was used to measure the level of total glutathione
in retinal homogenate of the left eye. The retina was excised immediately and was washed twice with PBS before flash freezing in
liquid nitrogen. The flash freezing retina was ground in a pestle and molar with liquid nitrogen to prepare a fine powder. Took an
aliquot powder and added 5% S5-sulfosalicyic acid and vortex. Homogenated the prepared sample with a polytetrafluoroethylene
(PTFE) pestle in glass tube until an even suspension was achieved. Left the suspension at 4°C for 10 min and then centrifuged
at 10,000 rpm for 10 min. Measured the supernatant and used it as the original sample volume in the calculation for glutathione
determination. The total glutathione levels was gauged by spectrophotometer with the absorbance at 410 nm as the prescription of
the assay kit. [8]

Measurement of MDA levels in the retina

A biomarker of lipid peroxidation MDA, was determined by 2-thiobarbituric acid (TBA, T5500, Sigma-Aldrich Inc.)
colorimetric method described by Richter ez al. [26], and Winkler et al. [32]. TBA solution (100 g//) was added to the retinal
homogenate in a centrifuge tube which was placed in boiling water for 15 min. After cooling with running water, the tube was
subjected to 10 min centrifugation at 1,000 rpm, and then TBA (6.7 g/[) was added into the supernatant and the tube was placed
into boiling water for another 15 min. After cooling, the samples were read at absorbance of 532 nm by standard spectrophotometer
and the concentration of MDA was calculated as MDA-TBA complex. TMP (1,1,3,3-Tetramethoxypropane, T1642, Sigma-Aldrich
Inc.) was used as an external standard, and level of lipid peroxides was expressed as nM/g of MDA.

Statistical analysis
The results are expressed as mean + standard deviation (SD). The statistical analyses were carried out using one-way ANOVA.
In all cases, a P-value of <0.05 was considered significant.

RESULTS

Histopathological examination and determination of retinal thickness

Morphological retinal changes are shown in Table 1 and Fig. 1. The retinal thickness («m) in Groups A including PSL-ILM
(163.09 + 21.58 um) and IPL (68.94 + 4.4 um) was significantly thicker than that in Group C (120.80 + 10.17 um, 58.41 = 7.18 um)
(P<0.05). ONL and PSL thickness in Groups A (24.00 £ 2.79 um, 27.97 £ 6.19 um) and B (19.13 £ 3.54 um, 18.35 £ 10.29 um)
were significantly thicker than that in Group C (6.26 = 2.17 um, 5.87 £ 2.04 um) (P<0.001) (Figs. 2-5 and Table 1). These results
indicated that photo-toxicity caused significant retinal degeneration predominantly in the outer segments. LB exhibited a protective
effect in these retinal segments although there was no difference between the submicron and blended LB groups.

Electroretinography

The changes of retinal function following light damage were examined by electroretinogram (ERG) are shown in Table 2 and
Fig. 6. Light-induced retinal damage groups (A—C) showed a significant decrease in a- and b-wave ratio (31.59 + 6%, 16.1 +
5%, 5.10 + 2% and 33.39 + 11%, 28.69 £ 6%, 6.5 + 2%) as compared to the control group (Group D) (97.46 + 2% and 98.59 +
1%). The a- and b-wave ratio in Groups A and B were significantly (31.59 + 6%, 16.1 + 5% and 33.39 + 11%, 28.69 + 6%) better
preserved as compared to the untreated control, Group C (5.10 + 2% and 6.5 + 2%) (P<0.001). The ERG of Group A was better
preserved in both a- and b-wave (31.59 4+ 6% and 33.39 + 11%) than Group B (16.1 + 5% and 28.69 + 6%) (P<0.001, P<0.05).
These results are consistent with the histopathology except that there was a significant difference between the submicron and
blended LB groups.

Determination of total glutathione and MDA levels in the retina

The MDA level in rat retina homogenate increased significantly in Group C (52.06 + 5.11 nM/g) compared to that in other
groups (Group A, B, D: 25.68 £ 3.00 nM/g, 24.53 £ 11.23 nM/g, 30.68 £+ 5.94 nM/g) (P<0.05). MDA concentration in Group A
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Fig. 1.
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Histopathology thickness of retina. The section was excised from the central retina. The ONL and PSL were almost disappeared in Group
A, B, C. The loss of OPL and IPL especially in Group C makes ONL and INL barely seen. Group A and B seems to preserve more layer of cells

than Group C. IPL=inner plexiform laye, OPL=outer plexiform layer, PSL=photoreceptor segment layer, ONL=outer nucleus layer, INL=inner

nucleus layer.
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Fig.2. Comparison of the PSL-ILM thickness of the retinas
between Group A (n=7), Group B (n=7), Group C (n=9) and
Control Group D (n=3); each group result represents average +
SD. Significant difference (P<0.001) was noted between Group C

and Group D, Group D and control Group D.
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Fig. 3. Comparison of the IPL thickness of the retinas between

Group A (n=7), Group B (n=7), Group C (n=9) and control Group
D (n=3). Each group result presents Mean + SD. Significant differ-
ence (P<0.05) was noted between Group C and Group A.

(25.68 + 3.00 nM/g) was slightly decreased compared to untreated rats (Group D, 30.68 + 5.94 nM/g) (Table 3, Fig. 8). It showed
the lowest MDA level in the rats of feeding submicron LB group. Even though the MDA level was lower in feeding blended LB
comparing to no treatment group, the average of MDA level was higher than the control group.

The total glutathione level was significantly higher in the treatment Group A and B (23.49 £ 3.87 nmol/m/, 12.75 + 0.72 nmol/
m/) than untreated control Group C (1.26 + 0.25 nmol/m/) (Table 3, Fig. 7). There was higher total glutathione level in the
submicron LB Group A (23.49 £ 3.87 nmol/m/) as compared to the blended LB Group B (12.75 £ 0.72 nmol/m/) but no different
between blended LB Group B (12.75 £ 0.72 nmol/m/) and normal control Group D (15.96 £ 2.24 nmol/m/).

doi: 10.1292/jvms.17-0623

1



The Journal of

Veterinary
Medical
Science J-S. CHANG ET AL.
P<0.001 P<0.001
—| —l
60.007 -

ONL thickness (um)
=5
IS

60.00
40.00

PSL thickness (um)

20.00 I
0.00 1

Group A Group B Group C Group D

Fig. 4. Comparison of the ONL thickness of the retinas between

Group A (n=7), Group B (n=7), Group C (n=9) and Group D
(n=3). Each group result presents Mean + SD. Significant dif-
ference (P<0.001) was noted between all groups except between

' B

Group A Group B Group C Group D

Fig. 5. Comparison of the PSL thickness of the retinas between

Group A (n=7), Group B (n=7), Group C (n=9) and Group D
(n=3). Each group result presents Mean + SD. Significant differ-
ence (P<0.001) was noted between Group C and any other groups

Group A and Group B.

as lines indicated.

Table 2. ERG wave ratio of all experimental groups

Groups ERG presevation Group A Group B Group C Group D
A wave (%) 31.59 £ 6%°) 16.1 + 59 510+2 97.46 +2%°)
B wave (%) 3339+ 11%9 28.69 + 6 6.5+2 98.59 + 1>

The data were presented as Mean + SD (Group A, B, C, D, n=7, 7, 9, 3) and evaluation by one way
ANOVA followed by the Student’s #-test to detect inter-group differences. Differences were considerate
to be statistically significant if <0.05. a) P<0.001, compared with normal control group (C). b) P<0.05,
compared with normal control group (C). ¢) P<0.001, compared with blended LB treated group (B).
d) P<0.05, compared with blended LB treated group (B).

P<0.001

a-wave

b-wave

il

Group A Group B Group C Group D

Fig. 6. ERG wave ratio in 4 experimental groups. The dark bars

present a-wave and blank bars present b-wave ratio. There was sig-
nificant difference in a-wave ratio between all groups (P<0.001).
There was significant difference in b-wave ratio between all groups
(P<0.001) from Group C and Group D to any others. There was
significant difference in a- and b-wave between the Group A and
Group B (P<0.001, P<0.05).
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Fig. 7. Retinal GSH and GSSG level in experimental groups. The

Group C (n=3) showed significant lower concentration than the
Group A (n=5), Group B (n=6) and Group D (n=3) (P<0.001). The
Group A showed significant higher concentration of total glutathi-
one than Group B (P<0.001).
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Table 3. Retinal GSSG+GSH and MDA concentration in experimental groups

Groups Group A Group B Group C Group D
GSSG + GSH (nmol/m/) 23.49 £3.87%Y  12.75+0.72% 1.26 £0.25 15.96 +2.24%D
MDA (nM/g) 25.68+£3.009  24.53+11.239  52.06+5.11 30.68 £ 5.949

The data were presented as Mean + SD (Group A, B, C, D, n=7, 7, 9, 3) and evaluation by one way ANOVA
followed by the Student’s f-test to detect inter-group differences. Differences were considerate to be
statistically significant if P<0.05. a) P<0.001, compared with normal control group (C). b) P<0.001, compared
with blended LB treated group (B). ¢) P<0.05, compared with normal control group (C).
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Fig. 8. Malonylidialdehyde (MDA) concentrations in all experimental groups. The Group C (n=3) showed significant higher level of MDA
concentration than Group A (n=6), Group B (n=6) and Group D (n=3) (P<0.05).

DISCUSSION

Prophylactic treatment for retinal degeneration in human and animals is based on the capacity of various antioxidants to alleviate
or reduce the detrimental effects of reactive oxygen species in response to noxious stimuli.

Lipid peroxidation has been defined as “the oxidation deterioration of polyunsaturated lipids that can reduce membrane fluidity,
inactive membrane-bound proteins and decompose into cytotoxic aldehydes such as malondialdehyde” [32], which is just as the
theory when light reaches retinal photoreceptor outer segments inducing peroxidation. [23, 28]

The retina of experimental rats can be affected irreversibly by visible light. Primary damage to the outer nuclear cells rather
than the inner nuclear cells was caused by constant light exposure by a previous study [28]. One class of the type I light damage is
produced by a short-term exposure to low-intensity illumination. This type of damage is characterized by diffuse degeneration of
the retina, especially the loss of photoreceptor cells [22, 28]. In this study, the retinal thickness was reduced most significantly in
ONL and PSL indicating more severe damage in the outer retina as compared with the inner retina. Light-induced damage involves
loss of outer segment membrane and photoreceptors [21, 28] followed by degeneration of the undifferentiated first retinal neuron
layer [1, 27] but the detailed mechanism remains to be investigated.

The emphasis of aging and retinal degeneration is placed on the generation of oxidants and free radicals contributing oxidative
stress to the outer retina and photoreceptors [4, 17, 23, 29]. MDA as secondary oxidation products influence the gene expression
and protein synthesis leading to further damage by crosslinking of proteins. It is a good biomarker that is fast and easy to measure
but less specific [8]. The level of malondialdehyde and hydroxynonenal- conjugated collagen protein increases with age in rat
tissues. We have also observed an increase in the levels of MDA, a marker of lipid peroxidation [7]. In our study, the two LB
treatment groups (Group A and B) exhibited significantly lower MDA levels than that in the untreated group (Group C) suggesting
the LB treatment might decrease the generation or increased elimination of MDA.

Oxidative damage may occur and accumulate throughout life as a major contributory factor in retinal aging resulting in loss of
retinal cells. A range of potent antioxidants such as endogenous and exogenous glutathione and carotenoids restrict the degree of
oxidative damage [9, 23]. GSH is the major free thiol in most living cells and is the key antioxidant in animal tissue. In this study,
the total glutathione level was higher in both LB treatment groups (Group A and B) as compared with the untreated control and
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control groups (Group C and D). Furthermore, there was a higher level of total glutathione in the group fed submicron LB (Group
A) than that in the group fed blended LB (Group B). These results are consistent with the ERG findings. MDA levels indicate the
protective effect of submicron LB may be more potent than the blended one.

The submicron particles are close to nanomaterials that are thought to improve the pharmacokinetics and absorption. This allows
penetration through blood-ocular barrier and delivery to specific regions [10, 24].

Fruit of Lycium barbarum is a well-known traditional Chinese herb with a variety of beneficial effects, such as reducing blood
glucose and serum lipids, anti-aging, immune-modulating, anti-fatigue [15]. There are various antioxidants such as carotein,
riboflavin, betaine, thiamine, nicotinic acid, cryptoxanthin, coumarin, ascorbic acid, and riboflavin, which may have some
interactions and synergistic effects for antioxidant properties [3, 16]. There are various carious chemical constituents found in
Lycium barbarum fruit with a reddish-orange color which is derived from carotenoids prominently as zeaxanthin [25]. This
composition was confirmed by Inbaraj [13] and the serum levels with macular density of zeaxanthin were raised by feeding a
carotenoid-containing fraction of fruit /ycium, which is a good dietary source of zeaxanthin supplement [3, 25]. Despite of all
these beneficial effects of LB, it is still not recommended for some populations to take LB, such as pregnant women and people
with underlying diseases like diarrhea, fever, and arthritis [25]. The detailed mechanism of antioxidation by LB requires more
investigations.
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