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Abstract
Phytotherapy is frequently considered to be less toxic and free from side effects than
synthetic drugs. Hence, the present study was designed to investigate the protective use
of crude water extract of Morus alba leaves on ocular functions including cataractogenesis, biochemical diabetic and hypercholesterolemic markers, retinal neurotransmitters
and retinopathy of rat pups maternally subjected to either diabetes and/or hypercholesterolemia. Application of crude water extract of Morus alba resulted in amelioration of
the alterations of maternal serum glucose, LDL, HDL, total cholesterol and creatine
phosphokinase activity as well as retinal neurotransmitters including acetylcholine
(ACE), adrenaline (AD), nor-adrenaline (NAD), serotonin (5-HT), histamine (HS), dopamine (DA) and gamma amino butyric acid (GABA). The retina of pups of either diabetic and/or hypercholesterolemia mothers exhibited massive alterations of retinal
neurotransmitters. The alterations of retinal neurotransmitters were correlated with the
observed pathological alterations of retinal pigmented epithelium, photoreceptor inner
segment and ganglion cells and increased incidence of DNA fragmentation and apoptosis cell death. However, protection with Morus alba extract led to amelioration of the
pathological alterations of retinal neurons and estimated neurotransmitters. Furthermore, a striking incidence of cataract was detected in pups of either diabetic and/or hypercholesterolemic mothers. Highest cataractogenesis was observed in pups of combined
-treated groups. Our data indicate that experimental maternal diabetes alone or in combination with hypercholesterolemia led to alteration in the ocular structures of their
pups, with an increasing incidence of cataract and retinopathy, and the effects of the extract might be attributed to the hypoglycaemic, antihypercholesterolemic and anti-oxidative potential of flavonoids, the major components of the plant extract.
Key words: Hypercholesterolemia, Diabetes, Morus Alba L, pups, cataract, retina neurotransmitters, TEM.

INTRODUCTION
Retinopathy is one of the most common complications of diabetes, which affects approximately 5%
of the world’s population suffering from the diabetes
(1, 2). Cataract is considered to be a major complica-

tion of diabetes because approximately 38 million
worldwide are blind from cataract, and an additional
110 million people have visual impairment (3, 4).
There is a significant association between both type I
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and II diabetes and cataract in patients (5, 6). Although there is no distinctive relationship between
lens cholesterol content and cataract (7), the possibility is that sterol composition of the lens was changed
in cataract due to oxidation (8). Neurotransmitters
play a key role in the neuro-sensory function of both
CNS and retina (9). Histamine acts as a neuro-modulator in retinal blood vessels and inner and
outer rod segments (10) and in horizontal cells of
guinea pig retina (11). Retinal synchronized activity
GABA (12) and glutamate are affected by diabetic
retinopathy (13). Retinal pigment epithelium (14) is
considered essential in regulation of the glutamate
homeostasis. Hypercholesterolemia and diabetes
mellitus are accompanied by a wide array of metabolic disorders. Diabetes has been found to be associated with marked changes in vascular histamine levels (15) and acetylcholine metabolism (16). Traditional
plant medicines have been used around the world for
a range of diabetic presentations; hence the investigations of such medicines are important. Morus alba
(Mulberry tree) of the family Moraceae is widely cultivated in countries from temperate to tropical areas.
Different parts of the plant are utilized in herbal
medicine for blood serum glucose reduction (17) and
for cholesterol and lipid level reduction (18).
To date there has not been a study to assess the
role retinal neurotransmitters play in congenital ocular disease under the stress of diabetes and hypercholesterolemia during pregnancy. Hence, this investigation was conducted to examine the potential protective effects of Morus alba leaves water extract on
ocular functions of pups of diabetic and hypercholesterolemic mother rats.

MATERIAL & METHODS
All experiments were conducted in accordance
with the national laws for the use of animals in research and approved by the local ethical committee at
Al-Mansoura University.
Ninety-six fertile male and virgin female rats (at
a ratio of 1 male: 3 females) weighing approximately
125 g body weight, were obtained from Hellwan
Breeding Farm, Ministry of Health, Egypt. Free access
of standard diet contained 8.0% moisture, 20.8% crude
protein, 4.8% crude fat, 3.2% crude fiber, 5.0% crude
ash, 37.2% non-fiber carbohydrate as well as vitamins
and minerals adequate to meet the nutritional needs
of rat. Free excess of water was allowed ad-libitum.
They were housed with good ventilation with a 12 h
light and dark cycle. Females were mated in a special
cage (1 male/3 females) overnight and gestation was
determined the next morning by the presence of
sperm in a native vaginal smear. The day of concep-
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tion was considered to be the first day of pregnancy.
Vaginal smears were carried out to give a precise determination of the zero day of gestation. Pregnant rats
were arranged into 8 groups (n=9 per each) as follows:
G0, control; G1, Morus alba-treatment; G2, experimental hypercholesterolemic; G3, experimental hypercholesterolemia + Morus alba-treatment; G4, experimental diabetic; G5, diabetic + Morus alba-treatment; G6, hypercholesterolemic and diabetic;
G7, hypercholesterolemic and diabetic + Morus alba.

Crude water extraction of Morus alba leaf
Four g dried Morus alba leaves were powdered
and extracted with 50x (w/v) of hot water (85°C) for 3
h. The extract was filtered with Whatman No. 1 filter
paper and concentrated to a volume of 1/20 of the
initial solution volume by heating at a non-boiling
temperature near 100°C, and then dried completely
under vacuum at 25°C. The dried extract (w/w = 0.59
g, yield = 15%) was used during experimentation and
administered at dose of 100 mg/kg body weight.

Induction of diabetes
Rats of the normal control group were fed on
standard diet free from excess fats and free excess of
food and water were allowed ad libitum throughout
the experimental period. Experimental diabetes
mellitus was induced in all the rats by a single interperitoneal injection of streptozotocin (60 mg/kg) in
citrate buffer (0.05 M, pH 4.5) at 5 th day of gestation
for 2 consecutive days and injected within 10 min of
dissolution (19). Control animals were treated with
physiological saline as vehicle. Hyperglycemia was
verified by measuring the blood glucose level. A level
of more than 300 mg/dl was selected for this study.

Induction of hypercholesterolemia
Rats of the normal control group were fed on
standard diet free from excess fats and free excess of
food and water were allowed ad libitum throughout
the experimental period. The experimental group was
fed on hypercholesterolemic diet according to
Enkhmaa et al. (20). The hypercholesterolemic diet
consisted of 3% cholesterol , 2% thiouracil, 3% cholic
acid, and 15% cocoa butter. The diet contained 8.0%
moisture, 20.8% crude protein, 4.8% crude fat, 3.2%
crude fiber, 5.0% crude ash, 37.2% non-fiber carbohydrate and vitamins and minerals adequate to meet
the nutritional needs of a rat. The other experimental
groups were fed the same atherogenic diet supplemented with or without Morus alba leave water extract
treatment. The diets were continued for 6 weeks prior
to onset of gestation. The Morus alba leaves crude
water extract applications were started one week be-
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fore either inducing diabetes or feeding on the atherogenic diet. Free excess of diet was supplied ad libitum. The control group was supplemented with a
standard diet free from atherogenic components. This
study and all procedures were approved by the Animal Care and Bioethics of the Egyptian Committee at
Al-Mansoura University.
At parturition, the pups (1-day age) of both control and experimental mother groups were separated
and sacrificed. Following decapitation, the ocular organ was removed. The ocular organs of 10 specimens
were immediately frozen in liquid nitrogen and
stored at -80°C until analysis. The other specimens
were processed for light and ultra-structural investigations.

Biochemical assessments
At parturition, overnight food was removed and
the pregnant rats were anesthetized by an i.p. injection
of sodium pentobarbital solution (50 mg/kg body
weight). At the time of sacrifice, blood was collected
from hearts into tubes containing 1000 mg/L EDTA
and centrifuged immediately at 1000 x g for 15 min at
4°C. Plasma was stored at –80°C before analysis. Additionally, five pregnant mothers were sacrificed and
blood was collected in non-heparinized tube and
centrifuged at 5,000 x g for 15 min at 4°C and serum
was collected. Serum levels of total cholesterol (21)
(Deeg and Ziegenhorn, 1983), triglycerides (22) and
HDL (23) were determined. LDL-cholesterol concentration (LDLc) was calculated from the total cholesterol concentration (Tc) and the HDL-cholesterol
concentration (HDLc) and the triglycerides concentration (TG) according to the equation described by
Friedwald et al. (24).

Determination of retinal neurotransmitters
Levels of seven neurotransmitters, ACE, AD,
NAD, 5-HT, HS, DA and GABA, were determined.
The retina of both control and experimental groups
were homogenized with phosphate buffer pH 7.4 (1:9,
w/v) and the homogenate was centrifuged at 4°C for
5 min at 14000 x g and the supernatant separated.
Following flurometric procedure, ACE level was determined according to Gilberstadt and Russell (25)
using the following equation: Acetylcholine (µM) =
Optical density of sample-optical density of
blank/Slope (µM) x n, where n is dilution factor. AD,
NAD, 5-HT and DA were determined fluorometrically as described by Schlumpf et al. (26). Histamine
concentration was determined according to Shore et
al. (27). GABA was determined by enzyme immunoassay (ELISA) using the IBL kit (USA, REF, IB89150)
for the quantitative determination of Glutamate in
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urine, plasma, serum, cell cultures and tissue homogenates.

Light microscopic investigation
The ocular region of pups of both control and
experimental groups were incised immediately after
parturition and fixed in 10% formal saline and processed for histological investigation. The lens was
examined, photographed, and the incidence of cataract was determined.

Transmission electron microscopic investigation
Extra retina specimens from both control and
experimental groups were separated and immediately
fixed in 2.5% gluteraldehyde and 2% paraformaldhyde in 0.1 M cacodylate buffer (pH 7.4). After
rinsing in 0.1 M cacodylate buffer, they were
post-fixed in a buffered solution of 1% osmium tetra
oxide at 4ºC for 1.5 h and dehydrated in ascending
grades of ethyl alcohol and embedded in epoxy-resin.
Ultrathin sections were cut with a diamond knife on a
LKB microtome and mounted on grids, stained with
urinyl acetate and lead citrate and examined with a
Jeol Transmission electron microscope.

Single cell gel electrophoresis (Comet assay)
The Comet assay is a simple and inexpensive
method for the detection of different types of DNA
damage including single- and double- stranded
breaks, DNA adducts, cross-links, and alkaline-labile
sites in a low throughput format. For the assay, eye
specimens of both control and experimental groups
were homogenized in a chilled homogenizer buffer,
pH 7.5 containing 75 mM NaCl and 24 mM Na2
EDTA to obtain a 10% tissue solution. A potter-type
homogenizer was used and eye samples were kept on
ice during and after homogenization. Six µL of eye
homogenate were suspended on 0.5% low-melting
agarose and sandwiched between a layer of 0.6%
normal-melting agarose and a top layer of 0.5%
low-melting agarose on fully-frosted slides. The slides
were kept on ice during the polymerization of each
gel layer. After the solidification of the 0.6% agarose
layer, the slides were immersed in a lysis solution (1%
sodium surcosinate, 2.5 M NaCl, 100 mM Na2 EDTA,
10 mM Tris-HCl, 1% tritonX-100 and 10% DMSO) at
4°C. After 1 h, the slides were placed in electrophoresis buffer (0.3M NaOH, 1 mM Na2 EDTA, pH 13) for
10 min at 0°C to allow DNA to unwind. Electrophoresis was performed for 10 min at 300 mA and 1
V/cm. The slides were neutralized with Tris-HCl
buffer, pH 7.5, and stained with 20 µg/ml ethidium-bromide for 10 min. Each slide was analyzed using the Leitz Orthoplan (Wetzlar, Germany) epifluo-

http://www.biolsci.org

Int. J. Biol. Sci. 2011, 7
rescence microscope. One hundred cells were analyzed on each slide using the Comet assay II automatic digital analysis system (perspective tail length
(µm) is the distance of DNA migration from the center
of the body of the nuclear core and is used to evaluate
the extent of DNA damage). The tail moment is defined as the product of the tail length and the fraction
of total DNA in the tail (tail moment=tail length x % of
DNA in the tail). Both tail length and tail intensity
were measured automatically by image analysis
software (28).

DNA Fragmentation Assay
DNA fragmentation was assayed by a modification of the method of Duke and Sellins (29). Groups of
freshly isolated eye specimens were washed twice
with ice-cold PBS and suspended in 100 ml of lyses
buffer (10 mM Tris HCl/10 mM EDTA/0.5% Triton
X-100, pH 8.0), vortex-mixed, sonicated, and incubated on ice for 20 min. After centrifugation for 20
min at 4°C (14,000 x g), the supernatant containing
fragmented (soluble) DNA was transferred to another
tube. Lyses buffer (100 ml) was added to the pellet
containing insoluble DNA. Both samples were treated
with RNase A (0.5 mg/ml) for 1 h at 37°C and then
with proteinase K (Sigma, 0.4 mg/ml) for 1 h at 37°C.
After adding 20 ml of 5 M NaCl and 120 ml of isopropanol, the samples were incubated overnight at
220°C, and the DNA concentrations were determined.
Fragmented DNA was calculated as 100% x soluble
DNA/(soluble + insoluble DNA). The soluble fraction
of DNA was determined by electrophoresis on 1.5%
agarose gel and has a ladder-like appearance.
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level reached the highest level in either the diabetic
mother alone or in combination with hypercholesterolemia (348 ± 26.82 and 37 5± 18.45, respectively).
However, the hypercholesterolemic mother had a
less-affected glucose level compared with the other
treatments reached to 180±8.35. Pups from mothers
treated with Morus alba leaves extract retained serum
glucose levels to approximately near normal levels, 95
± 7.89, 143 ± 7.43 and 118 ± 25.18 respectively in
mother’s with hypercholesterolemic alone or and with
diabetes. The applied treatments increased the levels
of total cholesterol, triglycerides, HDL, LDL and creatine phosphokinase. Highest susceptibility was detected in the combined treatment.

Neurotransmitters
The retina of pups of either diabetic and/or hypercholesterolemic mothers exhibited an insignificant
decrease of AD, NAD and 5-HT, compared with a
marked increase of HS, DA and GABA. Protection by
Morus alba extract alleviated the alterations of retinal
neurotransmitters in diseased groups (Table 2).

Incidence and cataract histology

Statistical analysis was done using SPSS
MANOVA with comparisons of the multi-variables
between the control and the other experimental
groups and within the same group. Values were determined and significance at P < 0.05.

Pups of either diabetic and/or hypercholesterolemic mothers exhibited a strikingly increased incidence of cataract > diabetes > hypercholesterolemia.
Protection with Morus alba leaves extract inhibited the
cataractogenesis (Table 3). In pups of G2, postcapsular
cataract was observed in the form of hydropic degenerated lenticular fibers forming large cysts filled
with amorphous material (Fig. 1, D and E). However,
in pups of G4, the cataractogenesis appeared in the
foam cells originating from the lens epithelium and
invading the nuclear part of the lens, causing lyses of
the lens fibers and forming the perspective nuclear
cataract (Fig. 1 G and H). On the other hand, Morus
alba protected diabetic and hypercholesterolemic
groups (G3 and G5) exhibited marked amelioration of
lenticular lesions (Fig. 1 I). Pups of G6 exhibited
striking lenticular cataract with a characteristic crescent-shaped structure with obvious necrotic deterioration of lenticular fibers (Fig. 1, J and K). However,
partial amelioration was detected in protected Morus
alba group G7. The lens fibers took fibrillar reticular
structures (Fig. 1, L and M).

RESULTS

Light microscopic observations

Biochemical analysis

Retina of control pups and those maternally
protected by administration of Morus alba extract exhibited normal arrangement of retinal cell layers including the layers of nerve fiber, ganglion cell, inner
plexiform, nuclear cell and pigmented epithelium. On
the other hand, pups of either maternally diabetic and

Biochemical assessments of apoptosis
Caspase 3 and 7 were determined according to
ELISA Kit (Uscn Life Science Inc. Wuhan.) in retinal
tissues homogenate of pups of the different experimental groups.

Statistical analysis

Data from Table 1 illustrates the levels of serum
glucose, total cholesterol, triglycerides, and HDL,
LDL and creatine phosphokinase in diabetic and hypercholesterolemic mother rats at 15 and 19 days of
gestation. At parturition, the fasting blood glucose

http://www.biolsci.org

Int. J. Biol. Sci. 2011, 7

719

or hypercholesterolemic revealed massive degeneration of nerve fiber, ganglion cells and nuclear cells.
Both layers of nerve fibers, ganglion cells and inner
plexiform attained considerable atrophy in pups of

diabetic and hypercholesterolemic mothers. However,
protection with Morus alba extract meliorated the
dramatic histological alterations but did not reach the
normal structural pattern (Fig. 2 A-H).

Table 1: Biochemical changes of glucose, cholesterol, triglycerides, HDL, LDL and CKin hypercholesterolemic alone or
in combination with diabetes and protection by Morus alba leaves extract.
G0
G1
G2
G3
G4
G5
G6
G7

FBG (mg/dL)
82±2.8
78±3.2*
160±8.4**
95±7.9*
348±26.9**
143±7.4**
375±18.5**
158±25.2**

TCl (mg/dL)
50 ± 2.45
59 ± 3.7*
159 ± 11.5**
73 ± 4.3**
114 ± 8.3**
67 ± 2.9**
187 ± 4.9**
93 ± 5.9**

TG (mg/dL)
40 ± 4.2
43 ± 4.5*
221 ± 23.7*
89.4 ± 4.5**
159 ± 13.7**
67.3 ± 3.9**
287± 12.3**
113± 8.7**

HDL (mg/dL)
34 ± 1.5
36 ± 2.5*
41 ± 2.1**
32 ± 2.8*
42 ± 3.2**
37 ± 2.2*
46 ± 3.9*
37 ± 3.7*

LDL (mg/dL)
28 ± 1.3
34± 3.7*
48 ± 2.1**
39 ± 2.7**
47 ± 1.4**
40 ± 3.8**
74 ± 8.7**
42 ± 6.5**

CK (U/L)
248 ± 12.4
255 ± 15.7*
1172 ± 72.6**
584 ± 13.9**
830 ± 32.6**
387 ± 11.5**
2132± 43.6**
680± 35.8**

Abbreviations: FBG, Fasting blood glucose; TCl, cholesterol; TG, Triglycerides; HDL, High density lipoprotein; LDL, Light density lipoprotein; CK, Creatine phosphokinase. *Non-significant at P<0.05. **Significant at P<0.05.

Figure 1. (A to M): Photomicrograph of pups’ rat eye lens. A and B: Control showing normal lens fibers. C: Protected
Morus alba showing normal pattern-like control. D and E: Maternally diabetic showing postcapsular cataract. F:
Maternally diabetic and protected by Morus alba showing amelioration of lens structures. G and H: Maternally hypercholesterolemic showing foamy cell infiltration forming nuclear cataract. I: Maternally hypercholesterolemic and
protected by Morus alba showing amelioration. J and K: Maternally diabetic and hypercholesterolemic showing
neomoon postcapsular cataract. L and M: Maternally diabetic and hypercholesterolemic and protected by Morus alba
showing fine reticular structures of lens compared with severe cataract. (Abbreviations: NL, Normal lens; EC, Epithelial cells; Fce, Foam cells; CeC, crescent cataract; NC, Nuclear cataract; PCC, postcapsular cataract; RLF, reticular lens fiber).
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Figure 2 (A to H): Photomicrographs of transverse histological sections of retina of pups 1 day old of both control and
experimental groups. A: Control. B: Maternally protected by Morus alba extract. Both control and protected pups
show regular arrangements of retinal cell layers including nerve fiber layer, ganglion cell later, inner plexiform layer,
nuclear cell layer and pigmented epithelium. C: Maternally hypercholesterolemic showing degeneration of nerve
fiber, gangilion cells and nuclear cells. D: Maternally hypercholesterolemic and protected by Morus alba showing
amelioration. E: Maternally diabetic showing degeneration of nerve fiber layer, ganglion cells and nuclear cells. F:
Maternally diabetic and protected by Morus alba showing marked amelioration of retinal cell layers. G: Maternally
diabetic and hypercholesterolemic showing considerable atrophy of gangilionic & nerve fiber layer and inner plexiform layer. Many of the nuclear cells are disrupted and degenerated. H: Maternally diabetic and hypercholesterolemic and protected by Morus alba showing amelioration of histological structure. Abbreviations: NFL, Nerve fiber
layer; GCL, Ganglion cell layer; NCL, Nuclear cell layer; PE, Pigmented epithelium.

Table 2: Retina neurotransmitters of pups of hypercholestoremic and diabetic mother protected by Morus alba
extract.
G0
G1
G2
G3
G4
G5
G6
G7

ACE(µM/g)
1.5±0.2
1.7±0.2#
0.8±0.2*
1.4±0.1#
1.1±0.1*
1.2±0.1*
1.2±0.1*
1.3±0.4*

AD(ng/g)
5.3±0.2
5.6±0.1#
5.1±0.2 *
5.4±0.2#
4.3±0.2*
5.3±0.6#
4.0±0.2*
5.2±0.1#

NAD(ng/g)
4.3±0.1
4.5±0.2#
3.8±0.1*
4.6±0.1#
4.1±0.1*
4.4±0.1#
3.7±0.1*
4.3±0.1#

5-HT(ng/g)
3.3±0.1
3.3±0.2#
3.8±0.1*
3.2±0.1#
4.0±0.1*
3.2±0.1#
3.1±0.1#
3.2±0.1#

HS(ng/g)
7.8±0.1
7.4±0.1#
9.7±0.1*
7.3±0.1#
9.1±0.1*
7.0±0.1*
8.9±0.1*
6.9±0.1*

DA(ng/g)
18.2±0.1
16.0±0.2#
20.4±0.3*
17.6±0.2#
24.9±0.4*
21.0±0.4*
26.3±0.1*
22.1±0.1*

GABA (ng/g)
61.5±0.2
62.9±0.2#
54.6±0.3*
58. 0±0.1#
52. ±0.2*
57.9±0.2#
54.1±0.1*
56.9±0.4*

MANOVA application and F value were determined, *Significant at P < 0.05, # Non-significant at P < 0.05. Replicates 5 per each. Abbreviations: G0, control; G1, Morus alba-treatment; G2, Experimental hypercholesterolemic; G3, Experimental hypercholesterolemia + Morus alba-treatment; G4, Experimental diabetic; G5, Diabetic + Morus alba-treatment; G6, Hypercholesterolemic and diabetic; G7, Hypercholesterolemic and diabetic + Morus alba.
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Table 3: Incidence of cataract of rat pups of diabetic and hypercholesterolemic mother protected by Morus alba
leaves extract.
G0

G1

G2

G3

G4

G5

G6

G7

Total number of newborn

10
87

10
78

16
45

12
67

13
52

12
64

15
43

12
60

Incidence of cataract

0%

0%

14(31.11%)

1(1.49%)

11(21.15%)

2(3.13%)

17(39.53%)

10(16.67%)

Type of cataract

-

-

PCC

MC

NC

VMC

CPCC

RLF

Total number of mothers

Abbreviations: NC, Nuclear cataract; MC, Very mild cataract; PCC, Postcapsular cataract; CPCC, Crescent postcapsular cataract; RLF, Reticulate lenticular fiber.

Retinal pigmented epithelium
In control and Morus alba-protected mothers, the
retinal pigmented epithelium is formed of a single
layer of cuboidal cells with Brush′s basal membrane
adjacent to the choriocapillaries. The cytoplasm is rich
in mitochondria and smooth endoplasmic reticulum.
The uppermost layer is enclosed by numerous cytoplasm microvilli (Fig. 3 A and B). In pups of G2, the
average numbers of pigmented epithelium were decreased. Their cytoplasm showed abundant distribu-

tion of cytoplasmic vacuoles causing distortion of
cytoplasmic organelles (Fig. 3 C). In pups of G4, there
was a marked increase of pyknotic cell death (Fig. 3
E). On the other hand, in pups of G6, the retinal pigmented epithelium exhibited karyolysis of chromatin
material. Cytoplasmic vacuolation and distortion of
cytoplasmic organelles were also detected (Fig. 3 G).
Protected Morus alba G3, G5 and G7 showed moderate
amelioration of cytological structure (Fig. 3 D, F and
H).

Figure 3 (G0 to G7): TEM of pups’ rat retinal pigmented epithelium. G0: Control. G1: Pups of protected with Morus alba. G2: Maternally diabetic
showing pigmented epithelium with vacuolated cytoplasmic structures and pyknotic nuclei and underlying swollen blood coriocapillaries. G3: Maternally
diabetic and protected with Morus alba. G4: Maternally hypercholesterolemia showing pyknotic cell
death of many pigmented epithelium. G5: Maternally
hypercholesterolemic and protected with Morus alba.
G6: Maternally diabetic and hypercholesterolemic.
G7: Maternally diabetic and hypercholesterolemic
and protected by Morus alba. Abbreviations: BV,
Blood vessel; IS, inner segment; N. Nucleus; PE,
Pigmented epithelium; P, Pyknotic; SBV, Swollen
blood vessel.
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Retinal inner segment

tected abnormal distortion and loss of internal structures (Fig. 4 C, E and G). On the other hand, protected
Morus alba G3, G5 and G7 showed ameliorated architecture structure with normal almost intact cytoplasmic structures (Fig. 4 D, F and H).

In pups of G0 and G1, the photoreceptor inner
segments are regularly arranged in contact with the
pigmented epithelium (Fig. 4 A and B). In pups of
experimental groups G2, G4 and G6, there was de-

Figure 4 (G0 to G7): TEM of newborn rat retinal inner segment. G0: Control showing regularly-oriented inner segment
with characteristic cell organelles. G1: Maternally protected with Morus alba. G2: Maternally diabetic showing
disrupted inner segment. G3: Maternally diabetic and protected with Morus alba. G4: Maternally hypercholesterolemic showing disrupted inner segment. G5: Maternally hypercholesterolemic and protected with Morus alba
showing nearly normal structure. G6: Maternally diabetic and hypercholesterolemic showing malformed inner segment. G7: Maternally diabetic and hypercholesterolemic and protected by Morus alba showing nearly regularly
oriented inner segment but with abundant macrophages adjacent to pigment cell structures. Abbreviations: IS, Inner
segment; MIS, Malformed inner segment; Ma, macrophage; V, vacuole; MV, Microvilli.
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Retinal ganglion cells

and vacuolation of nerve fiber layer (Fig. 5 C, E and
G). However, in pups of protected groups G3, G5 and
G7, amelioration of cytological structures was detected (Fig. 5 D, F and H).

In pups of G0 and G1, the ganglion cell bodies
vary in size with cytoplasm rich in cytoplasmic organelles (Fig. 5 A and B). On the other hand, pups of G2,
G4 and G6 revealed a marked increase of pyknosis

Figure 5 (G0 to G7): TEM of newborn rat retinal ganglion cells. G0: Control showing grouping ganglion cells. G1:
Maternally protected with Morus alba showing normal pattern structure. G2: Maternally diabetic showing ganglion
cells having pyknotic nuclei. G3: Maternally diabetic and protected with Morus alba. G4: Maternally hypercholesterolemic showing pyknosis of ganglion cells and vacuolation of nerve fibers. G5: Maternally hypercholesterolemic
and protected with Morus alba showing ameliorating ganglion cells and nerve fiber layer. G6: Maternally diabetic and
hypercholesterolemic showing pyknotic cell death of ganglion cells and vacuolation of nerve fiber. G7: Maternally
diabetic and hypercholesterolemic and protected by Morus alba L showing ameliorated ganglion cells and nerve
fibers. Abbreviations: GCL, ganglion cell layer; NFL, Nerve fiber layer.
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Comet Assay

Apoptosis

Following application of the Comet assay, the
incidence of apoptosis increased in G2, G4 and G6.
Protected Morus alba experimental groups G3, G5 and
G7 revealed a reduction of apoptosis as measured by
tail length and DNA concentration (Figs. 6 and 7).

Both caspase 3 and 7 attained a marked increase
in pups retinal tissues of diabetic and or hypercholesterolemic mothers. However protected Morus alba
of the mentioned diseased groups possessed amelioration of the estimated levels of both caspase 3 and 7
(Table 4).

DNA damage
Comparing lanes in Figure 8, DNA damage was
detected in pups of G2, G4 and G6 compared with
control and protected diseased groups G3, G5 and G7.

Figure 6 (G0 to G7): Photographs of retina cells of rat pups analyzed by Comet assay analysis. The “dark/red” round
spot represents the intact DNA without migration. The less dark “comet-shaped” area adjacent to the nucleus
represents DNA breaks that are small enough to move in the gel. Abbreviations: G0: Control. G1: Morus alba. G2:
Maternally diabetic. G3: Maternally diabetic and protected with Morus alba. G4: Maternally hypercholesterolemic.
G5: Maternally hypercholesterolemic and protected with Morus alba. G6: Maternally diabetic and hypercholesterolemic. G7: Maternally diabetic and hypercholesterolemic and protected by Morus alba. * Means apoptotic cell death.
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Figure 7 (A and B): Tail length (µm) and DNA concentration of pups’ retinal neuronal cells maternally subjected to
either experimental diabetes and or hypercholesteremia and protected by Morus alba extract. Except hypercholesterolemia and Morus alba, the other groups are significant at P<0.05.
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Figure 8: DNA fragmentation of retina of rat pups. Control (G0), Morus alba (G1), hypercholesterolemic (G2),
combined hypercholesterolemic and Morus alba (G3), diabetic (G4), combined diabetic and Morus alba (G5), Combined hypercholesterolemic and diabetic (G6) and Combined hypercholesterolemic and diabetic + Morus alba (G7).
Hypercholesterolemic alone or combined with diabetes exhibited increased incidence of DNA fragmentation, which
was markedly decreased in experimental groups protected by Morus alba extract.

Table 4: Caspase 3 and 7 in rat pups’ retinal tissues of diabetic and hypercholesterolemic mother protected by Morus
alba leaves extract.
C

M

DH

DHM

Caspase 3 (ng/100mg)

0.38± 0.05

0.37± 0.07 0.58± 0.06

D

0.38± 0.07 0.57± 0.03 0.39± 0.05

0.59± 0.09

0.39± 0.04

Caspase 7 (ng/100mg)

3.44± 0.4

3.51± 0.3

3.76± 0.3

4.25± 0.3

3.483± 0.2

4.1± 0.2

DM

H
3.93± 0.3

HM
3.55± 0.4

Each data result represents the Mean ± SE, non-significant at P < 0.05. *: significant at P < 0.05.

DISCUSSION
The present findings revealed that experimental
diabetes alone or in combination with hypercholesterolemia increased the incidence of congenital cataract being detected in the order of combined treatment > diabetes > hypercholesterolemia. Protection
with Morus alba resulted in dramatic alterations in the
experimental groups. In congenital diabetes alone or
in combination with hypercholesterolemia, cataract
formation varied markedly from that of congenital
hypercholesterolemia alone. This might be a result of
diabetic oxidative stress causing necrosis of lenticular
lens fibers, forming large cysts filled with amorphous
material. However, congenital hypercholesterolemic
cataract seemed to originate from proliferated foam
cells that invade the nucleus of the lens, causing lenticular necrosis and development of nuclear cataract.
Lens opacity has been detected in diabetic patients (6,
32) and in animal models of diabetes that exhibit intracellular accumulation of sugar alcohol and morphological changes including swelling, rounding of
nuclei and vacuole formation in peripheral lens epithelial cells of cataract lenses (33). Giavini and Prati
(34) reported a case of congenital diabetic cataract in
rat fetuses and pups of streptozotocin-diabetic moth-

ers. The authors attributed the development of cataract to the disturbance of osmosis in the lens fibers,
probably related with an accumulation of some polyols. Depletion of serotonin in experimental diabetes
and hypercholesterolemia may cause transient cataracts, probably by decreasing the production of
aqueous materials (35). Vinson (36) reported that the
opacity of the lens may be related to oxidative stress
and generation of superoxide as a result of diabetes.
In the mammalian retina, the release of ACE (37)
can affect the response properties of both retinal ganglion cells (38) and retinal pigmented epithelial cells
(39) and is implicated in regulating local and global
changes in the structural maturation of the retina. In
mice lacking ACE, retinal ganglion cells’ dendritic
stratification was markedly delayed (40). Both diabetes (41) and hypercholesterolemia (42) were found to
induce oxidative stress in retinal tissues, causing an
insufficient supply of nutrients to the respective target
structures (optic nerve, head, retina) and raising glutamate levels, which initiate the retinal neuronal cell
death.
The pups of the experimental diseased groups
possessed a marked increase of retinal HS and GABA
coinciding with degeneration of the ganglion cells and
nerve fiber layer. Similar achievements of increased
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GABA (43) and histamine secretion (44) have been
reported in diabetic retina. The alteration of DA and
catecholamine may share in contributing to the stiffness of retinal arteries enhancing retinal ischemia (45)
as detected in arterial thrombosis in atherosclerotic
patient (46). Impairment of DA secretion and loss of
pigmented epithelium (47) and ganglion cell layer
may explain visual deficits in diabetes (48).
In addition, there is a unique relationship between the development and differentiation of retinal
pigmented epithelium and photoreceptors (49) manifested by secretion of factors that promote photoreceptor survival and differentiation (50). Consequently, the increased incidence of apoptotic cell death of
retinal pigmented epithelium in pups of experimental
diseased groups may in turn disrupt structural components of photoreceptor inner segment.
The present findings show an increased incidence of retinal cell death and DNA fragmentation,
which are correlated with alteration of retinal neurotransmitters and neuronal cell damage. Both caspase 3
and 7 attained a marked increase in pups retinal tissues of diabetic and or hypercholesterolemic mothers.
This increased incidence of apoptosis confirmed the
oxidative stress of maternal diabetes and or hypercholesterolemia in growth of their pups’ retinal tissues. Similar increased incidence of apoptotic cells in
the streptozotocin diabetic rat retina was detected
(51).
On the other hand, a striking amelioration with
protected Morus alba extract in experimental diseased
groups was shown by attenuating retinal cell death.
This may be attributed to the observed hypoglycaemic effects and reduction of LDL, total cholesterol and
creatine phosphokinase activity, which have roles in
retinal cell damage. Similar attenuation of atherosclerotic lesion development in mice was carried out
by quercetin 3-(6-malonylglucoside), the major flavonoids glycoside in mulberry leaves (20). The Morus
alba leaves are rich in flavonoids that act as free radical scavengers (52). Quercetin and other flavonoids
were shown to bind to the surface of LDL particles
(53), and prevented cell death enhancement. In addition, Morus alba leaves were found to exhibit a potent
anti-hypoglycaemic effect in diabetic rats (54).
We concluded that the ameliorating effect of
mulberry leaves on retinal neurotransmitters, retinal
neuronal cells and anti-cataract activity may be attributed to its flavonoids content, which shows potential anti-oxidative activity and has potential hypoglycaemic and anti-hypercholesterolemic effects.
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