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Abstract: The aim of the present study was to mnvestigate the effect of treatments with whey protein (WP) and
¢-lactalbumin (w-lac) on genetic alterations and sperm abnormalities in streptozotocin (STZ) - induced
hyperglycemic rats. Twenty five of male adult albino rats were used and divided into five groups (five animals
each). The first group was normal ammals. The second group consisted of diabetic animals. Whereas, the third,
fourth and fifth groups included diabetic ammals treated with amaryl (AM) (0.03 mg/ke.b.wt./dl), WP (200
mg/kg.b.wt./dl) and e-lac (200 mg/kg. b.wt./dl), respectively for 30 days. The results showed that blood glucose
level (BGL), genetic alterations (including DNA fragmentation, disappear of some base pairs of DNA according
to ISSR-PCR analysis and chromosome aberrations) and sperm abnormalities were significantly increased mn
STZ diabetic rats than those of normal control. In contrast, the treatments with AM, WP and «-lac in diabetic
rats significantly decreased the BGL, genetic alterations and sperm abnormalities than untreated diabetes. When
comparing the AM treatment with the protein (WP and «-lac) treatments, it was observed that AM group had
significant decrease of BGL than WP group, while ¢-lac group had un-sigmficant decrease of BGL than AM
group. However, the WP and «-lac groups had sigmficant decreases of rates of DNA fragmentation than AM
group. Also, ISSR-PCR analysis showed that a lot of fragments of base pairs of DNA which disappeared in
diabetic or amary] treatments, they have been existed in protein treatments especially in a-lac group. Moreover,
the WP and ¢-lac groups had significant decreases of most frequencies of each of chromosome aberrations and
sperm abnormalities compared to AM group. On the other hand, the comparison between WP and ¢-lac groups
showed that w-lac group had significant decrease of BGL than WP group. Also the treatment with o-lac in
diabetic animals was more effective for decreasing the genetic alterations and sperm abnormalities than
treatment with WP and there were significant differences between the two treatments. In conclusion, WP and
¢-lac have a role in controlling the diabetic disease by reviving the hyperglycemia condition to the normal
health state and repairing the genetic alterations as well as improving the reproductive condition by decreasing
the sperm abnormalities. These effects of protein treatments especially a-lac have been found to be over
expressed than amary! treatment.
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INTRODUCTION laboratory ammals 1s a convement and useful strategy in

Diabetes mellitus  is

characterized by hyperglycemia, altered metabolism of

a group of syndromes
lipids, carbohydrates and protein and an mcreased risk
of complication of vascular diseases [1]. The minimum
defining characteristic feature to identify diabetes mellitus
is chronic and substantiated elevation of circulating
glucose concentration [1,2]. Induction of diabetes in

the understanding and treatment of the disease. An
appropriate dose of streptozotocin (STZ) was used to
induce experimental diabetes. Streptozotocin selectively
destroyed pancreatic B-cells, resulting in hypomsulinemia,
basal hyperglycemia and abnormal glucose tolerance
[1-4]. High level of blood sugar (or the presence of
hyperglycemia condition) has been known to be a good
marker for inducing overproduction of free radicals and
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other reactive oxygen species (ROS) [5-8]. ROS
virtually damage all cellular components, leading to
DNA and protein modification and lipid peroxidation
[9-11]. More frequencies of DNA fragmentation,
populations erythrocytes  and
chromosome aberrations have been observed in rats with

of micronucleated

alloxan-induced hyperglycemia than those of normal
ammals [12]. In addition, diabetic patients are reported to
have reduction of antioxidant defenses, such as

superoxide dismutase and decreased levels of
antioxidants [10, 11]. In consequence, the diabetic
patients suffer from an increased risk of oxidative
stress-related diseases not only in the present generation
but can also transmit the nuclear defects to their progeny
[11, 13]. Some studies reported that the hyperglycemic
condition has been found to be major

inducing sperm shape abnormalities besides reducing the

reason for

caudal sperm count in each of STZ diabetic rats [11] and
alloxan diabetic rats [12].

The curing or the treatment for the hyperglycemia
condition by using artificial drug such amaryl has been
shown in several studies [11,12,14], this is because the
amaryl 13 a third generation antidiabetic sulphonylurea
known to possess the ability for reduction of bloed
glucose levels and the antioxidant effect in streptozotocin
(STZ)- induced diabetes [11,14]. On the other hand, the
dentifying food components that decrease the blood
glucose levels may be beneficial for developing low
glycemic food and supplements than artificial drugs. Some
proteins from certain foods have been reported to have
the ability to reduce blood glucose excursion and
scavenge active oxygen species [15, 16].

Milk protein in particular, appears to stimulate the
increase in post-prandial insulin  response with a
corresponding reduction m postprandial bleod glucose
levels [17] and it was recently shown that this property 1s
related to the whey protein fraction of milk [18]. Whey
protein is particular high in branch-chain amino acids, in
[19]. These
msulinogenic, meaning that they have a higher capacity

particular  leucine amino acids are
to increase an insulin response and consequently
decrease the blood glucose levels [20, 21]. Moreover,
Mortensen et al. [22] compared the effect of whey protein
with effects of other proteins (such casein, cod and
gluten) on postprandial lipid and incretion response to a
high-fat meal in diabetes. Their results showed that free
fatty acids were most pronouncedly suppressed after
whey-meal and the glucose response was lower after the

whey-meal than after the other meals.

In addition, possible antioxidant activity of whey
protein has also been suggested. Tt is an essential source
of amino acids such as histidine and tyrosine that were
reported to have antioxidant activities by scavenging
radicals or ROS and other peroxides [23- 27]. Also, whey
protein is considered to be the main factor in delay lipid
oxidation, because it was found to be related to the
prevalence of hydrophobic amino acids that have this
property [27]. Moreover, the antioxidant activity of whey
protein may be due to its ability to elevate cellular
glutathione (GSH) concentration, which m turn would
increase the scavenging of free radicals produced by
damage condition or mutagenic agents [28- 30]. On the
other hand, the majority of whey protein are cysteine-rich,
including a-lactalbumin, p-lactoglobulin and bovine
serum albumin [31]. «-lactalbumin has been found to
regulate of lactose synthesis [32] and to act as an
antioxidant by having radical scavenging activity [27, 32].
Furthermore, cystine 13 known as an amino acid that
regulates the m vivo concentrations of GSH biosynthesis.
The latter was reported beside an antioxidant, it is an anti-
thereby
improving protection against oxidant-induced cell damage
[30].

So, the present work was designed to study the effect

apoptotic and anti-carcinogenic tripeptide,

of treatments with whey protein and «-lactalbumin on
potential genetic and reproductive abnormalities in STZ-
induced hyperglycemic rats. In this respect, molecular
genetic, cytogenetic and sperm studies have been
investigated.

MATERIALS AND METHODS

Experimental Animals: Adult male albino rats weighting
150-160 g, bred mn the ammal house lab. National Research
Center, Cairo, Hgypt, were used for this study. The
standard  laboratory
conditions, maintained on a 12 h light and dark cycle and

animals were housed under

provided water and pellet food ad libitum.
Chemicals and Drugs:

»  Streptozotocin (STZ) and glucose oxidase peroxidase
diagnostic enzyme kit were purchased from Sigma (st.
Louis, Mo. USA).

¢ Standard drug: Amaryl (Glimepiride tablet) was
obtained from local pharmacies, Caro, Egypt and
ground using a mortar. The powder was dissolved in
distilled water and orally administrated to dose 0.03
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mg/kg bwt/dl for 30 days. This dose equals the dose
of acceptable daily mtake of amaryl for human
{(4mg/ke), after modification to suit the small weight
of rats. The dose of amaryl was 0.03 mg/kg. b.wt/d]
according to previous studies [33, 34]. Amaryl
treatment (as standard treatment) was used in this
study for comparison with other treatments.

Protein Materials: Whey protein (WP) and ¢-lactalbumin
(o-Lac) were purchased from Davisco Foods
International, Inc (Eden Prairie, MN, USA). WP or ¢-Lac
solutions {15% (w/w), pI 6.9} were separately prepared
by dispersing WP or at-Lac powder in distilled water. The
solution of WP or of g¢-Lac was mdividually admirmstered
at a dose of 200 mg/Kg. b.wt.
Induction of Diabetes: The experimental group of
ammals was fasted for 24 hours and then intraperitoneally
mjected with a single dose of 65 mg/kg body weight of
freshly prepared streptozotocin dissolved in citrate buffer
PH 4.5 to induce diabetes [35]. Diabetes was confirmed
after 48 or (72) h of streptozotocin injection, the blood
samples were collected via retro-orbital venous plexus and
serum glucose levels were estimated by enzymatic GOD-
PAP (Glucose oxidase peroxidase) diagnosis kit method
[10, 11]. The rats with serum glucose level above
160mg/dl were selected [11] and used for the present
study.

Also, blood glucose values were determined just
prior to killing the ammals at the end of experiment. The
animals were fasted for three hours then blood was
collected from orbital sinus.

Experimental Design: Male rats were randomly selected
and divided into five groups (five animals each). The first
group included normal animals (control). The second
group was diabetic animals (D group). Whereas, the third,
fourth and fifth groups consisted of diabetic amumals
treated with amaryl drug (AM group), whey protein (WP
group) and ¢-lactalbumin (@-lac group), respectively. The
thurd group was orally given 0.03 mg/kg b.owt/d] of amaryl.
While, the fourth and fifth groups were orally given WP
(at level of 200 mg/kg. b.wt/dl) and ¢-lac (at level of 200
mg/kg.b.wt/dl), respectively. The period of treatments for
diabetic animals extended for 30 days. At the end of
experiment, the animals were sacrificed by cervical
dislocation for performing of molecular genetic,
cytogenetic and sperm studies.
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Molecular Genetic Studies

DNA Fragmentation: Liver samples were collected
immediately after sacrificing the ammals. The tissues were
lysed in 0.5 ml lysis buffer contamming 10 mM tris-HCL
(PH.8), 1 mM EDTA, 0.2% triton X-100, centrifuged at
10000 r.p.m. (Eppendrof) for 20 minutes at 4°C. The pellets
were resuspended in 0.5 ml of lysis buffer. To the pellets
(P) and supematants (3), 1.5 ml of 10% trichlorcacetic acid
(TCA) was added and incubated at 4°C for 10 minutes.
The samples were centrifuged for 20 minutes at 10000
r.p.m. (Eppendorf) at 4°C and the pellets were suspended
in 750 ul of 5% TCA, followed by incubation at 100°C for
20 minutes. Subsequently, to each sample 2 ml of DPA
solution {200 mg DPA in 10ml glacial acetic acid, 150 ul of
sulfuric acid and 60 pl acetaldehyde} was added and
incubated at room temperature for 24 hour [36]. The
proportion of fragmented DNA was calculated from
absorbance reading at 600 nm using the formula:

OD of fragmented DNA (S)
OD of fragmented DNA (S)
+ OD of intact DNA (P)

DNA fragmentation = x 100

ISSR-PCR Analysis

DNA Extraction: Genomic DNA from the liver of the
tested animals was isolated according to the method of
Sharma ef al. [37]. The concentration of DNA and its
relative purity were determined using a spectrophotometer
based on absorbance at 260 and 280 nm respectively. The
integrity of extracted genomic DNA was checked by
electrophoresis in 0.8% agarose gel using DNA molecular
weight marker (Eurblio, Paris, France).

ISSR-PCR and Electrophoresis: Inter Simple Sequence
Repeat (ISSR) analysis was performed using three
different ISSR primers that were procedure from Integrated
DNA technologies Tnc. (San Diego, CA, TJSA), based on
core repeats anchored at the 5” or 3” end as shown in table
(1). Amplfication reactions for ISSR analysis were used in
a final volume of 25 pl containing 10 X PCR buffer (50 mM
KCL 10 mM Tris-HCL, 1.5 mM MgC12, pH 9.0), 2 mM
dNTPs, 10 mM primer, 50 ng of template DNA and 0.5 17
of Tag Polymerase (Promega, USA). Reactions were
performed m a thermocycler (Biometra, GmbH).

Table 1: Primer sequences used for ISSR amplification:

ISSR names  Primer sequences

HB-10 5 GAG AGA GAGAGACC'3
HB-12 S CACCACCACGCH
HB-14 S CTCCTCCTC GC
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ISSR amplification was performed according to Sperm Analysis: For sperm-shape analysis, the
Zietkiewiez et al. [38] with an initial denaturation of 2 min. epididimus excised and minced in about 8 ml of
at 94°C followed by 40 cycles of 94°C for 30 sec. annealing physiclogical saline, dispersed and filtered to exclude
at 52°C for 45 sec. extension at 72°C for 7 min. PCR  large tissue fragments. Smears were prepared after
products were analyzed using 1.2 % agarose gel staining the sperms with Eosin Y (aqueous), according to
electrophoresis and visualized with 10 ug/ul ethidium the methods of Wyrobek and Bruce [41], Wyrobek et al.
bromide staming. The sizes of the fragments were [42] and Farag et al. [43]. At least 3000 sperms per group
estimated based ona DNA ladder of 100 to 2000 bp (MBI, were assessed for morphological abnormalities. The sperm
Fermentas). The electrohporetic patterns of the PCR abnormalities were evaluated according to standard
products were recorded digitally using a Gel-Doc 2000 method of Narayana [44].
immage analysis system (Bio-Rad) according to the
mstruction of manufactory. Statistical Analysis: Statistical analysis was performed

with SPSS software. Data were analyzed using one-way
Chromosome Preparations: For chromosome analysis, in analysis of variance (ANOVA) followed by Duncan’s
both treated (AM, WP and «-lac) and control (C and D) post hoc test for comparison between different
ammals, femurs were removed and the bone marrow cells treatments. The values were expressed as mean + S.E. and
were aspirated from both femurs of each animal in 5-6 ml differences were considered as significant when P< 0.05.
of RPMI 1640 medium into sterile tubes; 0-2 ml of 0.05 Furthermore, TSSR bands were scored using Gel-Doc
colchicine was added to each tube in vitro [39]. Cultures (Bio-Rad) Gel analysis program as present (+) or absent
were incubated at 37-38°C for 1 h. The cells were (0) and they were examined to estimate differences or
centrifuged at 1000 rpm for 10 min. and resuspended in  relationships among the investigated treatments.
prewarmed (37°C) hypotonic  solution (0.075 M
potassium chloride) for 20 min. at 37°C. The samples were RESULTS
centrifuged and fixed m cold 3:1 methanol : glacial acetic
acid. Each sample was washed five times in fixative and  Blood Glucose Levels: The results in Table, 2 and Fig. 1
slides were produced by the conventional method and showed that the blood glucose levels (BGL) significant

stamed with Giemsa stain [40]. In each amimal, increased 1n streptozotocin diabetic rats (D group) than
chromosome analysis was carried out in 50 metaphase those of control group. Whereas, the BGL were
spreads. significantly reduced in diabetic animals treated with

Table 2: Effect of AM, WP and z-lac on blood glucose levels (BGL) in diabetic rats after 30 days of treatments.

Normal (control) 8TZ AM WP -Tact.
A B C D AC
63.60+1.75 165.07+3.55 93.80+1.14 117.60+2.18 81.80+2.60

- Data were expressed as mean +SE

- Means with different superscript letters (A, B, C, ) are significanthy-
ditferent (P<:0.05).

- STZ = Streptozotocin treatment.

- AM = Amary] treatment.

- WP =Whey Protein treatment.

- & -Lac = « -Lactalburnin treatment.

Table 3: Effect of AM, WP and x-lac treatments on the rates of DNA fragmentation in STZ-induced hyperglycemic (diabetic) male rats.

% of DNA Fragmentation
Treatments M=S.E.
Control 7.25+0.1*
D 20.57£0.74¢
D+ AM 17.29+0.407
D+ WP 14,3520, 54°
D + i -Lac 10.52+0.71°

- Data were expressed as mean = S.E.

- Means with different superscript letters (a, b, ¢, d, e) are significantly different (P<0.05).
-D = Diabetes (hypergly cemia).

- AM = Amary] treatment.

- WP =Whey Protein treatment.

- ¢ -Lac = o -Lactalbumin treatment.
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Table 4: ISSR analysis using three TSSR primers; HB-10, HB-12 and HB-14.

IS8R primers Band No. M (bp) Control Diab AM WP z-Lac

HB-10 1 610 + + + + +
2 500 + + + + +
3 420 + + + + +
4 275 + + + + +
5 150 + + +
5 5 4 4 5 5

HB-12 1 700 + + + + +
2 590 + + + + +
3 500 +
4 410 + + + +
5 390 +
6 360 + + + + +
7 290 + + + + +
8 230 + + +
8 6 5 6 7

HB-14 1 650 + + + + +
2 490 + +
3 400 + + + + +
4 290 + +
5 250 + + + +
6 210 + + + + +
7 120 + + + + +
8 50 + +
8 8 4 5 5 8

M= Marker. Diab= Diabetes (hyperglycemia). AM = Amry] treatment.

WP="Whey Protein treatrnent. -lac = - lactaburnin treatrment.

Table 5: Effect of AM, WP and « -Lac treatments on the frequency of chromosome aberrations in STZ-induced hyperglycemic male rats.

Structural Chromosomal Aberrations Total structural Numerical aberrations Total
chromosomal numerical

Treatments Gaps Deletions Breaks CLA. EEA Rings aberrations Peridiploidy  Polyploidy  aberrations

Control 0.6£0.24%  0.0£0.00 04024+ 1.2+0.2 0.2+0.2¢ 0.0+0.07 2.4+0.24* 1.440.24° 0.0+0.00 1.44+0.24*

D 2.240.2° 7.8£0.48 3.240.58 34404 3.2+0.44 0.2+0.2¢ 20.0£0.55 5.0£0.7 2.0+£0.44° 7.0+£0.31°

D+ AM 1.4+024 424049 22402 424058 1.8£037 0.4£0.24° 14.2+0.58¢ 3.24037 1.2£0.37%* 44405

D+ WP 124037 3.0+0.32° 1.4+£0.4°  1.240.37*  0.6£0.4°  0.6+0.4* 8.0+0.54° 3.0+0.44° 0.4£0.2® 3.240.37°

D+e-Lac 0.33£0.21° 2.16+0.166" 0.8£0.3 0.5£0.34*  1.3:0.21" 0.3340.21° 5.550. 4 2.6+0.21° 0.5+0.34% 3164047

- Data were expressed as mean = S.E.

- Means with different superscript letters (a, b, ¢, d, e, f) are significantly different (P<0.05).

- D =Diabetes thyperglycemia).

- AM = Amary] treatment.

- WP=Whey Protein treatrment.

- & -Lac = « -Lactalburnin treatment.

- C.A. = Centromeric Attenuations.

- EEA = End to End Associations.

Table 6! Bperm abnormalities in each of hyperglycemic condition and hyp erglycemia treated with AW, WP and a-Lac. of malerats

Types of sperm head abnormalities
Total head Total tail Total abnormal

Treatments Amerphous Without hock Banana shape Sperm with two heads Bigshape  Small shape abnermalities abnormalities sperms| 1] (head + tail)

Control 4.25+047 & 5+1.00 0.254+0.25 0.00.C 0.0+0.0¢ 0.0£00¢ 11510 4.7+0.25" 15.75¢1.2%

D 14.2+1.1* 12.0£0.7 0.8+0.48" 1.0+0.3 0.2+0.4* 0.6£0.24° 28.841.3" 10.6£04 390401

D+ AM 11.0+0.7 11.2540.254 075404 0.75£0.25% 02505 0.5%-028" 24.541.5 10.2540.75" 347542 2

D+ WP 9.75£075% 92540 47 075404 0.2540 25 0540 5 0.0£0.0° 20.5+1.0° 6 .25+0.75* 26.75+1 6

D+ a-Lac 754064 7.2540.85* 0.5+0.5 0.25+0,25* 0.0+0.0¢ 0.0£00¢ 15.5+0.64° 525047 20.75+0.75

Data were expressed as mean + 3.E.

Means with different superscript letters (a, b, ¢, d) are sigmficantly different F<0.05),
D =Diabetes (hyperglycermnia)

A = Amaryl treatrnent.

WP =Whey Protein treatment

a-Lac = c-lactalburmin treatrnent.
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Fig. 1: Effect of AM, WP and «-Lac on blood glucose
levels (BGL) in diabetic rats after 30 days of
treatments.

Confrol  Diab  AM WP o -Lac

Mibp)

HB-12

HB-14

Fig. 2: ISSR amplified products using three ISSR primers;
HB-10,HB-12 and HB-14
M = Marker.
Diab = Diabetes (hyperglycemia).
AM = Amaryl treatment.
WP = Whey Protein treatment.
a-Lac = a-lactalbumin treatment.

amaryl (AM group) or whey protein (WP group) or
a-lactalbumin (« Lac group) compared to those found in
D group. On the other hand, AM group had significant
decrease of BGL than WP group, while the a-lac group
had decrease of BGL than AM group, however this
decrease was not significant. Moreover, the «-.lac group
had significant decrease of BGL than WP group.
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Molecular Genetic Results

DNA Fragmentation: The results in Table, 3 showed that
the rates of DNA fragmentation were significantly
increased in diabetic animals (D group) than those of
control group. In contrast, the diabetic animals treated
with amaryl (AM group) or whey protein (WP group) or
a-lactalbumin (- Lac group) had significant decreases of
DNA fragmentation than D group. Moreover, the WP and
o -Lac groups had significant decreases of DNA
fragmentation than AM group. On the other hand, the
treatment with a-lactalbumin in diabetic animals was more
effective for decreasing the rates of DNA fragmentation
than the treatment with whey protein and there were
significant differences between the two protein
treatments.

ISSR-PCR Analysis: Three ISSR primers; HB10, HB12
and HB14 were used to detected the whole and lacto
protein effects for hyperglycemia comparing with Amaryl
drug in rat (Fig. 2 and Table, 4). Using primer HB10, the
diabetic rat and Amaryl drug samples revealed an equal
four fragments which were different from the control
samples in a 150 bp fragment. On the other hand, the two
protein samples with whole WP and «-lac proteins
displayed five amplified fragments similar to the control.

Moreover, ISSR primer HB-12 revealed a total of six
fragments in the control and in the WP samples and seven
fragments in o-Lac samples, however, diabetic rat and
Amaryl drug samples lacked especially a 230 bp fragment
that existed in the foremost samples. On the other hand,
the a-lac protein samples revealed two unique fragments
with 500 and 390 bp that disappeared in the other samples.
However, a-Lac group lacked 410 bp fragment that existed
in other samples. The obtained results by using the primer
HB-14 revealed a total eight fragments in the control and
a-Lac samples. However, the diabetic group lacked four
fragments of 490, 290, 250 and 50bp that have also been
lacked (except the 250 bp) in AM and WP samples. These
disappeared fragments in diabetic, AM and WP samples
were existed in each of control and «-Lac groups.

Cytogenetic or Chromosome Examination: Chromosome
examination in Table, 5 showed that the frequencies of
structural and numerical chromosome aberrations were
significantly increased in diabetic animals (D group)
compared to those found in the control group. In contrast,
the diabetic animals treated with amaryl or WP or
a-Lac had significant decreases for most frequencies
of chromosome aberrations than D group. On the
other hand, structural and numerical chromosome
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aberrations were decreased in WP and «-Lac groups than
those of amaryl (AM) group. These decreases were
significant in WP or «-Lac for the frequencies of
deletions, C.A, EEA and total structural aberrations or for
the frequencies of chromatid gaps and breaks, deletions,
C.A and total structural aberrations, respectively.
Moreover, the most frequencies of structural and
numerical chromosome aberrations were more lowered in
¢-lac group than those of WP group and there were
significant differences between the two groups for the
frequencies of chromatid gaps and total structural
aberrations.

Sperm-Shape Analysis: Sperm examination (Table, 6)
showed that sperm-shape abnormalities significantly
mcreased in diabetic animals (D group) than those of
control group. In contrast, diabetic animals treated with
amaryl or whey protein or ¢-lactalbumin had significant
decreases of sperm abnormalities compared to D group.
On the other hand, the whey protein or ¢-lactalbumin
groups had significant decreases of most frequencies of
sperm abnormalities than AM group. Moreover, the
¢-lactalbumin group had the lowest frequencies of sperm
abnormalities when comparing with whey protein group
and there were significant differences between the two
groups for total sperm head abnormalities and total sperm
abnormalities (head + tail).

DISCUSSION

Several studies showed that the incidence of
diabetes has been associated with the presence of
hyperglycemia condition [1,11,14,45]. The treatment for
this condition by using amary] (glimepiride) drug has been
reported, because the amaryl was known to possess the
ability for reduction of blood glucose levels in diabetes
[11,12,14]. On the other hand, the identifying food
components such protemns that decrease the blood
glucose levels has also been reported [18]. Proteins vary
i their ability to decrease post-prandial glycemia (or
hyperglycemic incidence). Comparing the insulinotropic
characteristics of milk, gluten, cod, cheese and whey
demonstrated that both milk and whey have the greatest
impact on glucose metabolism by increasing both insulin
secretion and  glucose-dependent insulin  tropic
polypeptide [18].

Concerming the hyperglycemia condition m the
present study, the blood glucose level was significantly
increased in streptozotocin (STZ) diabetic rats than those

of normal control. These findings are in agreement with
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that reported in other studies on STZ rats [11,46]. Also,
the present results were similar with that observed in
alloxan diabetic mice [47] and rats [11,4%]. The observed
hyperglycemia m this study may be due to cytotoxic
effect of STZ on pancreatic P-cells causing insulin
deficiency [45,49,50]. In the msulin secretion studies of
the 10-16 week-old STZ rats, there was a complete loss of
B cell sensitivity to glucose [2]. Also, by 6 weeks of age
of STZ rats, these ammals showed basal hyperglycemia
and abnormal glucose tolerance [1,4].

The present results also showed that STZ diabetic
had higher rates of DNA mutations (DNA
fragmentation and deletion or disappear of some base
paurs fragments of DNA according to ISSR-PCR analysis)
comparing with normal control. TSSR analysis using
primers HB10, HB12 and HB14 revealed that the total
mumber of fragments of base pairs of DNA in control

rats

samples were existed to be 5, 6 and 8 respectively,
however, i diabetic rat samples, some of these fragments
had disappeared and the total No. of fragments were
lacked to be 4 (lacked one fragment of 150 bp), 5 (lacked
one fragment of 230 bp) and 4 (lacked four fragments of
490, 290, 250 and 50 bp) fragments, respectively.
Moreover, the present diabetic condition in male rats
significantly increased the frequencies of chromosome
sperm-shape These
abnormal effects can be attributed to the dangerous role

aberrations and abnormalities.
of the presence of hyperglycemia condition, that was
found in several studies to be a good marker for inducing
overproduction of reactive oxygen species (ROS) [5 - 8].
ROS attack the building structures of the cell membrane,
mucleus and genetic material by causing scission,
carbonylation, fragments, cross-linking and oxidation
[51,52] leading to DNA modification [9,45] chromosome
aberrations and sperm abnormalities [6,11,52].

Concerning the incidence of DNA fragmentation in
the present study, the results were similar with that
reported 1n other studies on individuals associated with
alloxan diabetic condition. The occurrence of DNA
fragmentation in lymphocytes obtamed from alloxan-
induced diabetic rats was found to be 81% compared to
45% of untreated cells from the control [6]. Also, the
presence of hyperglycemia condition due to alloxan
treatment in both male and female rats led to significant
increases of rats of DNA fragmentation compared to
normal controls [12].

On the other hand, it 1s reported that ISSR assay 1s
considered to be a powerful method which used to
illustrate the genetic variation between and within species
of plants such as mn citrus (Poncirus trifoliate L. [53]) and
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peanut (Arachis hypogaea 1. [54]). This technique has
also been applied to study interspecific polymorphisms
such as m rice (genus Oryza, [55]), tomato (genus
lycopersicon, [56]), chickpea (genus Cicer, [57]), grevillea
(proteaceae, [58]) and strawberry (Fragaria anonassa,
[59]).

Moreover, ISSR analysis was used to investigate the
effect of salimty conditton on genetic stability of red
tilapia fish [60]. ISSR fragments were found to be
variety-specific markers. These markers were scored
whether they were present or absent as an unique band
for a given variety. Each band was assumed to represent
an unique genetic locus [59,60].

ISSR analysis in the present study showed deletion
or disappear of some base pair fragments of
DNA in diabetes These disappeared
fragments in diabetes were existed in normal control. The

mdividuals.

loss of genetic composition in diabetes may be due to the
presence of hyperglycemia condition that is considered as
discussed above the main factor for inducmg
overproduction of ROS. ROS attack the DNA structure
causing DNA mutations [6,11,12].
occurrence of chromosome aberrations in hyperglycemic

Concerning  the

rats of the present study, the findings were supported by
several studies. For example, cytogenetic analysis by
Tollinger et al.[6] ] and Block et al.[45], indicated that the
majority of alloxan-induced diabetic rats was composed of
hypodiploid cells with a chromosome number of 38 to 41
(2n=42). Chromosome abnormalities (aneuploies and
polyploidies) have been reported to be increased in
embryos of diabetic mice [62]. The influence of alloxan
diabetes on first meiotic segregation behavior in female
and male mice was studied by Wauben-Penris and Prins
[63]. They found in primary spermatocytes higher chiasma
freuquencies n the translocation multivalent in diabetic
males than m controls. Also, the analysis of metaphase-11
cells in the females revealed less 3 : 1 segregation and
more adjacent-IT segregation in the diabetics. So, they
concluded that diabetes the meiotic
segregation behavior of chromosomes and that
chromosomes showing higher incidence of unbalanced
segregation behavior. Moreover, Abd El-Rahim et al. [12]
found that the alloxan diabetes of rats (males or

influences

females) had hgher frequencies of structural and
numerical chromosome aberrations of bone marrow cells
compared to normal controls. Considering the incidence
of sperm abnormalities 1 the present study, the results

were concidence with other studies by Rabbani et al [11]
and Abd El-Rahim et al [12] who found the STZ or
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alloxan diabetic condition of male rats significantly

increased the sperm shape abnormalities besides
significant reducing of caudal sperm count. In previous
studies diabetes mellitus has been known to be often
associated with sexual dysfunction [64] delayed sexual
maturation and infertility or compromised semen quality
[64, 65] m men. Several studies reported that the
mechamsm for inducing abnormalities

component and sperm-shape in hyperglycemia condition

n  nuclear

include the activation of several damaging pathways by
the ROS such as accelerated formation of advanced
glycation end production (AGE), polyol pathway,
hexosamine pathway, protein kinase (PKC) or increase of
lipid peroxidation (LPO)[11,66,67]. LPO occurs whenROS
attack the poly unsaturated fatty acid residues of
phospholipids of cell membrane which 18 extremely
sensitive to the oxidation. Host cell like spermatozoa are
highly susceptible to the damage by excess
concentrations of ROS due to lugh content of
polyunsaturated fatty acid within their plasma membrane.
Increased LPO and altered membrane can affect the sperm
function through impaired metabolism, motility, acrosome
reaction as well as oxidation damage to sperm DNA
leading to mcrease of morphological changes m sperm
[11, 68-70]. In the present study, the administration of
amaryl, whey protein (WP) and ¢-lactalbumin (¢-lac.) to
the STZ diabetic rats led to reduction of blood glucose
level (BGL) and resulting in decreases of each of genetic
alterations (DNA fragmentation, deletion or disappear of
some base pair fragments of DNA according to ISSR-PCR
analysis
abnormalities compared to diabetic control (D group). The
BGL in amaryl group (AM group) was lower than WP

and chromosome aberrations) and sperm

group, however, the BGL has been decreased in w-lac
group than AM and WP groups. On the other hand, the
WP and a-lac treatments m STZ diabetic rats led to
decrease of the frequencies of DNA fragmentation
compared to amaryl treatment. Also, TSSR analysis
revealed that many fragments of base pars of DNA had
disappeared in diabetic rats or amaryl drug samples,
however, the most or all of these fragments were existed
in protein samples especially in the «-lactalbumin
samples. Moreover, the frequencies of chromosome
aberrations and sperm abnormalities were more lowered in
protein samples than those of amaryl drug. The w«-lac.
group had the lowest frequencies of genetic alterations
and sperm abnormalities. This could be explained the role
of proteins (especially ¢-lac) in controlling the diabetic
disease which over expressed than the amaryl drug.
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Conceming the effect of amaryl drug on reduction of
hyperglycemia condition in the present study, our
findings were sunilar with that reported by Rabbamni et al.
[11] and Abd El-Rahim et al. [12], who found that the
treatment with amaryl (glimepiride) led to reduction of
blood glucose levels (BGL) in STZ or alloxan diabetic rats.

The prunary mechamsm of action of amaryl
(glimepiride) in lowering the blood glucose appears to
be dependent on stimulating the release of insulin from
functioning pancreatic beta cells [11,14]. Moreover, in the
antidiabetic therapy, ghimepiride has the advantage that it
does not cause severe hypoglycemic complications due
to sudden release of insulin as like the other
sulphonylureas [11,14].

On the other hand, the effect of whey and a-
lactalbumin protens n lowering the blood glucose level
have been reported by Frid et al. [16] who found that the
addition of whey to meals stimulated insulin release and
reduced postprandial blood glucose excursion in diabetic
subjects, the msulin responses were higher after both
breakfast (31%) and lunch (57%), when they were
included in the meal than when whey was not included.
After lunch, the blood glucose response was sigmficantly
reduced after whey ingestion. So, the authors, concluded
that insulin tropic effect of whey protein may potentially
attenuate the post-prandial blood glucose excursions over
the day. Moreover, Mortensen et al. [22] compared the
effects of the protems casemn, whey, cod and gluten on
postprandial lipid and incretion response to a high-fat
meal in diabetic persons. Their results showed that free
fatty acids were most pronouncedly suppressed after
whey-meal. The glucose response was lower after the
whey-meal than after the other meals. Tn addition,
Bushmarina et al.[32] reported that the main function of -
lactalbumm was found to be the regulate of lactose
synthesis.

Concerning, the decreases of genetic alterations and
sperm abnormalities in diabetic animals treated with
amaryl and proteins (WP and a-lac) m the present study,
these decreases or repairing of genetic and sperm
changes may be due to the reduction of hyperglycemia
condition by such treatments and consequently the
reduction of potential generation of ROS.

As discussed above, the amaryl [11,12,14] and whey
protein [16,22] treatments were found to possess the
ability of reduction of blood glucose levels in diabetes.
Also, the possible antioxidant activity of amaryl and
proteins (WP and ¢-lac.) that has been reported m several
studies, may be the main factor for reduction or repairing
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of genetic and sperm abnormalities in the present study.
Kramer et al. [14], Krauss et al. [71] and Rabbani et al.
[11] reported that the
{glimepiride) to diabetes had mcreased the plasma levels
of antioxidant enzymes (CAT, SOD and GPx) besides
reducing the levels of LPO, H,O, and malondialdehyde.
In other studies, the effect of amaryl treatment on

administration of amaryl

genetic alterations and sperm abnormalities 1n diabetes
were observed. Rabbani et al [11] reported that the
administration of glimepiride to the STZ diabetic rats had
reduced the populations of micronucleated erythrocytes
and sperm abnormalities besides enhancing the sperm
count compared to diabetic control. Also, Abd El-Rahim
et al. [12] found that amaryl treatment in alloxan diabetic
rats had reduced genetic alterations (populations of
micromucleated erythrocytes, DNA fragmentation and
chromosome aberrations) and sperm  abnormalities
besides enhancing the sperm count compared to diabetic
control. On the other hand, possible antioxidant activity
of whey protein has also been reported. It would include
chelation of transition metals by serum albumin and
lactoferrin, an iron-binding glycoprotein, as well as free
radical scavenging activity by amino acids, such as
tyrosine and cysteine [24,25]. Also, Pihlanto[27] reported
that whey protein has ability to delay lipid oxidation,
because WP was found to be related to the prevalence of
histidine and hydrophobic amino acids, these amino acids
have been shown to act as antioxidants. Moaoreover,
Bushmarina et al.[32] and Pihlanto[27] showed that the ¢-
lactalbumin has ability to act as an antioxidant by having
radical scavenging activity.

In previous study, Zommara et al. [72] reported that
a fermented milk product had an antiperoxidative action
on rats fed a vitamin E deficient diet; the lactic acid
bacteria and whey proteins m the product contributed
partly to the observed antiperxidative action. Kullisaar
et al. [73] noted that the consumption of fermented goat
milk improved anti-atherogenicity in healthy subjects by
prolonging the resistance of the lipoprotem fraction to
oxidation, lowering the levels of peroxidized lipo-proteins
and the glutathione redox ration and enhancing total
anti-oxidative activity.

The reported mechamsm for antioxidant effect of
whey protein has been attributed to the increase in blood
and tissue glutathione (GSH) concentration, which
consequently increase the scavenging of free radicals
produced by damage condition or mutagenic agents [28].
Also, n this respect, Czuczejko et al. [74] reported that
the increase in the activity of GSH-dependent enzymes in
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plasma may arise from increased formation of reactive
oxygen species or from release of these enzymes from
mjured cells to plasma. So, the ability of treatments of
amaryl, WP and a-lac for reduction of hyperglycemia
besides they have antioxidant properties, could prevent
the
abnormalities by preventing ROS (or other free radical

or  minimize genetic alterations and sperm
action), [11,75]. To our knowledge, the repairing effects
(or antimutagenic property) of WP and «-lac on genetic
and sperm abnormalities in diabetes have not been
discussed previously. Moreover, it was observed in the
present study that the repairing effects of proteins
especially ¢-lac. for such damages were more effective
than amaryl. Tn conclusion, whey protein and «-
lactalbumin have effect in controlling the diabetic disease
by reviving the hyperglycemia condition to the normal
health state and reduction the genetic alterations as well
as improving the reproductive condition by decreasing
the sperm abnormalities. These reparing effects of the
protemn treatments especially of ¢-lactalbumin treatment
have been found to be over-expressed than amaryl

treatment.
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