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ABSTRACT

In recent years, there has been a great demand for natural products that have possible preventive
action against diabetes and its secondary complications. Current diabetes research makes use of
hypergalactosemic rat as experimental models of type | diabetes mellitus. Keeping this in mind, our
study was undertaken to investigate the influence of taurine on galactose and glucose levels, oxidative
stress markers and lipid profile in galactose-induced hypergalactosemic rats. 70 weaning albino male
rats divided into four groups were used in this study. Rats treated daily with 30% galactose (6 g/kg)
orally for 80 days (group C; n=25) to induce hypergalactosaemia. Control rats received normal chow
diet (group A; negative control group, n=10). Rats treated with 4% taurine (0.8 g for each rat daily)
(group B; positive control group, n=10). The fourth set of rats received 30% galactose and 4% taurine
(group D; n=25). Taurine administration started after 80 days from the beginning of the experiment and
continue for 21 days. Galactose and glucose levels as well as body weights were estimated weekly to
monitor hypergalactosaemia and hyperglycemia induced by galactose feeding. Serum were collected at
the end of the experiment to determine insulin, lipid profile, total protein content, antioxidant enzymes
(superoxide dismutase (SOD), catalase(CAT) and glutathione peroxidase (GSH-Px) activities), and
reduced glutathione (GSH) levels, while glycogen estimated in liver tissues of rats. In addition HbAlc
was determined in whole blood of rats. The results of this study imply that treatment of rats by taurine
can control, to some extent, galactose-induced hypergalactosaemia, hyperglycemia and its attendant
complications.
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antioxidants.
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LINTRODUCTION

alactosaemia considered as one of retardation), CYes (development  of
G the most mysterious of the heavily- cataract), ovaries (primary or secondary
researched metabolic diseases. It is amenorrhea) and other bod_y Systems. It has
among the most common carbohydrate been estimated that_ heredlta_ry mtolerange
metabolism disorders and can be a life- to galac_tose oceurs In apprommatgly onein
threatening illness during the newbomn 18,000 infants. It occurs in approximately 1

. . . out of every 60,000 births among
period [1]. It is a group of diseases marked . . N
by high levels of blood galactose resulting C%ucasmns, W:?'Ie the rate Is different for
from the inability to use galactose to other groups [3)].

produce energy [2].-This inability of the Galactosemia is inherited in an
body to metabolize galactose causes the autosomal recessive manner. It affects both
accumulation of galactose-1-phosphate in boys and girls equally. Infants with
the body and this causes damage to the liver galactosemia appear normal at birth;
(cirrhosis), kidneys (Fanconi syndrome), however, symptoms usually appear a few
central nervous system (mental days to two weeks after initiating milk
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feedings. The early clinical features of
severe  galactosemia include liver
dysfunction; manifested by jaundice and
hypoglycemia, neurological findings of
irritability and seizures, and gastrointestinal
findings of poor feeding, vomiting and
diarrhea [4]. Galactosemia can kill quickly.
it should be considered in any infant with
nonglucose reducing substances in the
urine. It is important to emphasize that
testing of urine with glucose oxidase
(Clinistix, Tes-tape) will not detect
galactose. This is a strong argument for
continued use of the older methods for the
screening of urine for reducing substance
(Benedict or Fehling test, Clinitest) [5].
There are 3 forms of the disease: galactose-
1 phosphate uridyl transferase deficiency
(classic galactosemia, the most common
and most severe form), deficiency of
galactose kinase, and deficiency of
galactose-6-phosphate epimerase) [6].

High blood sugar is toxic to many
parts of the body, and the eyes are no
exception. Indeed, people with diabetes and
galactosemia are 25 times more likely to go
blind than those who do not have the
disease. Elevated plasma glucose or
galactose in the blood results in
accumulation of sorbitol or galactitol in the
lens. They are difficult to diffuse out of
lens; causing increased osmotic pressure.
High glucose also causes nonenzymatic
glycation of lens proteins. All these cause
an opaque cloudiness of the lens known as
cataract.  Galactitol is not further
metabolized and diffuses out of the lens
very slowly. Thus, hypergalactosemia is
even more likely to cause cataract than
hyperglycemia [7].

However, galactose, has been used
to study the development of hyperglycemia
and its complications due to its ability to
increase glycation-[8]. The abnormalities
detected in experimental galactosemic
animals including retinopathy, cataracts,
neuropathy, nephropathy and generalized
basement membrane thickening are more
compatible with findings in experimental

diabetes mellitus than in  human
galactosemia. Because patients with
galactokinase deficiency fail to manifest
the central nervous system (CNS) and
ovarian complications which characterize
classic galactosemia [2], current diabetes
research makes use of hypergalactosemic
rat models to reproduce pathologic seen in
type | diabetes mellitus [9].

Taurine (2-aminoethane sulphonic
acid) is the most abundant free amino- acid
present in animal tissues and is involved in
the development and function of many
organs such as brain, liver, kidney, eye and
heart [10]. Taurine is found to stimulate
glycolysis, glucogenesis and also reported
to have insulin-like action [11]. So many
beneficial effects of taurine
supplementation in diabetes mellitus have
been recently suggested as a result of its
hypoglycaemic (taurine decrease the
concentration of glucose & fructosamine
and increase the contents of insulin &
glycogen in the liver and has a positive
effect on B-cell function), antioxidative &
nephroprotective effects [12].

2. MATERIAL AND METHODS

2.1. Animals:

70 male albino rats weighing 175-
200 g were used in this study obtained from
Laboratory Animals Research Center,
Faculty of Veterinary Medicine, Benha
University, Egypt. Rats were housed in
separated metal cages 10-25 per cage and
kept under the same  constant
environmental and nutritional condition
throughout the period of investigation;
water was supplied ad Libitum, in the
special laboratory animal room at Faculty
of Vet. Med. Moshtohor, Benha University.
2.2. Chemicals:

Galactose and taurine  were
purchased from EI-Goumhouria Co. for
trading chemicals, medicines and medical
appliances, Egypt. other chemical and kits
were purchased from Sigma (USA).

2.3.Nutraceuticals preparation:
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a. Preparation of 4% Taurine:
0.8 gram of taurine was dissolved in 3 ml
distilled water and given as oral daily
dose for each rat in (B & D groups) for
21 days.

b. Preparation of 30% Galactose:
6 g/kg of galactose was dissolved in 3 ml
distilled water and given as oral daily
dose for each rat in (C & D groups) for
80 days according to [8] and [13].

2.4. Experimental design:

Seventy male rats were divided into 4
groups placed in individual cages and
classified as follows:

1. Group (A): served as a negative control
(n=10), left untreated and fed on chow
diet and saline.

2. Group (B): considered as positive
control group (n=10), rats fed on chow
diet & 4% taurine added to the
drinking water.

3. Group (C): untreated  hyper-
galactosemic group (n=25), rats fed on
chow diet and 30% galactose for two
months & receiving no therapy.

4. Group (D): hypergalactosemic rats
treated with taurine (n=25), rats fed on
chow diet and 30% galactose and 4%
taurine added to the drinking water.

The administration of taurine started after
80 days from the beginning of the
experiment. Control animals received
physiological saline alone [14].

2.5. Blood sampling:

blood samples were collected after
overnight fasting by ocular vein puncture
from all rats (control and experimental
groups) weekly along the duration of
experiment, at 2,4,6,8,10 and 12 weeks
from the beginning of the experiment.
Directly, after rats were anaesthised using
diethyl ether, blood samples were collected
from all rats and divided into two parts for
determination of the following Biochemical
parameters:

e Serum samples: to determine SOD, GPx,
catalase activities and GSH level
galactose, glucose, total cholesterol,
HDL, LDL, TG, total protein and insulin
[18].

e Edta samples: to determine HbAlc [11].

2.6. Tissue sampling:

The second part was used for
preparation of tissue (liver) homogenate
with  0.9% saline using electrical
homogenizer, centrifuged at 3000 r.p.m for
15 minutes, the resulting supernatant were
collected and used for estimation of
glycogen concentration. Livers from rats
were preserved at -20°C until performing
the investigations. [15]

2.7. Statistical analysis:

Statistical analysis was done using
SPSS software version 15. The inter-group
variation was measured by one way
analysis of variance (ANOVA) followed by
Post Hoc LSD test. Results were expressed
as mean = SE (standard error). The mean
difference is significant at the 0.05 level
[16].

3. RESULTS
3.1. Galactose analysis:

The recorded data demonstrated in (Table
1) showed significant increase in serum
galactose concentrations in experimental
hypergalactosemic rats all over the periods
of the experiments.

Treatment with taurine in normal rats
significantly  decreased serum blood
galactose concentration after 21 days of
treatment (at the ninth weak). Meanwhile,
Treatment with Taurine significantly
reduced elevated serum galactose level in
experimental  hypergalactosemic  rats
allover the periods of the experiments.

3.2. Glucose analysis:
The recorded data demonstrated in (Table

2 and 3) showed significant increase in
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Table (1): Effect of treatment with Taurine on serum galactose in Treated and Untreated
Hypergalactosemic Rats (mg/dl).

rups

Group (A) Group (B) Group (C) Group (D)
duration
Two weeks 0.0 £ 0.0° 0.0 £ 0.0° 10 + 2.02 5+ 3.0°
Four weeks 0.0 £ 0.0° 0.0 £ 0.0° 75 +212 50 + 15°
Six weeks 0.0 £0.0° 0.0 +0.0° 130 + 262 96 +22°
Eight weeks 0.0 £0.0° 0.0 £ 0.0° 180 + 232 129 +34°
Ten weeks 0.0+0.0° 0.0+0.0° 195 + 272 120 + 32b
Twelve weeks 0.0 +0.0° 0.0 £ 0.0° 275 + 282 132 + 26°

Data are represented as mean + SE. Mean values with different superscript letters in the same row are significantly
different at P < 0.05.

Table (2): Effect of treatment with Taurine on serum Glucose in Treated and
UntreatedHypergalactosemic Rats (mg/dl).

grups
Group (A) Group (B) Group (C) Group (D)
duration

Two weeks 100 + 20° 97 + 18° 150 + 192 155 + 218
Four weeks 93 +23° 102 + 20° 178 + 212 180 + 152
Six weeks 97 + 16° 95 + 15° 190 + 262 193 + 222
Eight weeks 110 + 24° 103+ 10¢ 215 + 232 129 + 24°
Ten weeks 102 + 18°¢ 95+ 19¢ 235 + 272 120 + 23°
Twelve weeks 104 + 29¢ 08+ 16° 275 + 282 122 + 26°

Data are represented as mean + SE. Mean values with different superscript letters in the same row are
significantly different at P < 0.05.

Table (3): Effect of Taurine on several physiological and Metabolic Parameters in Rats with
Experimentally hypergalactosemic rats.

Groups Group (A) Group (B) Group (C) Group (D)
Survived
animals,(%) 100 100 70 80
Bodyweight, (g) 200 + 15 200 + 15 175 +10 189 +18
HbA1C , (%) 2.0 +0.18 1.2 £0.2° 3.8 +0.1° 1.9 +0.35
Fructosamine, 40.58+0.320 24.12+0.12°  128.8 +1.03? 17.76 +0.34¢

(ml/dI)

Data are represented as mean + SE. Mean values with different superscript letters in the same row are
significantly different at P < 0.05.
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Table (4) :Effect of treatment with Taurine on serum cholesterol, TG, HDL, LDL, Insulin,
Glycogen in Liver and Total protein concentrations in treated and untreated hypergalactosemic
Rats.

Groups

Group (A) Group (B) Group (C) Group (D)
parameters
Cholesterol (mg/dl) 77 +3.33° 76 +6.53? 89.3+4.23° 81.6+3.13
Triglyceride (mg/dl) 124.4 + 11.86° 110.74 £ 9.62 133 +6.91° 87.6 +9.36°
HDL (mg/dl) 36.8 £5.492 34.33+ 4.46° 25.2+4.15% 35.,5+2.92
LDL (mg/dl) 15.6 + 2.59° 12.4+ 2.82° 255+ 1312 19.3+1.2°
Insulin (ng/I) 14.07 £ 0.65°¢ 22.24 £ 0.61° 12.37 +0.35¢ 19.63 + 0.58°
Total Protein(g/dl) 6.84 + 0.44b¢ 9.26 £0.278 5.84+ 0.39¢ 7.84 £0.33°
Glycogen in Liver 16.73 + 0.98° 19.66 + 0.742 12.10+ 0.28°¢ 16.47 +0.35°

(ug/mg)

Data are represented as mean + SE. Mean values with different superscript letters in the same row are
significantly different at P < 0.05.

Table (5): Effect of Taurine on Catalase, Superoxide Dismutase, Glutathione Peroxidase
activities and Reduced Glutathione content in treated and untreated hypergalactosemic

rat.
Groups
Group (A) Group (B) Group (C) Group (D)

parameters
Catalase W) 078+008° 102+181°  0.40%0.74° 0.87 + 3.52°
(SOD) (ur) 418+069°  500+054°  2.83+0.47° 4.03+0.78°
(GSH) (ml/dl) 14518 +7.16° 157.39+4.21° 12413+514°  141.88 +0.21°
(GSH-Px) 093+039°  1.63+094°  0.33+051° 0.96 + 1.29°

(CRG/min / ml)

Data are represented as mean + SE. Mean values with different superscript letters in the same row are
significantly different at P < 0.05.

serum glucose concentrations, glycated
hemoglobin HbAlc and fructosamine in
experimental hypergalactosemic rats.

Treatment with taurine in normal rats
significantly  decreased serum blood
glucose concentration after 21 days of
treatment. Meanwhile, treatment with
taurine significantly reduced elevated
serum glucose level in experimental
hypergalactosemic rats all over the periods
of the experiments.

3.3. Lipid profile:

In our study, we found that
hypergalactosemia in the short term (3

months) were obtained results in (Tables 3)
which  revealed that non-significant
increase in serum total cholesterol, and
triacylglycerols TG concentrations. While
there was a significant increase in LDL
concentration. In addition, our results
revealed a non-significant decrease in HDL
concentration in experimentally
hypergalactosemic rats.

Treatment with taurine in experimental
hypergalactosemic rats non-significantly
reduced serum LDL, total cholesterol and
significantly  reduced serum TG
concentration. In addition, treatment with
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taurine non-significantly increased HDL
concentration in rats after 21 days of drug
administration.

3.4. Antioxidants parameters:

The presented data in table (4) revealed a
significant decrease in GSH level, GSH-px,
catalase ~and SOD  activities in
hypergalactosemic group when compared
to control group. Treatment with taurine in
normal rats and in  experimental
hypergalactosemic  rats  significantly
increases GSH content, GSH-px, CAT.
And SOD activities after 21 days of drug
administration.

4. DISCUSSION

Concerning galactose level in
hypergalactosemic rats the recorded data
demonstrated in (Table 1) showed a
significant increase in serum galactose
concentrations in experimental
hypergalactosemic rats all over the periods
of the experiments. These results were
nearly similar to those reported by Ronald
and Timothy [13] who observed that, in
animals offered the galactose-rich diet,
blood galactose concentrations were found
to vary from hour to hour throughout the
day, from values near 0 after an overnight
fast, up to values of about 150-250 mg/dl
later in the day after the galactose-rich diet
had been eaten.

To clarify the relationship between
glucose utilization and hyperglycemia
because of galactose feeding, this study
showed a significant increase in serum
glucose concentrations, glycated
hemoglobin HbAic and fructosamine in
experimental  hypergalactosemic  rats
allover the periods of the experiments.
These results were in agreement with
Ramana et al., [8] who reported that, Blood
glucose levels in hypergalactosemic rats
were significantly higher than in control
rats (p<0.01). Moreover, Mary Otsyula et
al., [17] who reported that, Galactose-fed
animals have elevated levels of blood
hexose and as expected, 3 months of
galactose feeding resulted in significant

elevations in glycated hemoglobin, and
cessation of experimental galactosemia had
a marginal, but statistically significant,
effect on glycated hemoglobin values.
Furthermore, Peter F. Kador et al., [18]
who reported that, the levels of Hb A1C
increased in dogs fed a galactose diet and
decreased in  the control  dogs.
Experimental galactosemia, which
activates the polyol pathway, has been used
extensively to explore the pathogenesis of
diabetic complications. The galactose-fed
dog is an animal model that both
histologically and clinically demonstrates
retinal vascular changes associated with
diabetic retinopathy.

Treatment with taurine in normal
rats significantly decreased serum blood
glucose concentration after 21 days of
treatment. Meanwhile, treatment with
taurine significantly reduced elevated
serum glucose level in experimental
hypergalactosemic rats all over the periods
of the experiments. These results are nearly
similar to those reported by Katarzyna et al.,
[12] who showed that, three weeks of
taurine administration to diabetic rabbits
resulted in 30% decrease in serum glucose
level and the normalization of diabetes-
elevated rate of renal gluconeogenesis.

On contrary to diabetes, which
believed to cause vascular dysfunction via
a common biochemical mechanism,
Galactose-fed animals have elevated levels
of blood hexose, but do not develop other
sequelae of insulin deficiency, such as
alterations in lipids and protein metabolism
[17].

In our study, we had found that
hypergalactosemia (Tables 3) in the short
term (3 months) revealed that, a non-
significant increase in serum total
cholesterol, LDL and triacylglycerols TG
concentrations. In addition, our results
revealed a non-significant decrease in HDL
concentration in experimentally
hypergalactosemic rats.
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Treatment  with  taurine in
experimental hypergalactosemic rats non-
significantly reduced serum LDL, total
cholesterol and significantly reduced serum
TG concentration. In addition, treatment
with taurine non-significantly increased
HDL concentration in rats after 21 days of
drug administration. These results are
nearly similar to those reported by John
and Julius [19] reported that, administration
of taurine to diabetic rats decrease the
concentration of serum total cholesterol,
TG and LDL. Also, Sun et al., [20] who
reported that, Serum total cholesterol (TC)
levels of the taurine group were
significantly reduced compared to those of
the other groups. Therefore, these results
suggest a possible effect of PTP1B
inhibitors and taurine on blood total
cholesterol in the obese adolescent. Also,
Tawfek and Taha [21] reported that,
Diabetic  rats  supplemented  with
antioxidants (taurine) showed decrease in
serum total lipid. Also, Choi [22] reported
that, The purpose of this study was to
investigate the effect of dietary taurine
supplementation on plasma and liver lipid
content in ovariectomized (OVX) rats. The
concentrations of plasma total cholesterol,
LDL and triglycerides were lower in the
taurine treated groups. In addition, Mi-Ja
[23] reported that, the plasma concentration
of HDL cholesterol (HDL-C) significantly
increased while total cholesterol, TG and
LDL showed significantly decreased in the
rats fed TSD (taurine diet) compared to
those fed control diet.

Also, treatment with taurine in
experimental  hypergalactosemic  rats
significantly decreased glycogen
concentration in liver and significantly
increased insulin concentration. These
results  were nearly similar to
Nagakatsu [24] who reported that, the
treatment of otsuka long-evans takushima
fatty (OLETF) rats with taurine increased

muscle glycogen content in the OLETF rats.

Also, Nandhini et al., [25] reported that,
Taurine administration improved insulin

sensitivity and controlled hyperglycemia
and hyperinsulinemia in fructose-fed rats.
Taurine treatment also restored the glucose
metabolizing enzyme activities in fructose-
fed rats.

Regarding to antioxidants the
presented data in tables (4) revealed a
significant decrease in GSH level, GSH-px,
catalase and SOD  activity in
hypergalactosemic group when compared
to control group.

These results were in agreement
with Mary et al., [9] who reported that, the
effect of 60 days of streptozotocin-induced
diabetes and 50% galactose diet is a
decrease in the enzymatic activities of
catalase (cat) in liver, kidney, and heart in
the hypergalactosemic rats. Also, (Robert et
al., [26] reported that, the Effects of 30 days
of streptozotocin-induced diabetes, insulin-
treated diabetes, and 50% galactose diet on
enzyme activities in liver, kidney, and heart
IS Hepatic catalase activity levels in both
diabetic and galactosemic rats were
significantly decreased when compared to
normal. Hepatic and renal levels of GSSG
were significantly diminished compared to
normal in both diabetic and galactosemic
rats.

Treatment with Taurine in normal rats
and in experimental hypergalactosemic rats
significantly increases GSH content, GSH-
px, CAT. In addition, SOD activities after
21 days of drug administration. These
results were nearly similar to those reported
by Yu and Kim [27] they reported that,
Taurine increased the activities of
superoxide dismutase, glutathione
peroxidase and Catalase compared to those
of the control group. Likewise, Henry et al.,
[11] reported that, taurine is a unique
antioxidant and has beneficial effects on
glutathione redox state metabolism. In
addition, taurine-induced increase in the
activities of catalase and the enzymes of
glutathione metabolism was of importance
for antioxidative action of this amino acid.

It can be concluded that, taurine plays an
important role in experimental
hypergalactosemia, because it shows
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preventive action against its secondary

complications due

to hypoglycaemic,

antioxidative and Hypolipidemic action
also, its important effect on insulin.
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