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In the present study, the anti-diabetic effect of ordinary and hyperimmune bovine colostrum were evaluated in
diabetic mice induced by alloxan. The results indicated that blood glucose levels were significantly decreased after
administration of colostrum for 30 d, and the glucose tolerance was strengthened in a dose-dependent manner. In
addition, the hyperimmune colostrum was more efficient than ordinary colostrum in decreasing the blood glucose
level and improving glucose tolerance in diabetic mice (P<0.05). Furthermore, total levels of serum cholesterol (TC)
and triglycerides (TG) were significantly decreased, and serum high density lipoprotein cholesterol (HDL-c) was
significantly increased in a dose-dependent manner compared with the control; the hyperimmune colostrum was
also more efficient than ordinary colostrum in reducing the serum levels of TC and TG, and increasing the serum
levels of HDL-c in diabetic mice (P<0.05). These results suggest that bovine colostrum could modify the diabetic
phenotype of mice induced by alloxan.
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INTRODUCTION

Diabetes mellitus is a chronic disease that is often
undiagnosed or inadequately treated. Nowadays, the

dies have shown that the risk of developing athero-sclerosis
and hence coronary heart disease is high in individuals with

prevalence of diabetes is growing at an alarming rate.
Currently there are over 150 million people with the disease
worldwide and the number is likely to increase to 300 million
or more by the year 2025 due to the increase in sedentary
lifestyles, consumption of energy rich diets, and obesity
(King et al., 1998). Diabetes mellitus is classified into two
types, insulin dependent (Type 1) and non-insulin dependent
(Type 2). The two types of diabetes have distinct
pathogenesis but hyperglycemia and various life-threatening
complications resulting from long-term hyperglycemia are
the most common features (Abraira et al., 1995; Ohkubo et
al., 1995).

In diabetes mellitus, uncontrolled elevated blood
glucose is often associated with lipid and lipoprotein
disorders that predispose susceptible individuals to
cardiovascular problems such as atherosclerosis
(Durrington, 1993; Ross and Harker, 1976). Previous stu-
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elevated serum cholesterol and low levels of serum high
density lipoprotein cholesterol (Castelli et al.,, 1986).
Sustained reductions in hyperglycemia will decrease the risk
of developing microvascular complica-tions, and most likely
reduce the risk of macrovascular complications (Gaster and
Hirsch, 1998). Therefore, effective control of the blood
glucose levels is a key step in preventing or reversing
diabetic complications in dia-betic patients (Diabetes Control
and Complications Trial Research Group, 1993). However,
due to the limited efficacy and adverse side effects of
currently available therapies, it is difficult to maintain good
glycemic control in most diabetic patients (Prout, 1974;
Grover and Vats, 2001; Kameswara et al., 1997; De-Fronzo,
1999). There-fore, there is a strong incentive to develop new
hypoglycemic agents, especially those derived from natural
sources, such as plant and animal products, because these
sources are usually considered to be less toxic with fewer
side-effects than synthetic ones.

Colostrum is the initial 3~4 days of milk produced by
mammals after giving birth. It is not only a good source of
nutrients such as protein, carbohydrate, fat, vitamins and
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minerals, but also many biologically active constituents
included, which play important roles in the protection and
development of newborns. These constituents include
immunoglobulins, antimicrobial proteins, growth factors,
antiinflammatory, antioxidant and immune enhancing
components. They may act by stimulating the immune
system, or by providing passive protection (Kulkarni and
Pimpale, 1989; Playford, 2001). Immunization of cows
with pathogens as antigens could raise the concentration
of specific antibodies in colostrum by stimulating immune
response in vivo of B lymphocytes, thereby resulting in a
relative increase in succession. Interest in using hyperim-
mune colostrum as an immunotherapy agent is
increasing.

Administration of bovine colostrum has been shown to
affect some biochemical and physiological functions;
control some fundamental life processes, such as cell
division, cell differentiation or apoptosis; stimulate the
growth and development of the gastrointestinal tract of
new-born animals and boost immune function (Kurokowa
et al., 1987; Xu, 1996; Uruakpa et al., 2002). However,
the function of bovine colostrum has not been thoroughly
examined. Herein, we have used a diabetic mice model
induced by alloxan to study the hypoglycaemic effects of
bovine ordinary and hyperimmune colostrum.

MATERIALS AND METHODS

Vaccine preparation

The vaccine was prepared using three different species of patho-
genic bacteria including four strains of enterotoxigenic Escherichia
coli, five strains of enteropathogenic E. coli, three strains of
enteroinvasive E. coli, two strains of Salmonella typhi, three strains
of Shigella dysenteriae, Shigella sonnei and Shigella flexneri origin-
nating from human intestinal tract (National Institute for the Control
of Pharmaceutical and Biological Products, Beijing 100050, PR
China). After growing separately in Bacto Synthetic Broth (BSB) for

24 h at 37°C, the bacteria were killed by 4.0% formaldehyde for 24
h. The killed bacteria were harvested by centrifugation at 4500 rpm
for 15 min and washed three times with 0.9% NaCl solution, then
suspended in saline and mixed with each other in a ratio of 1:1.
After the absence of viable cells was conformed by planting aliquots
of the suspension on BSB agar plate which was incubated for 3
days at 370C, they were emulsificated using a 2.0% aluminum
stearate solution as the adjuvant to produce a multivalent vaccine
consisting of whole cells of 17 strains of pathogenic diarrhea
bacteria (1x109 cfu/ml for each bacteria cells).

Preparation of bovine hyperimmune and ordinary colostrum
powder

Pregnant Holstein cows were injected intramuscularly to both sides
of the necks with 10 ml (2x5 ml) of vaccine. Immunization was
started at the onset of drying off, about 2 months before the
predicted day of parturition. Three booster injections (2x5 ml) were
given in 2-week intervals starting 2 weeks after the initial injection.
The cows were healthy and did not receive any antibiotics during
the immunization procedure. Colostrum of the first milking on the

first day was collected from cows at parturition, cooled to 4°c, and
fat was removed via centrifugation at 5,000 rpm for 15 min at 4°c.

The skim colostrum was lyophilized, stored at 4°C and used as the
skim hyperimmune colostrum powder sample. The ordinary colos-

trum from non- hyperimmune cows was similarly pooled and
treated.

Preparation of alloxan-induced diabetic animal model

All experiments were performed on male Kunming mice (4 weeks
old, 18~22 g) purchased from Qinglongshan Animal Resources
Centre (Nanjing, PR China) and left to acclimatize for one week
before the experimental period. The animals were housed under a
daily cycle of 12 h light and 12 h darkness room with temperature

22+2°C and relative humidity 75+10% throughout the experimental
period, with free access to commercial pellet food purchased from
Nanjing Qinglongshan Animal Resources Centre (PR China) and
water. Animals were randomly divided into two groups (control and
diabetic induced). Diabetes was induced by an intraperitioneal
injection of 200 mg/kg*bw of alloxan monohydrate (0.90% NaCl)
after overnight fasting. The control group received only 0.90% (w/w)
NaCl in the same way. One week later, the fasting blood glucose
levels of the mice were measured by three consecutive determina-
tions after fasting for 6 h; the mice with blood glucose level of above
11.10 mmol/L were taken as successful diabetic model of hypergly-
cemia and used for the experiments.

Colostrum on diabetic mice blood glucose and serum lipids
levels

The mice were divided randomly into six groups of 10. Group 1
consisted of normal mice that received ordinary skim milk powder at
the dose of 133.40 mg/kgsbw (bw, body weight) and served as a
normal control mice, group 2 consisted of diabetes mice that
received ordinary skim milk powder at the dose of 133.40 mg/kg-bw
and served as diabetic control mice, group 3 and 4 consisted of
diabetes mice that received ordinary skim colostrum powder at the
dose of 133.40 and 266.80 mg/kg+bw, respectively, group 5 and 6
consisted of diabetes mice that received hyperimmune skim colos-
trum powder at the dose of 133.40 and 266.80 mg/kgbw, respec-
tively. The skim milk powder and colostrum powder were dissolved
in sterilized water and given by gastric intubation once a day
throughout the experimental period of 30 d. During the experimental
period, body weight was measured every 10 days. On the day O
and 30 after fasting for 6 h, blood samples were taken by capillary
glass tubes from the eye venous pool of mice after light anesthe-
tized with ether, and the serum was separated for the measurement
of fasting blood glucose, triglyceride (TG), total cholesterol (TC) and
high density lipoprotein cholesterol (HDL-c) levels. Levels of serum
glucose, triglyceride, total cholesterol and high density lipoprotein
cholesterol were determined by the oxidase method with commer-
cially available kits (Sigma Co., Shanghai) according to Trinder
(Trinder, 1969).

Colostrum on diabetic mice glucose tolerance

For the test of colostrum on diabetic mice glucose tolerance, mice
of group 2~6 were given glucose with a dose of 2.50 g/kgsbw by
gastric intubation on day 30 of experiment after 6 h fasting. Blood
glucose levels were determined from the tail vein at 0, 0.5, 1.0, and
2.0 h after the glucose administration, and the changes in plasma
glucose were also determined as the area under the curve (AUC)
by the method of AUC = 0.25 x (blood glucose value at 0 h + 4 x
blood glucose value at 0.5 h + 3 x blood glucose value at 2 h)
(Zheng et al., 2006).

Statistical analysis

Results were presented as mean + standard error of mean for all
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Table 1. Body weight gain of mice after 30 d administration.

Dosage mg/Kg-b w Initial weight (g)
133.40 (group 1) 18.43+2.3
133.40 (group 2) 18.38+2.4
133.40 (group 3) 18.60+2.0
266.80 (group 4) 18.32+2.6
133.40 (group 5) 18.18+2.4
266.80 (group 6) 17.95%2.1

Final weight (g) Gain of body weight (Q)
27.1642.2 8.73*
18.72+2.31 0.34
19.25+2.3 0.65
21.37+2.6 305 T
19.87+2.5 1.69"ta
22.09+1.9 4,14t

Dietary treatments: Group 1 consisted of normal mice that received ordinary skim milk powder at the dose of
133.40 mg/kg-bw (bw, body weight) and served as a normal control mice, group 2 consisted of diabetes mice
that received ordinary skim milk powder at the dose of 133.40 mg/kg-bw and served as diabetic control mice,
group 3 and 4 consisted of diabetes mice that received ordinary skim colostrum powder at the dose of 133.40
and 266.80 mg/kg-bw, respectively, group 5 and 6 consisted of diabetes mice that received hyperimmune
skim colostrum powder at the dose of 133.40 and 266.80 mg/kg-bw, respectively. Data are mean + SD of
measurements from 10 mice. Significant and greatest differences denote p<0.05 and p<0.01. *p<0.01
compared to normal mice control (group 1); Tp<0.05 compared to diabetic control mice (group 2); Ap<0.05
compared to ordinary bovine colostrum group (group 3 or 4).

groups. Student t-test was used for test of significance between two
groups.

RESULTS

Effects of bovine colostrum on body weights of
diabetic mice

Results of body weight gain after bovine colostrum
administration for 30 d in Kunming mice are shown in
Table 1. The body weight gain of diabetic mice (groups
2~6) was significantly lower than that of normal control
mice (group 1, p<0.01). Weight gain in the 266.80
mg/kg+bw dose of bovine colostrum groups (groups 4 and
6) was greater than those in the 133.40 mg/kgebw dose
of bovine colostrum groups (groups 3 and 5) and in the
diabetic control group (group 2). In the 133.40 mg/kg-bw
dose of hyperimmune bovine colostrum group was
obviously greater than those in 133.40 mg/kg*bw dose of
ordinary bovine colostrum and diabetic control groups. At
the 266.80 mg/kgebw dose in the hyperimmune bovine
colostrum group’s weight gain was greater than that in
the ordinary bovine colostrum group, and there was a
little but no significant difference in weight gain between
the 133.40 mg/kgebw dose of ordinary bovine colostrum
group and the diabetic control group.

The above results suggest that diabetes could inhibit
body weight gain in mice and bovine colostrum could
significant improve body weight gain in diabetic mice in a
dose-dependent manner, and that hyperimmune bovine
colostrum was more efficient than ordinary bovine
colostrum in increasing the body weight gain of diabetic
mice. compared with control group (group 2), and the
AUC was18.36 and 22.73% in group 3, 4, 5 and 6
respectively,

Effects of bovine colostrum on blood glucose levels

Results of serum glucose levels after bovine colostrum

administration for 30 d in Kunming mice are shown in
Table 2. Diabetic control mice (group 2) demonstrated 3
fold increase in blood glucose concentrations over normal
control mice (group 1) throughout the experimental
period. However, following 30 days of bovine colostrum
treatment, elevated blood glucose levels in diabetic mice
were significantly reduced (p<0.05 or 0.01). The serum
glucose levels of diabetic mice were significantly lower in
the hyperimmune colostrum group than that in ordinary
colostrum group at dose of 133.4 or 266.8 mg/kg+bw, and
lower in the higher dose of bovine colostrum ( group 4 or

6) than in low dose of bovine colostrum ( group 3 or 5).
This implies bovine colostrum could decrease the serum
glucose levels of diabetic mice in a dose-dependent
manner and hyperimmune colostrum is more efficient
than ordinary colostrum in decreasing the serum glucose
levels of diabetic mice.

Effects of bovine colostrum on blood glucose
tolerance

In order to investigate the effects of administration of
bovine colostrum after 30 days on glucose tolerance in
diabetic mice, the fasting blood glucose levels of diabetic
mice were measured after a dose of 2.50 g/kg-bw
glucose loading. As presented in Table 3, serum glucose
in diabetic mice exhibited significantly higher level during
all time points measured. The maximum rise in blood
glucose occurred 0.5 h after the glucose loading. Colo-
strums significantly suppressed the rise in blood glucose
at 0.5, 1.0 and 2.0 h (p<0.05) compared to the control
(group 2). The area under the curve (AUC) of blood
glucose decreased by approximately 7.52, 13.39, signifi-
cant lower of group 4, 5 and 6 than 2, group 5 than 3,
group 6 than 4, group 4 and 6 than 3 and 5. It indicated
that bovine colostrum could obviously strengthen the
glucose tolerance of diabetic mice induced by alloxan in a
dose-dependent manner, and hyperimmune bovine colo-
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Table 2. Serum glucose level of mice after 30 d administration.

Dosage (mg/kg-bw) 0 d Glucose (mmol/L) 30 d Glucose (mmol/L)
133.40 (group 1) 4,92+0.54 5.38+0.27
133.40 (group 2) 15.72+1.02 16.07+0.53
133.40 (group 3) 16.09+0.54 14.70+0.49
266.80 (group 4) 16.21+0.89 12.40£0.84"
133.40 (group 5) 15.86+0.75 12.28+0.70 *
266.80 (group 6) 16.14+0.68 10.08+0.55"""

Dietary treatments: Group 1 consisted of normal mice that received ordinary skim milk powder at the dose of
133.40 mg/kg-bw (bw, body weight) and served as a normal control mice, group 2 consisted of diabetes mice
that received ordinary skim milk powder at the dose of 133.40 mg/kg-bw and served as diabetic control mice,
group 3 and 4 consisted of diabetes mice that received ordinary skim colostrum powder at the dose of 133.40
and 266.80 mg/kg-bw, respectively, group 5 and 6 consisted of diabetes mice that received hyperimmune
skim colostrum powder at the dose of 133.40 and 266.80 mg/kg-bw, respectively. Data are mean + SD of
measurements from 10 mice. Significant and greatest differences (analysis of variance) denote p<0.05 and

p<0.01. *p<0.05 compared to positive control (group 2); ' p<0.01 compared to positive control (group 2); A
p<0.05 compared to low dose ordinary colostrum (group 3);" p<0.05 compared to high dose ordinary

colostrum (group 4).

Table 3. Glucose levels of diabetic mice after a dose of 2.50g/kg-bw glucose load.

Levels of serum glucose m mol/L
Treatment 0h 0.5h 1h 2h AUC
Group 2 16.21 + 1.27 29.78 + 1.22 28.75 + 1.15 23.88+1.26 51.74
Group 3 14.36 + 1.46 27.86 + 1.07 25.63+1.16 21.87+1.27 47.85
Group 4 12.51 + 1.38 26.09 £ 1.26' 23.94+1.12° 20.79+1.18 4481 "
Group 5 12.23+1.15 24.98 +1.05 23.59+1.20 18.93+1.11° 42247
Group 6 10.10 + 1.09 2370+ 1.13 21.45+1.03 18.34+1.12° 39.98 '

Treatments: Group 2 consisted of diabetes mice that received ordinary skim milk powder at the dose of 133.40 mg/kg-bw
and served as diabetic control mice, group 3 and 4 consisted of diabetes mice that received ordinary skim colostrum powder
at the dose of 133.40 and 266.80 mg/kg-bw, respectively, group 5 and 6 consisted of diabetes mice that received
hyperimmune skim colostrum powder at the dose of 133.40 and 266.80 mg/kg-bw, respectively. The area under the curve
(AUC) by the method of AUC=0.25 x (Blood glucose value at 0 h + 4 x Blood glucose value at 0.5 hour + 3xBlood glucose
value at 2 h). Data are mean + SD of measurements from 10 mice. Significant and greatest differences denote p<0.05 and

p<0.01. p<0.05 compared to control (group 2); Tp<0.05 compared to normal colostrum (group 3, 4); Ap<0.05 compared to

low dose colostrum (group 3, 6).

trum is more efficient than ordinary bovine colostrum in
improving the diabetic mice glucose tolerance.

Effects of bovine colostrum on
concentrations

serum lipid

Results of serum lipids concentrations after 30 days
bovine colostrum administration in Kunming mice are
presented in Table 4. There were significant differences
in most of the lipid profiles between the diabetic mice and
normal control mice (group 1), and a significant decrease
in triglyceride (TG) and total cholesterol (TC) levels and
increase in HDL-cholesterol level in colostrum treated
mice compared to the control diabetic mice (group 2) .
The triglyceride (TG) and total cholesterol (TC) levels of
diabetic mice treated by 266.80 mg/kgebw dose of
colostrum (groups 4 and 6) were obviously lower than

those treated by 133.40 mg/kgebw dose of colostrum
(groups 3 and 5); those treated by hyperimmune
colostrum (groups 5 or 6) were obviously lower than
those treated by ordinary colostrum (group 3 or 4) in the
same dose, and normal control mice (group 1) were
obviously lower than those in control diabetic mice (group
2), respectively. Whereas the total concentration of serum
high-density lipoprotein cholesterol (HDL-c) in high dose
colostrum (groups 4 and 6) was obviously higher than
those in the low dose colostrum (group 3 and 5), hyper-
immune colostrum groups (group 5 or 6) were obviously
higher than those of same dose ordinary colostrum
(group 3 or 4), and normal control mice (group 1) were
obviously higher than those in diabetic control mice
(group 2), respectively

The above results suggest that diabetes could induce
hyperlipidemia and bovine colostrum could obviously
decrease the serum TC and TG levels and increase se-
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Table 4. Serum lipids levels of mice after 30 d administration.

Dosage (mg/kg-bw) TC (mmol\L) TG (mmol\L) HDL-c (mmol\L)
133.40 (group 1) 2.56£0.56 1.570.15 1.54+0.21
133.40 (group 2) 3.51+0.09" 3.2410.74* 0.9120.14°*
133.40 (group 3) 3.38£0.36 1.94+0.48" 1.4120.37"
266.80 (group 4) 3.06£0.60""* 1.66£0.20"4 179205174
133.40 (group 5) 3.23:0.43"" 1.76:0.50""" 1.58:0.417"
266.80 (group 6) 2.84+0.41""* 1.56+0.23""* 2.060.25""" "

Treatments: Group 1 consisted of normal mice that received ordinary skim milk powder at the dose of 133.40
mg/kg-bw (bw, body weight) and served as a normal control mice, group 2 consisted of diabetes mice that
received ordinary skim milk powder at the dose of 133.40 mg/kg-bw and served as diabetic control mice, group 3
and 4 consisted of diabetes mice that received ordinary skim colostrum powder at the dose of 133.40 and 266.80
mg/kg-bw, respectively, group 5 and 6 consisted of diabetes mice that received hyperimmune skim colostrum
powder at the dose of 133.40 and 266.80 mg/kg-bw, respectively. Data are mean + SD of measurements from 10
mice. Significant and greatest differences denote p<%.05 and p<0.01. p<0.05 compared to diabetic control (group
2); Tp<0.01 compared to diabetic control (group 2); “p<0.05 compared to low dose normal colostrum (group 3) ;

p<0.05 compared to high dose normal colostrum (group 4); = p<0.05 compared to low dose colostrum (group 3,

5); ‘p<0.01 compared to normal control (group 1).

rum HDL-c levels in diabetic mice. High doses of colo-
strum was more efficient than low dose of colostrum, and
hyperimmune colostrum was more efficient than ordinary
colostrum in reducing the serum TC, TG, and increasing
serum HDL-c levels in diabetic mice.

DISCUSSION

Alloxan is widely used to induce diabetes in experimental
animals, causing the selective destruction of insulin-
secreting B cells of the islets of Langerhans, to which
other cells (a, y, 8) are resistant. The destruction of the
insulin-secreting B cells is brought about by a redox cycle
with the formation of superoxide radicals established by
alloxan and the production of its reduction, dialuric acid.
Superoxide radicals undergo dismutation to hydrogen
peroxide, which produces the reactive hydroxyl radicals
by the Fenton reaction. The action of reactive oxygen
species with a simultaneous massive increase in cytoso-
lic calcium concentration causes rapid destruction of B
cells (Szkudelski, 2001). This is accompanied by typical
and permanent hypoinsulinemia and hyperglycemia
(Lenzen and Panten, 1988). As shown in Tables 2 and 4,
diabetic control mice (group 2) induced by alloxan de-
monstrated significant increases in serum glucose,
cholesterol and triglycerides, and decreases in serum
high density lipoprotein cholesterol concentrations over
normal control mice (group 1) values throughout the
whole experimental period.

This study has demonstrated that the inclusion of
ordinary and hyperimmune colostrum had a marked
effect on the levels of serum glucose and serum lipids in
diabetic mice induced by alloxan, and modified the
diabetic phenotype. One possible mechanism for hypo-
glycaemic effect of bovine colostrum could be originated
from the insulin-like growth factors and conjugated

isomers of linoleic acid (CLA). Bovine colostrum is
characterised by higher concentrations of insulin-like
growth factor (IGF-1 and truncated IGF-1) and unsatu-
rated fatty acids (such as oleic and CLA) compared with
normal milk (Francis et al., 1988; Pakkanen and Aalto,
1997; Pierre et al.,, 2006; Banni et al., 1996). IGF-1,
especially truncated IGF-1, has an obvious insulin func-
tion; they may interact with and activate the insulin
receptor directly, enhance pronounce insulin function, act
to increase insulin sensitivity, and improve glucose
metabolism (Dozio et al., 1995; Sullivan and MacDonald,
1995; Zenobi et al., 1992; Rossetti et al., 1991). Evidence
has been proved that CLA acts as an insulin sensitizing
agent, normalizing glucose tolerance and lowering
circulating free fatty acids, thus preventing or delaying the
onset of hyperglycemia in diabetic rat model. The striking
antidiabetic properties of CLA appear to be linked to CLA
activation of peroxisome proliferator-activated receptors
alpha (PPARa) and gamma (PPARY) (Yoon et al., 2003;
Han et al., 2006). The PPARs are members of the
nuclear hormone receptor family and are distributed in a
variety of tissues. PPARa ligands have shown to improve
lipid profiles and increase insulin sensitivity. PPARa may
indirectly improve insulin sensitivity by increasing B-
oxidation of fatty acids, which reduces lipid accumulation
and toxicity in muscle and liver tissues (Li and Glass,
2004; Michalik et al., 2006). PPARYy could induce the
expression of genes involved with the insulin signaling
cascade (Kintscher and Law, 2005). The ability of CLA to
prevent the development of hyperglycemia in diabetic rats
is strikingly similar to the effects of thiazolidinedione
(TZD) (Houseknecht et al., 1998).

The other mechanism for bovine colostrum modifying
the diabetic hyperlipidemia may be that bioactive compo-
nents (such as IGF-I) modify digestion and absorption of
fatty acids, by possibly altering lipase activity or fatty
acids binding proteins, or that the unsaturated fatty acids
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of bovine colostrum modify lipid metabolism in diabetic
mice, such as non essential monounsaturated fatty acids
have a beneficial effect on cholesterol metabolism and a
protective role against cardiovascular diseases. Essential
fatty acids could decrease triacylglycerols, total choles-
terol and non-HDL-cholesterol levels. Polyunsaturated
fatty acids have an important effect on the structure and
physical properties of localized membrane domains. They
modulate enzyme activities, carriers and membrane
receptors (LDL receptors, insulin, antibodies neurotrans-
mitters, drugs receptors), and are involved in the active-
tion of nuclear transcription factors (De-Lacruz et al.,
2000; Gavino et al., 2000; De-Deckere et al., 1999;
Spector, 1999; MacDonald, 2000; Faulconnier et al.,
2004). CLA could increase adipose tissue and liver
lipogenic enzyme activities and decrease plasma lipid
concentrations. It has been proven that dietary CLA
shares the potent of lowering lipids concentration. The
mechanism by which CLA reduces plasma lipid concen-
trations may be via activation of hepatic PPARa. Fibrate
hypolipidemic drugs such as gemfibrozil and clofibrate
reduce plasma triglycerides presumably by activating
PPARa in the liver, thereby increasing fatty acid oxida-
tion. Consistent with being a peroxisome proliferator in
rodent liver, CLA induced acyl-CoA oxidase expression (a
marker of peroxisomal B-oxidation) in rats and is also a
PPARa activator. Therefore, in addition to its effects on
PPARYy related events such as adipocyte differentiation,
CLA treatment may prevent diabetic symptoms in rats via
a PPARa mediated effect in the liver (Houseknecht et al.,
1998).

The goals of managing diabetes mellitus are to opti-
mise the control of blood glucose and reduce the effects
of normalise disturbances in lipid metabolism that could
predispose patients to cardiovascular complications. This
study shows that in addition to lowering blood glucose
and improving glucose tolerance, bovine hyperimmune
and ordinary colostrum could decrease serum TC and TG
and increases HDL-c to diabetic mice. The above multiple
effects provide evidence to support the use of bovine
colostrum as functional food. These effects of hyper-
immune colostrum and ordinary colostrum could make an
efficient and economic contribution to treating diabetes if
these effects could be confirmed in human volunteers.
The mechanism by which hyperimmune colostrum was
more efficient than ordinary colostrum in modifying the
diabetic phenotype in mice needs further confirmation.

ACKNOWLEDGEMENTS

This work was supported by the Programs of Natural
Science of China (No. 30571311), and Science and
Tech-nology Department of Jiangsu Province (No.
BK2005137, JHBO06-11 and BE2006325). We thank
Nanjing Weigang Dairy Company for study support in the
immunization of cows.

REFERENCES

Abraira C, Colwell JA, Nuttall FQ, Sawin CT, Nagel NJ, Comstock JP
(1995). Veterans affairs cooperative study on glycemic control and
complications in type Il diabetes (VA CSDM): results of the feasibility
trial. Diabetes Care. 18: 1113-1123.

Banni S, Carta G, Contini MS, Angioni E, Deiana M, Dessi MA, Melis
MP, Corongiu FP (1996). Characterization of conjugated diene fatty
acids in milk, dairy products, and lamb tissues. J. Nutr. Biochem. 7:
150-155.

Castelli WA, Garrison RJ, Wilson PWF, Abbot RD, Kaousdian S,
Kannel WB (1986). Incidence of CHD and Lipoprotein cholesterol:the
Framinggham study. JAMA. 256: 2835-2838.

De-Deckere EAM, Van Amelsvoort JMM, Mcneill GP, Jones P (1999).
Effects of conjugated linoleic acids (CLA) isomers on lipid levels and
peroxisome proliferation in the hamster. Br. J. Nutr. 82: 309-317.

De Fronzo RA (1999). Pharmacologic therapy for type 2 diabetes
mellitus. Ann. Intern. Med. 131:281-303.

De-Lacruz JP, Villalobos MA, Martin-Romero JAM, Smith-Agreda JM,
De La Cuesta FS (2000). Antithrombotic potential of olive oil
administration in rabbits with elevated cholesterol. Thromb. Res. 100:
305-315.

Diabetes Control and Complications Trial Research Group (1993). The
effect of intensive treatment of diabetes on the development and
progression of long term complications in insulin dependent diabetes
mellitus. N. Engl. J. Med. 329: 977-986.

Dozio N, Scavini M, Beretta A (1995). In vivo metabolic effects of
insulin-like growth factor-1 not mediated through the insulin receptor.
J. Clin. Endocrinol. Metab. 20: 1325-1333.

Durrington PN (1993). Diabetes, hypertension and hyperlipidemia.
Postgrade. Med. J. 69: S18-25.

Faulconnier Y, Arnal MA, Mirand PP, Chardigny JM, Chilliard Y (2004).
Isomers of conjugated linoleic acid decrease plasma lipids and
stimulate adipose tissue lipogenesis without changing adipose weight
in post-prandial adult sedentary or trained Wistar rat. J. Nutr.
Biochem. 15:741-748.

Francis GL, Upton FM, Ballard FJ (1988). Insulin like growth factor 1
and 2 in bovine colostrum. Biochemistry, 251: 95-98.

Gaster B, Hirsch IB (1998). The effects of improved glycemic control on
complications in type 2 diabetes. Arch. Intern. Med. 158: 134-140.
Gavino VC, Gavino G, Leblanc MJ, Tuchweber B (2000). An isomeric
mixture of conjugated linoleic acids but not pure cis-9,trans-11-
octadecadienoic acid affects body weight gain and plasma lipids in

hamsters. J. Nutr. 130: 27-29.

Grover JK, Vats V (2001). Shifting paradigm “from conventional to
alternate medicine”. An introduction on traditional Indian medicine.
Asia Pacific Biotech News. 5: 28-32.

Han KL, Jung MH, Sohn JH, Hwang JK (2006). Ginsenoside 20S-
protopanaxatriol (PPT) activates peroxisome proliferator-activated
receptor gamma (PPARgamma) in 3T3-L1 adipocytes. Biol. Pharm.
Bull. 29: 110-113.

Houseknecht KL, Vanden-Heuvel JP, Moya-Camarena SY,
Portocarrero CP, Peck LW, Nickel KP, Belury MA (1998). Dietary
Conjugated Linoleic Acid Normalizes Impaired Glucose Tolerance in
the Zucker Diabetic Fatty fa/fa Rat. Biochem. Biophys. Res.
Commun. 244: 678-682.

Kameswara RB, Giri R, Kesavulu MM, Apparao C (1997). Herbal
medicine: in the management of diabetes mellitus. Manphar Vaidhya
Patrika I. p. 33-35.

King H, Aubert RE, Herman WH (1998). Global burden of diabetes,
1995-2025: prevalence, numerical estimates, and projections.
Diabetes Care. 21: 1414-1431.

Kintscher U, Law RE (2005). PPARgamma-mediated insulin sensitiza-
tion: the importance of fat versus muscle. Am. J. Physiol. Endocrinol.
Metab. 288: E287-291.

Kulkarni PR, Pimpale NV (1989). Colostrum - a review. Indian Journal
of Dairy Science. 42: 216-219.

Kurokowa M, Lynch K, Podolsky DK (1987). Effects of growth factors on
an intestinal epithelial cell line: Transforming growth factor beta
inhibits proliferation and stimulates differentiation. Biochem. Biophys.
Res. Commun. 142: 775-782.

Lenzen S, Panten U (1988). Alloxan: history and mechanism of action,



Diabetologia. 6: 337-342.

LiAC, Glass CK (2004). PPAR- and LXR-dependent pathways
controlling lipid metabolism and the development of atherosclerosis.
J. Lipid Res. 45: 2161-2173.

MacDonald HB (2000). Conjugated linoleic acids and disease
prevention: a review of current knowledge. J. Am. College Nutr. 19:
S111-118.

Michalik L, Auwerx J, Berger JP, Chatterjee VK, Glass CK, Gonzalez
FJ, Grimaldi PA, Kadowaki T, Lazar MA, O’'Rahilly S, Palmer CN,
Plutzky J, Reddy JK, Spiegelman BM, Staels B, Wahli W (2006).
International union of pharmacology. LXI. Peroxisome proliferator
activated receptors. Pharmacol. Rev. 58:726-741.

Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S, Motoyoshi S
(1995). Intensive insulin therapy prevents the progression of diabetic
microvascular complications in Japanese patients with non-insulin-
dependent diabetes mellitus: a randomized prospective 6-year study.
Diabetes Res. Clin. Pract. 28: 103-117.

Pakkanen R, Aalto J (1997). Growth factors and antimicrobial factors of
bovine colostrum. Int. Dairy J. 7: 285-297.

Pierre-Nicolas J, Yves P, Sylvie FG, Jean-Paul L (2006). Hormones in
bovine milk and milk products: A survey. Int. Dairy J. 11: 1408-1414.
Playford RJ (2001). Peptide therapy and the gastroenterologist:
colostrum and milk-derived growth factors, Clin. Nutr. 20: S101-106.
Prout TE (1974). In: Malaisse WJ, Pirart J, Editors Proceedings VI
Congress of International Diabetes Federation. Excerpta Med,

Amsterdam. p. 162.

Ross R, Harker L (1976). Hyperlipidemia and atherosclerosis: chronic
hyperlipidemia initiates and maintains lesions by endothelial cell
disquamation and lipid accummulation. Science, 193: 1094-1100.

Rossetti L, Frontoni S, Dimarchi R (1991). Metabolic effects of IGF-1 in
diabetes rats. Diabetes. 4: 444-448.

Spector A (1999). Essentiality of fatty acids. Lipids. 34: S1-3.

254  Afr. J. Immunol. Res.

Sullivan TA, MacDonald RG (1995). Distribution of insuline like growth
factor receptors in rat intestinal epithelium. Nebr. Med. J. 80: 58-61.
Szkudelski T (2001). The Mechanism of Alloxan and Streptozotocin

Action in B Cells of the Rat Pancreas, Physiol. Res. 6: 537-546.

Trinder P (1969). Determination of total cholesterol, high density
lipoprotein cholesterol and triglycerids by enzymatic colourimetric
method. J. Clin. Pathol. 22: 158-162.

Uruakpa FO, Ismond MAH, Akobundu EN (2002). Colostrum and its
benefits: a review. Nutr. Res. 22: 755-767.

Xu RJ (1996). Development of the newborn Gl tract and its relation to
colostrum/milk intake: A review. Reprod. Fertil. Dev. 8: 35-48.

Yoon M, Lee H, Jeong S, Kim JJ, Nicol CJ, Nam KW, Kim M, Chobgoh
GT (2003). Peroxisome proliferators-activated receptor alpha is
involved in the regulation of lipid metabolism by ginseng. Br. J.
Pharmacol. 138: 1295-1302.

Zenobi PD, Graf S, Ursprung H (1992). Effects of insulin-like growth
factor-1 on glucose tolerance, insulin levels and insulin secretion in
health man. J. Clin Invest. 89:1908-1917.

Zheng TS, Wang YN, Zong AP (2006). Influence of lobster chitosan on
blood sugar and glucose tolerance in diabetic mice. Chin. J. Clin.
Rehabil. 31: 67-69.



