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Abstract:

Peptides of plant and animal origin have good anti-diabetic prospects. The research objective was to use bovine colostrum
peptides to reduce hyperglycemia in diabetic rats.

Bovine colostrum peptides were obtained by trypsin hydrolysis of colostrum proteins with preliminary extraction of triglyceri-
des. The study involved four groups of Wistar rats with seven animals per group. Group 1 served as control; group 2 received
300 mg/kg of trypsin hydrolysate of bovine colostrum as part of their daily diet for 30 days. Groups 3 and 4 had diabetes mellitus
caused by intraperitoneal injections of 110 mg/kg of nicotinamide and 65 mg/kg of streptozotocin. Group 4 also received 300 mg/kg
trypsin hydrolysate of bovine colostrum intragastrically five times a week for 30 days.

Three peptides were isolated from the trypsin hydrolysate of bovine colostrum and tested for the sequence of amino acids and
molecular weight. Their identification involved the Protein NCBI database, followed by 2D and 3D modeling, which revealed
their chemical profile, pharmacological properties, and antioxidant activity. The diabetic rats treated with colostrum peptides
had lower glucose, glycated hemoglobin, malondialdehyde, and catalase activity but a higher content of glutathione in the blood.
Their leukocytes and erythrocytes also demonstrated less deviation from the standard. The antioxidant effect of colostrum pro-
tein hydrolysate depended on a peptide with the amino acid sequence of SQKKKNCPNGTRIRVPGPGP and a mass of 8.4 kDa.
Colostrum peptides reduced hyperglycemia and oxidative stress in diabetic rats. The research revealed good prospects for
isolating individual colostrum peptides to be tested for antidiabetic properties.
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INTRODUCTION

Diabetes mellitus, or type II diabetes, is the most
common type of diabetes [1-3]. It causes such chronic
complications as cardiovascular disease and neurolo-
gical disorders, which have become a real pandemic of
the XXI century. Medical science is constantly loo-
king for new methods to curb the pathogenic factors
that determine this socially significant disease and its
chronic complications.

The list of targeted antidiabetic compounds includes
dipeptidyl peptidase 4 (DPP4), intestinal maltase glu-
mylase, hepatic receptor homologue 1 (NR5A2), pancre-
atic alpha-amylase, peroxisome proliferator-activated
receptor alpha (PPARA), protein tyrosine phosphatase,
and retinol-binding protein-4 (RBP4) [4-6].

Protein hydrolysates of plant and animal origin con-
tain a number of biologically active regulatory peptides
with antidiabetic properties [7—13]. Antidiabetic peptides
inhibit DPP4 activity, which prolongs the insulin-secre-
ting action of incretins. Antioxidant peptides inactivate
reactive oxygen species, scavenge free radicals, chelate
prooxidant transition metals, and increase the activity
of intracellular antioxidant enzymes [10]. Angiotensin-
converting enzyme inhibitors have a hypotensive effect
and reduce the risk of atherosclerosis, which is one of
the main chronic complications of diabetes mellitus.
Peptides that inhibit DPP-IV and angiotensin-converting
enzyme have been found in protein hydrolysates
obtained from chlorella, spirulina, amaranth, tuna milk,
and lactic acid products [7-9, 12, 14, 15].
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The peptide obtained from Chlorella pyrenoidosa
contained ten amino acids: Leu-Leu-Val-Val-Try-Pro-
Trp-Thr-GIn-Arg. It was reported to inhibit the activity
of pancreatic lipase and prevent the accumulation of
fatty acids and triglycerides in cells [16]. Peptide hyd-
rolysates synthesized from quinoa (Chenopodium qui-
noa L.) and chickpea (Cicer arietinum L.) proteins were
able to inhibit the activity of a-amylase and a-gluco-
sidase, thus reducing glucose uptake and hypergly-
cemia [17, 18].

Bovine colostrum is the first cow’s milk which
is obtained after calving. It is a promising source of
peptides. Colostrum contains more protein, peptides,
lipids, hormones, minerals, and vitamins than whole
milk 19, 20].

Colostrum contains antioxidants (vitamins C, A, E,
p-carotene, selenium), as well as vitamins B,, B,, PP,
B,, B,, B,,, D, orotic acid, and enzymes with peroxida-
se activity [21]. The protein component of colostrum
is represented mainly by such whey proteins as albu-
mins and globulins. Casein appears only on lactation
days 3—4, and its amount gradually increases but never
prevails.

The whey fraction of colostrum contains factors
that provide passive immunity: immunoglobulins, lac-
toferrin, interferon, lysozyme, and defensins are par-
tially synthesized by udder cells and partially formed by
milk lymphocytes. Numerous studies have confirmed
the antiviral, antifungal, and antibacterial properties of
colostrum [21].

Colostrum contains such growth factors and protein
hormones as epidermal growth factor (EGF), IGF-1,
IGF-2, TGFa, TGFp, fibroblast growth factor, gonadotro-
pin-releasing hormone, somatotropin, and growth hor-
mone releasing factor (GHRF) [21, 22]. Growth factors
promote regeneration, regulate blood glucose levels, and
stimulate lipolysis. Glucagon-like peptide 1 (GLP-1) re-
gulates glucose homeostasis by stimulating insulin sec-
retion. A long-term colostrum diet increased the level
of GLP-1 in the blood plasma of calves [23]. Colostrum
casein hydrolysate appears under the action of lactic
acid bacterial proteinases. Hydrolysis yields peptides
with hypotensive, antimicrobial, antifungal, and immu-
noprotective effects. Bovine colostrum whey hydrolysa-
tes were reported to contain angiotensin-converting en-
zyme inhibitors, as well as proteins with antioxidant, anti-
microbial, immunomodulatory, and opioid effects [24].

Agarkova et al. hydrolyzed casein by digestive enzy-
mes to obtain 23 peptides with DPP-IV inhibitory acti-
vity, which exhibited no side effects typical of DPP-IV
inhibitors [25]. A greater degree of hydrolysis reduces
the allergenic properties of proteins. Colostrum hydro-
lysate contains peptides with a lower molecular weight
compared to milk hydrolysate. Golovach et al. detected
antioxidant activity in colostrum peptides, which increa-
sed together with the degree of hydrolysis [26].

Colostrum is safe as it cannot be overdosed and has
demonstrated no side effects of clinical significance
so far. Colostrum and its protein hydrolysates have a
potential therapeutic and preventive use due to their an-
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tibacterial and immunoregulatory peptides, as well as
growth factors. Colostrum-based functional products
may accompany synthetic drugs in the prevention and
treatment of diabetes mellitus. These encouraging re-
sults require further studies to confirm these effects, as
well as to define the optimal amount and treatment time.

The present research objective was to reveal the
possibility of reducing hyperglycemia in diabetic rats
under the action of bovine colostrum peptides.

STUDY OBJECTS AND METHODS

Colostrum peptides were obtained on the first day
after calving by enzymatic hydrolysis of colostrum with
trypsin. We removed the fat fraction by centrifugation
at 3900 rpm for 10 min in an SM-12-06 centrifuge
(TAGLER, Russia). After that, we introduced the en-
zyme trypsin (Samson-Med, Russia) at 0.15% colostrum
weight in a phosphate buffer solution at pH 7.4. The
solution consisted of disodium hydrogen phosphate
dodecahydrate (Rosspolymer, Russia). The hydrolysis
lasted 12 h at a temperature of 36°C until it was raised to
75°C to inactivate the enzyme.

The molecular weight distribution of the peptides
was carried out by mass spectrometry and identified
by MALDI-TOF and MS/MS mass spectrometry using
an Ultraflex MALDI time-of-flight mass spectrometer
(Bruker, Germany). The mass spectra analysis involved
the Mascot program, Peptide Fingerprint option (Matrix
Science, USA), and the Protein NCBI database.

The score was calculated by the following formula:

50000

Score =————
Mprat X Pumi

(1)
where M, is the molecular weight for each matched
protein; P is the product calculated from the Mowse
matrix of weights M for each match with the ex-
perimental data and peptide masses calculated based
on the Protein NCBI genomic database. The spatial
structure of the isolated peptides was modeled using
the Schrodinger Maestro molecular modeling program
(USA).

The antioxidant activity of the peptides was de-
termined by their ability to scavenge free radicals
DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2’-
azino-bis(3-ethylbenzothiazoline-6-sulfonate), as well
as by their reducing power when interacting with the
Fe(IlI)-2,4,6-tripyridyl-s-triazine complex by the ferric-
reducing antioxidant power method (FRAP). The expe-
riment followed the procedure described in [27] with
some modifications.

To determine the antioxidant activity by the DPPH
method, we mixed 20 uL of protein hydrolysate or stan-
dard solution with 300 pL of a fresh 0.1 mm solution of
2,2-diphenyl-1-picrylhydrazyl. The mix was incubated
in the dark at room temperature for 30 min. The optical
density decreased at 515 nm, compared to the control.

To determine antioxidant activity by the ABTS me-
thod, we used a ABTS radical solution. The ABTS
radical was generated by mixing aliquots of 7.0 mM
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ABTS solution and 2.45 mM potassium persulfate solu-
tion. The solution was kept in the dark at room tempera-
ture for 16 h. Then, we added 20 pL of the hydrolysate
or standard to 300 pL of the solution of the ABTS™ radi-
cal cation. The absorbance was measured at 734 nm after
the mix was incubated for 15 min at 37°C in the dark.

To determine the restoring power of the peptides, we
prepared a FRAP reagent by mixing 10 parts of 0.3 M
acetate buffer (pH 3.6), one part of a 10 mM solution of
2,4,6-tripyridyl-s-triazine in 40 mM HCI, and one part
aqueous 20 mM solution of iron chloride FeCl,x6H,0.
The reaction was initiated by mixing 300 pL of the
FRAP reagent and 20 pL. of the test peptide sample
or standard solution. The reaction lasted 10 min at 37°C
in the dark. The increase in optical density occurred at
593 nm, compared to the control.

We used a trolox solution (6-hydroxy-2,5,7,8-tetrame-
thylchroman-2-carboxylic acid) of known concentration
as a standard solution in all the methods. The results
of the analyzes were expressed in mmol Trolox equi-
valents/l.

All the spectrophotometric measurements were per-
formed using a CLARIOstar microplate reader (BMG
Labtech, Germany).

The experiment involved twelve-week-old male
Wistar rats that weighed 345 + 11 g. The rats were pur-
chased from the Institute of Immunology and Physiology
of the Ural Branch of the Russian Academy of Sciences.
They lived five animals per cage under standard labo-
ratory conditions at 20 &+ 2°C and a 12-h light-dark cycle,
with free access to water and food. They were fed on
2020X Teklad rodent food without soy protein (Envigo,
Huntingdon, UK). All manipulations followed the EU
Council Directive 2010/63/EU and were approved by the
ethics committee of the Institute of Physics, Ural Branch
of the Russian Academy of Sciences.

The rats were divided into four groups with se-
ven animals in each. Group 1 included control animals.
Group 2 received 300 mg/kg of trypsin hydrolysate of
bovine colostrum every day for 30 days. Rats in groups
3 and 4 acquired diabetes mellitus. After 16 h of fasting,
they were administered 65 mg/kg of streptozotocin in cit-
rate buffer pH 4.5 intraperitonially, following a prelimi-
nary administration of an aqueous solution of 110 mg/kg
of nicotinamide [28]. Group 4 received 300 mg/kg of
trysin hydrolysate of bovine colostrum for 30 days. A
DEO006A 18Gx50 mm probe (Great Britain) was used for
intragastric administration of colostrum peptides. All
the animals were weighed every week.

All the animals were withdrawn from the experiment
by intramuscular administration of 40 mg/kg of sodium
pentobarbital. Blood samples for biochemical studies we-
re collected from the tail vein with anticoagulant hepa-
rin. The content of glycated hemoglobin (HbAlc) was
determined in whole blood by affinity gel chromato-
graphy using a GLYCOHEMOTEST kit (ELTA, Russian
Federation). Blood plasma was separated from the new
elements by centrifugation at 1000 g for 10 min. The con-
tent of glucose in blood plasma was determined by the
glucose oxidase method using a Glucose-Novo reagent
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kit (Vector-Best, Russian Federation). The blood plasma
was tested for free radical oxidation products that react
with thiobarbituric acid, including malondialdehyde
malondialdehyde (MDA) [29]. The amount of reduced
glutathione (GSH) and other thiols in the blood plasma
was defined using Ellman’s reagent (5,5’-dithiobis(2-nit-
robenzoic) acid) [30].

Erythrocytes were mixed with distilled water in a
ratio of 1:18, cooled at 4°C for 1 h, and centrifuged again
at 1000 g for 10 min. After that, the hemoglobin content
was determined to recalculate the indicators of the
free radical oxidation — antioxidant protection system
(FRO-AOD) per gram of hemoglobin. The procedure in-
volved a Vital reagent kit (Vital Development Corpora-
tion, Russian Federation). In the erythrocyte hemolysa-
te, the catalase activity (Enzyme Commission number
EC 1.11.1.6) was determined by the decrease in the amo-
unt of hydrogen peroxide, which formed a dyed complex
with ammonium molybdate [31].

The optical density was measured with a Beckman
DU-800 spectrophotometer (USA).

The hematological parameters were obtained using
an automated hematological analyzer Celly 70 (Biocode
Hycel), designed to study experimental animal blood.

The statistical analysis relied on the OriginPro 9.0
software (OriginlabCorporation, USA). The data were
presented as mean + standard error. The statistical
significance of differences in the data obtained was as-
sessed using the nonparametric Mann-Whitney test (U).
The difference in the mean values within a group had a
5% significance level (p < 0.05).

RESULTS AND DISCUSSION

Table 1 describes three biologically active peptides
isolated from hydrolyzed bovine colostrum proteins.
Peptide 1 with a mass of 8.4 kDa contained 20 amino
acids and demonstrated a significant antioxidant activity
in comparison with other samples, as revealed by the
FRAP method.

The antioxidant activity against DPPH and ABTS
radicals demonstrated by peptide 1 indicated that the
mix of peptides and amino acids was able to suppress
DPPH and ABTS. Probably, the result was due to the
pairing of one unpaired electron present in these radi-
cals. We found ambiguous data regarding the FRAP-
measured relationship between the average molecular
weight of the peptide and its iron-reducing capacity.
Sonklin et al. found that peptides with a low molecular
weight (< 3 kDa) demonstrated a lower FRAP value
while peptides with a molecular weight of 3—5 and 5-10
kDa had a higher FRAP level [32]. However, Meza-
Espinoza et al. reported that soybean hydrolysate with
an average molecular weight of peptides < 1 kDa had a
greater FRAP-measured antioxidant activity than those
with higher molecular weight fractions [33]. Thus, both
our results and review proved that molecular weight may
not be the most important factor affecting the ability of
peptides to reduce ferric ions.

Scientific publications report peptides with hydro-
phobic amino acids to have a higher antioxidant activity:
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Table 1 Peptides isolated from trypsin hydrolysate of bovine colostrum

Peptide sample 1 2 3

Amino acid sequence SQKKKNC LARKT MHNNETN SASNTVN
PNGTRIRV SKIK HTVTPFK
PGPGP ISSHKHI RTRTKKN EGKAGTI

LSTALTR

Number of amino acids 20 9 49

Molecular weight, kDa 8.4 13.0 18.0

Score 90 76 89

Peptide identification POSSUM_01-POSSUM-C-

EMBRYO-2KB, Trichosurus

A similar peptide was not found ~ C0950255 protein, sus scrofa

because the level of coverage

Vulpecula with known peptides is low
Functions n.d, n.d, n.d,
Antioxidant activity DPPH  1.128 + 0.008 n.d, n.d,
FRAP antioxidant activity 1.183 £0.014 n.d, n.d,
ABTS antioxidant activity 1.079 + 0.009 n.d, n.d,

n.d. — no data

Ny fﬁ; Rt

Figure 1 Peptide 1: 2D structure

Figure 4 Peptide 2: 3D structure
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Figure 3 Peptide 2: 2D structure

*NH,

“NH,

alanine (Ala), lysine (Lys), proline (Pro), leucine (Leu),
histidine (His), tyrosine (Tyr), and methionine (Met) [33].
Methionine (Met), cysteine (Cys), tyrosine (Tyr), tryp-
tophan (Trp), histidine (His), and lysine (Lys) increased
the iron-reducing ability of peptides while the arom-
atic amino acids enhanced the antiradical activity of
peptides [34-36].

A comparative analysis of ABTS, DPPH, and FRAP
antioxidant tests revealed that the antioxidant activity
of peptides depended on the amino acid composition of
peptide sequences. The low molecular weight peptides
exhibited higher antioxidant activity against the DPPH
radical compared to those with a high molecular weight.
The samples with a lower average molecular weight
consisted of shorter and more active peptides that acted
as electron donors. They reacted with free radicals and
turned them into more stable substances, thus stopping
free radical chain oxidation reactions.

Figures 1-6 show simulated 2D and 3D structures
of the peptides.
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Figure 6 Peptide 3: 3D structure

The spatial models of peptides isolated from fer-
mented bovine colostrum hydrolysate established that
the amino acid sequences formed secondary structures.
These structures were mostly represented by an alpha
helix since they contained little aromatic amino acid
residues. This fact explained the lack of antiradical ac-
tivity in peptides 2 and 3. According to Wang et al., aro-
matic amino acids enhance the antioxidant activity of
peptides [36].

All the peptides in this study had the isoelectric
point in a highly-alkaline medium. Peptide 1 had the
isoelectric point at pH 11.62 while peptide 2 had it at
pH 11.79. The points depended not on the number of ami-
no acids but on the predominance of amine or carboxyl
groups in the peptide.

The peptide structure modeling revealed the range
of peptide hydrophilicity from +16.95 Kcal/mol in pep-
tide 2 to +48.34 Kcal/mol in peptide 3. Peptide 1 had a
hydrophilicity level of +25.51 Kcal/mol.

The 3D model showed that peptide 3 with its charge
of +6 had a higher chemical activity than the rest: pep-
tide 1 had a charge of +4, and peptide 2 had a charge
of +5.

The intragastric administration of colostrum pepti-
des caused no significant changes in body weight, glu-
cose, and glycated hemoglobin in healthy rats, compared
to the control (Table 2).
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Unlike the healthy and control rats, the experimental
diabetic rats demonstrated a lower body weight, higher
glucose levels, and more glycated hemoglobin by day 30
(Table 2). The administration of colostrum peptides to
diabetic rats did not prevent weight loss, but the hyper-
glycemia was less severe, unlike in group 3 (untreated
diabetic rats), which included untreated diabetic rats
(Table 2).

The administration of colostrum peptides to healthy
animals did not increase the amount of malondialde-
hyde in the blood plasma (Table 3). However, group 2,
which included healthy rats treated with colostrum pepti-
des, had a higher content of reduced glutathione and
catalase activity compared to the control. The intragast-
ric administration procedures definitely caused stress,
which inevitably disturbed homeostasis in the free ra-
dical oxidation-antioxidant protection system. The fact
that the malondialdehyde did not increase in group 2
indicated a slight increase in the free radical oxidation
and a compensation for this process.

Diabetic rats started accumulating malondialdehyde,
and the level of reduced glutathione dropped by 5.2 ti-
mes. They demonstrated a greater catalase activity than
the healthy rats (Table 3). Despite the catalase activation,
the diabetic rats lacked the non-enzymatic link of an-
tioxidant protection but accumulated secondary pro-
ducts of free radical oxidation, which indicated the
development of oxidative stress.

The diabetic rats treated with colostrum peptides
(Group 4) had a lower content of malondialdehyde and
catalase activity while their level of reduced glutathi-
one stabilized, compared to the untreated diabetic rats
(Table 3). While glutathione was the only indicator that
stabilized in Group 4, this change can still be assessed
as a decrease in the severity of oxidative stress under
the action of colostrum. Glutathione contains y-glutamic
acid, cysteine, and glycine. In the diabetic rats treated
with colostrum peptides, it could increase because its
synthesis increased under the action of colostrum pep-
tide amino acids.
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Table 2 Indicators of diabetes mellitus

Parameter
rats (Control)

Group 1 Healthy Group 2 Healthy rats
treated with colostrum

Group 3 Untreated Group 4 Diabetic

diabetic rats

rats treated with

peptides colostrum peptides
Body weight at the start of the experiment, g 332 + 19 332+£19 352+ 17 307 £ 26
Body weight at the end of the experiment, g 393 + 8 361+ 17 264 + 18%2 295 + 17*2
Glucose, mmol/L 6.0+£0.2 6.1+£0.3 18.6 £ 1.2%2 11.2 £1.9%23
HbAlc, % 47403 45+0.2 10.1 £0.3*2 7.4 +£0.5%23
* — the difference with the indicator in the control is significant at p <0.05

23 — the difference with groups 2 and 3 is significant at p < 0.05

Table 3 Indicators of oxidative stress

Parameter Group 1 Healthy rats Group 2 Healthy rats treated ~ Group 3 Untreated Group 4 Diabetic rats treated
(Control) with colostrum peptides diabetic rats with colostrum peptides

Malondialdehyde, umol/L  2.01 + 0.06 2.23+0.18 3.44 +0.22%2 2.89 +0.06*23

Glutathione, pmol/L 24.38 +2.88 41.84+£3.61* 4.67+0.71* 23.46 + 6.50%

Catalase, mmol/min-g Hb 57.86 +2.79 70.36 = 3.94* 99.19 + 1.68*2 74.60 + 3.77*3

* — the difference with the indicator in the control is significant at p < 0.05

2.3 — the difference with groups 2 and 3 is significant at p < 0.05

Table 4 Hematological indicators

Parameter Group 1 Healthy rats  Group 2 Healthy rats treated ~ Group 3 Untreated ~ Group 4 Diabetic rats
(Control) with colostrum peptides diabetic rats treated with colostrum
peptides
Leukocytes, thousand/puL 10.18+1.14 11.17+0.74 7.43 +0.85% 8.78 + 0.65*
Lymphocytes, thousand/pL ~ 7.63 = 0.91 8.21+0.73 4.53 +£0.54*2 5.77 £ 0.57?
Monocytes, thousand/pL 0.27 +0.03 0.33 £0.03 0.25+0.03 0.30 £ 0.03
Granulocytes, thousand/pL.  2.28 £ 0.25 2.63 £0.10 2.65+0.31 2.72 £0.23
Lymphocytes, % 745+14 726 £2.2 60.5 + 1.5% 65.4+£3.2%
Monocytes, % 2.8+0.1 32+0.2 3.9+0.2 3.5+0.2
Granulocytes, % 228+1.5 242+2.1 35.6 £ 1.4% 31.2+3.1
Erythrocytes, min/pL 8.50£0.12 8.72 +£0.09 10.00 = 0.20* 9.93+0.39
Hemoglobin, g/L 1643 +3.1 1664+ 1.4 192.7 £4.3* 190.2 £ 5.7*
Hematocrit, % 45.6+0.8 459+0.6 534+ 1.1% 52.7+ 1.5%
MCYV, fl 53.7+0.8 52.7+0.6 53.4+0.6 53.2+0.9
MCH, pg 19.3+£0.3 19.0+0.2 19.2+0.2 19.2+0.3
MCHC, g/L 3602+ 1.4 362.4+£2.2 360.7 £2.1 360.7+1.2
RDW, % 122+0.3 122+£0.2 12.1+£04 124+0.2
Platelets, thousand/mkl 1067 £ 129 1198 £ 91 1300 + 184 1282 + 129
MPV, fi 6.23 £0.11 6.39+£0.19 6.32+0.21 6.37+0.29
PDV, % 15.7+0.1 15.7+0.1 15.9+0.1 15.8+0.2
Pct, % 0.44 £0.14 0.66 £0.01 0.63 +£0.06 0.62 +0.03

* — the difference with the indicator in the control is significant at p < 0.

23 — the difference with groups 2 and 3 is significant at p < 0.05

The diabetic rats treated with colostrum hydrolysate
demonstrated a less severe oxidative stress because the
hydrolysate contained a peptide with antioxidant pro-
perties, namely peptide 1.

The hematological analysis revealed no abnormalities
in leukocyte, erythrocyte, or platelet parameters in heal-
thy rats treated with colostrum peptides (Table 4). The
untreated diabetic rats demonstrated a lower absolute
and relative number of leukocytes due to the fraction of
lymphocytes with a greater proportion of granulocytes.

05
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Leukopenia and lymphopenia in diabetic rats might have
been caused by the destructive processes in the organs
of the immune system [37]. The untreated diabetic rats
also had a greater number of erythrocytes, and the
hemoglobin content also increased by 1.2 times, affected
by a larger number of erythrocytes. Therefore, the he-
matocrit increased by 1.2 times relative to the healthy
rats. Other hematological parameters remained within
the norm (Table 4). The high content of erythrocytes and
hemoglobin in the diabetic rats may be a consequence
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of hypoxia caused by diabetes mellitus. In the diabetic
rats treated with colostrum peptides, the values of leuko-
cytes and erythrocytes approached those in the healthy
rats, but the relative number of granulocytes and the
number of erythrocytes were the only parameters that
stabilized (Table 4).

CONCLUSION

1. The intragastric administration of 300 mg/kg of
bovine colostrum peptides to the healthy rats caused
minor and compensated changes in the antioxidant
system but did not affect the level of glycemia and

3. The diabetic rats treated with 300 mg/kg of colos-
trum peptides had a lower hyperglycemia and oxidative
stress, as well as better hematological parameters.

4. The peptide with the amino acid sequence
SQKKKNCPNGTRIRVPGPGP and a mass of 8.4 kDa
added the antioxidant effect to colostrum hydrolysate.

Thus, the isolation of individual colostrum peptides
is relevant for studying their antidiabetic properties in
the future.
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