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Annotation. This paper reports an experimental evaluation of the metabolic and immunomodulatory
effects of two complex feed additives of natural origin based on bentonite and chlorella with added
potassium iodide and selenium (FA1 and FA2). The additives were fed to Sprague-Dawley rats (n = 62) for
21 days, after which cellular, biochemical and immunological parameters were measured in blood and
lymph. FA2 was additionally evaluated in 18 cows under farm conditions, using intraruminal boluses to
record rumen pH, temperature and locomotor activity.

Both additives raised lymphocyte counts in lymph by 10—25% and produced moderate shifts in blood
cell composition that remained within physiological limits. Albumin, total protein and glucose increased by
11-26%; ALT, AST, creatinine and urea also rose, while bilirubin, triglycerides and alkaline phosphatase
were unchanged, indicating activation of protein and energy metabolism without loss of hepatic or renal
function. Lipid peroxidation products increased only slightly, whereas catalase activity rose by 29.1% (FA1)
and 11.6% (FA2), indicating mobilisation of antioxidant defence rather than oxidative damage. IgM, IgG and
IgA increased in both blood and lymph, most markedly for IgM in lymph (up to 48.2%). In cattle, FA2 did
not disturb rumen pH or temperature and was well tolerated.

The results indicate a predominantly immunomodulatory action of both additives, with FA2
producing more moderate metabolic and oxidative changes than FA1. This supports further evaluation of
FA2 as a feed supplement for farm animals.

Keywords: feed additive, livestock nutrition, lymph, blood, immunomodulatory effect.

Introduction. Today, more attention is being paid to feed additives that are safe for animals
and help maintain their normal physiological condition and ability to adapt to different housing
conditions. This is especially important in animal production, where maintaining animal health and
resistance to unfavorable environmental conditions is closely related to welfare and productivity
[1,2]. Natural biologically active substances are increasingly being studied as components of feed
additives because they may help regulate metabolism, immune function, and oxidative balance.

Bentonite clays are used in feed because of their high sorption capacity: they bind
mycotoxins, heavy metals and other toxic metabolites in the gastrointestinal tract and reduce their
absorption [3,4,5]. Beyond this direct sorption effect, bentonite has been reported to influence
mineral balance and digestive function.

The microalga Chlorella supplies protein, polyunsaturated fatty acids, vitamins and
minerals, together with carotenoids and other compounds with antioxidant activity [6,7]. In feeding
trials it has been shown to modify immune responses and to reduce lipid peroxidation. Selenium
and iodine act through defined mechanisms: selenium is a component of glutathione peroxidase and
other selenoenzymes that protect cells against oxidative damage [8], while iodine is required for
thyroid hormone synthesis and thus for the regulation of metabolic rate [9]. Combining a sorbent
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with these three biologically active components addresses toxin load, antioxidant status and
endocrine regulation at the same time, which is not achieved by any of them alone.

The lymphatic system has received far less attention in feed additive research than blood. It
maintains fluid balance, transports lipids and immune cells, and provides the environment in which
humoral immune responses develop [10]. Because lymphatic function depends on microcirculation,
rheological properties and tissue metabolism, measuring lymph composition alongside blood gives
a more direct view of immune and metabolic status than blood alone.

The combined effect of bentonite, Chlorella, iodine and selenium on lymph composition has
not been reported. The present study therefore examined how two such additives affect the cellular
and biochemical composition of blood and lymph, lipid peroxidation and immunoglobulin levels in
rats, and assessed the tolerance of FA2 in cattle under farm conditions using continuous
intraruminal monitoring.

Materials and methods. The study was conducted on 62 white Sprague-Dawley (SD) rats
weighing 277 + 17 g. The animals were divided into three groups. The control group (n = 20)
received the standard vivarium diet. The experimental group (n = 20) received a feed additive (FA1,
consisting of bentonite, chlorella, potassium iodide, and selenium) (patent no. 7945, April 14, 2023)
[10]; and the third group of animals (n = 22) received a new feed additive (FA2). They were given
this additive for 21 days. The additive consisted of bentonite powder and liquid chlorella in a ratio
of 1:3, ground into a homogeneous mass, then dried and mixed to a powder state, and supplemented
with KI and selenium. After feeding FA1 and FA2, the animals were weighed and selected for the
experimental study.

The animals were anesthetized with ether inhalation using a mask with a cotton ball soaked
in ether. After anesthesia, an incision was made along the linea alba of the abdominal muscles. The
thoracic lymphatic duct was exposed near the diaphragm. A graduated microcannula was inserted
into the duct to measure lymph flow and collect lymph samples. After the lymph was collected, the
abdominal aorta was exposed in the caudal part of the abdominal cavity. A Teflon catheter was
inserted into the aorta for blood collection. Urine was collected by bladder puncture, and its volume
was measured. Blood pressure (BP) and heart rate (HR) were recorded with a Drager surgical
monitor (model GAMMA). The viscosity and coagulation of blood and lymph were measured with
a VK-4 viscometer (ZMSO, Russia). The cellular composition of blood, lymph, and urine was
analyzed using a SYSMEX KX-219 hematology analyzer (Japan). Electrolytes in lymph and blood
plasma were measured with an AVL 9190 analyzer (Roche Diagnostics, Austria, 2012).

Blood and lymph biochemical parameters included total protein (TP), albumin (Alb),
triglycerides (Tri), cholesterol (Chol), glucose (Glu), bilirubin (Bil), ALT, AST, and alkaline
phosphatase (ALP). Phosphorus (P) and magnesium (Mg) were also measured. These analyses were
performed with an A-25 BIOSYSTEMS biochemical analyzer (Spain) using the appropriate test kits
according to standard procedures. Lipid peroxidation analysis included determination of conjugated
dienes (CD) using an Apel PD-303UV spectrophotometer (Apel Co., Saitama, Japan), analysis of
malondialdehyde (MDA) using a CECIL CE 1021 UV-VIS spectrophotometer (Cecil Instruments,
Cambridge, UK), and titration of catalase (CAT) activity [11]. Immunoglobulins IgM, IgG, and IgA
were determined by enzyme-linked immunosorbent assay using commercial T-systems (Wuhan
Fine Biotech Co., China).

A practical evaluation of the FA-2 feed additive was conducted at the EPI farm in the
Almaty region. Eighteen clinically healthy cows weighing 320-400 kg participated in the study.
The animals were divided into two groups: control (n = 9) and experimental (n = 9). Before the
experiment, animals were weighed, and blood samples were collected for subsequent biochemical
and hematological analysis.

To continuously monitor the physiological state of some animals from both groups, intra-
rumen boluses were injected into the rumen. These devices were used to monitor selected
physiological parameters and animal behavior during the experiment. The results were analyzed
using Microsoft Excel. Changes in the measured parameters were assessed with the unpaired
Fisher—Student test. Statistical significance was set at p < 0.05.
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For the animal studies, the requirements of the local Ethics Committee of the Institute of
Human and Animal Physiology (IGAP), SC MSHE RK, were followed. The study was covered by
Protocol No. 3 (3), dated October 8, 2024, outgoing No. 07-05/158.

Results and Discussion. The study examined the effects of the new feed additives FA1 and
FA2 on the functional state of blood, lymph, and key hemodynamic parameters in rats. Analysis of
hemodynamic parameters revealed moderate changes in the cellular blood composition when the
feed additives were included in the rat diet. In the FA1 group, the total white blood cell (WBC)
count increased by 5.9% compared to the control (3.02 vs. 2.85x10°L; p<0.05), and by 4.9% in the
FA2 group. The absolute lymphocyte count (LYM) increased by 5.9% in FA1 and by 4.4% in FA2
relative to the control, while their relative content increased by approximately 5-6%, without
significant differences (Table 1). The most noticeable changes were observed in the fraction of the
total number of "medium" leukocytes (MID): in the FA1 group, the absolute value increased by
approximately 128%, and in the FA2 group - by 171% compared to the control (p < 0.001). The
relative content of MID increased by 45.6% in FA1l and by 61.1% in FA2. The proportion of
granulocytes (GRA%) in the FA2 group increased more than 4 times compared to the control (p <
0.001).

Regarding the red blood cell component, hemoglobin (HGB) increased by 5.5% in the FA1
group, and the red blood cell (RBC) count by 3.0%. The RDW-SD index increased by 4.4% in the
FA2 group. The platelet count (PLT) decreased by 5.5% in FA1 and by 6.6% in FA2 compared to
the control group (p<0.05). Overall, these changes are within physiological norms and demonstrate
a moderate effect of feed additives on blood composition without signs of pathological changes.

Analysis of lymph cellular composition showed that the use of FA 1 and FA2 was
accompanied by changes in certain hematological parameters compared to the control group (Table
2). The total white blood cell (WBC) count in the lymph of animals receiving FA1 increased by
1.3%, while in the group receiving FA2 it increased by 4.6% compared to the control group.

Table 1 — Blood cellular composition of animals receiving FA1 and FA2, compared to the control
group

Control group FA 1 FA 2
WBC (10°/L) 4.85+0.1 5.02+0.2* 4.99+0.20
LYM (10°/L) 2.71+£0.3 2.87+0.3 2.83+0.06
LYM % 55.5+3.4 58.7+6.7 58.5+5.1
MID (10°/L) 0.07=0.001 0.16+0.003** 0.19 £0.004**
MID % 3.75+0.021 5.46+0.09%** 6.04 £0.051**
GRA (10°/L) 2.0+£0.010 2.5+0.03* 2.4+0.05
GRA % 2.3540.22 11.21£0.09 10.10£0.08%**
HGB g/L 150.0 £3.0 158.3+4.0* 159.1+£5.2*
MCH pq 19.65+1.1 19.7+1.8 19.88+2.2
MCHC 40.4+2.1 42.45+1.8 42.942.5
RBC (10'*/L) 7.4+0.2 7.62+0.5% 7.7+0.5
MCV fl 48,6£5,1 48.9+4.8 49.1+4 4
HCT % 45.0+3.2 44.2+3 4% 45.6+4.3
RDWcfl 36.1£0.8 35.25+1.7 37.7£1.3
RDWs % 13.7£0.5 17.7540.6* 17.7+0.5%*
PLT (10°/L) 525 +14 496.3£29* 490.3£29%*
MPV 7.4+0.5 7.3+0.4* 7.3+0.6
PDWafl 10.3540.7 10.25+0.4* 10.3+£0.6
PDWc % 38.65+0.7 39.443.2 39+3.5
PCT % 0.50+0.04 0.48+0.06* 0.49+0.06*
Note: significant compared with the control, -p<0.05", -p<0.001**

The red blood cell (RBC) count in the lymph of animals receiving FA2 significantly
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increased, but only minimally, indicating the absence of a significant effect of the supplements on
the red blood cell count in the lymph.

Table 2 — Lymph cellular composition of animals receiving FA1 and FA2 compared to the control
group in the experiment

Parameters Lymph
control FA 1 FA 2
WBC (x10°/uL) 152+ 0.3 15.4+0.4 15.9+0.6*
RBC (x10°/ uL) 0.02+0.003 0.02+0.003 0.02+0.004
LYM (%) 85.0+ 0.8 94.5+0.8* 94+0.7*
LYM (x10%uL) 13.0+0.4 16.1+0.5 16.2+0.4%*
Note: significant compared with the control, -p <0.05*, -p<0.01**

The most pronounced changes were also observed in the lymphocyte component. The
relative lymph content (LYM%) increased by 11.2% in the FA1 group and by 10.5% in the FA2
group compared to the control.

The absolute lymph count (LYM x 103/uL) increased by 23.8% in the FA1 group and by
24.6% in the FA2 group compared to the control. Thus, the use of FA1l and FA2 promoted an
increase in lymphocyte counts in the lymph by 10-25% compared to the control, which may
indicate immune system activation.

Analysis of blood plasma biochemical parameters showed that the use of FA1 and FA2 was
accompanied by changes in certain metabolic and enzymatic parameters. The use of FA2 caused
changes in blood plasma biochemical parameters (Table 3). Albumin and total protein levels
increased by 11% compared to controls, likely due to increased protein metabolism. Blood glucose
increased by 23%, indicating increased energy supply.

Cholesterol and LDL increased by 8% and 7.7%, respectively, which apparently indicates a
moderate activation of lipid metabolism. Sample parameters of ALT and AST increased by 31%
and 39%, respectively, compared to controls. Creatinine increased by 16% and urea by 52%, while
bilirubin, triglycerides, and alkaline phosphatase remained at control levels, with no significant
changes in other metabolic parameters.

Table 3 — Biochemical parameters of blood plasma after administration of FD2 in the experiment

Parameters Blood plasma
control FA'1 FA 2
Albumin, g/L 23.940.10 25.4+0.09* 26.5+0.09*
Total protein, g/L 63.4£2.11 69.9£3.71* 70.2+£3.40*
Glucose, mmol/L 12.55+0.81 15.41+0.99* 15.39+0.92*
Cholesterol, mmol/L 0.48+0.03 0.54+0.02* 0.52+0.03*
LDL cholesterol, mmol/L 0.39+0.01 0.45+0.02* 0.424+0.01*
ALT, U/L 154.7+6.17 211.349.21* 183.049.49*
AST, U/L 118.4+5.27 143.2+6.88* 134.74+5.66*
Bilirubin, umol/L 15.3+0.41 16.5£0.66* 15.8+0.60
Creatinine, pmol/L 45.144.22 55.6+4.51* 52.3+4.15*
Triglycerides, mmol/L 0.84+0.03 0.88+0.04 0.83+0.03
Alkaline phosphatase,U/L 264.2+10.41 278.5£11.43 265.0+11.34
Urea, mmol/L 3.00+0.05 4.44+0.06* 4.56+0.05*
Note: significant compared with the control, -p<0.05*, -p<<0.01**

The use of FA2 caused changes in lymph biochemical parameters (Table 4). Albumin
increased by 15.8%, total protein by 16.3%, which is associated with an increase in protein
metabolism. Glucose significantly increased by 26.1%, and cholesterol levels increased by 5.1%,
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indicating activation of energy and lipid metabolism. Liver enzyme activity (ALT) remained
virtually unchanged, while AST levels increased by 17.3%, bilirubin by 8%, creatinine by 26%, and
urea by 17.9%, reflecting the response of the kidneys and nitrogen metabolism. Triglyceride levels

increased by 8%, alkaline phosphatase by 9.4%, while the changes were moderate to minor.

Table 4 — Biochemical parameters of lymph after administration of FA2 in the experiment

Parameters Lymph
control FAl FA 2
Albumin, g/L 10.1+0.07 10.7£0.11* 11.69+0.10%*
Total protein, g/L 393444 45.0£4.8 45.7£5.2
Glucose, mmol/L 6.35+0.4 7.22+0.8 8.8+0.7*
Cholesterol, mmol/L 0.39+0.02 0.40+0.03 0.41+0.03
Lipids LDL, mmol/L 0.37+0.04 0.38+0.05 0.39+0.07
ALT, U/L 150.0 £10.8 154.6+12.1 151.9+12.4
AST, U/L 80.0£11.5 120.5+8.4* 93.8+7.4
Bilirubin, umol/L 1.50+0.04 1.65+0.05* 1.62+0.06*
Creatinine, umol/L 42.4+3.8 55.4+5.3* 53.4+4.2%
Triglycerides, 3.7 +£0.05 3.9+0.06 4.0+0.08
mmol/L
Alkaline phosphatase, U/L 180 £17.0* 194+16.7 197+17.1*
Urea, mmol/L 3.90+0.20 4.84+0.4 4.60+0.5*
Note: significant compared with the control, -p<0.05*, -p<0.01**

Thus, the use of FA2 resulted in activation of protein and energy metabolism, moderate
changes in lipid metabolism, and enzymatic activation of the liver, while maintaining stability of
other metabolic parameters.

Our studies also examined lipid peroxidation (LPO), which reflects the metabolic and
toxicological impact of the studied feed additives (Table 5). For example, dichloroacetic acid
(DCA) levels increased by 1.2% in the FA1 group and by 3.7% in the FA2 group. Malondialdehyde
(MDA) increased in the FA1 group and by 7.6% in the FA2 group compared to the control. This
indicates significant activation of lipid peroxidation processes with FA1l feeding. Hydrogen
peroxidase (HP) increased by 29.1% with FA1 feeding and by 11.6% with FA2 feeding.

Table 5 — Lipid peroxidation parameters in the blood of animals treated with FA1 and FA2

Ne Parameter
n/n Groups Conjugated dienes | Malondialdehyde AKrH,0»/ml
(DC), nmol/L (MDA), nmol/L
1 Control (n=20) 2.44+0.03 0.131+0.01 1.99+0.03
FA-1 (n=22) 2.47+0.04 0.144+0.004 2.57+0.07*
3 FA-2 (n=20) 2.53+0.03 0.141+0.01 2.2240.02
Note: * Significant differences compared with the control group (p<0.05)

Thus, FA1 caused a more pronounced increase in lipid peroxidation than FA2, which was
manifested by a significant increase in MDA and AA activity compared to the control. FA2 also
activated these processes, but to a moderate degree.

The use of FA1 and FA2 had a significant effect on immunoglobulin levels in the blood and
lymph of animals. IgM levels in the blood increased by 26.7% in the group of animals receiving
FA1 and by 33.6% in the FA2 group, while in the lymph, their levels increased to 271.5% with FA2
and to 247.7% with FA2. IgG levels in the blood increased by 30.5% with FA1 and to 26.5% with
FA2, while in the lymph, these indicators increased by 59.1% with FA1 and 28.5% with FA2. IgA
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levels showed the most pronounced changes. Thus, in the blood level increased by 168.6% with
feeding FA1 and by 48.4% with FA2, in the lymph this indicator increased by 129.2% with FA1
and by 62.6% with FA2 (Table 6).

Animal weight remained within normal limits throughout the study. At baseline, the average
weight was 277417 g and increased to 281£19 g after 30 days. After feeding FA1, animal weight
was 273+18 g and reached 295+19 g after 30 days. With FA2, a more pronounced increase in body
weight was observed: the average weight was 27616 g at baseline and increased to 303+18 g after
30 days. These results indicate good tolerability of FA2 and its effectiveness in supporting normal
animal growth, with significant weight gain over the 30-day feeding period.

Use of Intraruminal Boluses to Monitor the Physiological State of Cattle.

To assess the effect of the feed additive on the functional state of the animals, continuous
physiological monitoring was used in addition to laboratory analyses.

Table 6 — Blood and lymph immunoglobulins after FA-1 u FA-2 administration

Parameters Control group FA 1 FA 2
IgM, ng/mL blood 125.85+0.67 139.5+£7.25% 142.4+8.11*
lymph 44.75+3.84 66.3+4.23* 61.5+3.02*
IgG, ng/mL blood 212.3549.44 247.2049.71* 251.8+8.99*
lymph 144.14+10.65 169.53+12.05* 171.3£11.75%*
IgA, ng/mL blood 66.55+7.09 78.73+£6.25%* 84.8+5.84*
lymph 76.55+8.64 91.34£7.11%* 89.42+9.21*
Note: *Significant differences compared with the control group (p<0.01)

Electronic intraruminal boluses were placed in the rumen of selected animals from both the
control and experimental groups. The boluses automatically recorded the main physiological
parameters. The data were transmitted through a receiving device to a computer, allowing
continuous monitoring throughout the observation period.

The boluses were used to monitor changes in rumen temperature, pH, and animal activity at
different times of the day. The data showed clear daily changes in these parameters. At night,
animal activity decreased, while rumen pH increased slightly and rumen temperature gradually
decreased. After feeding and when the animals went to pasture, their activity increased markedly.
Rumen pH remained within the normal physiological range, while rumen temperature gradually
increased as digestive activity increased.

Figure 1 — Physiological and behavioral parameters of cattle in the control group:
green line — pH; blue line — temperature; yellow line — locomotor activity
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Figure 2 — Physiological and behavioral parameters of cattle receiving FA-2: green line — pH; blue line
— temperature; yellow line — locomotor activity

Analysis of the continuous monitoring data showed that the use of the FA2 feed additive did
not cause any changes indicating disturbances in rumen function. Animals in the experimental
group showed increased locomotor activity, while rumen temperature and pH remained within the
normal physiological range. These findings indicate good tolerance of the feed additive, no adverse
effects on rumen digestion, and its potential for safe use in cattle diets.

Table 7 — Blood immunological parameters in cows

Parametrs Control Parametrs after FA2 administration
IgM, ng/ml 125.85 159.50
IgG, ng/ml 212.35 277.20
IgA, ng/ml 66.55 178.83

Evaluation of the immune status showed a positive change in humoral immunity after the
use of the additive FA2 feed. The levels of IgM, IgG, and IgA increased, indicating activation of the
body’s protective mechanisms and improved immune response. The most noticeable changes were
observed for IgA, which plays an important role in the local immune protection of mucous
membranes. These results suggest that FA2 may have an immunomodulatory effect and contribute
to increased natural resistance in cattle.

Thus, the use of FA1 and FA2 feed additives activated humoral immunity, with FA1 causing
a more pronounced increase in lymph and blood immunity, indicating significant stimulation of the
immune response. The use of FA1 and FA2 had a significant effect on hematological, biochemical,
and immunological parameters, as well as on lipid peroxidation processes in laboratory animals.
The observed increase in lymphocyte counts by 10-25% indicates activation of the immune system,
which is likely due to the immunomodulatory effect of the drugs and stimulation of lymphocyte
proliferation [11]. These data confirm the role of FA1 and FA2 in enhancing the cellular component
of immunity, which may be particularly important for enhancing the body's defenses under
experimental conditions.

An increase in albumin, total protein, and glucose by 10-26% reflects activation of protein-
energy metabolism, which may indicate increased metabolic activity and readiness to adapt to the
action of the test substances. An increase in liver enzymes (ALT, AST) indicates a moderate load
on hepatocytes; however, the stability of bilirubin and alkaline phosphatase indicates the
maintenance of liver function [12]. Concurrently, the increase in creatinine and urea reflects the
activation of nitrogen metabolism and the kidneys' adaptive response to increased metabolic load,
which is consistent with data on renal physiology and protein metabolism [13].
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Lipid peroxidation parameters (MDA and hydrogen peroxidase activity) indicate that FA1
induces a more pronounced activation of these processes than FA2. Moderate activation of lipid
peroxidation can be considered an adaptive response to biologically active substances, as it is
accompanied by mobilization of the antioxidant system and enhanced detoxification mechanisms
[14,15,16]. FA2, on the other hand, induces less pronounced changes, indicating a milder effect on
the body's redox balance and a reduced potential load on antioxidant systems.

Changes in IgM, IgG, and IgA immunoglobulin levels in the blood and lymph indicate that
both drugs activate humoral immunity. A particularly noticeable increase in IgM in the lymph (up
to 271% with FAT) indicates stimulation of the primary immune response, while the increase in IgG
reflects an enhanced secondary immune response. The increase in IgA indicates enhanced barrier
protection of the mucous membranes, consistent with the mechanisms of humoral immunity
described in classical literature [17]. These data highlight the ability of FA1 and FA2 to improve the
body's immunological readiness and enhance resistance to potential pathogens.

Thus, FA1 has a more pronounced effect on immune and antioxidant systems, as well as
metabolic processes, while FA2 causes moderate but significant changes without compromising the
functional stability of the liver and kidneys. The obtained data demonstrate that both drugs are
capable of stimulating immunity and metabolism, with FA2 being preferable when a mild
modulating effect is desired. These results have practical implications for the development of
dietary supplements and the evaluation of their safety in experimental models.

Conclusion. Feeding rats the bentonite- and chlorella-based additives FA1 and FA2 for 21
days produced no signs of toxicity: haematological parameters remained within physiological
limits, bilirubin and alkaline phosphatase were unchanged, and body weight increased in all groups,
most in the FA2 group. Both additives activated protein and energy metabolism, as shown by higher
albumin, total protein and glucose, and both increased IgM, IgG and IgA in blood and lymph, with
the largest change in lymph IgM. Lipid peroxidation products rose only slightly while catalase
activity increased, indicating that the antioxidant system was mobilised rather than overwhelmed;
this response was stronger with FA1 than with FA2. In cattle, FA2 did not alter rumen pH or
temperature over the monitoring period and was well tolerated. FA2 therefore combines a moderate
metabolic effect with a clear immunomodulatory one, and merits evaluation in longer production
trials with farm animals.

Financing. This research has been funded by the Committee of Science of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No BR24993004
«Development of innovative methods to increase the productivity of liverstock animals using
physiological and genetic approaches») (for 2024-2026).
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"KAHA TABUFU KEIIEH/I Y)KEMJIK KOCITAHBIH UMMYHOMO Y JISIHUSLIBIK
BEJICEHJLTITTH TOKIPUBEJIIK BAFAJIAY

Koiioacosa JI.¥., OM0JIOTHs FBUTBIMIAPBIHBIH KaHIUIAThI, KAYMIACTBIPUIFaH npodeccop
Jemuenko I'.A., MeTUITIHA FRUTBIMIAPBIHBIH JOKTOPHI, TIpodeccop
MaxkameB E.K., Oroiorus FeUIBIMIAAPBIHBIH JOKTOPEI, Ipodeccop

Aoapemor C.H., Onosiorusi FeUIBIMIAPBIHBIH KaHAUIATHI, podeccop
MycaeBa A.C., Ononorus FEUTBIMIAPBIHBIH KaHAUIATHI, KAyMAACTHIPBUIFaH Ipodeccop
EcenoBa M.A., PhD, ara feutbIME KBI3METKED

KP f2KBEM FK I'enemuxa sicone ghusuonoeust uncmumymsol, Aamamot K., Kazaxcman

Anparna. byn makanana OSHTOHMT, XJIOpeiuia, Kalluil WO JKOHE CelleHNli KaMTHUTBIH JKaHa
TaOMFH KeIIeH/ 1 XKEeM/IK KOCIIaHbIH WMMYHOMOTYJISIIMSUIBIK JKOHE METaOOIHKAJIBIK 9CEPIIEPiH TIXKIPHUOETiK
Oaranay YCBHIHBUIFAH. 3€pPTTEYIiH MakKcaTbl — KOCHAaHbIH JuM(a alHaJIbIMbIHA, FTeMOANHAMUKAFa, KaHHBIH
Heri3ri OWOXUMUSIIBIK KOPCETKIIITepiHe JKOHE TYyMOpPAIJIBIK HWMMYHHUTETKE ocepiH OaKbUIaHATBHIH
IKCIIEPUMEHTTIK XKarIaijia aHbIKTaYy.

Hotmwxenep xepcerkenaed, 21 KyHAIK KocmaHbl KoimaHy JuMmda >xyHeciHiH (YyHKIHOHAIIbI
KaralblH alTapiblKTail JkakcapTyfa, jJduMda aFbIMBIH apTTBIpyFa »OHE TaMBIPJbIK MNapameTpiepai
TYpaKTaHJbIPYFa bIKMad eTTi. KaHHbIH OipHelnie OMOXUMUSITBIK KOPCETKIMTEPIiH MaHBI3IbI TYp/E KaJbIIKa
KeNTipy Oalkaiabl, OyJI aKybl3 JKOHE JIMIKA MeTaOONM3MIHIH jKakcapraHblH kepceremi. COHbIMEH Karap,
JUMUAATEPAIH TEePOKCUATIK TOTHIFY KAapKbIHBI aWTapibIKTal TOMEHJAEN, AaHTHOKCHAAHTTHIK >KYyHeHiH
6encenainirin 6inaipai. Kan men numdana IgM, I1gG xone IgA nmMMyHOTIIOOYTHHCPIHIH JCHICHiHIH apTyhl
TYMOpPaJJIBIK HMMYH/IBIK J)KYHEHIH BIHTAIAHIBIPBUTYBIH pacTal/Ibl.

Byn  HoTmxenmep — KOcmaHbIH ~ KemeHAI  MeTabONMKaIbIK,  aHTHOKCHIAHTTBIK  KOHE
WMMYHOMOIYJISIIMSJIBIK  KACHETTepiH KOPCETiN, OHBI IKaHyapJapAblH JKAIIbl (U3HMOJOTHUSIIBIK JKOHE
WMMYHJIBIK JKaFJaiiblH KaKcapTyFa apHaIFaH (PYHKIIMOHAIJIBI JKEMJIK KOCHa PEeTiHAe KOJJaHy olleyeTiH
nonenaeni. 3eprrey TaOWUFM KOCBUIBICTAp/bl KEMJIK Kochaiapja MNaijanaHy apKbUIbl KaHyapliapblH
JeHCAYJIBIFbIH OHTaMIaHIBIPY, TOMEOCTa3Ibl KOJIAAY KOHE OHIMAUIIK MeH aypyJiapra Te3IMIUTIKTI apTThIpy
MYMKIHJIKTEpiH TYCIHYyTe YIIeC KOCaIbI.
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IKCHHEPUMEHTAJIBHAS OIEHKA UMMYHOMOIYJIUPYIOUEA AKTUBHOCTH HOBOM
KOPMOBOU JOBABKU ITPUPOJHOI'O NTPOUCXOXKIEHUA

Koiidacosa JL.Y., kanaunaT OMOJOTHYECKUX HAYK, aCCOIMMPOBAHHBIN npodeccop
Hemuenko I'.A., TOKTOp METUIIMHCKIX HayK, Ipodeccop
Maxkames E.K., 1okTop 6monormdeckux Hayk, mpodeccop
AoapemoB C.H., kaunuaar OMOIOTHYECKUX HAYK, podeccop
MycaeBa A.C., kaunuaaT OMOJOTHYSCKUX HAYK, aCCOLIMUPOBAHHBIN TIpodeccop
EcenoBa M.A., PhD, crapmmii Hay4HBIH COTPYAHHUK

Hucmumym cenemuxu u ghuzuonocuu KH MHBO PK, Anmamel, Kazaxcman

AnHoTanus. B wccremoBanmy wW3ydanm JAeWCTBHE HOBOW KOMIUIEKCHONH KOPMOBOHM JOOAaBKH,
cocrosiied U3 OCHTOHHUTA, XJIOPEIUIbl, Homuaa kamus u ceieHa. OICHMBAIM €€ BIMSHHUC Ha JUMQOTOK,
reMOJMHAMUKY, OMOXMMHYECKHE MOKa3aTeIH KPOBU U IOKA3aTeNd I'yMOPaJbHOTO MMMYHHTETa Y KpbIC U
CEJIbCKOXO3MCTBEHHBIX JKUBOTHBIX B YCIOBHAX 3KCIIEPUMEHTA.

IMocne 21 pHs TmpuUMeHEHUWs] JO0AaBKM Yy KHBOTHBIX OTMEYAJOCh YBEIMYEHHE JUMQPOTOKa U
yIy4llleHHe TMoKa3aTenei paboTel cocyoB. M3MeHeHNsT OMOXMMUYECKUX TIOKa3aTeNieil KpOBU yKa3bIBAIM Ha
yilydlieHue OenKoBOro u JunuaHoro oOmena. IIpu 3TOM ypoBeHb MEPEKHUCHOTO OKHCICHHUS JIMIIUAOB
CHHMIKAJICA, YTO MOXKET CBUACTCIBCTBOBATH 00 YCUIICHUHN aHTI/IOKCI/IILaHTHOP'I 3alIUThI OpraHru3Ma. B KpOBHU U
nuMde Takke 0TMEUaoch MOBBIIICHUE COJIepKaHusl IMMYHOTIT00ynuHOB IgM, IgG u IgA.

[Tonmy4eHHble pe3yabTaThl MOKA3bIBAIOT, YTO A00AaBKA IOJOXKHUTEIBFHO BIMSET HA OOMEH BEIIECTB,
AQHTUOKCUJAHTHYIO 3aIlUTy U MMMYHHBIE ITOKa3aTelIH >XMBOTHBIX. OHa MOXeT OBITh MCIIOJb30BaHA Kak
)Z[OHOHHI/ITCJII)HI)IP'I KOMITOHCHT panuoHa I MOJACpKaHUusA HOPMaJIbHOT'O (I)I/I3I/IOHOI‘I/IHCCKOFO COCTOSHHUA U
HMMYHHOI;'I 3alluThI. HOJIy‘ICHHBIC JaHHBIC TaKKC TIIOKa3bIBAIOT TMEPCICKTUBHOCTL HCIIOJIb30BaHUA
MPUPOAHBIX KOMIIOHEHTOB B COCTAaBE€ KOPMOBBIX NOOABOK ISl MOJACPKAHMS 310POBbS JKUBOTHBIX M HX
YCTOHUMBOCTH K HEOIArONpUsSTHBIM (haKTOpaM.

KawueBbie ciaoBa: kopMmoBas jJ00aBKa, THTaHHE >KMBOTHBIX, JUMda, KPOBb, TYMOpaJIbHBIN
UMMYHHUTET, UMMYHOMOIYIUPYOIHi 3¢ dekr.
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