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ARTICLE INFO ABSTRACT
Article History: Introduction: Heat stress has become a significant concern for the global poultry
Received: 09/07/2024 industry as a result of climate change. This condition can adversely affect growth, gut
Revised: 10/08/2024 health, immune function, production levels, and reproductive performance, and can
Accepted: 29/08/2024 lead to lipid peroxidation in poultry. Therefore, this study aimed to evaluate Interleukin
Published: 03/09/2024 6 and 10 immune responses, anti-oxidant indices, serum biochemistry, and hepatic and
check far splenic histopathology of heat-stressed broiler chickens supplemented with a-lipoic
updates acid (a-LA) in their diet.

Materials and methods: A total of two hundred and four unsexed day-old Arbor acre
broiler chicks were randomly divided into four treatment groups and replicated three

Keywords: times to receive a-LA at 0, 50, 100, and 200 mg/kg, respectively in a completely
Antioxidation randomized design for 42 days after a one-week adjustment period. The average
a-lipoic acid temperature in the morning and afternoon was 27.9°C and 35.1°C, respectively, while
Cytokine the morning and afternoon humidity was 73.1% and 44.1% respectively. Feed and
Histopathology water were provided ad libitum. At the end of the feeding trial, samples were taken for
Serum biochemistry cytokines (interleukin-6 and 10), anti-oxidant, serum biochemistry, and hepatic and

splenic histopathology analyses.

Results: An inverse relationship was observed between pro-inflammatory (IL-6) and
anti-inflammatory (IL-10) cytokines whereby, IL-6 levels decreased while IL-10 levels
increased relative to increasing a-LA levels in treatment groups. The treatment groups
also indicated an increasing trend with rising levels of a-LA for superoxide dismutase,
catalase, glutathione, and total antioxidant capacity. The a-LA significantly influenced
malondialdehyde production, showing its reduction with rising levels of o-LA. A
decrease in serum glucose and low-density lipoproteins was observed with increasing
levels of a-LA, while high-density lipoproteins increased with increasing levels of a-LA.
Cholesterol, triglycerides, very low-density lipoproteins, aspartate transaminase,
alanine transaminase, and alkaline phosphate remained unchanged across the
treatment groups.

Conclusion: a-LA supplementation at 200mg/kg in diet had the highest effects on
immune responses of interleukin 6 and 10, antioxidant, serum biochemical indices, and
histopathology of heat-stressed broiler chickens.

1. Introduction

Environmental stressor factors, such as heat stress stimuli that disturb an animal’s homeostasis!. Heat stress
which causes lipid peroxidation, poor feed efficiency, affects biological defense mechanisms, including the
immune malfunction, and death are faced by the poultry = immune response in addition to inducing metabolic
industry today. Stress has been defined as the sum of all  disorders, leading to a low productivity of chickens?. Heat
biological reactions to physical, emotional, or mental stress leads to the atrophy of immune system organs,
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including the spleen, in broiler chickens. Thus, the function
of the immune mechanisms in the spleen might be
modified under heat conditions2. Consequently, a range of
cytokines, which are small essential proteins for immune
responses, are produced in the spleen. For example, T
helper 2 (Th2) type cytokines (interleukin (IL) -4, IL-10,
and IL 13), Th1 type cytokine (interferon (IFN)-y and IL-
18), and pro-inflammatory cytokine (IL-6) are expressed in
the chicken spleenZ2. Heat stress caused an increase in lipid
peroxides and Reactive Oxygen Species (ROS), and a
decrease in antioxidant enzymes in the thymus and spleen
of broilers. Heat stress causes oxidative stress to the
immune organs of broilers, further reducing immune
function3.

Severe oxidative stress produces excessive ROS, such as
superoxide, hydroxyl, and hydrogen peroxide, which may
result in damage to DNA, proteins, and other cell injuries*.
Alpha (a) lipoic acid, especially in recent years, has been
used as a food additive, to give beneficial effects in the
management and treatment of various types of disorders,
such as endothelial dysfunction, atherosclerosis, diabetes
mellitus, and degenerative diseases®. Alpha lipoic acid («a-
LA) also known as thioctic acid (1,2-dithiolane-3-valeric
acid) is an organic, sulphate-based compound produced by
plants, humans, and animals. As a potent antioxidant and a
natural dithiol compound, it performs a crucial role in
mitochondrial bio-energetic reactions. a-lipoic acid is both
fat and water-soluble and therefore, it can be easily
absorbed and transported across cell membranes resulting
in optimal nutrient availability®. It exists in oxidized as well
as reduced forms, characterized by growth-promoting,
anti-inflammatory, antioxidative, immunostimulatory, and
hypocholesterolaemia properties when fed as a dietary
supplement to farm animals, particularly broiler chickens?’.
The present study aimed to investigate the ameliorative
properties of a-lipoic acid in mitigating the effects of heat
and oxidative stress in broiler chickens.

2. Materials and Methods
2.1. Ethics approval

The animal wellbeing and management practices were
approved by the research project committee of the
Department of Animal Production and Health, Federal
University Wukari, Nigeria, following the regulations of the
Nigerian Institute of Animal Science (NIAS).

2.2. Experimental design

The study was conducted at the Poultry Unit of the
Teaching and Research Farm, Ibadan, Nigeria. A total of
two hundred and four unsexed day-old Abor acre broiler
chicks with an average weight, of 50g were purchased from
CHI farms in Ibadan, Nigeria for the study. The chicks were
randomly divided into four dietary treatments, with each
treatment consisting of 51 chickens. Each treatment was
replicated three times, resulting in seventeen chickens per
replicate, all organized within a completely randomized
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design. The birds were raised in 4.5 m2-sized pens on a
deep litter system in two phases; starter (weeks 0-4) and
finisher (weeks 5-7). A lighting schedule of 18 hours was
implemented starting from the second week of the study.

2.3. Experimental diets and management

According to NRC8, specifications for broiler starters
and finishers, four experimental diet starters, including
23%CP, 2834Kcal/kg ME, and finisher, 19% CP,
2952Kcal/kg ME were formulated. The basal diet was
supplemented with a-LA at varying levels as follows, Omg
(Basal diet + Og a-LA, Group 1), 50mg (Basal diet + 50mg a-
LA /kg of feed, Group 2), 100mg (Basal diet + 100mg a-LA
/kg of feed, Group 3), and 200mg (Basal diet + 200mg a-LA
/kg of feed, Group 4). The chickens were provided with
diets for 49 days and all standard management practices
were strictly adhered to3.

2.4. Temperature-humidity index determination

Indoor temperature and relative humidity were recorded
daily using a digital thermo-hygrometer. The recording was
taken in the morning (8.00 am) and afternoon (3.00 pm)
throughout the experimental period and used to calculate
the morning and afternoon temperature-humidity index
(THI) according to Tao and Xin®.

THI = 0.85 Ty, + 0.15 T,

Where, THI = Temperature-humidity index in °C; Tab, dry-
bulb or ambient temperature in °C and Tws wet-bulb
temperature in °C. According to Stulll?, wet bulb temperature
was determined from ambient temperature and relative
humidity using the empirical expression function. Heat stress
was classified as the absence of heat stress (< 27.8),
moderate heat stress (27.8-28.8), severe heat stress (28.9-
29.9), and extremely severe heat stress (> 30.0)!1.

2.5. Serum analyses

Two ml of blood was drawn from the jugular vein of
two chicks for each replicate, utilizing collecting tubes that
did not contain ethylene diamine tetraacetate. Serum
parameters, such as serum glucose, triglycerides,
cholesterol, High-Density Lipoprotein (HDL), Low-Density
Lipoprotein (LDL), and Very Low-Density Lipoprotein
(VLDL) were determined through the procedure described
by Li et al.12. Anti-oxidative indices were determined using
commercial kits. The procedure described by Lala et al.13
was used to determine the liver function, alanine
transaminase (ALT), aspartate transaminase (AST), and
alkaline phosphatase (ALP). Cytokine Interleukins 6 and 10
(IL-6 and IL-10) were determined through ELISA kits and
using an Immunoassay analyzer.

2.6. Histopathology

On day 49, two chickens were randomly chosen from
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each replicate for the evaluation of their liver and spleen.
The chicks were sacrificed by severing the jugular vein and
eviscerated. Portions were removed from the spleen and
liver and then transferred to a tube filled with sterile ice-
cold phosphate-buffered saline. Histological analysis was
carried out to identify cells involved in inflammation using
the procedure described by Gurina and Simms?4.

2.7. Data analyses

The collected data were subjected to analysis of
variance (ANOVA) using Fit Y by X function of JMP15,
version 6.12, 2012. Where the result of ANOVA was
statistically significant, for multiple comparisons, the
Tukey post-test was performed to compare the means of all
groups. The level of significance was set at p < 0.05. Graphs
were prepared using GraphPad Prism, version 6.

3. Results
3.1. Temperature humidity index

Figure 1 demonstrates that the mean THI was higher in
the afternoon compared to the morning. The morning and
afternoon average room temperatures were 27.9°C and
35.1°C respectively, while the morning and afternoon
average room humidity were 73.1% and 44.1%
respectively. The chickens experienced no heat stress in
the morning (23.8) and extremely severe heat stress in the
afternoon (33.4).

%

Morning: 23.8
ernoon:33.4

0 5 10 15 20 25 30 35 40 as 50

Days

Figure 1. Daily THI inside the poultry house during the feeding trial
period

3.2. Cytokines

The administration of a-lipoic acid (a-LA) exhibited
significant effects on cytokine responses (p < 0.05).
Specifically, interleukin 6 (IL-6), a pro-inflammatory
cytokine, demonstrated a declining trend in expression as
a-LA levels increased. Additionally, there was a significant
impact on the anti-inflammatory cytokine interleukin 10
(IL-10, p < 0.05). The chickens receiving a-LA displayed
elevated levels of IL-10 expression, with notable
differences in groups 3 (100 mg) and 4 (200 mg) compared
to the control group (Figure 2).
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Figure 2. Interleukin levels of heat-stressed chickens fed a-lipoic acid
3.3. Anti-oxidant indices

Anti-oxidant indices showed that malondialdehyde
(MDA) levels decreased significantly as o-LA levels
increased (p < 0.05, Table 1). Chickens receiving 100 and
200 mg of a-LA exhibited similar MDA levels (p > 0.05),
however, both differed significantly compared to the
control group (p < 0.05). Superoxide dismutase (SOD)
levels increased significantly with higher a-LA doses (p <
0.05). Catalase (CAT) and Glutathione (GSH) followed
similar trends, with elevated levels observed at 100 and
200 mg of a-LA compared to the control group. Total
antioxidant capacity (TAOC) also significantly increased
with the rise of a-LA levels (p < 0.05).

3.4. Serum biochemical indices

In the investigation of serum biochemical indices,
glucose decreased significantly as a-LA levels increased (p
< 0.05, Table 2). The chickens in the control group and the
50 mg group exhibited similar glucose levels (p > 0.05).
The HDL levels increased significantly with higher o-LA
doses (p < 0.05). chickens in the 100 mg and 200 mg
groups had the highest HDL levels (p < 0.05), while those in
the control group had the lowest. The LDL levels decreased
significantly with rising a-LA levels (p < 0.05). No
differences were observed for total cholesterol,
triglycerides, and very low-density lipoprotein (VLDL, p >
0.05). The AST, ALT, and ALP showed similar levels across
the treatment groups (p > 0.05).

3.5. Histopathology of liver and spleen

Liver histology of heat-stressed broiler chickens (Figure
3, H and E x250), showed normal histological features for
the control group (A) with signs of aggregated
inflammatory cells. At 50 mg/kg a-LA (B), there were signs
of hepatic degeneration, with minimal inflammatory cell
presence. For the 100 mg/kg a-LA (C) group, there were
signs of mild infiltration of inflammatory cells. The 200
mg/kg a-LA (D) group showed features of hepatic
degeneration, accompanied by a notable presence of
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Table 1. Antioxidant indices of heat-stressed broiler chickens fed a-lipoic acid

a-Lipoic acid (mg/kg)

Parameters 0 50 100 200 SD P-Value
MDA (umol/mg) 18.272 17.15b 15.65bc 15.16¢ 0.43 0.0002*
SOD(U/mol) 18.25b 19.34b 24.482 23.792 1.12 0.0013*
CAT (U/mg) 40.24b 45.223b 50.162 51.542 1.62 0.0003*
GSH (pg/ml) 22.73b 27.313b 29.002 30.302 1.38 0.0052*
TAOC 607.34¢ 673.38b 796.802 781.01a 31.15 0.0008*

abc Means with difference on the same row differ significantly (p < 0.05). SD: Standard deviation, MDA: Malondialdehyde, SOD: Superoxide

dismutase, CAT: Catalase, GSH: Glutathione, TAOC: Total antioxidant capacity

inflammatory cells.

Splenic histology (Figure 4, Handa x 100) presented a
poorly demarcated marginal zone and follicle in the white
pulp in the control group (A), with slight cellular
degeneration.

At 50mg/kg o-LA (B), there were few remains of
hemorrhagic deposit around the vessel. At 100mg/kg of a-
LA (C), severe cellular degeneration of the lymphoid cells.
At 200mg/kg a-LA (D), normal splenic histological features
of the white and red pulps were observed.

Table 2. Serum biochemistry of heat-stressed broiler chickens fed a-lipoic acid

a-Lipoic acid (mg/kg)

Parameters 0 50 100 200 SD P value
Glucose (mmol/1) 10.752 9.572 7.85b 7.82b 0.40 0.0001*
Total cholesterol (mmol/1) 3.42 3.47 3.50 3.43 0.09 0.9166
Triglycerides (mmol/1) 0.32 0.35 0.33 0.34 0.04 0.9607
HDL (mmol/1) 0.62¢ 1.500 2.38a 2.45a 0.07 0.0001*
LDL (mmol/1) 2.372 1.480 0.82¢ 0.48¢ 0.14 0.0001*
VLDL (mmol/1) 0.06 0.07 0.07 0.07 0.01 0.9607
ALP (U/L) 1388.17 1399.17 1344.17 1492.67 74.02 0.5564
AST (U/L) 45.28 44.57 39.60 40.37 291 0.4111
ALT (U/L) 145.52 160.98 125.68 155.07 12.56 0.2411

abc Means with a difference on the same row differ significantly (p < 0.05). SD: Standard deviation, AST: Aspartate transaminase, ALT:
Alanine transaminase, ALP: Alkaline phosphate, HDL: High-density lipoproteins, LDL: Low-density lipoproteins, VLDL: Very low-density lipoproteins,
mmol/1: Millimoles per liter.

Figure 3. Histopathology of liver section of heat-stressed broiler chickens
fed a-lipoic acid. A: Normal histological features of hepatocytes (green arrow),
sinusoids (black arrow), and central vein (CV) with aggregated inflammatory cells in
the portal triads (circle). B: Dilated CV and hepatic degeneration with few
inflammatory cells (green circle). C: Mild infiltration of inflammatory cells (arrows)
with severely dilated CV. D: Some features of hepatic degeneration (green arrow)
with numerous inflammatory cells (circles).

4. Discussion

The immune response to pathogens entails the swift
activation of pro-inflammatory cytokines, which play a
crucial role in initiating the host's defense mechanisms
against microbial invasion. However, excess inflammation
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SEPNE
Figure 4. Histopatho at-stressed broiler
chickens fed a-lipoic acid. A: Poorly demarcated marginal zone and follicle in the
white pulp (WP) with many lymphocytes surrounded by the red pulp (RP) with
abundant erythrocytes. Note the appearance of slight cellular degeneration around
the dilated blood vessels (circle). B: Few remains of hemorrhagic deposit (arrows)
around the vessel (circle). There is poor demarcation of the marginal zone and the
follicle of the WP and the RP. C: No clear demarcation of the marginal zone and the
follicle in the WP. D: Normal splenic histological features of the WP and RPs with
poor demarcation of the marginal zone and the follicle of the WP.

can raise the systemic metabolic and harmful
hemodynamic disturbances to the host. As a result, the
immune system has evolved parallel anti-inflammatory
mechanisms that serve to curb the production of pro-
inflammatory molecules to limit tissue damage and to
maintain or restore tissue homeostasis. The IL-10 is a
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cytokine characterized by its strong anti-inflammatory
effects, which are crucial in regulating the host's immune
response to pathogens. This regulation helps to avert
potential harm to the host and ensures the preservation of
normal tissue homeostasis'®. The IL-6 promptly and
transiently produces in response to infections and tissue
injuries. It contributes to host defense through the
stimulation of acute phase responses, hematopoiesis, and
immune reactions!’. There was an inverse relationship
between IL-6 expression and levels of a-LA with a direct
relationship between IL-10 expression and a-LA levels in
the current study. The IL-6 expression in broiler chickens
has been reported by Li et al.12 to increase when exposed to
an aflatoxin-contaminated diet. The a-LA alleviated
aflatoxin-induced oxidative stress and immune changes
and modulated the inflammatory response!2, Heat stress is
known to inhibit IL-10 production3 and advocate the IL-6
production, due to injury at the sites causing inflammation.
The a-LA supplementation promoted IL-10 expression,
preventing inflammation in broiler chickens which agrees
with previous studies?.18,

The MDA is a stable end product of lipid peroxidation
and therefore can be used as an indirect measure of
cumulative lipid peroxidation!®. The a-LA demonstrated
the capability to alleviate the impacts of heat stress that
intensify lipid peroxidation. Heat stress has been shown to
raise MDA levels320. The enzymatic antioxidant defense
system is greatly associated with the immune system,
reflecting the health status of animals. The first
detoxification enzyme and the most powerful antioxidant
in the cell is SOD* The CAT is a common antioxidant
enzyme with the highest turnover rate. It is present in
living tissues and is a key clinical enzyme involved in the
breakdown of hydrogen peroxide to water and molecular
oxygen?!. The elevation of a-LA correlates with an increase
in CAT activity, indicating that a-LA effectively mitigates
stress in broiler chickens while enhancing SOD levels. In a
study by El-Rayes?2, remarkable improvements in plasma
oxidative statuses, including TAOC, SOD, GSH-px, and MDA
were observed in broiler chicks after a 42-day feeding
period. Similarly, the SOD level was significantly increased
in broiler chickens, when lipoic acid was supplemented at
900 ppm?3.

Serum biochemistry parameters are particular
indicators of the physiological response as well as the
general health condition of animals. When animals are
under stress, glucose levels riseZ4, inhibiting insulin
production?> hence conversion of excess glucose to
glycogen is prevented. In the context of chronic stress,
physiological stress leads to an increase in blood glucose
levels, surpassed only by corticosterone?. The a-LA
supplementation proved ameliorative in combating heat
stress which reduced excess circulating glucose in the
present study. By aiding the production of insulin which
controls serum glucose levels in broiler chickens this
makes a-LA a potent anti-diabetic!8. Elevated levels of HDL
cholesterol are associated with a reduced risk of heart
disease and stroke?’. Conversely, LDL cholesterol, that
referred to as "bad" cholesterol, constitutes the majority of
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the body's cholesterol. When present at elevated levels, it
has the potential to accumulate on the walls of blood
vessels. It can cause health problems, such as heart
disease and stroke28. Hypocholesterolaemia properties of
a-LA were observed as its supplementation increased HDL
and reduced LDL, showing its potency to prevent “plaque”
and lipid-related cardiovascular diseases in broiler
chickens.

Lu et al.2° have reported that heat stress causes liver fat
accumulation and inflammation, and impaired liver
function in broilers. The incorporation of a-LA effectively
mitigated heat stress, thereby inhibiting the oxidation and
inflammation of hepatocytes and the portal triads,
demonstrating the anti-inflammatory properties of a-LA18.
Broilers exposed to heat stress for 1 or 2 weeks were
reported to show necrotic points on the liver surface3’.
Liver histological changes indicated heat stress-induced
inflammatory infiltration in the liver of heat-stressed
broilers. The obtained results indicated that heat stress
impaired liver growth and induced liver injury in the
control while a-LA was able to combat the effect of stress
in the 50 and 100 mg/kg a-LA.

The poorly demarcated marginal zone and follicle in the
white pulp in 50mg/kg oa-LA and the control indicate
abnormality as a result of heat stress3! which may lead to
immune disorder because it may affect lymphoid tissues
and lymphocyte production32. The appearance of slight
cellular degeneration around the dilated blood vessels in
the control and also poor demarcation of the marginal zone
and the follicle of the red pulp in the 50mg/kg a-LA also
show abnormal structure of the spleen. This is also
associated with heat stress. The function of the immune
mechanisms in the spleen might be modified under heat
conditions2. Group control displayed the histological
structure of a normal spleen’s white and red pulp that
showed the proven effects of a-LA on adaptive immune
cells.

5. Conclusion

The study demonstrated that dietary supplementation
with a-lipoic acid (a-LA) up to 200mg/kg had a positive
impact on various aspects of heat-stressed broiler
chickens. Specifically, a-LA influenced immune responses
(interleukin 6 and 10) which are crucial in maintaining
immune homeostasis, improving antioxidant indices,
modulating serum biochemical parameters, and affecting
hepatic and splenic histopathology. The study findings
underscore the potential of a-LA as a valuable nutritional
strategy to mitigate the adverse effects of heat and
oxidative stress in poultry. It is suggested further studies
elucidate the signalling mechanisms underlying o-LA’s
potential impact on other aspects of poultry health and
productivity.
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