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Abstract
¢

Background: The broiler chicken population is currently facing a pressing issue&w form of
bacterial infections, which significantly impact their growth and develop‘ental processes.

A\

Glycyrrhizin (GL) a compound discovered in licorice, is a unique and,ve‘atile mpound with a

-
range of psycho-chemical properties that contribute to its di@obg% activities. It also has

immunomodulatory, anti-inflammatory, antiviral, hepatoproati‘e, anticancer, and anti-

inflammatory properties, contributing to overall poultry health: P

Objectives: GL may modulate appetite aXs Mkers by mitigating inflammation in

chickens.

Methods: The study investigat&dttthl’ of GL and LPS on broilers. 24 one-day-old male
Arian broiler chickens (Si ashhad Iran) were divided into 4 groups: a control group
and 3 treatment grp ecAng lipopolysaccharide (LPS) alone or with GL at 2 different

dosages. Treatmentsywer: admlmstered intravenously on day 20, and feed intake and blood
§

D)



Results: LPS injection significantly reduced feed intake compared to the control group at 4.5, 5,
and 6 h. after injection (P< 0.05). Furthermore, the co-administration of LPS+G' sulted in a
dose-dependent increase in cumulative feed consumption compared to the LPﬁ&“.S, 5,
and 6 h. following the injection. Additionally, the groups treated w1t ‘C’J showed
reduced activity of AST and ALT enzymes relative to t u\that received only LPS,
suggesting that GL may exert a hepatoprotective effect. GL found itigate the negative

effects of LPS and improve the A/G ratio, highlight poten&l as an anti-inflammatory

seent O\

Conclusion: GL positively influences appgtite a@nction in inflamed Arian broilers.

Keywords: Arian broiler, Glycyrrh1 d&accharlde Appetite, Biochemical parameters
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Introduction

¢

The poultry industry has experienced significant growth and expansion ov Rpast two

and its supply for human consumption. The increasing demand fo'hi!h

®
decades, playing a crucial role in bridging the gap between the demand fo hig@ali,ty protein
hy, disease-free

. 4
protein sources has led to a heightened emphasis on the @ar& {sustainable and safe

poultry production systems (Qui et al., 2024). Despite\he pouﬁy 'gldustry's efforts to address
these concerns, it continues to face significant challenges.in t esorm of various diseases, such as
bacterial and viral infections, that can imp*the %alth and well-being of both the birds and

consumers (Rafiq et al., 2022; Partovi et al., 2021~

Numerous studies have been cql(thl ﬁeggniﬁcance of combating infections in broilers,
highlighting the critical naniof this,issue (Boroomand et al., 2023; Eshaghniya et al., 2024).
Broiler chickens are f@g\%reasing challenge in the form of bacterial diseases, which
significantly impede @ro‘v‘s’th and development (Gholipour-Shoshod et al., 2023; Morovati et
al., ZOZNA O%Ccharide (LPS), a crucial component of the cell wall of Gram-negative
bacte play* pi\votal role in the pathogenesis of these diseases (). LPS can induce oxidative

stress and inflammation in poultry, which can compromise their antioxidant capacity and trigger

4



the production of pro-inflammatory cytokines (Leshchinsky & Klasing, 2001). The multifaceted
[ &

impact of LPS on poultry health underscores the importance of understanding its r&bacterial
diseases and developing effective strategies to mitigate its effects, ultimaﬁn r'glg the

sustainability of the poultry industry (Pang et al., 2023). LPS plays a ¢ Mnﬁriggering

&
cell and tissue damage, ultimately leading to the developmm@m@le organ ¢ ysfunction and

various histopathological changes (Ding et al., 2018; {hang al., 202& Studies have shown
N

that exposure to lipopolysaccharides (LPS) leads to ease indantioxidant levels and the

activity of antioxidant enzymes, while simultaneo@e atin? the levels of pro-inflammatory

factors (Zheng et al., 2016). ‘ V
The central nervous system is paﬁic?&ct‘ by LPS, which can lead to changes in feeding

behavior and overall nutritional stat G’iasi et al., 2023; Yousefvand et al., 2018). The

hypothalamus is recog'rd ( &p\otal brain region governing feed intake (Yousefvand &

Hamidi, 2020; Emadi et al., 2021). It assimilates signals emanating from the gastrointestinal
i
__

tract, pancrea hem\Wtem, adipose structures, and diverse cerebral regions (Yousefvand &
HQD . Existing research has elucidated a significant interrelation among the

immun ice) neuronal, neurohumoral, endocrine, and neuroendocrine networks within the



central nervous system that coordinate nutritional ingestion in the context of bacterial infections

¢
(Zendehdel et al., 2013).

LPS significantly affect nutrition and weight by causing decreased feed intak!and Wealaess in
N 4
animals. This can lead to disorders such as anorexia and fever due to i‘ i%matory effects.
Medicinal plants are extensively studied for their various @s S CQS anti-inflammatory,
analgesic, and antioxidant properties (Zendehdel et a.§,2012).ﬁlycyrrhiza glabra, commonly
known as licorice, has been utilized as a therapeutic age t{or inflammation. Research has
demonstrated that supplementing licorice in @ken%s can enhance their growth performance
by influencing the expression of genes atedVrowth, lipid metabolism, and antioxidant

pathways, thereby modulating the 2 t}tivity in avian species (Toson et al., 2023).

Licorice root extract contains uﬁ to 2 lycyrrhizin (GL). GL, the main active compound in

licorice root, has been srn @&neﬁcial effects on inflammation (Li et al., 2014). GL and
glycyrrhetinic aciw demonstrated efficacy in inhibiting the growth of gram-positive
- 4

organisms, iidig\wms subtilis and Staphylococcus aureus, and gram-negative pathogens
ch

ichia” coli and Pseudomonas aeruginosa. This suggests a broad-spectrum

such as
antibacterial ;)tential for these compounds (Langer et al., 2016; Nitalikar et al., 2010). The



administration of GL to broilers led to an increase in body mass and an improvement in the feed

@
conversion ratio (FCR) compared to the control group (Ocampo et al., 2016&1‘1@ precise
T

0 e‘s The

hypothesis of the current study was that the administration of GL would M/e’effects on

correlation between GL intake and food consumption remains unclear in Aﬂ

inflammation in Arian broiler chickens challenged with LPSb s thls knewledge gap, our
study aimed to examine the influence of GL administration/on they appetite and serum
biochemical markers in Arian broiler chickens challeng ith LPS 3

Materials and Methods J

Ethical Considerations ’ r Z ’

The research was cond@ \\e ethical principles and the national norms and standards for

conducting m d1cal sear h in Iran (IR.UM.REC.1402.221).

Re@n? Is, and experimental design



LPS (Escherichia coli 055:B5) was obtained from Sigma-Aldrich Chemical Co. (#L2880; St.
¢
Louis, MO, USA). The LPS was dissolved in a sterile 0.9% NaCl solution (%LPS/mL

saline). Also, GL with a purity of >98% was purchased from Sigma-Aldrich. h \

A total of 24 one-day-old male Arian broiler chickens (Simorgh ;o‘ Ihwere,randomly
assigned to four treatment groups, with each group cons@f&x&rﬁn a completely
randomized design. The birds were reared in standar&nvironﬁ!gntal conditions at 22 + 1 °C,
50% relative humidity, and continuous lighting (Ol liet al 2006). The birds were
provided access to mash feed and water ad IQm 21 days of the study. The chemical
composition of the diets and additives is §1IeWa e 1. The broiler chicks were randomly
allocated into 4 groups: 1) Control ( lia, 2) 1 mg/kg LPS, 3) 1 mg/kg LPS + 40 mg/kg
GL, 4) 1 mg/kg LPS + 80 mg/kg (:I‘Qn'he chicks reached a weight of 700 g at 20 days old,
groups 2, 3, and 4 receir an ra\A)us (IV) injection of LPS and GL, while the control group

was administered aﬂ'li sohon of equal volume (0.9%) as a placebo. The health condition of
& 4

the animals {mxlw daily throughout the study using standard diagnostic methods. In this
ses‘of G

study, all and LPS were determined based on previous studies (Mano et al., 2023;

Tan et 01‘, Tsai et al., 1992).



Table 1. Chemical composition of the used broiler diets and additives in the diets.

¢
Item Pre- starter (1 to 12 days) Starter (13 to 24&)
Ingredients
Corn 58.35 59.01 L \*
Soybean meal 33.02 33.00
Soy oil 1.16 216 . . W
Corn gluten meal 3.18 2.00
CaHPO, 2.00 NN\ 7
Limestone 1.25 1.25
Nacl 0.36 \ 0:36
DL-Methionine 0.28 0.17
L-Lys 0.20 T 020
Vitamin premix 0.10 0.10
Mineral premix 0.10 e L4 o000
Total 100 100
Calculated nutrient content £ N :"
ME, calculated (kcal/kg) 3000 3000
CP 2129 N 21.00
Calcium 0.96 0.91
Available phosphorus 2046 N 0.40
Lys 1.15 1.15
Met . 8057 0.50
TSAA 0.86 0.86
Thr o N 10.78 0.73
Trp 0.22 0.22

QN
)

\



Measurement of feed intake

@«
After the injections, chicks were deprived of food for 3 hours. Then, they Werewferred to

separate cages. Fresh food and water were provided, and cumulative feed 1ntag ere recorded

at 3.5, 4, 4.5, 5, and 6 hours after the injection. The body weight of ﬁe‘ M was measured

before they were placed in individual cages. o \ :

Serum biochemistry

Blood samples were taken from the vein unw @ eig hours after injection and placed in
5 mL Vacutainer tubes without anticoag T‘Wes were then centrifuged at 3,000 x g for
10 minutes at 4°C, and the resulting leected and stored at -80°C for further analysis.
Serum levels of aspartate a 'ﬁo!rans se’ (AST), alanine aminotransferase (ALT), alkaline

{K% albumin, globulin, and the albumin to globulin ratio

phosphatase (ALP), torj
(A/G) were meas mg e BS-800 chemistry analyzer from Shenzhen Mindray (Bio-

medical Elegclc\\ﬂnna).

BON)QI‘UI‘;\
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In group 2, the rectal temperature of each chick was measured before and at 1, 3, 5, and 8 hours
after the injection of LPS using a digital thermometer. The tip of the thermometer Kinserted at

least 2 cm into the cloaca.
Statistical analysis Pe ‘ \

All data were preliminarily processed using the Excel 2016 software. &istical analyses were
performed using the statistical software SPSS 25.0, and sults arépresented as mean + SEM.
Statistical analyses were performed using one- waw fbariance (ANOVA) followed by

Tukey’s test. Differences were considered stMcaWﬁcant at P<0.05.

JQ ’Q’Jts

The feeding respo cf hctlon of LPS and GL in Arian broilers is shown in Figure 2. IV

injection of{\ of LPS significantly reduced feed intake compared to the control

Cumulative feed intake

after injection (P< 0.05). In addition, IV injections of LPS+GL (at doses

at4
ofm% g/kg) resulted in a dose-dependent increase in cumulative feed consumption

11



compared to the LPS group at 5 and 6 h. following the injection (P< 0.05). There were no
&
notable differences observed in any of the groups compared to the control group, at 3.5 and 4

hours post-injection (P> 0.05). h \
é \\ 4
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Figllﬁ\ Effgjs of IV injection of control solution, lipopolysaccharides (LPS), and LPS+
glycyrrhizin(GL) on cumulative feed intake in Arian broilers. Data are expressed as the mean +
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SEM. Different letters (a, b, ¢, and d) indicate significant differences between treatments at each
time (P< 0.05).

Effect of IV injection of LPS on rectal temperature Q
e

5, and 8 hours after

administering LPS, the body

13
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Figure 2. The effect of IV *cti‘ of LPS on rectal temperature was measured at 10 minutes

before injection, 1 hou@ﬁqurs, and 8 hours after injection.
C\J

Q\~

Serum bioc ic§l parameters
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As shown in Table 2, serum biochemical indicators exhibited significant differences 8 hours after

the injection. The serum biochemical indicators of AST and ALT were signiﬁcan‘t' igher in the

LPS group than in the other groups (P< 0.05). In contrast, the GL groups disp&%\i{cantly

decreased AST and ALT activity compared to the LPS group (P< 0.05). ]'t %d, the results

showed that ALP indicators did not differ significantly amon fi l’l'r groups (P> 0.05). In the

LPS+GL groups, the TP content was higher than that o\f thﬁ and cc&rol groups (P< 0.05).
A

Furthermore, the LPS group showed significant reducti in albumin concentrations compared

to the other groups (P< 0.05). On the other hanw ellof globulin showed a significant

increase in the LPS group compared to 0ther¥ups~

g

Table 2. Effects of GL on some ser@o ex’cal parameters of LPS-stimulated broilers.

A
Groups ALT (U/L) AST W ALP TP (g/dL) Albumin  Globulin A/G
*U/L)\ (U/L) (g/dL) (g/dL)
Control  3.26+ 261 + 1873+ 330+ 1.99 + 1.76 £ 1.12 +
0.018° 4358 0.61 0.038° 0.037° 0.036° 0.020°
LPS 3.40 £ 291 + 18.60 + 331+ 1.88 + 217+ 0.87 +
00043° %, N 3.72° 0.52 0.033% 0.037° 0.029% 0.023%
LPS+GL 3.34+ 275 + 1836+ 344+ 210+ 1.71 + 123+
(40) 0.013% 5.002 0.60 0.0622 0.042° 0.028° 0.039%
LPSY 1% 267 + 18.43 + 3.49 + 210 + 1.67 + 1.25 +
(80) 241 3,708 0.51 0.038° 0.034° 0.015° 0.023¢

g
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ALT = alanine transaminase; AST = spartate transaminase; ALP = alkaline phosphatase; TP =
serum total protein; A: G = albumin to Globulin ratio. l &

Control, intravenous administration of normal saline (0.9%); LPS, intravenous administration of
1 mg/kg LPS; LPS+GL (40) (80), intravenous administration of 1 mg/kg LPS or 80

mg/kg GLA, respectively.
"\ 4
Values were expressed as means = SEM (Standard error of means). g ‘ \

4
abeMeans within rows without the same superscript are sign@r d}fﬁnt (P <.05).
\ K
Q ‘

The growth performance of anim & 9 unsanitary environments is believed to be

Discussion

negatively impacted by an ovaattiv i m’ne response, characterized by inflammation. This
response is associated f\%crea& feed intake, reduced muscle protein synthesis, and the

diversion of energrn rotein resources towards defense mechanisms, ultimately leading to

g
impaired gro (CWII; KC, 1988). The findings from our experiment indicated that IV
n

ad ini@o

IEled to a decrease in feed intake compared to the control group at 4.5, 5,
A
and in‘ post-injection. In a related investigation, researchers discovered that

intracerebroventricular (ICV) and intraperitoneal (IP) injections of LPS significantly decreased
16



feed consumption in chickens (Ghiasi et al., 2023). Our results showed a significant dose-
dependent increase in cumulative feed intake in the LPS+GL groups compared to' LPS group
at 4.5, 5, and 6 h. after administration. The results also indicate that the feediﬁ&ms& to IV
injection of LPS and GL is time-dependent, with notable differences ob‘t weglﬁc hours
post-injection. In another study, the use of GL as an additiy, tlgdrmkl& ater of broiler
chickens has been investigated as a potential strateg‘o Qe botl&roduchon and health
outcomes in the flock. Furthermore, they found that broiler chickens treated with 0.03% GL
showed statistically significant improvements in W i (7%% higher) and feed conversion

ratio compared to non-treated controls. AddMallWortallty rate among treated birds was

reduced from 8.17% to 5.95% (Ocampo e& J»

}
The study on the effect of [V irﬁectionZL’S on rectal temperature reveals significant changes

in body temperature, in(ll\aopﬁ below the normal range and then rising above it. This
se

suggests that LPS @y au stress response in the chickens, leading to changes in body

temperature. \ uced fever has been observed across various species, including
ang et

2022). Consistent with our research, chickens have exhibited elevated

boherat es and a loss of appetite after injection of LPS (Johnson, 1998). Research by De

17



Boever et al. (2008) focused on the impact of LPS on body temperature in broiler chickens.

¢
Following the administration of a potent LPS dose, the chicken's body temp* initially

b‘ other

e
studies that examined the effects of IV and IP injections of LPS in chicker \Meval., 2022;
@&

Xie et al., 2000). o
- \ . 4

The analysis of serum biochemical indicators in the st&r reveals significant differences in AST

decreased below normal levels before rising. This phenomenon has been conﬂt

and ALT levels among the groups. The LPS group exhib eghigher AST and ALT activity
compared to the GL groups, indicating pote%li@ma (Hong et al., 2023). In this regard,
the results of other studies showed that IP 'ectivm increases ALT and AST levels (Yu et
al., 2017). In contrast, the GL grou geaecreased AST and ALT activity, suggesting a
protective effect of GL on livsr}fun .’Also, GL exhibits advantageous pharmacological

properties, such as antitr i-inflammatory, and antioxidant capabilities. It is recognized for
r-p\tecting agent (Orazizadeh et al., 2014). Furthermore, a study
4

its effectiveness ar

conducted b{l et\WI 7) demonstrated that GL can reduce the activities of ALT and AST,

th% ga\tl g Ehe potential damage to hepatic cells.

18



The ratio of albumin to globulin (A/G ratio) is a significant parameter in the assessment of the
health and physiological status of broiler chickens. The A/G ratio is an importantﬁ&flt/or of the
immune status, as globulins are involved in the immune response, and a lowerﬁm ﬂlggest
an active immune response or inflammation (Sugiharto et al., 2024). In‘: ing the present
study's findings, the LPS-challenged groups exhibited a signi ntéterati% the A/G ratio,
with a marked increase in globulin levels, indicative {an in mmator&esponse (Pang et al.,
2023). Our research findings indicate that glycyrrhizi esses the capacity to ameliorate the
adverse impacts induced by LPS while concurren ntirg the A/G ratio. This suggests a
potential therapeutic role for GL in the mod‘ionWammatory responses. In line with our

study, glycyrrhizin counteracts the inflam atorykade triggered by LPS and its effect on the

A/G ratio through modulation of; s)erig;aling pathways (Chen et al., 2022).

The present study iden‘;’(v%‘iﬁt&io&n serum protein patterns among the different groups. The
1cant

Ajctions in albumin concentrations in the LPS group, which could
4

eWge or inflammation. Moreover, the increase in globulin levels in the

be indicative \
LP g\ m

e related to the immune response to LPS. It should be emphasized that

results also show si@

li
roupjymayapb
numero atblogical conditions are often associated with minor or more significant changes in

19



serum protein profiles, including variations in the concentrations of albumin and globulins
(Kaneko, 1997). The exposure of broilers to LPS triggers an immune response th' promises
their growth, primarily due to the disruption of protein metabolism within thgy&wvaz et
al., 2021). As a result, the nutrients that would normally support growth i Wdﬁo combat
the inflammatory response, ultimately hindering the growth mq{lce of the broilers. In the
context of the acute-phase response, serum albumin is_a prominent nega acute-phase protein
(APP) whose synthesis is diminished during inflammati his pheflomenon is attributed to the
heightened demand for amino acids to pro 'tive\ APPs, which necessitates a
reorganization of hepatic protein synthesis! liriw the current study's results, albumin

production is downregulated, and amino st je directed towards the synthesis of positive

APPs, thereby reflecting the body’}aQ/e 6esponse to inflammation (Abdullah, 2021).

Conclusion ‘ \

In conclusion, the &ects of)‘ on feed intake and serum biochemical parameters in inflamed

Arian \ﬂ‘ gg MPS has negative effects and GL may have a positive impact on feed

intv 'V% function in broiler chickens under certain conditions. Further research is needed

20



to fully understand the mechanisms underlying these effects and to explore the potential

[ ¢
applications of GL in poultry nutrition and health management. \
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