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Abstract

aminolaevulic acid-induced hyperbilirubinemia of rat neonates.
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Background: Neonatal hyperbilirubinemia, a high-incidence disease, arises from an imbalance of bilirubin production and elimi-
nation. Neonatal jaundice requires medical attention in the clinic. Finding new therapeutic approaches, besides available strategies
such as phototherapy, seems necessary. In traditional beliefs Cichorium intybus could exert hepatoprotective effects.

Objectives: In this study we evaluated the effect of administration of hydroalcoholic Cichorium intybus extract to the lactating rats
in §-aminolaevulic acid-induced hyperbilirubinemia in rat neonates.

Methods: We injected §-aminolaevulic acid (i.p, 80 micromolar) three times at the intervals of 4 hours to rat newborns (7 to 10-
day-old). Cichorium intybus extract (p.o, 25 and 50 mg/kg) was administered to lactating rats at the time of interval of 2 hours (0 - 10
hours). After neonatal feeding, we assessed the bilirubin plasma levels in 0, 8, 16, and 48 hours.

Results: Injection of §-aminolaevulic acid significantly enhanced the conjugated and total bilirubin concentration in rat newborns.
Maternal administration of Cichorium intybus extract at the dose of 25 and 50 mg/kg led to significant reduction of bilirubin plasma
levels in neonates after feeding. The dose of 50 mg/kg showed a more potent effect.

Conclusions: Taken together, treatment of lactating rats with Cichorium intybus extract exerts protective effects in the J-

1. Background

Neonatal hyperbilirubinemia, icterus neonatorum, is
a very common phenomenon in the clinic (1). This con-
dition may have harmful consequences such as acute
encephalopathy and bilirubin-induced neurological dys-
function and kernicterus (2). Pathologic jaundice is a
result of excessive production of bilirubin, exaggeration
in erythrocyte destruction, hepatic uptake deficiency, im-
paired conjugation of bilirubin, enhanced bilirubin en-
terohepatic circulation, and increased rate of tissue heme
oxidation (3, 4).

Bilirubin, a bile pigment, is synthesized in a metabolic
pathway from catabolism of hemoglobin of senescent or
hemolyzed red blood cells in mammals (3, 5). Bilirubin
could be considered as an antioxidantagent atlow concen-
trations, which defines its physiologic benefits, however,
its deposition during hyperbilirubinemia exerts cellular

injury (3, 6-8). Bilirubin interferes with synthesis of DNA
or proteins, induces DNA strand breakage, prevents mito-
chondrial function, and impairs the function of N-methyl-
D-aspartate receptors. Bilirubin can also affect nerve con-
duction (notably auditory nerve) and inhibit renal func-
tion (9-12). Based on the cellular toxic effects of bilirubin
and pathophysiology of neonatal hyperbilirubinemia, de-
velopment of new strategies for prevention, detection, and
treatment of this disease are of great importance.

Cichorium intybus L., a member of the Compositae fam-
ily, with the common name of chicory, has long been used
in folklore medicine (13). Chicory possesses many benefi-
cial properties in treatment of gastroenteritis, gallstones,
acne, inflammation, splenomegaly, sinus problems, di-
arrhea, and vomiting. Administration of leaves, roots,
seeds, and fruit extract of this medical plant could be
anti-diabetic, diuretic, antioxidant, and immunomodula-
tor (14-18).
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Several studies reported that Cichorium intybus has po-
tent hepatoprotective effects and has been used as a tradi-
tional therapy against jaundice. Saggu et al., 2014, showed
that Cichorium intybus fruit extract could ameliorate the
oxidative stress and hepatic damage induced by 4-tert-OP
compound. Jamshidzadeh et al., 2006, showed that hep-
atoprotective ability of chicory leaves extract on carbon
tetrachloride induced toxicity (19).

As there are not enough experimental studies on the
role of Cichorium intybus in neonatal hyperbilirubinemia,
in the current investigation we examined the modulatory
effect of chicory extract on the rat infant hyperbilirubine-
mia, which was induced via the standard model of delta-
aminolevulinic acid. In this experiment the plant extract
was administered to lactating mothers in order to study its
protective properties in neonates with the hope of identi-
fication of new therapeutic approaches.

2. Methods

2.1. Experimental Animals

This study was performed on adult female wistar rats
weighing 200 - 220 g and their neonates with the age of 7
- 10 days (Rafsanjan University of Medical Sciences, Iran).
They were housed in the standard cages under controlled
laboratory environment (temperature: 24 &+ 1°C, humidity:
55 £ 10%, lighting: 12-hours light/dark cycle) with standard
laboratory pellet chow and water. All the procedures were
conducted according to the institutional guideline for the
care and use of laboratory animals with the approval of
Rafsanjan University research and Medical ethics commit-
tees. Each animal was used only once and each group con-
sisted of 6 animals.

2.2. Preparation of the Hydroalcoholic Extract

Aerial parts of Cichorium intybus were air-dried under
shade and grinded. These samples were botanically iden-
tified at botany research division, research institute of
forests and rangelands, Tehran, Iran. Dried powder (200 g)
was extracted by the percolation method using a hydroal-
cohol solution (ethanol/water 80% v/|v). The resultant mix-
ture was filtered and concentrated in reduced pressure (at
30-40°C).The hydroalcoholic extract was prepared in ster-
ile isotonic saline solution at 25 and 50 mg/kg in order to
evaluate its bilirubin reduction property.

2.3. Hyperbilirubinemia Induction

Experimental postnatal hyperbilirubinemia was in-
duced by administration of delta-aminolevulinic acid
(ALA), the heme precursor, between 7 - 15 postnatal days.
Injection of ALA in this time period resulted in rapid and

consistent elevation in bilirubin serum level in developing
rat neonates. We utilized this model of experimental jaun-
dice to examine the probable ability of Cichorium intybus
extract in suppressing the hyperbilirubinemia (20). This
agent was purchased from Sigma-Aldrich Corporation.

2.4. Experimental Design

We injected ALA at the dose of 80 micromolar (i.p) to
rat neonates in the time of interval of 0, 4, and 8 hours to
induce the hyperbilirubinemia. Plasma bilirubin was mea-
sured at 0, 8, 16, 24, and 32 hours after the last injection
of ALA (based on the method of Jendrassik and Grof). Rat
mothers continued lactation to their neonates until biliru-
bin measurement time. To clarify the effect of plant extract
on neonatal jaundice, we designed 4 experimental groups
as follows: 1, control, that didn’t receive ALA (to neonates)
+normal diet (to mothers); 2, ALA, the group that received
ALA (to neonates) + normal diet (to mothers); 3, ALA + 25
mg/kg, the groups that received ALA (to neonates) + 25
mg/kg chicory (to mothers), and 4, ALA + 50 mg/kg, the
groups that received ALA (to neonates) + 50 mg/kg chicory
(to mothers). Our extract was administered orally in 0, 2,
4, 6, 8, and 10 hours. Each group was divided to five sub-
groups (N = 6 per sub-group) based on different times (0,
4, 8,16, 24, 32) of bilirubin measurement.

2.5. Bilirubin Assay

For this measurement, blood samples were obtained
via direct heart puncture during ketamine-induced anes-
thesia, from vehicle and Cichorium intybus extract-treated
animals. The samples were centrifuged at 1000 X g for 10
minutes to separate the plasma and then stored at -20°C
until the assay. Quantitative detection of bilirubin plasma
level was performed with a calorimetric diazo method (21).
Plasma bilirubin concentrations are expressed as mg/dL.

2.6. Statistics

Data were presented as mean =+ standard error of the
mean (S.E.M). The computations were done by SPSS soft-
ware package (version 16), Excel (Microsoft Excel, 2010, Mi-
crosoft Corporation, USA), and Graph-pad prism software
version 6. Results were analyzed by one-way analysis of
variance (ANOVA) with tukey post hoc test. P value < 0.05
was defined significant for all analyses.

3. Results

3.1. Attenuation of Total Plasma Bilirubin in Neonates by Ma-
ternal Administration of Cichorium Intybus Extract After ALA-
Induced Hyperbilirubinemia

To investigate the effect of chicory on neonatal hyper-
bilirubinemia, ALAwas injected in order to induce this con-
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dition. As illustrated in Figure 1, ALA could significantly en-
hance the neonatal bilirubin level in comparison with con-
trol animals and reached to the peak level (8 - 0.31 mg/dL)
onthe16th hourafterinjection (all P< 0.001). Neonatal lac-
tation following gavage of chicory extract to mothers (25
mg/kg) led to significant reduction of total bilirubin con-
centration compared to ALA-treated group on the 8th, 16th,
and 32nd hours (all P < 0.05). Similarly, maternal gavage
of 50 mg/kg chicory decreased the neonatal total bilirubin
level compared to ALA-treated animals on the 8th, 16th, and
32nd hours (all P < 0.05). Comparison between two doses
of chicory revealed that 50 mg/kg of chicory is more effec-
tive on total bilirubin as the concentration of bilirubin was
lower than the groups, which were administered 25 mg/kg
chicory (significant in the 16th hours after ALA administra-
tion, P=0.012).
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Figure 1. The effect of treatment of mothers with different doses of Cichorium in-
tybus (chicory) on neonatal total bilirubin after delta-aminolevulinic acid (ALA) in-
duced hyperbilirubinemia. Cichorium intybus extract was administered by gavage to
rat mothers and neonates were fed by their mothers. The * means significant differ-
ence between ALA treated group with the ALA+25 mg/kg and ALA + 50 mg/kg chicory
treated groups in 8,16, and 32 hours after ALA injection (all P < 0.05). The # means
significant difference between ALA + 25 mg/kg with ALA + 50 mg/kg chicory treated
groupsin16 hoursafter ALAinjection (P=0.012). Data are expressed as mean =+ S.E.M.
control: the group that didn’t receive ALA (to neonates) + normal diet (to mothers),
ALA: the group that received ALA (to neonates) + normal diet (to mothers), ALA + 25
mg/kg: the groups that received ALA (to neonates) + 25 mg/kg chicory (to mothers),
ALA +50: the groups that received ALA (to neonates) + 50 mg/kg chicory (to moth-
ers). Horizontal axis shows different times after injection of ALA. For more details
please see the methods.

3.2. Effects of Maternal Cichorium Intybus Treatment on the
Conjugated Bilirubin Level of Rat Neonates

As illustrated in Figure 2, ALA could increase the neona-
tal conjugated bilirubin concentrations compared to con-
trol and the peaklevel was observed on the 24th hours after
injection (4.2 £ 0.16 mg/dL, all P < 0.001). One way ANOVA
revealed a significant conjugated bilirubin diminishing ef-
fect for the doses of 25 and 50 mg/kg of chicory (signifi-
cant at 24 and 32 hours, all P < 0.05). Moreover, our data
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showed that the dose of 50 mg/kg of chicory has a stronger
effect than the dose of 25 mg/kg in reducing the conjugated
bilirubin level (significant on the 0 hours, P=0.001).
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Figure 2. The effect of maternal treatment with different doses of Cichorium inty-
bus (chicory) on neonatal conjugated after delta-aminolevulinic acid (ALA)- induced
hyperbilirubinemia. The * means significant difference between ALA treated group
with the ALA + 25 mg/kg and ALA + 50 mg/kg chicory treated groups in 24 and 32
hours after ALA injection (all P < 0.05). The * means significant difference between
ALA + 25 mg[kg with ALA + 50 mg/kg chicory treated groups in 0 hours after ALA in-
jection (P=0.001). Other notations are similar to Figure 1.

4. Discussion

In the current investigation we demonstrated that
repetitive injection of ALA could induce hyperbilirubine-
mia in rat neonates. Administration of different doses of
Cichorium intybus (chicory) extract (25 and 50 mg/kg) to
rat mothers resulted in reduction of both total and con-
jugated plasma bilirubin levels in newborns. The dose of
50 mg/kg of chicory was more effective than the dose 25
mg/kg in this phenomenon.

Cichorium intybus (Compositae/Asteraceae) has long
been used as a medical plant in Eurasia and Africa by var-
ious folkloric groups (22). In the aspect of phytochemistry,
the plant contains chicoricacid, aliphatic compounds, sac-
charides, flavonoids, essential oils, methoxycoumarin ci-
chorine, anthocyanins, volatile compounds, and is rich in
proteins, carbohydrates (inulin), and minerals (23, 24). Ci-
chorium intybus possesses a vast range of pharmacological
activities and has been used in plant-based remedies for
centuries in different countries, especially Iran.

The therapeutic application of chicory in traditional
medicine is related to diabetes, wound healing, tumors, in-
flammation, digestive disorders, gallstones, gastroenteri-
tis, liver diseases, and jaundice. The extract can also be ef-
fective as antipyretic, choleretic, and depurative; its syrup
is tonic and purifying for infants (14, 24-28).
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Literature review indicated that this medical plant
is beneficial in liver problems similar to many other
herbal medicines, which exert hepatoprotection (29-32).
Zafar and Mujahid Ali reported the anti-hepatotoxic ef-
fects of root and root callus extracts of chicory in carbon
tetrachloride-induced hepatic damage of rats (33). Ahmed
etal., showed that the seeds of Cichorium intybus play a hep-
atoprotective role (27). Hassan et al., demonstrated that
chicory exerts a modulatory role against hepatotoxicity in-
duced by nitrosamine precursors (34).

The main issue for administration of chicoryin a clinic
is the safety (high therapeutic index). The potential toxi-
cological property is related to high concentration of sec-
ondary metabolites (24). The sesquiterpene-rich extract
was examined for potential mutagenicity by the Ames test
in Salmonella typhimurium and Escherichia coli strains.
Despite some cytotoxic effects at high doses, mutagenicity
was not observed following chicory treatment (24, 35).

Data from a sub-chronic (28-day) oral toxicity study in
rats showed that there are no signs of toxicological effects
or mortality related to extract. Another study based on Vib-
rio ficheri bioluminescence inhibition assay showed that
the extract is safe for use in human (24, 35, 36). The main
concern regarding the Asteraceae family is the risk of al-
lergic reactions, however, more comprehensive studies are
necessary to determine the safety of chicory. In this study
chicory, at doses 25 and 50 mg/kg, did not induce any ad-
verse reactions (pilot study). Moreover, in previous stud-
ies higher doses (250 or300 mg/kg) were administered and
in other species, for instance Cichorium glandulosum, the
administered dose was up to 800 mg/kg in rat (37).

There are limited clinical trials on chicory beneficial
usages. One study on patients suffering from osteoarthri-
tis revealed that treatment with chicory is well-tolerated
and only one patient was withdrawn from the study due
to adverse reaction (in order to highest dose of extract)
(38). Another clinical study was designed to assess the
intake of chicory coffee as well as cardiovascular protec-
tion and showed a new insight for investigating the anti-
inflammatory, antithrombotic, and beneficial hemorhe-
ologic properties of chicory coffee phenolic compounds
(39).

Bilirubin metabolism in the fetus is placenta-
dependent and most of the bilirubin remains in the
unconjugated form, which can clear through placenta
readily/efficiently and then conjugated and excreted by
maternal hepatic system. After birth, placenta bilirubin
metabolism is replaced by neonatal hepatic system. Any
immaturity in hepatic and intestinal processes of conjuga-
tion and metabolism leads to physiological jaundice and
enhances the risk of neonatal hyperbilirubinemia (40-42).

Two types of jaundice, such as breastfeeding jaun-

dice and breast milk jaundice, are usually harmless and
more severe forms are associated with several conditions
including metabolic/endocrine disorders, hemolytic dis-
eases, liver anatomic abnormalities, infections (hepatitis,
sepsis), and in rare conditions, bilirubin passage across the
blood brain barrier causes kernicterus. Bilirubin at low
concentration is a potent intracellular antioxidant, which
prevents membrane peroxidation and is the scavenger of
reactive oxygen species but at higher doses exerts toxic ef-
fects (43).

Since neonatal hyperbilirubinemia is a frequently en-
countered condition in term and preterm infants, de-
signing an efficacious, novel, and safe treatment is essen-
tial. In our study, injection of ALA to rat newborns in-
creased bilirubin significantly compared to control. Then,
neonates were fed with chicory-rich milk by their mothers
that resulted in bilirubin reduction. Our findings are in
line with previous studies that demonstrated protective ef-
fects of chicory.

In summary, maternal administration of Cichorium in-
tybus extract reduced conjugated and total bilirubin lev-
els in rat neonates following lactation. More studies are
needed to clarify the possible mechanism of action as well
as the safety profile of this valuable extract to use in lactat-
ing mothers.
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