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Abstract

This study was conducted to evaluate the anti-obesity effects of long-term taurine supplementation in a mild obese ICR
mouse model and to study the mechanism by which taurine induces weight loss. Three groups of male ICR mice were fed
a normal chow diet, a high-fat diet (HFD), or an HFD supplemented with 2% taurine in drinking water for 28 weeks. Body
weight was measured every week. Metabolic, behavioral, and physiological monitoring were carried out using PhenoMaster
at 28 weeks. Interscapular brown fat (BAT), inguinal white fat tissue (WAT), and quadriceps muscle were analyzed and
compared to assess the change of gene expression related to adipogenesis. Taurine supplementation showed the trend of
anti-obesity effect in ICR mice fed an HFD for 28 weeks. HFD-fed mice did not show significant difference of oxygen con-
sumption (VO,), energy expenditure (EE), respiratory exchange rate (RER), and locomotive activity compared with those
of normal chow diet fed mice. The expression of adipogenesis-related genes such as PPAR-a, PPAR-y, C/EBP-a, C/EBP-f,
and AP2 increased in BAT and WAT, but not in muscle tissue. Taurine supplementation showed the downregulation of these
genes in WAT but not in BAT or muscle. Consistently, the expression of taurine transporter (TauT) and adipocyte-specific
genes such as adiponectin, leptin, and IL-6 was regulated in a similar pattern by taurine supplementation. Long-term taurine
supplementation causes weight loss, most likely by inhibiting adipogenesis in WAT. TauT expression may be involved in the
expression of various genes regulated by taurine supplementation.
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Introduction

Approximately 0.1% of the human body weight consists of
taurine, making it one of the most abundant amino acids.
Taurine plays various physiological roles in body (Lam-
bert et al. 2015) and has been investigated as a beneficial
molecule to reduce metabolic dysfunctions such as dyslipi-
demia, insulin resistance, and hyperglycemia, which are
mainly associated with obesity (Kim et al. 2012). Thus, the
anti-obesity effect of taurine has attracted much interest
from many researchers as a potentially safe agent to reduce
weight in the era of global obesity (Lifshitz and Lifshitz
2014; Murakami 2017). Taurine is believed to have an
anti-obesity effect. White adipose tissue actively synthe-
sizes taurine (Ide et al. 2002), and its synthesis activity
changes in the process of differentiation and hypertrophy
of adipocytes (Tsuboyama-Kasaoka et al. 2006; Ueki and
Stipanuk 2009). In particular, obese people have a lower
content of taurine in the body (Rosa et al. 2014). People
who consume a lot of seafood containing high levels of
taurine are much less likely to have metabolic diseases
such as obesity, diabetes, dyslipidemia, and hypertension
than people who do not (Yamori et al. 2001, 2010; Sagara
et al. 2015). In particular, animal studies have showed that
taurine effectively reduces or delays obesity in mice fed a
high-fat diet (Lin et al. 2013; Batista et al. 2013). These
observations indirectly suggest that taurine scarcity in the
body could induce metabolic dysfunctions such as obesity
and dyslipidemia, and that taurine is a very important and
beneficial substance. Thus, it is important to further elu-
cidate the molecular mechanism by which taurine inhibits
metabolic dysfunction.

Long-term treatment with taurine have exerted its ben-
eficial effects such as anti-obesity, anti-hyperglycemia, and
anti-atherosclerosis in leptin-deficient obese (ob/ob) ani-
mal model or in high-fat diet (HFD)-induced obese mouse
models using C57BL/6 mice (Murakami et al. 2000; Borck
et al. 2018). In most studies, obese animals were treated
for short term with diet or drinking water containing 5% or
3% taurine (Murakami et al. 2016; Du et al. 2010; Ribeiro
et al. 2012). The amount of taurine used to treat obese ani-
mals in these studies is not practical as a dietary regimen
in normal human life. The treatment amount of taurine
must be lowered and the anti-obesity effects reevaluated
before taurine can be used to treat obese humans. Fur-
thermore, the molecular mechanisms by which taurine
ameliorates obesity have been studied by many research-
ers. Taurine seems to be involved in stimulation of lipid
metabolism (Kim et al. 2012) and energy expenditure
(Batista et al. 2013) or in inhibition of oxidative stress and
inflammation (Rosa et al. 2014). In addition, the degree of
obesity in most obese model mice of C57BL/6 is so severe

@ Springer

that they develop metabolic diseases such as diabetes and
dyslipidemia. Thus, these mouse models may not be suit-
able to mimic mild obesity in humans.

In this study, we investigated anti-obesity effects of
chronic treatment using 2% taurine drinking water on HFD-
fed ICR mice and the molecular mechanism by which tau-
rine ameliorates mild obesity.

Materials and methods
Animals and diets

Thirty, male, 4-week old ICR mice were randomly subdi-
vided into three groups, housed in a specific pathogen-free
(SPF) facility with a 12 h light/dark cycle, and given ad libi-
tum access to food and water. The first group was fed a
normal chew diet (Normal, n=10); the second group was
fed a high-fat diet (HFD) (HFD, n=10); the third group
was fed an HFD supplemented with 2% taurine in the drink-
ing water (HFD + TAU, n=10). All animal protocols were
approved by the Committee on Animals of Kyung Hee Uni-
versity Hospital at GANGDONG (KHNMC AP 2016-009).
The normal diet was purchased from Orient Bio (Korea).
The HFD, Research Diets D12451 diet (45 kcal % fat), was
purchased from Nara Biotech (Seoul, Korea). Taurine was
obtained from the Institute of Dong-A Pharmaceuticals
(Yongln, Korea). Purified water containing 2% taurine was
provided as drinking water for taurine supplementation to
the HFD + TAU group, while the Normal and HFD groups
received purified water.

Food uptake, activity, metabolic parameters,
and body composition

Mouse body weight was monitored weekly for 28 weeks.
Metabolic monitoring was assessed in a resting state using
the PhenoMaster System (TSE systems GmbH, Bad Hom-
burg, Germany). Energy expenditures including CO, pro-
duction (VCO,) and O, consumption (VO,) were monitored
for 48 h. The mice were free to consume food and water. The
respiratory exchange ratio (RER) was defined as the ratio
of carbon dioxide volume versus oxygen volume (VCO,/
VO,). Food uptake and locomotor activity were also meas-
ured. An LF50 body composition analyzer (Bruker, Ger-
many) was used to determine body composition (lean body
mass, total body fat, and fluid) in mice. Animals were given
4-6 h to acclimate to the metabolic caging prior to beginning
data collection, which took place over a 24 h period. Data
collected (respiratory exchange ratio (RER), VO,, VCO,,
energy expenditure (EE), food uptake, drinking, and activ-
ity) were separately averaged over the light and dark peri-
ods. Animals were maintained on a 12 h light—dark cycle,
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continued to consume a standard rodent chow diet, and
were provided with water ad libitum. All procedures were
approved and ethical consent was provided by the Animal
Care Committee at Seoul University College of Veterinary
Medicine, Korea Mouse Phenotyping Center (KMPC).

Tissue and blood of mice

Inguinal white fat tissue, interscapular brown fat tissue, and
quadriceps muscle were harvested from euthanized mice by
cervical dislocation, instantly frozen in liquid nitrogen, and
kept at — 80 °C until analysis. Total RNA was extracted from
the inguinal white fat tissue, interscapular brown fat tissue,
and quadriceps muscle using Trizol (Thermo Fisher Scien-
tific Korea, Seoul). Blood was obtained by heart puncture
prior to sacrifice. The blood levels of glucose, total triglyc-
eride, total cholesterol, and high-density lipoproteins choles-
terol (HDL-C) were measured by automated clinical chemis-
try analyzer, FUJI DRI-CHEM NX500 (FUJIFILM, Japan).

Quantitative real-time RT-PCR

cDNA was synthesized from RNA using a commercial
cDNA synthesis kit (Thermo Fisher Scientific Korea, Seoul)
according to the manufacturer’s instructions. Quantitative
real-time RT-PCR was performed using an Applied Bio-
system™ Real-Time PCR system (Applied Biosystems,
Carlsbad, CA, USA) with the primer sequences shown in
Table 1. The relative mRNA expression of the target gene
was calculated using the AACt method and was normalized
to 18S rRNA as an internal control.

Statistical analysis

Experimental data are expressed as mean =+ standard error
of the mean (SEM). Differences between three groups were
analyzed using the nonparametric Kruskal-Wallis test. If a
statistical difference was detected (P <0.05), post hoc pair-
wise group comparisons were performed using Dunn’s test
with Bonferroni multiple-testing correction (Dunn 1964).
Differences between two groups of day and night was com-
pared by the Mann—Whitney test. Prism software v.5 (Graph-
pad Software, San Diego, CA) was used for statistical analy-
sis and graphing. Differences were considered statistically
significant at P<0.05.

Table 1 Primer sequences used in the experiment

Taurine transporter

Forward GCGTTTCCCGTACCTCTGC

Backward ATGGATGCGTAGCCAATGCC
Adiponectin

Forward GGAACTTGTGCAGGTTGGA

Backward CTTAGGACCAAGAAGACCTGC
Leptin

Forward GTTCAAGCAGTGCCTATCCA

Backward CAGGAATGAAGTCCAAGCCA
IL6

Forward CCAATTTCCAATGCTCTCCT

Backward ACCACAGTGAGGAATGTCCA
PPAR-«

Forward AGGGTTGAGCTCAGTCAGGA

Backward GGTCACCTACGAGTGGCATT
PPAR-y

Forward TTCAGAAGTGCCTTGCTGTG

Backward GCTGGTCGATATCACTGGAGA
C/EBP-a

Forward GAACAGCAACGAGTACCGGGTA

Backward CCATGGCCTTGACCAAGGAG
C/EBP-p

Forward CAAGCTGAGCGACGAGTACA

Backward CAGCTGCTCCACCTTCTTCT
AP2

Forward AAGGTGAAGAGCATCATAACCCT

Backward TCACGCCTTTCATAACACATTCC
SREBP-1

Forward ATGGATTGCACATTTGAAGACATGCTC

Backward CCTGGGCTGCTGGGGCC
Results

Anti-obesity effect of taurine in high fat
diet-induced mildly obese ICR mice

ICR mice are not generally regarded as diet-induced obese
(DIO) rodents but, rather, dietary-resistant (DR) strains
(Speakman et al. 2007; Zhuhua et al. 2015). To induce
mild obesity in these mice, ICR mice were fed a high fat
diet (HFD) for 28 weeks to mimic mild human obesity
without severe metabolic diseases such as diabetes and
hyperlipidemia. HFD-fed mice did not show any meta-
bolic diseases from blood analyses of blood glucose, total
cholesterol, or triglycerides (Supplementary data). How-
ever, HFD significantly increased animal body weight over
28 weeks of feeding compared to mice receiving a normal
diet, which did not induce severe obesity (Fig. 1a). Taurine
supplementation (2% in drinking water) showed the trend
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Fig. 1 Effect of taurine on body weight loss in high-fat diet (HFD)-
fed ICRice. a ICR mice were fed a normal chew diet, HFD, or
HFD + taurine (2% in drinking water) for 28 weeks (n=10/group). b
Body composition of the three groups (n=4) was analyzed with an
LF50 body composition analyzer after each meal for 28 weeks. Dit-
ferences between three groups were analyzed using the nonparametric
Kruskal-Wallis test. If a statistical difference was detected (P <0.05),
post hoc pairwise group comparisons were performed using Dunn’s
test with Bonferroni multiple-testing correction. Differences were
considered statistically significantly at P<0.05. ***P<0.001;
**P<0.01; *P <0.05; #P <0.05; ns not significant. To show the trend
of weight loss, P value of body weight and body composition was
indicated at 28 weeks. *High-fat diet (HFD)-fed group versus normal
diet-fed group, #HFD + TAU group versus HFD group

of anti-obesity in HFD-fed ICR mice after 24 weeks of
taurine feeding. At 28 weeks of feeding, the mean body
weights (mean + SEM) of HFD-fed mice and normal mice
were 55.90+2.705 g and 45 + 1.208 g, respectively. Long-
term taurine supplementation (2% in drinking water) in
HFD-fed mice showed the trend of weight loss in HFD-
induced mildly obese ICR mice compared with that of
HFD-fed mice (55.9+2.705 g vs. 49.33 +1.131 g). In
accordance with the body weight change, body composi-
tion analysis showed that fat mass significantly increased
and lean mass showed the decreasing trend in HFD mice,
and the change of body composition was reversed by
taurine supplementation with no statistical significance.
Taken together, these findings suggest that long-term tau-
rine supplementation (2% in drinking water) may lead to
loss of increased fat mass in HFD-fed mice (Fig. 1b).
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Effects of taurine on the metabolic, behavioral,
and physiological activity of HFD-fed mice

To understand the mechanism by which taurine induced
weight loss in the mildly obese mouse model, the mice were
first analyzed for metabolic, behavioral, and physiological
activity using a metabolic cage. The respiratory exchange
rate (RER) is calculated as the ratio of the amounts of carbon
dioxide (CO,) produced during metabolism and oxygen (O,)
used. It is an indicator of which foods, carbohydrates, or fats
are being metabolized to provide the body with energy. Oxi-
dation of fatty acids requires more O, and produces less CO,
than oxidation of carbohydrates, leading to a lower RER.
Thus, as shown in Fig. 2, VCO, in HFD group was signifi-
cantly decreased compared to that of normal group. Taurine
supplementation could not recover the slightly decreased
level of VCO,. The level of RER, VO, and energy expendi-
ture (EE) also showed the similar pattern as VCO, pattern
without statistical significance. Behavioral activity such
as activity, drinking and food uptake also did not show a
significant difference between three groups. All parameters
measured during the day were lower than night, suggesting
that the mice were more active at night than during the day.

Effects of taurine on expression
of adipogenesis-related transcription factors
and adipocyte-specific genes

First, to determine whether HFD induces adipogenesis in dif-
ferent tissues, the transcriptional expression levels of adipo-
genesis-related transcription factors of PPAR-«, PPAR-y, C/
EBP-a, C/EBP-f, and AP2 were measured and compared in
inguinal white fat tissue, interscapular brown fat tissue, and
quadriceps muscle tissues (Fig. 3). The expression of tran-
scription factors was significantly increased by HFD in the
two fat tissues but was not increased in muscle. Taurine sup-
plementation induced the downregulation of the increased
mRNA expression levels of transcription factors PPAR-y, C/
EBP-a, C/EBP-p, and AP2 in WAT, but it did not downregu-
late the mRNA expression level of transcriptional factors in
BAT and quadriceps muscle. To verify the inhibitory effect
of taurine on adipogenesis, the mRNA levels of adipocytes-
specific genes were investigated (Fig. 4). First, the mRNA
expression levels of leptin, adiponectin, and IL-6 were
compared in the three tissues. The expression of leptin and
adiponectin in WAT and BAT was significantly higher than
that in muscle, while the IL-6 mRNA level in BAT was sig-
nificantly lower than that of WAT and muscle (Fig. 4a). The
mRNA expression levels of their genes were significantly
increased by HFD in both WAT and BAT. Inconsistent with
the HFD-regulated expression levels of adipogenesis-related
transcription factors, HFD increased the expression level of
adipocyte-specific genes leptin, adiponectin, and IL-6 in
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Fig. 2 Effect of taurine on the metabolic, behavioral, and physiologi-
cal activities of HFD-fed mice. Metabolic monitoring of mice in each
group (n=4) was performed in a metabolic cage. Energy expenditure
and respiratory exchange ratio (RER) were monitored for 48 h. Food
uptake, drinking and locomotor activity were also measured. Differ-
ences between three groups were analyzed using the nonparametric
Kruskal-Wallis test. If a statistical difference was detected (P <0.05),

both WAT and BAT. Taurine supplementation decreased the
mRNA expression levels of these genes in WAT but not in
BAT. All of these results indirectly suggest that taurine sup-
plementation inhibits WAT adipogenesis more specifically
than BAT and muscle adipogenesis through the regulation
of transcription factor expression.

Effect of taurine on expression of taurine
transporter (TauT)

To explain one of the molecular mechanisms by which
taurine differentially inhibits adipogenesis, the expression
level of the taurine transporter gene was investigated in the
three tissues (Fig. 5). The TauT mRNA expression level
was not different in the three tissues. The transcriptional

post hoc pairwise group comparisons were performed using Dunn’s
test with Bonferroni multiple-testing correction. Between-group dif-
ferences of day and night were compared using the Mann—Whitney U
test Differences were considered statistically significantly at P <0.05.
*P<0.05, #P<0.05; ns not significant, *High-fat diet (HFD)-fed
group versus normal diet-fed group, #day group versus night group

expression level of TauT was increased in HFD mice in the
three tissues, and the level of TauT was decreased by tau-
rine supplementation in WAT but not in BAT or muscle.
This result suggests that taurine may be required by tissues
in response to HFD, and that the transcriptional expression
level is more effectively regulated by taurine in WAT than
in BAT or muscle.

Discussion
In this study, we investigated whether taurine supplemen-
tation induces weight loss in a high-fat diet (HFD)-fed

ICR mouse model mimicking human mild obesity. ICR
mice were fed a normal chow diet, HFD alone, or HFD
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Fig. 3 Effect of taurine on transcriptional expression of adipogenesis-
related transcription factors in tissues. The mRNA expression levels
of PPAR-a, PPAR-y, C/EBP-a, C/EBP-f, and AP2 were evaluated
from inguinal white fat tissue, interscapular brown fat tissue, and
quadriceps muscle tissues of the three groups (n=5). N normal diet
group, H high-fat diet (HFD), H+ T HFD +taurine (2% in drink-
ing water). Differences between three groups were analyzed using

supplemented with 2% taurine drinking water for 28 weeks.
Taurine significantly reduced weight in HFD-fed ICR obese
model mice. To understand the molecular mechanisms by
which taurine induces weight loss in ICR mice, we investi-
gated whether taurine increases energy expenditure. Thus,
using a TSE PhenoMaster system, we monitored the basal
behaviors and physiological parameters of activity, food
intake, respiratory exchange rate (PER), energy expenditure
(EE), VO, (oxygen consumption rate), and VCO,. We then
further examined whether taurine inhibited adipogenesis in
muscle and white and brown fat tissues by assessing the
expression levels of transcription factors related to adipo-
genesis and adipocyte-specific genes.

Although taurine supplementation did not significantly
change energy expenditure compared to that of control, HFD
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C/EBPa

C/EBPB AP2

the nonparametric Kruskal-Wallis test. If a statistical difference was
detected (P <0.05), post hoc pairwise group comparisons were per-
formed using Dunn’s test with Bonferroni multiple-testing correction.
The P value of two groups was indicated to show the trend of anti-
adipogenesis in WAT. Differences were considered statistically sig-
nificantly at P <0.05. **P <0.01; *P <0.05; ns not significant

group tended to reduce energy expenditure (EE), and taurine
supplementation partially restored EE decreased by HFD.
Our results contrast with a previous study reporting that tau-
rine supplementation increased resting energy expenditure
and prevented HFD-induced obesity in C57BL/6 (Tsuboy-
ama-Kasaoka et al. 2006). Taurine treatment also increased
body temperature compared with that of the control obese
group in monosodium glutamate (MSG)-induced obesity in
rats (Cao et al. 2016). The increase of body temperature
in the taurine-treated group can be partly explained by the
increased brown fat weight and decreased white fat weight
of mice in the taurine group, even though brown fat weight
does not necessarily correlate with body temperature. How-
ever, in this study, four mice in each group were measured
for energy expenditure because of the limited facility of the
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Fig.4 Effects of taurine on transcriptional expression of adipocyte-
specific genes in tissues. a The mRNA expression levels of leptin,
adiponectin, and IL-6 were evaluated and compared from inguinal
white fat tissue, interscapular brown fat tissue, and quadriceps muscle
tissues of the normal diet group (n=35). b Differential regulation of
adipocyte-specific genes in WAT and BAT by taurine. Taurine sup-
plementation suppresses HFD-induced expression of adiponectin,

TSE PhenoMaster system. If more mice were tested, signifi-
cant differences may be revealed.

When we assessed the inhibitory effect of taurine on
adipogenesis in the three tissues, WAT, BAT, and muscle,
taurine significantly inhibited the adipogenesis in WAT but
not in BAT or muscle. This result is consistent with a previ-
ous report (Lin et al. 2013), who showed that taurine sup-
plementation (5%) inhibited weight gain of subcutaneous,

leptin, and IL-6 in WAT but not in BAT. Differences between three
groups were analyzed using the nonparametric Kruskal-Wallis test.
If a statistical difference was detected (P <0.05), post hoc pairwise
group comparisons were performed using Dunn’s test with Bonfer-
roni multiple-testing correction. Differences were considered statisti-
cally significantly at P <0.05. *P <0.05; ns not significant

epididymal, mesenteric, and retroperitoneal WAT but did
not inhibit weight gain of BAT or the gastrocnemius mus-
cle. Furthermore, WAT of taurine-treated mice had a higher
concentration of taurine, whereas the taurine content of
plasma and liver was not significantly different between
groups (Lin et al. 2013). This indirectly means that the tau-
rine transporter (TauT) of WAT has an expression control
system that is different from that of the liver. Consistent with
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Fig.5 Effect of taurine on the transcriptional expression of taurine
transporter (TauT) in tissues. a TauT mRNA level of the normal diet
group was compared in WAT, BAT, and muscle. The mRNA expres-
sion level of TauT in the three tissues was not significantly differ-
ent. b BAT, ¢ WAT, d muscle. The modulation of TauT mRNA level
by taurine supplementation was compared in the three tissues of
the three groups. HFD increased the mRNA expression of TauT in
BAT, WAT, and muscle, but taurine supplementation decreased the

this result, in our study (shown in Fig. 4), TauT in WAT
was regulated differently from that of BAT and muscle by
taurine supplementation. In addition, taurine is converted to
taurine chloramine (Tau-Cl) by immune cells at the site of
inflammation. We suggested in a previous report that Tau-Cl
inhibited differentiation of preadipocytes into adipocytes in
a dose-dependent manner (Kim et al. 2013). It suppresses
the production of reactive oxygen species (ROS) and pro-
inflammatory cytokines (Schuller-Levis and Park 2004).
Taurine supplementation is known to affect food intake and
locomotor activity in rats by acting as an agonist of recep-
tors of inhibitory gamma-aminobutyric acid and glycinergic
neurotransmitter systems (Albrecht and Schousboe 2005). It
can partly explain the mechanism for the anti-obesity effect
of taurine. However, in this study, taurine supplementation
(2% in drinking water) did not reduce food intake or increase
locomotor activity. Thus, we would like to exclude the possi-
bility that the anti-obesity effect of taurine in this study may
be due to anorexigenic effects in the central nervous system.
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TauT mRNA expression in WAT but not in BAT and muscle. Differ-
ences between three groups were analyzed using the nonparametric
Kruskal-Wallis test. If a statistical difference was detected (P <0.05),
post hoc pairwise group comparisons were performed using Dunn’s
test with Bonferroni multiple-testing correction. Differences
were considered statistically significantly at P<0.05. **P<0.01;
*P <0.05; ns not significant

In this study, we used HFD-fed ICR mice mimicking
mild obesity in humans. HFD-induced obesity of mice
varies depending on the genetic background. For instance,
the C57BL/6 mouse is a representative diet-induced obese
(DIO) rodent because it greatly increases body weight in
response to HFD. On the other hand, many rodents are cat-
egorized as dietary-resistant (DR) strains because HFD does
not induce obesity (Speakman et al. 2007). Therefore, many
researchers prefer C57BL/6 as an animal model of human
obesity to test anti-obesity effects of their potential agents.
Although ICR mice are not preferred as an obesity model,
they have been used as diabetes or metabolic disease models
fed a combined diet of high fat and other molecules such
as fructose and have the potential to be used as models for
metabolic disease studies (Zhuhua et al. 2015). In our pre-
liminary study, ICR mice fed an HFD increased in weight
to the level of mild obesity, representing a model that mim-
ics moderate obesity of humans without severe metabolic
disease. Regardless of mild obesity, the blood glucose, total
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cholesterol, high-density lipoprotein-cholesterol (HDLC),
and triglyceride levels from the sera of HFD-fed ICR mice
was not significantly different from that of normal diet-fed
mice. Thus, HFD-fed ICR mice in this study were regarded
as a model that mimics moderate obesity of humans without
severe metabolic disease.

In conclusion, all the data indirectly suggests that long-
term taurine supplementation in a mildly obese ICR mouse
model may contribute to weight loss by specifically inhibit-
ing adipogenesis in white fat tissue but not in BAT and mus-
cle and not by increasing energy expenditure. Our results
suggest that long-term taurine uptake in normal life may
help reduce body weight in mildly obese people. However,
clinical trials are needed to determine if the anti-obesity
effect of taurine is also present in humans. TauT expression
may be more specifically regulated by taurine supplementa-
tion in WAT than in BAT and muscle and may be involved
in the expression of various genes regulated by taurine
supplementation.
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