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Objective. Considering the importance of ghrelin in stress-induced hyperphagia and a role 
of antioxidants in decreasing body weight, in the present study, the eff ect of vitamin C (VitC) on 
ghrelin secretion and food intake following chronic social isolation (CIS) was evaluated in rats.

Methods. Th irty two male Wistar rats (200–220g) were randomly divided into: control, VitC, 
CIS, and CIS + VitC groups. Animals received VitC (500 mg/kg/day)/saline by gavage for 3 weeks. 
For 24 h cumulative and post 18–20 h fasting food intake, fasting plasma ghrelin level, and body 
weight were measured. Gastric histopathology was also evaluated.

Results. Results showed a marked increase in fasting plasma ghrelin and food intake in stressed 
rats compared to controls. VitC prevented the increases in stressed rats. Histological assessment 
indicated a positive eff ect of VitC on gastric glandular cells compared to control, an eff ect that 
might partially be a reason of signifi cant increase of plasma ghrelin levels in VitC rats. Elevated 
plasma ghrelin in VitC group was even higher than that one in stressed group, whereas there were 
no signifi cant changes in the food intake. Assessment of the percentage of changes in body weight 
during 21 days showed a signifi cant increase in stressed rats compared to controls. Vitamin C 
treatment prevented this increase. Stressed rats also displayed depression-like behavior as indi-
cated by sucrose test, whereas VitC ameliorated it.

Conclusions. Th e data of the present study indicate that VitC may overcome ghrelin-induced 
hyperphagia and improve the abnormal feeding and depressive behavior in CIS rats.
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Th e chronic isolation stress (CIS) is implicated in 
persistent hyperphagia and binge eating disorders 
(Teegarden and Bale 2008; Razzoli et al. 2015). Several 
previous studies have demonstrated a principal role 
of the gut-derived hormone ghrelin in the central 
responses to stress, mood, and food intake pattern 
primarily via modulation of the orexigenic path-
ways in hypothalamus (Muller et al. 2015). In animal 
models of chronic stress, the plasma concentration 
of acyl-ghrelin is increased (Cummings et al. 2002; 

Kristenssson et al. 2006; Ouach et al. 2007; Lutter et 
al. 2008a, b; Ochi et al. 2008; Chuang and Zigman 
2010; Chuang 2011; Patterson et al. 2013) and persists 
beyond the cessation of stressor exposure (Lutter et al. 
2008a; Kumar et al. 2013). Ghrelin is found to mediate 
chronic stress-induced increase in hyperphagia and 
weight gain and genetic or pharmacological blockade 
of its receptor (growth hormone secretogauge 
receptor; GHSR) have been shown to suppress this 
eff ect (Chuang 2011; Patterson et al. 2013). Although, 
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the hyperphagic eff ect of ghrelin is known to main-
tain energy homeostasis under stress condition, it also 
can increase production of reactive oxidative species 
(Bisbal et al. 2010). Clinical reports have indicated 
close interactions between stressors, particularly those 
of long duration, and incidence of diff erent diseases 
that occur mainly via cellular oxidative stress (Pizzino 
et al. 2017). Hence, antioxidant supplements may be 
useful in the management of some diseases related 
to oxidative stress (Valdecantos et al. 2009; Abdali 
et al. 2015). It has been reported that obese patients 
oft en have signifi cant reductions in vitamins level, in 
particular vitamins A, B6, C, D, and E (Aasheim and 
Bohmer 2009). Defi ciencies in vitamins and minerals 
have been associated with impaired antioxidant 
defense in the pathogenesis of obesity (Strauss 1999; 
Ortega et al. 2012). Due to the existence of correlation 
between obesity and its major associated disorders, a 
potential benefi cial eff ect of antioxidant supplements 
in decreasing obesity and several obesity-associated 
disorders has been suggested by previous studies 
(Valdecantos et al. 2009; Abdali et al. 2015). Th ere-
fore, considering the importance of ghrelin in stress-
induced hyperphagia as well as due to a powerful 
antioxidant eff ect of vitamin C (VitC), the aim of the 
present study was to examine the antioxidant impact 
of VitC on ghrelin secretion and its orexigenic eff ects 
following CIS in adult male rats.

Material and methods

Drug administration. Acid ascorbic was 
purchased from Osvah Chemical Co. (Iran). Acid 
ascorbic solution (500 mg/kg; freshly suspended in 
saline) (Beheshti et al. 2017) was administrated by 
gavage once a day for 3 weeks.

Ethical considerations. Animal proceedings were 
conducted in accordance with the international 
guiding principles for biomedical research involving 
animals in 1996 (NIH Publications No. 80–23, 1996 
Rev) and were approved by the Research and Ethics 
Committee of Isfahan University of Medical Science 
(IR.MUI.MED.REC.1397.142).

Animals and treatment. Th irty-two male Wistar 
rats (200–220 g) were obtained from Isfahan Univer-
sity of Medical Sciences, Iran, housed in a 12 h light-
dark cycle (lights on from 7:00 a.m. to 7:00 p.m.), 
temperature of 22–24 °C with available food and 
water ad libitum throughout the experiment. One 
week aft er adaptation, rats were divided into the 
following four experimental groups: control (n=8): 
housed four rats per cage and received normal saline 
for 21 days; VitC (n=8): housed four rats per cage and 

received VitC for 21 days; CIS (n=8): rats were housed 
individually in the cages and received normal saline 
for 21 days; CIS and VitC (CIS+ VitC, n=8): rats were 
housed individually in the cages and received VitC. 
Individual housing for 3 weeks was used as a model 
of CIS during which rats had normal auditory and 
olfactory signals, but had no any visual or tactile 
contact with other rats (Kalshetti et al. 2015; Schipper 
et al. 2018). Acid ascorbic solution (500 mg/kg/1ml) 
and volume-matched saline were administrated to 
the rats by gavage daily at 12:00 a.m. for 3 weeks.

Food intake, hormone and body weight measure-
ment. To determine the eff ect of VitC on appetite and 
metabolism, the consumption of standard chow was 
assessed daily as daily food intake during 3 weeks and 
on days 1, 7, 14 and 21 following 18–20-h food depri-
vation as fasting food intake. For fasting feeding, 
aft er being gavage with VitC or saline, the fasted rats 
were given access to a pre-measured amount of food 
pellets, and 3 h later, the amount of food intake was 
evaluated by subtracting the weight of the remaining 
food and crumbs from the initial weight of the food. 
Th e consumed food (in grams) was divided by the 
number of rats housed in each cage as the amount 
consumed for fasting or 24 h consumption for each 
animal. VitC administration was performed on 9:00–
10:00 a.m. for fasting and 12:00 a.m. for daily food 
intake and food measurements were performed on 
12:00 a.m. to 1:00 p.m.

Furthermore, body weight was measured on days 
1, 7, 14 and 21 of the experiment and the body weight 
diff erences (BWD = BW Day21−BW Day1) were eval-
uated.

For hormone assessments, tail blood sampling 
technique was used to collect blood at the amount 
of 500 μl around 8:00 a.m. on days 1, 7, 14 and 21 
aft er 18–20-h food deprivation. Th e serum samples 
were stored at –80 °C until processed for biochem-
ical assessment. Serum acyl ghrelin was measured 
using rat ghrelin ELISA kit with intra-assay precision 
CV<10% (Zellbio Company ELISA kit-Germany).

Sucrose preference test. Th e sucrose preference 
test was conducted on day 22, as previously described 
(Liu et al. 2014). Initially, there were two bottles of 1 
m/v % sucrose solution located in each cage for 48 h 
to let the animals adapt to the sucrose solution, then 
removed two bottles for 4 h. Th e animals were then 
subjected to two weighted bottles for 1 h, one fi lled 
with 1 m/v % sucrose solution and the other fi lled only 
with water. Sucrose preference (%) was assessed as 
(sucrose consumption)/(sucrose consumption+water 
consumption). During the test, VitC or saline treat-
ment was continued.
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Tissue sampling and histological staining. At 
the end of the experiment (on day 25), the rats were 
sacrifi ced with a guillotine under deep anesthesia 
via subcutaneous injection of a mixture of ketamine 
(80 mg/kg) and xylazine (8 mg/kg). Stomachs were 
rapidly removed and fi xed in 10% formalin. Aft er 
dehydration with an ascending ethanol series, the 
tissues were cleared with xylene and inserted in 
paraffi  n for 3–6 h and then blocked. For histological 
studies, a series of sections with 5 μm thickness were 
prepared from the beginning, middle and end of the 
gastric tissue by a rotary microtome (Leica, Vienna, 
Austria). Aft er deparaffi  nization, hematoxylin 
staining was conducted for 4 min, followed by eosin 
staining for 20 s. Th e sections were then dehydrated 
with alcohol, mounted and photographed digitally.

Statistical analysis. Th e results were expressed as 
mean ± SEM and analyzed in SPSS 23 soft ware. Th e 
one-way ANOVA post hoc Tukey test was run to have a 
one-way comparison and paired sample t-test to eval-
uate within group changes. For observing frequen-
cies in alternative times, the repeated measures tests 
were conducted. Th e statistical signifi cance in all run 
tests is p<0.05.

Results

Serum ghrelin concentration. Repeated measures 
ANOVA was performed to determine the pattern of 
serum ghrelin changes over time (Figure 1). Results 
indicated a signifi cant interaction among groups 
and time (time [repeated measures ANOVA, F(3, 
23)=42.35; p=0.01] as well as interaction interven-
tion *time [repeated measures, F(9, 23)=7.86; p=0.01]) 
(Table 1). ANOVA results indicated a signifi cant 
diff erence between groups on days 1, 7 and 14. On 
fi rst day, VitC, CIS and CIS +VitC signifi cantly 
decreased ghrelin concentration compared with 
control (p=0.03 and p=0.01). As shown in Figure 1, 
ghrelin concentration was enhanced in VitC group 

compared to other groups on day 7 (p<0.001 vs. 
control, p<0.01 vs. CIS and CIS + VitC) and on day 
14 (p<0.001 vs. control, p<0.01 vs. CIS, except to CIS 
+ VitC). Ghrelin concentration was also enhanced 
in CIS group compared with controls on day 7 and 
day 14 (p<0.05 vs. control). For CIS + VitC group, 
a signifi cant diff erence in ghrelin concentration 
was observed compared to control group on day 14. 
Th ere was a marked diff erence in ghrelin concentra-
tion between VitC group and control group on day 
21 (p<0.05). Th e results of time eff ect in each group 
showed that ghrelin concentration was increased 
in VitC, CIS and CIS+VitC groups over the time 
(p<0.001 for VitC group, for CIS and CIS+VitC 
groups p<0.01). Although the time eff ect indicated 
signifi cant changes up to day 21 only for VitC group.

Feeding behavior. Th e consumption of stan-
dard chow was assessed on 1, 7, 14 and 21 days aft er 
18–20-h food deprivation as fasting food intake and 
24 h cumulative food intake as daily food intake 
during 21 days.

Th e results from two way ANOVA statistical 
analysis of fasting food intake indicated a signifi -

Table 1
Analysis of repeated ghrelin level (pg/ml) measurements at diff erent time points

Group Day 1 Day 7 Day 14 Day 21 P1
(Time)

P2
(Time*Intervention)

P3
(Intervention)

Control 41.70±10.22 47.28±7.20 43.03±7.61 49.18±11.25 0.16

0.01 0.004
VitC 31.66±3.26 91.38±11.80 91.38±7.80 82.85±13.11 0.001
CIS 32.46±5.01 64.32±5.10 64.22±8.51 61.12±12.36 0.01
CIS+VitC 28.30±1.55 64.43±10.82 76.90±11.20 57.88±8.05 0.01
P4 0.01 <0.001 <0.001 0.05

Data are presented as mean ± SEM. P1, P2, P3 – at the 5% level of repeated measures test; P4 – at the 5% level of ANOVA test.
Abbreviations: VitC – vitamin C; CIS – chronic social isolation.

Figure 1. Th e pattern of serum ghrelin concentration changes 
(pg/ml) over time (21 days). Data are shown as mean ± SEM; 
*p<0.05; **p< 0.01; *** p<0.001 vs. Control. Abbreviations: 
VitC – vitamin C; CIS – chronic social isolation stress.
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cant diff erence among four studied groups over 
time [interaction: F(9,28)=3.25; p=0.0018, time: 
F(3,28)=6.87; p=0.0003 and groups: F(3,28)=20.77; 
p<0.0001, Figure 2A]. On day 1, a signifi cant reduc-
tion in fasting food intake was observed between 
control and VitC groups (p<0.05) and this reduction 
was abolished on days 7, 14 and 21. No diff erence was 
found among four studied groups on day 7. Isolated 
rats exhibited signifi cant increases in fasting food 
intake aft er 18–20-h food deprivation compared to 

control group on days 14 and 21 (p<0.05 and p<0.01, 
respectively). Th ere was a signifi cant diff erence in 
food intake among CIS+VitC and control groups only 
on day 14 (p<0.01). Importantly, on day 21, a signifi -
cant reduction of fasting food intake was observed in 
CIS+VitC and VitC groups compared to CIS group 
(p<0.01 and p<0.001, respectively).

Figure 2B presents the eff ects of regular consump-
tion of VitC/CIS on 24-h cumulative food intake over 
time. Two-way ANOVA analysis indicated a signifi -

Figure 2. Eff ects of vitamin C (VitC) and chronic isolation stress (CIS) on fasting (g/3 h) and 
daily food intake (g/day). A) Average fasting food intake on days 1, 7, 14 and 21 aft er 18–20-h 
food deprivation; B) the pattern of daily food intake over time (3 weeks); C) total area under 
curve (AUC) of daily food intake for control and experimental groups during 3 weeks. Data 
are shown as mean ± SEM (n=8); *p<0.05; **p<0.01 vs. Control; $ compared to vitamin C; # 
compared to CIS.
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cant interaction [F(3, 57)=2.98; p<0.000], however, 
no signifi cant diff erences were found among 
groups [F(3,28)=0.96; 0.4246]. Further analysis was 
performed by the data from time points to calculate 
the area under curve (AUC; g/day) for daily food 
intake of each group. Total AUC of daily food intake 
for control and other experimental groups during 
3 weeks did not indicate no signifi cant diff erence 
between groups (p=0.48, Figure 2C).

Body weight changes. Figure 3A shows the main 
eff ects of VitC and CIS on body weight changes. 
Repeated measures were performed to determine 
the eff ect of stress/VitC on body weight over time. In 
this regard, body weight for fi rst and last days (1 and 
21days) were considered for analysis. We found that 
there is no signifi cant interaction of intervention*time 
[F(3, 28)=1.97, p=0.14], (Figure 3A). Because the base-
line weight of the animals varied among groups, 
two-way ANOVA was performed for the calculation 
of the percentage of changes in body weight. Results 
showed a signifi cant interaction of intervention*time 
[F(3, 28)=9.04; p=0.0002]. Th e percentage of changes 
in body weight in VitC and CIS groups was signifi -
cantly greater than control group, whereas, no signif-
icant diff erence was seen between CIS + VitC and 
control groups.

Sucrose intake. We ascertained whether VitC in 
context of CIS could aff ect sucrose intake. Sucrose 
intake is a behavioral test for the assessment of 
isolation stress-induced depressive-like behavioral 
phenotype. Th e sucrose preference percentage of 
isolated rats was markedly lower (p=0.006) than that 
of controls (Figure 4). However, sucrose preference in 
isolated rats treated with VitC did not diff er from the 

control. Th is suggests that VitC could improve the 
anhedonia in aloneness situation.

Histological study. Th e eff ects of treatment with 
VitC on gastric tissue were evaluated macroscopi-
cally in control and isolation stress groups (Figure 5). 
Histological results indicated an intact epithe-
lial lining and clear glandular cavity in the control 
gastric mucosa (Figures 5A, E). Among the experi-
mental groups, the histological lesions in isolation 
stress were the worst (Figures 5C, G). In stressed 
rats, marked histological changes were observed. 
Some secretory glands were fragmented and shorten 
in high and many holes were found in the glandular 

Figure 3. Eff ects of vitamin C (VitC) and chronic isolation stress (CIS) on body weight gain. A) Th e trend of body weight gain for 
control and experimental groups between fi rst and 3 weeks; B) percentage of the body weight change for each group. Data are shown 
as mean ±SEM; *p<0. 05; **p<0.01 vs. Control.

Figure 4. Eff ects of vitamin C (VitC) and chronic isolation 
stress (CIS) on depressive-like behavior. Data are shown as 
mean ± SEM (n=8); **p<0.01 vs. Control.
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cavities (Figures 5C, G). Even mucosal desquama-
tion was found in some gastric tissues from stressed 
rats. Treatment with VitC alleviated the pathological 
changes (Figures 5D, H) compared to isolated stress. 
Interestingly, the gastric histology status in the VitC 
group was even better than that in the control group 
(Figures 5B, F). Th e higher mucosa layer was found, 
with higher cell density and apparently more active 
in the VitC-treated group.

Discussion

In the present study, we examined the impact of 
an antioxidant agent, VitC, on the ghrelin secre-
tion and its orexigenic eff ect following CIS in adult 
male rats. Results indicated that the fasting plasma 
acylated-ghrelin concentrations and fasting food 
intake were signifi cantly higher in stressed rats than 
those in controls, without signifi cant weight gaining. 
In control rats, VitC treatment produced a marked 
increase in the fasting plasma ghrelin levels with 
weight gain that was higher in this group than that 
in stressed and non-treated control rats, while food 
intake was kept at the normal levels. Th e combination 
of isolation stress and VitC in isolated rats treated by 
VitC, however, did not induce signifi cant synergistic 
eff ects on ghrelin level and ghrelin concentration was 
kept in this group near that in isolation stress. 

Th ere are three main neuroendocrine systems 
mediating most elements of the stress response, the 
HPA axis to release glucocorticoids, the sympatho-

adrenomedullary axis triggering the release of 
epinephrine and norepinephrine and fi nally, several 
peptides recently identifi ed such as ghrelin (Abizaid 
2019). Ghrelin has been shown to enhance hypo-
thalamic neuropeptide Y and AGRP mRNA levels 
and orexin genes in several chronic stress models 
in rodents (Jeong et al. 2013; Yamada et al. 2015). 
Chronic stress is also associated with an enhancement 
in plasma acyl-ghrelin (Asakawa et al. 2001; Lutter et 
al. 2008a; Kumar et al. 2013; Patterson et al. 2013), 
which persists beyond the cessation of prolonged 
stressor exposure (Yousufzai et al. 2018). Our data 
also showed a sharp ghrelin elevation in chronic 
isolated rats with a peak on day 7 that persisted up to 
end of experiment on day 21.

While numerous studies have indicated the 
therapeutic impacts of vitamins in certain kinds of 
cancer, infl ammation, and cardiovascular diseases, 
few researches have explored a role of vitamins in 
modulation of ghrelin secretion as a component of 
the stress response. Daily intake of vitamin D, as 
an antioxidant, has been shown to enhance plasma 
ghrelin concentrations (Hajimohammadi et al. 2017). 
Moreover, treating the diabetic rats with curcumin, 
which has antioxidant activity, results in a marked 
increase in the content of ghrelin in the stomach 
and plasma (Xu et al. 2013). Hence, it is tempting 
to speculate that antioxidants could aff ect ghrelin 
secretion. As expected, we observed a strong secre-
tory release of ghrelin in response to VitC in control 
group over time. However, VitC-induced increase in 

Figure 5. Histological representation of gastric tissue, mucosa layer, following vitamin C treatment in chronic isolated rats aft er 
hematoxylin and eosin staining. Magnifi cation for A, B, C and D: X=40; magnifi cation for E, F, G and H: X=100. Abbreviations: 
VitC – Vitamin C; CIS – chronic social isolation stress. 
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ghrelin levels may be partly independent of its anti-
oxidant activity. Th ere are some evidences indicating 
that an enhancement in plasma ghrelin level is regu-
lated by sympathetic nerves innervating ghrelin-
secreting cells and/or by circulating epinephrine and 
norepinephrine that can infl uence ghrelin cells via 
an eff ect on adrenergic receptors (Zhao et al. 2010; 
Gupta et al. 2019). On other hand, VitC has been 
found to enhance β-adrenergic activity and increase 
potency and duration of beta-adrenergic agonists’ 
eff ects in smooth muscle. Our results also revealed 
that VitC protects the gastric fundus mucosa against 
chronic stress induced-injury and even it enhances 
glandular cells in control group compared to non-
treated control group, suggesting that a signifi cant 
increase in ghrelin levels in VitC group, at least in 
part, may be due to a positive direct eff ect of VitC on 
glandular cells in gastric tissue. Th us, the extent of 
ghrelin secretion in VitC-treated rats may be regu-
lated through antioxidant and adrenergic pathways 
and via inducing gastric mucosal cell proliferation. 
In stressed rats treated with VitC, the amount of 
ghrelin secreted was as much as non-treated stressed 
rats, suggesting that VitC is likely to be employed in 
neutralization of oxidative stress than other path-
ways (not related to ghrelin secretion) under stress 
condition.

Stress-induced changes in the ghrelin system 
have been shown to impact eating and metabolism. 
For instance, rodents exposed to chronic social 
stress (Moles et al. 2006; Lutter et al. 2008b) or mild 
restraining exhibit hyperphagia and preference for 
food rewards, whereas chronic social stress-exposed 
mice lacking GHSR do not so (Yanagi et al. 2018). 
Similarly, wild-type mice receiving long term GHSR 
antagonist infusion following chronic social stress 
exhibited a reduction in stress-induced weight gain 
and hyperphagia (Chuang 2011). Yamada et al. (2015) 
have also observed that food intake was signifi -
cantly increased in sub-chronic isolated young mice, 
whereas food intake was suppressed during the fi rst 
several hours of isolation. In the present study, we 
found an increase in post-fasting food intake on days 
14 and 21 of CIS induction, without any change in 
24-h cumulative or daily food intake compared with 
control group.  In our study, a marked increase in the 
ghrelin levels from day 7 onward in the VitC group 
was not associated with a marked change in fasting 
and daily food intake. Also, there were no marked 
changes in weight gain among the experimental 
groups. In agreement with other studies, our data 
indicate that CIS results in an enhancement in fasting 
ghrelin and fasting food intake in stressed rats, which 

may be an underlying mechanism of hyperphagia 
and obesity under stress condition. Although, we 
have no direct evidence to explain the inconsistency 
between increased ghrelin without enhanced appe-
tite in chronic VitC-treated rats, a possible explana-
tion may be due to an eff ect of VitC on responsive-
ness of GHSR to ghrelin. Th is is because Chebani et 
al. (2016), using an animal model carrying a GHSR 
mutation that preserves GHSR cell surface abun-
dance, but selectively alters GHSR signaling, found 
that rats with GHSR mutation exhibited increased 
responses to submaximal doses of ghrelin and had 
a more stable body weight under caloric restric-
tion, a state that enhances endogenous ghrelin level, 
while under standard housing states, GHSR mutated 
rats exhibited enhanced body weight and adiposity 
without increased appetite (Chebani et al. 2016). 
Th is seems to be a favorable condition in which VitC 
can maintain its antioxidant role for ghrelin secre-
tion under stress condition, while not contributing to 
increase appetite.

In addition to food intake, ghrelin also plays a 
principal role in mood, and potentially increases 
resilience to stress (Huang et al. 2017). While there 
was a marked enhancement in plasma ghrelin levels 
in isolated group, the animals displayed a signifi cant 
depression-like behavior and VitC could produce a 
signifi cant antidepressant-like eff ect in this group. 
Previous studies have suggested that ghrelin help to 
cope with stress and causes neuroprotective eff ects 
against brain injury in chronic stress. Studies have 
also revealed neuroprotective and neuromodula-
tory roles of VitC as an anxiolytic, antidepressant 
and antiepileptic drug (Kocot et al. 2017). It has also 
been proposed that the therapeutic potential impacts 
of high levels of dietary acid ascorbic in mental 
illnesses such as anxiety and depression may depend 
on protecting the 5-HT molecule against oxidation 
(Ballaz and Rebec 2019). Hence the alleviation of 
depression-like behaviors may in part be due to an 
interaction of VitC with ghrelin signaling through an 
eff ect on monoamine systems. Sympathetic receptors 
appear to be more responsive with VitC treatment 
under stress conditions, hence, VitC in isolated rats, 
which have an elevated ghrelin, may provide a good 
antidepressant, whereas the same level of endogenous 
ghrelin is also seen under stress conditions. Although 
another possibility is that antioxidant, but not just 
ghrelin, eff ects of VitC may also facilitate to reverse 
the depression-like behaviors.

Together, our data indicate, as the fi rst evidence, 
that chronic VitC supplementation could increase 
endogenous ghrelin concentration and suggests that 
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VitC may have an improving eff ect against damage 
of CIS on eating, metabolism, and depression-like 
behaviors. Th e elevation of ghrelin under stress 
conditions may be a homeostatic adaptation to stress 
that aff ects the amount of food intake in fasting.
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