
World Journal of
Gastroenterology

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World J Gastroenterol  2021 September 7; 27(33): 5460-5624

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I September 7, 2021 Volume 27 Issue 33

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 27 Number 33 September 7, 2021

THERAPEUTIC AND DIAGNOSTIC GUIDELINES

Guidelines on postoperative magnetic resonance imaging in patients operated for cryptoglandular anal 
fistula: Experience from 2404 scans

5460

Garg P, Kaur B, Yagnik VD, Dawka S, Menon GR

REVIEW

Neutrophil extracellular traps in gastrointestinal cancer5474

Chu ZQ, Zhang KC, Chen L

Microbiota and viral hepatitis: State of the art of a complex matter5488

Milosevic I, Russo E, Vujovic A, Barac A, Stevanovic O, Gitto S, Amedei A

Clinical perspectives, assessment, and mechanisms of metabolic-associated fatty liver disease in patients 
with COVID-19

5502

Campos-Murguía A, Román-Calleja BM, González-Regueiro JA, Hurtado-Díaz-de-León I, Solís-Ortega AA, Flores-García 
NC, García-Juárez I, Ruiz-Margáin A, Macías-Rodríguez RU

MINIREVIEWS

Impact of COVID-19 on inflammatory bowel disease practice and perspectives for the future5520

Viganò C, Mulinacci G, Palermo A, Barisani D, Pirola L, Fichera M, Invernizzi P, Massironi S

Surveillance for hepatocellular carcinoma in chronic viral hepatitis: Is it time to personalize it?5536

Demirtas CO, Brunetto MR

Gut microbiota-derived metabolites as key mucosal barrier modulators in obesity5555

Wei YX, Zheng KY, Wang YG

ORIGINAL ARTICLE

Basic Study

Adiponectin and the regulation of gastric content volume in the newborn rat5566

Wang H, Esemu-Ezewu P, Pan J, Ivanovska J, Gauda EB, Belik J

Characterization of gut microbiome and metabolome in Helicobacter pylori patients in an underprivileged 
community in the United States

5575

White B, Sterrett J, Grigoryan Z, Lally L, Heinze J, Alikhan H, Lowry C, Perez LJ, DeSipio J, Phadtare S

Retrospective Study

Gastric cancer mortality related to direct radiographic and endoscopic screening: A retrospective study5595

Hagiwara H, Moki F, Yamashita Y, Saji K, Iesaki K, Suda H



WJG https://www.wjgnet.com II September 7, 2021 Volume 27 Issue 33

World Journal of Gastroenterology
Contents

Weekly Volume 27 Number 33 September 7, 2021

Radiomics for predicting perineural invasion status in rectal cancer5610

Li M, Jin YM, Zhang YC, Zhao YL, Huang CC, Liu SM, Song B

LETTER TO THE EDITOR

Comment on “Diagnostic approach to faecal incontinence: What test and when to perform?”5622

Wang JT, Miao YD, Guan QL



WJG https://www.wjgnet.com III September 7, 2021 Volume 27 Issue 33

World Journal of Gastroenterology
Contents

Weekly Volume 27 Number 33 September 7, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Güray Can, MD, Associate Professor, Chief, 
Department of Gastroenterology, Bolu İzzet Baysal Education and Research Hospital, Bolu Abant İzzet Baysal 
University, Gölköy Campus, Bolu 14030, Turkey. guraycan@ibu.edu.tr

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World J Gastroenterol) is to provide scholars and readers 
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical 
research articles and communicate their research findings online. WJG mainly publishes articles reporting research 
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics 
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal 
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as 
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2021 
edition of Journal Citation Report® cites the 2020 impact factor (IF) for WJG as 5.742; Journal Citation Indicator: 0.79; 
IF without journal self cites: 5.590; 5-year IF: 5.044; Ranking: 28 among 92 journals in gastroenterology and 
hepatology; and Quartile category: Q2. The WJG’s CiteScore for 2020 is 6.9 and Scopus CiteScore rank 2020: 
Gastroenterology is 19/136.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Yi Yuan; Production Department Director: Xiang Li; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1007-9327 (print) ISSN 2219-2840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 1, 1995 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Weekly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

September 7, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJG https://www.wjgnet.com 5566 September 7, 2021 Volume 27 Issue 33

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2021 September 7; 27(33): 5566-5574

DOI: 10.3748/wjg.v27.i33.5566 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Basic Study
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Abstract
BACKGROUND 
Oral intake is dependent on the gastric ability to accommodate the food bolus. 
Comparatively, neonates have a smaller gastric capacity than adults and this may 
limit the volume of their milk intake. Yet, we previously reported that the 
newborn rat gastric milk volume is greatest after birth and, when normalized to 
body weight, decreases with postnatal age. Such age-dependent changes are not 
the result of intake differences, but greater gastric accommodation and reduced 
emptying rate.

AIM 
Hypothesizing that breastmilk-derived adiponectin is the factor regulating gastric 
accommodation in neonates, we comparatively evaluated its effects on the rat 
fundic muscle tone at different postnatal ages.

METHODS 
In freshly dispersed smooth muscle cells (SMC), we measured the adiponectin 
effect on the carbachol-induced length changes.

RESULTS 
Adiponectin significantly reduced the carbachol-stimulated SMC shortening 
independently of age.  In the presence of the inhibitor iberiotoxin, the adiponectin 
effect on SMC shortening was suppressed, suggesting that it is mediated via large-
conductance Ca2+ sensitive K+ channel activation. Lastly, we comparatively 
measured the newborn rat gastric milk curd adiponectin content in one- and two-
week-old rats and found a 50% lower value in the latter.

CONCLUSION 
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Adiponectin, a major component of breastmilk, downregulates fundic smooth 
muscle contraction potential, thus facilitating gastric volume accommodation. 
This rodent’s adaptive response maximizes breastmilk intake volume after birth.

Key Words: Gastric emptying; Fundus; Smooth muscle; Breastmilk; Potassium channel; 
Development

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastric accommodation regulates the stomach content volume. Lactating rats 
continuously breastfeed to keep a full gastric milk volume and their gastric emptying 
time is directly related to the gastric content volume. Little is known about the gastric 
fundic accommodation regulatory factors early in life. In this study, breastmilk-derived 
adiponectin is shown to promote gastric fundic relaxation, thus playing an important 
regulatory role during the lactating period.

Citation: Wang H, Esemu-Ezewu P, Pan J, Ivanovska J, Gauda EB, Belik J. Adiponectin and the 
regulation of gastric content volume in the newborn rat. World J Gastroenterol 2021; 27(33): 
5566-5574
URL: https://www.wjgnet.com/1007-9327/full/v27/i33/5566.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i33.5566

INTRODUCTION
Among other factors, oral intake depends on the gastric muscle accommodation to its 
content. The estimated receptive gastric milk volume is 20 mL for a full-term infant[1]. 
For an average full-term infant weighing 3.5 kg, this amounts to 5.7 mL/kg receptive 
gastric volume. The comparative adult gastric receptive volume has not been ade-
quately assessed, but often referred to as 600 mL, or 8.5 mL/kg for a 70 kg body 
weight person. The implications of a lower gastric receptive capacity in the immediate 
neonatal period, specially, for preterm infants, requires further evaluation.

Comparative studies addressing the nutritional benefit and risks associated with 
lower (150-180 mL/kg/d) and higher (> 200 mL/kg/d) total enteral feed intake for 
preterm infants have been conducted. A recent metanalysis of such studies reported 
limited data and concluded that insufficient evidence is available[2]. Yet, at least one 
recent review on nutritional support strategies for preterm infants advised that more 
gestationally mature neonates can tolerate and benefit from a daily milk intake as high 
as 240 mL/kg/d or 20 mL/kg/feed[3].

Since the recommended maximum daily intake of milk exceeds the estimated 
stomach receptive volume, adaptive mechanisms must be present to overcome the 
reduced gastric functional capacity early in life. In adult life, the gastric accom-
modation response to the food bolus increases the stomach receptive volume by 
relaxes the fundic muscle thus enabling the stomach to accommodate a larger volume. 
The factors regulating this response are incompletely understood, but involve 
activation of the oropharynx, stomach and duodenum[4].

Aside from increasing total enteral intake, gastric accommodation may also have an 
important role in maximizing its content emptying potential. We have previously 
reported that the rat gastric functional capacity is increased during the immediate 
neonatal period and this facilitates its content emptying rate[5]. Figure 1 shows our 
previously reported data on the rat gastric content volume and emptying rates early in 
life[5]. The younger the rat, the higher is the gastric milk content, such that in the one-
week pup the volume after breastfeeding, is two-fold greater, when compared with 
measurements obtained in the second week of life[5]. The mechanism accounting for 
the age-related gastric accommodation changes, early in life, is poorly understood and 
the main goal of the present study.

Adiponectin is an adipose tissue-derived adipokine that plays a major role in 
appetite regulation and other important physiological mechanisms[6]. The adiponectin 
concentration in human and rodent breastmilk, is more than 40 folds greater, when 
compared with the other major adipokines present[7,8]. The available evidence 
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Figure 1 Gastric emptying rate (panel A) and related postprandial content volume (panel B) for one- (n = 30), two- (n = 10) and three-
weeks old (n = 16) fasting rats[5]. Data are mean ± SE; aP < 0.01 vs other postprandial times; bP < 0.01 vs other ages by two-way ANOVA with multiple 
comparisons evaluated by the Tukey-Kramer test. Citation: Ferreira CHF, Shifrin Y, Pan J, Ivanovska J, McNamara PJ, Belik J. The newborn rat gastric emptying rate 
is volume and not developmentally dependent. Neurogastroenterology and motility: 2018; 30: e13233. Copyright© The Authors 2018. Published by 
Neurogastroenterol Motil. The authors have obtained the permission for figure using from the Publishing Group (Supplementary material).

suggest that breast-derived adiponectin may play a functional role in the regulation of 
gastric milk volume accommodation. Adiponectin receptors are present in fetal 
rodents’ gastrointestinal tract[9] and in the adult rat, adiponectin modulates gastric 
tone[10].

A study comparatively evaluating the maternal breastmilk adiponectin content and 
their infants’ gastric emptying time showed an inverse relationship between these 
parameters[11]. That is to say that the higher the maternal adiponectin breastmilk 
content, the slower is their infant’s gastric emptying time. This suggest that 
adiponectin plays a facilitating role in the stomach receptive potential for milk volume 
by increasing gastric accommodation. Such regulatory role has not been previously 
evaluated in the newborn.

Therefore, the main goal of this study was to evaluate the adiponectin effect on the 
newborn rat gastric fundic muscle response to an agonist-induced contraction. We 
hypothesized that adiponectin downregulates the newborn fundic muscle tone thus 
allowing for greater accommodation to a larger milk volume, early in life.

https://f6publishing.blob.core.windows.net/c99cd635-caaa-4616-995f-42493476efd1/WJG-27-5566-supplementary-material.pdf
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MATERIALS AND METHODS
Design 
Studies were conducted in a laboratory setting utilizing newborn and adult rat gastric 
tissue.

Animals
Sprague-Dawley (Charles River, Montreal, QC, Canada) newborn (3-7 d old; n = 9; 
female n = 5, male n = 4), juvenile (8-14 d old; n = 4 female n = 2, male n = 2) and adult 
(> 60 d old; n = 7 female n = 2, male n = 5) rats were studied. The adult rats were fed a 
regular rodent diet composed of animal and vegetable protein (Certified Rodent Diet 
5002, LabDiet, St. Louis, MO, United States) and housed under standard lighting and 
temperature conditions.

The animals were sacrificed with pentobarbital sodium injection (60 mg/kg i.p). 
Immediately after death, the gastric tissue was removed fresh for functional studies. 
The gastric milk curd was completely removed intact, snap-frozen in liquid nitrogen 
and stored at -80℃ for less than one month, for later processing. The rationale for 
studying this stomach anatomical segment relates to the fact that accommodation of 
the food bolus occurs in the gastric fundus.

Freshly dispersed smooth muscle cells
To evaluate the adiponectin effect on the gastric muscle contraction independently of 
its innervation, and other tissue factors, as well as under the more physiologic isotonic 
conditions, we measured the individual smooth muscle cells (SMC) shortening 
response to this metabolite. In summary, the gastric tissue was digested in 1 mL/mg 
collagenase and 0.01% Soybean Trypsin Inhibitor (ThermoFisher, Burlington, Ontario, 
Canada) and the SMCs were dispersed in DMEM cell culture media (Wisent, St. 
Bruno, Quebec, Canada). One hour after dispersion the SMCs were exposed to 
carbachol-at a final media concentration of 10-4 for 15 min, while maintained at 37℃ 
and 5% CO2 in a conventional incubator in the absence or presence of adiponectin (4 
µl/mL). To study the mechanism by which adiponectin downregulates smooth muscle 
contraction, we evaluated the iberiotoxin (10-7 M) pre-incubation effect on the 
carbachol-induced response.

Following this, the cells were immediately fixed with 1% acrolein. Cells maintained 
for a similar duration in Calcium-free PBS media served as control. Light microscopy 
images at 20 × magnification was obtained using Leica DM IRE2 microscope (Wetzlar, 
Germany) and the cells’ length were measured using ImageJ (NIH, Bethesda, MA, 
United States). H2O2-induced cells length changes (shortening) were expressed as 
percentage of average control SMC length. The cells were obtained from seven 
newborns and five adult animals. A minimum of 50 H2O2-exposed and control cells 
from age group were evaluated.

Milk curd adiponectin content
Milk curds were obtained from newborn (3-7 d) and juvenile (8-14 d) rats. The curd 
proteins were extracted, and their adiponectin content quantified by utilizing a 
commercially available ELISA kit (RRP300, R&D systems) according to the 
manufacturer’s recommendations. Briefly, the pup’s milk curd was carefully extracted 
from the gastric cavity at once, after they were euthanized. The curd was weighed and 
sonicated in RIPA buffer for 5-10 s three times. The mixture was centrifuged at 17949 
g. The separated middle layer (skim milk) was used for adiponectin measurement and 
protein quantification.

Statistical analysis
Data were first evaluated to determine Gaussian distribution by Skewness, Kurtosis 
and Omnibus testing. Normally distributed data were analyzed by parametric tests. 
Group differences were statistically evaluated by unpaired Student’s t-test or two-way 
ANOVA with multiple comparisons obtained by the Tukey-Kramer test. Statistical 
significance was determined at P < 0.05. All statistical analyses were performed with 
the Number Cruncher Statistical System software (NCSS, Kaysville, Utah). Data are 
presented as mean ± SE.

The sample size utilized for each experiment is listed in the Figure legends and 
refers to SMC number. Given their high yield, we utilized large sample sizes for 
freshly dispersed SMCs, to minimize the possibility of a type I error.
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RESULTS
SMCs derived from rat’s gastric fundus significantly shortened in response to 
carbachol stimulation. One-, two-weeks and adult SMC showed a similar response. 
Pre-incubation with adiponectin suppressed the carbachol-induced SMC shortening at 
all ages (Figure 2).

To investigate the mechanism accounting for the adiponectin-dependent effect on 
the agonist-induced newborn fundic SMC shortening, we tested the effect of 
iberiotoxin on the response (Figure 3). This large-conductance Ca2+ sensitive K+ channel 
inhibitor was shown, by others, to be involved in the adiponectin-induced vascular 
smooth muscle relaxation[12]. Following pre-incubation with iberiotoxin the 
carbachol-induced SMC shortening was not altered by the presence of adiponectin. 
This observation suggests that the adiponectin downregulation of agonist induced 
fundic SMC shortening is mediated via modulation of large-conductance Ca2+ sensitive 
K+ channels.

Lastly, as a surrogate measurement of the maternal breastmilk concentration, we 
evaluated the newborn rat milk curd adiponectin content at one- and two-weeks of 
age. Adiponectin was present at both ages, but the one-week milk curd adiponectin 
content was two-fold higher, when compared with values obtained from two-week old 
rats (Figure 4).

DISCUSSION
The findings of the present study suggest that breastmilk-derived adiponectin is the 
key regulator of gastric milk volume and clearance rate in the neonatal rat. Activation 
of large-conductance Ca2+ sensitive K+ channels in fundic smooth muscle cells by 
adiponectin mediates this response.

Whereas in humans, the newborn enteral intake is dependent on milk offer, rodent 
pups can independently breastfeed on demand. This leads to the well-known 
observation of a consistently milk-filled stomach in suckling newborn rats. 
Experiments conducted decades ago showed that the regulation of gastric content in 
the newborn rat is not based on satiety, but stomach distention[13]. In a recently 
published study, we took advantage of this unique neonatal behavior to evaluate in 
vivo, the developmental pattern of gastric content volume and emptying time.

We showed that the rat gastric content volume, normalized to body weight, is 
highest at one-week, when compared with the later breastfeeding period[5]. In 
addition, the newborn rat’s gastric milk emptying rate is directly proportional to the 
stomach’s curd volume[5]. We further documented that a similar positive correlation 
between gastric milk volume and its emptying rate is present in preterm neonates[14].

Such observations imply that, in the immediate neonatal period, an operative 
physiological mechanism is present and geared at maximizing enteral intake to 
enhance gastric accommodation to the milk volume. The present study findings 
suggest that breastmilk-derived adiponectin is the factor responsible for this gastric 
accommodation response in newborn rats.

By downregulating the fundic smooth muscle agonist-induced contraction potential, 
adiponectin increases gastric accommodation thus maximizing the stomach’s milk 
volume retention. As shown in this study, the developmental pattern of this response 
is mediated not by age differences in the gastric SMC properties, but by the post-
partum changes in breastmilk adiponectin content.

Adiponectin is an adipokine primarily secreted by adipose tissue that has important 
physiological modulatory roles[15]. These include anti-inflammatory, antioxidant, 
antiatherosclerosis, appetite regulation and insulin-sensitizing effects. Yet, its presence 
in breastmilk raises provocative questions about its function in neonates.

Adiponectin is secreted by the breast adipose tissue and is the most abundant 
adipokine in human breast milk[7]. In humans, the breastmilk adiponectin content is 
highest in the early postpartum period and decreases overtime[16]. Similar pattern of 
breastmilk adiponectin content and postpartum changes were previously reported in 
rats[17], and the finding confirmed in the present study. Most importantly, 
adiponectin is rapidly taken-up by the gastrointestinal tract resulting in peak serum 
concentrations two hours after enteral administration in newborn mice[8]. This 
suggest that breastmilk-derived adiponectin plays a functional role early in life.

AdipoR1 and AdipoR2, the two adiponectin receptors are expressed during 
embryogenesis in mice, with the former being the predominant one in most tissues[9]. 
These receptors are also present in adult rodents’ gastric tissue and the electrical field 
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Figure 2 Smooth muscle cells shortening in response to carbachol stimulation (carbachol) in the absence and presence of adiponectin 
(ADPN + carbachol). Rat fundic smooth muscle cells (SMC) were freshly obtained from one- (n = 178: carbachol; n = 198: ADPN + carbachol), two-weeks (n = 
109: carbachol; n = 93: ADPN + carbachol) old pups and adult rats (n = 924: carbachol; n = 564: ADPN + carbachol). Data are expressed as mean ± SE percentage 
of basal length measurements prior to contraction. aP < 0.01 vs respective ADPN + carbachol. Insert shows representative SMC length measurements (magnification: 
20 ×) under the different conditions. SMC: Smooth muscle cells.

Figure 3 Newborn rat smooth muscle cell length expressed as a percentage of basal (non-stimulated; n = 178) length following pre-
incubation with adiponectin and carbachol stimulation in the absence (n = 198) and pre-incubation presence of Iberiotoxin, a large-
conductance Ca2+ sensitive K+ channel inhibitor (n = 96). Data are mean ± SE aP < 0.01 vs basal smooth muscle cell length values. SMC: Smooth muscle 
cells.

stimulation contractile potential of its muscle is reduced in the presence of exogenous 
adiponectin[10,18]. Whether adiponectin modulates the nerve stimulus conduction, or 
the gastric smooth muscle itself if unclear since one study in adult mice showed an 
effect on the vagal nerve [18]. In adult mice, adiponectin downregulates gastric muscle 
cell excitability[19], but this report is the first to study fundic SMCs from a newborn 
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Figure 4 Freshly obtained, one-week old (n = 6) and two-weeks old (n = 8) rat milk curd adiponectin content. Data are shown as individual 
values and mean ± SE aP < 0.01 vs two-weeks old values.

rodent.
Adiponectin not only reduces gastric muscle tone but has a similar effect on other 

smooth muscle dependent organs. In vascular tissue, adiponectin induces vasodilation
[20] and reduces uterine contractions[21]. In the present study we evaluated the 
adiponectin effect on freshly dispersed rat SMCs from newborn, juvenile and adult 
animals. At all ages we documented a similar reduction in agonist-stimulated SMC 
shortening showing that adiponectin acts directly on the fundic muscle.

The signal-transduction pathway responsible for the adiponectin modulation of 
smooth muscle contraction remains unclear. In vascular tissue, adiponectin promotes 
endothelial-derived nitric oxide generation and it enhances its biological activity, both 
of which mediate the adiponectin vasodilatory response[22-24]. In addition, 
adiponectin has a direct effect on vascular smooth muscle large-conductance Ca2+ 

sensitive K+ channels that also result in reduced vasomotor tone[12,25].
The present data show that large-conductance Ca2+ sensitive K+ channels modulate 

the newborn rat gastric SMC contraction potential. Iberiotoxin, a large-conductance 
Ca2+ sensitive K+ channels inhibitor of rodent fundic muscle relaxation[26], suppressed 
the adiponectin-mediated reduction in the carbachol-induced shortening. Our findings 
are in keeping with the adult mice gastric fundus, where adiponectin hyperpolarized 
the SMC resting membrane potential resulting in reduced voltage-dependent Ca2+ 
currents[19].

In support of breastmilk being a major source of adiponectin to the newborn, we 
confirmed its presence in newborn and juvenile rats’ milk curds. As previously shown 
to be the case for human breastmilk[16], we documented that the rat milk curds’ 
adiponectin content was inversely proportional to postpartum age and two-fold lower 
in the second, when compared with first postnatal week.

Together our findings suggest that breastmilk-derived adiponectin plays an 
important role in the newborn rat milk volume intake. Human derived data support 
the current findings. An evaluation of mothers’ breastmilk adiponectin content and 
their infants’ gastric emptying time showed an inverse relationship between these 
parameters. The higher the breastmilk adiponectin the longer was the infant’s gastric 
milk clearance[11].

This study has obvious limitations. Rat fundic SMCs agonist-induced shortening 
was used as a surrogate marker of gastric milk accommodation and the breastmilk 
adiponectin content was obtained from the newborn milk curds. Yet, it is well known 
that gastric accommodation to the food bolus depends on the fundic muscle relaxation
[27] and thus the fundic SMC shortening response allows for the study of the 
adiponectin direct effect its muscle tone. Although the adiponectin content of the 
newborn gastric curd is probably not similar to the one from fresh breastmilk, if 
anything the former value is likely lower, when compared with breastmilk.

CONCLUSION
In conclusion, adiponectin reduces the gastric fundus motor tone allowing for greater 
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accommodation of the food bolus. This response is present in newborn-derived 
smooth muscle cells and mediated via large conductance Ca2+ sensitive K+ channels. 
Breastmilk has a high adiponectin content and this adipokine likely enhances volume 
intake by increasing the gastric functional volume capacity (accommodation). These 
observations have translational importance since preterm infants are often fed either 
processed breastmilk or formula, both of which may not contain sufficient adiponectin 
to promote gastric fundic relaxation.

ARTICLE HIGHLIGHTS
Research background
Oral intake depends on the gastric ability to accommodate the food bolus. The preterm 
infant has a lower gastric capacity, normalized to body weight, when compared with 
adults, thus potentially limiting their milk intake. Yet, we previously shown that one-
week rat pups milk intake is greater than observed, as they mature.

Research motivation
The main rationale for the study experiments was to understand the mechanism 
accounting for greater food accommodation early in life.

Research objectives
The main objective was to evaluate the hypothesis that the adiponectin in breast milk 
increases the newborn rat ability to accommodate the food bolus by reducing the 
fundic muscle tone.

Research methods
Rat freshly dispersed smooth muscle cells were used to measure the adiponectin effect 
on carbachol-induced fundic muscle shortening.

Research results
Adiponectin significantly reduced the carbachol-stimulated smooth muscle cells 
shortening independently of age, via large-conductance Ca2+ sensitive K+ channel 
activation.

Research conclusions
Breast milk containing adiponectin regulates the newborn rat milk intake by 
increasing the gastric fundic accommodation potential.

Research perspectives
Maternal-neonatal interaction via breast milk components content provides a novel 
and likely important regulatory role on intake volume early in life.
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