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An immune-modulating formula comprising whey peptides
and fermented milk improves inflammation-related remote
organ injuries in diet-induced acute pancreatitis in mice
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It has been demonstrated that an immune-modulating enteral formula enriched with whey peptides and fermented milk
(IMF) had anti-inflammatory effects in some experimental models when it was administered before the induction of
inflammation. Here, we investigated the anti-inflammatory effects of the IMF administration after the onset of systemic
inflammation and investigated whether the IMF could improve the remote organ injuries in an acute pancreatitis (AP)
model. Mice were fasted for 12 hours and then fed a choline-deficient and ethionine-supplemented diet (CDE diet) for 24
hours to induce pancreatitis. In experiment 1, the diet was replaced with a control enteral formula, and mice were sacrificed
at 24-hour intervals for 96 hours. In experiment 2, mice were randomized into control and IMF groups and received the
control formula or the IMF respectively for 72 hr or 96 hr. In experiment 1, pancreatitis was induced by the CDE diet,
and inflammatory mediators were elevated for several days. Remote organ injuries such as splenomegaly, hepatomegaly,
and elevation of the hepatic enzymes developed. A significant strong positive correlation was observed between plasma
MCP-1 and hepatic enzymes. In experiment 2, the IMF significantly improved splenomegaly, hepatomegaly, and the
elevation of hepatic enzymes. Plasma MCP-1 levels were significantly lower in the IMF group than in the control group.

Nutrition management with the IMF may be useful for alleviating remote organ injuries after AP.
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INTRODUCTION

It is well known that inflammation is an essential process
in protecting the host against foreign invasion. However,
uncontrolled and excessive production of pro-inflammatory
cytokines occurs in a variety of clinical conditions, and this is
called systemic inflammatory response syndrome (SIRS) [1,
2]. SIRS leads to multiple organ failure (MOF) that increases
the risk of impaired functions and mortality in intensive
care unit (ICU) patients. Acute pancreatitis is a potentially
lethal disease with a wide variation of clinical features and
severity [3]. Most patients have a mild form of the disease and
recover, but some patients develop severe acute pancreatitis
(SAP) with a poor prognosis and high mortality. The high
mortality rate of SAP often comes from MOF, which is related
to SIRS. Inflammatory cytokines, which are released during
the early stage of SAP, have been shown to be mediators
of the associated pathogenesis of SAP [4-8]. Therefore,
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control of inflammation has been thought to improve clinical
manifestations.

Nutritional support, especially enteral nutrition, can have a
significant beneficial impact on the treatment of SAP. Enteral
nutrition in severe acute pancreatitis has been demonstrated to
reduce mortality rate, systemic infection, and MOF compared
with parenteral nutrition [3]. Recent clinical guidelines
also recommend enteral nutrition rather than parenteral
nutrition or no nutrition to patients with predicted SAP [9,
10]. Various formulations for enteral nutrition have also
been tried to improve the outcome of SAP, such as enteral
formulas supplemented with probiotics, prebiotics, and
synbiotics. However, these forms of supplementation have
been reported not to improve the clinical outcomes of SAP
[11, 12]. An immune-modulating formula (IMF), which is an
enteral formula enriched with anti-inflammatory nutrients,
has emerged, and some promising facts have been reported
[13]. Recently, an IMF enriched with whey-hydrolyzed
peptides, fermented milk, isomaltulose, -3 polyunsaturated
fatty acids, and antioxidant molecules (vitamin A, C, and
E and zinc and selenium) was developed. This formula has
been demonstrated to suppress systemic inflammation and
improve survival in a murine gut ischemia-reperfusion model
and experimental hepatitis model [14, 15]. The IMF was
administered before the induction of inflammation in previous
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Table 1. Diet composition (per 100 kcal)

CF IMF
Proteins (g) 4.0 5.0
Protein (% kcal) 16 20
Protein sources Milk protein, sodium caseinate Whey-hydrolyzed peptides, fermented milk
Carbohydrates (g) 15.5 14.5
Carbohydrates (% kcal) 59 55
CHO sources Dextrin Dextrin, isomaltulose
Lipids (g) 2.8 2.8
Lipids (% kcal) 25 25
Lipid sources LCT LCT, MCT, EPA, DHA

Others

Vitamin mix, mineral mix

Vitamin mix, mineral mix

CF: control enteral formula; IMF: immune modulating formula; LCT: long chain triglycerides; MCT: medium
chain triglycerides; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.

studies, while the IMF sometimes could only be administered
after the onset of systemic inflammation for ICU patients.

The present study was aimed to investigate the anti-
inflammatory effects of IMF administration after the onset
of systemic inflammation and to investigate whether the
IMF could improve inflammation-related remote organ
injuries. Thus, we confirmed that sustained inflammation and
subsequent remote organ injuries such as liver and spleen
injuries occurred in a diet-induced acute pancreatitis model
and then investigated whether administration of the IMF
after the onset of systemic inflammation could improve these
complications in this model.

MATERIALS AND METHODS

Animals

Three-week-old male C57BL/6 mice were purchased from
Japan SLC (Hamamatsu, Japan). The mice were housed in
plastic cages under controlled temperature and humidity
with a 12-h light/dark cycle and fed commercial chow with
water ad libitum for 1 week. The experiments reported herein
conformed to the guidelines for the care and use of laboratory
animals of Meiji Co., Ltd. (Kanagawa, Japan).

Formulas

We used MEIN® (Meiji Co., Ltd.) as the IMF; it is
an enteral formula enriched with nutrients with anti-
inflammatory properties and has been demonstrated to
have anti-inflammatory effects in some experimental
models [14, 15]. We used the standard enteral formula
MEIBALANCE® (Meiji Co., Ltd.) as the control formula;
it contained the minimum nutrition needed to survive and
is popularly used for tube-feeding patients clinically. We
have used MEIBALANCE as the control diet in a previous
study [15]. The diet compositions are listed in Table 1. The
control formula and the IMF were purchased from Meiji Co.,
Ltd., in liquid form. The control formula and the IMF were
already sterilized when purchased, so the lactic acid bacteria
contained in the fermented milk were heat killed. These diets

were lyophilized and then vacuum-packed and refrigerated
with an oxygen absorber and desiccants until administration
to avoid rotting and oxidation.

Diet-induced severe acute pancreatitis

To induce severe acute pancreatitis in mice, we used a
choline-deficient diet supplemented with 0.5% ethionine
(CDE diet). The choline-deficient diet and ethionine were
purchased from Dyets, Inc. (Bethlehem, PA, USA), and
Sigma-Aldrich (St Louis, MO, USA). Mice were fasted
overnight for 12 hr after acclimation (—24 hr). These mice
were then fed the CDE diet in powder form ad libitum for
24 hr (0 hr). After feeding with the CDE diet, the CDE diet
was replaced with the control enteral formula or the IMF. The
mice were euthanized to collect their tissues and blood from
the abdominal vena cava.

Experiment 1 (time course study)

Mice were randomized into five groups and fasted
overnight for 12 hr (=24 hr; n=6) and then fed the CDE diet
for 24 hr (0 hr; n=6) (Fig. 1). After feeding with the CDE
diet, the CDE diet was replaced with the control enteral
formula for 24 hr, 48 hr, 72 hr, or 96 hr (n=8, 8§, 10, and 9,
respectively). Organ weights and plasma amylase, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-a), and
monocyte chemoattractant protein-1 (MCP-1) were measured
at each time point.

Experiment 2 (effects of the immune-modulating formula)
Mice were fasted for 12 hr (—24 hr; n=9) and then fed the
CDE diet. These mice were randomized into control (n=18)
and IMF (n=18) groups (Fig. 1). The control or IMF mice
received the control enteral diet (MEIBALANCE) or the IMF
(MEIN) ad libitum for 72 hr or 96 hr. Mice were excluded if
their food intake was less than half that during feeding with
the CDE diet. Organ weights and plasma amylase, AST, ALT,
IL-6, TNF-a, and MCP-1 were measured at each time point.
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Fig. 1. Experimental protocol. IMF: immune-modulating formula.

Measurement of plasma cytokine, ALT, and AST levels
Plasma cytokine levels were analyzed using a mouse
cytometric bead array inflammation kit (BD Biosciences, San
Diego, CA, USA) on a FACSCalibur flow cytometer equipped
with a 488-nm laser (BD Immunocytometry Systems),
according to the manufacturer’s protocol. Plasma amylase,
ALT, and AST levels were determined enzymatically with an
autoanalyzer (Fuji Dri-Chem 3500, Fujifilm, Tokyo, Japan).

Statistical analysis

Data are presented as means + standard deviations.
Differences between the levels at —24 hr and the other
time points were assessed using Bartlett’s test for variance,
followed by Dunnett’s test for homoscedastic data or by
Steel’s test. Comparisons between the control and IMF groups
were performed using the Mann-Whitney U-test. The relation
between plasma inflammatory cytokine levels and plasma
AST or ALT levels was investigated by Pearson’s correlation
coefficient test. Differences were considered significant at
p<0.05.

RESULTS

Time course changes in the CDE diet-fed mice

There was no change in dietary intake when intake of
the CDE diet was compared with intake of chow in the
acclimation period (—24 hr) (Table 2). However, after feeding
with the CDE diet, dietary intake was significantly reduced
until 48 hr, and it was restored after 72 hr (Table 2).

Pancreatitis was induced by feeding with the CDE diet.
Pancreatic weights increased significantly at O hr and 24 hr,
and they were reduced after 48 hr (Table 3). Plasma amylase
increased significantly at 24 hr, and it decreased significantly
at 72 and 96 hr (Table 3). Inflammatory mediators such as
IL-6, TNF-0, and MCP-1 remained higher until 72 hr (Fig. 2).

Table 2. Body weight change and food intake in experiment 1

Hour Body weight (g)  Food intake (g) Diet source
—24 hr 14.6+1.0 27+04 Chow
0 hr 14.4+0.8 29+04 CDE diet
24 hr 132+0.8% 02+03"% Control diet
48 hr 13.0£1.21% 12+£091%
72 hr 139+1.5 2.4+0.7
96 hr 147+14 29+04

Values are means (g) + standard deviations. ¥p<0.01, vs. —24 hr.

Table 3. Pancreas weights and plasma amylase levels in
experiment 1

Hour Pancreas (g) Amylase (U/l)
—24 hr 0.136 = 0.025 2,107 £ 510
0 hr 0.170+0.017 2,193 £ 1,039
24 hr 0.163+0.012 10,927 + 6,946
48 hr 0.117 £ 0.012 12,445 +24,953
72 hr 0.123+£0.011 1,561 + 269
96 hr 0.122 +£0.019 1,456 £255 1

Values are means + standard deviations. Tp<0.05, vs. =24 hr.
p<0.01, vs. 24 hr.

Remote organ injuries such as splenomegaly, hepatomegaly,
and elevation of hepatic enzymes developed. Liver weights
increased significantly until 96 hr (Fig. 3A). Though not
significantly, spleen weights increased to the same extent as
the liver (Fig. 3B). Plasma AST and ALT levels were highest
at 0 hr and 24 hr and remained higher until 96 hr (Fig. 3C
and 3D). A statistically significant (p<0.001) strong positive
correlation was observed between plasma MCP-1 levels and
plasma AST or ALT levels (Fig. 4A and 4C). Plasma IL-6
levels also significantly correlated, but not strongly, with
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(A) Liver and (B) spleen weights and plasma (C) AST and (D) ALT levels.
Values are means =+ standard deviations. ¥p<0.05, vs. —24 hr. ¥p<0.01, vs. —24 hr.

plasma AST and ALT levels. TNF-a did not correlate with Effect of the IMF on organ weights
these markers. We investigated the beneficial effects of the IMF at 72 hr
and 96 hr after feeding with the CDE diet in experiment 2,
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Fig. 4. Correlations between MCP-1 or IL-6 and AST or ALT in experiment 1.

because the level of dietary intake was restored at 72 hr and 96
hr after feeding with the CDE diet in experiment 1. There were
no significant differences in body weights and food intake
between the control and IMF groups (data not shown). There
was also no significant difference in pancreatic weights and
plasma amylase levels between the control and IMF groups
(Table 4). However, the liver and spleen weights of the IMF
group were significantly lower than those of the control mice
(p=0.032 and 0.046, respectively) at 96 hr (Fig. SA and 5B).

Effect of the IMF on hepatic enzymes and plasma
inflammatory mediators

Plasma AST and ALT levels were significantly elevated at
72 hr and 96 hr in both groups. However, the plasma AST
and ALT levels of the IMF group were significantly lower
than those of the control mice at 72 hr (p=0.002 and 0.002
respectively) (Fig. 5C and 5D). Though the plasma MCP-1
levels were also significantly elevated at 72 hr in both groups,
the plasma MCP-1 levels were significantly lower in the
IMF group than in the control group (Fig. 6C). The plasma
TNF-a and IL-6 levels were not significantly elevated at 72
hr and 96 hr in either group (Fig. 6A and 6B). A significant
strong positive correlation was found between plasma MCP-1
levels and plasma AST levels in the control group (r=0.720,
p<0.005) but not the IMF groups (Fig. 7).

DISCUSSION

In the present study, we confirmed sustained inflammation
in the CDE diet-induced AP model in order to evaluate the

Table 4. Pancreas weights and plasma amylase levels in experiment 2

Pancreas (g) Amylase (U/l)
Hour
CF IMF CF IMF
—24 hr 0.124 +£0.024 2,366 + 954

72hr  0.115£0.015 0.114+0.013 1,326 +247% 1,381+3711
96hr 0.107+0.022 0.113+0.017 1,542 +287% 1,566 +238%

Values are means + standard deviations. p<0.05, vs. —24 hr. ¥p<0.01,
vs. —24 hr.

beneficial effect of IMF administration after the onset of
systemic inflammation. The experimental pancreatitis induced
by feeding with the CDE diet has already been established
[16]. In this model, acute necrotizing pancreatitis was induced
that was accompanied by systemic inflammatory responses
and peripancreatic organ injury [17, 18]. However, whereas
mice were fed the CDE diet throughout the experiment
in most previous studies [16, 19], little has been reported
about whether or not systemic inflammation persisted and
subsequent remote organ injuries occurred after feeding with
the CDE diet ended [4]. The present study showed for the first
time that CDE diet-induced pancreatitis led to remote organ
injuries such as splenomegaly and hepatomegaly, which were
also seen in severe acute pancreatitis in clinical settings.
In experiment 1, it was demonstrated that inflammatory
mediators such as MCP-1 were elevated for several days after
the end of feeding with the CDE diet. Continuing systemic
inflammation was expected to lead to development of remote
organinjuries. A variety of inflammatory mediators are thought
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to play key roles in the pathogenesis and progression of acute
pancreatitis [20], and systemic inflammation has been known
as a cause of remote organ injuries in SAP as well as the early
predictor of severity in human acute pancreatitis [21, 22].
The present study demonstrated that remote organ injuries,
represented as splenomegaly, hepatomegaly, and elevation
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experiment 2.

(A) TNF-o, (B) IL-6, and (C) MCP-1.

Values are means + standard deviations.

p<0.05, vs. =24 hr. #p<0.01, vs. =24 hr. *p<0.05, vs.
control group.

of hepatic enzymes, developed and were accompanied by
acute pancreatitis induced by feeding with the CDE diet.
It has been reported that transient splenomegaly was also
seen in severe acute pancreatitis in clinical settings and that
patients with severe splenomegaly at an early time point had
longer hospital stays [23]. Moreover, hepatic enzymes were
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demonstrated to strongly correlate with MCP-1 in the present
study. MCP-1 is a family member of the C-C chemokines,
and it has been thought to be an important inflammatory
mediator in the process of acute pancreatitis and to promote
distant organ failure [20, 24]. In clinical settings, serum MCP-
1 has been reported to increase in patients with complicated
acute pancreatitis, and MCP-1 has been thought to play a
pivotal role in the pathological mechanism of complicated
pancreatitis [24, 25]. The results of the present study suggest
that MCP-1 could be a predictive and prognostic molecular
marker for remote organ injuries and severe pancreatitis.

We demonstrated for the first time that intake of the IMF after
the development of AP improved systemic inflammation and
inflammation-related remote organ injuries. Some components
in the IMF have been demonstrated to have anti-inflammatory
effects and are considered to be responsible for the improvement
in splenomegaly, hepatomegaly, and liver injury. Whey-
hydrolyzed peptides suppress increases in plasma alanine and
aspartate aminotransferase activities as well as TNF-o and
IL-6 levels in concanavalin A-induced and D-galactosamine-
induced hepatitis models [26]. Whey-hydrolyzed peptides
also suppress IL-1p and TNF-a mRNA expression as well as
nuclear factor-kB (NF-xB) and Stat 3 activation in the liver
and IL-6 mRNA expression in the spleen in a concanavalin
A-induced hepatitis model [26]. Another whey-peptide-
based enteral formula has also been shown to protect against
lipopolysaccharide-induced inflammatory responses [27].

The other components of the IMF, such as fermented
milk, ®-3 polyunsaturated fatty acids, antioxidant vitamins,
and minerals, were demonstrated to have anti-inflammatory
effects. Fermented milk, such as yogurt, and lactic acid bacteria
have been reported to have anti-inflammatory effects [28, 29],
and they are known to modulate the immune reaction and
improve intestinal environment. The gut microflora has been
demonstrated to be altered in patients with severe SIRS, and
an abnormal gut microflora is thought to affect the systemic
inflammatory response after severe insult [30, 31]. We
speculate that the fermented milk used here was also involved
in the anti-inflammatory effects of the IMF, and further
investigation is needed. Omega-3 polyunsaturated fatty acids,

particularly eicosapentaenoic acid (EPA), have also been
demonstrated to have anti-catabolic effects by reducing the
inflammatory state [32]. Antioxidant vitamins and minerals
have been shown to attenuate systemic inflammatory
responses and to be associated with a reduction in mortality
in critically ill patients [33]. Isomaltulose is a low-glycemic
disaccharide. It is completely hydrolyzed into glucose and
fructose, although slower than sucrose, and absorbed by the
small intestine [34, 35]. Isomaltulose has been shown to be
less postprandial hyperglycemic and hyperinsulinemic, and
it is thought to reduce the burden on pancreatic p-cells [35].
Therefore, it is likely that all of these factors contribute to the
improvement of remote organ injuries.

We believe that the IMF also has another benefit for
SAP. Whey-hydrolyzed peptides have been shown to hardly
have any effect on pancreatic secretion, while intragastric
administration of casein or whey protein has been shown to
significantly increase pancreatic enzyme secretion [36]. The
source of the protein in the IMF was partially replaced with
whey-hydrolyzed peptides, so the IMF stimulates pancreatic
secretion less than the control formula.

In the present study, the mice ate the respective diets orally,
and food intake was ad libitum. Further studies in which food
is administered via jejunostomy or gastrostomy are required.
In practice, patients who cannot ingest normal food orally but
still can use the gut as a nutritional route receive an enteral
diet via a nasogastric tube, nasoenteric tube, gastrostomy, or
jejunostomy. Enteral nutrition in SAP is recommended to be
initiated early by infusion through the jejunum to minimize
pancreatic stress [9, 10]. Therefore, the contribution of the
IMF to SAP outcomes would be revealed more clearly in
clinical settings where an adequate volume of the IMF could
be administered via gastrostomy or jejunostomy.

In conclusion, nutritional management with the IMF may be
useful for alleviating remote organ injuries after severe acute
pancreatitis. Although further studies are needed and clinical
trials will be necessary to establish the effects in humans, the
findings obtained in the present study will provide some insight
into new nutritional therapies for severe acute pancreatitis.



K. NAKAMURA, et al.

ACKNOWLEDGEMENTS

All contributors met the criteria for authorship. KN was

involved in the design of the study and in acquisition, analysis,
and interpretation of data; KN also drafted the manuscript.
KF gave significant advice, provided technical help, and
revised the manuscript for this study. AS participated in the
design of the study and in acquisition and analysis of data.
TY participated in the design of the study and in acquisition
and interpretation of data. KN, AS, and TY are employees of
Meiji Co., Ltd. The funding source for this study was Meiji
Co., Ltd. All authors have read and approved the final version
of manuscript.

REFERENCES

. Hassoun HT, Kone BC, Mercer DW, Moody FG, Weisbrodt NW, Moore FA. 2001.

Post-injury multiple organ failure: the role of the gut. Shock 15: 1-10. [Medline]
[CrossRef]

. Beale RJ, Bryg DJ, Bihari DJ. 1999. Immunonutrition in the critically ill: a

systematic review of clinical outcome. Crit Care Med 27: 2799-2805. [Medline]
[CrossRef]

. Dimagno MJ, Wamsteker EJ, Debenedet AT. 2009. Advances in managing acute

pancreatitis. F1000 Med Rep 1: 59. [Medline] [CrossRef]

. Gray KD, Simovic MO, Blackwell TS, Christman JW, May AK, Parman KS,

Chapman WC, Stain SC. 2006. Activation of nuclear factor kappa B and severe
hepatic necrosis may mediate systemic inflammation in choline-deficient/
ethionine-supplemented diet-induced pancreatitis. Pancreas 33: 260-267.
[Medline] [CrossRef]

. Grewal HP, Kotb M, el Din AM, Ohman M, Salem A, Gaber L, Gaber AO. 1994.

Induction of tumor necrosis factor in severe acute pancreatitis and its subsequent
reduction after hepatic passage. Surgery 115: 213-221. [Medline]

. Foitzik T, Eibl G, Schneider P, Wenger FA, Jacobi CA, Buhr HJ. 2002. Omega-3

fatty acid supplementation increases anti-inflammatory cytokines and attenuates
systemic disease sequelae in experimental pancreatitis. JPEN J Parenter Enteral
Nutr 26: 351-356. [Medline] [CrossRef]

. Guice KS, Oldham KT, Remick DG, Kunkel SL, Ward PA. 1991. Anti-tumor

necrosis factor antibody augments edema formation in caerulein-induced acute
pancreatitis. J Surg Res 51: 495-499. [Medline] [CrossRef]

. Olah A, Belagyi T, Pot6 L, Romics L Jr, Bengmark S. 2007. Synbiotic control

of inflammation and infection in severe acute pancreatitis: a prospective,
randomized, double blind study. Hepatogastroenterology 54: 590-594. [Medline]

. Banks PA, Freeman ML, Practice Parameters Committee of the American

College of Gastroenterology. 2006. Practice guidelines in acute pancreatitis. Am
J Gastroenterol 101: 2379-2400. [Medline] [CrossRef]

. Meier R, Ockenga J, Pertkiewicz M, Pap A, Milinic N, Macfie J, Loser C, Keim V,

DGEM (German Society for Nutritional Medicine) ESPEN (European Society for
Parenteral and Enteral Nutrition) . 2006. ESPEN guidelines on enteral nutrition:
pancreas. Clin Nutr 25: 275-284. [Medline] [CrossRef]

. Olah A, Romics L Jr. 2010. Evidence-based use of enteral nutrition in acute

pancreatitis. Langenbecks Arch Surg 395: 309-316. [Medline] [CrossRef]

. Petrov MS, Loveday BP, Pylypchuk RD, Mcllroy K, Phillips AR, Windsor JA.

2009. Systematic review and meta-analysis of enteral nutrition formulations in
acute pancreatitis. Br J Surg 96: 1243-1252. [Medline] [CrossRef]

. Pontes-Arruda A, Demichele S, Seth A, Singer P. 2008. The use of an inflammation-

modulating diet in patients with acute lung injury or acute respiratory distress
syndrome: a meta-analysis of outcome data. JPEN J Parenter Enteral Nutr 32:
596-605. [Medline] [CrossRef]

. Kume H, Okazaki K, Yamaji T, Sasaki H. 2012. A newly designed enteral formula

containing whey peptides and fermented milk product protects mice against
concanavalin A-induced hepatitis by suppressing overproduction of inflammatory
cytokines. Clin Nutr 31: 283-289. [Medline] [CrossRef]

. Nakamura K, Ogawa S, Dairiki K, Fukatsu K, Sasaki H, Kaneko T, Yamaji T.

2011. A new immune-modulating diet enriched with whey-hydrolyzed peptide,
fermented milk, and isomaltulose attenuates gut ischemia-reperfusion injury in
mice. Clin Nutr 30: 513-516. [Medline] [CrossRef]

. Su KH, Cuthbertson C, Christophi C. 2006. Review of experimental animal

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

models of acute pancreatitis. HPB (Oxford) 8: 264-286. [Medline] [CrossRef]
Niederau C, Liithen R, Niederau MC, Grendell JH, Ferrell LD. 1992. Acute
experimental hemorrhagic-necrotizing pancreatitis induced by feeding a choline-
deficient, ethionine-supplemented diet. Methodology and standards. Eur Surg Res
24 Suppl 1: 40-54. [Medline] [CrossRef]

Yamaguchi I, Hamada K, Yoshida M, Isayama H, Kanazashi S, Takeuchi K. 2009.
Risperidone attenuates local and systemic inflammatory responses to ameliorate
diet-induced severe necrotic pancreatitis in mice: it may provide a new therapy
for acute pancreatitis. J Pharmacol Exp Ther 328: 256-262. [Medline] [CrossRef]
Lundberg AH, Granger DN, Russell J, Sabek O, Henry J, Gaber L, Kotb M, Gaber
AO. 2000. Quantitative measurement of P- and E-selectin adhesion molecules in
acute pancreatitis: correlation with distant organ injury. Ann Surg 231: 213-222.
[Medline] [CrossRef]

Ishibashi T, Zhao H, Kawabe K, Oono T, Egashira K, Suzuki K, Nawata H,
Takayanagi R, Ito T. 2008. Blocking of monocyte chemoattractant protein-1
(MCP-1) activity attenuates the severity of acute pancreatitis in rats. J
Gastroenterol 43: 79-85. [Medline] [CrossRef]

Chen QP. 2001. Enteral nutrition and acute pancreatitis. World J Gastroenterol 7:
185-192. [Medline] [CrossRef]

Viedma JA, Pérez-Mateo M, Agullé J, Dominguez JE, Carballo F. 1994.
Inflammatory response in the early prediction of severity in human acute
pancreatitis. Gut 35: 822-827. [Medline] [CrossRef]

Tsushima Y, Tamura T, Tomioka K, Okada C, Kusano S, Endo K. 1999.
Transient splenomegaly in acute pancreatitis. BrJ Radiol 72: 637-643. [Medline]
[CrossRef]

Rau B, Baumgart K, Kriiger CM, Schilling M, Beger HG. 2003. CC-chemokine
activation in acute pancreatitis: enhanced release of monocyte chemoattractant
protein-1 in patients with local and systemic complications. Intensive Care Med
29: 622-629. [Medline] [CrossRef]

Yang YZ, Xiang Y, Chen M, Xian LN, Deng XY. 2016. Clinical significance of
dynamic detection for serum levels of MCP-1, TNF-o and IL-8 in patients with
acute pancreatitis. Asian Pac J Trop Med 9: 1111-1114. [Medline] [CrossRef]
Yamaji T, Kume H. 2008. Hepatoprotective effects of whey protein and whey
peptides on hepatitis. Milk Sci 56: 115-118.

Oz HS, Chen TS, Neuman M. 2009. Nutrition intervention: a strategy against
systemic inflammatory syndrome. JPEN J Parenter Enteral Nutr 33: 380-389.
[Medline] [CrossRef]

Lee JM, Hwang KT, Jun WIJ, Park CS, Lee MY. 2008. Antiinflammatory effect of
lactic acid bacteria: inhibition of cyclooxygenase-2 by suppressing nuclear factor-
kappaB in Raw264.7 macrophage cells. J Microbiol Biotechnol 18: 1683-1688.
[Medline]

Ménard S, Candalh C, Bambou JC, Terpend K, Cerf-Bensussan N, Heyman
M. 2004. Lactic acid bacteria secrete metabolites retaining anti-inflammatory
properties after intestinal transport. Gut 53: 821-828. [Medline] [CrossRef]
Shimizu K, Ogura H, Goto M, Asahara T, Nomoto K, Morotomi M, Yoshiya K,
Matsushima A, Sumi Y, Kuwagata Y, Tanaka H, Shimazu T, Sugimoto H. 2006.
Altered gut flora and environment in patients with severe SIRS. J Trauma 60:
126-133. [Medline] [CrossRef]

Alverdy JC, Chang EB. 2008. The re-emerging role of the intestinal microflora in
critical illness and inflammation: why the gut hypothesis of sepsis syndrome will
not go away. J Leukoc Biol 83: 461—466. [Medline] [CrossRef]

Colomer R, Moreno-Nogueira JM, Garcia-Luna PP, Garcia-Peris P, Garcia-de-
Lorenzo A, Zarazaga A, Quecedo L, del Llano J, Usan L, Casimiro C. 2007. N-3
fatty acids, cancer and cachexia: a systematic review of the literature. Br J Nutr
97: 823-831. [Medline] [CrossRef]

Heyland DK, Dhaliwal R, Suchner U, Berger MM. 2005. Antioxidant nutrients:
a systematic review of trace elements and vitamins in the critically ill patient.
Intensive Care Med 31: 327-337. [Medline] [CrossRef]

Tonouchi H, Yamaji T, Uchida M, Koganei M, Sasayama A, Kaneko T, Urita Y,
Okuno M, Suzuki K, Kashimura J, Sasaki H. 2011. Studies on absorption and
metabolism of palatinose (isomaltulose) in rats. Br J Nutr 105: 10-14. [Medline]
[CrossRef]

Maeda A, Miyagawa J, Miuchi M, Nagai E, Konishi K, Matsuo T, Tokuda M,
Kusunoki Y, Ochi H, Murai K, Katsuno T, Hamaguchi T, Harano Y, Namba M.
2013. Effects of the naturally-occurring disaccharides, palatinose and sucrose, on
incretin secretion in healthy non-obese subjects. J Diabetes Investig 4: 281-286.
[Medline] [CrossRef]

Kinouchi T, Koyama S, Harada E, Yajima T. 2012. Large molecule protein feeding
during the suckling period is required for the development of pancreatic digestive
functions in rats. Am J Physiol Regul Integr Comp Physiol 303: R1268-R1276.
[Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/11198350?dopt=Abstract
http://dx.doi.org/10.1097/00024382-200115010-00001
http://www.ncbi.nlm.nih.gov/pubmed/10628629?dopt=Abstract
http://dx.doi.org/10.1097/00003246-199912000-00032
http://www.ncbi.nlm.nih.gov/pubmed/20539749?dopt=Abstract
http://dx.doi.org/10.3410/M1-59
http://www.ncbi.nlm.nih.gov/pubmed/17003648?dopt=Abstract
http://dx.doi.org/10.1097/01.mpa.0000240599.95817.34
http://www.ncbi.nlm.nih.gov/pubmed/8310410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12405646?dopt=Abstract
http://dx.doi.org/10.1177/0148607102026006351
http://www.ncbi.nlm.nih.gov/pubmed/1943086?dopt=Abstract
http://dx.doi.org/10.1016/0022-4804(91)90171-H
http://www.ncbi.nlm.nih.gov/pubmed/17523328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17032204?dopt=Abstract
http://dx.doi.org/10.1111/j.1572-0241.2006.00856.x
http://www.ncbi.nlm.nih.gov/pubmed/16678943?dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2006.01.019
http://www.ncbi.nlm.nih.gov/pubmed/20309576?dopt=Abstract
http://dx.doi.org/10.1007/s00423-010-0631-4
http://www.ncbi.nlm.nih.gov/pubmed/19847860?dopt=Abstract
http://dx.doi.org/10.1002/bjs.6862
http://www.ncbi.nlm.nih.gov/pubmed/18974237?dopt=Abstract
http://dx.doi.org/10.1177/0148607108324203
http://www.ncbi.nlm.nih.gov/pubmed/22119211?dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2011.10.012
http://www.ncbi.nlm.nih.gov/pubmed/21281994?dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2011.01.002
http://www.ncbi.nlm.nih.gov/pubmed/18333137?dopt=Abstract
http://dx.doi.org/10.1080/13651820500467358
http://www.ncbi.nlm.nih.gov/pubmed/1601023?dopt=Abstract
http://dx.doi.org/10.1159/000129238
http://www.ncbi.nlm.nih.gov/pubmed/18832108?dopt=Abstract
http://dx.doi.org/10.1124/jpet.108.141895
http://www.ncbi.nlm.nih.gov/pubmed/10674613?dopt=Abstract
http://dx.doi.org/10.1097/00000658-200002000-00010
http://www.ncbi.nlm.nih.gov/pubmed/18297440?dopt=Abstract
http://dx.doi.org/10.1007/s00535-007-2126-9
http://www.ncbi.nlm.nih.gov/pubmed/11819758?dopt=Abstract
http://dx.doi.org/10.3748/wjg.v7.i2.185
http://www.ncbi.nlm.nih.gov/pubmed/7517379?dopt=Abstract
http://dx.doi.org/10.1136/gut.35.6.822
http://www.ncbi.nlm.nih.gov/pubmed/10624319?dopt=Abstract
http://dx.doi.org/10.1259/bjr.72.859.10624319
http://www.ncbi.nlm.nih.gov/pubmed/12589535?dopt=Abstract
http://dx.doi.org/10.1007/s00134-003-1668-4
http://www.ncbi.nlm.nih.gov/pubmed/27890374?dopt=Abstract
http://dx.doi.org/10.1016/j.apjtm.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/19380752?dopt=Abstract
http://dx.doi.org/10.1177/0148607108327194
http://www.ncbi.nlm.nih.gov/pubmed/18955820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15138208?dopt=Abstract
http://dx.doi.org/10.1136/gut.2003.026252
http://www.ncbi.nlm.nih.gov/pubmed/16456446?dopt=Abstract
http://dx.doi.org/10.1097/01.ta.0000197374.99755.fe
http://www.ncbi.nlm.nih.gov/pubmed/18160538?dopt=Abstract
http://dx.doi.org/10.1189/jlb.0607372
http://www.ncbi.nlm.nih.gov/pubmed/17408522?dopt=Abstract
http://dx.doi.org/10.1017/S000711450765795X
http://www.ncbi.nlm.nih.gov/pubmed/15605227?dopt=Abstract
http://dx.doi.org/10.1007/s00134-004-2522-z
http://www.ncbi.nlm.nih.gov/pubmed/20807468?dopt=Abstract
http://dx.doi.org/10.1017/S0007114510003193
http://www.ncbi.nlm.nih.gov/pubmed/24843667?dopt=Abstract
http://dx.doi.org/10.1111/jdi.12045
http://www.ncbi.nlm.nih.gov/pubmed/23100027?dopt=Abstract
http://dx.doi.org/10.1152/ajpregu.00064.2012

