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Glutamine and the gut:

focus on protein metabolism

P. Déchelotte, Rouen, France




Gut : a key organ for glutamine metabolism...

... and a target organ modulated by glutamine



Table 1: Critical illness associated with low plasma levels of glutamine

Critical illness References
Bone marrow Brown et al. 1998, Schloerb 1999,
transplantation Mc Burney et al. 1994, Schloerb 1993,
Ziegler 1992.
$fapfr'rfa Griffiths et al. 1997, Newsholme et al. 1987,
T Houdijk et al. 1998, Powell-Tuck et al. 1999,
Jensen et al. 1996, Rennie et al. 1985,
Jones et al. 1999, Roth et al. 1990,

Scheltinga et al. 1991, Tremel et al.1994.

Acute
pancreatitis Roth et al. 1986
Chemotherapy
Decker-Baumann et al. 1999
Surgical Hammarqvist et al. 1989, O'Riordain et al. 1994,
patients Jiang et al. 1999, Stehle et al. 1989.

Morlion et al. 1998.



Clinical benefits of glutamine supplementation

Cancer patients undergoing major Gl
surgery

Complicated surgery

ICU patients
Trauma patients
Severe burns
Severe pancreatitis




Parenteral glutamine reduces mortality in critical illness

Study PM glutamine Control RR {random) Walght 2R (random)
arsubeategory niN niN 5% Cl b Q5% CI ‘fear
Diechelotte 2006 258 256 l 2.83 0,47 [0.14, 6.62] 2006
Fuentes-Crozeo a7 318 - = 3.83 053012, 5.28] 2004
riffiths 18/42 25142 — 56.04 0.72[047,1.11] 10607
Powell-Tuck 1483 2oias —= 27.96 0.72 [0.20, 1.32] 1004
Wischmeyer 215 516 —a— 472 043 [0.10,1.88] 2001
Xlan-L Orza A2 —-— 1.24 015 [0.01, 2.73] 2004
Zlegler 1/82 5 —a 2.40 0,19 [0.02, 1.57] unpu b
Total (8% CI) 267 267 < "‘> 100, 0D 00T [0.48, 0.92]
Total events: 38 (PN glutamine), 63 (zontrol)
ryd = =f (P =070), F= 0%
Test for heterogenalty: 3= =23.19, df P =079, #=0% Heyland et al ,
Testfor averall offect: 7 =2.4 www.criticalcarenutrition.com
IZI:1 0:2 U:E 1 2I IE 1IIZI
Fawvors PN glutamine Favors control




GIn maintains physiological intestinal barrier
Major Gl surgery

Pztients Under Slucy Contro. Patients

LM ratic = 0,058 = 0,045 (n ay M7 = 0.029 (n = 30;
Lav 3 before surdery

L'M ratio = 0,087 &+ 0LBG3 (n 3 LT = 0132 4+ D8l in = 30}
Glutamine administration Balanced arrino acid solution administryggfn
Cav + T after sLrgery

p =02

Severe burns

/M ratino = 0268 + 0202 (n = 20) /M ratio = 0.221 + 0,169 (n = 20)
Postburn day + 1
p = .538

I./M ratio = (LO2Z5 + (L0088 (n = 20) 1/M ratin = 0.049 + (L0168 (n = 20)
Glutamine administration for 2 days alanced amino acid mix administration
Postburn day + 3
p = .012

L/M ratio = 0.018 = 0.003" (n = 20) L/M ratio = 0.051 = 0.013 (n = 20)
Glutamine administration for 5 days alanced amino acid mix administration
[Postburn day | 6

p — 0342

de Souza Crit Care Med 2005




Mechanisms of glutamine beneficial effects

* supports gut metabolism
* preserves gut barrier function
* supports immunity (gut)

 reduces inflammatory respol
* supports anti-oxidant defences (GSH, HSP)
* reduces insulin resistance

Coéffier & Déchelotte, Nutr Rev 2005







Glutamine uptake and
metabolism by enterocytes

Apical

1

basolateral

Lenaerts, FEBS J 2005

Uptake gln {nmaol-mg protein’) B

Uptake gln {(nmol-mg protein’’) @

-
&
[=]

120 |

20 4
40

0 2 4 [ g 10 412 14 16
Days after confluence

o 10 20 20 40 50
Time (h)




Glutamine stimulates intestinal protein synthesis

protein synthesis in enterocytes from septic rats

Higashiguchi et al, JPEN 1993 and Clin Sci 19

protein synthesis in the rat
Van Acker et al, 1996

No effect in fed dogs or pigs




Glutamine preserves intestinal protein synthesis an d TER
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LeBacquer , Am J Physiol 2003




Intestinal protein metabolism in humans
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Glutamine and gut mucosal protein synthesis
in hypercatabolic humans
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Enteral glutamine increases duodenal FSR in humans
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E Glotamine
] Aming acids
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Coeffier, Am J Physiol 2003




and specifically inhibits ubiquitin mMRNA
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Cathepsin D activity (AU)

Saline ONS Saline ONS

A

Duodenal FSR (%!/d)

Cathepsin D e o o &
[B-actin -———————

saline ONS

Short term enteral infusion of ONS increased FSR an d reduced

lysosomal proteolytic activity vs saline

Coéffier, AJCN 2008




Mechanisms of glutamine beneficial effects

* preserves gut metabolism,
 preserves gut barrier function
 Supports immunity (gut)

 reduces inflammatory respol
* supports anti-oxidant defences (GSH, HSP)
* reduces insulin resistance
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Glutamine stimulates enterocyte proliferation

2c0 ; [ Static
2001 Strain *

Kandil et al, AJP 1995

Rhoads et al, AJP 1997

Rhoads et al, Gastroenterology 2000
Murnin et al, J Gastrointest Surg 2000

Cell # (% control)

L-Glutamine (mM)

Mandir et al, Gut 1999.




Glutamine reduces enterocyte apoptosis

Glutamine Prevents Cytokine-Induced Apoptosis in Human Colonic
Epithelial Cells"*
&4k

Mary E. Evans,"* Dean P. Jones'" and Thomas R. Ziegler

‘Departmeant of Medicine, ' Department of Biochemistry and the “Centar for Clinical and Molecular Nutrition,

Emaory University School of Medicine, Atlanta, GA 30322

J. Nutr. 133: 3065-3071, 2003
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Glutamine and intestinal proteome in inflammataopditions
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Glutamine effects under apoptotic conditi

28 modulated proteins expressiaz0:down-and 8 proteins

1

Accession
number number

1 QRELES Tntraflagellar transpest 78 homoleg Cytoskalatom
z QEWVME Seel family domain containing protein 1 Membrans trafficking
3 043318 Mitogen-activated protein kinase kinase kinase Signal transduction
7
4 QEEATS FES06-binding protein 10 [Precursor]
5 oa43187 1 toa-wsociated k liks 2 Signal transdaction Carbohydrate
s P12429 Anmein A3 metabolism
o
7 Qewas Cell death regulator Aven 4%
s rasses  Cell death regulator AVER:
s QsH1YO satophagy protein 5 s .
Protein biosynthesis
10 PS1817 Serine/threonine-protein kinase PREX .
and protealysis  —~

n P50213 Isocitrate dehydrogenase AD] sibunit o 2%

mitochondrial [Precurscor] ©
12 Pa2s7e Caspase-3 [Pracursor] \
13 Fo9asE

Caspase 3 (precursor) Oxidative
14 QeBzOL Hypothstical FRG1-like protein c20oxfE0 Mliscellansans .
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Deniel S et al., Mol Cell Prot 2008



Transporters, enzymes

Tight Junction
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Structural proteins : actin, occludin,
claudins (1-17), Zonula Occludens (ZO-1)...




Mazzon, Gut 2002



Enhanced trypsin-like activity during Irritable Bow el Syndrome

Chymotrypsin-like activity Trypsin-like activity PGPH activity
T3 I 10
T 5000~
- 12000
50000 4600 T 12000 'l'
'S 50000~ 5 40004 ‘5 10000
Eimnm & 3500 a ot * *
= 1 S 3000~ 2 7000
= soo00d L T Z 2500 __ = eoo T 1
2 3 2000- 2 2000
¥ 20000+ [ 15004 o 23000 J_
10000 1000 1l = 2000
1L =T 500+ 1000 1l =
4] T T T 0 T T T -1000 T T T
Téemein TFlI Crohn Témoin TFI Crohn Témain TFI Crohn

Coéffier, Am J Gastroenterol, 200




Increased degradation of occludin by proteasome in
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Glutamine preserves tight-junction proteins in vitro

GLN DM GLN 0.6mM G LN 0TSO dmM GLN B6/MSO 4mv

Cacn-2

Claudin-1

Cheeludin

Li, Am J Physiol 2004




Mechanisms of glutamine beneficial effects

* preserves gut metabolism,
* preserves gut barrier function
* Ssupports immunity (gut)

 reduces inflammatory respol
* supports anti-oxidant defences (GSH, HSP)
* reduces insulin resistance




Glutamine supports intestinal immune function

' supports metabolism and proliferative response
of intestinal immune cells Calder et al, AA 1999

- supports Peyer’s patches cellularit
Manhart et al, Clin Nutr 2000

maintains/restores mucosal IgA secretion

Kudsk et al, JPEN 2001




Mechanisms of glutamine beneficial effects

* preserves gut metabolism,
* preserves gut barrier function
 Supports immunity (gut)

* reduces inflammatory response (|
* supports anti-oxidant defences (GSH, HSP)
* reduces insulin resistance
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Uehara et al, Crit Care Med 2005

100 . : I )
S fommen i GIn/LPS
80 |- Comy :
| i
B : P
: H
= 60 [ - — ,
2 : ..
= L | O ; LN— .
A i ’
e 40 - T 1 GIn/SnMP/LPS
I
i LR/LPS
20 |
0 1 | 1 1 | 1 1 |
0 6 12 18 24

Hours after LPS treatment

Figure 8. Effect of glutamine () pretreatment on survival of rats after lipopolvsaccharide (LPS)
administration. Rats were administered with Gln or lactated Ringer's solution (LA) intravenously 9 hrs
hefore intraperitoneal injection of LPS (20 mg/kg). Tin mesoporphyrin (SnMP; 1 pmol/kg) was
administered to rats intravenously 1 hr before LPS treatment, and their survival was examined.
LRALPS (dashed {ine); LPS with LR pretreatment:; Gin/LEPS (solid {ine). LPS with Gln pretreatment:
Gin/SnMPIALPS (dashed and doéted fine), LPS with Gln pretreatment followed by SnMP administration.
Results are from 12 independent experiments (n = 12 for each group). Shown is the Kaplan-Meier plot
of survival in rats after LPS treatment. ®p << 05 vs. LR/LPS or Gln/SnMP/LPS.



Glutamine reduces pro-inflammatory cytokines produdion
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Glutamine reduces IL-8 production via IkB-ubiquitin ylation

IL-8 (hg/mg.prot.)
ha
I———

0.6 2 10
Glutamine, mmol/L

| Bex — e — -

Gilutamine 0.6 2 10 08 = 10
mmol/L
Cytomix - - - - + +*

Hubert-Buron, J Nutr 2006



colonoscopy

CDs
patients

100000

Conditions (mM)
1:Arg0,1/GIn0,6
2:Arg2/GIn0,6
3:Arg0,1/GIn 10
4:Arg2/GIn 10

IL-8 (pg / mg tissue)

Lecleire, J Nutr 2008
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Mechanisms of glutamine beneficial effects

* preserves gut metabolism,
* preserves gut barrier function
 Supports immunity (gut)

* reduces inflammatory response (|
* supports anti-oxidant defences (GSH, HSP)
* reduces insulin resistance




Depletion of mucosal GSH during intestinal nflammation
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Glutamine supports tissue glutathione

In jejunal mucosa Cao 1999
Belmonte-Zalar 2007

In the liver Hong 199

maintains GSH synthesis andsSH/GSSG
Humbert 2001




Glutamine and heat-shock proteins

Induction or stimulation of HSP by glutamine
in vitro different cell types
(Cai 1991, Zhou 1997)
intestinal cell lines
(Ehrenfield 1995
Wischmeyer1997, Chow 1998)

in vivo (rat)  intestine, heart, lung
(Wischmeyer 2001, Hayashi 2002, Singleton 2005 @620

Intestinal protection  HO-1 induction (rat)
(Tamaki et al 1999, Uehara 2005)




1 in humans
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GIn and HSP modulation in humans

Parenteral glutamine (high dose) increases serum
Hsp70 in critically ill patients

(Ziegler TR et al, Int Care Med 2005)

Reduced length of hospital stay




Conclusion : gln and intestinal metabolism

key issue for gut barrier function and
Immuno-inflammatory response

iInvolves multiple regulatory pathways and

cellular interplay

altered in different situations of stress,
iInflammation etc...

metabolic and signalling effects supporting
the benefits of gln supplementation
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