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In the development of inflammatory bowel disease (IBD), the gut microbiota has been established as a key factor.
Recently, metabolomics has become important for understanding the functional relevance of gut microbial changes
in disease. Animal models for IBD enable the study of factors involved in disease development. However, results
from animal studies may not represent the human situation. The aim of this study was to investigate whether
results from metabolomics studies on animal models for IBD were similar to those from studies on IBD patients.
Medline and Embase were searched for relevant studies up to May 2017. The Covidence systematic review
software was used for study screening, and quality assessment was conducted for all included studies. Data
showed a convergence of ~17% for metabolites differentiated between IBD and controls in human and animal
studies with amino acids being the most differentiated metabolite subclass. The acute dextran sodium sulfate
model appeared as a good model for analysis of systemic metabolites in IBD, but analytical platform, age, and
biological sample type did not show clear correlations with any significant metabolites. In conclusion, this
systematic review highlights the variation in metabolomics results, and emphasizes the importance of expanding
the applied detection methods to ensure greater coverage and convergence between the various different patient

phenotypes and animal models of inflammatory bowel disease.

inflammatory bowel disease metabolomics animal models systematic review

| 1. Study Characteristics

Fifty-eight studies met our search criteria and were included in this review (Figure 1), of which 32 were human
studies, 25 were animal model studies, and one study presented data from both humans and an animal model. The
human studies were categorized according to disease (CD, UC, IBD) and age, while the animal model studies
were categorized according to model type and age of the animals (Table 1). If animals in a study were grouped
spanning more than one age group, the study was characterized according to the older age group. Descriptive
characteristics for all studies were extracted, with different tables for the human and animal studies, respectively

(Supplementary Tables S1 and S2).
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Figure 1. Flowchart of the study screening process for original studies in metabolomics for inflammatory bowel

disease (IBD) patients and IBD animal models.

Table 1. Age categories for mouse studies (a) and human studies (b) in the systematic review on metabolomics in

inflammatory bowel disease (IBD) patients and IBD animal models.

Mouse Studies Human Studies
Phase of Life Age in Weeks Phase of Life Age (Years)
Infant 0-3 Infant 0-1
Juvenile >3-8 Very early onset and young >1 and <18
Adult >8-24 Adult 18-60
Oold >24 Old 60+

https://encyclopedia.pub/entry/1043 2/21



Animal Inflammatory Bowel Disease | Encyclopedia.pub

| 2. Quality Assessment

Two sets of quality criteria were used to assess the quality of the human and animal studies, respectively
(Supplementary Tables S3 and S4). Each study was assigned as being of “good”, “medium”, or “poor” quality,
based on the amount of quality criteria fulfilled, as presented in Table 2. The majority of studies (75%) were of

medium quality, while only 9% of all studies were considered good.

Table 2. Quality assessment of studies included in the systematic review on metabolomics in inflammatory bowel

disease (IBD) patients and IBD animal models.

Level of Quality % of Criteria Fulfilled Animal Studies Human Studies All Studies

Good >70% 12% 6% 9%
Medium 40-70% 69% 79% 75%
Poor <40% 19% 15% 17%

3. Metabolites Differentiated in Inflammatory Bowel Disease
(IBD) Cases Versus Healthy Controls in Both Humans and
Animal Models

A total of 200 different metabolites were reported as being increased in IBD across all included human studies,
while 218 were decreased (Table 3). The numbers were higher for the animal studies with a total of 280 different
metabolites reported as being increased in IBD, while 253 were decreased. Some metabolites were reported as
both increased and decreased in each study type, but the majority was exclusively reported as increased or
decreased. Results for human and animal model studies, respectively, are presented in separate tables for

metabolites that are increased and decreased in each type of study Supplementary Tables S5-S8.

Table 3. Number of differentiated metabolites detected across study types included in the systematic review on
metabolomics in inflammatory bowel disease (IBD) patients and IBD animal models.

TR
Number of Different Metabolites A !
Detected — |
Animal Studies Human Studies

Increased 280 200 48 48/280 = 17%

Decreased 253 218 41 41/253 = 16%
Exclusively increased 215 135 27
Exclusively decreased 190 153 20
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To assess the similarities in metabolomics findings between study types, metabolites increased or decreased in
IBD in both human and animal studies were identified and are presented in Table 4; Table 5. Forty-eight
metabolites were found to be increased in both types of studies, while 41 metabolites were decreased. This
corresponds to 17% of metabolites found increased and 16% of metabolites found decreased in IBD in animal
studies also being reported as increased and decreased, respectively, in human IBD studies. Of this subgroup of
metabolites, 21 were reported as both increased and decreased, respectively, in IBD including several amino
acids, and this overlap can largely be explained by the variation in study details. This leaves 27 metabolites
exclusively increased, and 20 metabolites exclusively decreased in IBD in both human and animal studies (in bold
in Table 4 and Table 5).

Table 4. Metabolites significantly increased in inflammatory bowel disease (IBD) vs healthy controls in both

humans and animals in the systematic review.

Human Studies Animal Studies
Sample Age Sample Age

s . L .
Metabolite Disease Activity Type Group Platform ReferencesSpecies Type (Weeks) Platform Model References
3-Hydroxybutyric lLéCD' AC Serum A, O 1H NMR w2 Mouse  Serum  >3-8 IH NMR DSS (A) &l
acid Mouse  Serum  >8-24 GC-MS DSS (A) 2l
4-Hydroxyphenyl- cD AC Urine A O 1H NMR Bl Mouse  Colon  >8-24 GC-MS DSS (A) 4
acetic acid %2‘ All Urine \% 1H NMR &
IBD AC Serum A, O 1H NMR @ Mouse  Serum  >3-8 1H NMR DSS (A) Bl
Acetoacetatic acid
IBD 1A Urine A O IH NMR 2
Colon
Acetylaspartic acid uc L Serum Y,A O GC-MS [ Mouse  (distal), 0-3 UPLC/Tof-MS T_-s_yn 1
1A deficiency
cecum
Acetylcarnitine (L:le AC Urine A, O H NMR Bl Mouse Colon >8-24 LC-qTOF-MS DSS (C) &l
Acylcarnitine cD Al Urine Y I NMR ) Mouse ('('ﬁesut;':) >8-24 LC-MS TNFAAREMT 1o
cD Al Serum Y,A O GC-MS [ Mouse  Colon  >8-24 GC-MS DSS (A) ]
P cD Unknown  Feces Y, A, O 1H NMR 1z Mouse Plasma >3-24 1H NMR IL107 1)
E'(D:' AC Feces A O 'H NMR 4
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Human Studies Animal Studies
. . - Sample Age . Sample Age
*
Metabolite Disease Activity Type Group Platform ReferencesSpecies Type (Weeks) Platform Model References
eces y A, S il ouse . >86—. -
e IA F Y,A O  FTICR-MS sl M fleum g o4 LC-MS TNFAAREMWT el
(ICD) (distal)
Arachidonic acid
Colon T-syn
Mouse (distal) 0-3  UPLC/Tof-MS Sy g
deficiency
cecum
cD AC Ps'ae‘f:"n?' A O IH NMR sl Mouse  Liver >8-24 LC-qTOF-MS  DSS (C) s
Arginine
uc AC Urine A, O 1H NMR Bl Mouse Plasma >3-24 1H NMR IL107" un
Butanal CD All Breath A, O SIFT-MS 116] Mouse Feces >8-24 GC-MS Winnie 18l
Carnitine E'(D: AC Urine A0 1 NMR 5l Mouse Colon >8-24 LC-qTOF-MS  DSS (C) 5]
S Y, ) 5 UPLC-ESI- 19]
Cholic acid CD 1A Feces Unknown UPLC/ToFMS Rat Plasma ? QTOF-MS TNBS
cD AC Plasma A O 1H NMR 5 Mouse  Serum  >3-8 1H NMR DSS (A) ©
Creatine Plasma.
uc AC corum A, O 'H NMR B Mouse Plasma  >3-8 'H NMR IL10™ un
Dimethylamine IBD 1A Serum A O IH NMR 2l Rat Urine ? ,\LAJZ/L,\;:S TNBS 20
. All, AC, m ]
Ethylmalonic acid uc A Serum Y, A O GC-MS Mouse Colon >8-24 GC-MS DSS (A)
Fructose uc 1A Serum Y, A O GC-MS o Mouse Feces >8-24 GC-MS Winnie 21)
E'z' Al Serum Y,A O GC-MS [ Mouse  Urine  >8-24 IH NMR DSS (A) 22
Fumaric acid
Mouse Plasma  >3-8 IH NMR IL107 un
Glucose uc AC Serum A O 1H NMR el Mouse  Urine  >8-24 GC-MS IL10™ 23]
uc All Feces A O 1H NMR 24)
uc A”’I:C’ Serum Y,A, O GC-MS d
uc 1A Colon  Unknown  Proton MRS 17

https://encyclopedia.pub/entry/1043 5/21



Animal Inflammatory Bowel Disease | Encyclopedia.pub

Human Studies

Animal Studies

Sample

Age

Sample

Age

S . . .
Metabolite Disease Activity Type Group Platform ReferencesSpecies Type (Weeks) Platform Model References
CD, 7
uc AC Colon Unknown Proton MRS
IBD AC Colon A *H NMR 29
uc Unknown Feces Y, A O IH NMR 12 Mouse Colon >8-24 GC-MS DSS (A) 8l
Glutamic acid AlLAC
uc A~ Seum YA 0 GC-MS o
Glycerol uc AC Serum Y, A O GC-MS g Mouse Plasma >8-24 IH NMR DSS (A) 281
cD AC Plasma A O IH NMR Bl Mouse Feces  >8-24 GC-MS Winnie 21
cD AC Serum A O IH NMR 18l Mouse  Colon  >8-24 GC-MS DSS (A) 21
cD AC, IA Feces A, O 1H NMR 4] Mouse  Feces  >8-24 1H NMR Adoptive 28
Glycine CL:J% All Urine Y 1H NMR & transfer
6'2‘ Al Serum  Y,A, O GC-MS [y
IBD AC Serum A, O IH NMR 2
Hydroxybenzoic m Colon, 6]
. uc All, AC Serum Y,A O GC-MS Mouse >8-24 GC-MS DSS (A)
acid serum
Inositol CD AC Feces A GC-MS il Mouse Feces >8-24 GC-MS Winnie 2
cD AC Serum A IH NMR 29 Mouse (S:;'S:] >8-24 GC-MS DSS (A) @
CD  Unknown  Feces Y,A O 'H NMR 12 Mouse Plasma >8-24 'H NMR IL107 un
Isoleucine %Ié AC Feces A, O 1H NMR 4 Mouse  Feces  >8-24 1H NMR Adoptive 1
Elé AC ;Z?n:nei A, O 1H NMR ] transfer
IBD AC Serum A, O 1H NMR 2
Kynurenine
uc A”’I :C’ Serum  Y,A, O GC-MS o Mouse Plasma >8-24 LC-MS 1107 20
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Human Studies Animal Studies
. . - Sample Age . Sample Age
*
Metabolite Disease Activity Type Group Platform ReferencesSpecies Type (Weeks) Platform Model References
Mouse Plasma >8-24 UPLC-MS DSS (A) =1
NMR (*H, 'C
cD AC Plasma, 4 IH NMR 15 Mouse Colon  >8-24 OHC bss ) 321
urine P)
uc AC Urine A O H NMR Bl Mouse Plasma >3-24 'H NMR IL107 un
uc AC Feces A, O 'H NMR [
Lactic acid
uc All Urine ' H NMR @
uc A”’lAAC’ Serum  Y,A, O GC-MS o
IBD AC Serum A O 1H NMR 2
CD  Unknown Feces  Y,A O IH NMR 12 Mouse (S:::S; >8-24 GC-MS DSS (A) ]
) cD AC, IA Feces A O *H NMR 4
Leucine
uc AC Feces A O IH NMR 14
IBD AC Serum A O *H NMR @
cD oon T-syn
Linoleic acid 1A Feces Y,A, O FT-ICR-MS 118l Mouse (distal), >3-8  UPLC/TOFMS Sy 114
(ICD) deficiency
cecum
Colon,
cD AC Plasma A O IH NMR Bl Mouse plasma, >8-24 IH NMR DSS (A) (28]
liver
uc AC S;::; A0 14 NMR el Mouse Plasma  >3-8 IH NMR 1107 un
Lysine P
lCJ'(D: AC Feces A, O 1H NMR 4 Mouse  Feces  >8-24 1H NMR Adoptive u
in both
%I(J: Unknown Feces Y, A O IH NMR [12] transfer
. . All, AC, [ (6]
Maleic acid uc A Serum Y, A O GC-MS Mouse Colon >8-24 GC-MS DSS (A)
Human Studies Animal Studies
. . . Sample Age . _Sample Age
Metabolite * DiseaseActivity p g PlatformReferencesSpecies p g PlatformModel References
Type Group Type (Weeks)
4-Cresol sulfate CD All Urine Y,A, O H a Mouse  Urine >8-24 H DSS (A (L
- v NMR . NMR A
Acetic acid H 5] H m
>3
CD AC Serum A, O NMR Mouse  Serum 3-8 NMR DSS (A)
CD All Urin A N 23 M Plasm >8-24 o DSS (A Lol
ine NMR ouse asma — NMR A)
1H 2]
CD Unknown Feces Y, A, O NMR
H 5|
uc AC Serum A, O NMR
uc AC Feces A, O 8e [41]
MS
GC-
uc Al Feces A ES
MS
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Human Studies Animal Studies
. . g Sample Age . _Sample Age
M lite * Di Activi PI rmReferen i PlatformM | Referen
etabolite seaseActivity Type Group atfo eferencesSpec esTyp a (Weeks) atfo ode| eferences
IBD Al Urine A O NMR (28]
1 LC-
Acetylcarnitine uc AC Serum A O NMR Bl Mouse  Spleen >8-24  qTOF- DSS (C) 29
MS
UPLC-
Acetylglutamic UPLC- (g ESI- H. [30]
acid CD 1A Feces Unknown tof-MS Mouse  Serum >24 TOE- hepaticus
MS
CD, ) H 6] ! GC- " 391201
uc All Urine Y NMR Mouse  Urine >3-24 MS IL10
Aconitic acid -
uc AC Serum  Y,A O ce u
MS
IBD Al Urine A O NMR (28]
- f H 6 lleum AAREMWT  [16
Acylcarnitine uc All Urine Y @l Mouse i >3-24 LC-MS TNF (el
NMR (distal)
cD Al Urine A H 23] Mouse ~ Serum >3-8 H DSS (A) @
NMR NMR
- 1 |
uc All Rectum Y, A, O ce [ER) Mouse  Urine sg24 1 (R (16]
MS NMR transfer
. CD, Colonic Proton 7]
Alanine UC AC mucosa Unknown MRS
H
IBD IA Urine A O @
NMR
f 1
IBD AC Colonic A H 125]
mucosa NMR
1y 1y
cD IA Feces A O (4] Mouse Feces >3-8 DSS (A) 221
NMR NMR
Aspartic acid
AC, 1A, GC- [
uc Al Serum Y, A, O MS
Betaine CcD Plasma, H H
' A ‘ A Bl M >3 DSS (A (L2
uc C urine , 0 NV ouse Serum 3-8 NV SS (A)
Mouse Colon >8-24 NMR DSS (A) 231
(1H,
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Human Studies

Animal Studies

Sample

Age

Sample

Age

M lite* Di Activi Pl rmReferen i PlatformM | Referen
etabolite seaseActivity Type Group atfo eferencesSpec esTyp a (Weeks) atfo ode| eferences
1C,
1P)
CcD GC- ) g
) [41] w [16]
uc AC Feces A, O MS Mouse  Urine >8-24 NMR DSS (A)
GC- 371 Urine, 2 UPLC- 126
CD AC Feces A MS Rat o ? MS/MS TNBS
Butanoic acid
1
CcD AC Feces A O H (4
NMR
iy -
CD Unk F Y, A, O
nkKnown eces NMR
1, 1
Carnitine cio} All Urine Y i ] Mouse  Serum >3-8 Jt DSS (A) (12
uc NMR NMR
1 1
cD, AC Serum A, O H Bl Mouse  Serum >3-8 H DSS (A) i1z
uc NMR NMR
cD ) H UPLC-
, [33] " [22]
uc All Urine A N Mouse  Plasma >8-24 MS DSS (A)
) H - GC- ”
uc AC Urine A O Bl Mouse  Serum >8-24 DSS (A) @
NMR MS
GC- k) i IL107 (28]
Citric acid uc All Rectum Y,A O MS Mouse  Urine >8-24 NMR
UPLC-
AC, IA, GC- m ESI- H. 30]
uc All Serum Y,A, O MS Mouse  Serum >8 TOF- hepaticus
MS
H
IBD AC, IA Urine A O @
NMR
IBD All Urine A O NMR 1261
14 1y
IBD AC Serum A, O VIR @ Mouse Plasma >8-24 o IL10™ 2]
Creatine
IBD All Urine A O NMR 128
Dimethylglycine CD All Urine A H 23] Mouse Plasma =5 H IL10” 21
ylgly NMR >8-24 NMR
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Human Studies Animal Studies
. . g Sample Age . _Sample Age
M lite* Di Activi Pl rmReferen i PlatformM | Referen
etabolite seaseActivity Type Group atfo eferencesSpec esTyp a (Weeks) atfo ode| eferences
uc Al Rectum  V,A, O e oy Mouse  Serum sg—24 ¢ DSS (A) @
MS MS
AC, IA, GC- [ : H (18]
uc all Serum Y, A, O MS Mouse  Liver >8-24 NMR DSS (A)
- fhir
LTt Mouse  Serum >3-8 DSS (A) 2l
NMR
Mouse  Urine >8-24 NMR IL107 28
Mouse  Plasma 0-3 o IL107 2
NMR
cD AC Plasma A, O ol Bl Mouse  Serum >3-8 " DSS (A) 2
' NMR NMR
Plasma, H 161
Mouse liver >8-24 NMR DSS (A)
Glucose Mouse  Serum >8-24 S/Ig DSS (A) (s
Mouse  Urine s324 S¢ IL10™ (©1126]
MS
Mouse Plasma >8-24 H IL107 (21]
NMR
CD, Colonic Proton 7 H 3l
uc AC — Unknown MRS Mouse  Feces >3-8 NMR DSS (A)
cD IA Feces A O R 4
' NMR
N GC- m
Glutamic acid uc 1A, All Serum Y, A, O MS
uc Al Recum Y,A,0 °¢
MS
Colonic H 251
Lo a2 mucosa & NMR
Glutamine Plasma, H 5l H a3
>3-
CD AC e A, O NMR Mouse Feces 3-8 NMR DSS (A)

https://encyclopedia.pub/entry/1043 10/21



Animal Inflammatory Bowel Disease | Encyclopedia.pub

Human Studies Animal Studies
. . A Sample Age . _Sample Age
Metabolite * DiseaseActivity Typep G?oup PlatformReferencesSpecles.I.ypep (vgeeks)PlatformModel References
GC- H
cD Al Serum  Y,A, O [ Mouse  Serum >3-8 DSS (A (2l
. MS us C NMR ()]
CD, Colonic Proton k4] Colon, GC- 4
uc AC mucosa Unknown MRS Mouse serum >8-24 MS DSS (A)
Serum, GC- 1] ) g H (18]
uc All rectum Y, A O MS Mouse  Liver >8-24 NMR DSS (A)
L 1
uc AC, 1A, Serum  Y,A, O cC u Mouse Plasma sg-24 N IL107 24
All MS NMR
. 1
uc AC Serum A, O S& el Mouse Feces >8-24 n Adoptive 23]
MS NMR
A 1,
IBD AC L n El transfer
mucosa NMR
f 1
cD, AC Colonic —, \ own  PTOlON 2y Mouse  Colon >g-24 N DSS (A) (18
uc mucosa MRS NMR
Glycero- Colonic Proton  [2q
. 1A ki
phosphocholine ue mucosa Uit MRS
f 1
IBD AC Colonic A H 19
mucosa NMR
GC- g Ly T 12)
uc All Rectum Y, A, O MS Mouse  Serum >3-8 NV DSS (A)
) ) H 5 GC- "
Glycine IBD IA Urine A @ Mouse  Serum >8-24 DSS (A) @
NMR MS
Mouse Feces sg-24 °C Winnie (2
MS
: " : 1 1
Hippuricacid ) IA Une A O n 142) Mouse Urine >g—24 M DSS (A) e
NMR NMR
UPLC-
CD, ) H 5] ESI- H. (201
uc AC Urine A O NMR Mouse  Serum >24 TOE- hepaticus
MS
b All Urine A H 23]
uc NMR
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Human Studies

Animal Studies

. . g Sample Age . _Sample Age
*
Metabolite * DiseaseActivity Type Group PlatformReferencesSpecles.I.ype (Weeks)PlatformModel References
CD, ) H 401
uc All Urine Y, A O NMR
oo All Urine Y H @l
uc NMR
IBD AC, IA Urine A O H @
' ' NMR
IBD All Urine A O NMR 28]
CD, GC- 1] g H 2]
uc All Serum Y, A, O MS Mouse  Serum >3-8 NMR DSS (A)
uc ﬁl(lz' 1A, Serum  Y,A O E(s: u
Histidine
IBD AC Serum A, O H @
' NMR
IBD All Urine A O NMR 28]
Hypoxanthine  CD AC Urine A O H Bl Mouse  Spleen >8-24 H DSS (A) (18]
NMR NMR
CD, Colonic Proton g GC- 3]
uc AC mucosa Unknown MRS Mouse  Colon >8-24 MS DSS (A)
Colonic Proton 21
uc 1A mucosa Unknown MRS
AC, IA, GC m
uc All Serum Y,A, O MS
Colonic H 9]
IBD AC mucosa A NMR
uc Al Rectum YA O e 4 Mouse  Serum sg—24 ¢ DSS (A) @
MS MS
Isocitric acid nurenine
uc ﬁﬁ: 1A, Serum  Y,A O ’32 o Mouse  Urine >3-24 32 IL107 (6][26] .
nurenine
Isoleucine CD, Colonic Proton 21 -I- GC- o 21 ry Table
uc AC I — Unknown MRS Mouse Feces >8-24 MS Winnie y
AC, IA GC N etic acid
uc Al seum YA 0 vl @ )
1in DSS

and IL-107 mouse models, respectively (Supplementary Table S7). Conflicting observations were made for

tryptophan itself, which was reported to be both increased and decreased in human studies as well as the DSS

mouse model (see Table 4 and Table 5). SCFAs were reported to be regulated in numerous human IBD studies,

although some results were conflicting. Formic acid and acetic acid were thus observed to be both increased and

decreased in CD and UC patients, depending on the study (Supplementary Tables S5 and S6). However, propionic

acid, butanoic acid, isobutyric acid, and pentanoic acid were all observed to be decreased in CD and UC patients

(Supplementary Table S6). Interestingly, only animal studies using the acute DSS mouse model or the TNBS

(2,4,6-trinitrobenzenesulfonic acid) rat model reported differentiated levels of SCFAs (Supplementary Tables S7

and S8). Acetic acid was decreased in the DSS model, while butanoic acid was decreased in the TNBS model

(Supplementary Table S8). Dong et al. [19] also observed butanoic acid to be decreased, but only on the first day of

DSS, after which it was increased throughout the experiment.
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Human Studies

Animal Studies

. . g Sample Age . _Sample Age
Metabolite * DiseaseActivity Type Group PlatformReferencesSpecles.I.ype (Weeks)PlatformModel References i
GC- 11 I n
uc All Rectum Y, A, O MS
. 1
cD AC Colonic i nown  PrOON Mouse  Serum >3-8 1 DSS (A) (2
mucosa MRS NMR
; :s. Here,
Lactic acid uc AC, IA o sl Unknown ;r;tson 24
mucosa and type
Colonic @ :
IBD AC e A NMR rrimental
cD Colonic Proton H ross the
! AC Unknown 21 Mouse Plasma >8-24 IL10” 21
uc mucosa MRS NMR
X GC- 1]
Leucine uc All Rectum Y, A, O MS
" 1 up the
uc AC Plasma A, O B
ALLR 1 human
GC- i g H 22] !
uc All Rectum Y, A, O b Mouse Feces >3-8 o DSS (A) lear that
A ad in the
Lysine uc  AlLIA  Senm YAO0 oo O _
it strains
IBD Al Urine A O NMR 1261
’ le types,
AC, IA, GC- m GC- ] L
uc Al Serum Y, A O MS Mouse  Serum >8-24 MS DSS (A) 5 less for
T se to a
uc Al Rectum  Y,A, O GC 1
MS
AC, IA, GC- m H 12
uc Al Serum Y, A, O MS Mouse  Serum >3-8 NMR DSS (A)
Methionine e o f StUdieS
B [11] L /- [21]
uc All Rectum Y, A, O MS Mouse  Plasma >8-24 NV IL10
1 1
.C.E Unknown Feces Y, A, O kl.-:,..—, (12 Mouse  Urine >8-24 “ﬁm DSS (A) (18]
. . Analytical Biological Sample Age Grou L
Species & Strain * Model yt 9 p 9 P
Platform Type (Weeks)
LC-MS
Mouse 22 DSS (A) 12 o 15 Colon 12 0-3 3
NMR
C57BL/6 14 DSS (C) 2 xk 8 Plasma 8 >3-8 15
BALB/c 2 IL107- (C) 6 GC-MS 6 Urine 8 >8-24 19
C57BI6/N 1 TNBS (A) 3 Serum 7 >24 2
- AARE/WT Not
Winnie 1 TNF © 1 Feces 4 2
reported
ICR 1 T-synthase 1 Liver 4
CD1 1 deficiency (C) Spleen 2
120/SvEY 1 H. hepaticus (C) 1 lleum 1
Rag2™ . hepaticus (C) eu

https://encyclopedia.pub/entry/1043

13/21



Animal Inflammatory Bowel Disease | Encyclopedia.pub

Analytical Biological Sample Age Group _

. -
Species & Strain Model Platform Type (Weeks) s
l /11531(53%21/ . 1 Winnie 1 Cecum 1
129/SvEv 1 (spontgeous) Small intestine 1 u
Rat 3 Adoptive 1 Red blood cells 1
Sprague- 2 Transfer (C) Masseter 1
Dawley
Fischer 344 1 Longissimus
dorsi
Piglet 1 f studies
e i tssue 0O MS ry bowel

1,
IBD AC, IA Urine A O n @
NMR

[26]

IBD/IBD Subtype Ana]ytical Platform Biological Sample Type  Age Group (Years)

CD 27 NMR * 13 Feces 9 0-1 0
ucC 24 GC-MS ** 11 Urine 9 >1 and <18 6
IBD 1 LC-MS *** 5 Colon 4 18-60 21
SIFT-MS 3 Breath 4 60+ 13
ESI-MS 1 Serum 3 Not reported 1

FT-ICR-MS 1 Plasma 2

Proton MRS 1 lleum 1

PBMC Macrophages 1

A few studies did, however, share a high degree of similarity in experimental factors. Animal studies by Shiomi et
al., Gu et al., and Wang et al. all used C57BL/6J mice from the same age group for a 3% DSS model as well as
using gas chromatography-mass spectrometry (GC-MS) to detect metabolites in serum and colon samples (see
Supplementary Table S2) [4l29144] zithough it is worth noting that Gu et al. and Wang et al. belong to the same
department at Kobe University, Japan. Equally, two studies by the same first author also shared a similar degree of
similarity using an 1L107" model 433 For the human studies, two studies used proton nuclear magnetic
resonance (*H-NMR) to detect metabolites in serum samples from CD and UC patients of 18-60+ years of age [
Bl while two other studies detected metabolites in serum samples from CD and UC patients in the >1-60+ age

groups using GC-MS B8l The authors of the latter two studies are also from the same department and even co-
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Human Studies Animal Studies
Metabolite * DiseaseActivit SEMTED L4 PlatformReferencesS eciessample Age PlatformModel Referencesreseamh
Y Type Group P Type (Weeks)
Colon
» 3 1
uc Al Plasma A Lc 143 Mouse (Proximab. g 54 H TNFAAREMT  [10]
MS/IMS ileum NMR
Triglyceride (distal)
. H Adoptive (23]
Mouse  Liver >8-24 NMR P——
. . CD, H 12 H /- [21]
Trimethylamine uc Unknown Feces Y, A, O NMR Mouse Plasma >8-24 NMR IL10
ore than
CD, GC- 11 g UPLC- 22]
e Al Seum YA O Ao Mouse Plasma >8-24 o DSS (A) inned all
Tryptophan AC, IA GC- GC- between
uc s Serum  Y,A O u Mouse  Serum >8-24 DSS (A) @
All MS MS
Je group
Mouse Plasma >8-24 LC-MS IL107 (261
srtheless
cD AC Plasma A, O N Bl Mouse  Serum >3-8 . DSS (A) 2 1 in mice
' NMR NMR
: : nals of 1
uc //:ﬁ:’ B Serum  Y,A O 32 o Mouse ~ Serum >8-24 fﬂg DSS (A) @
[37]
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but not necessarily the same. For example, alanine was increased in serum =" and feces 2222l from humans and
in colon ¥ and plasma 7 from mice, but it was decreased in urine & and colon 23 in humans and serum 12
and urine B3 in animals, illustrating the differences observed for many metabolites (Supplementary Table S9). The
highest similarity to human studies was observed with the acute DSS mouse model (Supplementary Table S9).
Since this model was used in almost half of the included animal studies, this finding is not surprising. However, only
five of the acute DSS mouse model studies analyzed serum samples, but still 11 of the increased and 11 of the
decreased metabolites were detected in serum samples from both humans and the DSS mouse model. A total of
34 and 29 different metabolites were reported as increased and decreased in IBD, respectively, in serum samples
from the acute DSS mouse model. This means that 32% of the increased metabolites and 38% of the decreased
metabolites in serum samples from the acute DSS mouse model were reported to be correspondingly differentiated
in the human studies. Conversely, the acute DSS mouse model could account for 16% (22 out of 136 metabolites)
of the overall metabolite changes observed in serum of IBD patients. This could suggest serum samples from the

acute DSS mouse model as having good translational potential when analyzing systemic metabolites in IBD.

| 7. Correlation between Animal Models and IBD Subtypes

For all the metabolites significantly differing in both human and animal studies, it was investigated if some animal
models were specifically good models for CD or UC when it comes to metabolomics (Supplementary Table S9).
Most of the models had similarities with both CD and UC. For instance, regarding metabolites decreased in the
IL1L0™~ mouse model, glucose was also decreased in CD, while leucine was decreased in UC, and trimethylamine
in both CD and UC. The TNFAAREMWT model only had similarities with UC, but this could easily be due to the fact
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that only one study with this model was included. Overall, this indicates that the metabolomes of the animal models

included in this review are not correlated specifically to CD or UC.

| 8. Metabolite Classifications

All metabolites differentiated between IBD cases and controls in either humans or animals were sorted into
metabolite subclasses according to the classification system used in The Human Metabolome Database
(www.hmdb.ca) (Supplementary Tables S10 and S11). The most differentiated subclass was “amino acids,
peptides, and analogues” in both human and animal studies, representing approximately 16% of all differentiated
metabolites reported. “Fatty acids and conjugates” as well as “carbohydrates and carbohydrate conjugates” were
also among the most differentiated in both human and animal study types. “Glycerophosphocholines” were also
differentiated in both, but to a much larger extent in animal studies. In general, different kinds of lipids were
reported more frequently as differentiated in IBD in animal studies compared to human studies. Metabolites from
142 different subclasses were reported as differentiated between IBD and controls overall. Of these, 47 were
differentiated in both human and animal studies, while 48 and 47 differentiated subclasses were unique to human
and animal studies, respectively. This shows a large gap between the type of metabolites that are investigated and

detected in the two study types, as only a third of the total amount of differentiated subclasses are reported in both.

When focusing on the metabolites differentiated in IBD in both human and animal studies, they represented a total
of 25 subclasses overall. Metabolites from nine different subclasses were present among both the increased and

decreased metabolites, while eight subclasses were exclusively increased and decreased, respectively.
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