-13

90

90

05

10

Dr.Ghoos

30 90

26

08

29



-13

-13
90 5 30
Gasthuisberg
) 3)
4) -13
(6) -13

Dr.Ghoos

Geypens

90 8 29
Dr.Ghoos
(1) -13

&)

Dr.



53

54

186

192

196



- -13

- -13

(Omelet test meal I)

- -13

(Omelet test meal II)

- -13
- -13

- -13
(Pan-cake test meal 1)

- -13
(Pan-cake test meal II)

- -13
(Pan-cake test meal I11)

- -13

CF-IRMS

Gasthuisberg

BIOMED project no.PL93-1239

-13



-13

13/14

COz
-13 omelet
-13 pan-cake
Gasthuisberg

(

13/14

CO2 excretion curve)



Gasthuisberg

Gasthuisberg

-13



( erythromycine)

-13
-13
Gasthuisberg Dr. Ghoos
co-ordinator
(Lab.” Digestie Absorptie” )
1993 -13

91-94 -13

89 10

Dr.Ghoos

(1,2)



5/30(C ) ( )
S5/31( )
6/1( ) — Dr.Geypens
15
6/2( )
6/3( )
6/4( )
BC-octanoic acid BC-octanoate,
6/5( ) sodium salt BC-octanoate, sodium salt ?
omelet POST
6/6( ) Omelet testmeal 1 volunteer: Amanda (butter)
6/7( )
-13

6/8( ) 1
6/9( )
6/10( )
6/11 () Omelet testmeal 2 volunteer: Amanda (butter)
6/12( ) 13
6/13( ) -13
6/14( ) -13 EXCEL
6/15( ) -13 EXCEL
6/16 ()
6/17( )
6/18( ) -13

Omelet testmeal 1 volunteer: Amanda (oil)
6/19 ( ) |Omelet testmeal 1 volunteer: Karin

Omelet testmeal 1 volunteer: Michiel
6/20 ()
6/21 () |Omelet testmeal 1 volunteer: Butaye
6/22 () |Omelet testmeal 2 volunteer: Karin
6/23( )
6/24 ()
6/25( ) |Omelet testmeal 2 volunteer: Michiel

Mr.Lee




6/26 ()
Omelet testmeal 1 volunteer: Katrien

6/27( ) |Omelet testmeal 1 volunteer: Karen
Omelet testmeal 1 volunteer: Femke
Omelet testmeal 2 volunteer: Amanda (butter)

6/28 () | Omelet testmeal 2 volunteer: Michiel
Omelet testmeal 1 volunteer: Wim
Omelet testmeal 1 volunteer: Nancy

6/29

) Omelet testmeal 1 volunteer: Von Beas

6/30 ()

71( )

7/2( ) |Omelet testmeal 2 volunteer: Von Beas

7/3( )

7/4( ) |Omelet testmeal 1 volunteer: Wim

75( ) Omelet testmeal 2 volunteer: Katrien
Omelet testmeal 2 volunteer: Femke

7/6 () |Omelet testmeal 2 volunteer: Nancy

Mr.Lee

77 )

7/8( )

79( ) Mr.Lee

710 ( )

711 () Mr.Lee

712 ( )

713 ( )

714 ()

7/15( )

716 () Dr.Geypens

717 ( ) Dr.Geypens deconvolution

M8 () pan-cake POST

Mr.Lee
7o) L. 2! 2!
2!




IL. N 21
(Guideline)?
720 () Dr.Geypens
721 ( )
7/22( )
723 () Omelet testmeal 2 volunteer: Karen
Dr.Geypens Omelet
7724 () Dr.Geypens Pan-cake
BC-MTG
BC-MTG
7250 ) CF-IRMS
Pan-cake testmeal III volunteer: Amanda
7/26 ()
Pan-cake testmeal I volunteer: Femke
Pan-cake testmeal III volunteer: Katrien
727 ( ) Pan-cake testmeal II volunteer: Karen
Pan-cake testmeal III volunteer: Sara
Pan-cake testmeal I volunteer: Claudia
728 ()
7/29 ()
7/30 ()
731( ) Pan-cake testmeal I volunteer: Sara
Pan-cake testmeal I volunteer: Claudia
8/1( )
82 ( )
Pan-cake testmeal II volunteer: Sara
8/3( ) |Pan-cake testmeal I volunteer: Roel
Pan-cake testmeal II volunteer: Claudia
84 ( )
8/5( )
8/6 ( ) |Pan-cake testmeal I volunteer: Karen
Pan-cake testmeal I volunteer: INA
8/7( ) |Pan-cake testmeal II volunteer: Karen
Pan-cake testmeal II volunteer: INA
8/8( )
8/9( ) Pan-cake testmeal II volunteer: Roel
Pan-cake testmeal I volunteer: Noel
8/10( )




/11 ( )

/12 ( )
Pan-cake testmeal III volunteer: Karen

8/13( ) Pan-cake testmeal II volunteer: Amanda
Pan-cake testmeal III volunteer: Noel
Pan-cake testmeal I1I volunteer: INA

8/14

) Pan-cake testmeal I volunteer: Roel

8/15( )
Pan-cake testmeal I volunteer: Amanda
Pan-cake testmeal II volunteer: Femke

8/16 ( ) |Pan-cake testmeal I volunteer: Katrien
Pan-cake testmeal 111 volunteer: Karen
Pan-cake testmeal II volunteer: Noel

/17 ( )

8/18( )

8/19( )

820 ( ) -13

821 ( ) Dr.Geypens pan-cake

822 ( )

823 ( ) (oral presentation)

Dr.Geypens Dr.Ghoos

824 ( ) Pan-cake testmeal 111 volunteer: Femke
Pan-cake testmeal II volunteer: Katrien
Pan-cake testmeal I volunteer: Karen

825( )

826 ( )

827 ( )

828 ( ) ( )

829 ( )

8/30( )




& -13
& -13
-13

&
)

Gasthuisberg

(Lab.“ Digestie Absorptie” )

-13

Dr.Ghoos  Dr.Geypens

-13

-13



()

( ) 3
(upper part of body)
(antrum) (pylorus)
dopamine
)
( 1-2 )

(fundus)

enkepahalin

gastrin



(IMMC: Interdigestive Migrating Motor

Complex) ; ( 45-60
) : (  30-45
) : ( 5-15 )
2
IMMC
IMMC
motilin
IMMC
()
(chyme) (dv/dt)

dv/dt = (P+P)/R,



(intragastric pressure)

(fundus)
(antrum) (pylorus)
antral
Trituration
(agqueous
phase) — oil phase
agueous phase oil phase @
(energy density)
(5)
(receptor) (

osmoreceptors lipid receptors pH receptors  amino acid receptors)



(

)

(O]

(6)

(Isotope Scintigraphy)

(two head camera)

(Radio-Opaque Marker, ROM)

(Double Sampling Technique)

(Ultrasonography)

(Applied Potential Tomography, APT)

10



-13 (*C-Gastric Emptying Breath Test)

scintigraphic)
Standard)
Dr.Ghoos
1989 Dr.Ghoos
Mixtriglyceride
octanoic acid
BC-octanoic acid

0

-13

11

M

(radio-

(Gold

Lipase

1993



-14

-13
-13
Be/2C (half gastric
emptying time) (lag phase) (emptying
coefficient)

-13

BC-octanoic acid®'? PC-glycine® "C-sodium acetate!'”
BC-Sirulina platensis'®!”
BC-octanoic acid
1995 Braden B. -13 (P*C-sodium
acetate)
19" Dr.Ghoos

61

(rate-limiting step)

12



1972 pelot D.

(18)

-13

1996  Dr.Ghoos

) C-octanoic acid

13
(19)
(t, 05
13
13
(1)
2) -13
(3) -13
4)

15

13

55%

45%

Preterm Infant
(0 13CPDB= -24.19) ( NAN

lg polyethylene glycol

(ti, 47 )

(20)

95%



()

PC-octanoic acid Dr.Ghoos 100mg "C-
octanoic acid 2001
Glasgow Wyse CA (I1~V)

Omg(Il) 125mg(1ll) 250mg(IV) 500mg(V) "C-octanoic acid
) m v v
PC0,/"*CO, (12)
Dr.Ghoos
BC-octanoic acid "C-tristearine '*C-octanoic

acid '"’C-octanoic acid "“C-octanoic acid

C-octanoic acid BC-
octanoic acid (
100mg "*C-octanoic acid 74kBq "“C-octanoic acid

) 95.6%  ©
BC-octanoic acid BC-octanoic
acid . (1) 37 (pH  2.3) BC-octanoic acid
() BC-tristearine

14



acid

3C-octanoic acid

@n

acid

3)

BC-octanoic acid

fatty-acid binding protein

BC-octanoic

(D)

2)
4)
()

(serum albumin)

(insoluble chylomicrons form)

(6)"*C-octanoic acid

(triglyceride)

13C02

(6,20)

250~350

15

3C-octanoic acid

(7)"*C-octanoic

10

M

(fresh made)



(1998

) (pre-made)
-13 Dr. Ghoos
(instant prepare) BC-octanoic acid
-13
-13

1.  -13
).

&

&

& BC

c, G, C,

16



(carbon isotope fractionation)
(0N C, -13 (ON
©6)
Cs
Dr.Ghoos

-13

4. 5CO,
-13
13CO, (CF-IRMS)
delta -13(3"C)

BC (percentage "*C recovery per hour)®?

mmol excess °C, (a)
% dose/h = ~...(equation 1)
mmol excess *C administered (b)

(a) mmol excess °C, delta -13

(CO, production)

17



% 13Ct' % 13Ct0

x CO, production ........... (equation 2)
100

(5t/1000 + 1) x 0.0112372
%*C= ——— ... (equation 3)
((5t/ 1000 + 1) x 0.0112372) + 1

% C,: t BC /
% C,: 0 BC /
8t: t 8"°C
0.0112372: PDB BC/C
CO, production : CO, @)
CO, production = 300 mmol x BSA/h.......... (equation 4)

(BSA body surface area)

BSA =W %378 x H%¥% x 0.024265............... (equation 5)

W =weight (kg) H = height (cm)

(b)ymmol excess *C administered -13
% C. - % 1C, m
( )X ). 1 I (equation 6)
100 M
% °C, = 5 /

18



m =
M =
n =
5.
1988
(biphasic)
()

5%(  10%)

-13

--- (curve fitting)

(lag time  t,,)

(tlag)

<2mm (
lag phase
Siegel, JLA®Y 1988
(Tc-99m)
( ) lagtime

tlag tlag

(%fractional meal retention) y

(100% retention)

19

)

tlag



(retention curve)

Siegel, J.A (modified power exponential
model) lag time (gastric emptying rate; k)
V() = 1-(1-€™ )P, ¢quation 7)

y(t) fractional meal retention at time t
k gastric emptying rate

B the extrapolated y-intercept from the terminal portion of the

curve
equation 7 y(t) t
k (gastric emptying/min) 3
y y
6. T (t1/2) (tlag)
Siegel, J.A @9
(A) (ti)
equation 7 y(t)=0.5 equation
8

20



t=-1/K 1N (1-2 "P) e ¢quation 8)

(B) (tlag)

equation 7 equation 9
t =10 B/ €quation 9)
7. -13/ -14 -

1993  Dr. Ghoos

Dr.Ghoos Dr. Ghoos
()
Dr. Ghoos
-13
i tiag (1) Meretek Diagnostics
P.D Klein 16 (2) Mayo Choi

(generalized linear multiple regression analysis)'" (3)

Genoa C.Mansi (neural network analysis)*> (4)
Gasthuisberg Dr.Ghoos )
(1) Meretek Diagnostics P.D.Klein
2000

21



m -13
(Spirulina platensis)
50%-60%
30% 10%
Baseline

75 90 180

13 13
t,=1/LP LP, =0.0097 +0.0021 "C, - 0.0012°C

13 13
tlag: 1/IJPIag LPlag:O-OZSO + 00063 C75 - 00012 CISO

(2) Mayo ChOl
Choi 1997 y=m(1-e™)P HCo,
(*"*CO, accumulation curve)

tin g
t;=[ ~1K1n (1-(0.5)"P)]
tiog =[ 1K In (1-(0.1)"P)]

Dr.Ghoos g

(3) Genoa C.Mansi

22



1999 Dr.Ghoos ( 15
) AP2003
A
70min+20min B ( 2SD) C
( 4SD) D ( 6 SD)

9x9 matrix neural network analysis

Dr.Ghoos 98.33%
( 30 60
90 120 180 240 ) 92%
4) Gasthuisberg Dr.Ghoos
-13/ -14 (curve fitting)
; Y =
at’e™ ( abc model)

: (I) PDR (percentage of dose recovery); Y =
mkBe™(1-e*)P (2) CPDR (cumulative percentage of dose recovery);

Y = m(1-e*)F( mkf model)

23



Bl4co, (**CO, excretion curve) PDR

(percentage of dose recovery)

B4CO, (1) (ascending
slope) (2) (excretion peak) (3)
(descending exponential )( ) ¥14CO,
(*"*CO, accumulation curve) CPDR (cumulative percentage of
dose recovery) Bl4co,

X
180 -14/ -13
CPDR

100% retention

100% retention 1
1
1
m equation 10

CPDR
Y () =m(1-e )P, ¢quation 10)

CPDR PDR
dY/dt = mkBe™ (1-e™ )P, équation 11)



Equation 11 PDR PDR

CPDR CPDR (1)
PDR t t-1 t CPDR
t-1 (  equation 12)
CPDR= [ PDR

CPDR =CPDR +£ PDR ;PDR_I j*At ....... quation 12)

-13/ -14
Siegel, J.A
CPDR  PDR
8. -13/ -14 (ti)
(tiag)
4 mkb model
(t,) equation 7 [Y(t)=(1-e™ )]
Y (t)=0.5
t= =K IN (1-27"B) e, ¢quation 13)
(tag) equation 7

25



equation14

t =10 B/ €quation 14)
4 abc model:
(t1/2) (tl/2)
(gammainv(0.5;b+1;1/¢)*60...............cooiiiil. (equation 15)
(tiae) Y = at’e™

equation 16

D/C =t £quation 16)
9. -13/ -14 --- (t,0)
(tlag)
1993 -13 (mk3 model
abc model ) i
tlag t1/2
66 t,, 60 ©
4 mkb model:
(tl/Z)
t,, =( =1k In (1-27"P)*60-66)/1.12................... (equation 17)
(tlag)
ti,e = (In B/k*60-60)/0.94......................... (equation 18)
4 abc model:

26



(t2)

t,, = ((gammainv(0.5;b+1;1/c)*60-66)/1.12....... (equation 19)

(tiag)
ti,e = (b/c*60-60)/0.94 ... (equation 20)
2000 Delbende B.
-13 (inter-) (intra-)
(reproducibility)
67% 80% (13)
abc model Ina
()
10. -13 —- deconvolution (26)
PDR
(excretion curve)
CoO, PDR deconvolution
CO,
(postgastric processing)
-13
(1) M(t)

27



11.

2)
3)

(1
)
3)

4

)

(6)
(7)

Co, D(t)
Co, T(t)
1998  Meas"?
10

M(t)

D(t)

(D(t)) M(D))

T(t)

M(t) D(t) T(t)  zero
M(t) D(t) T(t) zero
deconvolution

(ti) =0.98 (tlag)

r=0.85

-13

Dr.Geypens Equation 17020

deconvolution

-13

28



(CVintra)

67%

deconvolution

(t)

r=0.85

Delbende B.

15%

(sensitivity)  80%

) -13
tlag

t1/2 tlag

(tlag)
7(2) (tiag)

(tlag)

<2mm

29

0.7 Dr.Ghoos
r=0.98 (ta)
r=0.744
(CVinter) 24%
(specificity)?
?
(ti)
: ( 1 ) (tlag)
?
5%(  10%)



(

(rate-limiting step):
B.D.Maes 1998
['*C]Octanoic acid 0o 1 2
(intraduodenal administration)®
14CO,

['*C]Octanoic acid

&)

Ghoos

) -13

30

15

74kBq

Dr.



1993 Dr.Ghoos -13

) 2000 BC-octanoic

acid-yolk 2000 BC-
(16)

octanoate-muffin

BC-octanoic acid  "*C-octanoate, sodium salt

Dr.Geypens
BC-octanoic acid  pan-cake

BC-octanoic acid  '*C-octanoate sodium salt

BC-octanoate sodium salt BC-
octanoic acid
1.
2. BC-octanoic acid  "*C-octanoate sodium salt
3.
&
1 10

31



(1) 26 2 24
(2) 2
(3) 150ml

4) 2

) ( )

(1)

) (baseline) 2 )

3) 10 15
24

4) Europa Scientific CF-IRMS

32



(5)Excel (curve fitting) Microsoft Excel

(6) (t1/2) (tlag)

CF-IRMS (
) Excel t, t, Volunteer no.
1 BC-octanoic acid 135
240
butter (t2)
170 138
BC-octanoic acid t,, 111 BC-octanoate (t,
101 )

: (1) t-test analysis (2) Altman-

Bland analysis
(1)t-test analysis:

( :C-octanoic acid : BC-octanoate)
Shapiro-Wik’s W test (  p-value>0.05
) BC-octanoic acid  p-value=0.9321 "*C-octanoate,

sodium salt  p-value=0.6697

33



t-test p-value=0.90 (p>0.05)

-13

(yolk)

(2) Altman-Bland analysis:

t1/2 (

scintigraphy ~ breath test) R?
Altman-Bland
?  BC-octanoic acid  "C-octanoate
t (Mean) (Difference)
(mean difference) -1
upper lower  95% (confidence interval)

Different=0

t-test
9 -13
(yolk) omelet
(sample size) 15
90% power 24
60~100
( : erythromycin) (

34



propantheline) (

BC-octanoic acid  '*C-octanoate

pan-cake

BC-octanoic acid  '*C-octanoate

1:1/2
BC-octanoic acid "C-octanoate
pan-cake BC-octanoate

pan-cake

35



(1) 26 2 24

(2)
(3) 150ml
(4) pan-cake ( )
(5) pan-cake ( )
(1)
(2) (baseline) 2 )
3) 10 15 1
24
4) Europa Scientific CF-IRMS
(5) Excel (curve fitting) Microsoft Excel
(6) (ti) (tiag)
CF-IRMS (
) Excel ty i

36



: (1) ANOVA analysis (2) Altman-Bland

analysis
ANOVA analysis:

pan-cake test meal I, II, III t) Shapiro-
Wik’s W test one-way
ANOVA p-value=0.398 (p>0.05)

Altman-Bland analysis:

ty) (Mean)

(Difference) [-IT I-III  II-III (mean
difference) 8.0 9.0 2.00 upper
lower 95% (confidence interval)
Different=0

(sample
size) 15 90%
power 24

60~140

37



(

)

(1

-13

() pan-cake I (*C-octanoate

pan-cake )

BC-octanoate BC-octanoic acid

-13

US5707602
Measurement of Gastric Emptying
13 Jan 1998
P.D.Klein
-13

platensis)

38

(

13C

)

(Spirulina



(Spirulina platensis)
99atom% '*CO,

13

10 120
(2) US5785949
Measurement of Liquid Phase Gastric Emptying
28 July 1998
P.D.Klein
(Spirulina platensis)

99atom% “CO,

13 150mg  -13
120ml
10
120
(1) WO00061197

Assessment of Gastric Emptying

39



19 Oct 2000
M.A. Ajami
-13 acyl aminoacid

peptidomimetic

2) GB0007315.5

Gastric Emptying Test-kit and Method of Testing

Gastric Emptying of Solid Meal
27 May 2000

K.U. Leuven R & D

OVOFOOD

BC-Octanoic acid

Dr.Geypens

40



()

(CF-IRMS)
Europa Scientific Inc.
(GC-MS)
1. CF-IRMS( Europa Scientific) H, D
( )
( ) H
2. CF-IRMS( Europa Scientific)

BC aminopyrine *C aminopyrine *C-glycine "*C-urea Urea
breath test bile acid bacterium overgrowth '*C-mixtriglyceride
BC-lactose  "“C-sucrose '*C-protein gastric
emptying "“C-fructose '*C-leucine “C-LUR "C-sucrose H,

breath test

41



3. GC-MS BC-Leucine

()

(Ref/CO,)

(Ref/CaCO,)

(Ref/CO,)

0.2g ortho-phosporic acid

(Fluka; 99%) ( )
calcium carbonate (8"Cppp=-11.01% "% 0ppp= -23.60%

NBS-18  NBS-19 )

Co, 30 1ml
CO,  (Ref/CaCO;)

613C 6180

0.02¢g

(continuous-flow isotope ratio mass spectrometry)

GC

42



(

) Gasthuisberg ( )
1. urea breath test bile acid

bacterium overgrowth  aminopyrine

2. bacterium overgrowth BC-lactose
5Co, H, 1O,
H,(>20 ppm)
3. Lipid absorption BC-Mixed TriglycerideMTG)
250mg chocolate 30g
) Gasthuisberg
1.
Gasthuisberg
80%
( )
BC-aminopyrine 5444
BC-octanoic acid + *C-glycine
BC-octanoic acid 5444
BC-glycine 5444
BC-urea 5444

43



BC-mixtriglyceride 5444
BC-lactose+*C-sucrose

BC-lactose 5444
BC-sucrose 5444
13C-protein 5444
3C-LUR 5444
BC-sucrose 5444
H, breath test 2512
BC-leucine 5444
BC-fructose 5444
Gasthuisberg
( )

BC-octanoic acid *C-mixtriglyceride  "C-leucine

gastric emptying lipid malabsorption protein

maldigestion
2,500
5,000
( )
Gasthuisberg
-13 [ ]
(Scintigraphy)

44



-13

-13

45

M

-13

-13

-13

(

)

(

-13

)



1. pan-cake ( : GASTRO-PAN; OVOFOOD
) pan-cake ,

2. 70ml

5. 150ml

6. baseline

15 4

Dr.Ghoos (Lab. Of “Digestion &

Absorption™) 16

1. Application of Stable Isotopes in Clinical Medicine
BIOMED I project PL93-1239( )

1993~1996

46



SIGN BIOMED 25

1. (breath test)
2. (1) (fat malabsorption)
(2) (gastric emptying) 3)

(protein digestion)
3. (carbohydrate

metabolism) (liver function)

(isotope ratio

mass spectrometry IRMS)

2. The Development of Novel continuous Flow Isotope Ratio Mass

spectrometers and New Technologies for Their Use

47



BCR no.4132

1994~1997

3. Continuous-Flow Isotope Ratio Mass Spectrometry

M&T no. 4132
1995~1998
(continuous-flow
1sotope ratio mass spectrometry) D
15N 13C 180
(GC/MS)
(isotope dilution technique)™”
) ()
C )
1. SIGN
Groningen Nutrition
yogurt Nantes Glasgow
Lund

48



(starch) ?
(small intestine transit time)

(colon fermentation)

(colon digestibility)

-13 (small intestine transit
time) (colon digestibility)
(colon fermentation) Lactose-
[°Nlureide N-15
@70
2. FWO
(colonic fermentation)
() (GC-MS)
@) D-protein (D-phenylalanine)
(deuterated phenol) @ () "N-lactose uriede
5N @7
3. GBOU
GBOU
(1) KU( Katholieke University)

49



(2) VU
(3) RU
(colonic activity)  pre-biotics
pro-biotics (biomarker) N-
lactose-uriede  biomarker

Probiotic

Prebiotic

Masstrace Metabolic Solution Inc. Martek Meretek
Oridion Tri-Med 6 ; BSIA(Bereau of Stable Isotope
Analysis) ; ISOMED ; INFAI
Isodiagnostika Inc.
Metabolic Solution Inc. (
GMBT) INFAI

( : Gastromotal®)

50



995

(3C-UBT) (

( : Gastro-Acet™)

Isodiagnostika Inc.

)

51

-13

-13



-13

-13

Gasthuisberg

-13

-13

52

Dr.Ghoos



