Lactose malabsorption and colonic fermentations alter host metabolism

in rats

Objectifs

Des données complémentaires sont nécessaires pour préciser in vivo les conséquences d’une
ingestion aigue de lactose dans I’environnement colique et le métabolisme de 1’hote.
L’objectif de cette étude est d’évaluer les conséquences métaboliques d’une ingestion aigue
de lactose, chez le rat, en relation avec ’activité du microbiote intestinal et ses interactions

avec 1’hote malabsorbeur.

Matériel et méthodes

L’étude a été réalisée en deux parties. Dans chacune de ces parties, nous avons utilisé des rats
males Wistar (350-400g) répartis en 2 groupes (n = 6) recevant 5 g de régime équilibré
contenant soit 25 % de saccharose (groupe S25 contrdle) soit 25 % de lactose (groupe 125
expérimental).

Dans la premiere partie de I’étude, nous avons placé les rats en chambre calorimétrique, sous
cycle jour/ nuit artificiel (lumiere de 8h a 20h). Leurs parametres métaboliques ont été
enregistrés pendant les 24 heures suivant I’ingestion des 5 g de régimes tests L.25 et S25.

Dans la deuxieme partie de I’étude, nous avons effectué des abattages séquentiels (6 rats L.25
et 6 rats S25) a différents temps (t = Oh, 2h, 4h, 6h, 8h et 13h) apres 1’ingestion des 5 g de
régime test. Pendant les abattages, nous avons prélevé du sang porte, les contenus intestinaux
et la muqueuse colique. Les acides gras a chaines courtes et les acides organiques ont été
dosés respectivement pas chromatographie en phase gazeuse et par kits enzymatiques, dans le
sang porte et dans les contenus intestinaux. La quantification des transporteurs d’acides gras a
chaines courtes (SMCT1 et MCT1) a été réalisée par PCR en temps réel sur la muqueuse

colique.

Principaux résultats
Nous observons une augmentation significative des concentrations en acides gras a chaines
courtes et en lactate dans le caecum et dans le sang porte des rats du groupe L25 en

comparaison a ceux du groupe S25. Ces concentrations atteignent respectivement leur
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maxima a 6 et 8 heures apres I'ingestion de lactose. L’expression du transporteur d’acides
gras a chaine courte SMCT1 est également significativement plus élevée a 6 heures et 8 heures
apres I’ingestion de lactose, chez les rats du groupe L25 en comparaison aux rats du groupe
S25.

En parallele, les enregistrements de calorimétrie réveélent une montée significativement
moindre du QR et de la Gox, ainsi qu’une inhibition moindre de la Lox, sur les 5 heures
suivant 1’ingestion du régime L25 en comparaison au régime S25. Ces résultats soulignent
I’absorption et 1’utilisation métabolique moindre du lactose par 1’hdte. Cependant, au-dela de
6 heures, la tendance s’inverse et le QR et la Gox du groupe L25 deviennent significativement

supérieurs a ceux de S25.

Conclusions

Cette étude montre qu’a partir d’une certaine dose de lactose malabsorbé, des changements
métaboliques se produisent. Ces changements impliquent des fermentations caecales et
coliques du lactose qui conduisent a la production d’acides gras a chaines courtes, a
I’activation de leurs transporteurs coliques, a leur absorption colique et a leur utilisation
métabolique par 1’hote.

Ces résultats soulevent la question d’une réorientation métabolique du microbiote colique et
de 1I’hdéte malabsorbeur, lors d’une ingestion chronique de lactose. Ils ouvrent également la
voie a de nouvelles techniques pour le diagnostic de la malabsorption du lactose. En effet, les
études calorimétriques permettraient de mettre en évidence la malabsorption du lactose et de
suivre 1’adaptation métabolique consécutive du microbiote intestinal de 1’hote. Des études

cliniques sont nécessaires pour valider ces résultats sur I’Homme.
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Abstract

Lactose malabsorption is associated with rapid production of high levels of osmotic compounds, such as organic acids and SCFA i the
colon, suspected 1o contribute to the onset of lacose intolerance. Adult tas are ladase deficent wnd the present study was conducted
1o evaluate i oo the metabolic consequences of acute lactose ingeston, indueding bos—microbiota interactions. Rats received diels
of 25% sucrose (525 control group) or 25% lactose (125 experimental group). SCFA and ladtic scd were quantified in intestinal contents
and portal blood. Expression of SCFA transporter penes was quantified in the colonic mucoss, Carbohydrate oxidation (Cox) and Lipid
oxidation {Lox) were computed by indirect ciloimetry. Messurements were performed overa maximum of 13h, Time, diet and time % diet
variables had significant e¢ffeds on SCFA concentration in the caccim (P<{H01, P=04HM and P= 007, respedively) and the portal blood
P01, P=0404 and P<O001, respedtively), Concomitantly, expression of sodiom monocarboxylate significantly increased in the
colanic mucosa of the L25 group (P=0003 a1 0= 6h and F<005 at ¢ =8h). During 5h afier the meal, the L25 group's changes in
metabolic parameters (Cox, Lox) were significanly Jovover than those of the 525 group (P={HI2). However, afler 5h, L25 Cox became
greater than 525 (P= (H04), Thus, enhanced production and absorption of SCFA suppon the metabolic changes observed in calorimetny.
These resuls underline the consequences of acute lictose malabsorption and messured compensations ocourring in the host's metabaolism,
presunsibly through the microbiota fermentations and microbiota—host interactions,

Key words: Laciose malabsorption: Colonic fermentation: Host—microbiota interactions: Indirect calorimetry

Lactose malabsorption  affects 20% of the population The colenic metabolism of lactose has been repored o be

worldwide, Tt results from a decline in lactase expression,
naturally cocurring in mammals after weaning. This dedine
is within a specfic time period for each animal speces: 15d
for rabbits, 1month for ra and 0 or untl decades for
human subjects™* A low intestinal lacase activity leads to
the presence of undigesed lacose in the large intestine,
where # is then fermented by the microbipma, Lactose inoler-
ance 15 defined as the onset of non-specific gasrotnestinal
symptoms. such as bloating, rumbling, abdominal pain,
nausea and diarrhoea. Although the factors responsible for
lactose intolerance are not clearly undersiond, the intervention
of msmotically active compounds is suspected™. Few treat-
ments are available and many lactose-intolerant people are
left with no other choice than 1o pracise an exclusion diet
that could lead to mineral and vitamin deficendes,

associated with an increased producion of bacerial metab-
olites, including SCFA (acetate, propionate and butyrate) and
gases (hydrogen, carbon dioxide and methane ™7™ as well
as, under specific droumstances, organic acids (such as lac
tate, succnate and formate) and ethanol®® 1n physiological
conditions (luminal pH 45-7), SCFA are spedfically rrans
poned by monocarboxylate (MCT1) and sodium MCTI
{sMCT1) transponers present in the colonocyte brush border
membranes ™ Onee ahsorbed, SCFA are carted in the
poral vein to the liver where they can he oxidised. Butyrate
is the preferred energy substrate of the mucosal cells™ ",
In standard conditions, SCFA are at the forefront of the mam-
mals' colonic health, and represent approximately 65% of the
wlonic anions (70-130mmol/H72 However, theit con-
centrations are 3-fold higher as a consequence of lactose

Abbreviations: Cox, carbohydrate ckdation; L25, dicts containing 25 % lacinse; Lox, lipkd oxidaion; MOTL, monccarboxylate; 525, diets containing 25%

sucroae; sMUTL, sodium monocarboxylate.
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malabsorption™ ", Such metabolic -modifications may be
expected in sugar malabsorption, However, most experiments
on lactose malabsorption have been conducted ex oo or
i witro, Smdying the i pioe kinetics of bacterial ferme ntation,
colonic ahsorption and suhsequent host metabaolism i nece-
ssary in order to be able to determine the onsct of lactose
intoler noe, Such data could also pave the way to new strategies
to improve the clinical mana gement of Botose intolerance,
Accordingly, the aim of the present study was to investigate,
i v, the metbolic consequences of malshsorption after
an aoue ingestion of lactose inorats, and the consequences
of hast—microbiota interactions, For this purpose, the present
study was carried out using the rat model in which the
incomplete ahsorption of lactose and the subseguent over-
production by the gut microbiota of lactose-derived SCFA
could be detected by indined calorimetry, Rats were given
a single mesl of either 25% lactose or 25% sucrose, SCFA
concentrations were quantified in the large-intestinal contents
and portal blood, expressions of MOT1 and sMCTT measured
in the colonic mucosa and oxidstion of carbohydrate (Cox)
and lipid (Lox) recorded by indica calorimetry, These
measirements wene performed over a maximal 13h period.

Experimental methods
Animals and diets

The experiments were carfied out following the European
directive  A010/463/1E melative to the protection of animals
used forscientific purposes, and were approved by the ethical
committce of the National Institute of Agmonomic Rescarch
(INRA} {(approval reference 1L/012) A total of eighty-four
male Wistar rats (3530—400 g} were housed under an artificial
12h light—12 darde cycle (lights on at 0800 howrs), Being more
than 12 wecks old at the onset of the smdies, they were namrally
lactase deficient. Rats were adapted for 8d to a standard diet of
the American Instinge of Nutrition {ATN} of 74% carbohydrate
(63% starch, 11% sucrosc), 14% protein and 12% fat as
energy. This smndard diet was composed of dairy proteins
(140g/kg), starch (622p/kg), sucrose (100gkg), celulose
(50gkgh soyzbean oil (40g/kg), mincral mix ATN-93M
(35gkg), vitamin mix AMN-93V (10gkg) and choline
(23 g/kg"™. The cxperiments calibrated tost meals were 5 g
(362 k) of the sandard dict moedified to contain 25% (w/w) of
cither sucrose (contml group, termed 8253 or lactose {exper-
imental group, termed 1250 added at the expense of sach,
The rats were mndomly assigned o one of the following
groups: L25 or 525, The tost meals were administered after
an ovemight fast. n,,; = seventytwo rats were serially killed
for sample collection, where: ddiet) = 1,2 (1 = 125, 2 =525),
Atime point from diet ingestion}=1...6 (I=10, 2= 2Zh,
3=4h, 4=6h, 5=8h, 6=13h) =znd HEdH=1..56
1y = twelve mts were assignoed to the indirect calorimetny smdy,

Blood, intestinal contents and colonic mucosa sampling
and SCFA extraction

Portal blood (2ml) was sampled directly from the hepatic vein
using a heparinised syringe. Blood samples were centrifuged
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for 4 min at 45 and 600g. A volume of 315 pl of the plasma
fraction was kept in 35 pl of 3% HiPO, for dedvatisation
and GC quantification. The rest of the plasma fraction was
stored 3t —H0PC until analysis, The colonic tisues wem
washod inice-cold 009% Cwy'v) MaCl (pH 70% and the mucosa
was scrped off using a glass slide before immediare freczing
in liquid Mx and storage at — 80°C until quantitative real-time-
PCR analyses. The caecal and procimal colonic contents
won simply sampled in sterile tubes: SCFA wene extracted by
vigomus mixing with deionised water, The volume of deionised
water added was 0-%-fold of the weight for caccal samples
and 1-8fold for colonic oncs, As with the plasma fraction,
315 pl of the supernatant were mined with 35 pl of 5% HaPO,
for subseruent derivatisation and GC quantification. The rest
of the caccal and colonic fractions were kept for cnzymatic
reactions and spectrophotometric  quantification,  Samples
wone stored at — B0°C until further analysis.

SCFA guantification

The SCFA were measured afier derivatisation (eserification)
with 2 modificd Krisensen technique™, followed by GC.,
This method is based on SCFA esterification by 2-chlorocthyl-
chlomformate in aqueous and acid media, using isoca proic
acid as the internal standard. Mo precisely, 350 pl samples
(315 pl sample 433l 3% HaPOL), preparcd as mentioned
earlicr, were mixed with 20 pl of 37% HO and 100p! of 1%
mocapmate  solution (w/v), Then, 750pl of acctonitrile,
73 pl of Z<hlorocthanol and 100pl of pyridine wene
added, After careful homogenisation, the mixtures were cen-
trifuged for 10min at 3000rpm and 4°C. The reaction was
intiated by adding 3 pl of Z<chlomethyl chlomformate 1o
I'5ml of the supcrnatant, Subscoquently, 4ml of distiled
water wore added and the estes were extraced with 5060l
of cyclohexane. They were then analysed with a GC {(Varian
CP300; Varian Medical Systems) equipped with a capillary
column (30m, 032mm inncr dameter, Restek Rtx 502.2;
Restelc) and fited with a flame ionisation detector and a
split‘splitiess injector, Helium was used as the camier gas
(Eml/min} and &pl of cach sample were injocted. The
column was mainmined 2t 75°C for 65, then the temperatine
was increased to 170°C at a rate of 70/min. This temperanine
was maintained for 10min, before being increased o 220°C
(3FC/min} and maintaincd for 3min, The njector and the
detector were utilised at 200 and 300°C, respectively. The
amount of SCFA was determined with reference to an internal
standard (isocaproatc) and exernal standards (200mu-
aoetate, A0 ms-propionate, S0 ms-butyrate, 10 mu-isobutyrate,
10 mu-isovalerate, 8 mu-valemte and 8 my-caproate ),

Lactate enzymatic assay

1y1-Lactate concentrations wore determined with s commercial
kit (Megaryme International Trelsnd Timited). Samples,
prepared as mentioned earlicr, wiere homogenised and centi-
fuged for Smin at 4°C and 14000 g The supcroatant was
collected for a second mund of centifugation for 15 min at
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4°C and 14 000g. A wolume of 300l of the supernatant was
applied to0 a spin column of a centrifuge manoscp filter
(30kDy; Pall Corpomtion) and contrifuged ar 470 and
14000 g, until fltration of the whole volume. b/i-Lactate was
then quantified in the final ulrafiltrates, according o the
manufaciurer's recommenda tions,

Cene expression of sodium morocarboxylate and
monocarboxylate

The colonic expression of genes solute carrier family 16,
member 1 (SLCT6A 1 and solute carrier family 5 (iodide rans-
poter), member 8 (SLC5AS), which, respectively, encode for
the MCTI1 and sMCTI transporters, was investigated using
quantitative RT-PCR. The colonic mucosa was scraped and
total RMA isolated using TRIzol reagent, according to the man-
ufacturer's protoool (Ambion/Applied Biosystems, Life Tech-
nologies Corparation}, Sample quality was assessed by 260/
IR0 nm absorption ratio determination (hetween 1-8 and 2400
and checked on a 1% agarose gel. For quantitative RT-PCR
analyscs, 1pg total BNA was first reverse transcribed using
the High Capacity oldNA Archive kit {(Applicd Biosystemns).
Reverse transcribod RNA was amplified on a thermal oycler
(7300 Real Time PCR System, Applied Bicsystems) using the
SYHR green (Power SYHR Green, Applied Biosystems) fluor-
esoenoe method and specific oligonucleatides. The primers
used were as follows: rat RPLI3A — forsard F-GGATCCCTOCA-
COCTATGACAY, mverse -CTGGTACTTCCACCOGACCTC-Y,
rat MCTI — forwand F-GCAAMCGACCAGTGAAGTGT-¥, reverse
F-AAGOOCAAG ACCTOCAAT-F; and rat SMCTL — forward 5T
GOGOTTGTTITTICTTTGG-%, mverse F-OGTTGTGOGTGCTG-
TTACG-F. Resuls were analysed with 7300 SDS systemn software
{Applied Biospstems ), Quantification of RNA was carfed out by
comparison of the mumber of opcles requined to each eference
and target threshold values (68— 60 method).

Indirect calorimetry

Cox and Lox were computed using the Weir equation from
continuous measurements of Vo and carbon diowide pro-
duction (Vog) by indiect ealodmetry™'™, The membolic
cage was equippod with force transducers placed below the
metabalic chamber, This made possible the emoval of the
pant of the respimtory cxchange that was directly related
the energy cxponded on spontaneous activity. Thus, it was
possible 10 compute meal-induced changes in Cox and Lo,
free of shart-term changes due to the cost of activi?™™. The
rats were housed in the metsbolic cage at 18.00 hours, with
free access to water but no access to food. Temperature in
the cage was rgulated at 26°C to limit enegy expendinire
for thermoregulation. Hasal Cox and Lox wem measured
hetecen 06.00 and 10.00 bours the next day, The test meals
were given at 10,00 bours and the changes in Cox and Lox
. bascline were measured during 8 and 13h. At the end of
the experiment, rats wens euthanised by an intra-pedtoneal
injection of pentobarhial (FIml/100 g body weight) and
the intestinal contents, the intestinal muoosa and the portal
hlood samples were collected.
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Statistical analyses

Results are presented as means with their standard ermors,
Analyses wens performoed with either an ANOVA using SAS
software (vemion 9.1, SAS Instinite, Inc) or a Student's fiest
for the unpaired data.

Results

SCFA and lactic acid quantification in intestinal contents
and portal blood

Lactic acid and SCFA wen quamtified in intestinal contents
and poral blood in 125 (25% lactose dict) and 525 (25%
sucrose diet) groups (Figs 1 and Table 1. An incresse of
SCFA concentration was ohserved in intestinal contents

tal

Contort jimol)
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Fig. 1. Total SCFA varnaions afler 125 @) and 525 (O) déels in (a) cascum,
o) prowimal colon, () pontal blood. 525: st containing 25% sucross: L&
diel containing 25 5% tacices. Thme ((8) P<0-001, (b) P=10-24, (¢} P<0001),
ded {{a) P=0-004, (B} P=008, &) P=004) and Bme x dial {{a} P=0.007;
) P=0ET |c) P 0001} aliects were evaliaied by ANOVA A Pyaius over
05 is comadecsd 88 nol sgnificant Comgansons between S25 and 125
were periaimed a1 each Bme poin by a Students 28l lor unpaied deta and
are presented i Supplementary materid (avallanle onling). n,, = 72 whae
[eBaty = 1.2, jjlme point lom disl ingestion) = 1,5 and kral) =1, 6
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Table 1. Acelaie, propeonsis, Dutyrate and iaciate n the
Ccascum, proximal colon and pona! blood aftter L35 and 525
eets®

[Mean values with their standsrd emors)

] La5 SEM P

Cascum

Acetate 052 0.6 042 o001

Propionate o1 014 oo o7

Butyrate 004 005 [ibiix] 054

Lactais 023 386 0-16 0-001
Promimal colon

Acstzie 012 0.8 oo 021

Propeonais 0-01 003 04001 001

Butyree 0. 005 004 oot .54

Lactaie ND 129 08 -
Portal biood

Acetate a6 458 307 0-01

Propeonate 477 588 335 0-47

Butyrais 16-8 226 1&67 020

Lactate o-a7 008 -G 056

538 comaning 25 % sucross; L2325 camaining 25 % laclam; MO, not
detactad

*Datn am mgeeesod a8 means o ALUC from $a pial of contanis
lumal v fma )= poolnd S for caacum and oolon, and conoan-
frafion fmmolfl) . fmo (h) = podled <& lor podal biood. Data am
comganad by & Sudants fles for unpainad data. A P value ovar
005 = considomd as nol significant. m .= 72, whoo idef) = 1,2,
[fma poied from dial inges$an] = 1,6 and k{mf) = 1, __ &

{caccum and oolond for both groups, with a peak ooourring
between 4 and 8h after the ingestion of the test meal, The
higher amounts of SCFA and lactic acid were mainly encoun-
wmred in the cacoum, Totsl SCFA wene 140% higher in the
caccum and 51% higher in the colon inthe 125 grou poompared
with the 525 group, Time, diet and time X diet vadables
presemted significant effccts on caccsl concentrations  of
SCFA {P< 0001, P=0004 and P=0047, respecively) and
lactare (P=0-004, P<0-00} and P= {001, respectively). Signi-
ficant differences, presented in the Supplementary materdal
(available online), were cspecially noted ar 6h (P=00043
after the ingestion of the test meal. No significant difference
was noticed in the proximal colon berween the 125 and 525
groups, exoept for propionate concontrations (P05
A moderate increase of SCFA was also noticed afier the
525 meal, Finally, quantifications in the poral hlood also
revealed an increase of total SCFA over time in the 525
and [25 groups, with peaks ooourring at 4 and 6h after the
dicts, respectively, Time, dict and time % diet variables pre-
sented significant effects on SCFA concentrations in the portal
hlond (P<(-001, P={-04 and P< (:001, respectively). Signifi-
cant differenoes, presented in the Supplementary materal
(available online), were espedcially noted at 4h (P=0-009) and
Gh (P00} afier the ingestion of the tost meal, Total SCFA
concentrations exhibited 2 24old higher pesk in the 1235
group compared with the 525 group, probably doven by a sig-
nificant increase of acetate concentmtions {(P=0-01} {Table 1),

Expression of sodium monocarboxylate and
maonocarboxylate genes in the colonic mucosa

The expression of SCFA transporters sMCTT and MOT1 was
analysed in the colonic muecosa in onder o detemine their
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ahsorption, Quantitative RT-PCR analyses revealed that dict
presented 2 significant effect on the expression of sMCTI
(P=0r02) (Fig. 2} The differences, presented in the Sup-
plementiry material (available online), were significant for
sMCTT at 6 h (P=0H1B) and 8h (P<005),

indirect calorimetry after a sucrose- or {actose-containing
test meal

Calorimetric records following ingestion of the test meals
revedaled that Cox and Lox, respectively, presented a signifi-
cantly lower increase and loweer inhihition after ingestion of
an 125 meal compared with an 525 meal (Fig. 3), Time, dict
and time % dict variables presenied significant effocts on Lox
(P=0HO01, P<C(W)11, P=0-004, respodively) and Cooe (P<I(HXIT,
P000L, P0001, mspectvelyd kinefcs over the 13h post-
ingestion. During the 8h period after the tost meals, the differ-
ence in Cox between the 125 and 525 groups was o6k
(Tahle 2), Intercstingly, the differential amount (T25-5235) of
total SCFA accumubited in the caccum resulted in a differential
energy of 7 kJ (difference of 2443 pmol, with an average of
M= T4g/mol}. Afer intersection of the curves, a recovery
of encrgy ocourred for the 125 group, but remained partial

mRNA sMECTY mBNA
APLYZA (AL

mENA MCTY mRNA
FLFLYZA (AL
&

4

1491 T K

GE- m

ga . . '
4 i ]

Tima |hj

Fig. 2. fa) Sodum manccardeniale MO ) exprassion alier L25 (@) and
505 (W} dets; (B) menocarboaylate (MCT 1) expmssion ahler 125 and 525
dets. G925, dels containing 25% suercse; L35, dets condaining 25% lactose
Tume ({a) P=024, (o) P=034), da1 {5} P=0402, (b} P=0-23} and lme x
ded {fa) P=019, {5 P=072) eflects ware evauated by ANOVA. A Pyaiue
over 005 ks consdered as nel signilcanl Compatisons bstween 595
and 125 wers peronmed a1 sach Bme pand by 8 Shudents 1 el lor ungaked
dotn and e preseried i Sugplerentary maledis (avallable orneg).
fige= 36, whers (disl) =12, jime poinl lom deal ingestion} =3,4,5 and
Kemi} = 1,.. 5. APL13a, ribeeomal protei L13a: ALL armdrary unils.
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Chadcdation LI )

S5 4 321017 2 3 4 FB 6T B89 WNIR2I

B
&

Ciddation (%)

5432901234687 8810M01213
Tima [k}

Ay 3. 8} Liped oxilion and () camaheinale oddabon Mnstics over 130
afler L35 (@) and 535 {n) diel 525 deel conliinng 25% sucrose; L25: del
containing 25% laclese Time ((a} P- 0001, () P<0001), dst (&
P00, (o) P=0-001) and Bme « diel eflects ((a) P 0004, () P<0001)
ane svauated by ANOVA. A P valus over 005 = considesd as not signli-
Al Hye = 12, whee (et} = 1.2 and Kralj = 1,.. 8.

with a difference of less than 2-5 k] betareen the 8 and 15h, As
the decrease in Cox was compensated by a lower inhihition
of Lox, overall postprandial thermogenesis (Cox 4 Lox) was
not significantly different between the 125 and 525 groups.

Discussion

The present study contributes to a better knowledge of the
in vivo kinetics of the meta bolic consequen oes of acute lactose

Table 2. Mestinduced changes (WJ) in carbonydrais
cxidaton (Cox) and lipid oedation (Lox) during e
penods 0—6h and 8-13h, after single L25 and 525
mesis"

[Mean values with their siandard emors)

525 125
Mean SEM Maan EEM P

0O-8h

Cox 4046 25 3440 1-8 [ k]

Lox 167 18 251 1.0 0000
B-13h

Cox 115 o4 1348 08 0004

Lo 210 20 213 0.3 088

525, comaining 25 % sucnse;, L25, confaining 25% aclosa.

*Duts are axpossed as moans of Cox or Lox plots (k)= =u
ad am compamd by 8 Suders § lesl for unpaired doeda
A Fvaluo over 0405 s oconsidorad as not sigeificant. m, =12,
whore fdad} < 1.2 and ki) = 1. &
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malabsomtion in mis Lacose malshsorption appears o be
mainly assochted with modifications in the production of
SCFA by the gut microhiota and their subsequent absorption
and metabolic utilisation by the host, The rat model provides
control of hoth internal pammetes, such as genetic hack-
ground {allowing similar physiological responses), and exter-
nal parameters, such as the 13 h kinetics in the calorimetric
chamber plus samplings of the portal wein, the intestinal
cantents and the colonic mucosa.

Lactose malzbsorption led o microbial production (quanti-
fied in intestinal contents) and colonic ahsorption {indicated
by quantification in portal blood and sMCT1 expression in
the colonic mueosa) of SCFA. Finally, the consequent meta-
bolic changes ooourring in the lactose malabsorber host
wene supparted by the calorimetric parameters:

In the mammalian colon, a close similarity in the molar mtio
of acetite, propiomate and butyrate is noted among species,
The S{FA pmfiles are not fieed in human subjects, bat, in stan-
dard conditions, the molar ratio has heen reported to be ahout
12020 {aceta te:propionate: butyrate § in colonic contents and
ahout #5:10:5 in hlood, with some variation depending upon
intestinal segment (keft or right) and blood sample origin
{partal, hepatic or peripherali'™, Indeed, these molar ratios
may be altered by consumption of fermentahle fibes or modi-
fieed foods, Recent studics also underline the role of dictany
proteing in the SCFA pmduction, either in quantity or
quality™™*", Such questions are of interest for the medical
community, a5 5(FA, and especially butyrate, have demon-
stratcd to have 3 hencficial effect on the host. The main
health bencfits anrbuted to butyrate ame its role in the
meduction of colonic inflammation and permeshilig™® and
in the protection agins colorectal cancer™, SCFA concen-
tration in the Boge bowel is the msult of SCFA production
by the intestinal microbiota, of in sitt metabolisation by
colonocytes and of colonic absorption. Therefore, high SCFA
concentrtions in the cascum may be cxpliined either by an
active production and/for by a low uptake Furthermone,
onoe absorbed, SCFA are camied through portal blood to the
liver, where most of them are metabolised, accounting for
the consccutive lower concentmtions in the peripheral
hlood™™, I the present study, after ingestion of lactose,
bictic acid and total SCFA wem significantly higher in the
caeeum and the portal blood. One may assume that these
differences account for lactose ingestion specfically, as 125
and 525 groups had both the same protcin intakee, Intemst-
ingy, major differcnoes were noticed 6h afier lactose inges-
tion, The bioavailsbility of substrate and fermentation
lnetics of the microbiot may explain the delayed caecal pro-
duction of intcrmediary and end metabolites after the inges-
tion of heoose™. The substantisl absorption of colonic
SCFA, usually between &1 and 126 pmol/cm’ per R,
explains the gradual metabolite concentration decrease and
pH increase (from 56 @ &6 from the caccum o the disal
colon™. These findings could account for the shsence of
significant differences in the pmximal colon after 525 or
L35 diets. Similar kinetics in bell curves wene ohserved for
SCFA variations in the caecum, the proximal colon and the
portal hlood. However, the peaks were observed at 6h after
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the 125 meal in the caccom and the poral blood, and at 4h
after the meal in the procimal oolon,

The decrease after 4h of SCFA colonic concentrations is
conoomitant 1o the increzse of mEMA for sMCTT and MCT1
transportem in the colonic mucoss, This ohservation could
sugmest that, before 6 h, the activity of these transporters was
disrupted (pH dmp) or excecded (unusially high concen-
rrations of SCFA), leading o 5CFA accumulation until the
hicsynthesis of a now pool of tmnspoters, The pattern of
the SCFA concentmtions in portal hlood s consistent with
this hypothesis. We did not follow-up the transcription of
sMCTL and MCT! in the caccal mucosa, but in ritre
experiments proved that SCFA sbundanoe resubed in MOT1
and sMCT1 mRNA rises, probably in order to maximise intra-
cellular availability of SCFA™ ™™ An increase in passive
uptake through the parscellular oute may be also implicd
in the increased SCFA concenfrations in the portal blood,
as a fructo-oligosaccharide-induced increase in intestinal per-
meability was demonstrated in a0,

At last, indirect calorimetny underlines the smaller increase
of Cox, the smaller inhibition of Lox and the fairly stable
overall thermogenic response afier ingestion of an 125 meal
compzared with an 525 meal, Indincct calorimetry confirms
the lower absorption and subsequent metabolic utilisation of
lactose in rats, with a mversed trend borween the 125 and
525 groups, beyond 6h sfter the test meals. Finally, with the
125 diet, the exooss encrgy available in caecal contents
(as SCFA) is in the same mnge (6—7 kJ) as the encrgy under-
expended for Cox during 8 h after the ingestion of the diet.
Furthermare, the recovery of this amount of energy may
also exphlin the absence of diffierences when comparing the
thermogenesis after lactose and sucmse dics, These results
can he interpreted as the oxidation of the SCFA produced by
the microbial fermentation of lactose, whose metabolites are
then absorbed and oxidised by the host. Thus, the use of
new motabolites, largely pmoduced and sccumulated under
lactose ingestion, may be considered as capable of providing
this delyed encrgy. Such an idea has already been sugpested
in a calodmetric study in mts fod with various dietary fibres, in
which Cox remained higher for a longer period after the
ingestion of the fibres than afrer the ingestion of the control
diet®™”, Among the scrumulated membolites, caccal and
colonic SCFA are presumably pliyving 3 major metabolic role,
Indeed, several shudies confirm their capacity to be casily
ahsorbed across the colonic mucosa, resulting in 2 sshage
of carbohydrate energy that otherwise woukd have been lost
in fagoes =03

Ovenll, the msults provided by the measurements of the
luminal and the blood SCFA, tmnsponer gene expression
and by indirect calorimetry method showed that up o 2
given' load of undigested lactose, metabolic changes ooour
from 6h after lactose ingestion. They involve caccal and
colonic fermentation of lacose, leading to the caccal
production of SCFA, subsequent activation of SCFA-specific
transporters and colonic absorption: of the SCFA that are
metabolised in the host's tissues, accounting for the metabolic
compensations from 6 h, The present smudy cmphasises
the adaptation of both the colonic micmobiots and the host
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metabolisms, but also suppors the sugpested nutritional
strategics 1o optimise the microflors and host ads ptation in
orter to alleviate the symptoms of lactose intolerance. These
results raise the question of the metabolic reonentation of
the colonic microhiota and the host over chronic lactose inges-
tion by lactose malshsorbes. They also pave the way o the
use of indircat caloimetry 35 a2 pon-invasive tool to detect
intestinal lactose malabsorption and o explain, ar least
partly, the subsoquent metabalic ada pration through microbial
fermentations. Clinical trals are noeded to confirm the validity
of this methodological approach in human subjocts,
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II. Publication 2: Agreement between indirect calorimetry and

traditional tests of lactose malabsorption

Objectifs

Les tests utilisés pour le diagnostic de la malabsorption du lactose manquent souvent de
fiabilité. L’étude présentée dans la publication 1 montre que la mesure du QR, chez le rat,
peut mettre en évidence la malabsorption du lactose dans les heures qui suivent son ingestion.
Cette étude clinique exploratoire vise a déterminer 1’intérét de suivre le QR (mais aussi la
Gox et la Lox) apres 1’ingestion de lactose dans le but d’identifier une malabsorption chez
I’Homme, ainsi que d’évaluer ses corrélations avec les méthodes indirectes traditionnellement

utilisées.

Matériel et méthodes

Apres recueil des consentements, une série consécutive de sujets a été sélectionnée selon leur
statut absorbeur (n=10) ou malabsorbeur (n=10). Ce statut a été déterminé, apres une nuit de
jetine, par leur pic glycémique pendant 1’heure suivant 1’ingestion de lactose (25g) : un pic
inférieur a 1.0 mmol/L est spécifique d’un malabsorbeur alors qu’un pic supérieur a 1.5
mmol/L est spécifique d’un absorbeur.

Nous avons suivi leur expiration d’hydrogene et leur cinétique de QR, respectivement
pendant 3 et 4h apres une nuit de jeline suivi de I'ingestion de lactose (25g). Les sujets ont
également évalué, a la fin du test, I'intensité et la localisation de leurs symptomes gastro-

intestinaux.

Principaux résultats

Les différences de QR (p = 0.002), de Gox (p = 0.009) et de Lox (p = 0.006) sont
significatives entre les absorbeurs et les malabsorbeurs sur les 100 minutes suivant I’ingestion
de lactose. Les différences de QR, Gox et Lox sont également significatives sur la plus courte
fenétre 30-50 minutes (respectivement p = 0.001, p = 0.002, p = 0.001). Le score total des
symptomes (p = 0.04), notamment les flatulences (p = 0.05), et I'intensité de la douleur dans
I’hypogastre (p = 0.02) sont significativement plus élevées chez les malabsorbeurs que chez

les absorbeurs.
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Par ailleurs, le QR est bien corrélé aux marqueurs traditionnels de la malabsorption et de
I’intolérance : R = 0.74 (p < 0.001) avec la glycémie, R = -0.51 (p < 0.01) avec le test
respiratoire a I’hydrogene et le score total des symptomes R =-0.51 (p = 0.05).

Conclusions

Les cinétiques des parametres métaboliques (QR, Gox et Lox) sont significativement
différentes entre des sujets absorbeurs et des sujets malabsorbeurs, sur les 4 heures suivant
I’ingestion de lactose. Un suivi de ces parametres sur la fenétre 30-50 min apres ingestion de
lactose révele des mesures également significativement différentes.

La calorimétrie indirecte semble donc un outil simple et non-invasif pour détecter la
malabsorption du lactose. Des études complémentaires sont nécessaires pour préciser la place

de ce nouveau test diagnostique dans de plus larges populations.
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ABBREVIATIONS

A: Absorber

Cox: Carbohydrate Oxidation
HBT: Hydrogen Breath Test
Lox: Lipid Oxidation

M: Malabsorber

RQ: Respiratory Quotient
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ABSTRACT

Background

Lactose malabsorption occurs frequently and the variably consecutive intolerance may
seriously impair quality of life. An adequate diagnostic must be based on a reliable and
convenient method but such a test is not yet applied in routine. A recent animal study showed
that the respiratory quotient changed significantly after ingestion of sucrose and lactose in
naturally lactase-deficient rats.

Aims

This exploratory study evaluated the relevance of monitoring respiratory quotient after lactose
ingestion, in order to detect malabsorption.

Methods

10 lactose absorbers and 10 lactose malabsorbers were identified and classified by a lactose
tolerance test (25g). After an overnight fast, a second lactose challenge was performed to
monitor hydrogen excretions and respiratory quotient kinetics over 4 hours. Participants also
completed questionnaires to score and localise their gastro-intestinal symptoms.

Results

Respiratory quotient kinetics were different between absorbers and malabsorbers during the
100 minutes after lactose ingestion (p<0.01), and even during the shorter initial 30-50 minute
period. Respiratory quotient was significantly positively correlated to the peak of glycaemia
(R=0.74) and negatively to hydrogen excretions (R=-0.51) and the symptoms score (R=-0.46).
Conclusions

Indirect calorimetry could improve the reliability of lactose malabsorption diagnosis. Studies
on larger populations are needed to confirm its validity and to propose a simplified

measurement.

KEYWORDS

Lactose malabsorption, diagnostic, respiratory quotient
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INTRODUCTION

Hypolactasia is a widespread intestinal problem that affects almost 75% of the population
worldwide, with large variations depending on ethnic background. Despite recent
identification of the genetic locus, lactose intolerance remains poorly diagnosed by the
medical community, mainly due to the heterogeneity of terminologies and the questionable
reliability of the diagnostic tools.

Hypolactasia, which refers to the deficiency or absence of lactase secretion, may be detected
in duodenal or jejunal biopsies and by genetic tests. Biopsy is the only direct method but is an
invasive technique. The genetic test, identifying some mutations in the gene encoding lactase,
has a reported sensitivity of 93-100% and specificity of 95-100%, but remains poorly
available.

Several other techniques are available to detect malabsorption, but they present limitations.
These tests require the ingestion of a lactose load and include the dynamic study of
glycaemia, the analysis of stool pH, urine galactose, the HBT or the measurement of *C-
glucose in serum or “CO, in exhaled air. Glycaemia analysis presents sensitivity and
specificity both reported to be from 70 to 95 % [1], with no reliability in diabetics or in
patients with bacterial overgrowth. The stool pH is easily analysed but its reliability may be
disturbed by intestinal motility and water reabsorption. Urine galactose presents variable
sensitivity (77-96%) and specificity 88-100% [2]. The HBT, quantifying the amount of
hydrogen created from the colonic fermentation of the undigested carbohydrates, has been
considered a gold standard for over 30 years. Its sensitivity and specificity range from 80-
100% and 70-100% respectively [3]. However, around 20% of patients present an intestinal
bacterial overgrowth leading to false positive results or a methano-excretion leading to false
negative results [4]. Since 2008, it has been suggested to detect both hydrogen and methane in
the expired air to reduce the number of false negatives [5]. The monitoring of *C-glucose in
serum or “CO, in exhaled air following ingestion of labelled BC-lactose was developed in
2000. According to these studies, the proportion of lactose malabsorbers is almost 50% higher
than described in the literature [6-8]. However, this technique remains rarely used.

Subjective techniques can highlight lactose intolerance, corresponding to the expression of
symptoms. The available tests are usually self-completed questionnaires to score the main
gastro-intestinal symptoms, such as rumbling, bloating, cramping, nausea and diarrhoea. The

sensitivity and specificity of these questionnaires are only 75% and 67% respectively due to
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the variability in appreciating one’s own symptoms [9], with an overestimation observed in
30% of the subjects [10].

Thus, none of the available techniques allows a precise and absolute diagnosis. In this
context, it is useful to evaluate new tools or new combinations in order to optimise the
diagnosis of lactose malabsorption.

A recent animal study showed that the kinetics of Respiratory Quotient (RQ), Carbohydrate
Oxidation (Cox) and Lipid Oxidation (Lox), after ingestion of sucrose and lactose, depended
on the capacity of the host to absorb sugars (Alexandre et al., 2012, British Journal of
Nutrition, In Press). Therefore, we aimed to monitor, on selected absorbers and malabsorbers,
the RQ, Cox and Lox during after a lactose load (25g) and to evaluate their efficacy in
diagnosing lactose malabsorption. Concomitantly, blood sugar levels were measured using a
portable glycaemia lector, hydrogen breath excretion was quantified using a portable
hydrogen detector, and RQ, Cox and Lox kinetics were monitored using a ventilated-hood
system. Symptoms were also evaluated before the ingestion of lactose and after the 4 hours,
by subjectively scoring the five main gastro-intestinal symptoms (diarrhoea, pain, nausea,

rumbling and bloating).

MATERIALS AND METHODS

Participants

The study was carried-out on 20 healthy volunteers (10 first lactose absorbers and 10 first
lactose malabsorbers) identified by the one-hour glycaemia after lactose ingestion. No
participant had gastrointestinal or pulmonary disease, had taken antibiotics or other drugs
affecting intestinal function for 8 days prior to the study, or had practiced intense physical
activity for two days prior to the study. Additionally, they had followed the nutritional
recommendations for meals during the two days before the study [11,12].

Experimental protocol

The study took place in the Gastroenterology Department of Avicenne Hospital (Bobigny,
France). After being identified as lactose absorbers or malabsorbers, the participants ingested
25 g of lactose diluted in 250 ml of water after an overnight fast. Their respiratory parameters
were measured using a ventilated-hood system (canopy) for four hours and their hydrogen
excretions were recorded over three hours. At the end of the test the participants also

completed a symptoms questionnaire to score and localise their gastrointestinal symptoms.
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Lactose tolerance test

Samples of capillary blood to test glucose concentration were taken at 0, 15, 30, 45 and 60
minutes, using a Precision XceedPro (Abbott, Rungis, France). For each point, measures were
performed twice on the same sample and the mean value was recorded. A glycaemia rise
equal to or higher than 1.5 mmol/ 1 was considered to be lactose absorption; a plasma glucose
rise equal to or lower than 1.0 mmol/ 1 was considered to be lactose malabsorption [1]. All the
included participants presented glycaemia peaks above or equal to 1.5 mmol/ 1 for the lactose
absorbers and below or equal to 1.0 mmol/ I for the lactose malabsorbers, confirming their
classifications [13], [2].

Hydrogen Breath Test (HBT)

The exhaled hydrogen was measured in parts per million using a GastroLyzer (Bedfont
Scientific Ltd, Maidstone, Kent, England). A hydrogen excretion 20 ppm higher than baseline
in at least two subsequent measurements was associated to lactose malabsorption [14,15].

RQ, Cox and Lox kinetics

RQ, Cox and Lox were computed from VCO; cxhaled and VO3 consumed, recorded every minute,
using a canopy Deltatrac Il (Datex Ohmeda, Limonest, France). In such a system, the subject
inspires the atmospheric air through a hole in the capsule and expires via a non return valve
into a measurement unit [16-18]. When participants came for the measurements, they were
laid down in supination with the canopy overhead. They had at least 30 minutes to become
habituated. Once parameters were stable, we recorded 10 minutes of baseline. Then, the
participants ingested the lactose and the measurements were launched over 4 hours.

Symptom evaluation

Each participant rated the intensity of the five main gastrointestinal symptoms (nausea,
bloating, diarrhoea, borborygmi and abdominal pain), before and after the lactose challenge,
on a 10-cm visual analogue scale ranging from 0 (no symptom) to 10 (maximum symptoms)
[9]. Symptoms were associated to lactose malabsorption for a mean delta above or equal to
7.5/10 [9].

Pain topology was also evaluated. Participants reported, on a diagram, the pain intensity that
they experienced after the lactose challenge, using a 10 point Likert scale ranging from 0
(none) to 9 (extreme): right hypochondrium (segment 1), epigastrium (segment 2), left
hypochondrium (segment 3), right lumbar (segment 4), periumbilical (segment 5), left lumbar
(segment 6), right iliac (segment 7), hypogastrium (segment 8) and left iliac (segment 9)
(Figure 4).
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Ethics

The study was conducted according to the Declaration of Helsinki, and approved by the
Ethical Committee of Saint-Germain-en-Laye (Paris XI). Written informed consent was given
by all participants before inclusion.

Statistical analysis

Results are presented as means + SEM. Analyses were performed with either an ANOVA on
repeated measures or a Student’s t-test for unpaired data. The areas under the curves for RQ,
glycaemia, HBT and symptoms were correlated by computing the Pearson’s coefficients. The
software used was SAS (version 9.1). The significance level of all statistical analyses was set

at p <0.05.

RESULTS

Participants characteristics

The study was carried-out on the 10 lactose absorbers (mean age: 29 + 4 years old, men ratio:
40%) and the 10 lactose malabsorbers (mean age: 39 + 4 years old, men ratio: 20%). No
statistical difference was observed for the patients’ baseline characteristics, even if a slightly
higher mean age was noticed in the malabsorber group (Table 1).

Glycaemia

Peak and evolution of glycaemia over one hour after the lactose ingestion is reported in
Figure 1. The average of the peak is 1.9 + 0.2 mmol/ L blood in the absorbers group while it is
0.6 £ 0.1 mmol/ L blood in the malabsorbers group. The differences were highly significant (p
< 0.001) since the status of the participants was based on this value. Time and time*status
presented significant effects on glycaemia (p < 0.001 for both) and differences between the
two groups became significant from 45 min.

Hydrogen Breath Test

Peak and evolution of expired hydrogen over three hours after the lactose ingestion is reported
in Figure 2. An 8-ppm increase was noticed in the absorber group while a significant higher
40-ppm increase was noticed in the malabsorber group (p = 0.0002), with a peak reached
from 150 min after the lactose ingestion. However, one lactose absorber (A6) presented a
hydrogen peak of 23 ppm whereas one lactose malabsorber (M1) presented a hydrogen peak
of 10 ppm. Time and time*status presented significant effects on glycaemia (p < 0.001 for

both) and differences between the two groups became significant from 135 min.
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RQ, Cox and Lox monitoring

The kinetics of RQ, Cox and Lox during 4 hours after the ingestion of lactose are reported in
Figure 3. Time, status and time*status variables presented significant effects on RQ (p <
0.001, p<0.001, p<0.001 respectively), Cox (p<0.001, p<0.001, p=0.004 respectively) and
Lox (p<0.001, p=0.002, p<0.001 respectively). RQ and Lox raised over the time, with a
maximum reached around 60 min post-ingestion in both groups, but presented lower increases
in the malabsorber group during 100 min post-ingestion (p = 0.002 and p = 0.009
respectively). Lox decreased over the time, with a minimum reached around 60 min post-
ingestion in both groups, but presented a lower inhibition in the malabsorber group during
100 min post-ingestion (p = 0.006). The differences between the two groups were also
significant over the short period of 30-50 minutes after the lactose load (p = 0.001 for RQ, p =
0.002 for Cox, p = 0.001 for Lox).

Symptoms evaluation

Symptom scores and localisation are presented in Figures 4. In the malabsorber group, the
total score of symptoms was significantly higher (p = 0.04), with an increase in bloating (p <
0.05) and in the hypogastrium pain (segment 8) (p = 0.02). Indeed, during the test, five
participants experienced symptoms with moderate to high intensity and two participants
experienced symptoms with low intensity. No other symptom or segment appeared different
between the two groups.

Correlations between parameters

The correlations between parameters are presented in Table 2. The correlations between RQ
and traditional techniques are good indicators of RQ reliability in diagnosing lactose
malabsorption. 1-hour RQ was positively correlated to glycaemia (R = 0.74, p = 0.0002) and
negatively correlated to HBT (R = -0.51, p = 0.03) and to the total score of symptoms (R = -
0.46, p < 0.05). Other parameters were also significantly correlated such as 1-hour Cox versus
glycaemia (R = 0.9, p = 0.003) and HBT (R = -0.99, p = 0.04), 3-hour Cox versus
hypogastrium pain (R = -0.48, p = 0.04), and 4-hour Cox versus hypogastrium pain (R = -
0.49, p = 0.03).

Individual analyses

Results of all the completed outcomes, for each participant, are presented in supplementary
data (S1). The following cut-offs were used according to the literature: a 1.5 mmol/ L peak for
glycaemia [13], a 20 ppm peak for HBT [14] and a score of 8/10 for total symptoms [9]. A
0.05 peak was arbitrarily proposed for the 1 hour-RQ. In the absorber group, one participant

-81-



presented divergent results with RQ and glycaemia suggesting lactose absorption while HBT
and score of total symptoms suggested malabsorption. In the malabsorber group, five
participants were asymptomatic but four of them presented HBT, RQ and glycaemia

indicating a malabsorption.

DISCUSSION

The objective of this exploratory study, performed on 10 absorbers and 10 malabsorbers of
lactose, was to evaluate the reliability of monitoring RQ after a lactose ingestion to highlight
malabsorption.

RQ, as well as Cox and Lox computed from RQ and energy expenditure, presented significant
differences between absorbers and malabsorbers during 100 minutes after ingestion of the
lactose load, confirming in humans results previously reported in rats. Indeed, normal lactose
absorption leads to a switch in the metabolic pathways from lipid utilization in the fasted state
to glucose utilization in the post-prandial state. On the opposite, lactose malabsorption leads
to a moderate switch or even to no switch at all from lipid to carbohydrate utilizations.
Furthermore, monitoring RQ over a short period after ingestion seems to be sufficient to
detect malabsorbers. Indeed, differences in RQ changes were observed between absorbers and
malabsorbers within 45 minutes after the lactose load (p = 0.01), supposing a putative
diagnostic usefulness.

RQ changes, in particular the 1 hour-RQ changes were significantly correlated with
traditional techniques, such as glycaemia, hydrogen expiration and symptoms. Besides,
similar correlations were noticed between RQ and symptoms, and HBT and symptoms,
suggesting that RQ could also be used to detect lactose intolerance. However, these two last
correlations, RQ versus HBT and RQ versus total score of symptoms are low and clinical
relevance may be questioned despite low p-values.

The total score of symptoms was significantly higher at the end of the test in the malabsorber
group compared to the absorber group. The significant symptom reported by the malabsorber
group was bloating, which confirms that bloating is the most sensitive symptom of lactose
intolerance [19]. Besides, the major localisation of symptoms in the hypogastrium
corresponds to the rectosigmoid and is linked to the significant increase of bloating.

The significant differences in the hydrogen expiration confirmed the correct allocation of

participants in the two subgroups but raises questions for participants A6 and M1. The status
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of participant A6 was confirmed by his glycaemia (1.8 mmol/L) and RQ (0.11) delta versus
baseline. Such analysis led us to believe that patient A6 may not have fully respected the
recommended residue-free diet, or may have had an undiagnosed intestinal bacterial
overgrowth. The status of participant M1 was a bit more uncertain since different status could
be determined according his glycaemia (0.3 mmol/L) and RQ (0.08) delta versus baseline. We
also noticed that the RQ kinetics were not similar to those of other absorbers and presented
abrupt peaks. Such irregular kinetics are more specific to hyperventilation than enhanced
glucose oxidation [20,21]. Thus, considering that RQ peaks of participant M1 were an
artefact, the kinetics would fit with their low glycaemia peak. Additionally, methano-
production, occurring in 20% of the population, would account for the absence of both a
hydrogen peak and gastro-intestinal symptoms. A second battery of tests, including the
evaluation of methane expiration, would be necessary to confirm or rebut our diagnostic.

In conclusion, these two participants illustrated well the questionable reliability of HBT and
our exploratory clinical study suggests that monitoring RQ may optimise the diagnostic of
lactose malabsorption. However, we have to concede that the main limitation of RQ is the risk
of hyperventilation, disturbing the kinetics. The baseline step should not be neglected and
should last at least 30 minutes before the beginning of recording, which raises the problem of
duration. The initial selection of lactose absorbers and malabsorbers participants must also be
more restrictive, in order to prevent from wrong classification. To do so, an option is to
combine the glycaemia tests and the HBT as inclusive criteria.

Future work will involve confirming the reliability of RQ for detecting lactose malabsorption
in larger and more variable populations, such as participants presenting a glycaemia peak in
the twilight zone, diabetics, patients with an intestinal resection, patients with a short transit
time. Complementary studies would help to determine standard responses in each population,
to identify the specific time of response in order to reduce the time window of RQ
measurements, and to define a degree of malabsorption depending on the amplitude of the RQ
changes. At last, complementary studies are essential to optimize the design of the protocol by
defining specific points of measurements that would reduce the time under the canopy and
discomfort for the patient, but would also allow simultaneous evaluation of 2 or 3 patients (as

actually possible with the HBT).
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FIGURE LEGENDS

Figure 1: Glycaemia peak (A) and evolution (B) over one hour after the lactose ingestion.
(l), ("®): Lactose malabsorbers; (|:|), (7©7): Lactose absorbers. Data are presented as means
+ SEM and are compared by a Student’s test for unpaired data. (*): p < 0.05. Time, status and
time*status effects are evaluated by an ANOVA. A p-value over 0.05 is considered as not

significant. n = 20.

Figure 2: Expired hydrogen peak (A) and evolution (B) over three hours after the lactose
ingestion. (.) , ("®): Lactose malabsorbers; (D),(‘C'_): Lactose absorbers. Data are presented
as means + SEM and are compared by a Student’s test for unpaired data. (*): p < 0.05. Time,
status and time*status effects are evaluated by an ANOVA. A p-value over 0.05 is considered

as not significant. ppm: part per million. n = 20.

Figure 3: RQ (A), Cox (B) and Lox (C) kinetics over four hours after the lactose challenge.
(—*): Lactose malabsorbers; (—*): Lactose absorbers. Data are presented as means +
SEM. Time, status and time*status effects are evaluated by an ANOVA. A p-value over 0.05
is considered as not significant. RQ, Cox and Lox changes are also compared over 100

minutes after the lactose challenge by a Student’s test for unpaired data. (*): p < 0.05. n = 20.
Figure 4: Symptoms score amplitude (A) and abdominal pain topology (B), at the end of the

lactose challenge. (D): Lactose absorbers; (.): Lactose malabsorbers. Data are presented as

means + SEM and are compared by a Student’s test for unpaired data. (*): p < 0.05. n = 20.
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