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Abstract

Lactulose and mannitol have been used to assess intestinal permeability and several methodologies have been
used.

Objectives: This study aimed to validate the high performance liquid chromatography method coupled with
tandem mass spectrometry to measure mannitol and lactulose sugars.

Materials and methods: We used a High Performance Liquid Chromatography (HPLC) system coupled to an
ABsciex Q-TRAP 5500 triple quadrupole Mass Spectrometer (MS/MS) with an ABSciex Electro Nebulization



weight and passes into the normal intestine in low amounts via the
paracellular route. The reduction in villus length with consequent
reduction in the absorption area reduces the absorption of mannitol, as
well as the permeation of lactulose. On the other hand, the increase in
intercellular space permeation or damage to the intestinal functional
epithelium barrier results in increased absorption of lactulose. Thus,
the lactulose: Mannitol ratio is associated with changes in the





Quantitative [Q] a→ qualitative [q] b 

Precursor ion (m/z) c→ product ion (m/z)

DP (V) d EP (V) e CE (V) f CXP (V) g

Lactulose -135 -10 −12

Mannitol -60 -10

Sorbitol -75 -10

Lactulose

Mannitol

Sorbitol

Selection of parameters for 
analysis

500 47 25 5 -3500
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   Table 3 shows the precursor and product ions of the lactulose, 
mannitol and sorbitol standard analytes with their respective 
calibration curve equations, detection and quantification limits and 
correlation coefficients. The linear parts of the standard 
lactulose, mannitol and sorbitol analyte curves were in the 
concentration range between 10 ng/mL and 2000 ng/mL The 
correlation coefficients of the linear equations obtained for the three 
sugars were greater than 0.99. The calculations of LD and LQ were 
based on the standard deviation

of the sample at a concentration of 100 ng/mL (the lowest
concentration at which the method used was accurate and precise for
each analyte) and the slope of the calibration curve in the region
between 10 ng/mL and 2000 ng/mL (Tables 4 and 5). The accuracy of
the analytical method determined from the recovery and coefficients
of variation of the standard analytes is summarized in detail in Tables
4 and 5, Supplementary Table 3. The matrix effect interference of the
standard analytes diluted in urine samples is shown in Supplementary
Table 4.

Analytes (precursor ion/
product ions; m/z unit)

Calibration curve equation LDa

(ng/mL)

LQb

(ng/mL)

Rc

Lactulose (341.016/58.947) y=1.15e4x+1.33e6 0.0055 0.0168 0.991

Mannitol (180.932/71.009) y=4.46e4x+6.42e6 0.0003 0.0010 0.993

Sorbitol (180.935/58.924) y=5.03e4x+7.10e6 0.0031 0.0001 0.995

Note: a=The detection limit; b=Limit of quantification; c=Correlation coefficient.

Table 3: Linearity, Limit of Detection (LD), Limit of Quantification (LQ) of the method in the LC-MS/MS system for 
analysis of the excretion of lactulose, mannitol and sorbitol sugars.

Initial concentrationa

(ng/mL)

Concentration 
obtainedb (ng/mL) (n=3)

Recoveryc (%) SDd CVe

(%)

Lactulose
(341.016/58.947)

100 95.7 95.7 1.71 1.8

500 499.2 99.8 6.15 1.2

1000 994.8 99.4 20.83 2.1

Mannitol

(180.932/71.009)

100 112.9 112.9 11.06 9.8

500 661.2 132.2 8.63 1.3

1000 1116.4 111.6 18.71 1.7

Sorbitol (180.935/58.924) 100 90.4 90.4 2.25 2.5

500 568.6 113.7 33.08 5.8

1000 988.2 98.8 45.82 4.6

Note: a=Concentration in fortified samples; b=Concentration obtained through the average of the values obtained by the equation of the calibration curve of the spiked 
samples adding the standards in the samples of urine of volunteers; c=% recovery; d=Standard deviation and e=Coefficient of variation.
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Analytes

(mass/charge; m/z)

Day Initial
concentrationa

(ng/mL)

Concentration
obtained a (ng/mL)
(n=6)

Recoveryb

(%)

SDc CVd (%)

Lactulose

(341.016/58.947)

1 500 621.6 124.3 41.1 6.6

2 504.7 100.4 11.8 2.3

3 607.7 121.5 52.3 8.6

Mannitol

(180.932/71.009)

1 500 531.4 106.3 46.5 8.7

2 650.7 130.1 31.3 4.8

3 698.8 139.8 30.2 4.2

Sorbitol

(180.935/58.924)

1 500 575.6 115.1 50.2 8.7

2 564.2 112.8 34.8 6.1

3 657.8 131.6 104.0 5.8

Note: a=Concentration in fortified samples; b=Percentage of recovery of concentrations obtained through the equation of the calibration curve in fortified samples
adding the standards in the samples of urine of volunteers; c=% recovery of mean concentrations obtained on different days; d=Standard deviation and coefficient of
variation.

The Mann Whitney test was conducted to compare the differences 
between the two groups in the lactulose: Mannitol ratio. The 
differences between the experimental groups in the L:M ratio and 
mannitol excretion is significant (Figure 1).



samples was sufficient to obtain high recovery values, as reported by
Kubica, et al. For further detail discussion in the LC-MS/MS
analytical method (Supplementary Figures 10-12).

The lactulose: Mannitol urinary excretion ratio test has recently
been considered one of the best noninvasive tests to assess the area of
absorption, permeability and damage to the FGB [11]. In this study,
we developed and validated a new robust, sensitive, specific and
accurate HPLC-MS/MS method for measuring sugar biomarkers, such
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