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1. Introduction leading to diarrhea is adenovirus including subtypes of Ad41, Ad3,
Ad7 and Ad31, whose degree of infection is positively correlated
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the intestine and inhaling water into intestinal lumen"”". In addition,
Organic acids and irritating gases such as hydrogen and methane
produced by gut microbes subject the organism to abdominal
distension, abdominal pain, etc."®. So, children with rotavirus
infection are unable to tolerate milk, who may experience recurrence
of diarrhea after milk reintroduction into the child’s diet as a result
of bacterial fermentation of the lactose in the gut'"”. Therefore, for
those children who have already developed diarrhea, special attention
should be paid to the secondary stimulation of the fragile intestinal
tract after the intake of lactose-enriched milk powder.

The intestinal tract is colonized by abundant microbiota,
which was regarded as “second genome” of the human body. The
composition and function of intestinal flora is closely bound up
with the development of immune system, regulation of intestinal
nutritional metabolism and the occurrence of diseases””. The food
what we take is fermented by gut flora to produce short-chain fatty
acids (SCFAs), which are pivotal signaling factors between the flora

(2!

and host™". Diarrhea tend to disturb the balance of intestinal flora,

causing metabolic disorders, intestinal inflammatory diseases, immune
dysfunction and other diseases””'. However, the impact of lactose-free
milk powder on the gut microbiota during diarrhea remains unknown.

In order to evaluate the effect of lactose-free milk powder on the
recovery from diarrhea, antibiotic-associated diarrhea (AAD) model
was constructed in SD rats by a mixture of clindamycin, ampicillin
and streptomycin. Then, the symptoms of diarrhea and intestinal
function were compared after supplemented by ordinary milk powder
and lactose-free milk powder, respectively. Furthermore, we studied
the effects of two milk powders on the duration of diarrhea in
children, which may facilitate the development of measure to prevent
or alleviate diarrhea.

2. Material and methods
2.1 Animals and management

Newly weaned SD rats used in this study were purchased from
Vital River Laboratories, Inc. (Beijing, China) and raised in the
specific pathogen-free (SPF) animal laboratory with temperature of
(22 = 1) °C, humidity of (55 = 5)%, a 12 h light/dark cycles and air
exchanges at 15 times/h. Free food and water intake, and adaptive
feeding for week prior to initiation.

In total 60 rats aged 3 weeks were randomly divided into 3 groups
including normal control group (NC), normal milk powder AAD
group (NA) and lactose-free milk powder AAD group (LA), with
20 rats in each group, half male and half female. Antibiotic-induced
diarrhea model was conducted according to the method reported
previously™. As depicted in Fig. 1A, rats in NC group were orally
administrated with saline (20 mL/(kg BW-day)) from day 1 to day 15,
and continued SPF rodent maintenance feeding over the following
5 days. And rats in NA group and LA group were administrated
2 mL of antibiotic mixture (50 mg/mL clindamycin, 55.5 mg/mL
ampicillin and 27.75 mg/mL streptomycin, dissolved in saline) for
15 days, then treated with 17.5 g/(kg BW-day) of normal milk powder
and lactose-free milk powder from day 16 to day 20, respectively.
During the experiment, the weight, food intake and activity status of
rats were recorded daily. And food utilization rate is calculated by the
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percentage of body weight gain to total food intake. Fecal samples on
day 15 and 20 were collected for subsequent analysis.

All animal experiments complied with the relevant guidelines and
was approved by China Agricultural University Animal Experimental
Welfare and Ethical Inspection Committee.

2.2 Evaluation of diarrhea

On day 20, metabolic cages were used to collect fecal samples for
diarrhea evaluation. The degree of loose stool, weight of single fecal
and fecal water content were employed as the indexes of diarrhea
according to previously described methods™'. The score of loose
stools was graded as follows: (1) normal stool retaining shape, and
brown; (2) soft and semi-shaped stool with yellow color; (3) loose and
unformed stool, yellow. Weight of single fecal were determined by
all feces collected in the metabolic cage and weighing. Then the feces
collected were thoroughly dried at 95 °C, until the weight change of
the sample less than 0.5 g within 30 min. And the fecal water content
was calculated as follows:

Dry weight (g)

Fetal water content (%) = (1- ————"— ) x 100
Total weight (g)

2.3 Bioassay of lactase activity

Small intestinal submucosa was snipped off under asepsis
condition. Then the activity of lactase was determined by incubating
enzymes with 20 mmol/L O-nitrophenyl-f-galactopyranoside (ONPG)
at 37 °C for 10 min, stopping the reaction by adding 0.5 mol/L
Na,CO;, and measuring the A, ,, of the solution. One unit of
activity was defined as the amount of enzyme decomposing 20 mmol/L
ONPG per min.

2.4 Scanning electron microscopy (SEM) observation

Jejunum samples were fixed in 2.5% glutaraldehyde after removal
of the internal contents by washing with the saline, then the segments
were incubated with 1% tetroxide osmium for 2 h at 4 °C, dehydrated
in an increasing gradient of ethanol, and dried at critical point in
carbon dioxide™'. The final samples were coated with gold-palladium
and examined using a digital SEM (Hitachi S-3000N, Japan).

2.5 Hematoxylin-eosin (HE) staining

Jejunum of rats were dissected and fixed in 2.5% glutaraldehyde.
Then the sampled tissues were embedded in paraffin and sliced into
4-pm thick sections prior to staining with HE and measuring under
microscopy.

2.6 16S rDNA Sequencing

Total microbial genomic DNA was extracted from stool samples
by using cetyltrimethylammonium bromide (CTAB) protocol. DNA
quantity and concentration were measured using gel electrophoresis.
The bacterial 16S rDNA V4 variable region was amplified with
515F and 806R. The DNA library was quantified using 2% agarose
gel electrophoresis, and then sequenced on the Thermofisher Ion
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SS5TMXL sequencer carried out by the Beijing Novogene Technology
Co., Ltd. The specific method of intestinal microflora determination
was described previously™.

2.7 Clinical specimens

Infants of both sex groups with ages ranged from 0 to 24 months
and suffering from diarrhea were recruited from diarrhea were
recruited from the Third Affiliated Hospital of Xinxiang Medical
University. The experiment complied with the relevant regulations
and was approved by Human Research Ethics Committee. Diarrhea
was defined as the discharge of three or more loose or liquid stools
within 24 h, lasting for at least 24 h"*”. Infants with any of the
following conditions will be excluded: any hematochezia, lactose
intolerance, cow’s milk allergy or immune deficiency.

2.8 Fecal microbiology culture

Stool was collected on the day of hospitalization and discharge
for microbiological analysis. In brief, 0.1 g fecal samples were
diluted in 0.9 mL sterile deionized water, and mixed in vortex at a
speed of 300 1/s. Five plates were inoculated with 0.2 mL sample of
three appropriate dilutions (10™', 107, 107 at different conditions:
potato dextrose agar (PDA) for 48 h at 37 °C for yeast, LB agar for
48 h at 37 °C for Escherichia coli, MRS agar for 48 h at 37 °C under
anaerobic condition forLactobacillus, NA agar for 48 h at 37 °C for
Bacillus or bacteria, and CLO agar for 24 h at 37 °C under anaerobic

[28]

condition for Clostridium='. All results were expressed as logarithm

of colony forming unit (CFU) per gram of feces.
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2.9 SCFAs determination

Concentrations of five SCFAs including lactic, acetic, propionic,
butanoic, formic acids were measured by high performance liquid
chromatography (HPLC)™. In brief, 0.2 g fecal samples were
accurately weighed in centrifuge tubes, and 1 mL of 0.15 mmol/L
H,SO, and 1 mL pure water were added in centrifuge tubes. After
homogenizing with a vortex for 2 min until uniformly dispersed,
the samples were centrifuged for 10 min at 12 000 r/min. The
supernatants were extracted and filtered by 0.22 pm organic filter for
the subsequent HPLC analysis.

2.9 Statistical analysis

Statistical analysis and result visualization were performed by
GraphPad Prism (v5.01) or R software (v3.6.0), and presented as
the mean + standard deviation (SD) from at least three independent
measurements. Data were analyzed using one-way analysis of
variance (ANOVA) when data conformed to normal distribution,
otherwise Mann Whitney test was used. Differences were considered
significant at P < 0.05.

3. Results

3.1 Lactose-free milk powder did not affect the normal
growth of weaned SD rats

In a 20-day trial, rats were orally administrated with antibiotics
from day 1 to day 15, followed by the treatment of normal or lactose-
free milk powder over the next 5 days. As shown in Figs. 1B-D, there
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Fig. 1 Lactose-free milk powder did not affect the normal growth of weaned SD rats. (A) Diarrhea rat models were constructed orally with antibiotic mixture for
15 days, followed by the administration of normal or lactose-free milk powder. Effect of normal formula and lactose-free formula on body weight of (B) male and
(C) female rats (n = 10). (D) Effects of normal formula and lactose-free formula on food availability in SD rats.
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Table 1

Blood routine between diarrhea rats fed with different kinds of milk powder.
Group a O(}Z 1:"cs n Olf{i ﬁs o HB (g/L) HCT (%) MCV (fL) MCH (pg) MCHC (L)  RDW (%) a OQPC tﬁs o MPV (fL)
NC 833 £2.11 643 £039 1485+ 11.8 56.55+£4.68 90.70 £6.79 23.15+1.79 263.30+9.12 1627 £0.64 8274+70.2 7.84£0.51
Male AAD 8.71 £ 4.03 6.36 £ 0.37 150.0 £ 0.0 60.70 £0.14 95.65 + 5.87 23.65 £ 1.34 247.50 £0.71 16.30 £0.00 792.5* 163 8.15%0.07
NA 8.79 £3.93 554+ 1.18 1368 £ 125 5442+6.67 9592+290 22.61 +£095 237.67+695 1583 +1.05 889.5+814 7.85+0.59
LA 7.10 £ 3.11 529+ 1.64 119.6 388 5824 +443 93.13+391 2251+095 25020+8.17 15.66+091 8295+£654 7.93+0.39
NC 8.10 £ 1.10 6.10 £ 0.38 1415 £53 5473 £2.77 9528 £6.25 23.82+£0.54 24525+ 1620 1743 £1.23 8450%763 7.74 £0.56
Female AAD 6.87 £0.21 6.01 £024 1343 +257 61.35+332 9883 +£5.75 2397 +2.04 24233 £15.60 17.60 £0.10 838.0 £453 8.27 £0.32
NA 7.36 £ 2.04 586+ 1.00 1428 228 61.87+6.63 98.15%593 2438 +0.60 249.33 £12.20 17.95+0.50 7955+ 66.0 8.20 £ 0.32
LA 9.10 £ 0.59%  6.55 +0.37 153586 5885+021 9588 +2.17 24.02+0.80 250.60+9.76 18.32+0.50 8843 +56.5 8.16*0.48

Note: *P < 0.05, vs. AAD group. WBC, white blood cell count; RBC, red blood cell count; HB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell volume distribution width; PLT, platelet count; MPV, mean platelet volume.

Table 2
Blood biochemistry between diarrhea rats fed with different kinds of milk powder.
Group ALB (glL)  ALP (U/L) ALT (U/L) AST (U/L) CHO (mmol/L) CRE (umol/L) GLU (mmol/L) LDH (U/L) TG (mmol/L) TP (g/L)
NC 2948 £390 1908 £21.7 39.65+7.26 230.7+765 210%0.59 3194 %523 421+£214 3374%x1577 0.51+£020 6240 %12.03
AAD 2670 £ 1.56 186.0 £92.7 4234 +2283 221.0+743 195%+058 2723 +3.11 422+3.11 3104+1055 036+0.18 57.94+9.26
Male NA 28.17 £2.52 2085 +414 4543 +1234 211.3+340 202%033 30.14+£649 7.05+£246 2866*605 0.38+0.14 64.72+10.84
LA 26.00 +228 167.1 £29.8 38.71 +15.84 2489579 178 £049 2655%1.66 498+1.76 3658+ 1183 0.30+0.07 60.18 +9.09
NC 23.64 £4.02 425.1 £100.6 52.09 +16.10 270.8 £88.8 2.04*£0.69 2495+456 672+3.61 4293+1782 0.77+0.38 5847 £10.43
Female AAD 2543 +0.62 438.6 £ 44.1 46.15+9.79 2869 +£569 248+043 27.63+0.71 7.84+3.65 39571158 038005 6226=*4.76
NA 2456 £2.73 34741753 79.04 £8991 300.0%173.4 1.69+0.72 21.73+£3.82 539+280 2801+632 042029 54.82*8384
LA 2772 £2.76  380.0 £49.6 108.60 £ 113.00 393.1 +264.1 280+ 145 2484+6.09 7.73+£232 3449+£1323 0.69*060 71.79£9.13

Note: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHO, cholesterol; CRE, creatinine; GLU, glucose; LDH, lactate

dehydrogenase; TG, triglyceride; TP, total protein.

was no significant difference in body weight, food utilization rate,
both male and female, suggesting that lactose-free milk powder can
meet the needs of daily growth, as the normal milk powder. The blood
routine and blood biochemistry of rats at the end of experiment
were shown in Tables 1 and 2. Among them, the number of
leukocytes in the female LA group was considerably increased
compared with AAD group, but there was no significant difference
with NC group and the NA group, and there was no gender
dependence. The remaining indexes are in the normal range which
had no difference in either group.

3.2 Lactose-free milk powder effectively ameliorated diarrhea
caused by mixed antibiotics

We observed obvious diarrhea symptoms in rats after 15-day

antibiotic treatment, especially loose stool, increased fecal weight and
water content, suggesting the successful establishment of diarrhea
model. As shown in Fig. 2A, ranging between dry and loose, the stools
excreted by rats in NA group showed soft and semi-shaped, whereas
rats subjected to lactose-free milk powder recovered completely on
day 20. Randomly weigh the single feces of the rats in each group,
and there was no significant difference between the NA group and
AAD model. However, there was a greater drop in the fecal weight of
rats in LA group, as with control rats (Fig. 2B). Consistently, lactose-
free milk powder supplementation reduced the antibiotic enlargement
of fecal water content (Fig. 2C), which indicated that lactose-free
milk powder significantly relieved the symptoms of diarrhea caused

by antibiotics.
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Fig.2 Lactose-free milk powder ameliorated diarrhea symptoms of AAD rats. (A) Representative stool morphology and loose stool score of rats in each group.
(B) Weight of single piece of feces in each group. (C) Comparison of fecal water content among diarrhea rats fed with different formula. All values were expressed
as mean = SD. *P < 0.05 vs. control group; *P < 0.05 vs. AAD group; “P < 0.05 vs. normal infant formula group. The same below.
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3.3 Lactose-free milk powder relieved intestinal irritation
caused by lactose accumulation

Gastrointestinal dysbiosis tend to cause disorders in lactase
enzyme, which are related to lactose intolerance or carbohydrate
malabsorption. So, we explored the recovery of lactose under different
dietary patterns. The overall activity of enzyme revealed significant
variation between control group and antibiotic-treated group, as shown
in Fig. 3A. Antibiotic cocktail significantly lessened the activity of
lactase, which was in a gradual rehabilitation after formula feeding.
However, the mean value of lactase activity in lactose-free formula
group was higher than that of normal formula group (P < 0.05).
SEM was used to examine the morphology of jejunum as shown in
Fig. 3B. The weaning rats from the antibiotic treatment exhibited
more damaged and atrophic intestinal villi than normal rats, which
were alleviated by lactose-free milk powder. As shown in Fig. 3C,
obvious swelling, shortening occurred in AAD rats, accompanied
with damaged intestinal mucosa, and decrease in villi height. The
pathological symptoms of jejunum villi in the lactose-free and normal
formula group were significantly ameliorated. These results suggested
that lactose-free milk powder mitigated intestinal injury induced by
antibiotic cocktail via elevating lactase activity and ameliorating
intestinal morpho logy.

3.4 Lactose-free milk powder improved intestinal flora of
diarrhea rats

Gut microbial disturbance can often be observed in diarrhea
patients. So, we performed 16S rRNA sequencing analysis on the
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intestinal flora to verify whether lactose-free milk powder could
improve the intestinal microenvironment. It can be found that
a-diversity was remarkably decreased in AAD rats from Fig. 4A,
while formula and lactose-free formula could reverse this reduction.
Compared with normal formula, lactose-free milk powder showed
a more augmented Shannon and Simpson indexes, although there
is no significant difference. The f-diversity of microbiota profiles
was assessed by the principal coordinates analysis (PCoA) and non-
metric multidimensional scaling (NMDS), which revealed that the
representing cluster of AAD rats was far from that of the control
group. And rats in normal formula and lactose-free formula exhibited
a similar clustering with closer to control group (Figs. 4B-C).
Bacteroidetes, Firmicutes, and Proteobacteria comprised the dominant
microbiota in the intestines. As shown in Fig. 4D, the AAD group
showed a significant decrease in the proportion of Bacteroidetes but
increase in the proportion of Firmicutes and Proteobacteria compared
with the control group, increasing the probability of diarrhea. After
subjected to the lactose-free milk powder, the relative abundance
of Bacteroidetes significantly improved, while the abundance of
Proteobacteria returned to a lower level. And compared with the
antibiotic-treated rats, lactose-free milk powder notably reduced
the level of Firmicutes approach to that of the control group. Rats
in lactose-free formula group exhibited gut microbiota composition
similar to that of the control group, which is more conducive to
disease recovery. The function of the intestinal flora was predicted
by the Tax4Fun package in R, and a total of 273 signaling pathways
were involved. The heatmap of top 25 enrichment pathways was
shown in Fig. 4E, which enables to distinguish rats subjected to
formula from antibiotic treatment. The significant factors in prediction

Control Infant formula
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Lactose-free formula

250 pm

0045 : 100 pm

Fig.3 Lactose-free milk powder relieved intestinal irritation in diarrhea rats. (A) Effect of antibiotics and different formula treatments on lactase activity.
(B) Representative scanning electron microscopes of intestinal; a, Rupture of small intestinal villi; b, Atrophy of small intestinal villi; ¢, Slight damage to small
intestinal villi. (C) HE staining of jejunum
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Fig. 4 Lactose-free milk powder improved the intestinal microbiota in diarrhea rats. (A) a-Diversity analysis of the gut microbiota, including Shannon and
Simpson index. f-Diversity analysis based on OTUs of gut microbiome was demonstrated by (B) the principal coordinates analysis (PCoA) and (C) non-metric
multidimensional scaling (NMDS). (D) Relative abundance of fecal flora at the phylum level. (E) Effect of milk powder on the metabolic processes. Values were
expressed as mean = SD (n = 3). *P < 0.05 vs. control group.
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function abundance, such as RIG-1-like receptor signaling pathway,
FcyR-mediated phagocytosis and other inflammatory pathways, were
decreased in the lactose-free group compared to AAD treatment. In
addition, metabolic-related pathways containing glycosaminoglycan
degradation, glycosphingolipid and synaptic vesicle cycle, were
restored after lactose-free milk powder intake. All together, lactose-
free milk powder increased the richness of intestinal flora and
optimized the flora community structure, thus restoring normal
intestinal function.

3.5 Lactose-free milk powder shortened the course of
diarrhea in children

In this study, a total of 93 children were recruited, including 30
without diarrhea, 30 with normal milk powder, and 33 with lactose-
free formula. As shown in Table 3, majority (n = 73, 78%) of the
infants were aged between 1 and 12 months, and there were 68 (73%)
male and 25 (27%) female patients without significant difference
in male to female ration among groups. The feeding mode is breast
milk, formula or formula combined with normal diet. Only one case
of shrimp allergy occurred in the lactose-free milk powder group, and
no food allergy occurred in the rest. In terms of fecal evaluation, the
degree of diarrhea in the end was obviously lower than that at first.
Comparing the frequency of visits between the two diarrhea groups,
there were 6 cases in the diarrhea normal milk powder group with
more than 3 visits, while 4 cases in the diarrhea lactose free group
with more than 3 visits. The mean period of diarrhea was notably
shorter in infants receiving lactose-free formula (12.70 days) as
compared to those taking normal formula (17.07 days).

3.6 Lactose-free milk powder significantly increased the contents
of bacilli and formic acid in the feces of children with diarrhea

To explore the effect of lactose-free milk on the enteric
organisms, colony count technique on selective media was utilized
for enumerating of yeast, Escherichia coli, bacteria, Lactobacillus,
Bacillus and Clostridium. Above microbes were evaluated on the
first day and last day after receiving formula. As shown in Table 4,
Bacillus counts were (2.55 £ 0.69) (Ig (CFU/g)) in the first detection
of lactose-free milk group, but increased significantly to (3.31 +
0.99) (Ig (CFU/g)) last. Compared with normal formula feed infants,
supplementation with lactose-free milk decreased the contents of
E. coli, which was considered as causative agent of intestinal
infections. The results of plate counting indicated that lactose-free
formula appeared to enrich probiotic Bacillus and inhibit the growth
of E. coli, promoting healthier intestinal.

The effects of lactose-free milk powder on microbial metabolites
were investigated by measuring the concentrations of SCFAs, which
was exhibited in Table 5. Infants subjected to diarrhea showed
decreased contents of lactic, acetic, propionic and formic acids in
varying degrees, which were recovered in subjects receiving lactose-
free milk powder. Most notably, the formic acid concentration
increased significantly before and after the treatment in lactose-
free milk powder group, and moved closer to non-diarrhea group.
However, the other index did not differ among groups, which may be

related to significant individual difference.
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Table 3
Clinical case information.
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Non-diarrhea

Diarrhea + Normal milk powder

Diarrhea + Lactose-free milk powder

Group
30 30 33
Boy Girl Boy Girl Boy Girl
Gender
22 8 19 11 27 6
<1 1-12 >12 <1 1-12 > 12 <1 1-12 > 12
Age (months)
2 24 4 2 27 1 0 22 11
Breast milk + Milk powder . Milk powder Breast milk + Milk powder
. . Breast milk + .
. Breast milk Supplementary + Regular  Breast milk Supplementary food + Regular  Breast milk Supplementary + Regular
Feeding patterns food diet upplementaty oo diet food diet
8 6 16 17 7 6 17 2 14
. N N Y N
Food allergy history
0 30 0 30 1 32
First fecal evaluation of Soft Paste Thin Watery Soft Paste Thin Watery Soft Paste Thin Watery
diarrhea 15 11 2 0 5 17 9 1 13 14 3 3
Evaluation of the last Soft Paste Thin Watery Soft Paste Thin Watery Soft Paste Thin Watery
diarrhea - - - - 2 22 6 0 12 3 0 0
> > >
. Once Twice - _Three Once Twice B .Three Once Twice - _Three
Frequency of visits times times times
- - - 14 10 6 13 16 4
Average duration (days) - 17.07 12.70
Table 4
Count of main microorganisms in feces (Ig (CFU/g)).
o . Non-diarrhea Diarrhea + Normal milk powder Diarrhea + Lactose-free milk powder
Main microorganisms N , .
First Last First Last First Last
Yeast 5.63£3.77 - 4.63£2.37 6.59 £2.32 5.53 £2.00 5.62+1.83
Escherichia coli 6.76 + 1.66 - 6.51+1.70 6.84 £1.97 5.52£2.12 5.25+2.33
Bacteria 6.30£2.17 - 6.62 +1.70 6.53 £2.07 5.86 +1.89 5.68 +2.18
Lactobacillus 6.92 + 1.67 - 6.09 +1.98 6.38 £2.22 537+2.04 5.40£2.28
Bacillus 3.74 +0.87 - 411+1.13 4.58 +1.50 2.55+0.69 3.31 £0.99%
Clostridium 4.65+1.71 - 4.65+1.31 4.28 = 1.55 3.12+0.67 370+ 1.17

Note: *P < 0.05 vs. the first value; —Indicates that no microorganisms were detected.

Table 5
Content of main organic acids in feces (mg/g).

Non-diarrhea

Diarrhea + Normal milk powder

Diarrhea + Lactose-free milk powder

Organic acids

First Last First Last First Last
Lactic acid 5.34+£7.54 - 5.30+5.63 5.00 +4.69 8.60 £4.15 11.10 £7.26
Acetic acid 6.55+3.35 - 5.37+294 6.73 +3.28 4.60 +2.44 6.68 +8.36
Propionic acid 293 +1.99 - 2.57 +1.07 2.51+1.03 2.33+0.92 3.17+245
Butanoic acid 5.48 £2.16 - 6.20 =4.00 7.73 £5.34 6.87 £3.79 6.39 +4.39
Formic acid 11.59 +8.97 - 8.66 +5.46 9.65+7.79 4.56 +3.01 8.32 £ 6.43*

Note: *P < 0.05 vs. the first value; ~Indicates that no organic acids were detected.

4. Discussion

There were nearly 1.7 billion cases of diarrhea among children
annually””. Diarrhea is a clinically common multifactorial
gastrointestinal disease, which has negative effects on the quality of
life. In most cases patients could recover spontaneously, but targeted
intervention would promote self-healing and reduce their pain”". In
the present study, we discussed the feasibility of lactose-free milk
powder to cure diarrhea. Mixture of clindamycin, ampicillin and
streptomycin was used to establish a rat model of diarrhea. Then,
AAD rats were intervened by normal formula and lactose-free
formula respectively, using enteric pathology and gut microbiota to

determine the influence and mechanism of lactose-free milk powder

on diarrhea. Our results revealed that administration of lactose-free
milk powder sped up the restoration of antibiotic-associated diarrhea,
attributed to the improvement of gut microbiota and intestinal
barrier integrity.

During the experiment, a steady increase and no significant
difference in body weight among all the groups, along with the similar
food utilization, which suggesting that lactose-free milk powder can
meet the needs of daily growth. On the 5" day administrated lactose-
free formula, the conspicuous amelioration of diarrhea symptoms
including stool morphology, weight and water content emerged in
comparison with AAD rats, implicating that lactose-free formula
possessed the potential to remedy diarrhea, which was supported
by some previous studies. Xu et al.”” found duration for diarrhea
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remission was significantly shorter in the lactose-free formula
group ((3.17 = 1.04) days) compared to conventional formula group
((5.25 = 1.58) days). And another study showed the median duration
of diarrhea was shortened by 20.5 h in the lactose-free group, with
higher weight gaining and lower moderate acidosis™".

Several studies have reported that intestinal barrier injury is an
important pathological characteristic of diarrhea. The intestinal villi
were essential to prevent pathogens from entering bloodstream and
provided a living environment for intestinal flora. Damage to the
villus of the small intestine has been seen when diarrhea happened
by SEM, which was ameliorated by lactose-free formula treatment.
The growth of intestinal villi and restoration of gut barrier can be seen
in the group englobed lactose-free formula. Meanwhile, the destroy
of intestinal morphology was contemporaneous with a falling of
lactase, which may explain why formula lactose-containing formula
aggravates diarrhea symptoms. Lactose failed to catabolize, accessed
to colon directly and was used to produce acid and gas by intestinal
microorganisms, thereby leading to lactose-related secondary damage.
Therefore, lactose free diet seems to be more suitable for people with
diarrhea, which may attribute to the improvement of intestinal barrier.

The disorders of gut microbiota have been reported to be relevant
to the development of intestinal disease”™ ", In the present study,
16S rRNA sequencing results revealed that lactose-free milk powder
significantly increased the a- and f-diversity of diarrhea rats. As
is known to all, an abundance of microbiota plays a vital role in
maintaining immune homeostasis, inhibiting pathogenic bacteria

S 1n addition, there was a significant

and involving in metabolism
difference in the gut microbiota composition in phylum level.
Lactose-free milk powder decreased the abundance of Proteobacteria,
which hinders the nutrition absorption and body metabolism.
Simultaneously, rats subjected to lactose-free milk powder exhibited
a significant increase of Bacteroidetes and decrease of Firmicutes,
which made the bacterial composition closer to the that of control
group at the phylum level, thereby supporting the role of lactose-free
formula on rebuilding the balance of the gut microbial environment.

To verify our results from rat models, infants between 0-24
months of age with diarrhea was recruited and fed with normal
formula and lactose-free formula to observe the effect on diarrhea.
We found that the average course of diarrhea was 4.37 days less than
that in normal formula. In addition, Bacillus in lactose-free group was
measurably higher compared with that in the first fecal examination
by culturing microorganisms in vitro. Studies have confirmed the
positive roles of Bacillus on growth performance, feed efficiency
of pigletsm, regulating host symbiotic microbiota and inhibiting
the growth of pathogenic bacteria®. So, the supplement of Bacillus
seems an attractive therapeutic approach for diarrhea. Furthermore,
lactose-free milk powder supplementation notably up-regulated the
concentrations of SCFAs, which have been reported to participate
in the host metabolism as important signaling molecules™. We
speculated that the lactose-free milk powder may affect the activity
of different bacteria in the intestinal tract to produce different SCFAs.
Our results manifested lactose-free formula was able to ameliorate the
intestinal microenvironment, which may offer new insights into the
mechanism involved in relieving diarrhea.
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5. Conclusion

In summary, we found lactose-free milk powder ameliorated
diarrhea symptoms of antibiotic induced weaning rats without
affecting their normal growth, by modifying the composition and
structure of gut microbiota, thereby restoring epithelial barrier
function. In addition, Duration was shortened by lactose-free milk
powder in children with diarrhea, accompanied with boosted contents
of Bacillus and SCFAs. This study revealed the relationship between
lactose and intestinal flora, which will lay a foundation for further
investigations of microbiota-based diarrhea therapies.
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