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ABSTRACT
Background: This study investigated the correlation among kidney function, intestinal enzyme activities, and microbial activity of ade-
nine and Folium sennae-induced diarrhea model in mice, which provided a basis for clinical treatment of kidney-intestinal correlation.
Methods: We performed different doses of adenine combined with Folium sennae intragastric administration to establish the animal 
model of diarrhea. We assessed thymus and spleen indexes, serum creatinine, urea nitrogen and uric acid contents, intestinal contents 
and mucosal enzyme activities, and microbial activity.
Results: After modeling, mice presented increased serum creatinine and decreased urea nitrogen. Uric acid showed different changes 
in the different model groups. The thymus index in the model mice was trending downward, whereas the spleen index was the opposite. 
Moreover, model mice induced a non-significant increase in xylanase activity of the intestinal contents and mucosa compared to the 
control performance. Sucrase content of the intestinal contents increased considerably in the model groups but decreased in the intesti-
nal mucosa. Lactase and amylase induced different trends in the different modeling methods. As well, the microbial activity of intestinal 
contents increased significantly, while that of intestinal mucosa decreased.
Conclusion: Adenine combined with Folium sennae successfully replicated diarrhea in mice models. Using 50 mg/ (kg/day) adenine for 
14 days in combination with 10 g/(kg/day) Folium sennae decoction for 7 days caused kidney function injury in diarrhea mice. In addition, 
kidney function injury was accompanied by changing in intestinal functional enzyme activity and microbial activity.
Keywords: Adenine, diarrhea, Folium sennae, intestinal enzyme activities, kidney function, microbial activity

INTRODUCTION
Diarrhea is a common gastrointestinal disease charac-
terized by increased frequency of feces and loose or 
watery feces.1 According to its clinical manifestations, it 
was classified as diarrhea caused by functional or organic 
pathologies of the digestive system, such as irritable 
bowel syndrome, gastrointestinal dysfunction, intestinal 
flora disorders, and other diseases. With the accelerated 
pace of modern life, increased work pressure, and poor 
lifestyle habits, the proportion of people with diarrhea 
induced by kidney-yang deficiency, and the gradual dete-
rioration of the spleen and stomach were increasing year 
by year, mainly manifesting as loose diarrhea or prolonged 
diarrhea with cold extremities. Meanwhile, it was generally 
accompanied by other diseases that affected the quality 
of life and imposed a huge economic burden on the state 
and society.

The modeling method of adenine combined with Folium 
sennae was one of the common diarrhea model.2 When 
the body ingested adenine in high doses, the high con-
centration of adenine was converted to 2,8-dihydroxy-
adenine, which was extremely insoluble in water, by the 
action of xanthine oxidase. This metabolite was depos-
ited in the renal tubules and renal interstitial, forming a 
foreign body granulomatous inflammation, blocking the 
lumen of the renal tubules, and causing a cystic dilatation 
of the corresponding tubular lumen. As the disease pro-
gresses, a large number of nephrons were lost, leading to 
renal failure. Adenine metabolites not only caused renal 
failure due to mechanical obstruction of renal tubules 
but also inhibited the activities of various enzymes 
related to the metabolism of sugar, fat, and protein in 
renal tissue due to the toxicity of the products, affect-
ing the energy metabolism of renal tissue, resulting in a 
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series of kidney-yang deficiency symptoms such as chills, 
less movement, decreased food intake, and decreased 
body weight.3 As a bitter-cold laxative commonly used 
in traditional Chinese medicine (TCM), Folium sennae 
was administered to mice to form the pathological basis 
of “excessive consumption of cold products damaged 
spleen-yang,” in order to get closer to the clinical patho-
genesis.4 Liu et al5 pointed out that adenine combined 
with Folium sennae modeling caused mental lethargy, 
increased urine output, loose feces, weight loss, and 
reduced food intake in rats with diarrheal irritable bowel 
syndrome. Although this complex modeling method 
avoided the limitations of single-factor modeling and 
improved the success rate of the model by combining 

different modeling methods, the difference in model-
ing dose and modeling times also had an obvious impact 
on the construction of stable disease models during this 
combined medicine modeling process.6

In this study, adenine combined with Folium sennae was 
used as common modeling factor to construct an ani-
mal model of diarrhea. The effects of different modeling 
doses and modeling times on diarrhea in mice were inves-
tigated from the perspectives of macro characteriza-
tion, organ indexes, blood biochemical indexes, intestinal 
enzyme activities, and microbial activities, with a view to 
obtaining a modeling protocol that would better match 
the current pathogenesis of diarrhea in humans. By com-
paring the effects of different modeling methods on the 
kidney function and intestinal biological characteristics 
of mice with diarrhea, this study laid a foundation for the 
future development of kidney–intestinal related therapy 
(Figure 1).

MATERIALS AND METHODS
Animals
Thirty-week-old specific-pathogen-free (SPF) Kunming 
male mice, weighing 18-22 g, were purchased from Hunan 
Slaccas Jingda Laboratory Animal Company (Hunan, 
China) with license number ZS-202105110016. All mice 
were maintained at room temperature (23-25°C) and 

Main Points

• Adenine combined with Folium sennae successfully repli-
cated diarrhea in mice models.

• Using 50 mg/(kg/day) adenine for 14 days in combination 
with 10 g/(kg/day) F. sennae decoction for 7 days caused 
kidney function injury in diarrhea mice.

• Kidney function injury increased the metabolic capacity of 
intestinal contents and decreased the metabolic capacity 
of intestinal mucosa microorganisms.

• Kidney function injury was accompanied by changing in 
intestinal contents and mucosal functional enzyme activi-
ties in mice.

Figure 1. Modeling flow chart of adenine combined with Folium sennae.
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relative humidity (50%-70%) with a 12-hour light/dark 
cycle in the laboratory animal center of Hunan University 
of Chinese Medicine. The experimental protocols involved 
animals and their health care approved by the Institutional 
Animal Care and Use Committee of Hunan University of 
Chinese Medicine; Xiang. (SYXK (X) 2019-0009) and were 
performed in strict accordance with the Guide for the 
Care and Use of Laboratory Animal of National Institute 
of Health (NIH) (Bethesda, MD, USA).

Medicines
Adenine (Changsha; Yaer Biology Co., LTD, EZ2811A135); 
Folium sennae (First Hospital of Hunan University of 
Chinese Medicine, 2005302).

Adenine Mixture and Folium sennae Decoction 
Preparation
25 mg/(kg/day) adenine suspension: 10.5 mg of ade-
nine in 8.4 mL of sterile water, ready to use. 50 mg/(kg/
day) adenine suspension: 18 mg of adenine in 7.2 mL of 
sterile water, ready to use. To 187.2 g of Folium sennae, 
300 mL of water was added to soak for 20 minutes, the 
solution was brought to boil and gently heated for 20 min-
utes. Then, the drug solution was filtered out with gauze, 
200 mL of water was added to the drug residue, and the 
filtrate was decocted in the same way. Finally, the 2 decoc-
tions were mixed and concentrated to 187.2 mL with a 
concentration of 1 g/mL and stored at 4°C for future use.

Animal Grouping and Model Preparation
Thirty male mice were randomly distributed into the 
control (C), model 1 (M1), model 2 (M2), model 3 (M3), 
and model 4 (M4) groups, with 6 mice in each group. 
Mice in the M1 and M3 groups were gavaged 25 mg/
(kg/day) adenine suspension and mice in the M2 and 
M4 groups were gavaged with 50 mg/(kg/day) adenine 
suspension, 0.4 mL/each, once a day, for 14 days. From the 
eighth day onwards, M1 and M2 groups received Folium 
sennae decoction (10 g/(kg/day) (0.4 mL/each) once daily 
for 7 days. M3 and M4 groups were given Folium sennae 
decoction (10 g/(kg/day) (0.4 mL/each) from the 10th day 
once daily for 5 days.7,8 C group was given an equal volume 
of sterile water administration, once daily for consecutive 
14 days.

Model Evaluation Criteria
According to the clinical manifestations of diarrhea with 
deficiency of  kidney-yang, combined with relevant refer-
ences,9 the diagnostic criteria of macro symptoms in mice 

diarrhea with deficiency of kidney-yang were as follows: 
(1) loose feces; (2) decreased appetite and body weight; 
(3) cold extremities, curved and arched back; (4) a dull and 
lustrous coat; (5) easy fatigue and lethargy. (1) to (3) were 
the main symptoms, and (4) and (5) were the concurrent 
symptoms. The presence of 2 main symptoms and 2 con-
current symptoms could be considered as the basic con-
dition of diarrhea with deficiency of kidney-yang. On the 
basis of these macro symptoms, the relevant biochemi-
cal indexes, including serum creatinine, urea nitrogen, and 
uric acid levels in mice, were combined to provide a reli-
able basis for the evaluation of the evidence model.

Observation of Symptoms and Signs
During the experiment, symptoms and signs of mice 
were observed and recorded. One day before the end of 
the experiment, the symptoms and signs of mice in each 
group were scored according to the basic theory of TCM 
combined with the symptoms and signs of diarrhea with 
kidney-yang deficiency,10 and the number of mice corre-
sponding to each symptom and sign level in each group 
was evaluated. Symptoms and signs at all levels similar 
to those of the C group, grade 1; decreased autonomic 
activity, lethargy and soft, and well-formed feces, grade 
2; slow reaction, depression, body hair sparse, hair (claw, 
tail) less luster and thin, and soft shape feces, grade 3; 
cold extremities, curved and arched back, no shiny hair 
(paws, tail), and feces thin soft not forming, grade 4.

Body Weight Detection
Body weight of mice was measured and recorded on days 
1, 4, 7, 10, and 13 from the beginning of modeling.

Blood Biochemical Index Detection
After modeling, blood was collected from the eyes of 
mice under sterile conditions, and the blood samples 
were sent to the First Hospital of Hunan University of 
Chinese Medicine for the serum creatinine, urea, and uric 
acid measurement.

Thymus and Spleen Index Detection
All mice were sacrificed quickly by cervical dislocation and 
placed on a super-clean workbench. Under aseptic condi-
tions, the spleen and thymus were taken out and the con-
nective tissues of the thymus and spleen were removed. 
The surface liquid was dried on clean filter paper. The thy-
mus and spleen of mice were weighed, and the thymus 
and spleen indexes were calculated. Spleen index = spleen 
weight (mg)/total live mice weight (g); thymus index = thy-
mus weight (mg)/total live mice weight (g).
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Intestinal Enzyme Activity and Intestinal Microbial 
Activity Detection
The abdominal cavity of mice was dissected under asep-
tic conditions and the small intestinal contents were 
removed. The contents were collected using sterilized 
forceps. Each group was weighed with 3 g samples of 
intestinal contents, put into a sterilized centrifugal tube 
containing glass beads, and the total weight was calcu-
lated. After collecting the intestinal contents, the small 
intestine was cut open along the long axis, the residual 
intestinal contents were rinsed with saline, and the intes-
tinal wall tissue was blotted with filter paper to remove 
excess water. The intestinal mucosa was scraped and 
collected with a sterilized coverslip. Each group was 
weighed with 3 g samples of the intestinal mucosa, put 
into a sterilized centrifugal tube containing glass beads, 
and the total weight was calculated. The crude enzyme 
solution of intestinal content samples and intesti-
nal mucosal samples were collected respectively. DNS 
(3,5-dinitrosalicylic acid) colorimetry was used to deter-
mine the activities of amylase, sucrase, and xylanase. 
Lactase activity was determined by the o-Nitrophenyl-β-
D-Galactopyranoside (ONPG) method.11 Intestinal micro-
bial activity was determined by the fluorescein diacetate 
(FDA) method.12

Statistical Analysis
The data obtained from each group were expressed as 
mean ± standard deviation. Statistical analysis was per-
formed by 1-way analysis of variance followed by Tukey’s 
test using Statistical Package for the Social Sciences v 
21.0 (IBM Corp., Armonk, NY, USA). P < .05 means there 
was a significant difference, and P < .01 means the differ-
ence was very significant.

RESULTS
Symptoms and Signs of Diarrhea Mice
During the modeling period, the mental state and autono-
mous activity of mice in the C group were normal, with 
smooth hair and a sensitive reaction. The mice in the 
model groups were in poor mental condition, unrespon-
sive, curved and arched back, cold extremities, sparse 
and dull hair, damp bedding, dirty perianal area, and loose 
feces that stuck to the bedding. Mice in the M2 group 
showed the most obvious. The grading results of symp-
toms and signs in each group are shown in Table 1.

Body Weight of Diarrhea Mice
With the increase in modeling time, the body weight of 
mice in all groups was higher than the initial body weight, 

and the C group had the largest increase (Figure 2). 
From the fourth day of modeling, the body weight in the 
model groups decreased compared with that of the C 
group in the same period, and the decrease in the body 
weight became more and more obvious with the increase 
in modeling time. On the 13th day of modeling, mice in 
the model groups were significantly lower than that in 
the C group (P < .01; P < .01; P < .01; P < .01), the above 
results indicated that adenine combined with Folium sen-
nae inhibited the body weight of mice in the process of 
modeling.

Blood Biochemistry Indexes of Diarrhea Mice
When detecting the creatinine content in the serum of 
mice (Figure 3A), it was found that creatinine levels in the 
M1, M3, and M4 groups presented an improvement trend 
in comparison with the C group (P < .05; P > .05; P > .05), 
and the M2 group increased markedly (P < .05). The 
serum urea nitrogen levels in the M1, M2, and M3 groups 
all exhibited a trend of reduction compared to the C 
group (P > .05; P > .05; P > .05), with a distinct reduc-
tion in the M4 group (P < .01) (Figure 3B). Subsequently, 

Table 1. Classification of Symptoms and Signs in Each Group

Group Number (n)

Number of Mice Corresponding to Each 
Symptom and Sign Level (n)

Grade 1 Grade 2 Grade 3 Grade 4

C 6 6 0 0 0

M1 6 0 2 4 0

M2 6 0 1 2 3

M3 6 0 3 3 0

M4 6 0 2 2 2

Figure 2. Effects of adenine combined with Folium sennae 
modeling on the body weight of diarrhea mice. Data were expressed 

as mean ± standard deviation, n = 6, *P < .05, ** P < .01.
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we compared the serum uric acid levels of mice in each 
group (Figure 3C). Compared with the C group, the levels 
of uric acid in the M1 group were lower (P > .05), while in 
the M2, M3, and M4 groups, the expression of the uric 
acid was up-regulated (P > .05; P > .05; P > .05), with the 
highest increase in the M2 group (P > .05). Adenine com-
bined with Folium sennae modeling caused damage to 
the renal function of mice, as evidenced by an increase 
in the creatinine and a decrease in the urea nitrogen lev-
els. The reason for the different changes in serum uric 
acid levels due to different modeling methods might be 
related to the individual differences in mice and uneven 
drug intake.

Viscera Indexes of Diarrhea Mice
The thymus index of mice was trending downward after 
modeling (P > .05; P > .05; P > .05; P > .05), with the 
M2 group showing the greatest decrease (Figure 4A). 
The spleen index in the model groups had an increas-
ing trend compared with that in the C group (P > .05; 
P > .05; P > .05; P > .05), and the M2 group seemed to be 
more pronounced (Figure 4B). Briefly, adenine combined 
with Folium sennae modeling reduced thymus index 
and increased spleen index. Besides, different modeling 

methods had different effects on the thymus and spleen 
index in mice.

Intestinal Enzyme Activities of Diarrhea Mice
In our experiments, amylase, sucrase, lactase, and xyla-
nase were measured in the intestinal contents and 
mucosa of mice. In Figure 5, we could see the effect of 
adenine combined with Folium sennae modeling on the 
enzyme activities in the intestinal contents of mice. 
Compared to the C group, the amylase in the intestinal 
contents was increased in the M1 and M2 groups (P > .05; 
P > .05) and decreased in the M3 and M4 groups (P > .05; 
P > .05) (Figure 5A). The sucrase content was signifi-
cantly higher in the model groups (P < .01; P < .01; P < .01; 
P < .01) (Figure 5B). Lactase levels were obviously less 
in the M1, M2, and M3 groups (P < .01; P < .01; P < .01), 
with a trend toward lower levels in the M4 group (P > .05) 
(Figure 5C). Xylanase exhibited an increasing trend with 
some groups showing no statistically significant dif-
ferences (Figure 5D). The above results suggested that 
modeling caused some increase in sucrase and xylanase 
activity and a decrease in lactase in the intestinal con-
tents of mice, which demonstrated different trends in the 
different modeling methods.

Figure 3. Effects of adenine combined with Folium sennae modeling on the blood biochemistry indexes of diarrhea mice. (A) Serum 
creatinine content. (B) Serum urea nitrogen content. (C) Serum uric acid content. Data were expressed as mean ± standard deviation, n = 6, 

*P < .05, **P < .01.

Figure 4. Effects of adenine combined with Folium sennae modeling on the viscera indexes of diarrhea mice. (A) Thymus index. (B) Spleen 
index. Data were expressed as mean ± standard deviation, n = 6.



Turk J  Gastroenterol  2023;  34(1) :  4-12Li  et  a l .  Kidney–Intestinal  Correlat ion

9

In Figure 6, we could see the effect of adenine combined 
with Folium sennae modeling on the enzyme activities in 
the intestinal mucosa of mice. The amylase content in 
the intestinal mucosa was not obviously increased in the 
M1, M3, and M4 groups in comparison with the C group 
(P > .05; P > .05; P < .05) and decreased in the M2 group 
(P > .05) (Figure 6A). Sucrase content was reduced in 
model mice (P < .01; P > .05; P < .05; P < .01) (Figure 6B). 
Notably, the M1, M2, and M3 groups evidenced upreg-
ulated levels of lactase (P < .05; P < .01; P < .01), while 
the M3 group evidenced downregulated levels of lactase 
(P < .01) (Figure 6C). The increase in xylanase, however, 
was not as pronounced (P > .05; P < .05; P > .05; P > .05) 
(Figure 6D). In a word, modeling caused an increase in 
xylanase activity and a decrease in sucrase activity in the 
intestinal mucosa. Amylase and lactase manifested dif-
ferent trends in the different modeling methods.

Intestinal Microbial Activity of Diarrhea Mice
The microbial activity of intestinal contents of mice after 
modeling was markedly higher than that of the C group 
(P < .01; P < .01; P < .01; P < .01) (Figure 7A). On the con-
trary, the intestinal mucosal microbial activity induced the 
reduction compared with the performance of the control 
(P > .05; P > .05; P > .05; P > .05) (Figure 7B). It could 
be seen that modeling caused changes in the microbial 
activity of the intestinal contents and mucosa of mice. 
The effect of different modeling methods on microbial 
activity in different regions of the intestine was different, 
suggesting that adenine combined with Folium sennae 
modeling increased the total microbial load of intestinal 
contents and decreased the total microbial load of intes-
tinal mucosa in mice.

DISCUSSION
Most scholars have always emphasized that the estab-
lishment of models should pay attention to the ani-
mal body surface characteristics as the basis for model 
evaluation.13 During the experiment, it was observed that 

mice in the model groups showed poor mental condition, 
lethargic sleep, sparse hair, soft feces, or even curved and 
arched back, cold extremities, damp bedding, dirty peri-
anal area and loose feces that stuck to the bedding. While 
mice in the C group demonstrated no corresponding 
performance, meanwhile, the body weight of mice in the 
model groups decreased with the increase of the model-
ing time compared with that of C group during the same 
period (P < .01; P < .01; P < .01; P < .01), suggesting that 
adenine combined with Folium sennae had an inhibitory 
effect on the body weight of mice and that the model 
mice were successful in replicating the macroscopic 
characterization of diarrhea.

With the gradual penetration of modern medical 
research, laboratory biochemical indexes also began to 
appear in the auxiliary evaluation indexes of diarrhea 
with  kidney-yang deficiency model. Among them, serum 
creatinine better reflected the sensitivity of early renal 
injury. Creatinine rose significantly when the glomerular 
filtration rate was reduced by more than one-third and 
was one of the sensitive indicators of impaired renal 
function.14 In our study, the creatinine level in the serum 
of mice after modeling was higher than that of the C 
group and the increase in the M2 group was significant 
(P < .05), indicating that the mice had early kidney injury 
after modeling, and the kidney injury in the M2 group 
was more serious. The changes in serum urea nitro-
gen depended mainly on the rate of protein catabolism 
in the body and the excretory capacity of the kidneys. 
Urea nitrogen was excreted in the urine by glomerular 
filtration, of which about 40% was recollected by the 
renal tubules. When the renal parenchyma was dam-
aged, the glomerular filtration rate decreased and urea 
nitrogen increased.15 Combined with the results of our 
experiment, the urea nitrogen content of mice did not 
increase after modeling but decreased, and the M2 group 
decreased the least. This might be related to the degree 
of absorption of different doses of adenine in mice and 
the fact that the target organ of adenine was the kidney 

Figure 5. Effects of adenine combined with Folium sennae modeling on the intestinal contents enzyme activities of diarrhea mice. 
(a) Amylase activity. (b) Sucrase activity. (c) Lactase activity. (d) Xylanase activity. Data were expressed as mean ± standard deviation, n = 6, 

*P < .05, **P < .01.
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and the effect on serum was cumulative damage follow-
ing renal failure. Simultaneously, mice in the M2, M3, and 
M4 groups caused an improvement in the uric acid level, 
of which M2 group was more obvious. On the whole, dif-
ferent modeling methods had different effects on the 
contents of serum creatinine, urea nitrogen, and uric 
acid in mice, and the M2 group presented more obvious 
effects.

Evidence pointed out that diarrhea with  kidney-yang 
deficiency involved the neurological, endocrine, repro-
ductive, and immune systems, mainly manifesting as 
generalized hypofunction and dysfunction of the neuro–
endocrine–immune network, one of the main pathologies 
being malfunction of the immune system.16 The spleen 
and thymus were vital immune organs in the body. The 
thymus was capable of producing a large number of thy-
mocytes, which was important for the establishment 
of the body’s immune function and the recovery of the 
regulatory function after the loss of immune function. It 
also secreted a variety of thymic hormones to participate 
in cellular immune function, enhance anti-tumor, anti-
infection ability.17 The spleen, as an important site of het-
erologous immune response in the body, could filter most 
tumor cells and harmful microorganisms.18 The results 
of this experiment showed that adenine combined with 
Folium sennae decreased the thymic index and increased 

the splenic index, demonstrating that the modeling pro-
cess impaired the cellular immunity of mice but caused 
different effects on humoral immunity, which might be 
related to individual differences in mice and tolerance 
to the modeling drugs and the exact reasons needed to 
be further explored. This decrease in thymus index and 
increase in spleen index was most pronounced in the 
M2 group. It also reflected that in the process of modeling 
with different doses of adenine combined with different 
days of Folium sennae modeling, the effects of modeling 
dose and days used in the M2 group on the immune func-
tion of mice were more prominent.

The small intestine was the main site of food digestion 
and absorption, and small intestinal disaccharidases (e.g. 
lactase, sucrase) were widely distributed in the intestinal 
mucosa and contents. They played a crucial role in carbo-
hydrate utilization by breaking down disaccharides into 
monosaccharides, which were then transported across 
the membrane into the blood.19 Lack of disaccharide 
enzyme would make disaccharide digestion, absorption 
disorder. Lactase and sucrase deficiencies lead to excess 
carbohydrate accumulation in the small intestine, increas-
ing the intestinal osmotic load, leading to an increase in 
intestinal luminal fluid and causing osmotic diarrhea. 
Excess fermentation products enriched intestinal air 
pressure and distension of the small intestine leading 

Figure 6. Effects of adenine combined with Folium sennae modeling on the intestinal mucosa enzyme activities of diarrhea mice. 
(A) Amylase activity. (B) Sucrase activity. (C) Lactase activity. (D) Xylanase activity. Data were expressed as mean ± standard deviation, 

n = 6, *P < .05, **P < .01.

Figure 7. Effects of adenine combined with Folium sennae modeling on the intestinal microbial activity of diarrhea mice. (A) Microbial 
activity of intestinal contents. (B) Microbial activity of intestinal mucosa. Data were expressed as mean ± standard deviation, n = 6, 

*P < .05, **P < .01.



Turk J  Gastroenterol  2023;  34(1) :  4-12Li  et  a l .  Kidney–Intestinal  Correlat ion

11

to bloating and abdominal pain.20 Lactase and sucrase 
were important intestinal enzymes associated with diar-
rhea. Hui et al21 preformed that lactase activity in intesti-
nal contents and mucosa of model mice was decreased. 
Xie et al22 denoted that the activity of sucrase in intes-
tinal contents and mucosa of mice with diarrhea model 
of bacterial imbalance was also decreased. In our study, 
lactase in intestinal contents and sucrase in the intesti-
nal mucosa of mice decreased after modeling, which was 
consistent with previous experimental studies. However, 
sucrase in intestinal contents of mice in the model groups 
was increased, and lactase in intestinal mucosa in the 
M1, M2, and M3 groups was increased compared to the 
C group. The analysis of the reasons for this elevated 
level was related to the differences in the expression of 
sucrase and lactase in different parts of the mice intestine 
as a result of different modeling methods. In addition, it 
might also be related to the pathways of intestinal sucrase 
and lactase production. Studies have evinced that intes-
tinal microorganisms synthesized lactase and sucrase 
in a small amount. In the process of diarrhea, intestinal 
mucosal damage and bacterial imbalance were common 
intestinal dysregulation mechanisms.23 Some pathogenic 
or opportunistic bacteria became overgrown due to the 
lack of antagonism from probiotics, resulting in an imbal-
ance in the intestinal flora. In this imbalance, the diversity 
of intestinal microorganisms was disturbed and some 
sucrase- and lactase-producing microorganisms were 
affected, but the specific influencing factors still needed 
to be further explored. Amylase was an important digestive 
enzyme in the intestinal tract and was mainly secreted by 
the body itself. Hu et al24 studied the effect of spleen defi-
ciency diarrhea caused by Folium sennae on the amylase 
activity in the intestinal contents of mice and manifested 
that the amylase activity of mice with spleen deficiency 
diarrhea was elevated, which was similar to the elevated 
amylase in the intestinal contents of mice in the M1 and 
M2 groups in our experimental results. As well, the amy-
lase content in the intestinal mucosa of mice in the M1, 
M3, and M4 groups also exhibited an elevated trend, which 
might be a compensatory elevation or self-protection of 
the organism in response to the reduced energy supply. 
Considering that xylanase was mainly secreted by intesti-
nal microorganisms,25 the xylanase activity in the intestinal 
contents and mucosa of the mice in the model groups was 
increased compared with that in C group, suggesting that 
the combination of adenine and Folium sennae induced a 
stimulating effect on the microorganisms in the intestinal 
contents and mucosa of the mice, resulting in a disruption 
of the original intestinal microbial balance.

Considering that intestinal flora secreted a large num-
ber of hydrolytic enzymes to achieve efficient hydrolysis 
of FDA, which was the main way for intestinal micro-
organisms to metabolize food and drugs. FDA hydro-
lytic enzyme activity could, to a certain extent, reflect 
the metabolic ability of intestinal microorganisms, and 
therefore the measurement of FDA hydrolytic activity of 
intestinal samples showed the overall activity of microor-
ganisms in the intestine of animals.26 The previous study 
of the research group demonstrated that the microbial 
activity in intestinal contents of diarrhea mice was con-
siderably higher than that in the normal group, but the 
intestinal mucosal microbial activity in the model groups 
significantly decreased, suggesting that there were dif-
ferences in the types and numbers of intestinal contents 
and mucosal microbes in mice.27 In our experiment, the 
microbial activity in the intestinal contents of model mice 
was higher than that in C group, while the microbial activ-
ity in intestinal mucosa was lower than that in C group, 
which was similar to previous studies. This further pre-
sented that the microbial activity of the intestinal con-
tents and mucosa had different trends, so we could know 
that the effects of adenine combined with Folium sennae 
modeling on different parts of the intestine were differ-
ent. Of course, modeling increased the metabolic capacity 
of intestinal contents and reduced the metabolic capac-
ity of intestinal mucosal microorganisms.

In summary, the effect of different modeling doses 
and the number of days on diarrhea were different. In 
terms of macro characterization, blood biochemis-
try, organ indexes, intestinal contents, and mucosal 
enzymatic activity and microbial activity, the use of 
50 mg/kg adenine by gavage for 14 days in combination 
with 10 mL/kg Folium sennae for 7 days induced obvi-
ous effect on kidney function injury in diarrhea mice. 
Furthermore, kidney function injury was accompanied 
by changing in intestinal functional enzyme activity and 
microbial activity.

Ethics Committee Approval: This study was approved by the Animal 
Ethics and Welfare Committee of Hunan University of Chinese 
Medicine, Xiang (SYXK (X) 2019-0009).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – Y.W.; Supervision – Z.T.; Resources 
– Z.T.; Materials – J.Z.; Data Collection and/or Processing – X.L.; 
Writing Manuscript – X.L.; Critical Review – X.L., J.Z., Y.W., Z.T.

Acknowledgments: We thank all the scholars who provided relevant 
guidance for the study and all fund projects for their support.



Li  et  a l .  Kidney–Intestinal  Correlat ionTurk J  Gastroenterol  2023;  34(1) :  4-12

12

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: This study was supported by grants from the National 
Natural Science Foundation of China (No: 81874460). The author of 
this paper was in charge of the project, and Professor Zhoujin Tan is 
the project leader.

REFERENCES
1. Yang L, Wang CX. Evolution of the name of diarrhea. J Changchun 
Univ Chin Med. 2021;37(2):262-265.
2. Gou MQ, Li LZ. Review of animal models of spleen-kidney yang 
deficiency in recent 10 years. Chin J Inf Tradit Chin Med. 
2014;21(6):126-129.
3. Lin XY, Li X, Cai Y. Effect of Sishen pill on IP3, CaM and MLCK in 
duodenum of spleen-kidney yang deficiency diarrhea rats. Lishizhen 
Mater Rese. 2017;28(05):1049-1051.
4. Zhang CY, Shao HQ, Li DD, Xiao N, Tan Z. Role of tryptophan-
metabolizing microbiota in mice diarrhea caused by Folium sennae 
extracts. BMC Microbiol. 2020;20(1):185. [CrossRef]
5. Liu JX, Wang YL, Yang WP, et al. Experimental study on the effect 
of Sisen wan (SSW) on intestinal barrier of IBS-D rats. Pharmacol 
Clin Chin Mater Med. 2019;35(3):24-28.
6. Zhu XX, Fang YY, Pang MX, et al. Comparative study of hyperurice-
mia models in mice with different modeling factors. J Zhejiang Chin 
Med Univ. 2018;42(2):142-148.
7. Chen ZM, Pan X, Zhang M, et al. Effect of Chinese medicine in 
Ershen Wan before and after being processed on intestinal flora and 
mRNA expression of uncoupling protein 2. Chin J Exp Tradit Med 
Formulae. 2016;22(14):6-9.
8. Lin XY, Deng N, Li X, et al. Experimental study of Sishenwan on 
model rats with diarrhea of Asdthenic Splenonephro-yang. J Emerg 
Tradit Chin Med. 2016;25(5):756-758.
9. Zhang SS, Wang CJ, Li YF, et al. Consensus opinion on TCM diag-
nosis and treatment of diarrhea (2017). J Tradit Chin Med. 
2017;58(14):1677-1680.
10. Chen YY, Luo S, Du MM, et al. Influence of the different modeling 
methods on the related indexes in the animal models with osteoar-
thritis of kidney yang deficiency. World J Inte Tradit West Med. 
2018;13(12):1256-1260.
11. Hui HY, He L, Peng XX, et al. The influence of antibiotics modeling 
on the intestinal lactase activity in dysbacteriotic diarrhea mice. 
Chin J Prev Vet Med. 2017;39(9):761-763.
12. Sehnürer J, Rosswall T. Fluorescein diacetate hydrolysis as a 
measure of total microbial activity in soil and litter. Appl Environ 
Microbiol. 1982;43(06):1256-1261. [CrossRef]
13. Tian JZ, Wang YY, Shi J, et al. Research thinking on syndrome 
model defined by traditional Chinese medicine. J Beijing Univ Tradit 
Chin Med. 2005;28(6):18-21.

14. Wang XH. Value analysis of Ccr, CysC, Scr and BUN indexes in 
the diagnosis of renal dysfunction. China Contin Med Educ. 
2016;8(33):50-51.
15. Yang P, Wang JY, Chen KC, et al. Comparison of different indica-
tors for evaluation of glomerular filtration rate. J Mod Med Health. 
2014;30(18):2733-2734+2737.
16. Gong Y, Liu LX, He XJ, et al. The Th17/Treg immune balance in 
ulcerative colitis patients with two different Chinese syndromes: 
dampness-heat in large intestine and spleen and kidney yang defi-
ciency syndrome. Evid Based Complement Alternat Med. 
2015;2015:264317. [CrossRef]
17. Li R, Jia HY, Li XW, et al. Immune effects of Kangshuailing Gao 
rats With kidney yang deficiency. Asia Pac Tradit Med. 
2018;14(03):14-17.
18. Arsenović-Ranin N, Kosec D, Nacka-Aleksić M, et al. Ovarian hor-
mone level alterations during rat post-reproductive life-span influ-
ence CD8 + T-cell homeostasis. Exp Biol Med (Maywood). 
2015;240(10):1319-1332. [CrossRef]
19. Wu Y, Tang Y, Liu YW, et al. Effect of Tongxie Yaofang prescrip-
tion on activity of digestive enzymes in intestinal mucosa and con-
tents Gan-qi-cheng-pi diarrhea mice. Chin J Microecol. 
2020;32(7):745-749.
20. Puertolas MV, Fifi AC. The role of disaccharidase deficiencies in 
functional abdominal pain disorders—A narrative review. Nutrients. 
2018;10(12):1835-1846. [CrossRef]
21. Hui HY, He L, Peng XX, et al. The influence of antibiotics modeling 
on the intestinal lactase activity in dysbacteriotic diarrhea mice. 
Chin J Prev Vet Med. 2017;39(9):761-763.
22. Xie GZ, Tang Y, Wu Y, et al. Effects of total glycosides of Qiwei 
Baizhu powder on intestinal microbiota and enzyme activities in 
diarrhea mice. Biotechnol Bull. 2021;37(12):1-8.
23. Hui HY, Peng MJ, Xiao NQ, et al. Activity of sucrase in intestine 
of mice with dysbacteriosis diarrhea induced by antibiotics. Chin J 
Microecol. 2018;30(9):1016-1019.
24. Hu J, Peng MJ, Luo HH, et al. Effects on Senna on the intestinal 
microbiota and enzyme activity in mice with spleen-deficiency. Chin 
J Microecol. 2018;30(2):155-157.
25. He X, Yu B, He J, et al. Effects of xylanase on growth performance, 
nutrients digestibility and intestinal health in weaned piglets. Livest 
Sci. 2020;233. [CrossRef]
26. Hui HY, He YS, Luo CY, et al. Effect of Ge-gen-qin-lian Decoction 
on intestinal microbial activity and enzyme activity in diarrhea mice 
with intestinal dampness-heat syndrome. Chin J Appl Environ Biol. 
2020;13(45):44.
27. Tang Y, Wu Y, Hui HY, et al. Effects of Tongxie Yaofang Prescrip-
tion on intestinal activity in mice with Ganqichengpi diarrhea. Chin 
J Microecol. 2020;32(1):17-20.

https://doi.org/10.1186/s12866-020-01864-x
https://doi.org/10.1128/aem.43.6.1256-1261.1982
https://doi.org/10.1155/2015/264317
https://doi.org/10.1177/1535370215570817
https://doi.org/10.3390/nu10121835
https://doi.org/10.1016/j.livsci.2020.103940

