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Mizhuo Guanchangye enema
delays the decline of renal
function in rats with chronic
kidney disease by intervening in
the TLR4/MyD88/NF-xB pathway

Han Li*?!, Peng Xu®!, Xiaomei Zhang?, Naijing Ye**, Fang Xu>*
and Bo Liang®*

The Third Affiliated Hospital of Zhejiang Chinese Medical University, Hangzhou, China, ?The First
Affiliated Hospital of Henan University of Traditional Chinese Medicine, Zhengzhou, China, *Guangxi
Botanical Garden of Medicinal Plant, Nanning, China, “TCM Regulating Metabolic Diseases Key
Laboratory of Sichuan Province, Hospital of Chengdu University of Traditional Chinese Medicine,
Chengdu, China, *Traditional Chinese Medicine Hospital of Meishan, Meishan, China, *Department of
Oncology, Tongde Hospital of Zhejiang Province, Hangzhou, China

Background: Chronic kidney disease (CKD) is a prevalent chronic condition that
poses a significant threat to human health. There is a close connection between
the gut and kidneys, jointly influencing the onset and progression of CKD
through the “gut-kidney axis.” Traditional Chinese medicine has shown potential
in CKD treatment, but the specific mechanisms require further investigation.

Objectives: This study aims to explore the protective effects of Mizhuo Enema
(MZGCY) on kidney function in CKD rats by regulating the TLR4/MyD88/NF-«kB
signaling pathway.

Methods: The researcher employed a CKD rat model, which was divided into four
groups: Control, Model, half-dose Mizhuo Guanchangye (1/2 MZGCY), and full-
dose Mizhuo Guanchangye (MZGCY). Post enema administration, assessments
were conducted on kidney function indicators, which included blood urea
nitrogen (BUN), serum creatinine (SCR), and 24-h urinary protein. Additionally,
measurements were taken for intestinal toxic substances such as indoxyl sulfate
(IS) and lipopolysaccharide (LPS), as well as inflammatory factors interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-a). Examinations of pathological
changes in both the intestines and kidneys were also performed. During this
process, immunofluorescence was utilized to detect the expression levels of
proteins toll-like receptor 4 (TLR4), myeloid differentiation primary response 88
(MyD88), and nuclear factor kappa B (NF-kB) in the intestinal tissues.

Results: It was found that after enema treatment, the BUN, SCR, and 24-h urinary
protein levels in the MZGCY and 1/2 MZGCY groups significantly decreased,
indicating notable improvement in kidney function. Compared to the model
group, the IS, LPS, IL-6, and TNF-a levels in the MZGCY and 1/2 MZGCY groups
were significantly reduced. Immunofluorescence showed a marked decrease
in the expression of TLR4, MyD88, and NF-kB proteins in the intestines of the
MZGCY group.

Conclusion: MZGCY significantly reduces the levels of intestinal toxins and
inflammatory factors in the serum of CKD rats by interfering with the TLR4/
MyD88/NF-kB signaling pathway, thereby improving intestinal and renal
pathological changes and delaying CKD progression. This study demonstrates
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that MZGCY has significant renal protective effects, providing a new potential
approach for CKD treatment.

KEYWORDS

chronic kidney disease, Mizhuo Guanchangye, gut-kidney axis, gut-derived endotoxin,

inflammation

1 Introduction

Chronic kidney disease (CKD) is characterized by chronic
impairment of kidney structure and function caused by various
factors, with evidence of kidney damage lasting more than 3 months.
This includes pathological damage with both normal and abnormal
kidney GFR, alterations in blood or urine components, imaging
abnormalities, or an unexplained decrease in GFR (<60mL/
min-1.73 m?) lasting over 3 months. Epidemiological data indicate that
CKD has a high prevalence worldwide, with rates varying from 5 to
13% across different regions (1-3). The long-term nature of CKD
requires ongoing monitoring and treatment, and progression to
end-stage renal disease necessitates renal replacement therapy, which
significantly affects the daily lives of patients and their families, and
places a considerable burden on public health systems (4).

The “gut-kidney axis” theory was initially derived from Ritz’s
concept of “gut-kidney syndrome,” which highlights the close
connection between the gut and kidneys. In 2011, Meijers et al. (5)
formally introduced the “gut-kidney axis” theory at an international
dialysis conference. Based on this, Pahl et al. (6) proposed the
“chronic kidney disease-colon axis” concept in 2015, which
elucidated the link between gut microbiota dysbiosis and renal
pathophysiology, offering new perspectives for clinical practice. The
core aspects of the “gut-kidney axis” theory are explained as follows:
Firstly, in the later stages of chronic kidney disease, metabolic waste
cannot be excreted via the gut-kidney pathway, thus accumulates in
the body, potentially entering the intestinal wall through the
bloodstream. Secondly, after kidney injury, the increased uremic
toxins in the blood also penetrate the intestinal wall, leading to
significant changes in the intestinal epithelial and microbiome
environment, resulting in an increase in pathogenic bacteria and a
decrease in beneficial bacteria. The entry of this disruption facilitates
toxin into intestinal epithelial cells, severely damages the intestinal
barrier and increases intestinal permeability. Consequently, intestinal
toxins enter the bloodstream, promoting hypertension and kidney
diseases (7) and accelerating CKD progression (8-11). Additionally,
pathogens in the bloodstream activate the intestinal mucosal immune
system, inducing systemic micro-inflammation, which subsequently
leads to renal micro-inflammation and worsens chronic kidney
disease (12). Xifan Wang et al. (13) discovered that, for patients with
end-stage renal disease (ESRD), a dysregulated gut microbiome
forms a detrimental metabolome and exacerbates clinical outcomes,
suggesting that the gut microbiome could be a promising target for
reducing uremic toxicity for those patients. The gut microbiota is
closely associated with the impaired health-related quality of
life(HRQoL) in renal transplant patients, with particularly noticeable
effects on physical and mental health scores (14). Sibei Tao et al. (15)
confirmed that the composition of the gut microbiota is associated
with the occurrence of diabetes mellitus (DM) and diabetic
nephropathy (DN), and the level of g_Prevotella_9 in feces can
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distinguish DM from the healthy control group (HC), while the
difference between DN and DM lies in the variation of g_Escherichia-
Shigella and g_Prevotella_9, which may aid in the physiological and
pathological diagnosis of DM and DN. The supplementation of
probiotics, specifically Bifidobacterium bifidum BGN4 and
Bifidobacterium longum BORI, can alleviate intestinal inflammation
in aged mice and consequently lead to an improvement in renal
inflammation (16).

The present study has established that renal replacement therapy
does not fully address the removal of protein-bound uremic toxins,
underscoring an urgent need for new therapeutic strategies to curb
uremic toxin accumulation in CKD patient (17). In this regard,
nephrologists have made significant strides by embracing the
“gut-kidney axis” theory, targeting the reduction of uremic toxins
through strategies such as dietary control and nutritional
supplementation to regulate the gut'’s immune response and limit
endotoxin production (18). This includes a combination of ketone
analogues, essential amino acids, and a low-protein diet to manage
urea levels (19), and the promotion of short-chain fatty acid
production from high-resistant starch to slow the deterioration of
kidney function (20). Oral adsorbents like activated charcoal and
phosphate binders have been utilized to reduce uremic toxins, with
probiotics and prebiotics showing particular effectiveness in clearing
toxins like indoxyl sulfate and p-cresyl sulfate formed via protein
binding (21). Sevelamer carbonate has emerged as a promising agent,
mitigating inflammation, enhancing uremic toxin clearance, and
adsorbing key uremic toxins (22). Furthermore, there is a growing
interest in fecal transplantation, oral microbiota modulators for
intestinal mucosal repair, and intensified dialysis techniques to
improve the clearance of protein-bound uremic toxins, which
conventional hemodialysis fails to eliminate (22).

Traditional Chinese medicine also offers a valuable approach, as
herbal extracts contain phytochemical polyphenols and competitors
for albumin binding, such as salvianolic acids from Danshen (Salvia
miltiorrhiza), which have the potential to treat renal fibrosis in chronic
kidney disease (CKD) by inhibiting EZH2 (23), sulfotransferase
(SULT) inhibitors (quercetin, chlorogenic acid, curcumin, and
resveratrol), showing potential in inhibiting the production of
gut-derived toxins (24-28). These botanical agents not only hasten gut
motility and preserve microbiota balance but also reduce renal fibrosis
and protect against further renal damage (29, 30). Modern Chinese
medicine practitioners, recognizing the advantages of traditional
Chinese herbal treatments for CKD, have found that using herbal
enemas can enhance the elimination of intestinal toxins, thereby
reducing endotoxin levels and preserving residual kidney function
(31, 32). A host of herbs—including rosemary, hibiscus, turmeric, red
clover, emblic, pomegranate, goji berry, chili pepper, and moringa
olive—display angiotensin-converting enzyme (ACE) inhibitory
activity that is similar to the effects of medications like captopril and
enalapril, which can lessen kidney damage (33).
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The gut-kidney axis has emerged as a significant research focus in
recent years, with promising new directionswith modern medical
methods, including in vivo animal models and in vitro cell models, to
understand the mechanisms of gut microbiota balance and the
interactions between intestinal mucosal barrier function and CKD
(34, 35). Lipopolysaccharide (LPS) is an inflammatory marker
involved in CKD pathogenesis (15). Dysbiosis in the gut microbiota
impairs the expression of tight junction proteins, resulting in increased
intestinal permeability and the translocation of LPS from Gram-
negative bacteria into the bloodstream (36). This is potentially
associated with metabolic inflammation and CKD progression (37,
38). Research indicates that indoxyl sulfate (IS) concentrations in
healthy individuals range from 0.10 to 2.39 pM, while in CKD patients,
the total IS concentration exceeds 500pM. As kidney function
declines, IS causes kidney damage through the production of reactive
oxygen species (ROS), damages to antioxidant systems, and increases
inflammatory response, induction of fibrosis, and reduction of
protective proteins (39-44).

TLR4/MyD88/NF-kB is an immune-inflammatory signaling
pathway that exists in various cells and tissues throughout the human
body, and is closely linked to inflammation, immunity, and infection.
This study uses a CKD rat model induced by adenine suspension
gavage to examine the protective effects of Mizhuo Enema (MZGCY)
on both the kidneys and intestines of CKD rats. The study aims to
determine whether MZGCY inhibits inflammation in CKD rats’
kidneys and intestines by regulating the TLR4/MyD88/NF-xB
signaling pathway, thereby providing a novel approach for
CKD treatment.

2 Experimental materials
2.1 Experimental animals

Male Sprague-Dawley rats (6-8weeks old, 220-240g) were
procured from SPF Biotechnology Co., Ltd. (Beijing, China). This
experiment has passed the ethical approval for animal welfare at
Chengdu University of Traditional Chinese Medicine (batch
number 2024142).

2.2 Experimental drugs

The Chinese herbal prescription is prepared as follows: Cimicifuga
5g, Rhubarb 30g, Polygonum cuspidatum 10g, Scutellaria baicalensis
15g, Artemisia capillaris 10 g, Winter melon peel 5g, Motherwort5g,
Leech 5g, Earthworm 5g, Safflower 5g, Chicken blood vine 5g. All
herbs were purchased from the Affiliated Hospital of Chengdu
University of Traditional Chinese Medicine. The preparation process
is as follows: (1) Pulverization: Grind the above herbs into coarse
powder using a grinder for easier decoction. (2) Decoction: First,
decoct all herbs with 1,000 mL of water until about 400 mL remains,
then collect the supernatant. Second, add 600 mL of water to the
remaining dregs and decoct until about 200 mL remains. Third, collect
the supernatant and mix the supernatants with both decoctions. (3)
Concentration: Settle the mixture, filter out impurities concentrate the
supernatant, add distilled water to 100 mL, sterilize for 30 min, seal,
and refrigerate. The concentration of the herbal extract is 1 g/mL.
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3 Experimental methods
3.1 Animal rearing

Animals were raised at the Animal Center of Chengdu
University of Traditional Chinese Medicine, with free access to food
and water, under closed management. They were acclimated
for 1 week.

3.2 Animal grouping

All rats were tagged using ear marks, and were randomly assigned
to four groups using SPSS software: blank group, model group, half-
dose traditional Chinese medicine enema group (1/2 MZGCY), and
traditional Chinese medicine enema group (MZGCY), with six rats in
each group.

3.3 Experimental modeling

After the experiment began, except for the blank group, the other
four groups were modeled for chronic kidney disease using adenine
based on the Yokozawa method.

Every morning, the rats were administered under a 2.5% adenine
suspension (200 mg/d/kg) (Dalian, Meilun Biotechnology Co., Ltd.)
via gavage. At the end of the fourth week, two rats from each group
were randomly selected for blood sampling from the medial canthus
to measure serum creatinine and blood urea nitrogen, assessing the
modeling status.

From the fifth week, rats under a 2.5% adenine suspension
(200 mg/d/kg) was administered every other day to maintain disease
progression until the seventh week, when adenine gavage was stopped.
During this period, the blank group was gavaged with an equivalent
volume of distilled water.

3.4 Experimental administration

After the experiment began, each group of rats were given the
corresponding drug treatment. According to the human-animal
equivalent dose ratio, the dosage for adults is 1.67 g/kg/d. Based on
this, the dosage for rats was calculated to be 10.37 g/kg/d (considering
the raw drug amount) (45). A straight-tip gavage needle was inserted
approximately 8 cm into the rats rectum. The anus was pinched and
the needle was fixed in place while the drug was injected slowly. The
anus was then held closed for about 2 min to achieve the effect of a
retained enema.

3.5 Specimen collection

On the last day of the eighth week, all rats were fasted for 12h
and anesthetized with an intraperitoneal injection of 3% sodium
pentobarbital at a dose of 0.2mL/100g. Blood was collected under
anesthesia, bilateral kidney and intestinal specimens were harvested.
Pathological sections stained with

HE and Masson.

were prepared and
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3.6 Index detection

Peripheral blood was collected from the rats, and enzyme-linked
immunosorbent assay (ELISA) kits(Wuhan, Boshide Biological
Engineering Co., Ltd.) were used to measure the levels of gut-derived
endotoxin indoxyl sulfate (IS), lipopolysaccharide (LPS), and
pro-inflammatory cytokines (TNF-q, IL-6) in each group(TNF-a,
IL-6 were procured from Multi Science (Lianke) Biotech Co., Ltd).
Blood urea nitrogen was measured using a fully automated
biochemical analyzer (Shenzhen, Mindray Bio-Medical Electronics
Co., Ltd., Mindray BS-420); urinary protein concentration was
detected using an automatic analyzer with the bicinchoninic acid
(BCA) (Beijing, Soleibao Technology Co., Ltd.) colorimetric method.

3.6.1 Morphological changes under light
microscopy

To examine the intestinal and renal pathological changes in CKD
rats of the SSKE group, hematoxylin and eosin (H&E) (Wuhan,
Google Biotechnology Co., Ltd.)staining were used, followed by
observation under a light microscope (CX33, Olympus, Tokyo, Japan).
Additionally, to observe the improvement in renal fibrosis in CKD
model rats treated with MZGCY, the author used Masson’s trichrome
staining (Wuhan, Google Biotechnology Co., Ltd.) and periodic acid-
Schiff (PAS) staining according to standard protocols.

3.6.2 Morphological changes under electron
microscopy

Specimen fixation: Fresh tissues were sampled, minimizing
mechanical damage like pulling, bruising, and compression. Tissue
volume generally did not exceed 1 mm x I mm x 1 mm. Samples were
quickly placed in electron microscope fixation solution at 4°C for
2-4h. Dual staining with uranyl acetate and lead citrate (2% uranyl
acetate saturated alcohol solution and lead citrate, each stained for
15 min) was conducted, followed by observation under a transmission
electron microscope(Hitachi Company, H-7650) for image acquisition
and analysis.

3.6.3 Immunohistochemical staining

Paraffin sections of ileum and colon tissues were washed with PBS
and fixed with 4% paraformaldehyde. Immunohistochemical staining
was performed to assess the expression of occludin, tight junction
protein-1 (ZO-1), DAPI (nuclear staining) [ZO-1 antibody, claudin-1
antibody, and occludin antibody were procured from Protein-tech
Group, Inc. (Wuhan, China)]. After sealing, the sections were
observed and imaged using a fluorescence microscope (Nikon Eclipse
Cl1, Japan). The fluorescence intensity was measured using
Image] software.

3.6.4 Immunofluorescence staining

To confirm that traditional Chinese medicine regulates the
gut-kidney axis through the NF-kB signaling pathway to improve CKD,
the author performed immunofluorescence staining for verification.
Paraffin sections of the ileum, colon, and kidney were deparaffinized,
hydrated, and subjected to antigen retrieval. After blocking with 10%
normal goat serum, the sections were incubated overnight at 4°C with
primary antibodies. Nuclei were stained with DAPI. The sections were
then washed with PBS, auto fluorescence quenching agent was added,
and the sections were sealed with anti-fade mounting medium. After
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sealing, the sections were observed under a fluorescence microscope
(Nikon Eclipse C1, Japan) and the corresponding images were captured.

4 Statistical analysis

Data were analyzed using SPSS version 22 (SPSS Inc., Chicago, IL,
United States). Continuous variables were expressed as means *
standard deviations; non-parametric tests are used for non-normally
distributed data. For normally distributed data, group comparisons
were performed using one-way ANOVA. If variances are equal,
Tukey’s HSD test was used for pairwise comparisons; if variances are
unequal, the Games-Howell test was applied. Differences were
considered statistically significant at p <0.05.

5 Experimental results

5.1 Histopathological changes in the
kidneys of each group of rats

Histological characteristics of the kidneys in the model group rats
included glomerular hypertrophy, thickening of the glomerular
basement membrane (GBM), mesangial matrix expansion, and
vacuolar degeneration of renal tubular epithelial cells. Following
treatment with MZGCY, glomerular hypertrophy, mesangial matrix
expansion, and renal tubular interstitial damage were partially
ameliorated. Sections stained with Masson trichrome indicated that
renal fibrosis improved following MZGCY treatment. Additionally,
after MZGCY enema, the accumulation of extracellular matrix (ECM)
in the rat kidneys was also improved (Figure 1A).

After enema treatment, the serum urea nitrogen (BUN) levels in
the Control, Model, 1/2 MZGCY, and MZGCY groups were
21.98+2.66, 72.17+7.48, 61.03+14.59, and 45.71+13.41 mg/dL,
respectively; serum creatinine (SCR) levels were 44.09+7.72,
98.65+11.81, 74.86+£9.48, and 54.88 + 14.11 pg/L; and 24-h urinary
protein levels were 5.40+1.42, 39.31+6.70, 19.39+7.66, and
14.68 £4.33mg/24 h. The Shapiro-Wilk normality test showed that
BUN, SCR, and 24-h proteinuria data were approximately normally
distributed within each group (p>0.05). Levene’s test revealed unequal
variances for BUN and 24-h proteinuria data (p <0.05), while variances
for SCR data were equal (p<0.05). Overall testing using Welch’s
one-way ANOVA and multiple hypothesis testing (Games-Howell or
Tukey HSD post-hoc tests) demonstrated that BUN, SCR, and 24-h
proteinuria levels were significantly elevated in the Model group
compared with the Control group (p<0.01). Compared with the
Model group, the 1/2 MZGCY group showed decreases in BUN, SCR,
and 24-h proteinuria, with significant differences in SCR and 24-h
proteinuria (p<0.01). The full-dose MZGCY group also exhibited
decreases in BUN, SCR, and 24-h proteinuria, with significant
differences in BUN, SCR, and 24-h proteinuria (p <0.01) (Figure 1B).

5.2 Morphological changes in the ileum
and colon of each group of rats

The intestinal barrier is essential for maintaining intestinal
function; thus, we assessed the expression of intestinal barrier
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following Mizhuo Guanchangye (MZGCY) treatment. The first row displays hematoxylin and eosin (H&E) staining of kidney tissues across all groups; the
second row shows Masson's trichrome staining of kidney tissues in each group; and the third row presents Periodic Acid-Schiff (PAS) staining of kidney
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markers in each group of rats. H&E staining indicated that MZGCY
treatment reduced intestinal damage in model rats compared with
the model group. Immunohistochemical staining demonstrated that
in the normal group, ZO-1, Occludin-1, and claudin-1 proteins
were evenly distributed at the top of the intestinal epithelial cells,
forming a honeycomb or dot-like pattern. However, these proteins
were significantly reduced in the intestines of the rats in model
group. Compared with the model group, the protein levels of ZO-1,
Occludin-1, and claudin-1 in the intestines of the MZGCY
group were significantly restored. These results suggest that
MZGCY has a protective effect on the intestinal barrier of model
rats (Figures 2A-C).
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Electron microscopy revealed that the intestinal barrier
structure in the control group (Figure 2D) was well-maintained,
with microvilli (Mv) arranged neatly and uniformly, although
slightly shortened; epithelial cells showed no signs of edema, and
the chromatin in the cell nucleus (N) was evenly distributed,
predominantly as euchromatin; mitochondria (M) were not
swollen, mostly oval-shaped, with a uniform intramembrane
matrix and neatly arranged cristae; the rough endoplasmic
reticulum (RER) showed no dilation, with abundant surface
ribosomes. Tight junctions (T]), adherens junctions (ZA), and
desmosomes (De) were visible between cells, with clear structures,
abundant tension filaments, complete complex connections, and
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FIGURE 2
MZGCY ameliorates intestinal pathology in rats. (A) HE staining and immunohistochemistry of the ileal tissue in each group; (B) HE staining and
immunohistochemistry of the colonic tissue in each group; (C) comparison of the expression levels (OD values) of ZO-1, Occludin-1, and Claudin-1in

the ileum and colon tissues among the four groups of rats; (D) are transmission electron microscopy results of the intestines in control group, model
group, and MZGCY group, respectively.
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tight connections, with no widening of the intercellular
spaces observed.

Model group (Figure 2D): Moderate damage to the intestinal
barrier, with microvilli (Mv) locally disarranged and detached (black
arrows), varying in length; epithelial cells irregularly arranged, slightly
condensed (blue arrows), with some localized mild edema; nuclear
chromatin (N) evenly distributed, mainly euchromatin; numerous
mitochondria (M), slightly swollen, increased in size, cristae fractured
and shortened, matrix pale and uneven; partial mild dilation of rough
endoplasmic reticulum (RER), surface ribosomes locally lost; tight
junctions (TJ), adherens junctions (ZA), desmosomes (De)were
observed between cells, with narrow intercellular spaces, compound
connections abundant in tension filaments, tightly connected, mostly
intact without obvious fractures or disappearance.

MZGCY group (Figure 2D): Mild damage to the intestinal barrier,
with densely arranged microvilli (Mv); some epithelial cells mildly
edematous, nuclear chromatin (N) evenly distributed, mainly
euchromatin with some heterochromatin marginated; mitochondria
(M) mildly swollen, increased in size, cristae partially fractured and
disorganized, matrix pale and uneven; rough endoplasmic reticulum
(RER) mildly to moderately dilated, surface ribosomes lost; tight
junctions (T7J), adherens junctions (ZA), desmosomes (De) observed
between cells, with narrow intercellular spaces, compound
connections abundant in tension filaments, tightly connected, with
some local loss of intercellular connections (black arrows).

In order to explore the mechanism of renal protection of CKD by
traditional Chinese medicine through the renal-gut axis, we detected
the levels of intestinal toxic substances (IS and LPS) and inflammatory
factors (IL-6 and TNF-a) in the serum of rats in the Control group,
Model group, 1/2 MZGCY group, and MZGCY group after enema
administration(Figure 3). The IS levels were found to be 40.91 +7.09,
88.73+8.34, 55.03+13.02, 45.43£7.79 pg./mL for the four groups,
respectively, while the LPS levels were 319.22+70.29, 751.21 + 323.06,
737.40+183.76, 488.56+82.27 EU/L, and the IL-6 levels were
286.13+61.33,715.66+153.41, 512.99+100.68, 331.92 +59.14 pg./mL,
with TNF-a levels at 35.82+7.96, 78.18+13.44, 63.51+11.54,
35.75+£10.25pg./mL, respectively. Shapiro-Wilk normality test
revealed that the IS data from the MZGCY group and the LPS data
from the Model group did not conform to a normal distribution
(p<0.05), while IL-6 and TNF-a data approximated a normal
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distribution within each group (p>0.05). Additionally, Levene’s test
indicated that the variances of the observed variables in the IL-6 data
were not equal across groups (p <0.05), whereas the variances in the
IS, LPS, and TNF-a data were equal (p>0.05). Ultimately, the overall
test (Kruskal-Wallis Test or Welch one-way ANOVA test) and multiple
comparison test (Games-Howell post hoc test or Tukey HSD post hoc
test) analyses indicated that compared to the control group, the levels
of IS, LPS, IL-6, and TNF-a in the model group were significantly
elevated (p<0.01). Compared to the model group, the 1/2 MZGCY
group showed a decrease in IS, LPS, IL-6, and TNF-a, with significant
statistical differences in IS (p <0.01) and statistical differences in IL-6
(p<0.05). Compared with the model group, the MZGCY group
showed a decrease in IS, LPS, IL-6, and TNF-a, with significant
statistical differences observed in IS, IL-6, and TNF-a (p <0.01).

We employed immunofluorescence techniques to further assess
the expression of TLR4, MyD88, and NF-kB proteins in the intestines
of each group(Figure 4). Immunofluorescence images showed that the
expression of TLR4, MyD88, and NF-kB proteins was significantly
increased in the intestinal tissues of the model group rats compared
to the normal control group; compared to the model group, the
MZGCY group rats had significantly lower levels of TLR4, MyD88,
and NF-kB in their intestinal tissues.

6 Discussion

Traditional Chinese medicine is frequently used to treat CKD. A
multicenter, randomized, double-blind clinical trial focused on the
recurrence treatment of CKD stages 3-4 indicated that traditional
Chinese medicine contributes to the delay in serum creatinine
increase and the reduction in glomerular filtration rate, providing
long-term benefits for patients with moderate to severe renal
impairment (46, 47). Research on animals indicates that TCM can
decrease the levels of 24-h urinary protein, creatinine, and urea
nitrogen in rats suffering from chronic renal failure, thereby aiding in
the postponement of renal failure progression. This effect is associated
with the reduction of renal tubular injury and the suppression of
apoptosis in renal tubular epithelial cells (48).

Studies indicate that dysbiosis of the gut microbiota, impairment
of the intestinal epithelial barrier, and dysfunction of immune cells are
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prominent characteristics of the uremic environment, which
exacerbates the inflammatory status in CKD (49). Suppression of
inflammatory factor release and the expression of inflammation-
related pathways may halt or slow the progression of CKD (50, 51).
TLR4, an important immune receptor mediating inflammation, plays
a critical role in the inflammatory response associated with the
progression of CKD (52, 53). TLR4 can work in conjunction with
TLR2, influencing the regulation of gut microbiota and the
preservation of barrier integrity, which is especially pertinent to the
intestinal barrier. The expression levels of TLR2 and TLR4 in intestinal
epithelial cells (IEC) are depended on the symbiotic gut microbiota
(54). The stimulation of IEC in vitro with lipopolysaccharide (LPS)
increases the expression of TLR2 and TLR4 (55). LPS can also
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be recognized by TLR2 and TLR4 receptors, leading to the activation
of the MyD88/NF-kB pathway, which enhances the expression of
various inflammatory factors, decreases the synthesis and distribution
of ZO-1, and disrupts intestinal tight junctions (TJs) (56). When TLR4
enhances inflammatory and anti-apoptotic signals, the key
transcription factor involved is NF-kB, leading to adverse effects such
as tumor formation (57). The signaling pathways was mediated by
TLR4 consisting primarily of MyD88-dependent and MyD88-
independent pathways (58). The MyD88-dependent pathway is
considered the classical pathway, wherein TLR4 interacts with the
downstream MyD88 adaptor protein, leading to the phosphorylation
of the inhibitor of NF-xB (IkB) (44). This phosphorylation of IkB
activates NF-kB, allowing it to move from the cytoplasm to the
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nucleus, where it facilitates the release of inflammatory factors such as
IL-6 and TNF-a (59, 60). TLR4 and MyD88 proteins are expressed in
the cytoplasm of renal tubular epithelial cells and glomerular
parenchymal cells, while NF-kB is expressed in both the cytoplasm
and nucleus of these cells. Additionally, inhibition of the TLR4/
MyD88/NF-kB pathway can reduce inflammatory responses in
glomerular cells and extracellular matrix accumulation (61). Thus, the
TLR4/MyD88/NF-kB pathway is closely related to the development of
CKD, and regulating this pathway may mitigate CKD progression. In
this study, TLR4, MyD88, and NF-kB protein expression in the
intestinal tissue of CKD rats was found to be higher than that in
normal model rats. Furthermore, CKD rats exhibited elevated serum
levels of IL-6 and TNF-a compared with the normal control group,
indicating that the TLR4/MyD88/NF-kB signaling pathway may
be activated in these model rats, promoting the inflammatory
response. However, this study did not explore the specific changes in
gut microbiota species and genera in CKD rats and their impacts on
intestinal barrier function, nor did it clarify which TLR4 heterodimer
is activated by Peach Kernel Decoction to inhibit the TLRs/NF-kB
signaling pathway under the experimental conditions.

According to the principles of traditional Chinese medicine
formulation theory, MZGCY is thought to possess functions such as
dispelling wind (Chantui, Siler), draining turbidity (Rhubarb,
Huzhang), removing dampness (Scutellaria, Artemisia), and promoting
circulation (Leech, Earthworm), with its efficacy closely related to its
active components. Several traditional Chinese medicines have been
studied for their application in CKD and other renal diseases. Oroxylin
A (OA), a key active component of Scutellaria, has been shown to
alleviate mitochondrial injury by inducing the expression of BNIP3
(62). Studies report that the absence of BNIP3 exacerbates acute kidney
injury (AKI) induced by ischemia-reperfusion (IR), while over
expression of BNIP3 not only reverses the decline of mitochondrial
autophagy, but also reduces kidney damage, indicating that BNIP3-
mediated mitochondrial autophagy plays a protective role in AKI (63,
64). The electron microscopy results in this study demonstrated that
mitochondria in the model group of rats were swollen, enlarged, with
fragmented and shortened cristae, and a pale or uneven matrix.
MZGCY was found to improve mitochondrial edema and alleviate
mitochondrial damage, possibly associated with the effects of Oroxylin
A. Rhein, the primary active component of Rhubarb, can significantly
enhance renal function and reverse markers of renal fibrosis such as
FN1, collagen al, a-SMA, NF-kB, and NKD2, effectively inhibiting the
production of TNF-a, IL-6, and IL-1p, while suppressing NF-kB
activation and NKD2 expression (65), aligning with the findings of this
study. Hirudin, the main active ingredient from leeches, was studied by
Chunli Long et al. (66), who suggested that high doses of hirudin can
downregulate levels of indoxyl sulfate (IS), p-cresol (PCS), ammonia
(NH3), and LPS in CKD rats. Treatment with high doses of hirudin
significantly ameliorated renal and colonic damage in CKD rats,
reversing the expression of relevant factors and proteins, while
regulating the homeostasis of gut microbiota at the same time. This
suggests that hirudin may correct the imbalance of the “gut-kidney
axis” in CKD patients, restore intestinal epithelial barrier function, and
postpone the decline in renal function. The results from Chunli Long
et al. are consistent with this study, but given that the dosage of hirudin
used here was not high. It is possible that the synergistic effects of the
various traditional Chinese medicines employed may contribute,
although the specific mechanisms of synergy warrant further
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investigation. Therefore, it can be inferred that MZGCY may enhance
renal function through multiple mechanisms.

The colon plays a significant role in generating uremic toxins, and
the application of traditional Chinese medicine via enema directly
targets the colon, which can enhance gastrointestinal motility, improve
intestinal barrier function, regulate intestinal microbiota, and reduce
the production and absorption of intestinal-derived uremic toxins
such as indole sulfate. This ultimately contributes to decreased renal
fibrosis and slows the progression of kidney disease (24). This study
also demonstrates that the enema of MZGCY can improve intestinal
barrier function, rectify dysbiosis, inhibit systemic inflammation, and
relieve renal fibrosis. The mechanism behind these effects is
significantly associated with the interventions ability to alter gut
TLR4/MyD88/NF-kB
inflammatory responses, and systemic inflammation.

In general, TLR4/MyD88/NF-kB is critically involved in the
pathogenesis and progression of CKD. Following MZGCY

microbiota, intestinal barrier markers,

intervention in CKD rats, there was a marked decrease in IL-6, TNF-a,
and the levels of TLR4, MyD88, and NF-kB in the intestinal tissue,
indicating that MZGCY may ameliorate renal damage in CKD rats,
most likely to related to its ability to downregulate the TLR4/MyD88/
NF-kB signaling pathway, thereby inhibiting inflammatory responses
and exerting a protective effect against CKD. Nonetheless, this study’s
investigation of mechanisms is still insufficient, lacking validation in
cellular models, and will be further refined in future research.
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