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ABSTRACT
It is well-established that Morus alba and its derivatives have been clinically proven to have 
antioxidant and anti-inflammatory properties. Although several studies have mentioned the 
beneficial effect of Morus alba on kidney disorders, the role of Morus alba in CKD still needs 
to be explored. Thus, this study investigated the effect of Morus alba and chlorogenic acid 
treatment on renal fibrosis in mice induced with unilateral urethral obstruction (UUO). 
Twenty-five Balb/c mice were randomly divided into five groups: the sham-operated group, 
the UUO untreated group, and the UUO treated with enalapril (ENA), Morus alba leaves extract 
(MLE) and chlorogenic acid (CGA) groups. Urine, blood, and organ samples were collected to 
evaluate urinalysis, haematology, biochemistry, and histopathology. The result indicated that 
the UUO group had significantly higher levels of creatinine (p < 0.001) and urea (p < 0.05), as 
well as hydronephrosis and urine crystal sedimentation (p < 0.05). In comparison to the UUO 
group, the MLE and CGA groups displayed improved urine profiles, ameliorated anaemia 
(p < 0.05), and urine crystals (p < 0.05). The administration of CGA also significantly reduced 
serum creatinine (p < 0.05) and protein-creatinine ratio (UPCr) levels. In addition, MLE and CGA 
could prevent hydronephrosis and delay renal damage, particularly in the dilation of Bowman’s 
space, tubular injury, loss of tubular epithelium, and cellular inflammation. In conclusion, 
Morus alba and CGA had a therapeutic effect in minimising the progression of renal damage. 
As a result, it can be promoted as a complementary renoprotective product based on natural 
products, as it has a potentially similar effect to enalapril.

PUBLIC INTEREST STATEMENT
Morus alba is a plant that originated in China and has spread worldwide. This plant has been 
used in many civilisations for animal feed, culinary uses, and even traditional medicine. 
Indeed, several studies have shown that the leaves of Morus alba contain various 
phytochemicals that may positively affect health. Morus alba leaves contain a variety of 
phytochemicals, including phenolic acids, sterols, coumarins, anthocyanins, flavonoids, and 
flavonols. Several scientific studies have found that certain phytochemicals, particularly 
chlorogenic acid, have a beneficial effect on renal disease. In fact, Morus alba contains diuretic 
and free radical scavenging properties that may help prevent kidney damage. Thus, using the 
mice animal model, this study aimed to provide evidence of the effects of Morus alba leaf 
extract and chlorogenic acid on CKD symptoms.

1.  Introduction

CKD is a severe health problem in humans and 

animals that affects more than 10% of the general 

population worldwide (Kovesdy, 2022). The leading 
causes of CKD are diabetes and hypertension, fol-
lowed by ageing, male gender, and lifestyle (Webster 
et  al., 2017). According to a meta-analysis study 
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conducted in eleven different nations, two out of 
every three CKD cases in adult populations go misdi-
agnosed and untreated (Sundström et  al., 2022). 
Consequently, over the last two decades, CKD has 
been related to a high death rate and morbidity 
worldwide (Rhee & Kovesdy, 2015). Therefore, more 
outstanding efforts for better prevention and treat-
ment are necessary due to the large number of peo-
ple affected and the significant negative impact of CKD.

CKD may be advanced to end-stage renal disease, 
which usually considers hemodialysis and transplan-
tation as replacement therapy. However, due to the 
high cost of treatment and the adverse effects on 
the patient’s quality of life, hemodialysis is not an 
ideal treatment option (Abecassis et  al., 2008). A 
similar situation exists for kidney transplantation, 
which has drawbacks due to limited organ donors 
and the possibility of organ rejection (Liu et  al., 
2020). Furthermore, it is well known that systemic 
inflammation and oxidative stress play key roles in 
the pathogenesis of CKD (Rapa et  al., 2020). On the 
other hand, a systematic review article mentioned 
that numerous plants and their extracts have been 
shown to enhance kidney function through antioxi-
dant action, which positively prevents inflammation 
and kidney dysfunction (Khan et  al., 2022). Thus, dis-
covering a therapeutic agent through plants could 
be promising in preventing end-stage renal disease 
by inhibiting the development of CKD.

Traditional herbal medicine Morus alba is widely 
cultivated in tropical countries like Southeast Asia to 
treat ailments (Ma et  al., 2022; Zakaria & Mohd, 
2015). It is well known that Morus alba is rich in bio-
active compounds, such as flavonoids, a group of 
phenolic compounds abundant in Morus alba leaves 
(Chen et  al., 2021). This compound appears to be a 
natural antioxidant that protects various organs from 
oxidation (Stefanucci et  al., 2020). Benzofurans, phe-
nolic acid, alkaloids, coumarins, chalcones, and stil-
benes are other classes of compounds found in 
Morus alba leaves (Chen et  al., 2021). One of the 
major phenolic acid compounds with antioxidant 
and antidiabetic properties is chlorogenic acid (CGA) 
(Jan et  al., 2022). CGA also acts as an anti-fibrosis 
and anti-inflammatory agent, which can prevent kid-
ney damage progression (Hwang et  al., 2014; Yuan 
et  al., 2017; Yunus et  al., 2020).

Moreover, several studies have reported that 
Morus alba leaves have anti-inflammatory effects 
(Gryn-Rynko et  al., 2016) and powerful antioxidant 
activities (Kim et  al., 2014), protecting cells undergo-
ing a pathological state. Indeed, studies have 

reported that Morus alba could protect against neph-
rotoxicity due to medicine treatment (Nematbakhsh 
et  al., 2013), diabetic nephropathy (Swathi et  al., 
2017), and prevent nephrolithiasis (Maya & Pramod, 
2014). However, detailed studies on the effect of 
Morus alba and the CGA compound on inhibiting the 
progression of chronic kidney disease are not avail-
able. Therefore, the present study aimed to evaluate 
whether Morus alba leaf extract and CGA could pre-
vent the progression of renal damage in UUO-induced 
mice based on urinalysis, biochemical and haemato-
logical profiles, and histology. To examine fibrosis- 
attenuating treatment by Morus alba leaves and CGA, 
the UUO method was utilised in this study to estab-
lish a progressive kidney disease in experimental ani-
mals (Martínez-Klimova et al., 2019). In the meantime, 
the angiotensinogen-converting enzyme inhibitor 
enalapril served as the study’s positive control medi-
cation due to its nephroprotective properties, which 
may have reduced tubulointerstitial fibrosis through 
the TGF-beta signalling pathway downregulation 
(Huang et  al., 2014; Sun et  al., 2016).

2.  Materials and methods

2.1.  Morus alba leaves extraction, enalapril, and 
chlorogenic acid

White Mulberry (Morus alba) leaves were collected 
from the garden of Universiti Putra Malaysia, Selangor, 
Malaysia. The leaves samples were cleaned from dust 
and dirt, then chopped into small pieces and stored 
at −80 °C. The dried samples of white mulberry were 
ground into a coarse powder and prepared for the 
next extraction process. Morus alba dried powdered 
leaves were extracted with 60% ethanol. The solvent 
for the extraction of Morus alba leaves, 60% ethanol 
(v/v), was chosen based on the results of previous 
studies showing that it can provide a high content of 
phenolic acid, especially chlorogenic acid (Chen 
et  al., 2022). The powdered extract was mixed with 
solvent at a 1:15 ratio in a clean glass flask. 
Approximately 100 g of sample powdered Morus alba 
leaves were dissolved in 1500 mL of 60% ethanol/
water (v/v) (Zhou et  al., 2022). The extract was fil-
tered through no.1 filter paper and concentrated 
using a rotary evaporator (Buchi Rotavapor R-200, 
Switzerland). Subsequently, the semisolid extract was 
kept at 4 °C and utilised for experimental study. In 
our previous work, phenolic compounds in the MLE 
were evaluated using the Folin-Ciocalteu, aluminium 
chloride colourimetric, Diphenyl-1-Picrylhydrazyl 
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(DPPH), and HPLC assays. This MLE contains a total 
phenolic content of 11 mg GAE/g dry weight (DW), a 
total flavonoid content of 257 mg QE/g DW, and anti-
oxidant activity (602 IC50 μg/mL). The chlorogenic 
acid as the main compound in the MLE was 
306 mg/100 g DW. Furthermore, Enapril®, produced by 
Malaysian company YSP Industries Sdn Bhd and con-
tains enalapril maleate, was utilised as a standard 
reference medication for the renal illness. Meanwhile, 
Tokyo Chemical Industry (TCI) Co Ltd, Tokyo, Japan, 
provided pure chlorogenic acid hydrate (HPLC 
>98.0%).

2.2.  Animal model

2.2.1.  Experimental animal
The experiment used 25 male Balb/C mice aged 
eight weeks with an average body weight of 25 g. 
Male mice were used for the study as they are more 
susceptible to UUO-induced renal fibrosis than 
females, particularly regarding fibrosis gene expres-
sion (Cho et  al., 2012). The mice were acclimatised 
for seven days and given feed and drink ad libitum. 
The animals were housed at the Faculty of Veterinary 
Medicine animal research facility. The cages are 
placed in locations free from noise and pollutants 
with ambient temperatures of around 20–24 °C. The 
university’s ethical clearance committee reviewed 
and approved the protocols under number UPM/
IACUC/AUP-R024/2022. Experimental animals were 
divided into five groups: sham operation (SO) as a 
negative control group; UUO as a positive control 
group; UUO treated with 15 mg/kg enalapril (ENA) 
group; UUO treated with 125 mg/kg Morus alba 
leaves extract (MLE) group; UUO treated with 25 mg/
kg chlorogenic acid (CGA) group. The enalapril dose 
of 15 mg/kg was chosen based on previous animal 
studies (Ham et  al., 2018; Yang et  al., 2013). The dose 
of 125 mg/kg of Morus alba leaf extract was selected 
based on the no observed adverse effect level 
(NOAEL) dose of our previous MLE toxicity study. 
Besides, the chlorogenic acid dose in mice (25 mg/
kg) was adapted from animal study reports (Owumi 
et  al., 2021). The mice were orally administered the 
treatment for 14 days, starting from the second day 
after the UUO induction.

2.2.2.  Unilateral urethral obstruction procedure
The mice induced renal fibrosis by ligating a single 
ureteral in the urinary tract. All operations are carried 
out according to the guidelines and regulations 
applied to animals (Hesketh et  al., 2014). Surgical 

equipment was sterilised by autoclave. Ketamine 
hydrochloride (100 mg/kg), xylazine (10 mg/kg), and 
acepromazine (5 mg/kg) cocktail were injected intra-
peritoneally to anesthetise the mice (Hedenqvist, 
2021). UUO surgery was performed when animals 
were anaesthetised. Hair around the flank incision 
area was shaved with a clipper and cleaned with 
chlorhexidine. The right kidney was exposed with 
angle forceps. The right ureter was exposed and 
ligated twice with a 5/0 monofilament polyamide 
suture (Brilon®, Malaysia) between the bladder and 
kidney. The flank cavity was closed with a simple 
continuous suture with a 5/0 monofilament polyam-
ide suture. The mice were monitored until conscious-
ness was recovered.

2.3.  Urinalysis and urine sedimentation

Mice’s urine was collected using metabolic cages for 
24 h on the last day of the experimental period. The 
urine analysis was conducted using the Combur10 
Test urine stick and the Pro-DocUReader2 (Budapest, 
Hungary) semi-automatic urine chemistry analyser. 
The urine samples were measured for specific grav-
ity, pH, nitrite, ketone, protein, leukocytes, erythro-
cytes, glucose, urobilinogen, and bilirubin. Meanwhile, 
the urine sedimentation was performed by centrifug-
ing the urine sample in Eppendorf 5424R microcen-
trifuges at 1000 × g for 5 min. Urine supernatant was 
discharged, and residual urine sediment was mixed 
using Methylene blue. Crystal urine was evaluated 
under the light microscope (Nikon Eclipse 80i, Japan).

2.4.  Haematology, urine protein creatinine, and 
biochemical analysis

Celltac Alpha VET® MEK-6550K (Nihon Kohden, Japan) 
was applied to the blood sample to measure haema-
tological parameters, including total erythrocytes, 
haemoglobin (Hb), packed cell volume (PCV), mean 
corpuscular volume (MCV), mean corpuscular hae-
moglobin concentration (MCHC), and platelet count. 
Additionally, a blood smear was performed by utilis-
ing the Wright stain to differentiate leukocytes by 
counting 100 cells and multiplying by the total leu-
kocyte count from the automated haematology anal-
yser (von Konigslow et  al., 2019). Furthermore, blood 
serum was evaluated for biochemical analyses, 
including urea, creatinine, creatinine kinase (CK), ala-
nine transaminase (ALT), aspartate transaminase 
(AST), total protein, and albumin, with an automated 
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clinical chemistry analyser (Biolis 24i Premium® chem-
istry analyser, Tokyo, Japan) (Lim et  al., 2019). The 
urine protein creatinine ratio (UPCr) was also evalu-
ated using a Biolis 24i automated machine.

2.5.  Relative kidney weight analysis

The kidney organs were collected and weighed. Each 
animal’s relative organ was determined by the mice’s 
organ weight divided by body weight and multiplied 
by 100% (Nurul et  al., 2018).

2.6.  Histopathological analysis

A gross and histopathological examination of animal 
kidneys in each group was conducted. The animals’ 
kidneys were collected and preserved in 10% neutral 
buffered formalin. Tissues were trimmed, embedded 
in paraffin, sectioned, and stained with Haematoxylin 
and Eosin (Rowley et  al., 2020). The kidney histology 
was observed under a light microscope with 400x 
magnification. The scoring system follows 
Gibson-Corley (Gibson-Corley et  al., 2013). Scoring 
refers to the distribution of kidney lesions, where no 
histological damage (score 0), <25% damage (score 
1), 26–50% damage (score 2), 51–75% damage (score 
3), and 76–100% damage (score 4).

2.7.  Statistical analysis

Data expressed as mean ± standard error (SE) was 
performed using IBM SPSS Statistics version 26 for 
Windows, and graphs were created using GraphPad 
Prism version 9. Relative kidney-to-weight ratio, urine 
profile, UPCr, haematology, and biochemistry were 
analysed using one-way analysis of variance (ANOVA) 
followed by Duncan’s post-hoc test. Meanwhile, a 
Kruskal-Wallis nonparametric test followed by Dunn’s 
test was performed to analyse urine sedimentation 
and the histological evaluation of the kidneys. 
p-Values that were ≤0.05 (p ≤ 0.05) were considered 
statistically significant (Riffenburgh & Gillen, 2020).

3.  Results

3.1.  Effect of MLE and CGA in UUO-induced  
CKD mice on urinalysis result

The results of urine analysis in the UUO mice given 
MLE and CGA are shown in Table 1. The urine analy-
sis parameters had significant differences between 
groups. The urinalysis results showed that the 
UUO-induced mice exhibited changes in the urine 
profile, including increased ketones, proteins, leuko-
cytes, and erythrocytes (p < 0.05). Meanwhile, the 
administration of enalapril could reduce leukocytes 
in the urine. Interestingly, the mice treated with CGA 
or MLE indicated reduced ketones, proteins, and 
erythrocytes in the urine but not in leucocytes. On 
the other hand, the urine sedimentation observation 
displayed that the UUO group had more different 
types of urine crystals than the SO group (Figure 
1(A)). Kruskal Wallis test result presented less urine 
crystal formation in MLE and CGA administration 
than in the UUO group (Figure 1(B)). In addition, 
Figure 1(C) depicts urine crystals found in fresh urine 
samples, such as triple phosphate, calcium oxalate, 
calcium carbonate, and epithelial. Meanwhile, treat-
ment with enalapril revealed significant (p < 0.05) 
improvement in kidney function by a decline in UPCr 
compared to the UUO group (Figure 2). Also, the 
CGA treatment had significantly (p < 0.05) lower UPCr 
than the UUO group. Meanwhile, although insignifi-
cant, the MLE treatment group indicated a decrease 
in UPCr.

3.2.  Effect of MLE and CGA in UUO-induced CKD 
mice on haematology and kidney biochemistry 
result

A complete blood count of UUO mice treated with 
MLE and CGA for 14 days is presented in Table 2. 
Haematology parameters in the UUO group had a 
significant decrease (p < 0.05) in red blood cell count, 
haemoglobin, and haematocrit compared to the SO 
group. The mean MCV in the UUO group was higher 

Table 1. T he urine analysis result of UUO mice administrated with enalapril, Morus alba leaf extract, and chlorogenic acid for 14 days.

Treatment SG pH Nitrite
Ketone 

(mmol/L) Protein (g/L)
Leukocyte 

(leu/µL)
Erythrocyte 

(Ery/µL)
Glucose 

(mmol/L)

UBG 
(µmol/

dL)
Bilirubin 
(µmol/L)

SO 1.017 ± 0.005a 6.5 ± 0.22a 0.4 ± 0.24a 0.0 ± 0.0b 0.00 ± 0.00b 0.5 ± 0.50b 0.0 ± 0.00b Normal Normal Negative
UUO 1.016 ± 0.003a 7.2 ± 0.37a 0.4 ± 0.24a 0.8 ± 0.3a 0.50 ± 0.28a 145 ± 90.96a 105 ± 59.37a Normal Normal Negative
UUO + ENA 1.022 ± 0.001a 6.4 ± 0.19a 0.4 ± 0.24a 0.3 ± 0.3ab 0.20 ± 0.14ab 5 ± 5.00b 12 ± 9.69ab Normal Normal Negative
UUO + MLE 1.018 ± 0.002a 7.1 ± 0.40a 0.2 ± 0.20a 0.2 ± 0.1ab 0.00 ± 0.00b 40 ± 24.49ab 0.00 ± 0.00b Normal Normal Negative
UUO + CGA 1.025 ± 0.002a 6.3 ± 0.20a 0.4 ± 0.24a 0.0 ± 0.0b 0.05 ± 0.05b 15 ± 6.12ab 5.0 ± 5.0b Normal Normal Negative

SO: sham operation; UUO: unilateral urethral obstruction; ENA: enalapril; MLE: Morus alba leaves extract; CGA: chlorogenic acid; SG: specific gravity; 
UBG: urobilinogen.
Data values are presented as mean ± SEM; values with different superscripts in the column differed significantly at p < 0.05 (n = 5).



Cogent Food & Agriculture 5

than in the SO group, while MCHC was lower than 
in the SO group. The UUO group eventually revealed 
mild macrocytic hypochromic anaemia. Compared to 
the UUO group, the ENA, MLE, and CGA groups 
improved anaemia, as evidenced by increasing total 
red blood cell count, haemoglobin, and haematocrit. 
The total number of white blood cells (WBC) was 
raised in the UUO group compared to the SO group 
(p < 0.05). In addition, treatment with ENA, MLE, and 
CGA revealed a trend towards a decrease in WBC, 
neutrophils, and lymphocytes compared to the UUO 
group, although this was not significant. Meanwhile, 
there were no variations in platelet count among 
all groups.

The serum biochemistry results revealed that the 
UUO group significantly raised the creatinine 
(p < 0.001) and urea (p < 0.05) levels in comparison to 
the SO group (Figure 3). In contrast, the CGA group 
dramatically lowered creatinine levels (p < 0.05), but 
ENA and MLE treatments only exhibited a trend of 
decreasing creatinine levels when compared to the 
UUO group. Moreover, although not statistically sig-
nificant (p > 0.05), the ENA, MLE, and CGA groups 
demonstrated a decreasing trend in urea levels com-
pared to the UUO group. Total protein, albumin, and 
globulin were significantly higher (p < 0.05) in the 
UUO group compared to the SO group. Conversely, 
total protein, albumin, and globulin values in 

Figure 1.  (A) types of urine sedimentation on all groups n = 5; (B) Kruskal-Wallis’s result on urine crystal formation (Significance 
*p < 0.05 vs. UUO group, n = 5); (C) Urine crystal image with 40–400× magnification: (i) Calcium oxalate (black arrow) and 
calcium carbonate (arrowhead) (40×); (ii) calcium oxalate (400×); (iii) calcium carbonate (blue arrowhead) (100×); (iv) triple 
phosphate (red arrow head) (100×); (v) triple phosphate (red arrow head) (400×); (vi) epithelial squamous (red arrowhead) and 
triple phosphate (yellow arrowhead) (100×). SO: sham operation; UUO: unilateral urethral obstruction; ENA: enalapril; MLE: 
Morus alba leaves extract; CGA: chlorogenic acid; Significance: ns: not significant; *p < 0.05 vs. UUO group.
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UUO-induced mice treated with ENA, MLE, or CGA 
were barely lower than in the UUO group. Yet the 
muscle enzyme CK and the liver enzymes AST and 
ALT did not significantly differ between the groups.

3.3.  Effect of MLE and CGA in UUO-induced CKD 
mice on kidney morphology and histopathology

The gross anatomy of the mice’s kidneys treated with 
MLE and CGA on the UUO mice is illustrated in 
Figure 4. Gross anatomy showed that the UUO mice 
had an enlarged kidney (Figure 4(B)), paler kidney 
colour, and hydronephrosis around the renal pelvis. 
The UUO mice treated with ENA, MLE, and CGA had 
an improved kidney structure with less hydronephro-
sis than the UUO non-treatment group. A collateral 
kidney, which was not blocked by an obstruction, 
displayed normal colour in each group. The UUO 
group appeared to have a larger kidney volume.

The kidney-to-body weight ratio in the UUO kid-
ney and collateral unblocked kidney mice is shown 

Figure 2. T he urine protein creatinine ratio on enalapril, 
Morus alba leaves extract, and chlorogenic acid administra-
tion in the UUO mice. SO: sham operation; UUO: unilateral 
urethral obstruction; ENA: enalapril; MLE: Morus alba leaves 
extract; CGA: chlorogenic acid; Significance: ns: not signifi-
cant; *p < 0.05 vs. UUO group.
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in Figure 4. The kidney-relative organ ratio was high-
est in the UUO group, and it increased significantly 
(p < 0.0001) in comparison to the SO, ENA, and MLE 
groups (Figure 4(F)). Similarly, the collateral kidney 
also exhibited a significant increase in kidney relative 
organ (p < 0.05) in the UUO group compared to the 
SO and CGA groups (Figure 5(G)). Meanwhile, the 
collateral kidney in the ENA and MLE groups had no 
significance compared to the UUO group.

A photomicrograph of the kidney histopathology 
of UUO mice treated with MLE and CGA in 
Haematoxylin and Eosin (H&E) staining is illustrated 
in Figure 5. The kidney histology demonstrated the 
normal structure of the SO group’s kidney paren-
chyma, glomeruli, and tubules. On the other hand, 
the UUO group had tubulointerstitial fibrosis, 
Bowman’s capsule dilatation, tubular epithelial cell 
loss with eosinophilic cast, and infiltrations of inflam-
matory cells. The kidney histology observation of 
the ENA, MLE, and CGA treatment groups also 
improved due to fewer areas of Bowman’s space dil-
atation, tubular dilatation, tubular epithelial loss, cel-
lular inflammation, and eosinophilic intralobular cast.

The kidney scoring result using the nonparametric 
Kruskal Wallis test is presented in Table 3. In the SO 
group, histopathological examination of the renal tis-
sue revealed that the glomeruli and tubules were 
normal, without cellular inflammation or protein cast. 

The histopathological scores in the UUO group were 
significantly higher than in the other groups. 
Treatment with ENA inhibited tissue damage, as evi-
denced by a reduction in Bowman’s space enlarge-
ment, cellular inflammation, and intralobular cast. 
Meanwhile, treatment with MLE showed fewer tubu-
lar dilatations than the UUO groups. Interestingly, 
CGA treatment indicates the best positive effect on 
renal tissue damage, as reflected by a reduction in 
Bowman’s space dilatation, tubular dilatation, epithe-
lial cell loss, cellular inflammation, and intralobular 
protein cast.

4.  Discussion

In this current study, UUO was performed by ligating 
the right kidney to induce progressive renal fibrosis. 
According to urinalysis results, UUO-induced renal 
fibrosis in mice led to alterations to urine composi-
tion, including ketonuria, proteinuria, leukocyturia, 
and haematuria. This urine abnormality occurred due 
to renal obstruction injury and increased activity on 
non-obstructive collateral renal during blood filtra-
tion. There was also evidence of enlargement in the 
kidney morphology on a macroscopic observation. In 
the meantime, studies have revealed that high pro-
teinuria has been associated with interstitial fibrosis 
(Lee et  al., 2019; Yu et  al., 2022). The UUO group also 

Figure 3.  Biochemistry analyses of the UUO Mice treated with enalapril, Morus alba Leaf extract and chlorogenic acid. Data 
values are presented as mean ± SEM; Asterisks symbol (a–c) shows statistical significance between the groups (n = 5). SO: sham 
operation; UUO: unilateral urethral obstruction; ENA: enalapril; MA: Morus alba; CGA: chlorogenic acid; AST: aspartate amino-
transferase; ALT: alanine aminotransferase; CK: creatine kinase; MLE: Morus alba leaves extract.
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exhibited higher quantities of crystalline normal 
urine, which included calcium carbonate, calcium 
oxalate, and triple phosphate. Based on daily 

observations of the UUO group, it was assumed that 
the reduced urine volume was the cause of this find-
ing. Indeed, according to a previous study, low urine 

Figure 4. G ross anatomy of mice kidneys treated with enalapril, Morus alba leaves extract, and chlorogenic acid for 14 days 
in the UUO mice. (A) Sham operation (negative control), (B) UUO (positive control), (C) UUO treated with enalapril, (D) UUO 
treated with Morus alba leaves extract, (E) UUO treated with chlorogenic acid, (F) UUO Kidney to body weight ratio in Morus 
alba and chlorogenic acid treatment in the mice. (A,B) Collateral unobstructed kidney to body weight ratio in Morus alba and 
chlorogenic acid treatment in the mice. SO: sham operation; UUO: unilateral urethral obstruction; ENA: enalapril; MLE: Morus 
alba leaves extract; CGA: chlorogenic acid; Significance: ns: not significant; *p < 0.05; ****p < 0.0001.
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production causes higher urine saturation, which 
increases the risk of crystal urine sedimentation 
(Travers et  al., 2023).

Furthermore, this study used enalapril as a positive 
control drug because it has been reported to prevent 
renal damage in renal fibrosis (Liao et al., 2022). In this 

study, the treatment with enalapril in UUO mice sig-
nificantly decreased the number of leukocytes in the 
urine. It may also preserve normal urine content. 
Based on urine sedimentation tests, enalapril counter-
acts the formation of urine crystals in renal fibrosis, 
such as calcium carbonate, calcium oxalate, and triple 

Figure 5.  Histology of kidney mice administrated with enalapril, Morus alba leaves extract, and chlorogenic acid in 
Haematoxylin and Eosin (H&E) staining. (A) Sham operation group (10 µm scale bar) shows the normal structure of glomerulus 
and tubules; (B) UUO group depicts interstitial fibrosis, Bowman’s space dilatation, and tubular epithelial cell loss with the 
intralobular eosinophilic cast (50 µm scale bar); (C) UUO group with higher magnification of group figure B (10 µm scale bar); 
(D) UUO group shows interstitial fibrosis, dilatation of tubules and infiltration of the inflammatory cell (10 µm scale bar); (E) 
UUO treated with enalapril group (10 µm scale bar); (F) UUO treated with Morus alba leaves extract (10 µm scale bar); (G) UUO 
treated with chlorogenic acid (10 µm scale bar). G: glomerulus; P: proximal tubule; D: distal tubule; yellow arrow: intralobular 
cast; blue arrow: fibrosis; red arrow: cellular inflammatory; black arrow: tubular dilation.
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phosphate. It is well-known that enalapril belongs to 
the class of angiotensin-converting enzyme inhibitors 
(ACE -I), a class of drugs that lower blood pressure, 
fluid retention, and sodium levels (Smeets et al., 2020). 
A study found that ACE inhibitors could decrease 
urine crystal formation in kidney stone disease (Khan 
& Canales, 2023).

On the other hand, treatment with MLE and CGA 
in this study improved the urine profiles, i.e. urine 
proteins, ketones, and erythrocytes. The urine sedi-
mentation data demonstrated that administering 
MLE and CGA to the UUO animal model suppressed 
urine crystal formation. The results are consistent 
with an earlier study reporting that the leaves of 
Morus sp. have an anti-urolithic effect (Bolda Mariano 
et  al., 2023). Indeed, according to Kant et  al., the 
pharmacological activity of plants as anti-urolithiasis 
is based on their anti-hypercalciuria, diuretic, antioxi-
dant, anti-inflammatory, and crystal aggregation- 
suppressive properties (Kant et  al., 2020).

Moreover, a study has demonstrated that urine 
protein creatinine ratio (UPCr) will be increased in 
obstructed kidneys (Wu et  al., 2012). In fact, spot uri-
nary protein: creatinine ratios (UPCr) are commonly 
used to evaluate the quantitative determination of 
proteinuria (Kamińska et  al., 2020). In this study, the 
UUO group had the highest UPCr value compared to 
other groups. Meanwhile, the CGA group displayed 
the best prevention in reducing proteinuria rate in 
kidney damage, followed by the enalapril and Morus 
alba groups. Presumably, this is because the ability 
of CGA to maintain stable renal function may be due 
to its blood pressure-lowering effect, which in turn 
keeps the filtration rate of the glomeruli. Indeed, it is 
well-established that CGA has a blood pressure- 
lowering effect (Zhu et  al., 2022). The same result 
was observed with MLE, which could preserve renal 
function as demonstrated by a drop in UPCr levels.  
It has been suggested that the MLE's capability is 
related to the mice’s blood pressure-lowering action. 
Indeed, according to Nade et  al., the leaves of Morus 
alba have cardioprotective and antihypertensive 
effects (Nade et  al., 2013).

In this study, the haematology result indicated 
mild anaemia due to renal obstruction in the UUO 
group, characterised by a decrease in erythrocyte, 
haemoglobin, and haematocrit. Our results are con-
sistent with previous studies demonstrating that ure-
thral ligation causes anaemia due to decreased 
haematocrit in the mice (Tasanarong et  al., 2017). 
The UUO group in this study indicated mild macro-
cytic hypochromic anaemia, which might be linked 
with urethral obstruction in mice. Urethral obstruc-
tion has been associated with kidney damage, lead-
ing to decreased erythropoietin production and 
contributing to anaemia in affected animals (Chevalier 
et  al., 2009). There was also an inflammatory reaction 
in the UUO group, as seen by leukocytosis, neutro-
philia, and lymphocytosis. It was because of the ure-
teral obstruction, which increases oxidative stress 
due to the accumulation of urinary toxins in the 
renal pelvis. A study has revealed that obstructive 
nephropathy induces leukocyte recruitment and 
interstitial fibrosis (Grande et  al., 2010). Interestingly, 
ENA, MLE, and CGA treatments reduced the risk of 
anaemia in UUO-induced mice, resulting in normal 
red blood cells, haemoglobin, and haematocrit levels. 
Moreover, MLE-treated UUO mice could also attenu-
ate inflammatory responses by decreasing the total 
leukocyte count in the haematology assay. The find-
ings supported a prior study that found Morus alba 
leaves can increase haematological levels, reduce 
anaemia, and heal inflammation in animal trials 
(Neamat-Allah et  al., 2021).

In this study, biochemical analysis demonstrated 
that ureteral obstruction in the UUO group was 
related to reduced renal function, as evidenced by 
higher urea and creatinine levels. On the other hand, 
enalapril improved renal function as measured by a 
decrease in urea and serum creatinine. Surprisingly, 
CGA outperformed ENA and MLE regarding thera-
peutic efficacy, as indicated by its capacity to main-
tain normal creatinine levels. The results were 
consistent with a study that found a CGA dose of 
20–40 mg/kg could lower blood urea nitrogen and 
creatinine in mice with lead-induced kidney injury 

Table 3.  Kidney histology scoring of the UUO mice administrated with enalapril, Morus alba leaf extract, and chlorogenic acid 
for 14 days.

Group
Bowman’s space 

dilatation Tubular dilatation Tubular epithelial lost Cellular inflammatory
Eosinophilic intralobular 

cast

Sham operation 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
UUO 3.6 ± 0.24 4.0 ± 0.0 3.8 ± 0.2 4.0 ± 0.0 3.8 ± 0.2
UUO + ENA 2.0 ± 0.3* 2.6 ± 0.4 2.6 ± 0.2 1.0 ± 0.0** 1.4 ± 0.2**
UUO + MLE 2.4 ± 0.2 2.6 ± 0.2* 2.8 ± 0.2 2.0 ± 0.4 2.0 ± 0.3
UUO + CGA 1.8 ± 0.2** 2.2 ± 0.2** 1.8 ± 0.2** 1.2 ± 0.2* 1.6 ± 0.2*

SO: sham operation; UUO: unilateral urethral obstruction; ENA: enalapril; MLE: Morus alba leaves extract; CGA: chlorogenic acid.
Significance *p < 0.05; **p < 0.01 vs. UUO group, n = 5.
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(Zhang et  al., 2019). It is widely acknowledged that 
CGA's capacity to preserve renal function results from 
its ability to prevent oxidative stress-related kidney 
damage. Indeed, CGA has a high antioxidant and 
anti-inflammatory activity, contributing to redox 
imbalance (Yin et  al., 2022).

Furthermore, the total protein, globulin, and albu-
min characteristics in the UUO group were increased 
significantly compared to the SO group. It is presum-
ably associated with hydronephrosis in the kidney and 
increases cellular inflammation, which can be seen in 
macroscopic and microscopic observations. According 
to Washino et  al., in hydronephrosis, the filtration rate 
of the blood is impaired, and kidney injury and inflam-
mation can increase serum protein levels in the blood 
(Washino et  al., 2020). However, all UUO-induced mice 
showed no significant difference in ALT and AST 
results compared to the SO group. It is believed that 
the renal obstruction induced by UUO had a local 
impact on the urinary tract, so it did not affect liver 
enzyme activity (Wang et  al., 2022). This finding is 
consistent with recent studies showing that UUO- 
induced experimental animals can exacerbate kidney 
damage without affecting liver function (Xu et  al., 
2021; Zhang et  al., 2013). On the other hand, treat-
ment with enalapril, MLE, and CGA could not restore 
the total protein, albumin, and globulin in UUO-induced 
mice despite a lowering trend.

This study’s examination of renal gross anatomy 
revealed that ureter ligase can increase urine volume 
in the renal pelvis, resulting in hydronephrosis. The 
UUO group’s kidney samples displayed hydronephro-
sis, indicating that the renal pelvic area was filled 
with fluid (Figure 3(B)). It is well known that hydro-
nephrosis can induce haemodynamic abnormalities 
and injury to the corticomedullary region. This dam-
age was supported by the finding in this study that 
showed enlargement in renal volume and a higher 
kidney weight-to-organ ratio. In addition, hydrone-
phrosis also could increase blood pressure with an 
increase in the ACE (Zhang et  al., 2015). Furthermore, 
this study found that UUO mice administered enal-
april had fewer hydronephrosis events, as revealed 
by renal morphology with low fluid deposition in the 
renal pelvic area. Enalapril’s ability to suppress hydro-
nephrosis is due to the drug’s antihypertensive 
action, which affects filtration rate and intraglomeru-
lar blood pressure. This was similar to prior research, 
which found that enalapril dramatically lowered ACE, 
blood pressure, and the incidence of hydronephrosis 
(Ferri et  al., 2022; Zhang et  al., 2013).

The treatment of MLE and CGA indicated a ten-
dency to minimise the occurrence of hydronephrosis, 

with less fluid deposition noticed in the renal pelvic 
area than in the UUO group. According to a prior 
study, the efficacy of MLE and CGA to prevent hydro-
nephrosis may be related to a blood pressure-lowering 
action (Nade et  al., 2013; Zhu et  al., 2022). The lower 
incidence of hydronephrosis was consistent with the 
results of renal volume and weight measurements in 
this study. Based on the results of the kidney-to-
body weight ratio measurements in the UUO kidney 
(right kidney) and collateral kidney (left kidney), the 
UUO group had an increase in the kidney-to-body 
weight ratio compared to the control group. 
Meanwhile, the MLE and CGA therapy displayed 
improved renal morphology and normalised the 
renal volume and weight in UUO-induced mice, sim-
ilar to enalapril.

The histological examination of the kidneys with 
HE staining in the UUO group showed renal damage 
characterised by increased infiltration of inflammatory 
cells and damage to the renal tubules. Tubular epithe-
lium loss, tubular dilatation, intralobular eosinophil 
loss, and inflammatory cell infiltration were all 
observed in the UUO group. Based on the results of 
the Kruskal-Wallis evaluation of the kidney histological 
scoring, the UUO group had a greater width of 
Bowman’s space and tubular damage followed by 
tubular epithelial necrosis, increased infiltration of 
inflammatory cells, and intralobular cast accumulation. 
Meanwhile, in renal histology observation, UUO mice 
treated with enalapril exhibited prevention of tubular 
damage and inflammation. Indeed, enalapril effec-
tively prevented kidney damage by lowering glomer-
ular capillary filtration pressure and inhibiting the 
synthesis of profibrotic molecules (Sun et  al., 2016).

Despite this, renal histology improved more with 
CGA treatment. In particular, Bowman’s space dilata-
tion, tubular dilatation, tubular epithelium loss, and 
cellular inflammation were all improved. This result 
was in line with earlier research that showed CGA 
dramatically enhanced renal histopathology in kid-
ney ischemia injury studies by lowering tubular dam-
age and enhancing epithelial cell proliferation (Arfian 
et  al., 2019). Additionally, another study reported 
that CGA has an anti-inflammatory effect that could 
reduce inflammation and apoptosis in renal nephro-
toxic renal tissue by arsenic (Al-Megrin et  al., 2020).

It is well known that the ability of MLE to inhibit 
the progression of kidney damage is due to the high 
chlorogenic acid content in the extract. Chlorogenic 
acid is one of the major phenolic acid compounds  
in the leaves of Morus alba, followed by gallic acid, 
vanillic acid, hydroxybenzoic acid, syringic acid, 
p-coumaric acid, protocatechuic acid, ferulic acid and 
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m-coumaric acid (Sánchez-Salcedo et  al., 2015). Our 
previous study showed that MLE has a total phenolic 
content of 11 mg GAE/g dry DW, a total flavonoid 
content of 257 mg QE/g DW, and antioxidant activity 
(602 IC50 μg/mL) and a high chlorogenic acid content 
(306 mg/100g dry weight). As a result, it could be 
linked to the current study’s prevention findings on 
the progression of renal damage in UUO-induced 
mice. Indeed, as the major phenolic compound in 
plants, CGA has been reported to cure organ damage 
by alleviating inflammation and injury in various tar-
gets (Nwafor et  al., 2022). CGA also has high antioxi-
dant and anti-inflammatory activity to cure metabolic 
diseases via modulating Nrf2/HO-1 and NF-ĸB signal-
ling pathways (Bao et  al., 2018). Thus, the abilities of 
MLE and CGA to protect the kidneys in UUO mice 
may provide an alternative treatment to delay the 
onset of renal insufficiency.

5.  Conclusion

In conclusion, the administration of MLE and CGA 
had a therapeutic effect by improving renal anatomy 
with less hydronephrosis, normalising renal weight, 
and preventing crystal sedimentation, UPCr, creati-
nine, and histopathological changes. The MLEs, espe-
cially the CGA derivatives, have the potential to 
inhibit the kidney damage and are promoted as 
therapies that can reduce the progression of kid-
ney damage.
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