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ABSTRACT 
Nanotechnology has rapidly grown in various research fields, including phytomedicine to treat oxidative stress in 
diabetes. This study aimed to evaluate the effect of the nanoextract of Acalypha hispida leaves on antioxidant defense 
and microstructure of the liver and kidney in diabetic rats. A total of 24 rats were divided into 6 groups (n = 4): normal 
rats, diabetic rats, and diabetic rats treated with metformin at 88 mg/kg, extract at 300 mg/kg, and nanoextract at 30 
and 60 mg/kg body weight (BW). BW, blood biochemistry (alanine aminotransferase, aspartate aminotransferase, 
urea, and creatinine), total superoxide dismutase (SOD), catalase (Cat), and malondialdehyde (MDA) were evaluated. 
Histomorphological and immunohistochemical (Cu, Zn-SOD) analyses were observed in the liver and kidney. The 
extract and nanoextract of A. hispida improved blood biochemistry in diabetic rats. Both decreased MDA level and 
increased total SOD and Cat activity in the liver and kidney of diabetic rats. Cu, Zn-SOD contents of the liver and 
kidney in the extract and nanoextract-treated diabetic were higher than in the diabetic control. The nanoextract at 60 
mg/kg BW showed the best effect in suppressing microstructure damage to the liver and kidney. The study concluded 
that the nanoextract of A. hispida leaves increased antioxidant defense and suppressed microstructure damage in the 
liver and kidney of diabetic rats.

INTRODUCTION
Diabetes mellitus is a degenerative disease which has 

become a global problem. The International Diabetes Federation 
(2019) reported 463 million individuals with diabetes in 2019 
and expects 700 million in 2045. The hyperglycemia condition 
in diabetes stimulates the production of free radicals, causing 
oxidative stress. Oxidative stress is defined as a condition of 
the formation of excess free radicals in cells that are unable to 

be neutralized by their antioxidant defenses (Asmat et al., 2016). 
The most important sources of free radicals are oxygen (reactive 
oxygen species) and nitrogen (reactive nitrogen species) in 
biological systems (Kükürt et al., 2022). 

The primary antioxidant defenses in the cells are 
enzymatic antioxidant, superoxide dismutase (SOD), glutathione 
peroxidase, and catalase (Cat) (Kurutas, 2016). SOD catalyzes 
the toxic superoxide anion (O2•

−) to a less harmful substance, 
hydrogen peroxide (H2O2). Then, H2O2 is converted to a neutral 
molecule, oxygen (O2), and a water molecule (H2O) (Gandhi 
and Abramov, 2012). There are three isoforms of SOD: copper–
zinc SOD (Cu, Zn-SOD), manganese SOD (Mn-SOD), and 
extracellular SOD (Ec-SOD) (Stephenie et al., 2020). Cu, Zn-SOD 
is present in the cell nucleus and cytoplasm and plays a crucial 
role in neutralizing free radicals (O2•

−), leading to oxidative stress 
(Stephenie et al., 2020). Previous research found that Cu, Zn-SOD 
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content decreases significantly in the pancreas, liver, and kidney 
of diabetic rats (Wresdiyati et al., 2010, 2015a). Therefore, the 
body needs to increase endogenous antioxidant defenses or supply 
exogenous antioxidants such as food and natural plants (Ragheb 
et al., 2020).

Sources of exogenous antioxidants, proven to overcome 
oxidative stress in diabetes, are polyphenols such as flavonoids 
and phenolic acids, widely contained in plants (Caro-Ordieres 
et al., 2020). Polyphenols are bioactive compounds that act as 
free radical scavengers in the body (Gelen et al., 2021). Our study 
has previously identified the polyphenols content in the Acalypha 
hispida leaves extract (Alfarisi et al., 2020a). There are 17 types 
of flavonoids and 5 types of phenolic acid in the A. hispida 
leaves extract with antihyperglycemic and antioxidant properties 
(Alfarisi et al., 2020a). However, there are several limitations 
to using herbal medicines in crude extracts, mainly through 
oral administration, which are high doses and poor absorption 
of bioactive compounds. The application of nanotechnology 
for phytomedicines is the best choice to increase bioavailability 
and efficacy (Ratheesh et al., 2018). Our previous research has 
successfully prepared and characterized a nanopowder of the 
A. hispida leaves extract through ball milling in the nanosize 
range 512 nm (Alfarisi et al., 2022). No research has reported 
the efficacy of the nanoextract of A. hispida leaves in decreasing 
oxidative stress and increasing antioxidant defense in diabetic rats. 
Furthermore, this research objective was to evaluate the effect of 
the nanoextracts of A. hispida leaves on antioxidant defense and 
microstructure of the liver and kidney in diabetic rats.

MATERIALS AND METHODS

Materials
The leaves of A. hispida were collected from the Tropical 

Biopharmaca Research Center, IPB University. The materials and 
reagents were streptozotocin (STZ) (S1030, Sigma, Saint Louis, 
MO), malondialdehyde (MDA) reagent, SOD reagent, Cat reagent, 
4% paraformaldehyde, glucometer strip (Accu-Chek, Roche, 
MN), hematoxylin-eosin (HE), Cu, Zn-SOD primary antibody 
(S2147, Sigma, Saint Louis, MO), and Starr TrekTM Universal 
Link (STU700H, Biocare, CA, USA) for secondary antibody and 
visualization.

Nanoextract of A. hispida preparation
The extraction and preparation of the nanoextract were 

referred to in Alfarisi et al. (2022). The leaves were dried for 3 
days in an oven at 50°C. After drying, leaves were ground and 
sieved in a 60-mesh sieve. Then, the leaves powder was macerated 
for 72 hours in 96% ethanol. The filtrate was processed into a spray 
dryer to get the extract. The extract was milled using planetary 
ball milling (FRITSCH PULVERISETTE 7, Pittsboro, NC) for 
40 minutes at 5,000 rpm. The nanoextract was emulsified in 1% 
carboxymethyl cellulose (CMC) and then homogenized using 
ultrasonication for 2 minutes.

Experimental design
Adult male Sprague-Dawley rats (260–290 g; 8–12 

weeks) were acclimatized for 14 days in the following conditions: 
temperature 25°C–27°C; humidity 60%–70%; 12 hours light 

and 12 hours darkness. The rats were allowed free access to 
water and feed. Ethical approval was approved from the Animal 
Ethics Committee at the Faculty of Veterinary Medicine, IPB 
University (No. 143/KEH/SKE/VI/2019). The sample size was 
determined using Federer’s (1967) formula [t (n−1) > 15], where, 
t is the number of treatments and n is the number of replications, 
and using Arifin and Zahiruddin’s (2017) formula for one-way 
analysis of variance (ANOVA) design: n = [(10/k) + 1], where 
k is the number of groups and n is the number of replications. 
A total of 24 rats were randomly divided into 6 groups (n = 4): 
(1) normal control (NLC), (2) diabetes + 1% CMC as diabetes 
mellitus control (DMC), (3) diabetes + metformin 88 mg/kg body 
weight (BW) (MET), (4) diabetes + crude A. hispida extract at 300 
mg/kg BW (CAH), (5) diabetes + nanoextract of A. hispida at 30 
mg/kg BW (NAH3), and (6) diabetes + nanoextract of A. hispida 
at 60 mg/kg BW (NAH6). STZ at 55 mg/kg BW was administered 
intraperitoneally to induce diabetic rats, which was considered 
diabetes at blood glucose levels of 300 mg/dl. The treatments were 
conducted for 28 days. BW was recorded at the beginning and end 
of treatment.

Collection of samples 
All rats were anesthetized on the 29th day with a mixture 

of ketamine-xylazine (70:10 mg/kg BW). The blood collection 
was conducted via the heart and put in a vacutainer for blood 
biochemistry analysis. Parts of the liver and kidney were isolated 
for antioxidant activity and lipid peroxidation analysis. The other 
parts were fixed in 4% paraformaldehyde for 8 days.

Blood biochemistry 
The levels of alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), creatinine, and urea in the serum 
were analyzed using the Selectra Junior Auto-Analyzer (Vital 
Scientific). The analysis was referred to in Alfarisi et al. (2020b).

SOD and Cat activity
The activity of total SOD was evaluated using the 

method developed by Misra and Fridovich’s (1972) method 
with slight modification (Ulhusna et al., 2019). The oxidation of 
epinephrine at 475 nm was used to determine total SOD activity 
in the dialyzed supernatant. One unit of SOD activity is expressed 
as the quantity of enzyme necessary to reach 50% inhibition of 
epinephrine oxidation. The Cat activity was measured based on 
the conversion of the oxidation state of cobalt (II) to cobalt (III) 
by H2O2 reduction developed by Hadwan (2018). The change 
absorbance was measured at 440 nm against the reagent blank. The 
Cat activity was calculated using the formula [2.303/t × log(S°/S)], 
where t is time, S° is the absorbance of the standard tube, and S is 
the absorbance of the test tube. 

Lipid peroxidation 
Lipid peroxidation was evaluated based on the 

thiobarbituric acid reactive substance assay as the reaction product 
of MDA and thiobarbituric acid. MDA analysis was referred to in 
Ulhusna et al. (2019). The absorbance was recorded at 532 nm 
using a spectrophotometer, and 1,1,3,3-tetraethoxypropane was 
used as a standard solution.
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Histomorphological analysis
The liver and kidney were processed as routine histology 

specimens. The samples were dehydrated, cleared, and embedded 
in paraffin using an embedding console (Tissue-Tek, SAKURA). 
The paraffin-embedded samples were sectioned using a rotary 
microtome (Yamato RV-240, Saitama, Japan) at a thickness of 5 
μm. The tissue sections were stained with HE. The slides were 
evaluated under a light microscope (Olympus BX 31) equipped 
with a CCD10 USB Camera. Histomorphological analysis of liver 
and kidney tissue was performed using ImageJ 1.05i. The analysis 
was conducted in five fields of view (40×). The nuclear cell size 
and cytoplasm intensity of liver tissue were measured as described 
before (Alfarisi et al., 2020b). The kidney tissue was analyzed for 
the following parameters: glomerulus/Bowman’s capsule ratio, 
glomerular cell density, tubular necrosis score, tubular dilatation 
index (TDI), and interstitial volume index (IVI) (Alfarisi et al., 
2020b). The tubular necrosis score was evaluated based on the 
following criteria: 0: normal, 1: mild (<10%), 2: moderate (10%–
25%), 3: moderate to severe (25%–50%), 4: severe (50%–75%), 
and 5: very severe (>75%) (Bussmann et al., 2014). TDI and IVI 
were assessed by making a grid containing 117 (13 × 9) sampling 
points on an image. Then, the number of grid points superimposing 
TDI and IVI was recorded and expressed as a percentage of all 
sampling points (Fattah et al., 2019).

Immunohistochemistry analysis
Immunohistochemical staining of the Cu, Zn-SOD 

antioxidant was referred to in Wresdiyati et al. (2010). The liver 
and kidney tissue sections were deparaffined and rehydrated. 
Then, the sections were conducted for inactivating endogen 
peroxidation and blocking unspecific protein. The sections were 
incubated in Cu, Zn-SOD (1:200) primary antibody for 2 days. 
The visualization used a 3,3’-diaminobenzidine chromogen. 
The quantitative analysis of the liver was observed around the 
central vein and kidney in the nucleus of renal tubule cells in five 
fields of view (40×). The immunoreaction Cu, Zn-SOD product 
was analyzed based on the color intensity of the nucleus: strong 
positive (+++) indicated by a dark brown color throughout the cell 
nucleus, moderate positive (++) indicated by a dark brown color 
in some parts of the nucleus, and weak positive (+) marked with a 
light brown color in the nucleus and negative reactions (−) which 
showed a blue color in the cell nucleus.

Statistical analysis
A one-way ANOVA was used to compare the data, 

and statistical significance was determined at p < 0.05. Post hoc 
analysis was performed using Duncan’s multiple range test. Data 
were visualized using GraphPad Prism 7, and statistical analysis 
was performed using Statistical Package for the Social Sciences 25. 

RESULTS

Body weight
The highest to lowest growth rates were in the NLC, 

MET, NAH6, CAH, NAH6, and DMC groups (Table 1). The BW 
of the MET and NAH6 groups increased, indicated by positive 
growth rates of 0.0019% and 0.0013%, respectively. A significant 

growth rate was only shown by the NLC group (0.0116%) 
compared to the other groups.

Blood biochemistry
The diabetic groups (DMC) showed significantly higher 

levels of ALT (916.5 mg/dl) and AST (1,119 mg/dl) than the other 
groups (Fig. 1A and B). The levels of AST and ALT in the MET, 
CAH, NAH3, and NAH6 groups were not significantly different 
from the NLC group (142.6 and 90 mg/dl, respectively). In addition, 
urea and creatinine did not change significantly in all groups (p = 
0.189, p = 0.08). These results indicated that metformin and the 
extract and nanoextract of A. hispida maintained AST and ALT 
levels in diabetic rats, similar to normal rats.

SOD and Cat activity
The activities of total SOD and Cat enzymes were 

measured in the liver and kidney tissue (Fig. 2). The total SOD 
activity of the liver and kidney in the DMC group was significantly 
lower than in the NLC group. The NAH3, NAH6, and MET 
groups showed a significant increase in total SOD activity in the 
liver compared to the DMC group (Fig. 2A). In the kidney, in the 
MET, CAH, NAH3, and NAH6 groups there was an increase in 
total SOD activity as well as that in the NLC group (Fig. 2B).

The diabetic rats (DMC) exhibited a lower significance 
of Cat activity than normal groups (NLC) (Fig. 2C and D). The 
cat activity of CAH, NAH3, and NAH6 groups could not increase 
significantly in the liver compared to the MET and DMC groups  
(Fig. 2C). Similarly, there was no significant change in Cat activity 
in the MET, CAH, NAH3, and NAH6 groups compared to the 
DMC group (Fig. 2D). From these results, it can be concluded that 
metformin and the extract and nanoextract of A. hispida increased 
the activity of the total SOD enzyme in the liver and kidney of 
diabetic rats.

Lipid peroxidation
The MDA level in the liver and kidney is shown in 

Figure 2E and F. The diabetic rats (DMC) showed a significant 
increase in MDA level compared to the normal rats (NLC). A 
significant decrease in MDA level in the liver was demonstrated 
in the MET, CAH, NAH3, and NAH6 groups compared to in 
the DMC group (Fig. 2E). In the kidney, the MDA levels in the 
CAH, NAH3, and NAH6 groups decreased, but these were not 
significant compared to the NLC and DMC groups (Fig. 2F). The 
results indicated that metformin and the extract and nanoextract of 
A. hispida reduced MDA levels in the liver and kidney.

Histomorphological analysis
The liver histomorphological analysis was shown in 

Figure 3A–C. There was no significance in the mean cell nucleus 
area of liver tissue (p = 0.064) (Fig. 3B). In contrast, the cytoplasmic 
intensity between groups significantly changed (Fig. 3C). The 
DMC group showed significantly higher cytoplasmic intensity 
than the DMC group. The cytoplasmic intensity in the CAH and 
NAH6 groups was the same as in the NLC group.

The renal histomorphological evaluation was shown in 
Figure 4A–G. The DMC group showed a significantly decreased 
glomerular/Bowman’s capsule (B/G) area ratio compared to the 
NLC group (Fig. 4B). In the MET, CAH, NAH3, and NAH6  
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groups there was no alteration in the glomerulus/Bowman’s capsule 
(G/B) ratio as the NLC group. On the other hand, the MET and 
NAH6 groups showed the best glomerular cell density (Fig. 4C). 
The MET, CAH, NAH3, and NAH6 groups showed a significant 
decrease in tubular necrosis scores. The MET, CAH, NAH3, and 
NAH6 groups had the same TDI as the NLC group (Fig. 4F). There 
was no significant alteration of interstitial volume in all groups 
(Fig. 4G). Based on the data, the treatment of metformin and the 
extract and nanoextract of A. hispida suppressed microstructural 
damage to the liver and kidney in diabetic rats.

The content of Cu,Zn-SOD in the liver and kidney
The immunohistochemical staining of Cu, Zn-SOD in 

liver and kidney tissue is shown in Figure 5. The MET, CAH, 
NAH3, and NAH6 groups showed the capability to increase Cu, 
Zn-SOD content compared to the DMC group, as shown by the 
number of hepatocyte cells with a strong positive reaction of these 
groups higher than the DMC group (Table 2). The NAH6 group 
had a higher Cu, Zn-SOD content than the MET groups. It was 
shown that the number of hepatocyte cells in the NAH6 group with 
a negative reaction was significantly lower than in the MET group, 

Table 1. The effect of the nanoextract of A. hispida on the growth rate of BW.

Groups Initial weight (g) Final weight (g) Gain/loss Growth rate (%)

NLC 242.50 ± 4.13 332.75 ± 15.94 Gain 0.0116 ± 0.0012b

DMC 222.00 ± 7.42 203.00 ± 11.66 Loss −0.0034 ± 0.0013a

MET 258.50 ± 3.40 275.00 ± 23.52 Gain 0.0019 ± 0.0026a

CAH 242.25 ± 6.30 236.25 ± 7.92 Loss −0.0009 ± 0.0014a

NAH3 252.25 ± 4.97 233.50 ± 11.69 Loss −0.0029 ± 0.0017a

NAH6 253.00 ± 5.08 262.75 ± 8.26 Gain 0.0013 ± 0.0015a

Numbers followed by the same letters (a and b) in the same column are not significantly different from Duncan’s test 
results (α = 0.05).
NLC, normal control; DMC, diabetic control; MET, diabetes + metformin 88 mg/kg BW; CAH, diabetes + crude 
extract 300 mg/kg BW; NAH3, diabetes + nanoextract at 30 mg/kg BW; NAH6, diabetes + nanoextract at 60 mg/kg 
BW. Data are expressed as mean ± SEM (n = 4). 

Figure 1. Blood biochemistry profile of rats after the treatments of nanoextract of A. hispida leaves. (A) AST, (B) ALT, (C) urea, 
and (D) creatinine. NLC, normal control; DMC, diabetic control; MET, diabetes + metformin 88 mg/kg BW; CAH, diabetes + 
crude extract 300 mg/kg BW; NAH3, diabetes + nanoextract at 30 mg/kg BW; NAH6, diabetes + nanoextract at 60 mg/kg BW. 
Data are expressed as mean ± SEM (n = 4). The same letters (a and b) are not significantly different from Duncan’s test results 
(α = 0.05). 



Alfarisi et al. / Journal of Applied Pharmaceutical Science 12 (10); 2022: 099-108 103

but not in the NLC group. The data shows that the nanoextract 60 
mg/kg BW had the best effect in maintaining Cu, Zn-SOD content.

In the MET, CAH, NAH3, and NAH6 groups, there 
was an increase in the Cu, Zn-SOD content in renal tubular tissue 
compared to the DMC group (Table 2), as shown by the number 
of renal tubules in these groups where a strong positive reaction 
was higher than in the DMC group. Also, it was supported that the 
number of renal tubules with weak positive and negative reactions 
in these groups was lower than in the DMC group. Cu, Zn-SOD 
content in the CAH, NAH3, and NAH6 groups was significantly 
higher than in the MET group. It was shown that the number of 
renal tubules with strong positive reactions in these groups was 
higher than in the MET group. The results showed that the extract 
and nanoextracts of A. hispida increased Cu, Zn-SOD content in 
diabetic rats as well as that in normal rats.

DISCUSSION
The study showed that diabetic rats (DMC) lost weight 

during the treatments, as demonstrated by a negative growth rate 
(−0.0034%) (Table 1). This was caused by a diabetic condition 

induced by STZ so that the carbohydrate metabolism of diabetic 
rats was impaired. STZ enters pancreatic cells via glucose 
transporter 2, which transfers its methyl group to DNA, causing 
DNA fragmentation and a lack of insulin production (Al-Awar 
et al., 2016). In this study, metformin and nanoextract 60 mg/kg 
BW increased the BW of diabetic rats, as shown by a positive 
growth rate (0.0019% and 0.0013%, respectively). Metformin 
works through the activation of activated protein kinase, which 
increases insulin sensitivity and decreases cyclic adenosine 
monophosphate (Rena et al., 2017). Previous research found that 
alloxan- and STZ-induced diabetic rats lost weight and gained 
weight after Swietenia mahagoni seed extract treatment for 28 
days (Wresdiyati et al., 2015b).

The treatment of metformin and the extract and 
nanoextract in diabetic rats maintained liver function as well as 
that in normal rats (Fig. 1A and B), as shown by ALT and AST 
levels that were not significantly different from the NLC group 
(90.60 ± 23.68 and 142.62 ± 42.61 U/l, respectively). ALT and 
AST are enzymes that function to digest protein in the body and 
have been used as biomarkers for hepatic injury. High levels of 

Figure 2. Total SOD (A–B), Cat activity (C–D), and MDA levels (E–F) in the liver and kidney of rats. NLC, 
normal control; DMC, diabetic control; MET, diabetes + metformin 88 mg/kg BW; CAH, diabetes + crude 
extract 300 mg/kg BW; NAH3, diabetes + nanoextract at 30 mg/kg BW; NAH6, diabetes + nanoextract at 
60 mg/kg BW. Data are expressed as mean ± SEM (n = 4). The same letters (a and b) are not significantly 
different from Duncan’s test results (α = 0.05).
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ALT and AST in the blood are indicators of impaired liver function 
(Pal’chikova et al., 2018). Previous research found that ALT and 
AST enzymes under normal physiology are 67.3 ± 17.3 and 155.1 
± 46.9 U/l, respectively (Mohammad et al., 2019; Napierala et al., 
2019). The histomorphological analysis supported these results 
(Fig. 3C), showing that the extract and nanoextract (60 mg/kg 
BW) had the same cytoplasmic intensity as the normal group. 
Diabetic rats exhibited a more alkaline liver tissue cytoplasmic 
condition, which was indicated by an increase in the liver tissue 
cytoplasmic intensity through increasing absorption of the excess 
(eosinophilic) eosin dye (Fig. 3C). Eosinophilia in liver tissue was 
caused by the denaturation of proteins in the cytoplasm (Alfarisi 
et al., 2020b).

The treatments in diabetic rats did not significantly 
affect urea and creatinine levels in the blood (Fig. 1C and D), as 
shown by both levels that were not significantly different from 
the NLC group. However, diabetic rats exhibited increased urea 
and creatinine levels in the blood when compared to normal rats 
(DMC 60.62 ± 25 U/l vs. NLC 51.05 ± 5.38 U/l; DMC 1.38 ± 0.63 
U/l vs. NLC 0.61 ± 0.10 U/l, respectively). Urea and creatinine 
levels are used as indicators of kidney function (Nosrati et al., 
2021). Previous research showed that the urea and creatinine 
levels of normal rats are 17.71 ± 0.64 and 0.62 ± 0.02 U/l, 
respectively (Dubey et al., 2020). However, diabetic rats (DMC) 
were found to have expanded Bowman’s capsule space, decreased 
glomerular cell density, increased necrosis, and severe tubular 
dilatation (Fig. 4B–D and F). Previous studies have reported that 

diabetic rats exhibited Bowman’s capsule space dilatation, tubular 
necrosis, and tubular dilatation (Al-Za’abi et al., 2021). This 
research found that metformin and the extract and nanoextract 
suppressed microstructure damage of kidneys in diabetic rats, 
indicated by increasing G/B ratio and glomerular cell density and 
decreasing necrosis and TDI.

Metformin and the extract and nanoextract of A. hispida 
in diabetic rats reduced oxidative stress, as shown by decreasing 
MDA levels in the liver and kidney (Fig. 2E and F). In addition, 
the extract and nanoextract increased antioxidant defense through 
increasing total SOD and Cat activity and Cu, Zn-SOD content in 
the liver and kidney (Figs. 2A–D and 5A and B). SOD and Cat are 
the first defense in overcoming free radicals in cells (Pang et al., 
2020). In addition, the role of Cat is relatively insignificant at low 
H2O2 concentrations but becomes a significant role at high H2O2 
concentrations (Gandhi and Sasikumar, 2012). Improving Cu, Zn-
SOD can neutralize O2•

− excess before reacting with •NO to form 
peroxynitrite (ONOO−), a strong oxidant that can damage the cells 
by several mechanisms (Forman and Zhang, 2021; Soliman et al., 
2021). In similar research, Wresdiyati et al. (2010) found that 
Momordica charantia L. powder increased Cu, Zn-SOD content 
of the liver and kidney in oxidative stress in diabetic rats. Previous 
research also reported that the treatment of Rheum ribes decreased 
oxidative stress and increased total SOD and Cat levels in the liver 
and kidney (Yildirim et al., 2021).

The capability of the nanoextract of A. hispida leaves 
of increasing Cu, Zn-SOD content in the liver and kidney was 

Figure 3. The extract and nanoextract of A. hispida suppressed liver damage in diabetic rats. (A) Photomicrograph of the liver 
with HE staining; (B) the nuclear cell size of the liver; and (C) the cytoplasm intensity of the liver. NLC, normal control; DMC, 
diabetic control; MET, diabetes + metformin 88 mg/kg BW; CAH, diabetes + crude extract 300 mg/kg BW; NAH3, diabetes 
+ nanoextract at 30 mg/kg BW; NAH6, diabetes + nanoextract at 60 mg/kg BW. Data are expressed as mean ± SEM (n = 4). 
CV, central vein. The same letters (a and b) are not significantly different from Duncan’s test results (α = 0.05). Bar = 50 μm.
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associated with bioactive contents. Our previous research showed 
that the bioactive contents of the nanoextract of A. hispida leaves 
were gallic acid 11.2 mg/g and catechin 78.2 mg/g dry nanoextract 
(Alfarisi et al., 2022). In addition to the H-donating antioxidant 
process, catechin directly or indirectly stimulates the expression 
of the enzymatic antioxidants, such as SOD and Cat (Simos 

et al., 2012). Gallic acid can stimulate nuclear factor-erythroid 
2-related factor 2 (NrF2) signaling to mediate its antioxidant 
activity (Yu et al., 2012). There are mechanisms to stimulate Cu, 
Zn-SOD, including pathways involving AKT, ERK1/2 activation, 
NrF2 protein, and muscarinic M1 receptor (Mondola et al., 2016). 
When the cells are activated, NrF2 is released from Keap1 and 

Figure 4. The nanoextract of A. hispida suppressed progressivity in kidney damage. (A) Photomicrograph of kidney 
rats with HE staining; (B) glomerulus/Bowman’s capsule ratio; (C) glomerular cell density; (D) tubular necrosis score; 
(E) grid containing 117 (13 × 9) sampling points on an image; (F) TDI; and (G) IVI. NLC, normal control; DMC, 
diabetic control; MET, diabetes + metformin 88 mg/kg BW; CAH, diabetes + crude extract 300 mg/kg BW; NAH3, 
diabetes + nanoextract at 30 mg/kg BW; and NAH6, diabetes + nanoextract at 60 mg/kg BW. GL, glomerulus; BC, 
Bowman’s capsule; DT, distal tubule; and TP, proximal tubule. White arrowhead: tubular necrosis; yellow arrowhead: 
grid point in tubular lumen; black arrowhead: grid point in interstitial space. Data are expressed as mean ± SEM  
(n = 4). The same letters (a and b) are not significantly different from Duncan’s test results (α = 0.05). Bar = 50 μm.
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translocates to the nucleus, then binds to antioxidant responsive 
elements to transcribe antioxidant enzymes, including Cu, Zn-
SOD (Lin et al., 2020).

Interestingly, the nanoextract at a dose of 60 mg/kg BW 
had the same efficacy as the crude extract at 300 mg/kg BW and 
was even better in certain parameters. However, the nanoextract 
dose was five-fold lower than the crude extract. This may be 
caused by the size of nanoextract particles (512 nm), which is five-

fold smaller than crude extract (1,271 nm) in our previous report 
(Alfarisi et al., 2022). This effect is associated with the smaller 
particle size, making it easier to enter the cell through phagocytosis 
and pinocytosis (Danaei et al., 2018; Zafari et al., 2020). Previous 
research revealed that Posidonia oceanica nanoparticles in 
the nanosize range 242–591 nm increased antidiabetic activity 
compared to the crude extract of P. oceanica at the same dose at 
100 mg/kg BW (Ammar et al., 2021).

Figure 5. The photomicrograph of Cu, Zn-SOD localization in the liver (A) and kidney (B) of diabetic 
rats. NLC, normal control; DMC, diabetic control; MET, diabetes + metformin 88 mg/kg BW; CAH, 
diabetes + crude extract 300 mg/kg BW; NAH3, diabetes + nanoextract at 30 mg/kg BW; and NAH6, 
diabetes + nanoextract at 60 mg/kg BW. Bar = 50 μm.

Table 2. The number of hepatocytes and renal tubule cells at different levels of antioxidant Cu, Zn-SOD 
content in liver and kidney tissue.

Group
The number of hepatocytes and renal tubule cells at different levels of Cu, Zn-SOD 

antioxidant contents

+++ ++ + −

Liver tissue

 NLC 96.10 ± 9.28c 39.05 ± 12.58a 29.30 ± 8.09ab 5.60 ± 2.74a

 DMC 54.60 ± 15.21a 57.45 ± 17.02c 55.95 ± 19.56c 31.85 ± 11.99c

 MET 81.20 ± 10.53b 46.30 ± 13.83ab 31.40 ± 8.22ab 12.10 ± 6.68b

 CAH 88.95 ± 14.14bc 51.35 ± 15.86bc 31.40 ± 9.70a 10.85 ± 3.93b

 NAH3 86.65 ± 9.14b 53.95 ± 14.01bc 35.40 ± 10.20b 8.25 ± 3.83ab

 NAH6 88.55 ± 10.51bc 45.90 ± 11.40ab 28.75 ± 4.56ab 5.55 ± 3.80a

Kidney tissue

 NLC 100.75 ± 10.97c 71.70 ± 14.17a 32.05 ± 7.11bc 18.60 ± 7.15ab

 DMC 62.95 ± 14.00a 72.25 ± 18.89a 50.00 ± 9.91d 37.80 ± 14.65c

 MET 89.35 ± 15.06b 73.90 ± 13.03a 31.70 ± 7.99bc 19.00 ± 5.09b

 CAH 107.25 ± 18.87c 88.35 ± 17.14b 32.70 ± 6.66c 14.80 ± 5.96ab

 NAH3 102.45 ± 15.32c 78.80 ± 12.85a 23.40 ± 5.84a 13.15 ± 5.77a

 NAH6 108.85 ± 10.60c 88.05 ± 7.38b 27.55 ± 5.51ab 15.05 ± 7.35ab

Numbers followed by the same letters (a–c) in the same column are not significantly different from Duncan’s test 
results (α = 0.05).
NLC: normal control; DMC: diabetic control; MET: diabetes + metformin 88 mg/kg BW; CAH: diabetes + crude extract 
300 mg/kg BW; NAH3: diabetes + nanoextract at 30 mg/kg BW; NAH6: diabetes + nanoextract at 60 mg/kg BW. +++: 
strong positive; ++: moderate positive; +: weak positive; −: negative. Data are expressed as mean ± SD (n = 4). 
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CONCLUSION
The nanoextract of A. hispida leaves at a dose of 60 mg/

kg BW and metformin reduced oxidative stress (decreasing MDA 
level) in the liver and kidney through increasing the enzymatic 
antioxidant defenses (total SOD and Cat activity and Cu, Zn-SOD 
content). The nanoextract (60 mg/kg BW) with a dose five times 
smaller than the crude extract (300 mg/kg BW) had better efficacy. 
The nanoextract and metformin suppressed microstructure damage 
in the liver (mean cell nucleus area and cytoplasmic intensity) 
and kidney (B/Gs capsule area, glomerular cell density, TDI, and 
tubular necrosis) of diabetic rats.
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