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Abstract
BACKGROUND: Diabetic nephropathy (DN) is a common chronic microvascular complication of type 2 diabetes 
mellitus induced by hyperglycemia. The previous studies demonstrated the antidiabetic effect of Enhydra fluctuans, 
but there is no evidence of its impact on the kidneys function of diabetic rats.

AIM: This study aims to explore the effect of the n-hexane fraction of aerial parts of E. fluctuans on kidney function 
in alloxan-induced diabetic rats.

METHODS: Five groups of diabetic Wistar rats were investigated: Group 1 received 0.5% carboxymethyl cellulose 
sodium (Na-CMC), Group 2 received glibenclamide 0.45 mg/kg, Groups 3, 4, and 5 received a dose of n-hexane 
fraction 57.03, 114.06, and 171.09  mg/kg, respectively. The experiment was completed in 21  days. The blood 
glucose was estimated on day 0 and day 21 of treatment. In addition, histology of kidney, blood urea nitrogen (BUN), 
and creatinine was examined.

RESULTS: The n-hexane fraction of aerial parts of E. fluctuans significantly reduced blood glucose. Furthermore, 
the 57.03 mg/kg dose showed a statistically significant (p < 0.05) decrease in blood glucose compared with control. 
The histological characteristics revealed that aerial parts of E. fluctuans reduced renal tissue damage in diabetic rats. 
Renal function measures showed that rats treated with n-hexane fraction had better kidney function, as lower BUN 
and creatinine levels were seen.

CONCLUSION: Aerial parts of E. fluctuans have improved kidney function of alloxan-induced diabetic rats. These 
findings demonstrate the potential of E. fluctuans as a drug to treat diabetes mellitus and DN.
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Introduction

Diabetic nephropathy (DN) is a frequent chronic 
microvascular consequence of type 2 diabetes mellitus 
(type 2 DM) caused by prolonged hyperglycemia [1]. It is 
believed that this condition affects 20–40% of diabetes 
patients [2], [3] and is the leading cause of end-stage 
renal failure, which is also a leading cause of mortality 
and disability among type 2 diabetes patients [3]. This 
long-term hyperglycemia is related to kidney structural 
abnormalities such as glomerular basement membrane 
thickening, mesangial enlargement, extracellular 
matrix deposition, and tubular hypertrophy [4]. Kidney 
structural abnormalities result in kidney function 
issues [5]. Therefore, impaired kidney function is a sign 
of DN [6].

Long-term hyperglycemia causes kidney 
dysfunction due to the development and circulation of 
advanced glycation end products, overproduction of 
pro-inflammatory mediators, and hemodynamic and 
hormonal disorders [7]. As a result, reactive oxygen 
species (ROS) and pro-inflammatory cytokines 
are released. Furthermore, when combined, 

these alterations cause glomerular hyperfiltration 
(abnormal glomerular filtration rate [GFR]), 
glomerular hypertension, renal atrophy, and abnormal 
glomerular composition, which commonly manifest as 
albuminuria and high blood pressure [2], [8]. GFR is 
a key measure of kidney function, and creatinine is 
used to quantify GFR [9], [10], and a rise in blood urea 
nitrogen (BUN) is a sign of uremia [3]. As a logical 
consequence, diabetics require strict blood glucose 
management.

Several treatments, including oral 
antihyperglycemic drugs, insulin, and antirenin-
angiotensin system inhibitors, are currently available 
to prevent and manage this DN. However, the 
effectiveness of these medications is insufficient [2]. 
GFR and oxidative status have been reported to be 
normalized by insulin, thereby delaying the start and 
progression of chronic kidney disease [6] and elevated 
blood pressure [11]. Other diabetes medications, such 
as metformin and insulin secretagogues, may fail to 
achieve their glycemic goals and prevent diabetic 
complications such as DN [12]. As a result, the 
biochemical role of natural resources such as medicinal 
plants for the prevention or protection against diabetic 
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complications has increased attention [13]. In addition, 
one of the medicinal plants known to have antidiabetic 
activity is Enhydra fluctuans.

E. fluctuans (Asteraceae) is known as buffalo 
spinach (UK) and helencha (India) [14]. In West 
Sumatra, Indonesia, this plant is known as cikarau 
and used by the community to treat various illnesses 
such as fever, measles, and others [15]; it is also 
consumed as a vegetable. The constituents reported 
in this plant are flavonoid saponins, phenols, tannins, 
terpenes, and steroids compounds [14]. In addition, 
this herb is known to have broad biological activities 
such as hepatoprotective [16], antioxidants [17], and 
antidiabetic  [18], [19]. However, information on the 
effect of this plant on kidney function in diabetic rats 
is not known. Therefore, this study aimed to evaluate 
the effect of E. fluctuans aerial on kidney function in 
alloxan-induced diabetic rats. The rats tested had 
severe diabetes.

Materials and Methods

Fractionation of aerial parts of E. fluctuans

Aerial parts of E. fluctuans were collected 
directly from an abandoned resident’s pond, located 
in Jorong Tabek, Lima Kaum Sub-District, Tanah 
Datar District, West Sumatra, Indonesia. This plant 
was validated by plant taxonomists at Andalas 
University’s Department of Biology’s Herbarium in 
Padang, Indonesia (No: 046/ K-ID/ANDA/I/2021). The 
aerial parts of E. fluctuans are dried for up to 15 days 
until being grounded and screened. Then, using the 
maceration method, 532  g of aerial powder were 
extracted using a 96% distillate solvent of ethanol. At 
40°C, the extract was evaporated and concentrated 
using a rotary evaporator (Hei-VAP Core, Germany). 
Ethanol concentrated extract obtained 123.257 g. The 
reason for choosing the maceration method is that 
the procedures and equipment used are simple and 
not heated, hence, natural ingredients do not become 
biodegradable. Furthermore, the reason for selecting 
percent ethanol is that 96% ethanol is able to dissolve 
polar and non-polar compounds well and not toxic and 
volatile, hence, it is suitable for extracting solvents.

In addition, 100 g of crude extract was dissolved 
in 96% ethanol. After dissolving the viscous extract, 
fractionation was performed using a stratified liquid-
liquid method with n-hexane as a solvent. Afterward, 
the fractions were concentrated and stored before 
being used in the experiment. The n-hexane fraction 
obtained was 22.811  g. Extraction and fractionation 
were performed at the Natural Materials Chemistry 
Laboratory, Department of Chemistry, Andalas 
University, Padang, Indonesia.

Hyperglycemia induction for diabetic 
treatment

Before induction, Wistar rats 180–250 g were 
acclimatized for 3 days and then fasted for 15 h without 
food but with a continuous water supply. Furthermore, 
rats were injected with a 0.9% NaCl solution of alloxan 
at a dose of 125 mg/kg. Diabetes rats were confirmed 
by measuring blood glucose 96  h after injection. The 
rats utilized in this investigation had blood glucose 
levels of more than 300 mg/dL.

Design of an experimental study

Diabetic rats were designated to one of five 
groups (n = 5) at random:
•	 Negative control (G0): Diabetic rats + 0.5% 

Na-CMC
•	 Positive control (G1): Diabetic rats + 0.45 mg/kg 

glibenclamide
•	 Dose 1 (G2): Diabetic rats + 57.03  mg/kg 

n-hexane fraction of aerial parts of E. fluctuans
•	 Dose 2 (G3): Diabetic rats + 114.06  mg/kg 

n-hexane fraction of aerial parts of E. fluctuans
•	 Dose 3 (G4): Diabetic rats + 171.09  mg/kg 

n-hexane fraction of aerial parts of E. fluctuans.
The n-hexane fraction of aerial parts of 

E.  fluctuans was chosen because it showed the best 
antidiabetic activity compared with the ethyl acetate 
and n-butanol fractions in the preliminary study 
(data not shown). Therefore, the preliminary study 
determined the dose (data not shown). Glibenclamide 
and n-hexane fraction were dissolved in 0.5% Na-CMC 
and taken orally once daily for 21  days. Rats had 
unlimited access to food and water. The kidney function 
testing of diabetic rats was conducted at Balai Veteriner 
Laboratory, Bukittinggi, West Sumatra, Indonesia.

Blood glucose measurement

Fasting blood samples were collected directly 
from the rats’ tails on days 0–21. Furthermore, a 
glucometer (Gluco Dr.  AutoTM, Model AGM-4000, 
Korea) was used to measure blood glucose levels.

Kidney tissue sampling

The kidney was isolated at the end of the 
experiment from each group. Rats were anesthetized 
with ether, then dissected and carefully removed 
their kidneys. The kidneys were fixed with 10% buffer 
neutral formalin (BNF) before being processed for 
histopathological examination. The samples were fixed in 
paraffin, sectioned at a thickness of 5 µm, and stained 
with hematoxylin and eosin (H&E), and images were 
taken by photo microscope (Olympus DP 22, Tokyo, 
Japan). Kidney preparations were observed with an 
objective magnification of 400× and in five different fields 
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of view with at least 10 glomerular tissues and 10 tubular 
tissues (distal and proximal tubules) for each field of view.

Kidney damage score

Khalid’s technique [20] was used to calculate 
the kidney damage score. Glomerular damage is scored 
0 if no damage occurs, 1 if Bowman’s capsules thicken, 
2 if glomerular tuft retraction occurs, and 3 if glomerular 
fibrosis develops. Tubular damage is scored as follows: 
0 if there is no damage, 1 if <25% of tubular cells are 
lacking brush border, 2 if weight loss is greater than 
25% of tubular cells, and thicker basement membrane. 
Score 3 when there is inflammation, cast formation, and 
necrosis of up to 60% of tubular cells, and 4 if necrosis 
occurs in more than 60% of tubular cells. Subsequently, 
two people read the preparations to obtain reliability 
and validity. Finally, the percentage of kidney damage 
for each treatment was calculated [21].

Biochemical test

Biochemical test was seen from BUN and 
creatinine levels. Furthermore, a test kit (DiaSys™, 
Germany) was used to determine BUN and creatinine 
levels. The test kit is used in accordance with 
the instructions provided by the manufacturer, and the 
results are displayed in mg/dL. BUN and creatinine 
testing were conducted out in the Biochemistry 
Laboratory, Faculty of Medicine, Andalas University, 
Padang, Indonesia.

Preliminary phytochemical analysis

Phytochemical studies were performed on 
the n-hexane fraction of E. fluctuans aerial, and the 
study examined for alkaloids, flavonoids, saponins, 
terpenoids, steroids, phenolics, and coumarin. 
Furthermore, the testing was conducted qualitatively 
using standard techniques [22]. Phytochemical 
screening was conducted at the Natural Materials 
Chemistry Laboratory, Department of Chemistry, 
Andalas University, Padang, Indonesia.

Data statistical analysis

Data for five rats in each experimental group 
are presented as mean standard error. SPSS 21 was 
used for statistical analysis. The hypothesis was then 
proven correct using one-way ANOVA. Duncan’s new 
multiple range test was used if the significant difference 
(p < 0.05) was confirmed. Data on kidney cell damage 
were descriptively statistically analyzed and presented 
in the following percentage.


= − ×  
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W%  reduction  o f b lood  g lucose 1  1 00
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Where, We is the blood glucose levels in the 
glibenclamide or fraction administration and Wc is the 
level of blood glucose in control administration [23].

Ethical approval

The handling of rats was established under 
guidelines by the Study Ethics Committee of Faculty of 
Medicine, Andalas University, Padang, Indonesia (No: 
038/KEP/FK/2019).

Results

Blood glucose level and blood glucose 
reduction

Figure  1 shows the effect of n-hexane 
fraction of aerial parts of E. fluctuans on blood 
glucose levels and the percentage of blood glucose 
decrease in diabetic rats after 21  days of treatment. 
On day 0, the average blood glucose level in normal 
animals was 73.20 ±  3.70  mg/  dL, while the blood 
glucose of alloxan-induced diabetic rats averaged 
387.60  ±  25.79–  479.00  ± 43.75  mg/dL (5–6  times 
blood glucose levels of normal rats). After 21 days of 
treatment, the blood glucose of normal rats was relatively 
constant (75.00 ± 8.86 mg/dL), whereas blood glucose 

Figure 1: The effect of n-hexane fraction of aerial parts of E. fluctuans on 
blood glucose levels and the percentage of blood glucose decrease in 
diabetic rats after 21 days of treatments. (a) Blood glucose level and (b) 
percentage reduction in blood glucose. GN. Normal rats; G0. Negative 
control; G1. Positive control; G2. Dose of 57.03  mg/kg; G3. Dose of 
114.06 mg/kg; and G4. Dose of 171.09 mg/kg. The different letters indexes 
(a,b,c) above each bar chart indicate significant difference dependent on 
Duncan’s new multiple range test (p ˂ 0.05) versus negative control

b

a
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was high in diabetic rats and varied depending on the 
treatment. Thus, administration of n-hexane fraction of 
aerial parts of E. fluctuans for 21 days effectively lowers 
the blood glucose of diabetic rats. The treatment dose 
of 57.03 mg/kg (G2) showed the lowest blood glucose 
and was significantly different (p ˂ 0.05) compared 
with the control (G0), but remained comparable with 
glibenclamide (G1; p > 0.05). The percentage of blood 
glucose decreased in G2 is also the highest (Figure 1b). 
It suggests that the n-hexane fraction of aerial parts 
of E. fluctuans exerted an antidiabetic activity with an 
equal activity as glibenclamide (G1), particularly at a 
dose G2.

Histopathological findings

Figure 2 shows the effect of n-hexane fraction of 
aerial parts of E. fluctuans on the kidney histopathology 
of diabetic rats. Furthermore, the glomerulus, proximal 
tubules, and distal tubules of rat kidneys exhibit normal 
histological features, as shown in Figure 2a. It shows 
the glomerulus appears to have a normal-sized nucleus, 
a capsular space, and a thin capsular membrane. The 
proximal tubule seems normal, with an irregular cell 
shape and a brush border and the nucleus appears to 
be less abundant than the distal tubule. It also shows 
that the distal tubule is smaller and has more nuclei in 
the tubular membrane than the proximal tubule.

Diabetic rats’ kidneys were negatively affected 
(Figure 2b). The constriction of the glomerular space 
and inflammation of the glomerulus are symptoms 
of kidney disease. The proximal tubule lost 60% of 

its bush borders, and a significant amount of tubular 
tissue was necrotic. In the basement membrane, 
the distal tubule becomes thickened. There were 
many glomerular fibrosis, tubular cast formation, 
and inflammation in diabetic rats administered 
glibenclamide (Figure  2c). The n-hexane fraction 
resulted in numerous healthy glomeruli, less tubular 
tissue necrosis, and inflammation in rats. Treatment 
with n-hexane fraction substantially reduced these 
damages in diabetic rats’ renal tissue (Figure  2d-f). 
These positive benefits of E. fluctuans appear related 
to improved oxidative stress, decreased inflammatory 
responses, and decreased apoptotic rate in renal 
cells. These data imply that E. fluctuans is a natural 
agent capable of alleviating some of the pathogenic 
processes implicated in DN.

Kidney damage score

Figure 3 describes the effect of the n-hexane 
fraction of aerial parts of E. fluctuans on the percentage 
of glomerular and tubular damage in diabetic rats. 
Figure 3a shows the categories of glomerular damage 
in diabetic rats, which are fibrosis, tuft retraction, and 

Figure 3: Effect of administration of n-hexane fraction of E. fluctuans 
on the percentage of kidney damage in diabetic rats. GN. Normal 
rats; G0. Negative control; G1. Positive control; G2. Dose of 
57.03 mg/kg.bb; G3. Dose of 114.06 mg/kg.bb; and G4. Dose of  
171.09 mg/kg.bb. A = Glomerulus and B = Tubules

b

a

Figure 2: Effect of n-hexane fraction of aerial parts of E. fluctuans on 
kidney histology of diabetic rats. (a) Normal rats (GN), (b) negative 
control (G0), (c) positive control (G1), (d) dose of 57.03  mg/  kg 
(G2), (e) dose of 114.06 mg/kg (G3), (f) dose of 171.09 mg/kg (G4), 
and (g) glomerulus, RK. Bowman’s capsule space, TP. Proximal 
tubule, TD. Distal tubule, BB. Brush borders, f. Glomerular fibrosis, 
pkb. Bowman’s capsule thickening, n. Tubular necrosis, mm. 
Thickened tubular basement membrane, i. Tubular inflammation, lbb. 
Lost/ increased brush border, and pc. Tubular cast/gips formation

dc

b

f

a

e
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thickening of Bowman’s capsule. The percentage 
of glomerular damage is different depending on the 
treatment. Furthermore, the percentage of normal 
(undamaged) glomerulus was high in G4 followed by 
G3 and G2  (65, 64, and 58%, respectively), while in 
G0 and G1, it was 31.33 and 50.33%, respectively. The 
highest fibrosis was discovered in G0 (31.67%) followed 
by G1 (29%), while in G2, G3, and G4, it was 7.67, 8.67, 
and 5.33%, respectively. The highest tuft retraction was 
discovered in G0 (15.67%) and the lowest in G3 (3%), 
while Bowman’s capsule thickening was highest in 
G2 (30%) and the lowest in G1 (17%). Thus, it is known 
that the percentage of glomerular damage in diabetic 
rats given the n-hexane fraction (G2, G3, and G4) is 
lower than the percentage of glomerular damage in G0 
and G1. Furthermore, G4 treatment showed the lowest 
percentage of glomerular damage compared with G2 
and G3 treatments. This low percentage of glomerular 
damage shows that E. fluctuans protect the renal 
glomerulus from damage due to high blood glucose 
toxicity.

In Figure 3b, the categories of tubular damage 
in diabetic rats are loss of brush border loss of <25%, 
loss of brush border loss of more than 25% and 
thickening of the basement membrane, inflammation, 
formation of casts, and necrosis up to 60%, and 
necrosis more than 60%. Tubular necrosis was high in 
G0 (23.33%) and G1 (22.67%). Tubular necrosis at G2, 
G3, and G4 was 4.67, 8.33, and 7.00%, respectively. 
The highest percentage of tubular inflammation was in 
G0 (17.33%), and the lowest was in G3 (5.00%). Loss of 
brush border and basement membrane thickening was 
highest in G2 (16.67%) and the lowest in G3 (6.67%). 
The highest percentage of brush border loss of <25% 
was in treatment G2  (26.33%), and the lowest was 
in G0  (13.67%). However, the highest percentage of 
normal tubules (56.33%) was discovered in G4 followed 
by G3 (55.33%) and G2 (54.67%). The percentage of 
tubular damage in treatments G2, G3, and G4 was 
almost the same. Thus, the percentage of tubular 
damage in diabetic rats treated with n-hexane fraction 
of aerial parts of E. fluctuans was lower when compared 
with G0 and G1 treatments. This low percentage of 
tubular damage shows that E. fluctuans had activity 
to protect the kidney tubules from damage due to high 
blood glucose toxicity. The result of the percentage 
calculation of kidney damage was supported by the 
BUN and creatinine (Table 1).

Biochemical Test (BUN and creatinine)

The effect of the n-hexane fraction of aerial 
parts of E. fluctuans on the BUN and creatinine levels 
in diabetic rats is shown in Table 1. BUN and creatinine 
levels in diabetic rats are high, but the administration 
of the n-hexane fraction of aerial parts of E. fluctuans 
lowers BUN and creatinine to the normal level. BUN 
and creatinine levels in G2, G3, and G4 treatments 
were significantly different (p < 0.05) when compared 
with negative control (G0) and glibenclamide (G1), 
but BUN and creatinine levels in G2, G3, and G4 
were not significantly different (p ˃ 0.05) between 
treatments. The lowest BUN level was discovered at 
G2  (21.84  ±  1.67  mg/dL), and the lowest creatinine 
level was at G3 (0.70 ± 0.07 mg/dL). Thus, BUN and 
creatinine levels that returned to normal show that the 
n-hexane fraction of aerial parts of E. fluctuans has 
protective activity and repairs damage to kidney function. 
The low BUN and creatinine are also supported by 
histology data and the low percentage of damage to the 
kidney (Figures 2 and 3). Therefore, these results show 
a renoprotective effect of aerial parts of E. fluctuans.

Preliminary phytochemical analysis of the 
n-hexane fraction

The preliminary phytochemical investigation of 
the n-hexane fraction of E. fluctuans aerial showed that 
they contain terpenoids and steroids.

Discussion

The effect of n-hexane fraction of aerial 
parts of E. fluctuans on diabetic rats’ renal function 
is investigated in this study. Furthermore, alloxan-
induced diabetic rats experienced histological changes 
such as increased fibrosis, glomerular hypertrophy, 
glomerular space narrowing, loss of tubules brush 
border, and necrotic and thickened basal membranes 
increased BUN and creatinine, which decreased 
kidney function and induced DN. On the contrary, all 
treatments of n-hexane fraction of aerial E. fluctuans 
enhanced kidney histological structure while lowering 
BUN and creatinine (Table  1). Thus, E. fluctuans is 
known to enhance hyperglycemic rats’ renal function. 
These positive benefits are linked to a lower oxidative 
stress, a lower inflammatory response, and a lower 
apoptotic rates in kidney cells. These findings suggest 
E. fluctuans as a natural agent that ameliorates several 
pathogenic processes involved in DN.

Under conditions of hyperglycemia, 
overproduction of free radicals and/or impaired 
antioxidant defense mechanisms caused 
oxidative stress [24]. As essential oxidants, free radicals 
are created through various chemical pathways, but 

Table  1: Effect of the n‑hexane fraction of aerial parts of 
E. fluctuans on BUN and creatinine levels of diabetic rats after 
21 days of treatment
Groups Kidney function

BUN (mg/dL) Creatinine (mg/dL)
Normal group (GN) 22.38  ±  1.64 0.69 ± 0.13
Negative control group (G0) 41.00 ± 1.81a 1.38 ± 0.10a

Positive control group (G1) 34.48 ± 3.73ab 1.12 ± 0.13a

Dose 57.03 mg/kg of n‑hexane fraction (G2) 21.84 ± 1.67c 0.75 ± 0.07b

Dose 114.06 mg/kg of n‑hexane fraction (G3) 24.60 ± 1.89c 0.70 ± 0.07b

Dose 171.09 mg/kg of n‑hexane fraction (G4) 28.00 ± 2.00bc 0.76 ± 0.13b

Data were expressed as Mean ± SE. The one-way ANOVA followed by Duncan’s New Multiple Range 
Test. The different letter indexes (a, b, c) in the same column indicate significantly different p<0.05 versus 
negative control
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the majority of these free radicals are produced by the 
action of the enzyme NADPH oxidase [25]. Sadeek 
et al. [26] stated that the overexpression of NOX-4 by 
hyperglycemia is a significant source of free radicals 
in renal tissue, stimulating redox-sensitive signaling 
pathways implicated in ROS generation. NOX-4 
inhibition by siRNA or GKT-136901 (NOX-specific 
inhibitor) substantially reduced glucose-induced O2 
and H2O2 generation [26], [27].

In diabetic kidneys, free radicals such as lipid 
peroxide and nitric oxide are generated in excess, while 
antioxidant enzymes such as GSH-Px are reduced, 
resulting in oxidative stress and inflammation  [28]. 
The major cause of DN caused by oxidative stress. 
Oxidative stress causes glomerular thickening, 
basement membrane expansion, mesangial cell growth, 
glomerular hypertrophy and podocyte loss, expansion 
of tubular basement membrane, tubular atrophy, 
fibrosis, and arteriosclerosis [29]. Abdullah et  al. [30] 
stated that chronic oxidative stress in diabetics causes 
kidney damage, which raises BUN and creatinine levels. 
According to Samra and Abcar [31], a rise in BUN and 
creatinine levels caused reducing the average GFR 
due to glomerular injury.

One of the most promising treatment methods 
is the administration of antioxidants. Although the 
antioxidant activity of the n-hexane fraction of aerial 
parts of E. fluctuans was not measured in this study, 
this activity was seen from the lower percentage of 
kidney damage than the control. This study proved 
the antioxidants’ positive benefits, such as the group 
of terpenoid and steroid compounds contained in the 
n-hexane fraction of E. fluctuans aerial. Exogenous 
antioxidants and compounds such as terpenoids and 
steroids have reduced free radicals in diabetic rats [32]. 
Terpenoids are known to have strong antioxidant 
activity [33]. These compounds inhibited the formation 
of free radicals and the production of inflammatory 
mediators [34]. E. fluctuans has a high level of antioxidant 
activity [35], [36]. This herb increased redox parameters 
while inhibiting lipid oxidation, proteins carbonylation, 
and intrinsically and extrinsically apoptotic indicators 
are all implicated in the overall protective impact [17].

Hasan et al. [19] investigated the effect of 
E. fluctuans ethanol extract on creatinine levels. Their 
findings revealed that administering an ethanol extract 
of pre-diabetic rats did not affect their creatinine levels. 
Meanwhile, this study discovered that administration 
of the n-hexane fraction of aerial parts of E. fluctuans 
affected BUN and creatinine levels in diabetic rats 
(Table 1). These findings suggest that administration of 
aerial parts of E. fluctuans improves kidney structure 
and function of diabetic rats, thereby increasing the GFR 
of diabetic rats. The increase in GFR in the kidneys will 
result in urea excretion, and creatinine also increases, 
hence, the levels of urea and creatinine in the blood 
decrease. However, the effect of the n-hexane fraction 
of aerial parts E. fluctuans on BUN and creatinine 

levels on severe diabetic rats has been reported for the 
1st time.

In summary, the findings show that n-hexane 
fraction of aerial parts of E. fluctuans is beneficial 
in reducing blood glucose and avoiding fibrosis, 
glomerular hypertrophy, glomerular space narrowing 
tubular loss of brush border, necrosis, and basal 
membrane thickening. All doses showed the same 
activity to improve kidney function. As a result, 
the findings of this investigation suggest that n-hexane 
fraction of aerial parts of E. fluctuans improves 
kidney function in severely diabetic rats. However, 
further study is needed to discover how E. fluctuans 
antioxidant activity protects the kidneys against 
hyperglycemic toxicity.

Conclusion

This study revealed that the administration of 
the n-hexane fraction of E. fluctuans aerial improved the 
kidney function of diabetic rats. As a result, E. fluctuans 
was used to prevent the development of diabetes 
mellitus and DN.
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