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Abstract 

Background: Uncontrolled diabetes can lead to macrovascular and microvascular complications 
in various organs. Organ fibrosis is one of the microvascular complications due to diabetes. 
Hyperglycemia triggers ROS formation thereby causing oxidative stress. Oxidative stress 
enhances pro-inflammatory and pro-fibrotic activities. The lungs have a lot of vascularization and 
connective tissue, making them susceptible to diabetes complications. Moringa is called 'The 
Miracle Tree' because it has many properties. Moringa leaves are the most studied part, for their 
efficacy as antioxidants. This study examines the effect of moringa leaf extract (MLE) in inhibiting 
lung fibrosis in diabetic Wistar rats. 

Methods: A total of 27 male Wistar rats were randomized into three groups, K0, K1 and P. Group 
K0 was given saline (ip) and saline (orally); K1 was given Streptozotocin (STZ) (ip) and saline 
(orally); P was given STZ (ip) and MLE (orally). MLE was administered daily at 1000 mg/Kg BW 
dose for four weeks. Lung fibrosis assessment was carried out using a modified Ashcroft scale.  

Results: Lung fibrosis assessment showed that the K1 group had the highest mean of lung fibrosis 
and K0 had the lowest mean of lung fibrosis. Kruskal-Wallis test showed that there was a 
significant difference in the data comparison between the three groups. The post-hoc test showed 
that there was a significant difference in the data comparison between groups. Comparison of the 
K0-K1 group data showed the smallest significance value and comparison of the K0-P group data 
showed the highest significance value.  

Conclusion: MLE can inhibit lung fibrosis in diabetic Wistar rats. 
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INTRODUCTION 
 

Indonesia is ranked fifth as a country with the 

largest number of diabetics in the world.1 In 

Indonesia, there are still many diabetics who are not 

even aware that they have diabetes and also have 

low awareness to undertake routine 

control.2Uncontrolled diabetes can lead to 

complications in various organs. Diabetes 

complications can be in the form of microvascular 

and macrovascular disorders. Complications also 

vary, depending on the duration of suffering and 

diabetes control. Organ fibrosis is one of the 

microvascular complications of diabetes.3,4 

Hyperglycemia plays an important role in 

activating the fibrogenic cascade in diabetes.4 

Hyperglycemia induces excessive reactive organ 

species (ROS) production in mitochondria and 

causes DNA damage. During the DNA repair 

process, PARP will be activated. PARP will inhibit 

GAPDH. GAPDH activation will disrupt the glycolysis 

process. Thus, the glycolysis process is routed 

through pathogenic signaling pathways: the polyol 

pathway, the hexosamine pathway, activation of 

protein kinase C and formation of advanced glycation 

end products (AGEs). These pathways will enhance 

ROS generation. The imbalance between ROS and 

antioxidants triggers oxidative stress. Oxidative 

stress induces the release of pro-inflammatory and 

pro-fibrotic mediators and results in the formation of 

fibrosis in various organs.5 

The lungs are susceptible to diabetes 

complications due to their abundant vascularity and 

connective tissue.6 Cohort studies show that diabetic 

patients have a higher risk of lung disease including 
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lung cancer, tuberculosis, asthma, lung fibrosis and 

chronic obstructive pulmonary disease (COPD).7 

Moringa is called “The Miracle Tree” because 

it has many benefits.8 Among other parts, moringa 

leaves are the most studied for their nutritional 

content and function, especially as an antioxidant.9 

Previous studies have found the highest antioxidant 

activity in Moringa leaves.10 Antioxidant mechanisms 

by increasing antioxidant enzymes and inhibiting pro-

oxidant enzymes.11  

Among several doses tested, the dose of 1000 

mg/Kg BW showed the best results to inhibit 

glomerular damage due to streptozotocin (STZ) 

induced.12 Other studies have also examined the 

toxicity of moringa leaf extract (MLE) in various 

organs and concluded that MLE is safe to use.13 The 

description above underlies researchers to examine 

the effect of MLE in inhibiting lung fibrosis in Wistar 

rats with diabetic models. 

 

METHODS 
 

This is a true experimental study with a post-

test-only control group design conducted from 

November 2021 to March 2022. The procedure has 

been approved by the Ethics Commission of the 

Faculty of Medicine, University of Jember. Twenty-

seven male Wistar rats (weight 200–300 g, 2–3 

months old) were housed for seven days and 

randomized into three groups, normal control group 

(K0), diabetes control group (K1) and MLE group (P). 

The K1 and P group rats were injected with 

STZ at a dose of 45 mg/Kg BW intraperitoneally (ip)¸ 

while the K0 group was injected with saline. After 

injection with STZ, rats were provided with dextrose 

10% overnight to prevent hypoglycemic shock. Three 

days later, fasting blood glucose levels were 

measured. The treatment was carried out for four 

weeks by giving MLE at 1000 mg/Kg BW dose orally 

to group P. Meanwhile, groups K0 and K1 were given 

saline. MLE was obtained by maceration with 96% 

ethanol for three days.  

After four weeks, the rats were terminated and 

necropsied to collect lung organs. Histopathological 

preparations were made using Masson's trichrome 

staining and lung fibrosis was assessed using the 

modified Ashcroft scale.14  

The Kruskall-Wallis test was chosen to 

compare data between three groups. Then, followed 

by a post hoc test to compare data between groups. 

 

RESULTS 
 

Kruskal-Wallis test results showed a 

significance value of P=0.0001. This means that 

there is a significant difference in the data 

comparison between the three groups (Table 1). 

 
Table 1. Kruskal-Wallis test results 

Detail Results 

Kruskal-Wallis 22,799 

Df 2 

Significance 0.0001 

 
Data analysis was followed by a post-hoc test 

to see comparisons between groups (Figure 1). Post-

hoc test results showed significant differences in all 

comparisons between groups. Comparison of the 

K0-K1 group showed no significant difference value, 

while the comparison of the K0-P group showed the 

highest significance value. 

 

 
Figure 1. Post hoc test results 

 
The modified Ashcroft scale is used as a 

parameter to assess the histopathology of lung 

fibrosis. The mean score of lung fibrosis for each 

group can be seen in Figure 2. The K1 group showed 

the highest mean score of lung fibrosis and K0 

showed the lowest score. 

The histopathology of rats' lungs can be seen 

in Figure 3. The K0 group showed that the lung tissue 

structure was still intact, although septal thickening 

could be seen in several parts. The K1 group showed 
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fibrous masses >50% of the field of view and in some 

rats, fibrous masses were seen covering the entire 

field of view. Group P showed fibrotic mass ≤50% of 

the field of view. 

 

 
Figure 2. The mean score of lung fibrosis for each group 

 

  

  

  
Figure 3. Histological features observed in lung tissue of 

experimental group, magnification: 100x dan 400x. K0 group (A 
& B); K1 group (C & D); P group (E & F). 

 

DISCUSSION 
 

The diabetic group showed the highest mean 

of lung fibrosis. Data analysis also showed significant 

differences when tested with the other two groups. 

This supports the idea that lung fibrosis is a 

complication of diabetes and that lungs are 

vulnerable to the effects of hyperglycemia.4,6 

Previous studies have also found changes in lung 

function and structure due to complications from 

diabetes.15–17 

The MLE-treated group showed a lower mean 

of lung fibrosis than the K1 group. Data analysis for 

the P group also showed a significant difference 

when tested with the K1 group. These prove that MLE 

can inhibit the development of lung fibrosis. These 

results were also strengthened by previous studies 

that discussed the ability of moringa leaf extract to 

inhibit fibrosis and damage to several organs, such 

as the liver and kidney.12,17–19 Those studies state that 

the antioxidant effect of moringa leaf extract will 

reduce the incidence of oxidative stress and prevent 

the release of pro-inflammatory signals thereby 

reducing pro-fibrotic activity in organs.12,17–19 

Data analysis between the MLE and normal 

groups also showed significant results. We are trying 

to find out whether MLE at 1000 mg/Kg BB dose is 

toxic to lung tissue. Previous studies evaluated MLE 

toxicity in various organs, especially the lungs.20,21 

The results of this study showed no signs of toxicity 

from the use of MLE in rats and it was concluded that 

MLE is safe for consumption. Other studies also 

stated that the use of ethanol solvents in the 

manufacture of moringa leaf extract showed a safer 

effect compared to using water solvents.22 

In the normal group, thickening of the alveolar 

septum was seen. We expect that this group will not 

develop fibrosis. We tried to examine the reasons for 

lung fibrosis in the normal group from several things. 

Histologically, the lungs have abundant capillary-

alveolar tissue and connective tissue, making them 

susceptible to microvascular damage due to 

diabetes.23 In terms of age, the rats used in this study 

were young adults. Previous researched rats from 

postnatal age to adulthood. The results stated that 

with age, there is an increase in the interstitial tissue 

and the number of collagen fibers. This increase is 

seen quite significantly in adulthood and young 

adults.24  

Another study compared the expression of 

fibrosis-related genes and collagen in young to old 

adult rats. The results found expression of genes 

related to fibrosis in young adult rats.25 This study 

used normal saline as a placebo. We tried to find out 

whether administration of normal saline can cause 

lung fibrosis. Normal saline is often used as a placebo 
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in rat models of lung fibrosis. Previous studies 

induced lung fibrosis using bleomycin and gave 

normal saline as a placebo to the control group. The 

results showed normal lung histology in the control 

group.26  

Moringa leaf extract is administered orally, so 

this method has the potential to cause aspiration in 

the lungs. There are several reasons why the peroral 

method can cause lung aspiration. First, the tube 

inserted can reduce integrity and interfere with the 

function of the upper and lower esophageal sphincter. 

Second, chronic stimulation of the pharynx can 

trigger reflux, thereby increasing the aspiration 

potential of gastric juices into the lungs. Last, 

malposition when inserting the tube into the stomach 

has the potential to cause lung aspiration.27,28 

Previous studies found inflammation and fibrosis in 

the lungs of rats due to chronic microaspiration of 

gastric juice into the lung and chronic microaspiration 

of gastric juice can stimulate inflammation, migration 

and differentiation of fibroblast cells in the lung.29,30   

 

LIMITATION 
 

Limitations of this study were not testing the 

antioxidant activity of the moringa leaves and not 

examining the fasting blood glucose levels of the rats 

after four weeks of MLE administration. 

 

CONCLUSION 
 

MLE can inhibit lung fibrosis in rats with the 

diabetic models but has not been able to maintain 

lung tissue to match the condition of the normal 

group. 
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