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ABSTRACT: 
Probiotics are live microorganisms (in most cases, bacteria) that are similar to beneficial microorganisms found in 
the human gut. They are also called "friendly bacteria" or "good bacteria". Lactobacillus derived from products, 
including culture supernatants have been used for their wound healing and antiviral properties as they are believed 
to boost energy and to be effective remedies for allergies, common cold, lactose intolerance, and have also been 
shown to reduce cholesterol levels and the risk of colon cancer. Therefore, the purpose of this experiment is to 
study the effect of Lactobacillus casei on Diabetic wound healing. This study was designed to investigate the 
amount of exopolysaccharide (EPS) production by L. Casei, L. Brevis, L. Bulgaricus and L. Plant arum from the 
genus Lactobacillus applying the phenol-sulfuric acid method and the antagonistic effects of these bacteria on 
some pathogenic bacteria. L. casei was selected for its high exopolysaccharide and fucoid colonise production.  
The animals were injected by streptozotocin at the dose of 55 mg/kg of the body weight intraperitoneal 
streptozotocin induced diabetes within 3 days by destroying the beta cells. Wistar male rats divided into 4 groups; 
2 experimental groups, a control and a negative control (n =6); and a full-thickness wound (1× 1cm) was made on 
the back of each rat. The current study showed a significant reduction in inflammation and a significant 
acceleration in wound healing on the rats treated by Lactobacillus casei as compared to control and negative 
control groups. 
 
INTRODUCTION: 
Diabetes is one of the most common diseases in 
the world. The number of people with diabetes 
worldwide was estimated at 131 million in 2000; 
it is projected to increase to 366 million by 
20301. Previous studies have indicated that 
diabetic patients have up to a 25% lifetime risk 
of developing a foot ulcer. Wound caused can be 
healed by a spontaneous process in the organism 
through a cascade of events, which starts by 
switching on various chemical signals in the 
body; this facilitates the restoration of 

anatomical continuity and function2. Probiotics 
are microorganisms that naturally live within the 
human body and assist with its healthy 
functioning3. These "good bacteria" (although 
some of them are yeasts or other non-bacterial 
microorganisms) help with duties including 
digestion, immune function, nutrient absorption 
and bowel function4, 5. Probiotic, like many 
other bacteria, are able to produce several types 
of polysaccharides that are classified according 
to their location relative to the cell. Those that 
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are excreted outside the cell wall are called 
exocellular polysaccharides or EPSs. The 
bacterial EPSs are not used as energy sources by 
the producer microorganism. They probably 
have a protective function in the natural 
environment, e.g. against desiccation, 
phagocytosis and predation by protozoa, phage 
attack, antibiotics or toxic compounds and 
osmotic stress 6.  
Despite different strains and species, few 
researches on the effect of these bacteria on 
cutaneous wound healing have been done. In 
this study, it has been demonstrated that healing 
of diabetic cutaneous wounds occur faster using 
probiotics since wound contraction and cell 
regeneration are compatible with each other. 
The present research made us, first, to induce 
experimental diabetes mellitus and then to study 
Diabetic cutaneous wound healing in rats treated 
with Lactobacillus casei and its 
exopolysaccharide as compared to control and 
negative control groups. 
 
MATERIALS AND METHODS: 
Bacterial strains: 
 Lactobacillus plantarum subsp. plantarum 
PTCC 1745, Lactobacillus brevis LB32, 
Lactobacillus casei subsp. casei PTCC 1608, 
Lactobacillus delbrueckii subsp. bulgaricus 
PTCC 1737 used for EPS production and 
characterization studies. The culture has shown 
positive results as an EPS producing strain 
during preliminary screening experiments. 
Production and  isolation of EPS: 
 This study was designed to investigate the 
amount of EPS produced by L.Casei, L.Brevis, 
L. Bulgaricus and L.Plantarum from the genus 
Lactobacillus. The four mentioned Lactobacilli 
were inoculated to MRS-Broth medium and 
incubated for 24 hours anaerobically at 37° C.  
From the previous culture medium the bacteria 
were transferred to the MRS-Broth containing 
cysteine to be incubated for 24 h at 37° C. 
Subcultures were made in MRS broth containing 
cystein and tube which were incubated at 37° C 
anaerobically for120 hours to provide mucoid 
and soft colonies. EPS was precipitated from 
cell free supernatant with two volumes of 
distilled alcohol and kept overnight for 

precipitation at 4ºC. The EPS was separated by 
centrifugation at 10000 rpm for 15 min. EPS 
pellet was washed twice with distilled water and 
finally EPS was dissolved in 1 ml of distilled 
water. The Lactobacilli colonies remained at 
room temperature for 24 hours before measuring 
exopolysaccharide production rate using phenol-
sulphuric acid method. The EPS production 
levels were determined in comparison with the 
glucose standard curve and expressed   in g/L.  
Qualitative assessment of exopolysaccharide - 
mulish method:  
Mulish test gave positive response to all 
carbohydrates. Therefore, it is used as a general 
test to identify carbohydrates. To carry out this 
test, pour 1 ml of exopolysaccharide in each 
tube then add. 2 or 3 drops of alpha naphtha and 
finally, add 1 ml of sulphuric acid to it. Creation 
purple halo between the two phases revealed the 
presence of carbohydrate7. 
Quantitative assessment of exopolysaccharide 
- phenol / sulphuric method: 
 The total amount of carbohydrate by the phenol 
/ sulphuric acid and glucose were determined as 
standard. In this way, first, we weigh 0/01grams 
of sediment exopolysaccharide and then add 1 
ml of distilled water. Then we will read 0.5ml of 
the supernatant with 1.5ml of phenol %5 and 98 
present sulphuric acid mixtures, The absorbance 
values were read in an ELISA reader at 490 nm 
and an hour later the optical density of the 
samples8. 
Drawing glucose standard curve:  
First, provide standard solutions of glucose, then 
add 1ml of each solution to 0.5mL and 1.5mL of   
phenol %5 and %98 sulphuric acid and the 
phenol / sulphuric will be checked absorbance at 
nm490. The   amount of absorbance of the 
standard samples plotted to their concentration 
on the diagram and draw standard curve9.  
Preparation of suspension Lactobacillus 
casei:  
The Lactobacillus casei bacteria was inoculated 
in MRS broth to achieve 0.5 McFarland 
turbidity equal (1.5×108cfu/ml). The 
environment is inoculated in anaerobic 
conditions for 24 hours . 
Animal models:  
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Wistar rats weighing between 250-300 g were 
used in the study. The rats were maintained in a 
clean room with 12h light- dark cycle, 
controlled temperature environment with 
between 20-230 C, free access to water and 
commercial rodent chow throughout the study. 
The animals were randomly divided into four 
experimental groups including non- diabetic 
control, diabetic control and treated with 
Lactobacillus casei suspension and EPS 
produced by Lactobacillus casei. 

Induction of diabetes by streptozotocin in 
rats:  
Twenty-four adult wistar rats weighting 250-300 
grams were used for induction of diabetes. The 
animals were injected intraperitoneally   by 
streptozotocin at the dose of 55 mg/kg of the 
body weight and diabetes developed within 3 
days10. 
Creation of excisional wounds in rats:  
The animals of all groups were shaved on the 
dorsal between the shoulde. The wound was 
made to the dimensions of 1×1 cm2

.  

   

a b C 
(fig1) Steps of   excisional wounds creation in rats; a: Shaved back of the rats b:  Determine the range of lesions c: 
create of lesions with scalpel (dimension of 1*1cm2) 
 
Macroscopic evaluation of the wounds:  
The wounds evaluated macroscopically on the 
days: 0, 4, 7 and 14 to assessment healing 
process and measurement the wounds area. 
Wound area on day 7 and 14 days are regarded 
as important indicator of wound healing and 
calculated using software Adobe Photoshop 
Cs6. 
Microscopic evaluation of wounds healing:   
Biopsies of the wounded areas were performed 
for histological evaluation tissue on the days 7th 
and 14th, transferred inside the container 
containing10% buffered formalin, and were sent 
to the laboratory. These samples were prepared 
as sections with 5 micrometre diameters and 
after hematoxylin and eosin (H & E) staining, 
studied with an optical microscope (4Nikon, 
Japan) with magnifications of, 10 and 40. 
Biopsy of normal and diabetic rats pancreas 
tissue:  
 For the study and comparison of pancreas 
Langerhans islet beta cells in streptozotocin-
induced diabetic rats, and normal rats, 
pancreatic biopsy of normal and diabetic rats 

was done and tissue samples were fixed in 10% 
formalin, were stained by Hematoxylin & Eosin 
and were evaluated by Leitz microscope with 
400 times enlargement. 
 
RESULT: 
Exopolysaccharide probiotic bacteria include 
Lactobacillus casei, Lactobacillus plant arum, 
Lactobacillus braves and Lactobacillus 
bulgaricus disposed in the plate and dried in the 
oven. As can be seen in picture ,Lactobacillus 
casei and Lactobacillus braves are crystalline  
while Lactobacillus plant arum and 
Lactobacillus bulgaricus are chalcky 
exopolysaccharide. 
To do this test, Mulish method was used. 
Creation of purple halo between the two phases 
revealed the presence of carbohydrate. In this 
experiment the purple halo was observed about 
every 4 strains (picture           ). To control in 
tube pour the amino acid cysteine separately, it 
is done based on Mulish method that green halo 
is created. To assess the exopolysaccharide 
produced by probiotic strains the phenol / 
sulphuric acid was used (Figure    ). To evaluate 
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the production of quantitative 
exopolysaccharide, by comparing standard 
glucose curve and the results, the amount of 
production it was determined based on 
milligrams per litter (Figure     ). The amount of 
exopolysaccharide production by Lactobacillus 
bulgaricus,   Lactobacillus brevis, Lactobacillus 
plantarum and Lactobacillus casei the 20, 27/51, 
30/93and 43/34 were identified. The results 
indicate that probiotic bacteria Lactobacillus 
casei from 4 strains tested has the highest 
potential of exopolysaccharide. 
The results of  were measured average of body 
weight in diabetic rats in days 0,3,6 and 9   
reveals loss of weight and thinness in diabetic 

adult rats. Normal level of glucose in healthy 
adult rats was measured 101 5 mg/dl, But in 
diabetic rats the levels of glucose was measured 
as 374 10 mg/dl. Statistical analysis showed 
significance (P < 0.05) for the lower body 
weight and higher glucose in diabetic rats (Fig       
). 
Pancreatic biopsy of normal and diabetic rats 
confirmed that the islet and cells were destroyed 
due to the effect of Streptozotocin in diabetic 
rats. The comparison of these pictures shows 
that the tissue of pancreatic Langerhans and the 
beta cells of diabetic rats have been degenerated 
irreversibly (Picture    ). 

 
Lactobacillus bulgaricus Lactobacillus plantarum 

 

 

 
 

Lactobacillus brevis Lactobacillus casei 

  
Production and  isolation of EPS 

 
 

 

 

 
Picture         phenol / sulphuric method- 

Quantitative assessment of 
exopolysaccharide 

Picture        mulish method- Qualitative 
assessment of exopolysaccharide 
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In the experiment groups lactobacillus casei and its exopolysaccharide, the macroscopic findings 
indicate the improvement of   the wound healing   process   and the reduction in the wound size 
compared to the diabetic and healthy control groups. This issue indicates its positive effect on the 
process of wound healing. 

 

 

 
Picture Pancreatic biopsy of normal rats 

 

 
 
Picture Pancreatic biopsy of diabetic rats that 
confirms the necrosis of islets and cells due to the 
effect of Streptozotocin 

 

Fig Shows continuous changes in average of body 
weight in diabetic rats in days 0, 3, 6 and 9. 

 

 

Fig   Shows the changes of average level of 
glucose in serum of diabetic and no diabetic rats. 
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(Fig       ) Macroscopic evaluation   of the wounds at day 7 and 14. NC: normal control, DC: diabetic control, LC: 
Lactobacillus casei, E: exopolysaccharide 
 Non Diabetic   control Diabetic control Lactobacillus  casei Exopolysacharide 
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Photographs of macroscopic appearances of wound excised from untreated diabetic and non-diabetic rats (control groups) and 
experimentally diabetic rats treated with Lactobacillus casei and its exopolysaccharide in days 7 and14. 

 
Microscopic evaluation of wounds healing 
 In the experiment group Lactobacillus casei, 
the 24-hour cultivated Lactobacillus casei 
having the most potential for producing 
exopolysaccharide was used in wound dressing. 
Macroscopic and histological findings indicate 
the reduction in the wound size and epidermis 
gap and dermis lesion surface length in the 7th 
and 14th days compared to the diabetic and 
healthy control groups. In the experiment group 
Lactobacillus casei exopolysaccharide, one 
present solution of exopolysaccharide isolated 
from Lactobacillus casei, was prepared and used 

in wound dressing. The macroscopic and 
histological findings indicate its positive effects 
on the process of wound healing. 
Histologically, Lactobacillus casei and its 
exopolysaccharide groups contained 
comparatively less scar and wound enclosure, 
and the granulation tissue in healed wound 
contained comparatively few inflammatory 
cells, and more collagen and proliferating blood 
capillaries compared with non diabetic and 
diabetic control groups Picture     . In 
conclusion, the in vivo experiments on rats 
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confirmed the wound healing effect Lactobacillus casei and its exopolysaccharide 
 

 

(Fig 4) Length of epidermis gap in the study groups at day 7 and 14. NC: normal control, DC: diabetic control, 
LC: Lactobacillus casei, E: exopolysaccharide 

 
(Fig 5) Surface healing wound of dermis in the study groups at day 7 and 14. NC: normal control, DC: diabetic 

control, LC: Lactobacillus casei, E: exopolysaccharide 
Day 

Group 
7 14 

Non Diabetic control 
 

 

 

 

 

Diabetic control 
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Lactobacillus  casei 

  

 
 

Exopolysacharide 

  

(Picture) Histological study of wound healing in groups Non Diabetic control, Diabetic control, Lactobacillus 
casei and its exopolysaccharide in days 7 and14. 

 

DISCUSSION: 
In the present study, streptozotocin was used for 
inducing experimental diabetes in rats. 
Streptozotocin prevents DNA synthesis in 
mammalian and bacterial cells. In bacterial cells, 
it renders special reaction with cytosine groups, 
resulting in degeneration and destruction of 
DNA. The biochemical mechanism results in 
mammalian cell death. Streptozotocin prevents 
cellular reproduction with a much smaller dose 
than the dose needed for inhibiting the substrate 
connection to the DNA or inhibiting many of the 
enzymes involved in DNA synthesis. 
 To confirm that rats get diabetic, their amount 
of blood sugar both before and after getting 
diabetic and their weight one day before and one 
day after getting diabetic, as well as o days after 
getting diabetic, were measured on alternate 
days. Accordingly, the increase in blood sugar 
and the decrease in their weights were observed. 
Further, by comparing the pancreas of diabetic 
and healthy rats, the destruction of Langerhans 
islets and beta cells in the pancreas of diabetic 
rats were clearly observed. 
Probiotic bacteria play an important role in 
human health by improving gastrointestinal 
system and boosting immune system. 
Lactobacilli are a part of normal flora, contained 
antimicrobial substance that has inhibitory effect 
on growth of pathogens11. In the early twentieth 

century, Metchinkoff was the first person who 
proposed that the ingestion of probiotics has 
beneficial effects on natural micro intestine12. 
In the study of Rodrigues et al, by using kefir, 
the study found the bacteria both to decrease 
inflammation and to restore the wounded area13. 
Huseini and colleagues researched the 
application of kefir-based gels of varying 
durations of incubation/potency on mice with 
cutaneous burns. The kefir gels were compared 
to no intervention, gel vehicle alone, or silver 
sulfadiazine (conventional therapy). Overall, the 
kefir gel with 96 hours of incubation (longest) 
yielded superior results in terms of 
inflammation, scar formation, and wound re-
epithelialization. 
In the study of Heydari Nasrabadi et al, 
Lactobacillus plant arum significantly decreased 
wound area compared to control and 
negative control groups and increased wound 
healing, as well as the current study presented a 
significant decrease in inflammation and an 
acceleration of wound healing in  Lactobacillus 
plantarum treated rats as compared to the control 
and negative control groups14.  
In the study of Zahedi et al. presented a 
significant decrease in inflammation and an 
acceleration of wound healing in L. plant arum 
treated rats as compared to the control and 
negative control groups. 
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In the study of Mashayekh et al. 2014 
Lactobacillus casei bacteria which cultivated in 
chloroform significantly result in decreasing 
inflammation and accelerating ulcer healing in 
rats. 
 
In the present study, 24 hours of cultured 
Lactobacillus casei were used directly on the 
rats to treat the diabetic ulcers over a period of 
14 days. On the seventh day the topical 
treatment of ulcers by bacteria Lactobacillus 
casei reduces the length of the epidermis and 
dermis area than in healthy control and diabetic. 
It is observed that on the fourteenth day also 
significantly reduced in the epidermis and 
dermis area in the treated group by Lactobacillus 
casei than in the healthy control and diabetic. 
Diabetic ulcers were seen on the skin of animals 
while the only trace of the ulcers were seen in 
the experimental group treated by probiotics. 
Macroscopic and histological findings in this 
study suggest that a positive effect in ulcers 
healing on rats' skin. Pathologic findings of this 
study show that Lactobacillus casei significantly 
accelerates in the process of ulcers healing in 
full-thickness of open ulcers on skin. 
The effects of probiotic has been attributed to 
Lactic acid bacteria and fermented dairy 
products can be achieved not only in all 
microorganisms and their components of cell 
wall but also metabolites such as peptides and 
extracellular polysaccharides produced during 
fermentation time. Exopolysaccharide produced 
by microorganisms has peptic ulcer activity and 
stimulating healthy properties such as immune 
stimulating. Also, the exopolysaccharide are 
generally known to be safe. 
Macroscopic and histological findings in this 
study suggest that a positive effect of 
Lactobacillus casei exopolysaccharide in ulcers 
healing on diabetic rats' skin. Pathologic 
findings of this study show that Lactobacillus 
casei significantly accelerates in the process of 
ulcers healing in full-thickness of open ulcers on 
skin. On the seventh day of ulcers treatment by 
exopolysaccharide Bacterium Lactobacillus 
casei reduces the length of the epidermis and 
dermis area than in healthy control and diabetic. 
On the fourteenth day also significantly reduced 

in the length of epidermis and dermis area in the 
treated group by exopolysaccharide 
Lactobacillus casei is observed than in the 
control and diabetic. Comparing the results of 
exopolysaccharide Lactobacillus casei with 
probiotic   group (direct effect of Lactobacillus 
casei), can confirmed this theory that 
Restorative properties of probiotic bacteria for 
extracellular metabolites is especially 
exopolysaccharide. During the study which was 
conducted in sites there has not been done any 
study on the effect of exopolysaccharide 
bacteria on skin ulcers healing and this study is 
the first study about the effect of 
exopolysaccharide probiotic bacteria on ulcers 
healing. 
 
CONCLUSION 
 The current study presented a significant 
decrease in inflammation and an acceleration of 
wound healing in L. casei and its 
exopolysaccharide treated rats as compared to 
the control and negative control groups. Further 
studies are required to develop a detailed 
mechanism of L. casei and its exopolysaccharide 
during cutaneous wound healing. 
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