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Abstract 

       Fructophilic lactic acid bacteria (FLAB) isolated from honeybee’s nectar 

stomach represent an important source of antimicrobial substances that has been 

focused on nowadays. In this study, these FLABs were tested for their antibacterial 

activity in vivo as well as the detection of Interleukine -17 in the serum of rabbits 

ingested with FLAB isolates. Fructobacillus fructosus FH1, Fructobacillus fructosus 

FH8 and Lactobacillus kunkeei SHGH-7 FLAB isolates were used against wound 

infections caused by Pseudomonas aeruginosa and Staphylococcus aureus (MRSA) 

in rabbit skin . Enzyme linked sorbent immunoassay (ELISA) was used to detect the 

levels of Interleukine-17 in the sera of rabbits ingested with these three FLAB 

isolates. The results showed that the time of wound healing process was shorter in 

the FLAB treated wounds when compared to control untreated wounds with a 

significant difference at p≤0.01. Histopathological examination of wounds treated 

with FLAB isolates showed normal thickness in skin layers with no pathological 

effect, as well as tissue repair and presence of new blood vessels when compared to 

pathogen groups that were infected with pathogenic bacteria without any treatment, 

which showed hyperplasia with necrosis in tissue. Results of the FLAB-ingested 

groups showed an increase in the level of IL-17 when compared to the control with 

no statistical significance (P≤0.05). To the best of our knowledge, this is the first 

study on using FLAB microorganisms in the treatment of infected wounds. 

 

Keywords: Honeybee, Fructophilic lactic acid bacteria, nectar stomach, infected 

wound treatment. 
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fructosus Fructobacillus FH1, fructosus Fructobacillus 8HF و  kunkeei Lactobacillus
 7-SHGHالدنجارية الدوائف ببكتيخيا والسرابة الارانب جمج في جخوح اصابات ضج استخجمت العدلات هحه 

aeruginosa Pseudomonas العشقهدية والسكهراتaureus Staphylococcus  ,تقشية استخجمت و 
  IL -17 عذخ الدابع الابيزاضي البين مدتهى  عن لمتحخي  (ELISA)بالانديم السختبط السشاعي الادمراص

 بالعدلات عهلجت التي الجخوح ان الشتائج بيشت لمفخكتهز. السحبة بالعدلات جخعت التي الارانب مرل في
 اظهخت كحلك . معشهي  بفخق  علاج بجون  تخكت التي تمك من بكثيخ اقل بهقت شفيت (FLAB)لمفخكتهز السحبة

 بدسك الجمج طبقات تكهن  (FLAB)لمفخكتهز السحبة بالبكتيخيا عهلجت التي الجخوح لمشساذج الشديجية السقاطع
 رنتقه  عشجما ججيجة دمهية اوعية وتكهن  الشديج في شفاء الى بالاضافة مخضي تاثيخ اي وبجون  طبيعي

 حيث تعالج لم والتي العشقهدية والسكهرات الدنجارية بالدوائف السمتهبة الجمج جخوح لعيشات الشديجية بالسقاطع
 لمخلايا. طبيعية غيخ وانقدامات الشديج في تشخخ اظهخت

 السحبة بالبكتيخيا جخعت التي للارانب  IL -17 عذخ الدابع الابيزاضي البين لسدتهى  بالشدبة اما
 فان , عمسشا حج وعمى معشهية. فخوق  بجون  لكن الديطخة بسجسهعة مقارنة مختفعة كانت فانها (FLAB)لمفخكتهز

 السمتهبة. الجخوح علاج في (FLAB)لمفخكتهز السحبة البكتيخيا فيها تدتخجم والتي نهعها من الاولى الجراسة هحه
Introduction 
     Honeybees are very important insects especially for humans, because of their increased value not 

only for honey production but also for their importance economically and as an ecosystem manager 

[1]. A special group of lactic acid bacteria  was described as fructophilic lactic acid bacteria (FLAB). 

This special group was isolated from honeybee's nectar stomach, which is considered as a fructose-

rich niche [2, 3]. In general, FLAB prefer fructose instead of glucose as a carbon source. These 

bacteria have great importance for honeybee's defense against pathogens and have an important role in 

honey production, and this may explain why honey has been regarded as an antimicrobial agent 

throughout humans’ history. Fructobacillus fructosus and Lactobacillus kunkeei are part of  FLAB 

microorganisms [4,5]. 

     Increasing antibiotic resistance encourages the researchers to search for new antimicrobial 

alternatives that maybe found in natural products as alternative tools against wound infections, which 

is important in human and animal infections [6, 7]. Researchers showed that FLAB symbionts isolated 

from the nectar stomach of honeybee are remarkable players in the antimicrobial activity of honey by 

the production of antimicrobial materials and that they can be used with honey for wound treatment. 

The healing characteristics of honey with the antimicrobial substances produced from FLAB have an 

antibacterial effect on most wound pathogens. FLAB metabolites work synergistically and form 

abundant bioactive substances that are the key for many future application of FLAB in wound 

restoration [8]. 

     The pro inflammatory cytokine IL-17 is an important therapeutic target for a growing number of 

chronic inflammatory diseases [9]. Interleukin-17 expressing cells include not only leukocytes but 

epithelial cells, mesothelial cells, vascular endothelial cells, keratinocytes and fibroblasts. In 

experimental animal models, IL-17 provides protection against respiratory infections [10] by inducing 

production of a variety of cytokines/chemokines from bronchial epithelial cells, airway fibroblasts and 

smooth muscle cells. This promotes the recruitment of both neutrophils and memory Th1 cells to the 

airways [11]. The aim of our study was to evaluate the effect of FLAB isolates in the management of 

infected wounds and detect the level of serum IL-17 in rabbits ingested with FLAB isolates.  

Materials and methods  

Study groups of animals 

     Thirteen healthy male albino rabbits with an average weight of 1.5 kg were included. Animals were 

housed in individual cages with food and water in a controlled room temperature (22
 
± 2℃). An 

acclimatization period of 7 days was observed before starting the experiment to allow for adaptation to 

the experimental conditions [12]. Rabbits were divided into four groups: first, control group (2 

rabbits); second, pathogen group (2 rabbits); third, FLAB group (3 rabbits) and fourth, Test group (6 

rabbits). 

Surgical incision assessment 

     Before surgery, rabbits were locally anesthetized with a subcutaneous injection of 2% lidocaine at a 

dose of 0.5 ml.The dorsal region (near the insertion of the scapula) was shaved using an electric 
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clipper. After outlining the skin, the region was prepared antiseptically; two cutaneous incisions (1 cm 

in diameter) were induced on the dorsal midline using a sterile scalpel as shown in Figure-1 and as  

previously described [13]. 

 
Figure 1-Cutaneous incisions (1 cm in diameter) induced on the dorsal midline of the rabbit using a 

sterile scalpel to test antibacterial activity of FLAB in vivo. 

 

Treatment of wounds by FLAB - honey combination 

     Three previously identified FLAB isolates [14], Fructobacillus fructosus FH1 (MH327257.1), 

Fructobacillus fructosus FH8 (LC278384.1) and Lactobacillus kunkeei SHGH-7 (LC278386.1) were 

used against wound infections caused by Pseudomonas aeruginosa and Staphylococcus aureus 

(MRSA) pathogenic isolates in rabbit skin (the infection was confirmed by isolating the same 

pathogen that started the infection). 

     Each isolate of FLAB was mixed with natural honey (directly collected from beehive by a 

specialist and sterilized at 112 °C for 15 min, for the killing of microbial life in honey ) to form a gel 

like substance (total cell count of FLAB = 10
9 

CFU/gm honey) [7]. The gel was applied directly to the 

moist infected wound and covered by a dressing band [15]. These treatments were performed twice a 

week. Thirteen rabbits separated into four groups of the study were included; the first group was the 

control group and consisted of two rabbits, not exposed to any pathogenic bacteria or treatment by 

FLAB. The second group was the pathogen group, which included two rabbits, one injected locally in 

the skin of the dorsal line by P. aeruginosa and the other was injected by S. aureus (MRSA). These 

two rabbits did not undergo any kind of treatment by FLAB. The third group was FLAB group, which 

consisted of three rabbits, the incisions of each one were treated by one bacterial type of FLAB (F. 

fructosus HN-F1, F. fructosus HN-F8 or L. kunkeeei HN-L7, respectively). The fourth group was the 

Test group, which  included six rabbits injected locally by pathogens. Test 1 consisted of three rabbits 

infected by P. aeruginosa and Test 2 of three rabbits infected by S. aureus. The incisions were taken 

after the Test rabbits had shown inflammation signs in the injection site, such as fever, redness, 

swelling, and pain. After that, the Test groups were treated by FLAB bacteria (HN-F1, HN-F8 and 

HN-L7) from Day zero (Day zero here means 2-3 days after each inflammation has occurred for each 

pathogen used) until they were completely healed, and a biopsy was taken from each rabbit. 

 All wounds were protected with a sterile gauze (1cm
2

). Morphological examination and wounds 

diameter were measured from day zero until reaching the day of complete healing. 

Histological assessment 

     A biopsy was taken for all rabbits in the study after sedation of the rabbits using the same 

anesthetic protocol mentioned previously. A skin section covering the central area and wound edges of 
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0.5 mm were cut using a sterile scalpel. The skin fragments were fixed in 10% formalin solution for 48 

hours. The histopathological protocol included paraffinized skin sections (5 µm) which were stained 

using hematoxylin-eosin (HE) and examined under a light microscope by a professional pathologist 

[16].  

Treatment with FLAB ingestion 

     Thirteen albino rabbits were divided into four groups. The first three rabbits were treated with F. 

fructosus (HN-F1), the second three were treated with F. fructosus (HN-F8), and the other three were 

treated with L. kunkeei (HN-L7). Two rabbits were used as the control group and the other two for the 

pathogen group, which was ingested with P. aeruginosa. 

      Fructophilic lactic acid bacteria were activated by culturing in MRS broth supplemented with 2% 

fructose and 0.1% L-cysteine. It was incubated at 28-30℃ with anaerobic conditions for 48 hours [17].      

The FLAB cells were harvested (5000 rpm/min for 15 min) and washed twice by normal saline 0.9%. 

Each inoculate included 10
8 

CFU/ 1mL of FLAB bacteria given to the rabbits by ingestion using a 

metal stomach tube (directly to the stomach to prevent the rabbits from spilling it out of the mouth) for 

three days a week for three weeks. Blood samples were taken from all groups of rabbits by heart 

puncture method after sedation by thiopentone (1g/20ml) with a volume of 0.5ml for each rabbit. The 

blood was centrifuged (5000 rpm/min, 10 min) and serum was then transferred to clean sterilized 

plane tubes to detect the IL-17 level. 

Enzyme-linked immunosorbent assay (ELISA) for rabbit interleukin-17  

     Interleukin-17 was detected by sandwich ELISA in the serum of rabbits that had been ingested with 

FLAB, pathogenic bacteria and in the control group. ELISA was used based on biotin double antibody 

sandwich technology to assay rabbit IL-17. Interleukin-17 was added to wells that are pre-coated with 

IL-17 monoclonal antibody and then incubated. After incubation, anti-IL-17 antibodies labeled with 

biotin were added to bind with streptavidin-HRP, forming an immune complex. Unbound enzymes 

were removed and, after incubation and washing, the substrates A and B were added. The solution 

turned blue and changed to yellow with the effect of acid added at last. The shades of the solution and 

the concentration of rabbit IL-17 were positively correlated. 

Statistical analysis 

     The data were analyzed using SPSS IBM version 20 IBM. Differences between study groups and 

assays were analyzed by Mean, Standard Error, ANOVA, LSD and One-sample T-test used to 

calculate the significant. Differences with P-values of p≤ 0.05 were considered statistically significant. 

Results and Discussion 

Antibacterial activity and healing process of FLAB in vivo 

     In this study, wounds with 1cm diameter were made on the skin of rabbits to test the activity of 

three types of FLAB isolates on wounds management. The results showed that the control wound was 

completely healed in 21 days (Figure-2) which is in general a longer time to heal when compared to 

the other groups of the study. The pathogen group 1, which was infected by P. aeruginosa without any 

treatment by FLAB, showed inflammation signs and the rabbit died (on day 9) before the end of the 

experiment (Figure-2). The pathogen group 2, which was infected by S. aureus without any treatment 

by FLAB, also showed inflammation signs that continued even after the end of the experiment. The 

wound was closed but still internally infected, showing abscess when it was opened (Figure-2). 

Pathogen groups 1 and 2 showed no significant difference when compared to the control group, as 

shown in Table-1. 
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Figure 2-Macroscopic evolution of the healing process of the wounds in control group and pathogen 1 

group which was infected with P.aeruginosa and Pathogen 2 group which was infected with S.aureus 

at all-time points (D,Days/Con, ContinuousDead animal). 

  

Table 1-Healing of wounds (measured in centimeters, cm) using FLAB in vivo.   

Specimen D 0 D 3 D 6 D 9 D 12 D 15 D 18 D 21  

Control 1 cm 0.9 0.8 0.75 0.6 0.4 0.2 0  

Pathogen 1 

P. aeruginosa 
1 cm 1.25 1 Die      

Pathogen 2 

S. aureus 
1 cm 1.4 1.2 1 0.6 0.5 0.3 0 con 

FLAB 
HN-F1  1cm 

HN-L7  1cm 

0.8 

0.9 

0.6 

0.7 

0.5 

0.4 

0.3 

0.2 

0 

0 
   

Test (1) 

P. aeruginosa 

HN-F1  1cm 

HN-L7  1cm 

1 

0.9 

0.7 

0.7 

0.5 

0.4 

0.2 

0 
0    

Test (2) 

S. aureus 

HN-F1  1cm 

HN-L7  1cm 

0.9 

0.9 

0.7 

0.5 

0.5 

0.2 

0.2 

0 
0    

HN-F1: Honeybees nectar Fructobacillus fructosus  

HN-L7: Honeybees nectar Lactobacillus kunkeei      

D: measurement day of the wound diameter 

Con: continuous inflammation after the end of the experiment 

0: Complete recovery of the skin.   
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Wounds treated by FLAB isolates (HN-F1, HN-F8 and HN-L7) healed faster, i.e. at 12-15 days 

(Figure-3), showing significant differences at (P≤0.01) as compared to the control and pathogens 

groups. In the Test 1 group (wounds infected by P. aeruginosa and then treated with FLAB isolates, 

HN-F1, HN-F8 and HN-L7 separately), before treatment with FLAB (after 2-3 days of the start of the  

inflammation), the wounds showed redness, swelling, pain and pus exudate from inflammation as well 

as severe bleeding during the process of taking a skin section. After treatment with FLAB, the wounds 

showed good healing and complete repair in 12-18 days (Fig. 4), which was significantly different at 

(P≤0.01) as compared to the control and pathogens groups (Table-1). The inflammation signs began to 

disappear during the continuous treatment with FLAB. Test 2 groups (wounds infected by S. aureus 

and then treated with FLAB isolates) treated as previous. After treatment with FLAB, the wounds 

showed good healing and complete repair in 12-15 days (Figures-4,5) which was significantly 

different (P≤0.01) as compared to the control and pathogens groups (Table-1). The inflammation signs 

began to disappear during the continuous treatment with FLAB. 

 
Figure 3-Macroscopic evolution of the healing process of the wounds in FLAB group treated with 

FLAB bacteria at all-time points (D,Days). 
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Figure 4-Macroscopic evolution of the healing process of the wounds in Test 1 group infected with 

P.aeruginosa and treated with FLAB bacteria (HN-F1, HN-F8, and HN-L7) at all-time points 

(D,Days). 
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Figure 5-Macroscopic evolution of the healing process of the wounds in Test 2 group infected with 

Staphylococcus aureus and treated with FLAB bacteria (HN-F1, HN-F8, and HN-L7) at all-time 

points (D,Days). 

 

     The traditional treatment of wounds is by using antiseptic dressing such as iodine, silver, or 

polyhexanide [18]. These treatments are associated with environmental and patient-related hazards and 

having high cost for the patient and health sector. Due to the increasing antibiotic resistance [19] and 

biofilm formation in the wound, it's better to use an environmental-friendly wound dressing made 

from honey with viable FLAB, which is non-toxic and have antimicrobial properties to treat chronic 

wound that are poly-microbial in nature, such as Staphylococcus, Enterococcus, and Pseudomonas 

species [20,21]. In this study, and for the first time in Iraq, the novel honeybee fructophilic lactic acid 

bacteria (FLAB) were used in wound management. A related study was conducted in Sweden in 2016 

to detect the effects of honeybees symbiotic LAB isolates on wounds pathogens in horses. This study 

showed that all LAB isolates inhibited pathogens in vitro and in vivo and all horses healed almost 

completely at the end of the experiment [17,7]. As shown in Table-1, the FLAB group generally 

showed better and earlier healing than the control group, which indicates a positive effect of  FLAB in 

wound area, which might be caused by production of hydrogen peroxide (H2O2) in small amounts by 

FLAB which is required for optimal wound healing [22]. 

     Test 1 and Test 2 groups that were infected by P. aeruginosa and S. aureus and treated by FLAB 

isolates healed faster and better than than the pathogen group, that did not undergo any treatment. This 

indicates that FLAB has been activated in the presence of pathogenic bacteria, P. aeruginosa and S. 

aureus, to produce extracellular metabolites that inhibited these pathogens from causing infection. Fast 

healing results from the ability of FLAB to produce different extracellular metabolites during 

microbial stress, such as enzymes and lysozyme [23]. These metabolites act on different pathogens, 

some of them are bactericidal and some are bacteriostatic, and have different mechanisms of action, 
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such as DNA synthesis and interfering with cell membrane permeability [17]. Also, FLAB in general 

are able to change the growth environment by rapidly producing high levels of organic acids, such as 

lactic acid, acetic acid, and formic acid which could cause high acid /low pH environment and form a 

hostile environment for wound pathogens [24, 5]. Some studies showed that antimicrobial peptide bee 

defensin-1 was produced by FLAB, which alters the expression of a specific protein in S. aureus [25]. 

Because of the broad spectrum of antimicrobial substances that are produced by FLAB, it is 

recommended to use them in infected wounds management [7]. 

Histological examination  

     In the control group, the histopathological sections of rabbit showed normal skin layers. Skin 

layers, like epidermis and dermis, were present in normal thickness and the skin lesion started to repair 

normally, also the keratin layer was normal in thickness as shown in Figure-6a. The histopathological 

examination of the FLAB group showed no clear pathological lesion in the skin. The rabbits wounds 

that treated by F. fructosus (HN-F1) bacteria, showed a normal healing and normal skin layers. 

 
Figure 6-Photomicroscopy of the control wounds represented by the letter (a) which showed a normal 

thickness of keratin (blue arrow) and skin layers (yellow arrow). The letters (b) and (c) which 

represent normal wounds and those treated with FLAB isolate F. fructosus HN-F1 showed normal 

keratin aggregation (b) (blue arrow), normal epidermis and dermis (b) (yellow arrow), granulation 

tissue formation characterized by swarming of fibroblasts (c) (yellow arrow), and new congested 

blood vessels (c) (green arrow). The letter (d) represents normal wounds treated with L. kunkeei HN-

L7 which showed congested blood vessels (yellow arrow), fibrous C.T proliferation (green arrow) and 

mononuclear cell infiltration (gray arrow). (H&E 40X magnification). 

 

     The keratin layer was normal in thickness when compared to that in the pathogen groups. 

Epidermis and dermis were normal in thickness (Figure-6b). There was an aggregation of fibroblast 

and congestion of new blood vessels formed in the granulation tissue (Figure-6c). These results were 

similar to those for the rabbit wounds treated with F. fructosus (HN-F8). Also, rabbits wounds treated 

by L. kunkeei (HN-L7) bacteria showed congested blood vessels and granulation with fibrous 

connective tissue proliferation (Figure-6d). In the pathogens groups that infected by P. aeruginosa and 

S. aureus that did not undergo any treatment, the histopathological examination at the site of the 

infected area was characterized by hyperkeratinization of skin. Hyperplasia of the epidermis layer 

gave a finger-like appearance extended to the dermis layer, indicating a severe increase in the 

reproduction rate of stratified squamous epithelium cells, severe suppurative reaction and necrosis of 

epidermis and dermis, with inflammatory reactions that  extend to the muscular layer of the skin (Fig. 
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7 e,f). The test groups, infected with P. aeruginosa and S. aureus and then treated with FLAB bacteria, 

showed a normal thickness of keratin aggregation with normal epidermis and dermis layers when 

compared to pathogens groups without treatment with FALB (Figure-7 g,i). A mix of inflammatory 

infiltrates in the dermis was shown, which was composed of mononuclear cells with neutrophils. Also, 

there was an aggregation of mononuclear cells around congested blood vessels between the muscle 

fibers. Granulation tissue formation was characterized by aggregation of fibrocytes with newly formed 

blood vessels and keratinocytes, along with lymphocytes and macrophages (Figure-7 h,j). The general 

effect of FLAB on pathogenic P. aeruginosa and S. aureus was almost similar on the wound healing 

process from the histopathological examination. 

 
Figure 7-Photomicroscopy of the pathogen wound infected with S. aureus represented by the letter 

(e), which showed hyperkeratinization (blue arrow) with hyperplasia of the epidermis (yellow arrow), 

necrosis of dermis layer, and  neutrophil infiltration (green arrow). The letter (f) represents wound 

infected with P. aeruginosa, which showed infiltration of inflammatory cells in the dermis layer 

(green arrow) and suppurative inflammation in subcutaneous tissue (yellow arrow). The letters (g) and 

(h) represent wounds infected with S. aureus and then treated with FLAB isolates; F. fructosus HN-F1 

(g) which showed normal thickness of keratin aggregation (blue arrow) with normal layers of 

epidermis and dermis layer (yellow arrow); L. kunkeei HN-L7 (h) which showed no clear pathological 

lesion with mild presence of macrophages (green arrow) and lymphocytes (yellow arrow). The letters 

(i) and (j) represent wounds infected with P. aeruginosa and then treated with FLAB isolates; F. 

fructosus HN-F1 (i) which showed normal keratin aggregation (blue arrow) with normal epidermis 

and dermis layer (yellow arrow) and  L. kunkeei HN-L7 (j) that showed no clear pathological lesion 

with newly formed B.V.  formation (green arrow). (H&E 40X magnification). 

 

Effects of the ingestion of  FLAB on Interleukin-17 level 

     In this study, each kind of FLAB (HN-F1,HN-F8 and HN-L7) bacteria was ingested to groups of 

rabbits to test the effect of FLAB on IL-17 in rabbits. The level of IL-17 was measured after three days 

from the end of the experiment. IL-17 level increased in the test group that was ingested with FLAB 

for three weeks when compared to the control group, but it did not show any statistical significance. 

The results also demonstrated a high level of IL-17 in the group of rabbits that ingested the pathogenic 

bacteria P. aeruginosa when compared to FLAB and control groups as shown in Table-2. 
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Table 2- Rabbit Interleukin-17 levels in the ingested rabbit groups and control group 

Strains 
IL-17 con. ng/ml 

Mean ± SE 
Sig. 

Control 113.07 ±10.5 

0.857 
Fructobacillus fructosus HN-F1 138.55 ±11.9 

Fructobacillus fructosus HN-F8 151.01 ±10.8 

Lactobacillus kunkeei    HN-L7 204.08 ± 16.5 

Pseudomonas aeruginosa 264.06 ±24.3  

*(P< 0.05), Con: concentration; SE: Standard Error 

     IL-17 is considered as an important cytokine that induces neutrophil-mediated inflammatory 

responses. When cells are activated through IL-17-mediated signaling, they produce chemokines 

including CXCL-8 and IL-8 alomg with cytokines including granulocyte colony-, resulting in 

generation and accumulation of neutrophils in the infected sites. Immunoregulatory functions other 

than neutrophil induction seem to be involved in IL-17 mediated protection against other infections. 

Diverse extracellular bacteria, such as P. aeruginosa, have been reported to induce IL-17 expression at 

an early stage of infection [26]. However, the opposite took place in the present study, where FLAB 

ingested rabbits showed  lower IL-17 levels than the pathogen ingested group, which can be explained 

by immune regulation rather than tissue damage, leading to enhanced body health. The statistical non-

significance maybe related to the number of experimental rabbits or ages, as well as the number and 

concentration of FLAB ingested to the animals. 

Conclusion  

     FLAB- honey combination is recommended to be used in the near future for wound management, 

such as human and animal wounds which are colonized by significant pathogenic bacteria. The 

pathogen-infected and not infected skin wounds treated with FLAB isolates showed better and faster 

healing than control skin wounds and pathogen infected wounds without treatment. Interleukin-17 

level in sera of rabbits ingested with FLAB showed an increase compared to the control group that 

was not ingested. Furthermore, IL-17 level was also increased in the rabbits ingested with pathogenic 

bacteria compared to FLAB treated groups and control group, but it was not significant. 
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