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Summary 
It is generally known that honey has antibacterial activity, yet there is no evidence concerning its chemotactic activity for neutrophils 

associated with bacterial infection. Jungle honey is collected from timber and blossom by wild honey bees that live in the tropical forest of 

Nigeria and it is used as a traditional medicine for bacterial infection, colds and skin inflammation. However, the effect of Jungle honey on 

neutrophil function is not clearly known. In this study, we investigated whether jungle honey induced the chemotactic activity of neutrophils 

from guinea pigs. The number of migrated neutrophils exposed to jungle honey was significantly increased compared with control. 

Furthermore, the radian and velocity as indicators of chemotactic activity of migrated neutrophils were significantly (p < 0.001) increased at 

concentrations of 1 and 10 mg/mL Jungle honey compared to control. These results suggest that enhancement of chemotactic activity in 

neutrophils by Jungle honey may be contribute to preventing bacterial infection.  
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Introduction 
Natural products are known to have biological activity, and we have 

previously investigated their effect on immune function (Takeuchi et 

al., 1993; Nakajima et al., 2002). Honey contains various vitamins, 

minerals and amino acids, as well as glucose and fructose, and is 

popular as a natural food (Qiu et al., 1999; Weston and 

Brocklebank, 1999; Stinson et al., 1960). There is a wide variety of 

honeys (manuka honey, pasture honey, jellybush honey and jungle 

honey), and the differences are due to components of the flower 

sources. One variety, jungle honey is collected from timber and 

blossom by wild honey bees (Apis mellifera) that live in the tropical 

forest of Nigeria. Jungle honey is used as a traditional treatment or 

a preventive medicine for bacterial infection, and to treat colds, skin 

inflammation and burn wounds, as well as for general health care.  

 

It is accepted that honey has antibacterial activity that has 

been reported to be due to its high osmolarity, acidity, presence of 

hydrogen peroxide and unidentified substances from floral sources 

(Lusby et al., 2002; Cooper et al., 1999; Bogdanov, 1999; Allen et 

al., 1991; Somal et al., 1994). Recently, it has been reported that 

flavonoid and phenolic acid show antibacterial activity (Wahdan, 

1998; Tim and Lamb, 2005). It was shown in a clinical experiment, 

that when wounds infected with Gram positive and Gram negative 

bacteria were treated with honey, infection was more quickly 

eradicated (Al-Waili and Saloom, 1999; Albietz and Lenton, 2006). In 

bacterial infection, neutrophils migrate towards bacteria and ingest 

them. Neutrophils, therefore, play an important role in anti-infection 

(Nauseef, 2007). The main functions of neutrophils are migration  to 

infection sites. It is suggested that the rapid migration of neutrophils 

to the infection site is required for the bacteria killing process 



(Wagner and Roth, 2000). However, there are no published studies 

of the effect of honey on chemotactic activity of neutrophils as an 

immune function. Honey may provide the basis for the development 

of novel therapeutics for patients with wounds. Therefore, the 

purpose of this study was to investigate the effect of Jungle honey 

on chemotactic activity of neutrophils as an immune function.  
 

Materials and methods 

Preparation of Jungle honey  
Jungle honey was a gift from Nihon Origins Co. Ltd (Nagano, 

Japan). It was dissolved in distilled water, freeze dried, and then 

adjusted to 10 mg/mL with phosphate buffered saline (PBS) [Ca2+, 

Mg2+-free Dulbecco’s phosphate buffered saline, Nissui 

Pharmaceutical, Tokyo, Japan]. Jungle honey was sterilized by 0.22 

μm filtration (Millipore, MA, USA) and then stored at 4OC before use. 

The endotoxin unit of Jungle honey was found to be 2.7 EU/ml using 

the limulus amoebocyte lysate assay kit (Canbrex, MD, USA).  

 
Guinea pig 

Male Hartley strain guinea pigs were used at 350 gram. Guinea pigs 

were obtained from Japan SLC (Shizuoka, Japan). They were housed 

in transparent plastic cages with stainless wire lids in the animal 

facility of Kyoto Sangyo University (Kyoto, Japan). They were 

maintained under standard conditions, with a dark period from 8 pm 

to 8 am, and water and food were provided ad libitum. This study 

was approved by committee for animals in Kyoto Sangyo University.  

 
Isolation of neutrophils  
Neutrophils were obtained from the blood of guinea pigs. After 

collection, the blood was diluted twice with PBS and mixed. After 

that an equivalent amount of saline containing 3.5% Dextran was 

added and kept static at room temperature for 30 min to precipitate 

red blood cells. The leukocyte-rich supernatant was centrifuged at 

400 × g for 30 min on a Ficoll-Plus (GE Healthcare, Tokyo, Japan). 

The pellet was haemolyzed with lysis buffer. After lysis of 

erythrocytes, tubes were centrifuged at 185 × g for 5 min. The 

resulting supernatant was discarded and the poly-monocular fraction 

was washed twice with PBS. Isolated neutrophils were resuspended 

in either RPMI 1640 containing 0.1% delipidated bovine serum 

albumin, 100 U/mL penicillin and 100 µg/mL streptomycin with 

HEPES or R (+) (RPMI 1640 containing 10% fetal calf serum, 100 U/

mL penicillin and 100 µg/mL streptomycin). Recovery of neutrophils 

was over 98%. 

 

 

 

Chemotactic activity for neutrophils 

Chemotactic activity for neutrophils was evaluated with EZ-TAXIScan. 

EZ-TAXIScan (GE Healthcare) was used to detect real time horizontal 

chemotactic activity of neutrophils. Time-lapse images of neutrophils 

during migration were obtained using EZ-TAXIScan equipped with a 

six channel chamber (GE Healthcare). This chamber consists of an 

etched silicon substrate and a flat glass plate, both of which formed 

two compartments with a 4 μm-deep microchannel. Neutrophils (0.75 

μL of 2×106 cells/mL) adjusted with RPMI 1640 containing 0.1% 

delipidated bovine serum albumin, 100 U/mL penicillin and 100 µg/

mL streptomycin with HEPES were put into a hole with which the 

device is held together with a stainless holder, and 0.75 μL of PBS as 

control, 1 and 10 mg/mL of jungle honey and 10-6M N- formyl – 

methionyl - leucyl- phenylalanine (f-MLP) as an active control for 

chemotaxis were put into a contra-hole. The holder assembly was 

filled with RPMI 1640 containing 0.1% delipidated bovine serum 

albumin, 100 U/mL penicillin and 100 µg/mL streptomycin with 

HEPES and incubated for 30 min at 37OC. A charge-coupled device 

(CCD) camera was used to record the migration of neutrophils 

toward the high concentration of each sample. Migrated neutrophils 

were analyzed by TAXIScan Analyzer2. The radian (rad) and velocity 

(µm/sec) of migrated neutrophils were calculated by TAXIScan 

Analyzer2 and used as an indicator of chemotactic activity of 

neutrophols (Kanegasaki et al., 2003). 

 
Statistical analysis 

All values are expressed as mean ± standard error (S.E.). 

Comparisons between control and Jungle honey were made with the 

Student’s t test. Any p-values less than 0.05 were considered 

statistically significant. 

 

 

Results 
 Effect of Jungle honey on the migrated neutrophils   

After 30 minutes, neutrophils migrated to the mid point in the jungle 

honey treated group, and over thirty neutrophils had migrated (Fig. 

1). On the other hand, very few neutrophils were seen to have 

migrated in the control group. After 60 minutes, over twenty 

neutrophils migrated to the end point by Jungle honey (data not 

shown). 

  

Effect of Jungle honey on the number of  

migrated neutrophils 

The number of migrated neutrophils was 40.04 ± 5.00 cells in Jungle 

honey compared to 13.05 ± 4.00 cells in control (Fig.2). The number 

of migrated neutrophils was significantly (p < 0.001) increased in 

Jungle honey at a concentration of 1 mg/mL compared with control. 
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Effect of Jungle honey on the radian of chemotactic  

activity for neutrophils  

The radian of migrated neutrophils was used as an indicator of 

chemotactic activity. It was analyzed by TAXIScan Analyzer2 from 

migrated neutrophils. The radian of migrated neutrophils was 0.39 ± 

0.04 rad in control, 0.09 ± 0.03 rad in Jungle honey at concentration 

1 mg/mL, 0.36 ± 0.05 rad in Jungle honey at concentration 10 mg/

ml and 0.52 ± 0.08 rad in f-MLP (Fig.3). The radian of migrated 

neutrophils was significantly (p < 0.001) increased by Jungle honey 

at concentrations of 1 and 10 mg/mL compared to controls.  

 

Effect of Jungle honey on the velocity of chemotactic  

activity for neutrophils  

The velocity of migrated neutrophils was used as an indicator of 

chemotactic activity. It was analyzed by TAXIScan Analyzer2. The 

velocity of migrated neutrophils was 0.04 ± 0.01 µm/sec in control, 

0.17 ± 0.01 µm/sec in Jungle honey at 1 mg/mL, 0.12 ± 0.01 µm/

sec in Jungle honey at 10 mg/mL and 0.22 ± 0.03 µm/sec in f-MLP 

(Fig.4). The radian and velocity of migrated neutrophils were 

significantly (p < 0.001) increased by Jungle honey at concentrations 

of 1 and 10 mg/mL compared with controls. Jungle honey resulted in 

significantly (p < 0.001) increased number, radiation and velocity of 

migrated neutrophils. Therefore, Jungle honey demonstrated 

chemotactic activity for neutrophils.  
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Fig. 1.   Effect of Jungle honey on migrated neutrophils.  Chemotactic activity was analyzed by EZ-TAXScan.    

 : Migrated neutrophils. 

Fig. 2.  Effect of Jungle honey on the number of migrated  

neutrophils. ***: p < 0.001 shows a difference of statistical  

significance compared with control. The values are shown as mean 

±S.E.  
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Fig. 3.  Effect of Jungle honey on the direction of chemotactic activity for migrated neutrophils. The radian was used as an indicator of 

chemotactic activity. The radian was analyzed by TAXIScan Analyzer2 from migrated neutrophils. Control: PBS was used as negative control; 

10-6M N-formyl–methionyl-leucyl-phenylalanine (f-MLP) was used as positive control of chemotactic activity for neutrophils.  

***: p < 0.001 shows a difference of statistical significance compared with the control. The values are shown as mean ±S.E.  

Fig. 4. Effect of Jungle honey on the velocity of chemotactic activity for migrated neutrophils. The velocity was used as an indicator of 

chemotactic activity. The velocity was analyzed by TAXIScan Analyzer2 from migrated neutrophils. Control: PBS was used as negative  

control; 10-6M N-formyl–methionyl-leucyl-phenylalanine (f-MLP) was used as positive control of chemotactic activity for neutrophils.  

***: p < 0.001 shows a difference of statistical significance compared with the control. The values are shown as mean ±S.E. 
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Discussion  

Honey is used not only as a natural food, but also as a traditional 

medicine for health care, in beauty products, and anti-inflammatory 

skin care. Jungle honey is collected from timber and blossom by wild 

honey bees that live in the tropical forest of Nigeria. There, Jungle 

honey is used as traditional or preventive medicine for colds, skin 

inflammation and burn wounds, as well as general health care.  

Despite studies of the effect of honey on bacterial infection (Al-Waili 

and Saloom, 1999; Albietz and Lenton, 2006) and its antimicrobial 

activity (Lusby et al., 2002; Cooper et al., 1999; Bogdanov, 1999; 

Allen et al., 1991; Somal et al., 1994), there are no reports of the 

effect of  honey on neutrophil functions and chemotactic activity. 

However, there are two reports that honey increased immune 

functions such as cytokine production in monocytes but neutrophils 

were not investigated (Tonks et al., 2003; Tonks et al., 2001). 

Therefore, we proposed that Jungle honey would have potential 

biological effects, especially on immune cell activity such as 

neutrophils associated with bacterial infection. Up to this point there 

has been only one report concerning the effect of Jungle honey on 

immunomodulatory activity (Fukuda et al., 2009). Therefore, we 

investigated the effects of Jungle honey on chemotactic activity of 

neutrophils. 

In bacterial infection, neutrophils migrate toward a 

pathogen. In migration of neutrophils, it is known that major 

chemotactic factors such as C5a, leukotriene B4, platelet-activating 

factor (PAF) and chemokines of the CXCL family are involved 

(Mackarel et al., 2000; Zemans et al., 2009). Migrated neutrophils 

show phagocytosis and bacterial killing (Medina, 2009). Therefore 

migration of neutrophils is a very important function in the primary 

reaction to ingest bacteria.  

   Previously our results showed that Jungle honey may have 

chemotactic activity for neutrophils (Fukuda et al., 2009). Therefore, 

we investigated the chemotactic activity of Jungle honey for 

neutrophils. In this study the number of neutrophils that migrated 

was increased by Jungle honey. The radian and velocity as 

indicators of chemotactic activity of migrated neutrophils were also 

increased by Jungle honey compared to controls. These results show 

that Jungle honey possesses chemotactic activity for neutrophils. 

This short report concerning chemotactic activity of neutrophils by 

honey, suggests that enhancement of chemotactic activity in 

neutrophils by Jungle honey may be useful in preventing bacterial 

infection. 
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