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Abstract: This study aimed to evaluate the anti-inflammatory activities of eight different types of 

Yemeni honey using an acute inflammation rat model. Ten groups were employed in this study 

(n = 8 rats for each group), Rats paw edema was induced by sub plantar injection of 1% 

carrageenan into the right hind paw. Rats were pre-treated with different types of Yemeni honey 

(Osaimi sider, Athel, Al-Akhawain, Salam, Somar, Majra, Acacia and Algasas) at a dose (5mg/kg 

b.w) and NSAID as Indomethacin (10 mg/kg, p.o.) for 7 days. The diameter of the hind paw was 

measured for assessment of the edema size at 1, 2, 4, 6 and 24 hours. The different types of Yemeni 

honey significant anti-inflammatory efficacies against carrageenan-induced paw edema in rats. 

Besides, the different types of Yemeni honey, elevate numbers of RBCs, Hb and PCV with a 

reduction in WBCs numbers. Marked reduction in percentages of neutrophil, lymphocyte and 

basophils. Moreover, they succeeded to reduce the elevated serum AST level. Algasas honey and 

osaimi sider honey possesses a better anti-inflammatory activity which was almost similar to the 

effect of the Indomethacin, followed Dam Al-Akhawain honey (Acacia honey). Where Athel, Salam 

and Somar honey, their anti-inflammatory activity differed according to the source and the level 

of honey. Therefore, these discrepancies could be attributed to the differences of botanical sources 

of honey and also to the presence of different compounds of anti-inflammatory that have different 

anti-inflammation effects. Conclusion: The different types of Yemeni honey (Osaimi sider, Athel, 

Dam Al-Akhawain, Salam, Somar, Majra, Acacia and Algasas) possess anti-inflammatory activity. 

Also, they were safe at the doses used. 

Keywords: Anti-inflammatory activities; Yemeni honey types; Hematological Assay; Animal 

experimental Design 
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Introduction  

Honey is a sweet and flavorful natural product of honey bees that is derived from floral nectars 

and other plant secretions [1]. The major component of honey is a complex mixture of sugars such 

as glucose, fructose and sucrose with small number of other constituents including minerals, amino 

acids, proteins, enzymes, organic acids, phenolic compounds and vitamins [2]. Honey is 

considered as part of traditional medicine. The therapeutic potential of honey is gradually growing 

and scientific evidence for the effectiveness of honey in several experimental and clinical 

conditions are beginning to emerge. Honey has been reported to be effective in gastrointestinal 

disorders [3], in the healing of wounds and burns [4], asthma [5], cataracts [6], cancer [7], and to 

provide gastric protection against acute and chronic gastric lesions [3].  

Honey has also been shown to have antimicrobial, antiviral, antioxidant, anti-inflammatory and 

anticancer properties, in both in vitro and in vivo studies [8-10]. These properties are mainly 

attributed to the phenolic compounds in honey such as flavonoids which are recognized for their 

high pharmacological activities as antioxidant and radical scavengers [11,12]. 

Inflammation is a complex biological response of the body against infections, irritations or other 

injuries, cell damage and vascularized tissues and is critical for both innate and adaptive immunity 

[13,14]. Inflammation plays an important role in various diseases such as rheumatoid arthritis, 

asthma, inflammatory bowel disease, neurodegenerative diseases and cancer [15]. During an 

inflammatory response, several pro-inflammatory mediators are released, including interleukin 6 

(IL-6), IL-12, tumour necrosis factor (TNF), interferon (INF-γ), cyclooxygenase-2 (COX-2) and 

inducible nitric oxide synthase (iNOS) [16]. These cytokines play major roles in the initiation and 

amplification of inflammatory processes [17]. Nuclear factor kappa B (NF-κB), transcription 

factor, also plays an important role in the inflammatory response by regulating the expression of 

various genes encoding pro-inflammatory mediators such as cytokines, chemokines, growth 

factors and inducible enzymes [18,19]. NF-κB family consists of five proteins: NF-κB1 

(p50/p105), NF-κB2 (p52/p100), RelA (p65), RelB and c-Rel [20]. It is found in the cytoplasm in 

an inactive form associated with regulatory proteins called inhibitors of κB (IκB) [21]. IκB kinase 

(IKK) complex is a key kinase which phosphorylates the protein IκB leading to proteasomal 

degradation of IκB and activation of the NF-κB [22]. Once activated, NF-κB is translocated to the 

nucleus from the cytoplasm, which then activates the genes related to inflammatory responses [23]. 
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Thus, inhibition of NF-κB could reduce the expression of inflammatory genes and is a mechanism 

by which anti-inflammatory agents might elicit their anti-inflammatory effects [24]. 

Honey has been to exhibit anti-inflammatory activity through inactivation of NF- κB via 

different mechanisms. For example, Hussein et al. [25] reported that the Gelam honey has anti-

inflammatory effects by alleviating the rat paw edema and inhibiting the expression of pro-

inflammatory mediators such as iNOS, COX-2, IL-6 and TNF-α in inflammation-induced paw 

edema in rats. Honey has been reported to have immunomodulatory activities of monocytic cells 

to repair the wounded tissue by releasing anti-inflammatory cytokines and growth factors [26,27]. 

Its effectiveness in rapidly clearing up the infection and promoting healing is not surprising in light 

of a large number of research findings on its antibacterial activity. It also possesses anti-

inflammatory activity by inhibiting prostaglandins [28] and thrombin-induced oxidative burst in 

phagocytes [29]. Also, it has been reported that honey reduced the activities of cyclooxygenase-1 

and cyclooxygenase-2, thus showing anti-inflammatory effects. Furthermore, ingestion of diluted 

natural honey has produced reductions on concentrations of prostaglandins such as PGE2 

(prostaglandin E2), PGF2α (prostaglandin F2a) and thromboxane B2 in plasma of normal 

individuals [18]. 

Pharmaceutical anti‐inflammatory drugs are very widely used, but their use is limited by their 

having harmful side-effects. Honey has an anti-inflammatory action free from major side effects. 

This bioactivity of honey is far less well known than its antibacterial activity. Despite the 

foundation of many studies of the anti-inflammatory, antibacterial and antioxidant activities in 

honey types with different botanical origins, it appears that there are no data for the anti-

inflammatory activities of Yemeni honey for the assessment of their quality and possible 

therapeutic potential. This study aimed to evaluate the anti-inflammatory activities of eight 

different types of Yemeni honey using an acute inflammation rat model.  

 

Materials and methods  

Honey samples 

A total of eight samples of different floral Yemeni honey were directly obtained from the 

beekeepers living in the different regions of Yemen as apparent in Table 1 and Fig. 1.  
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Figure 1. Collected mono-floral honey types produced across Yemen 

Table1. Honey samples and location 

No Honey types Location 

H1 Osaimi sider (Ziziphus Spina-christi L.)  Amran 

H2 Athel (Tamaarix L.) Ibb 

H3 Dam Al-Akhawain (Dracaena cinnabari) Socotra 

H4 Salam (Acacia ehrenbergina)  Tehamah 

H5 Somar  (Acacia edgeworhi)  Hadramout 

H6 Majra (Teucrium polium)  Dhmar 

H7 Acacia (Acacia asak) Hajjah 

H8 Algasas (Euphorbia cactus Ehrenb) Damt-Adali 

 

Animal Model and Experimental Design 

Male albino rats 3-4 months old, weighing 280-320g were obtained from the zoo, Sana'a- 

Yemen. They were housed in stainless steel cages in a well-ventilated room at the Histological and 

Physiological Laboratories-Faculty of Medical Sciences, Queen Arwa University. The animals 
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were kept under controlled environmental conditions with free access to standard laboratory diet 

and water ad libitum during the entire period of the study 2017–2018. All animal experiments were 

carried out following the Guide for the Care and Use of Laboratory Animals published by the 

National Institute of Health (NIH, 1978). The experimental protocols used in this study were 

approved by the Animal Ethics Committee of Zoo, Sana'a, Yemen.  

Carrageenan-induced paw edema model was used for the assessment of anti-inflammatory 

activity [30], as described previously in Hussein et al. [31]. Briefly, ten groups were employed in 

this study (n = 8 rats for each group). The groups from 2-9 represent rats that were pre-treated with 

different types of Yemeni honey (Osaimi sider, Athel, Al-Akhawain, Salam, Somar, Majra, 

Acacia, and Algasas), respectively. In all of the groups, rats were pre-treated orally with different 

types of honey once daily at a dose (5mg/kg of body weight) for 7days. The negative control (group 

1) received an equivalent volume of vehicle (distilled water) and the positive control group (group 

10) received a non-steroidal anti-inflammatory drug (NSAID) Indomethacin (10mg/kg of body 

weight) [32]. One hour after the last day of administration of different types of honey, vehicle or 

Indomethacin, paw edema was induced by subplantar injection of 0.2ml/paw of 1% freshly 

prepared carrageenan suspension in normal saline into the right hind paw of each rat [33]. The 

diameter of the hind paw was measured for assessment of the edema size at 1, 2, 4, 6 and 24 hours. 

Twenty-four hours after carrageenan injection, blood samples were taken from the eye and divided 

into two parts. The first was maintained in EDTA bulb and plain tubes for hematological assay 

whereas, the second was centrifuged at 3500 rpm for 20 min, and the serum was separated for 

biochemical tests. 

Biochemical assay 

The serum of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total protein 

(T. protein), albumin levels were measured by spectrophotometry according to the standard 

protocol supplied by the Spinreact commercial kits. 

Hematological Assay 

Estimation of RBCs, Hb, WBCs, PCV and differential leucocytes count (Neurophils, 

Lymphocyte, Monocyte, Basophils and Eosinophil) were measured using automated hematology 

system (Sysmex America, Inc. Model:XE-2100). 

Statistical Analysis 
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The mean value of each parameter was computed considering data on eight rats in each group. 

Two-way analysis of variance was performed to test dose and durational effects of IC. The mean 

value of each parameter of different groups was compared using one-way analysis of variance 

(ANOVA) followed by Duncan's new multiple range test fixing a minimum significance level of 

P < 0.05. Student's t-test was used to compare mean values wherever there were only two groups. 

The Efficacies were obtained by calculating the difference between the edema size in the treated 

and the control and the values were transformed into a percentage using mean index using the 

formula:  

(a-b)/a*100= efficacy 

where: a Mean of the edema size in the control, b Mean of edema size in the treated rats. 

Results 

1.1. Effects of different types of Yemeni honey on edema size  

The anti-inflammatory activity of different types of Yemeni honey on edema size in rats paw 

tissues was shown in Table (2) and Fig. (2). The rats supplemented with Dam Al-Akhawain honey 

(G4), Salam honey (G5), Somar honey (G6) and Acacia honey (G8)  at a dose (5mg/kg b.w) for 7 

days, there was no significant decrease on the edema size when compared to the control 

(carrageenan group) at the first hour, while there was significant decrease at the second, fourth, 

sixth and twenty-fourth hours. The rats supplemented with Osaimi sider honey (G2), Athel honey 

(G3), Majra honey (G7) and Algasas honey (G9), were significant decrease on the edema size 

when compared to the control (carrageenan group) at the first, second, fourth, sixth and twenty-

fourth hours. Rats in group 10 (Indomethacin) showed a high decrease (p<0.05) in edema size 

when compared to the control (untreated group) at the first, second, fourth, sixth and twenty-fourth 

hours. Interestingly, the treatment with Majra honey (G7) and Algasas honey (G9) had a greater 

effect on edema size which was almost similar to the effect of the Indomethacin (10 mg/kg of body 

weight). 
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Table 2. Anti-inflammatory activity of different types of Yemeni honey carrageenan-induced paw 

edema in rats 

Groups 

       Edema size (mm) 

1 hr  2 hr 4 hr 6 hr 24 hr 

M±SD % M±SD % M±SD % M±SD % M±SD % 

G1 2.17±0.22a ….. 2.11±0.18a ……. 2.06±0.18a ……. 1.22±0.10a ……. 0.76±0.09a ……. 

G2 2.02±0.18b 5.53 1.71±0.21b 18.96 1.63±0.16b 20.87 0.81±0.08b 33.61 0.29±0.10b 61.84 

G3 2.03±0.19b 6.45 1.69±0.18b 19.91 1.61±0.17b 21.84 0.78±0.04b 36.07 0.27±0.05b 64.47 

G4 2.11±0.17a 2.76 1.68±0.17b 20.38 1.6±0.16b 22.33 0.83±0.07b 31.97 0.3±0.04b 60.53 

G5 2.13±0.26a 1.84 1.74±0.21b 17.54 1.68±0.15b 18.45 0.88±0.05b 27.87 0.33±0.07b 56.58 

G6 2.13±0.28a 1.84 1.72±0.22b 18.48 1.67±0.18b 18.93 0.86±0.04b 29.51 0.34±0.06b 55.26 

G7 1.91±0.21b 11.98 1.57±0.21b 25.59 1.51±0.17b 26.70 0.34±0.06c 72.13 0.23±0.05b 69.741 

G8 2.11±0.20a 2.76 1.68±0.19b 20.38 1.61±0.18b 21.84 0.77±0.06b 36.89 0.29±0.08b 61.84 

G9 1.95±0.22b 10.13 1.61±0.19b 23.70 1.54±0.16b 25.24 0.39±0.05c 68.03 0.28±0.07b 63.16 

G10 1.54±0.29b 29.03 1.45±0.19b 31.28 1.5±0.14b 27.18 0.24±0.03c 80.32 0.19±0.07b 75 

Values are expressed M±S.E. of 8 rats, values with same superscript letters are not significantly different whereas 

those with different superscript letters are significantly (P < 0.05) different as judged by ANOVA followed by 

Duncan's multiple range test. 

G1=(D.w + Carrageenan), G2=(5mg/kg Osaimi sider honey + Carrageenan), G3=(5mg/kg Athel honey + 

Carrageenan), G4=(5mg/kg Dam Al-Akhawain honey + Carrageenan), G5=(5mg/kg Salam honey + Carrageenan), 

G6=(5mg/kg Somar honey + Carrageenan), G7=(5mg/kg Majra honey + Carrageenan), G8=(5mg/kg Acacia honey 

+ Carrageenan), G9=(5mg/kg Algasas honey + Carrageenan), G10=(10mg/kg Indomethacin + Carrageenan). 
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Figure 2. Vertical bars showing comparison of edema size in rats dosed with different types of 

Yemeni honey (M±SE. of eight rats). Bars with same superscript letters are not significantly 

different whereas those with different superscript letters are significantly (p<0.05) different as 

judged by ANOVA followed by Duncan's multiple range test. G1=(D.w + Carrageenan), 

G2=(5mg/kg Osaimi sider honey + Carrageenan), G3=(5mg/kg Athel honey + Carrageenan), 

G4=(5mg/kg Dam Al-Akhawain honey + Carrageenan), G5=(5mg/kg Salam honey + 

Carrageenan), G6=(5mg/kg Somar honey + Carrageenan), G7=(5mg/kg Majra honey + 

Carrageenan), G8=(5mg/kg Acacia honey + Carrageenan), G9=(5mg/kg Algasas honey + 

Carrageenan), G10=( 10 mg/kg Indomethacin + Carrageenan). 

1.2. Effects of different types of Yemeni honey on hematological parameters 

The results demonstrated that carrageenan injection induced the hematological values to change 

in the blood, as shown in Figures 3. However, the numbers of RBCs, levels of Hb and PCV 

increased significantly by the treatment with different types of Yemeni honey when compared to 

the control (carrageenan group) together with a significant reduction in WBCs numbers when 
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compared to the control (carrageenan group). Rats in group 10 (Indomethacin) showed a high 

increase (p<0.05) in numbers of RBCs, levels of Hb and PCV together with a significant reduction 

in WBCs numbers when compared to the control (carrageenan group). The treatment with Majra 

honey (G7) and Algasas honey (G9) had a greater effect on hematological values in blood followed 

Dam Al-Akhawain honey (G4) and Osaimi sider honey (G2) which were almost similar to the 

effect of the Indomethacin (10 mg/kg of body weight). 

 

Figure 3. Vertical bars showing Average (mean ± SE) Hematological values of rats treated with 

different types of Yemeni honey and Indomethacin (M±SE. of eight rats). Bars with same 

superscript letters are not significantly different whereas those with different superscript letters are 

significantly (p<0.05) different as judged by ANOVA followed by Duncan's multiple range test. 

G1=(D.w + Carrageenan), G2=(5mg/kg Osaimi sider honey + Carrageenan), G3=(5mg/kg Athel 

honey + Carrageenan), G4=(5mg/kg Dam Al-Akhawain honey + Carrageenan), G5=(5mg/kg 

Salam honey + Carrageenan), G6=(5mg/kg Somar honey + Carrageenan), G7=(5mg/kg Majra 

honey + Carrageenan), G8=(5mg/kg Acacia honey + Carrageenan), G9=(5mg/kg Algasas honey 

+ Carrageenan), G10=( 10 mg/kg Indomethacin + Carrageenan). 

 

1.3. Effects of different types of Yemeni honey on leucocytes count   
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Figure (4) summarizes the changes in leucocytes count; neutrophil, lymphocyte, monocyte, 

basophils and eosinophil percentages of rats treated with different types of Yemeni honey and 

Indomethacin.  

 

Fig. 4. Vertical bars showing Average (mean ± SE) values of leucocytes count of rats treated with 

different types of Yemeni honey and Indomethacin (M±SE. of eight rats). Bars with same 

superscript letters are not significantly different whereas those with different superscript letters are 

significantly (p<0.05) different as judged by ANOVA followed by Duncan's multiple range test. 

G1=(D.w 

+ Carrageenan), G2=(5mg/kg Osaimi sider honey + Carrageenan), G3=(5mg/kg Athel honey + 

Carrageenan), G4=(5mg/kg Dam Al-Akhawain honey + Carrageenan), G5=(5mg/kg Salam honey 

+ Carrageenan), G6=(5mg/kg Somar honey + Carrageenan), G7=(5mg/kg Majra honey + 

Carrageenan), G8=(5mg/kg Acacia honey + Carrageenan), G9=(5mg/kg Algasas honey + 

Carrageenan), G10=( 10 mg/kg Indomethacin + Carrageenan). 
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All types of honey and Indomethacin showed no significant differences in monocytes and 

eosinophil percentage when compared to the (carrageenan group), while there was significant 

(p<0.05) increase in neutrophils, lymphocyte and basophils percentage when compared to the 

(carrageenan group). Interestingly, the treatment with Majra honey (G7) and Algasas honey (G9) 

had a greater effect on leucocytes count in blood followed Dam Al-Akhawain honey (G4), Osaimi 

sider honey (G2) and Acacia honey (G8) which were almost similar to the effect of the 

Indomethacin (10 mg/kg of body weight). 

1.4. Effects of different types of Yemeni honey on serum metabolites 

Figure (5) summarized the change in serum metabolites of rats treated with different types of 

Yemeni honey and Indomethacin. In all treated groups there were no significant changes in levels 

of total protein and albumin and no significant change in the activity of ALT when compared to 

the control (carrageenan group). The rats treated with Salam honey (G5), Somar honey (G6) and 

Acacia honey (G8), caused no significant increase on the activity of AST when compared to the 

control (carrageenan group), while showed significant increase in the activity of ALT in rats that 

treated with Osaimi sider honey (G2), Athel honey (G3), Dam Al-Akhawain honey (G4) Majra 

honey (G7) and Algasas honey (G9) when compared to the control (carrageenan group). Rats in 

group 10 (Indomethacin) showed no significant changes in levels of total protein, albumin and 

activity of ALT when compared to the control (carrageenan group), while showed a significant 

increase in the activity of AST when compared to the control. 
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Fig. 5. Vertical bars showing Average (mean ± SE) values of serum metabolites of rats treated 

with different types of Yemeni honey and Indomethacin (M±SE. of eight rats). Bars with same 

superscript letters are not significantly different whereas those with different superscript letters are 

significantly (p<0.05) different as judged by ANOVA followed by Duncan's multiple range test. 

G1=(D.w + Carrageenan), G2=(5mg/kg Osaimi sider honey + Carrageenan), G3=(5mg/kg Athel 

honey + Carrageenan), G4=(5mg/kg Dam Al-Akhawain honey + Carrageenan), G5=(5mg/kg 

Salam honey + Carrageenan), G6=(5mg/kg Somar honey + Carrageenan), G7=(5mg/kg Majra 

honey + Carrageenan), G8=(5mg/kg Acacia honey + Carrageenan), G9=(5mg/kg Algasas honey 

+ Carrageenan), G10=( 10 mg/kg Indomethacin + Carrageenan). 

 

Discussion 

Inflammation is part of the host defense mechanism against infectious agents and injury and it 

is also involved in the pathophysiology of many diseases when left unresolved. Acute 

inflammation is a short-term process which is characterized by typical signs of inflammation, such 

as swelling, redness, heat, pain and loss of function due to the infiltration of the tissues by 

leukocytes and plasma [34,35]. 

The present results showed that Carrageenan injection induced a significant increase in edema 

size in rats paw tissues. Carrageenan induced-edema has been commonly used in experimental 
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animal models for inducing acute inflammation Hajare et al. [36] Hussein et al. [25] Kareem [37]. 

Inflammation is believed to be biphasic, the early phase (1–2 h) of the carrageenan model is mainly 

mediated by histamine, serotonin and increased synthesis of prostaglandins in the damage tissue 

surroundings and the late phase is sustained by prostaglandins release and mediated by 

leukotrienes, bradykinin, polymorphonuclear cells and prostaglandins produced by tissue 

macrophages [38-41]. 

Also, many studies reported that Indomethacin is a standard anti-inflammatory drug in 

inhibiting response induced by various inflammagens in an acute model of inflammation [42,43] 

(Claria and Romano, 2005, Osman, 2005). The reduction in the size of the induced edema 

indicates the anti-inflammatory activity of the honey. The findings of this study confirmed that the 

Dam Al-Akhawain honey, Salam honey, Somar honey and Acacia honey showed significant 

inhibition of edema size at the second, fourth, sixth and twenty-fourth hours of treatment, while 

Osaimi sider honey, Athel honey, Majra honey and Algasas honey showed significant inhibition 

of edema size at the first, second, fourth, sixth and twenty-fourth hours of treatment. Interestingly, 

the treatment with Majra honey and Algasas honey had a greater effect on edema size which was 

almost similar to the effect of the Indomethacin, this study agrees with Kareem [37 ] who studies 

the anti-inflammatory activity of Ziziphus spina christi leaves and with Hussein et al. [25] who 

studies the anti-inflammatory activity of Gelam honey. Hussein et al. [31] showed that the anti-

inflammatory properties of honey it reduces edema in a dose dependent fashion in inflamed rat 

paw with concomitant reduced production of pro-inflammatory mediators (both genes and 

proteins) such as iNOS, COX-2, IL-6 and TNF-a in plasma and tissues [25,37]. In addition, 

Hussein et al. [11,31]; Al-Mamary et al. [44] reported that honey contains many phenolic 

compounds such as ellagic acid, gallic acid, caffeic acid, quercetin and chrysin, which correlated 

to its anti-inflammatory and antioxidant activities. It is well known that some honey constituents 

like flavonoids and total phenolics, can significantly inhibit the biosynthetic pathway of these 

mediators such as prostaglandins, histamine, serotonin and bradykinin [45]. Besides, as was 

mentioned flavonoids and terpenoids had been reported to have anti-inflammatory effects. A 

number of previous studies suggested that flavonoids may interact directly with the prostaglandins 

system in the same way as non-steroidal anti-inflammatory drugs [46,47]. Among the above facts, 

flavonoids can be responsible for the anti-inflammatory effects of different types of Yemeni honey 

in this study. 
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The present studies established that the anti-inflammatory activity of the different types of 

Yemeni honey. Some biochemical assay was recorded including ALT, total protein and albumin 

and also hematological parameters like Hb, PCV and RBC count reveals no toxicity evidence of 

the doses used and so indicate effectiveness and safety activities for the treatment of conditions 

associated with inflammation. The significant increase in AST activity in carrageenan group 

indicates tissue damage and a significant decrease in AST and ALT activities in honey groups and 

Indomethacin group can be pointed out as another evidence of anti-inflammatory activity of the 

honey. Also, in the present study, the result obtained in the leucocytes count showed that different 

types of Yemeni honey significantly reduced the values of leucocytes count, suggesting that the 

active principles present in the honey may act as an anti-inflammatory. Neutrophils participate in 

the endogenous control of the inflammatory pain in rats [48]. In different types of Yemeni honey, 

a significant decrease in lymphocyte, basophils and neutrophil percentage may be due to anti-

inflammatory activity of honey. Whereas the carrageenan group recorded a higher percentage of 

neutrophils, basophils and lymphocytes and a higher count of white blood cells. This was 

explained in the study of [49] that the animal body may point out some chemical and their 

metabolite as invading hemotoxicants. No change in monocytes and eosinophil count (eosinophil 

share in parasitic inflammation and monocytes share in viral inflammation). Hussein et al. [25] 

they evaluated the mechanism by which honey exerts its anti-inflammatory effect in association 

with NF-kB signalling pathway by evaluating the genes and proteins that are involved in the 

pathway. The findings of the study confirmed the nuclear translocation of NF-kB subunits (p65 

and p50) and cytoplasmic degradation of IkBa during inflammation as induced in rats by 

carrageenan injection. However, pre-treatment with Gelam honey significantly inhibited the 

nuclear translocation of NFkB subunits (p65 and p50) as supported by increased levels of p65 and 

p50 protein in the cytosol and decreased cytosolic IkBa degradation. Various in vitro and in vivo 

experimental studies have reported the inhibitory effects of several natural products and 

polyphenols on the production of pro-inflammatory mediators through attenuating the activation 

of NF-kB pathway. In addition, it has been reported that honey reduced the activities of 

cyclooxygenase-1 and cyclooxygenase-2, thus showing anti-inflammatory effects. Furthermore, 

ingestion of diluted natural honey has produced reductions on concentrations of prostaglandins 

such as PGE2 (prostaglandin E2), PGF2α (prostaglandin F2a) and thromboxane B2 in plasma of 

normal individuals [18]. Interestingly, in an inflammatory model of colitis, honey was as effective 
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as prednisolone treatment [19]. While NSAIDS and corticosteroids may have many serious side 

effects, honey has an anti-inflammatory action free from major side effects. Recently, Gelam 

honey has been demonstrated to decrease inflammatory mediators such as COX-2 and TNF-α via 

attenuating NF- κB translocation to the nucleus and thus inhibiting the activation of the NF-κB 

pathway [50]. It is widely known that the activation of NF-κB plays a key role in the pathogenesis 

of inflammation [51,52]. Therefore, Gelam honey has just been documented to inhibit the 

inflammatory process by inhibiting NF-κB pathway. 

Conclusion 

The different types of Yemeni honey (Osaimi sider, Athel, Dam Al-Akhawain, Salam, Somar, 

Majra, Acacia and Algasas) possess anti-inflammatory activity. Also, they were safe at the doses 

used. The Majra honey, Algasas honey and Osaimi sider honey possess a better anti-inflammatory 

activity, which were almost similar to the effect of the Indomethacin, followed Dam Al-Akhawain 

honey and Acacia honey, then Athel honey, Salam honey and Somar honey, where their anti-

inflammatory activity differed according to the source and the level of honey. Therefore, these 

discrepancies could be attributed to the differences of botanical sources of honey and also to the 

presence of different compounds of anti-inflammatory that have different anti-inflammation 

effects. Hence, further studies on the chemical, biochemical properties, and anti-inflammatory 

capabilities of the monofloral honey types produced in Yemen.  
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