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PROLONGED EFFECT OF NIGER DELTA HONEY ON BLOOD GLUCOSE AND 1 

HAEMATOLOGICAL PARAMETERS IN ALLOXAN INDUCED DIABETIC RATS 2 

 3 

 4 

ABSTRACT 5 

Diabetes mellitus is a metabolic condition that develops when the body fails to 6 

produce enough insulin or when insulin fails to work properly, is a global health 7 

problem. This study was conducted to evaluate the metabolic effect of eight-8 

week administration of Niger Delta honey on the blood glucose, haematological 9 

parameters, body weight and glycosylated haemoglobin in alloxan-induced 10 

diabetic rats. Six groups of 8 rats each were used. Group I served as control; 11 

Group II was given 10ml/kg/day of the honey solution; Group III served as diabetic 12 

control; Group IV diabetic rats received 10ml/kg/day of the honey solution. Group 13 

V diabetic rats were given a single daily dose of 0.6 mg/kg glibenclamide. Group 14 

VI were treated with both glibenclamide and honey concurrently. The present 15 

study showed that honey significantly (p<0.05) improved blood cells and indices, 16 

body weight but caused marked decrease in blood glucose levels as well as 17 

glycosylated haemoglobin in alloxan diabetic rats. Furthermore, honey caused a 18 

further reduction in blood glucose levels when used in combination with 19 

glibenclamide. In conclusion, the result of the present study suggests that honey 20 

might prevent alloxan-induced anaemia, immune-disturbances, thrombocytopenia, 21 

weight loss and hyperglycaemia. These effects are probably due to its additive 22 

mechanisms on the haematopoietic systems and on glucose metabolism. 23 

Therefore honey might be a cost-effective aspect of dietary management of 24 

diabetes mellitus and its complications. Additionally, honey and glibenclamide 25 

combined may offer additional beneficial effects in alloxan – induced diabetes by 26 

synergic mechanisms on glucose metabolism and by further improvement in the 27 

vascular integrity. 28 
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INTRODUCTION 31 

Diabetes mellitus is a non-communicable disease defined as a metabolic disorder 32 

characterized by chronic hyperglycaemia resulting from lack of or resistance to 33 

insulin. It is a serious emergency which is considered to be one of the 6 major 34 

causes of death worldwide and requires constant care and attention. The recent 35 

prediction shows that in 2017, 8.8% of the adult population worldwide are living 36 

with diabetes and to rise to 9.9% by the year 2045[1]. The prevalence rate 37 

projection of diabetes mellitus, estimated as 30.3 million people (9.4% US 38 

population), 23.1 million people are diagnosed and 7.2 million people (23.8%) 39 

undiagnosed [2].The prevalence rate projection of undiagnosed 40 

diabetes population is growing most rapidly in low-and-middle– income countries, 41 
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and Africa specifically, around 69.2% of all adults living with diabetes are 42 

estimated to be undiagnosed. Africa has the highest proportion of diabetes 43 

mellitus related mortality and the lowest health expenditure spent on diabetes 44 

[1].  45 

In recent years, there has been a renewed interest and constant search 46 

globally in order to establish an efficient and appropriate complementary and 47 

alternative medicine associated with folklore practices over synthetic drugs for 48 

the treatment of diabetes mellitus. Pure honey as one of such promising medicine 49 

with natural origin has been acclaimed traditionally to have to benefit health-50 

related effects, making it a perfect remedy from diabetes, heart disease, kidney 51 

disease, obesity to high blood pressure.  52 

 The use of honey as has been controversially discussed and not well 53 

accepted in the modern medicine [3-7]. Moreover, the sugar content of honey has 54 

led to uncertainty about associated risks of diabetes and of vascular 55 

complications of the disease. In the classification of glycaemic index, foods are 56 

classified as low (<55), middle (55-69), and high (>70); foods with low glycaemic 57 

index has been suggested to reduce blood glucose level and increase insulin 58 

secretion [8, 9]. Accordingly, the glycaemic index of honey varies from 32 to 87; 59 

and according to their botanical or geographical origins [8, 10, 11]. 60 

Evidence have that honey is a new effective medicine that possesses 61 

gastroprotective, hepatoprotective, reproductive, hypoglycaemic, antioxidant, 62 

antihypertensive, antibacterial, anti-fungal, antiviral, anti-inflammatory as well as 63 

wound healing properties that may be beneficial for combating multi-drug 64 

resistant bacteria as well as for preventing chronic inflammatory processes, such 65 

as atherosclerosis and diabetes mellitus [3-7,12-15].  66 

Glibenclamide has been used as first-line drug in treatment of diabetes 67 

mellitus. Therefore, concomitant use of honey and glibenclamide in the 68 

management of hyperglycaemia may offer additional benefits in treatment of 69 

diabetes and the risk of attendant complications. Until now research information 70 

on the potential medicinal characteristics of Nigeria honey specifically from the 71 

Niger Delta region in diabetes is rather spare. The present study was aimed to 72 

determine the probable efficacy of long-term Niger Delta honey on blood 73 

components in normal, and with reversal of hyperglycaemia, as well as to show 74 

the effect of combination with glibenclamide on blood glucose levels in alloxan 75 

induced diabetic rats.  76 

MATERIALS AND METHODS 77 

Sample Collection 78 

Pure, organic, raw or all-natural food or unprocessed honey (nicknamed Nature’s 79 

Sweetener) was obtained from Divine honey bee farm in Delta state, Niger Delta 80 
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region, Nigeria. The Institutional animal ethics committee approved the 81 

experimental protocol. All animal experiments were carried out according to the 82 

National Research Council guidelines for the care and use of laboratory animals. 83 

Induction of diabetes 84 

 Diabetes Mellitus was induced in overnight fasted rats via intraperitoneal 85 

administration of 200 mg/kg body weight of alloxan dissolved in normal saline. 86 

Two days after alloxan injection, development of diabetes was confirmed by 87 

measuring blood glucose levels in blood samples taken from tail vein and 88 

analyzed based on glucose oxidase-perioxidase principles [16] using digital 89 

glucometer (Accu-Chek Aviva, Germany) [17]. Rats with blood glucose 90 

concentrations of ≥ 12.0 mmol/L were considered to have developed experimental 91 

diabetes.  92 

Experimental animals grouping and treatment 93 

Adult male Wistar rats weighing 200-250g were used in this study. The 94 

experimental rats were six groups of eight rats each. Using oral cannula, once 95 

each morning the rats were treated with either honey, glibenclamide (a known 96 

oral anti-diabetic drug; 0.6mg/kg body weight) or both for eight weeks. Honey was 97 

diluted by adding distilled water and administered at a dose of 50% v/v. Each 98 

animal was administered honey solution at a dose of 10ml/Kg body weight/day. 99 

The rats were housed in laboratory cages and were provided with standard feed 100 

and allowed access to water ad libitum.  101 

Animals were treated for 8 weeks as follows 102 

Group I:  served as normal (non-diabetic) general control and didn’t receive any 103 

honey or glibenclamide for the next 8 weeks.  104 

Group II: (non-diabetic honey treated group): received honey 10ml/kg body 105 

weight/day orally for 8 weeks.  106 

Group III: served as positive (diabetic group) control and didn’t receive any honey 107 

or glibenclamide for the next 8 weeks. 108 

Group IV: (diabetic honey treated group): received honey 10ml/kg body weight/day 109 

orally for 8 weeks.  110 

Group V: (diabetic glibenclamide treated group): received glibenclamide 0.6mg/kg 111 

body weight/day orally for 8 weeks 112 
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Group VI: (diabetic glibenclamide and honey treated groups): received honey 113 

10ml/kg body weight/day and glibenclamide 0.6mg/kg body weight/day 114 

concurrently orally for 8 weeks 115 

Blood collection and analysis 116 

 At the end of the treatment period (8 weeks), the animals were anaesthetised 117 

and blood samples were collected using 5ml syringe via cardiac puncture and 118 

deposited in oxalate fluoride bottles for glycosylated haemoglobin (HbA1c) 119 

analysis or EDTA bottles for haematological analysis. 120 

Haematological Analysis 121 

 An MC-6200 auto haematology analyser Shenzhen Maxcom Electronic Co., Ltd, 122 

China was used to analyse the various blood parameters 123 

Measurement of glycosylated haemoglobin (HbA1c) 124 

 A rapid quantitative analysis using a fluorescence immunoassay (FIA) meter was 125 

used. 126 

Conflict of interest 127 

Authors declared no conflicts of interest regarding this manuscript. Also, there 128 

was no funding. 129 

Statistical Analysis 130 

The assays were carried out in triplicate, and the data were expressed as mean 131 

values and the standard deviation (mean ± SD). Statistical analysis was carried 132 

out using Scientific Package of Social Science software version 20.0 (SPSS, Inc. 133 

Chicago, IL) and Microsoft excel. Two different set of statistics, which is 134 

descriptive and analytical statistics was applied. The descriptive statistic was 135 

used to analyze mean and standard deviation (SD) whereby analytical statistics, 136 

one-way ANOVA was used to determine statistical significance among the 137 

groups. P value <0.05 were considered statistically significant. 138 

 RESULTS  139 

Table 1 and figure 1 shows the observations of body weight, glycosylated 140 

haemoglobin (HbA1c) and blood glucose values of the rats after 8-week period of 141 

the experiment. In a time-dependent fashion (in days) the body weight 142 

continuously increased in general control (13.3%), honey treated non-diabetic 143 

(20.0%) and diabetic (17.2%) and decrease in diabetic control (3.7%), relative to 144 

the pre-treatment values. While the weight of the diabetic control (15.0%) was 145 
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significantly (p<0.05) higher than that for the honey-treated non-diabetic (1.4%) 146 

and diabetic (1.8%), which were closely approximately to those observed in the 147 

general control (normal rats).  148 

Table 1 illustrates that honey produced significant lowering in glycosylated 149 

haemoglobin (HbA1c) in non-diabetic (3.5%) and diabetic (8.8%) while diabetic 150 

control group demonstrated increased (66.6%) compared with normoglycaemic 151 

control group. Moreover, honey treated groups produced significant (p<0.05) 152 

reduction in HbA1c values (34.7% - 37.9%) in comparison with diabetic control. 153 

Table 1 and figure 1 also illustrated that the mean value of serum glucose 154 

concentrations in the diabetic control (20.5 ± 1.56 mmol/L or 24.24%) and the 155 

general non-diabetic control (6.50 ± 0.27 mmol/L or 26.71%) were significantly 156 

(p<0.05) raised while treatment demonstrated significant reduction in blood 157 

glucose in non-diabetic (4.75±0.25 mmol/L or 9.52%) or diabetic (16.50±1.90 158 

mmol/L or 36.54%) versus pre-treatment values. Moreover, glibenclamide 159 

treatment resulted in a significant (p<0.05) reduction in glucose level (12.63±1.97 160 

mmol/L or 35.23%) in diabetic rats. Furthermore combined honey and 161 

glibenclamide further caused a marked reduction in glucose concentrations 162 

(12.14±1.73 mmol/L or 38.58%) in diabetic rats relative to the initial values (figure 163 

1). Significant reduction in blood glucose were evident in  honey and 164 

glibenclamide alone and in the  combined in the experimental diabetic rats by 165 

19.51%, 38.38% and 40.83% respectively, in comparison with diabetic control. 166 

More so, combination of honey and glibenclamide produced significant reduction 167 

in blood glucose in diabetic rats by 3.95% compared with glibenclamide alone.  168 

 It is evident from tables 2-3 that honey supplementation in diabetic resulted 169 

in significant (p<0.05) increase in red blood cell count (11.7%), packed cell 170 

volume (31.4%), haemoglobin concentration (31.4%), mean cell haemoglobin 171 

concentration (2.3%), mean cell volume (13.4%), white blood cell count (25.1%), 172 

granulocyte (4.8%), monocyte (47.2%), platelet count (14.3%), versus the general 173 

control (normal rats). Moreover honey significantly (p<0.05) increased  red blood 174 

cell count in non-diabetic and diabetic rats by 99.6% and 103.9%; packed cell 175 

volume 102.8% and 104.3%; haemoglobin concentration 102.8% and 144.3%; 176 

white blood cell count 148.6% and 122.2%, mean cell haemoglobin concentration 177 

48.5% and 30.4% but  significantly decreased  platelet count by 16.2% and 1.4%, 178 
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mean platelet volume 28.5% and 4.4%, platelet distribution width 8.5% and 3.2%; 179 

and mean cell volume 17.4% and 5.4%, respectively relative to diabetic control.   180 

Tables 2-3 also illustrated that honey treated diabetic produced decreased 181 

mean cell haemoglobin (4.92%), lymphocytes (9.8%) and platelet distribution 182 

width (0.47%). Meanwhile honey treated non-diabetic exhibited a significant 183 

increase in mean cell haemoglobin concentration (16.5%), mean cell volume 184 

(6.98%),white blood cell count (40%) granulocyte (9.07%) and lymphocyte (12%) 185 

than that for the honey-treated diabetic rat (p<0.05).  A significant reduction 186 

(p<0.05) were evident in mean cell volume (1.04%), platelet count (2.89%), and 187 

platelet distribution width (5.89%), in honey treated non-diabetic, respectively 188 

with respect to general control. Overall, all honey treated groups demonstrated a 189 

significant lowering of platelet count (1.42% -16.22%), mean platelet volume 190 

(4.37% - 28.49%) and platelet distribution width (3.18% - 8.45%) respectively with 191 

respect to diabetic control. 192 

DISCUSSION  193 

This study investigated the effects of eight-week supplementation of honey on 194 

some physiological parameters such as body weight, glycosylated haemoglobin 195 

(HbA1c), blood glucose, blood cells and indices, in normal and alloxan induced 196 

diabetic rats. Over the 8-week period of the study, we did not observe any 197 

anomaly in alloxan as regards induction of experimental diabetes in contrast to 198 

previous reports [18, 19]  199 

At the end of eight weeks, it was found that the physical inactive and 200 

sedentary non-diabetic control (normal rats) on daily chow for two-months, up-201 

regulated blood glucose and even body weight in comparison with the pre-202 

treatment values.  These observations are in keeping with the hypothesis that 203 

physical inactive and sedentary lifestyle could be viewed as stressors in the 204 

pathogenesis of raised blood glucose levels (diabetes) and body weight gain 205 

(obesity) [17,20]. Accumulating evidence shows that regular physical activity and 206 

lifestyle modification with healthy dietary habits are beneficial in achieving and 207 

maintaining a normal healthy body weight, prevention and controlling the 208 

progression of major non-communicable diseases including diabetes.   209 
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In the present study, it was found that daily honey consumption for two-month 210 

by either non-diabetic or diabetic rats produced a mild increment in body weight 211 

(1.4% -1.9%) in comparison with general control (normal rats) collaborating  with 212 

other studies [21-23]. This is an indication that honey improves diabetic body 213 

weight.  In a seven-day study, Aliyu et al., found that the body weight  of honey 214 

treated rats increased in  a concentration dependent manner from 10% to 20% 215 

but started decreasing from 50% to 100% (v/v) [24]. On the other hand, 216 

insignificant differences in body weight in honey-fed rats [7] and honey-fed mice 217 

[14] have been reported for studies largely carried out in less than eight weeks.  218 

In clinical trials it was found that honey treatment for 30 days cause a mild 219 

reduction in body weight (1.3%) in subjects with normal values but does not 220 

increase body weight in overweight or obese subjects (25). 221 

The mechanism in which honey uses to improve body weight is not yet clear. 222 

The observed increase in body weight has been attributed to the androgenic-223 

anabolic characteristic of honey [24].  It has been suggested that its fructose 224 

content may have contributed [26], the antioxidant content has possible anti-225 

catabolic properties, thus preventing excessive catabolism of proteins, leading to 226 

muscle recovery [27] or enhanced insulin yield due to possible regeneration of 227 

pancreatic beta cells may also explain weight protective effect of honey in 228 

diabetic rats [28]. 229 

Of particular interest was that 8-week honey consumption progressively and 230 

significantly (p<0.05) reduced glycosylated haemoglobin (HbA1c) levels in both 231 

diabetic and non-diabetic rats towards the reference range [29], collaborating 232 

that blood glucose control affects HbA1c [30] and long-term honey feeding can 233 

produce a significant decrease of HbA1c levels [7, 12, 21]. In a six week study, in 234 

contrast, a healthy non-diabetic rats fed with a honey-containing diet did not 235 

show significant decrease in glycosylated haemoglobin [31]. Preponderance of 236 

HbA1c, a measure of the amount of glucose attached to haemoglobin, was 237 

observed for the diabetic control groups at the end of the two-month study. 238 

Clinical evidence support an increase in the HbA1c values at the end of 4 months 239 

in diabetic group who were not given honey, the HbA1c values decreased in the 240 

group that were given honey, and there was a significant statistical difference 241 
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between the two groups [12]. On the other hand, in  8-week randomized clinical 242 

trial, honey consumption resulted to an increase in the HbA1c levels in diabetic 243 

patients [32].  244 

The present study revealed that haemoglobin, red blood cell count and 245 

packed cell volume were significantly (p<0.05) raised after the two – month 246 

exposure of alloxan-induced diabetic and non-diabetic rats to honey in 247 

comparison to diabetic control or non-diabetic control. Besides, there was an 248 

increase in mean cell haemoglobin concentration and mean cell volume and 249 

decrease in mean cell haemoglobin in diabetic honey-fed rats while an increase in 250 

mean cell haemoglobin concentration and mean cell volume and decrease in 251 

mean cell haemoglobin in non-diabetic honey fed rats in comparison with 252 

referents. These collaborate that honey has ameliorative effect on alloxan 253 

induced anaemia and/or possess haematopoietic properties [33]. On the other 254 

hand, in a 7 day study, it was found that honey administration have no effect on 255 

haemoglobin and red blood cell counts but increased packed cell volume, mean 256 

corpuscular haemoglobin and white blood cell counts at 20% (v/v) as well as 257 

caused a decrease in mean cell volume and mean corpuscular haemoglobin 258 

concentration in a concentration-dependent manner [24] 259 

Considering white blood cell parameters, there was statistically significant 260 

(p<0.05) increase in total leucocytes count, together with differential white blood 261 

cell counts - lymphocyte, granulocyte, monocyte, in honey diabetic and non-262 

diabetic rats in comparison with referents, and supports the generalization  that 263 

honey possesses immune-stimulant properties.   264 

Our result revealed that honey consumption though promoted an increase in 265 

platelet count but no significant change occurred in the platelet count and 266 

platelet distribution width of honey fed diabetic groups compared to diabetic 267 

control. Our findings however, collaborates that honey possesses thrombopoietic 268 

properties. Collectively, our findings demonstrate evidence of possible 269 

ameliorating potential of long-term honey supplementation   on red blood cell 270 

count, packed cell volume, haemoglobin concentration, white blood cell counts, 271 

platelet count in alloxan diabetic rats collaborating with various studies 272 

elsewhere which conclude that honey contain enhancing substances capable of 273 
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improving haematological parameters, plausibly through their stimulating effects 274 

on the haematopoietic stem cell mechanisms. 275 

While at the end of eight weeks, it was also found that daily honey 276 

consumption for two mouths resulted in a marked reduction in blood glucose level 277 

in either non-diabetic or alloxan induced diabetic rats. Similarly, it has been 278 

reported [23, 34] that Nigeria honey elicited significant effectiveness in 279 

lowering blood glucose levels in alloxan-induced diabetic rats.  On the other hand, 280 

it has been reported insignificant differences in fasting blood glucose in honey-fed 281 

rats [7] or in honey-fed mice [14]. Some studies also carried out in less than eight 282 

weeks, however, showed that there were no significant (p > 0.05) differences 283 

across the honey-treated rats based on the glucose level [24]. In the present 284 

study, the prolonged period of 8 weeks administration of honey other than the 14- 285 

or 28-day period in some studies might have resulted in significant regeneration 286 

and healing of the previously alloxan damaged pancreatic beta cells. The 287 

observed glycaemic response of honey in diabetic rats might be attributed to the 288 

moderate doses of 10ml/kg/day of 30% and 50% honey respectively used in our 289 

study. Notwithstanding, in the present study, the effect of Niger Delta honey 290 

orally compared with oral hypoglycaemic drug glibenclamide significantly 291 

reduced blood glucose concentrations in diabetic rats substantiating with the 292 

work by previous researchers [35, 36]. Additionally, we also observed synergistic 293 

effect of natural honey by causing a further reduction in blood glucose levels 294 

when used in combination with oral hypoglycaemic drugs glibenclamide, than 295 

honey or glibenclamide  alone in alloxan induced-diabetic rats which collaborates 296 

with the report of others [7]. Our findings are an indication that concomitant use 297 

of honey and glibenclamide may offer additional benefits in the treatment of 298 

diabetes and attenuate associated complications induced by alloxan.  299 

Glibenclamide acts by stimulating the pancreatic beta cells to increase 300 

insulin output [36, 37]. Although the cellular mechanisms underlying the 301 

mechanism of hypoglycaemic effect of honey is poorly understood, we propose 302 

that honey may potentiate the hypoglycaemic effect of glibenclamide by 303 

increasing the number of regenerated beta cells. Increased number of pancreatic 304 

beta cells together with the stimulatory effect of glibenclamide further increases 305 

insulin secretion and thus improved glycaemic response. It has been 306 
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hypothesized that the fructose and oligosaccharides present in honey [7], a 307 

decrease in intrinsic antioxidant biomarker malondialdehyde (MDA) as well as 308 

honey induced hormone adiponectin [13] and antioxidant property of honey [5] 309 

might in some way contribute to the observed hypoglycaemic effect.  Honey is a 310 

natural product, is hypothesized that synergistic effect, the presence of the 311 

bioactive phytoconstituents, and/or antioxidant properties or both, and 312 

potentiation action of several compounds, may provide the mechanistic links for 313 

hypoglycaemic modification of intrinsic oxidative stress mediating receptors; 314 

thereby improves glycaemic control associated with metabolic benefits [17]. 315 

Evidence also points to diminution in MDA oxidative stress-mediated lipid 316 

peroxidation mechanism for hypoglycaemic oxidative modifications [17]. 317 

Oxidative hyperglycaemia modification (oxidative stress) mechanistic link is 318 

associated with increased MDA [17]. Overall, our results of the animal 319 

experimentation presented in this study thus provided further support that Niger 320 

Delta honey consumption has a potential as an adjuvant along with anti-diabetic 321 

agent treatment. However, our future studies will investigate the composition of 322 

honey from Niger Delta origin to ascertain if it varies obviously from honey of 323 

other regions of Nigeria. 324 

CONCLUSION: On the basis of above findings, it can be concluded that this study 325 

has demonstrated considerable evidence that long-term honey supplementation 326 

can exert haematopoietic, thrombopoietic, immune-stimulatory, hypoglycaemic 327 

actions and improves body weight and glycosylated haemoglobin in alloxan 328 

diabetic rats. These potential benefits support the accumulating evidence that 329 

dietary honey has an effective therapeutic value to prevent metabolic 330 

derangements and reduction of deleterious effects of diabetes mellitus. Besides 331 

its health benefits, honey will further reduce the cost of management of diabetes.  332 

 333 

Consent: NA 334 

REFERENCES 335 

1. WHO., (2017). Diabetes percentage worldwide 2017 statistic: Percentage of 336 

diabetes in the global adult population in 2017 and 2045.  337 

 338 

2. Centres for Disease Control and Prevention (CDC): National Diabetes Statistics 339 

Report 2017 340 



11 

 

 341 

3. Meo, S. A., Ahmad Al-Asiri, S., Latief Mahesar, A., Javed Ansari, M., (2017). Role 342 

of honey in modern medicine Saudi J Biol Sci ; 24(5): 975-97. 343 

 344 

4. Kadirvelu, A., & Gurtu, S., (2013). Potential benefits of honey in type 2 diabetes 345 

mellitus: A review. Inter J Coll Res Inter Med Pub Health; 5 (4):199-216. 346 

 347 

5. Eteraf-Oskouei, T & Najafi, M., (2013). Traditional and Modern Uses of Natural 348 

Honey in Human Diseases: A Review. Iran J Basic Med Sci.; 16: 731-742. 349 

  
6. Ajibola, A., (2015). Novel Insights into the Health Importance of Natural Honey. 350 

Malays J Med Sci.; 22(5): 7–22. 351 

7. Erejuwa, O. O., (2014). Effect of honey in diabetes mellitus: matters arising. J 352 

Diabetes Metab Disord. 2014; 13: 23. 353 

 354 

8. Foster-Powell, K., Holt, S. H., Brand-Miller, J. C., (2002). International table of 355 

glycaemic index and glycaemic load values-2002. Am J Clin Nutr; 76: 5-56. 356 

 357 

9. Bhupathiraju, S. N., Tobias, D. K., Malik, V. S., Pan, A., Hruby, A., Manson, J. 358 

E., Willett, W. C., Hu, F. B., (2014). Glycaemic index, glycaemic load, and risk of 359 

type 2 diabetes: results from 3 large US cohorts and an updated meta-analysis. 360 

Am J Clin Nutr.  100 (1):218-32.  361 

 362 

10. Atayoglu, A. T., Soylu, M., Silici, S., Inanc, N., (2016). Glycaemic index values 363 

of monofloral Turkish honeys and the effect of their consumption on glucose 364 

metabolism. Turk J Med Sci.; 46: 483-488. 365 

 366 

11. Chepulis, L., & Francis, E., (2013). The glycaemic index of Manuka honey. e-367 

Spen J; 8(1): e21-e24. 368 

 369 

12. Enginyurt, O., Cakir, L., Karatas, A., Cankaya, S., Kaya, Y., Tugcu, H. H., 370 

Iscanli, M. D., Cankaya, N., & Yarilgac, S., (2017). The role of pure honey in the 371 

treatment of diabetes mellitus; Biomed Res, 28 (7):  3305-3312. 372 

 373 

13. Hemmati, M., Karamian, M., & Malekaneh, M., (2015). Anti-atherogenic 374 

Potential of Natural Honey: Anti-diabetic and Antioxidant Approaches. J Pharm 375 

Pharma, 3: 278-284. 376 

 377 

14. Al-Saadi, K. J., Al Shaqsi, A. K., & Reddy, S. H., (2016). Synergistic effect of 378 

honey with food additives as antimicrobials and on weight loss and various 379 

physiological studies in mice. Int J Pharm Sci Res; 7(11): 4461-66. 380 

 381 

15. Vallianou, N. G., Gounari, P., Skourtis, A., Panagos, J., & Kazazis, C., ( 2014). 382 

Honey and its Anti-Inflammatory, Anti-Bacterial and Anti-Oxidant Properties. Gen 383 

Med (Los Angel); 2:132. 384 

 385 

16. Barham, D., Trinder, P., (1972). An improved color reagent for the 386 

determination of blood glucose by the oxidase system. Analyst; 97: 142–145.  387 

 388 



12 

 

17. Ilochi, O. N., Chuemere, A. N., & Olorunfemi, O. J., (2018). Evaluation of Anti-389 

Hyperglycaemic Potential of Allium Cepa, Coffee and Oxidative Stress. Int J 390 

Biochem Physiol.; 3(1): 000116. 391 

 392 

18. Jain, D. K., & Arya, R. K., (2011). Anomalies in alloxan induced diabetic model: 393 

It is better to standardize it first. Indian J Pharmacol; 43:91. 394 

 395 

19. Misra, M., & Aiman, U., (2012). An unpredictable drug for diabetes induction: 396 

Alloxan is doubtful drug as regards the induction of experimental diabetes. Indian 397 

J Pharmacol; 44(4): 538-539.  398 

 399 

20. Nwafor, A., Mmom, F. C., Obia, O., Olorunfemi, J. C., & Obiandu, C., (2015). 400 

Relationship between Blood pressure, Diabetes, Blood glucose  and coexisting 401 

prehypertension and pre-diabetes among rural adults in Rivers State, Niger Delta 402 

Region, Nigeria. Brit J Med Med Res.; 9(7): 1-12. 403 

 404 

21. Chepulis, L., & Starkey, N., (2008). The Long-Term Effects of Feeding Honey 405 

Compared with Sucrose and a Sugar-Free Diet on Weight Gain, Lipid Profiles, and 406 

DEXA Measurements in Rats. J Food Sci,  73 ( 1): H1–H7. 407 

 408 

22. Erejuwa, O. O., Ezeokpo, B. C., Nwobodo, N. N., Asika, E. C., Nwadike, K. I., 409 

Uwaezuoke, N. I., Nwachukwu, D. C., Ude, U. N., Abdul Wahab, M. S., & Sulaiman,  410 

S. A., (2017). Effect of Honey on Body Weight, Body Mass Index and Adiposity in 411 

High-Fat Diet Fed Wistar Rats. EC Pharma Toxicol.; 3 (1) : 03-12. 412 

 413 

23. Fasanmade, A. A., & Alabi, O. T., (2008). Differential Effect of Honey on 414 

Selected Variables in Alloxan-Induced and Fructose-Induced Diabetic Rats. Afri J 415 

Biomed Res.; 11: 191-196. 416 

 417 

24. Aliyu, M., Odunola, O. A., Owumi, S. E., Gbadegesin, M. A., Choudhary, M. I., 418 

Ahsana, D., Farooq, A. D., Rasheed, H., Erukainure, O. L., Ahmed, S., (2012). Daily 419 

Consumption of Honey: Effects on Male Wister Albino Rats. Int. J. Food Nutr. Saf.; 420 

1(2): 66-74. 421 

 422 

25. Yaghoobi, N., Al-Waili, N., Ghayour-Mobarhan, M., (2008). Natural honey and 423 

Cardiovascular risk factors; effects on blood glucose, cholesterol, 424 

triacylglycerole, CRP and body weight compared with sucrose. Scie World J 425 

8:463–9. 426 

 427 

26. Bogdanov, S., Jurendic, T., Sieber, R., Gallmann, P., (2008). Honey for nutrition 428 

and health: a review. J Am Coll Nutr.; 27(6): 677-89. 429 

 430 

27. Khalil, M. I., Sulaiman, S. A., Boukran, L., (2010). Antioxidant properties of 431 

honey and its role in preventing health disorder. Open Nutr J; 3: 6-16. 432 

 433 

28. Obia, O., Ogwa, C. O., Ojeka, S. O, Ajah, A. A., & Chuemere, A. N., (2016). 434 

Effect of honey on the body weight of glibenclamide treated alloxan-induced 435 

diabetic rats. J Apitherapy; 1 (1): 33-35. 436 



13 

 

 437 

29. Sacks, D. B., (2007). Correlation between haemoglobin A1c(HbA1c) and 438 

average blood glucose: can  HbA1c  be reported as estimated blood glucose 439 

concentration? J Dia Sci Techno; 1(6): 801-803. 440 

 441 

30. Varim, C., Kaya, T., Nalbant, A., Ucar, A., & Tamer, A., (2014). Effects of 442 

Glucose Control on Hematological Indices in Patients with Diabetes 443 

Mellitus. Maced J Med Sci.; 7(1): 83–88. 444 

 445 

31. Chepulis, L. M., (2007). The effect of honey compared to sucrose, mixed 446 

sugars and a sugar free diet on weight gain in young rats. J Food Sci.; 72 (3): 447 

S224– S229.  448 

 449 

32. Bahrami, M., Ataie-Jafari, A., Hosseini, S., Foruzanfar, M. H., Rahmani, M., 450 

Pajouhi, M., (2009). Effects of natural honey consumption in diabetic patients: an 451 

8-week randomized clinical trial. Int J Food Sci Nutr.; 60: 618–626. 452 

 453 

 454 

33. Al-Vaili, N. S., (2003). Effects of daily consumption of honey solution on 455 

hematological indices and blood levels of minerals and enzymes in normal 456 

individuals. J Med Food.; 6(2): 135-40. 457 

 458 

34. Erejuwa, O. O., Nwobodo, N. N., Akpan, J. L., Okorie, U. A., Ezeonu, C. T.,  459 

Ezeokpo, B. C., Nwadike, K. I., Erhirhie, E., Abdul Wahab, M. S., & Sulaiman,  S. A., 460 

(2016). Nigerian Honey Ameliorates Hyperglycemia and Dyslipidemia in Alloxan-461 

Induced Diabetic Rats. Nutrients; 8(3): 95. 462 

 463 

35. Asaduzzaman, M., Nahar, L., Hasan, M., Khatun, A., Shajedul Haque, M., 464 

Hasan, N., Tamannaa, Z., Huda, N., Fazley, Rabbi, M., Ray, M., Nur Islam, M., 465 

Maniruzzaman, M., Mobassirul Islam, M., Dastagir, N., & Sarker, S., (2016). 466 

Antihyperglycemic Activity, Antihyperlipedemic Activity, Hepatoprotective 467 

Activity and Histopathological Analysis of Natural Honey in Streptozotocin 468 

Induced Diabetic Rats. J Cytol Histol.; 7: 402.  469 

 470 

36. Rachmat, I. I., Yuslianti, E. R., Permatasari, G. F., & Koswara, T., (2017). 471 

Antihyperglycemic effect of Rambutan honey in alloxan-induced diabetic wistar 472 

rats. J Pharm and Toxicol.; 12: 42-49. 473 

 474 

37. Krentz, A. J., & Bailey, C. J., (2005). Oral antidiabetic agents: current role in 475 

type 2 diabetes mellitus. Drugs;  65(3): 385-411. 476 

 477 

Table1. Effect of honey on blood glucose level, body weight and 478 

glycosylated haemoglobin  479 

Treatments 
 

Blood glucose (mmol/l)  Body weight(kg)                  Glycosylated  
                                                haemoglobin 
(HbA1c)    

Day 1 Day 56 Initial  Final   
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General 
 Control 

5.13±0.23 6.50±0.27* 236.25±6.3 267.50±7.6* 3.41±0.04  

Non-diabetic 
+ honey 

5.25±0.25 4.75±0.25 220.00±7.6 263.75±9.4* 3.53±0.08  

Diabetic 
 Control 

16.50±1.80 20.50±1.56* 236.15±5.0 227.50±4.5* 5.68±0.5*  

Diabetic 
+ honey 

26.00±0.38 16.50±1.90* 232.50±7.3 272.50±6.2* 3.71±0.06**  

Diabetic+ 
Gliblenclamide 

19.50±1.86 12.63±1.97* = = =  

Diabetic+honey+ 
Gliblenclamide 

19.75±1.83 12.13±1.73* = = =  

N = 8, * Significant change compared to initial (p< 0.05) and significant change compared to non-480 

diabetic control (p< 0.05), **significant change compared to diabetic control (p< 0.05). 481 

 482 

 483 

Figure1. Percent change in body weight with blood glucose level.  484 
(General control, GC; non-diabetic +honey, NDH; diabetic control, DC; diabetic + glibenclamide, DG; diabetic 485 
+glibenclamide +honey, DGH) 486 

Table 2. Honey effect on blood cells and indices 487 

Treatments 
 

Red Blood Cells     Erythrocyte Indices 

RBC 
(x1012/L) 

PCV (%) Hb(g/dl) MCHC 
(g/dl) 

MCV(fl) MCH(pg) 

General 
Control 

9.00±0.52 34.50±0.40 11.50±0.40 25.75±1.40 40.50±0.55 13.60±0.47 

Non- 
diabetic 
+ honey 

9.84±0.15* 42.90±0.08* 14.30±0.08* 30.00±0.40* 40.08±0.26 14.55±0.12 

Diabetic  
Control 

4.93±0.21* 21.15±0.10* 7.05±0.10* 20.20±0.26* 48.53±0.72* 9.90±0.21* 

Diabetic 
+ honey 

10.05±0.10** 45.33±0.18** 15.11±0.18** 26.34±0.78** 45.91±0.29** 12.93±0.14** 

N=8, *Significant changes compared to non-diabetic control (p<0.05); **Significant change 488 

compared to diabetic control (p<0.05) 489 
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Table 3. Honey effect on White blood cells and Platelets  490 

Treatments 
 

White Blood Cells  Platelets 
WBC 

(x109/L) 
Granulocyte 

(%) 
Monocyte 

(%) 
Lymphocytes 

(%) 
Platelet 

count(x109/L) 
PDW(pg)     MPV(fl) 

Non‐diabetic  
Control 

12.25±0.15  80.63±0.26 11.50±0.40 25.75±1.40 682.00±32.89  10.70±0.17     5.43±0.14

Non‐diabetic 
+ honey 

17.15±0.28*  87.95±0.09* 14.30±0.08* 30.00±0.40* 662.25±1.32  10.07±0.21     5.27±0.21

Diabetic  
Control 

6.90±0.10*  75.38±0.18* 7.05±0.10* 20.20±0.26* 790.50±2.23*  11.00±0.19*   7.37±0.09*

Diabetic+  
Honey 

15.33±1.18**  84.51±0.15** 15.11±0.18** 26.34±0.78** 779.25±2.14**  10.65±0.04**  7.05±0.08 **

N=8, *Significant changes compared to non-diabetic control (p<0.05); **Significant change 491 

compared to diabetic control (p<0.05) 492 


