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Abstract 

____________________________________________________________________________________________________ 
 
Background and Aim: Chronic hyperglycemia, oxidative stress, and dyslipidemia 
usually predispose to cardiac aberrations. Certain honey samples have been 

reported to worsen glycemic control or proven to be cardiotoxic. The study sought 
to elucidate the roles of Nigerian bitter honey in experimental diabetes.  
Experimental Procedures: Diabetes was induced in adult female Wistar rats (90–
110 g) by single administration of streptozotocin (65 mg/kg body weight, i.p.). 
Rats were randomly allocated into six groups (n=8). Bitter honey (50 mg/kg) and 
metformin (100 mg/kg) were orally administered daily for 28 days. Animals were 
sacrificed on day 29 and blood samples were obtained via cardiac puncture. Lipid 
profile and lipid peroxidation analysis were carried out using standard methods. 

Atherogenic, coronary, and cardiovascular risk indexes were calculated. Heart, 
pancreas, and lung tissues were harvested and subjected to histopathological 
assessment. Data were analyzed using one way ANOVA, and statistical significant 
level was set at p<0.05.  
Result and Discussion: Bitter honey treatment in the diabetic animals significantly 
reduced hyperglycemia, triglyceride, total cholesterol, low-density lipoprotein, 
malondialdehyde, and cardiovascular risk levels (p<0.05). Correspondingly, HDL 
and reduced glutathione levels were significantly higher (p<0.05). Bitter honey 

preserved the histoarchitectural integrity of the cardiomyocytes and lungs tissue.  
Conclusion: The bitter honey is a highly remarkable repository of naturally 
occurring bioactive compounds that can potentially modulate downstream 
biochemical pathways of hyperglycemia, dyslipidemia and lipid peroxidation. The 
bitter honey may therefore be a promising new source of anti-diabetic and cardio 
protective nutraceuticals.   
Keywords: Bitter Honey, cardiovascular risk, diabetes, dyslipidemia, Metformin. 
 

 

INTRODUCTION 

 

Dyslipidemia is a long-term pathological consequence 

of  type 1 diabetes mellitus (T1DM) and an inde-

pendent risk dynamic of type 2 diabetes mellitus 

(T2DM)1. Incidences of TIDM are a function of insulin 

deficiency, thereby plummeting glucose accessibility 

and utilization, subjecting the blood to the 

pathologically relevant pattern of lipid parameters2. 

Invariably, hyperglycemia-induced dyslipidemia is 

originated. In contrast, induction of T2DM is preceded 

by a buildup of circulating free fatty acids to a 

concentration that is high enough to precipitate insulin 

insensitivity3. In fact, a high-fat diet has been used to 

induce experimental models of T2DM, a model of 

hyperlipidemia-induced hyperglycemia4,. In a recent 

study conducted in Nigeria, the prevalence of 

dyslipidemia was found to be 68%5. Progression of 
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dyslipidemia in any type of diabetes mellitus can 

spawn a chain of redox reactions which may extort 

endogenous antioxidant defense mechanisms6. Except 

an ideal intervention is ensured, the structural and 

functional integrity of the vasculature will always be at 
risk of oxidative attack from metabolic by-products of 

lipid peroxidation7. Consequently, progressive 

oxidative attack to membrane lipid molecules may 

deteriorate the functional integrity of the endothelial 

vasculature8. In return, the complex cascade mecha-

nism can be an underlying predisposing factor for the 

development of atherogenic plaques9. Sadly, this can 

further deteriorate to coronary and cardiovascular 

complications10. 

Natural supplements are well reputed for modulating 

distinct pathways of disease initiation and 

progression11. Honey is a natural medium for 
conserving plant–based bioactive compounds. 

Distinctively, the sensory properties and medicinal 

significance of honey varies widely from one geo-

botanical origin to the other. Due to the heterogeneity 

of distinctive bioactive compounds in honey, it 

therefore represents a grand mix of high profiled 

phytoconstituents that may potentially interact with 

multiple indices of disease initiation and progression. 

Notwithstanding honey is a highly reputed nutritional 

supplement, especially for its prophylactic and curative 

efficacy. With adequate knowledge of the indigenous 
plants constituting its primary geo-botanical source, 

honey can function to alleviate or modulate many of 

the symptoms associated with changes in both 

physiologic and pathologic states12. Therefore, honey 

can alter the course of various diseases. Depending on 

the plant basis of its bioactivity, honey supplemen-

tation in the diabetic state may likely be a double-

edged sword, aside being of no effect at all. For 

instance, a uniflora bitter (mad) honey from Turkey 

was reported to be cardiotoxic13,14,15. However, it is not 

known whether all bitter honeys can predispose to 

cardiac aberrations irrespective of their botanical 
source. Also, supplementation with an Egyptian honey 

has been reported to increase glycosylated hemoglobin 

among diabetic subjects16. These scientific findings are 

generating confusions and controversies concerning the 

suitability of honey as an ideal functional food for 

diabetics17. Besides, the scientific basis behind the 

wide variations in the therapeutic value of honey is 

poorly explored. 

In our previous study18, the botanical markers, 

phytochemical, proximate and elemental compositions 

of the bitter honey used for this study were reported. 
Also, the protective effect of the bitter honey on animal 

models of hepatic and renal damage has been 

documented19. Meanwhile, some of its plant precursors 

are reputed as having hypolipidemic and cardio-

protective properties. Yet, there is a paucity of data 

concerning the reproducibility of these nutritional 

benefits in a bitter honey sample cultivated from those 

medicinal plants. Therefore, this study sought to 

explore the roles of a Nigerian bitter honey on indices 

of hyperglycemia, hyperlipidemia and cardiovascular 

dysfunctions in animal models of diabetes.   
 

MATERIALS AND METHODS 

 

Sourcing of Bitter Honey and other Materials 

Bitter Honey (BH) was sourced from Community 

Lifestyle Improvement Project (CLIP) farm (CRBN: 
0953750) into an airtight container. The farm is located 

at Modakeke (7°27' 19.6704'' North and 4°32' 39.8112'' 

East) South-Western Nigeria. Prior to use, BH was 

freshly prepared by diluting with distilled water. 

Streptozotocin was obtained from Sigma–Aldrich 

(MO, USA), while other reagents or kits were obtained 

from Randox laboratory (Aldren, USA) and/or British 

Drug House (Poole, England).  

Animal use and care 

Female rats (90–110 g) of Wistar strain were acquired 

from the animal house of Faculty of Pharmacy, 

Obafemi Awolowo University (OAU), Ile-Ife. The 
animals were housed in well-kept and ventilated plastic 

cages (Mediwise animal cage, 430 × 270 × 15 mm) and 

a 12-h day/night cycle was maintained. The animals 

were given standard laboratory pellet (grower’s mash) 

and water ad libitum. Ethical approval for the study 

was obtained from Osun State Health Research Ethics 

Committee (OSHREC) with clearance number 

OSHREC/PRS/569T/158. All animals were humanely 

cared for in line with published standard principles of 

care and use of laboratory animal19. 

Induction of Diabetes 
Diabetes Mellitus (DM) was induced by a single 

intraperitoneal (i.p) administration of 65 mg/kg body 

weight of STZ. Before this, the rats were fasted 

overnight for about 14 hours. The development of 

hyperglycemia was confirmed after 72 hrs (using blood 

obtained from the tail vein). Animals with fasting 

blood glucose levels ≥ 250 mg/dL were considered 

diabetic. 

Experimental Design 

Rats were allocated randomly into treatment groups (n 

=8) as follows: Group A (non-diabetic control) and 

group C (diabetic control) were administered 2 mL/kg 
distilled water daily for 28 days. Group B (non-diabetic 

BH-supplement) and group D (diabetic BH) were 

administered 50 mL/kg BH daily for 28 days. To 

examine BH ability to prevent induction of diabetes, 

Group E rats were pretreated with 50 ml/kg BH for 28 

days, followed by administration of single dose of STZ 

(65 mg/kg). Group F (diabetic Metformin) rats were 

administered 100 mg/kg metformin daily for 28 days. 

All dosage administrations were done orally. A dose of 

50 mg/kg body weight of 20% BH was chosen based 

on the report of Öztaşan et al.,20. Fasting blood glucose 
(FBG) concentration (mg/dL) was determined at 

baseline and then weekly (with blood obtained from 

tail vein) using a portable Accu-Chek glucometer 

(Roche, Germany). 

Sample collection and preparation 

Following the last treatment on day 28, rats were fasted 

overnight (14 hours), and FBG was determined. For the 

pretreatment group, FBG was also measured weekly 

until the 28th day and then 72 hours post STZ 

administration. Rats were the neuthanized under mild 

diethyl ether in a tightly covered glass jar. Blood 
samples were collected by cardiac puncture into sample 
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bottles without anticoagulant. The blood samples were 

allowed to clot at room temperature for about 45 

minutes, centrifuged at 1500×g for 10 minutes, and the 

supernatants (sera) were collected and stored at -200 C 

until required for analysis. Also, heart, pancreas and 
lungs were carefully removed, weighed, and preserved 

in 10% formal saline. 

Lipid profile analysis 

Triglyceride (TG), total cholesterol (TC), and high-

density lipoprotein (HDL) were determined 

enzymatically using assay kits (Randox laboratory, 

Aldren, USA) in line with the manufacturer’s 

protocols. Estimation of LDL (low-density 

lipoprotein), and VLDL (very-low-density lipoprotein) 

were conducted using Friedwald equation21. 

 

 
Estimation of atherogenic, coronary risk, and 

cardiovascular risk indices 

The atherogenic index (AI), coronary risk index (CRI), 

and cardiovascular risk index (CVRI) were determined 
using the equations below as earlier described21. 

              
Lipid peroxidation assay 
Glutathione (GSH) and malondialdehyde (MDA) were 

measured by standard methods as earlier described22. 

Histopathological analysis 

The heart, pancreas and lungs that were fixed in 10% 

formal saline, were processed routinely for paraffin 

embedding. Micro sections (5µ) of the tissues were 

obtained with a rotatory microtome and processed 
using Haematoxylin and Eosin (H & E) staining 

technique. Not less than three specimen per sample 

were processed and slides were viewed under a light 

microscope, and photomicrographs were taken with a 

Leica DM750 Camera Microscope (× 400), as earlier 

described23. 

 

RESULTS 

 

Effect of Bitter Honey on Blood Glucose  

As shown in Table 1, significant differences in FBG 

levels were observed when the experimental groups 
were compared (p<0.05). Treatment with 50 mg/kg 

b.w. of 20% BH significantly lowered blood glucose 

level (242.83±0.87 mg/dL) when compared with the 

diabetic control (DC) group (337.08±1.34 mg/dL). 

Also, FBG was significantly higher in the pre-

treatment group (191.3±1.04 mg/dL) relative to the 

non-diabetic group (62.73±6.13 mg/dL). Meanwhile, 

metformin (124.2±0.53) treatment also achieved 

significant reduction in the FBG. 

 

Table 1: Effect of bitter honey on blood glucose, lipid profile and markers of oxidative stress. 
Group FBG 

(mg/dl) 

TG 

(mmol/L) 

TC 

(mmol/L) 

HDL – C 

(mmol/L) 

LDL – C 

(mmol/L) 

VLDL – C 

(mmol/L) 

GSH  

(µmol/L) 

MDA  

(µmol/L) 

ND 
62.73± 

0.59* 

0.75 

±0.50 

5.02 

±0.05 

2.89 

±0.19 

2.28 

±0.24 

0.15 

±0.01 

0.23 

±0.01* 

3.14 

±0.58* 

BH_s 
63.68 
±0.70 

1.14 
±0.02§* 

5.01 
±0.16* 

7.10 
±0.18‡ 

1.86 
±0.17* 

0.23 
±0.005* 

0.44 
±0.02* 

3.89 
±0.57*.20* 

DC 
337.08 
±1.34§ 

2.53 
±0.02 

8.17 
±0.04 

1.13 
±0.14 

7.55 
±0.13 

0.51 
±0.004 

0.04 
±0.007 

8.48 
±0.54 

BH_t 
242.83 

±0.87§* 

1.09 

±0.03§* 

5.47 

±0.10* 

3.42 

±0.22‡ 

2.27 

±0.21* 

0.22 

±0.006* 

0.41 

±0.01* 

4.47 

±0.20* 

BH_p 
191.3 

±1.04§* 
1.14 

±0.08§* 
5.33 

±0.13* 
5.41 

±0.27‡ 
0.15 

±0.27* 
0.23 

±0.016* 
0.38 

±0.01* 
5.14 

±0.15* 

Metformin 
124.2 

±0.53§* 
1.79 

±0.04§* 
6.09 

±0.15* 
1.41 

±0.14‡ 
5.04 

±0.17* 
0.36 

±0.007* 
0.33 

±0.01* 
3.83 

±0.41* 
ND, Non-diabetic control;BH_t, Bitter Honey treated; DC, Diabetic control; BH_s, BH Supplemented; BH_p, BH Pre-treatment; TG, Triglyceride; 

TC, Total Cholesterol; HDL-C, High Density Lipoprotein Cholesterol; LDL-C, Low Density Lipoprotein Cholesterol; VLDL-C, Very Low-

Density Lipoprotein Cholesterol; GSH, Glutathione; MDA, Malondialdehyde; FBG, Fasting blood glucose (24 hour after last treatment). Results 

were presented as mean±SEM. * Values are significantly lower (p<0.05) compared to diabetic control. ‡ Values are significantly higher (p<0.05) 

compared to diabetic control. § Values are statistically significant (p<0.05) compared to non - diabetic control. 

 

Statistical Analyses 

Quantitative data were presented as mean±standard 

error of mean (SEM) and analyzed using one-way 

analysis of variance (ANOVA) on GraphPad prism 
(version 8.0). Post hoc analysis was carried out using 

Student Neuman–Keuls test and p<0.05 was considered 

statistically significant.  

Effect of Bitter Honey on Dyslipidaemia 

The effect of bitter honey supplementation on lipid 

profile parameters are shown in Table 1. Triglyceride 

level was significantly lower (p<0.05) among the BH 

supplemented (BH_s), BH treated (BH_t) and BH pre-

treated (BH_p) groups relative to the diabetic control 

(DC) and metformin-treated groups. Total cholesterol 

was significantly lower (p<0.05) in the bitter honey 

treated group compared with the diabetic untreated  

 

group. High density lipoprotein cholesterol level was 

significantly higher (p<0.05) in BH treated (BH_t) and 

BH pre-treated (BH_p) and BH-supplemented (BH_s) 

groups compared with diabetic control (DC) and 
metformin treated groups. In addition, LDL-C and 

VLDL-C were significantly low (p<0.05) in bitter 

honey treated (BH_t) group relative to both diabetic 

control (DC) and the metformin-treated groups. 

Effect of Bitter Honey on Lipid Peroxidation 

Inter-group comparison of concentrations of reduced 

glutathione (GSH) and malondialdehyde (MDA) 

revealed significant differences among the various 

groups. The Diabetic control (DC) group showed 

significantly lower (p<0.05) concentrations of GSH 

and a corresponding increase in MDA compared with 

other groups. Similar to the non–diabetic group, the 
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BH_s, BH_t, BH_p and metformin treated groups had 

a significantly (p<0.05) increased concentration of 

GSH and a corresponding low MDA level in relation 

with the diabetic control (DC) groups. 

Effects of bitter honey on cardiovascular, coronary 

and atherogenic risk Indices 

As shown in Figure 1, the diabetic control group 

presented with significantly elevated cardiovascular 

risk index (CVRI), coronary risk index (CRI), and 

atherogenic index (AI).  

Whereas, the BH– supplemented (BH_s), BH-treated 

(BH_t), BH- pretreated (BH_p) and metformin 

treatment groups had significantly lower (p<0.05) 

CVRI, CRI and AI relative to the diabetic control (DC) 

group. 

Histological assessment of heart, pancreas and lungs 
The diabetic untreated and metformin treated rats had 
distorted cardiac tissues, unlike the bitter honey treated 

rat which had a well preserved cardiac histoarchitecture 

Section shows that the bitter honey treated group (D) 

had a well-preserved myocardia histoarchitecture 

similar to the non-diabetic group. 

 
Figure 1: Effect of bitter honey on a cardiovascular risk, coronary risk, and atherogenic index.  

BH, Bitter Honey. Value is significantly higher (*p<0.05) than non–diabetic control, BH supplemented, BH treated, BH pretreated 
and Metformin treated groups. 

 

Whereas the diabetic untreated and metformin treated 

groups had cardiac muscles which presented with mild 

infiltrations of inflammatory cells (arrow head) as well 
as perivascular inflammatory cells infiltration (circle) 

(Figure 2). There was no pathological observation in 

the lung tissue of all the experimental groups (Figure 

3). There was no morphological distinction in the 

pancreatic tissue sections (Figure 4) of all the 
experiment animals. 

 

 
Figure 2: Representative light photomicrograph of the heart (× 400). 

Cardiac muscle (CM), Nucleus (N), Interstitium (INT). The Bitter honey pretreated (E) and metformin-treated (F) groups had 
cardiac tissue disorganization similar to the diabetic untreated group (C). Stain: Haematoxylin and Eosin stain. 

 

DISCUSSION 

 

Dyslipidemia is a life - threatening metabolic condition 
with numerous etiologies. Independently, dyslipidemia 

is often implicated as a key player in several 

downstream metabolic pathways pertaining to 

metabolic syndrome. Essentially, dyslipidemia can 

precipitate progressive redox imbalance and a build - 

up of atherosclerotic plaques in the endothelial 
vasculature, thereby eliciting a compromised 

histoarchitecture of the blood vessels24. Furthermore, 

dyslipidemia may also impair insulin receptor signaling 
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in such a way as to perturb the cellular uptake of 

glucose, typical of type II diabetes mellitus25. In the 

present study, experimental diabetes mellitus was 

chemically induced by streptozotocin in Wistar rats. To 

this effect, using standard biochemical and histological 
methods, a Nigerian bitter honey (BH) variety was 

screened for its potential pharmacological properties 

against classic diabetes symptoms viz a viz hypergly-

cemia, oxidative stress, and cardiac tissue atheroge-

nicity, cardiovascular and coronary indices. 

Data obtained from the study showed supplementation 

with bitter honey among group II animals did not cause 

a spike in blood glucose level. This suggests an 

antiglycemic potential of the bitter honey. Meanwhile, 

treatment of diabetic rats with BH (50 mg/kg BW of 

20% BH) for 28 days significantly (p<0.05) reduced 

blood glucose level. Similar to our findings, certain 

honey varieties indigenous to forest zones at Oyo26, 

and Delta27 states of Nigeria were reported to 

significantly curtail hyperglycemia within three weeks, 

and eight weeks respectively. In our previous study, we 
elucidated the botanical characteristics of the bitter 

honey18. Surprisingly, some of the plant precursors of 

the bitter honey are reputed for their glucose lowering 

efficacies in experimental diabetes. Notably,  

plant precursors such as Elaeis guinensis, Irvingiaga 

bonensis, Chromolaena odorata may possibly be the 

hypoglycemic determinants of the bitter honey. In 

addition, our previous investigation showed that the 

bitter honey is a potent inhibitor of pancreatic alpha – 

amylase enzyme28. 

 

 
Figure 3: Representative light photomicrograph of the pancreas (× 400). 

The section shows the pancreatic tissue composed of the endocrine unit made up of the islet cells (IC) and the exocrine unit made up of the acinar 

cells. Branches of the Pancreatic Ducts (PD) and blood vessels (BV) appear normal across all groups. Their cells types and distribution appeared 

unremarkable. 

 

Distinctively, this suggests that the BH variety is a 

repository of important bioactive compounds which 

can potentially modulate specific cellular membrane 

mechanisms that enhances glucose clearance from the 

blood. Supposedly, this may include alkaloids, 

phenolics, terpenes etc. Taken together, these suggests 

that the normoglycemic property of the bitter honey 

may have been elicited through multiple dimensions 

such as the regulation of postprandial hyperglycemia, 

enhanced facilitated diffusion or improved secondary 
active transport of glucose into the cell. Contrary to 

current findings, it is worrisome that certain honey 

varieties from different plant precursors are reputed for 

worsening indices of diabetes mellitus. This may be 

particularly possible if the honey were to be having a 

high glycemic index. Typically, the outcome of a non – 

randomized clinical trial involving diabetic volunteers 

showed that intervention with Egyptian clover honey 

for 8 weeks and 1 year respectively, resulted in 

elevated glycosylated hemoglobin16 and worsened 

dyslipidemia29,. Similar to our findings, certain honey 

varieties from Indonesia30 and Australia31, could not 
curtail hyperglycemia following 4 and 5 weeks of 

treatment respectively. The inconsistent empirical data  

concerning the anti-diabetic significance of honey can 

be attributed to the wide variations in the botanical  

 

characteristics of each honey variety. The inefficacy of 

these honey samples to significantly curtail 

hyperglycemia may likely indicate the absence of 

bioactive compounds which can potentially modulate 

downstream biochemical pathways of glucose uptake 

or utilization. This shows that in as much as their 

native plant precursors are not the same, the inherent 

bioactive constituents in a honey sample may likely be 

quantitatively and qualitatively divergent, hence, a 

possible variation in their corresponding pharma-
cological propensities.  

In the present study, STZ administration did not elicit 

any morphological distortion to the pancreatic islet 

histoarchitecture. The resultant development of 

dyslipidemia suggests that a non-insulin-dependent 

diabetes mellitus was likely induced by STZ in which 

case pancreatic β-cell damage was not necessarily 

implicated. Previous reports on the use of STZ as a 

diabetogenic agent are quite controversial. Apart from 

factors such as dosage of STZ, sex32,33, and breed34 of 

experimental animals, the nutritional status of the 

experimental animal35 have also been implicated as key 
determinants of the type of diabetes that may be 

induced by STZ. Importantly, there are increasing 

empirical data concerning the metabolic roles of 

dietary fat quality and quantity in STZ induced 
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diabetes36. Under a metabolic condition whereby 

circulating free fatty acid (FFA) is relatively high in the 

blood, STZ administration may potentially predispose 

to insulin resistance37 and consequently hyperglycemia 

without any adverse effect on the cellular integrity of 
the pancreatic islets38. Nevertheless, dyslipidemia is a 

very common feature of STZ induced diabetes.  Similar 

metabolic derangements were reproduced in this study. 

Abnormal lipid profile parameters were observed 

among the diabetic untreated rats. In tandem with the 

observations of some previous authors, BH 

supplementation normalized dyslipidemia despite not 

curtailing hyperglycemia. Notwithstanding, an 

atherogenic index value above 0.24 is strongly 

associated with an elevated risk of cardiovascular 

diseases32. Bitter honey supplementation significantly 

(p<0.05) reduced atherogenic index, coronary and 

cardiovascular risk indexes. A similar result was 

obtained for Nigerian honey cultivated at a forest zone 

in Ebonyi state39. Even when supplemented on a long-
term basis, certain honey varieties remained beneficial 

in the diabetic state.  For instance, data obtained in a 

clinical trial experiment conducted among type 2 

diabetic subjects showed that honey supplementation 

for four months caused a significant reduction of 

glycated hemoglobin while also curtailing dyslipi-

demia40. Also, supplementation with Egyptian clover 

honey for 6 years was reported to curtail hypertension 

and stroke despite not ameliorating hyperglycemia and 

dyslipidemia41.   

 
Figure 4: Representative light photomicrograph of the lungs (x 400). 

Abbreviation: Alveoli (A); Terminal Bronchi (TB) and Respiratory bronchi (RB). 

 

In our previous study where we characterized the 

botanical origin of the bitter honey, some of its plant 
precursors were observed for their roles in modulating 

molecular pathways of dyslipidemia. These include I. 

gabonensis42, C. odorata47,48, and B. Sapida46, and 

some members of the families of Moraceae43, 

Asteracea44, and Combretaceae45 among others. Infact, 

there exist a hypolipidemic patent from I. bonensis49. 

Since the BH was a multi-floral blossom honey, it is 

therefore possible that the significant hypolipidemic 

bioactivity of the BH may have been contributed by 

native plants with such inherent health benefit. The 

combinations of such plants which constitute the 

geobotanical origin may therefore likely be the 
hypolipidemic determinants of the bitter honey.  

Diabetes mellitus is an oxidative stress-related disease. 

Unrestricted lipid peroxidation in the endothelial 

vasculature can promote life-long pathological 

consequences on vital organs including the heart, and 

brain. In this study, lipid peroxidation (LPO) was more 

pronounced among the diabetic untreated animals, as 

depicted by a significantly high level of MDA and a 

corresponding significant (p<0.05) reduction in 

glutathione (GSH) level. Notably, bitter honey 

treatment, unlike metformin, significantly (p<0.05) 
restored the endogenous defense mechanism, GSH, 

against the deleterious effect of LPO. The prophylactic 

effect of BH against hyperglycemia-induced 

peroxidation of lipid molecules was equally significant 

among the BH pretreatment group. Interestingly, 

amelioration of hyperglycemia-induced oxidation of 
LDL has been proposed to be one of the anti - 

atherosclerotic mechanisms inherent in honey50. The 

varied antioxidant efficacy of honey owing to its native 

plant precursors is currently being explored for the 

management of micro and macrovascular 

complications diseases.  

Moreover, the histopathological assessment of cardiac 

tissues showed that the diabetic untreated group had a 

distorted cardiac histoarchitecture. A similar 

degenerative condition of the cardiac tissue was found 

among the metformin-treated group.   However,  

cardiac tissue integrity was well preserved among the 
bitter honey-treated diabetic group, but not among the 

metformin-treated group. This shows that the Nigerian 

bitter honey used for this study contains essential 

cardioprotective bioactive compounds which are 

deficient in the standard drug metformin. The cardio - 

protective mechanism of the bitter honey may have 

been elicited by sustaining a metabolic crossfire in 

resistance to hyperglycemia induced oxidative attack to 

the endothelial vasculature and cardiac tissue 

compartments. Interestingly, appreciable and moderate 

amounts of flavonoid, cardiac glycoside, phenols and 
steroids have been reported to be present in the bitter 

honey used for this study18. Consequently, the cardio - 

protective efficacy may have been elicited by these 

inherent phytochemicals. Since plant based steroids are 
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known to confer anti inflammation similar to 

glucocorticoids50, the steroid content of the bitter honey 

may likely contribute to its anti-inflammatory effects. 

Moreover, the component sodium and potassium may 

have also contributed to the cardioprotective property 
of the bitter honey, as diabetes related hyponatremia51 

and hypokalemia52 are widely common. 

At the dose administered, the Nigeria bitter honey used 

for this study did not elicit any form of toxicity to the 

pancreas, lungs or cardiac tissues. Unlike the uniflora 

bitter honey native to the black sea region of Turkey, 

the Nigerian bitter honey indigenous to Modakeke (7° 

27' 19.6704'' North and 4°32' 39.8112'' East) is not 

mad. Unfortunately, the expression of cardiotoxic 

grayanotoxin in Turkish bitter honey is a distinguishing 

feature that is peculiar to its rhododendron plant 

source. By implication, none of the indigenous plant 
constituting the botanical origin our bitter honeyis 

likely to be a repository cardio toxic-grayanotoxin. 

This shows that the variation in the botanical origin of 

any honey is a key determinant of its nutrient quality 

and quantity, as well as its corresponding therapeutic 

significance. Notably, the cardioprotective property of 

our bitter honey unlike Turkish bitter honey affirms 

that honeys from different floral origin are not exactly 

alike in terms of bioactive mechanisms and 

corresponding pharmacological significance. Due to 

the indigenous plant source of their bioactive markers, 
each honey sample is biochemically and therapeu-

tically distinct. However, this suggests that the 

potential pharmacological value of a particular honey 

sample may be exclusively homologous to the vegetal 

basis of its bioactive mechanisms. This will clarify the 

controversy concerning the conflicting pharmaco-

logical potentials of honey, especially with respect to 

its antidiabetic properties.  

Limitations of the study 

This is animal experimentation and should be further 

investigated before direct applications to human 

beings. Also, limited resources prevent our desire to 
unravel the mechanism(s) of the reported activities at 

cellular and molecular levels. 

 

CONCLUSIONS 

 

Data obtained from this study suggest that the botanical 

source of the bitter honey may likely have been 

dominated by native plants which synthesize a 

relatively higher amount of hypoglycemic, 

hypolipidemic or cardioprotective bioactive 

compounds. These properties suggest that the BH used 
for this study in combination with standard 

hypoglycemic agents may likely produce better 

treatment outcomes in the management of 

dyslipidemia, diabetes and associated vascular 

complications. Further study is needed to evaluate the 

long term effects of the bitter honey treatment at 

varying doses, and also to profile the actual bioactive 

compounds eliciting the therapeutic response.  
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