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ABSTRACT

In spite of increasing incidence of diabetes ftitlould not be effectively controlled with onlyeomedication. In the
present study, the effect of honey compared toomatf was investigated on glycemia in the streptwzo-induced
diabetic rats. Forty two rats were randomly dividedo seven groups ; C: non-diabetic rats receivbstilled
water, CH: non-diabetic rats received honey, CDalidtic rats received distilled water, DM: metforntneated
diabetic rats, DH: honey treated diabetic rats eithn 1.2 mg/kg (DH1) or 2.4 mg /kg dose (DH2) d doMH:
diabetic rats treated with a combination of metfornand honey. Diabetes was induced by a single ddse
streptozotocin (50 mg/kg; i.p.). After 30 daysodal samples were withdrawn to measure blood glydosalin and
serum C peptide. Treatment with metformin or hoaethe two studied doses (1.2 and 2.4 mg/kg) sigmifly
decreased the glucose level in diabetic rats. Tnestt with metformin slightly increased serum insidivel and
had no significant effect on serum C-peptide. Windatment with honey either in a dose of 1.2 mg#kd.4 mg/kg
markedly increased serum insulin and C-peptide l$eVEhe best result was in the combination of howéin
metforminthat almost reached the non- diabetic mntalues. This study indicated that consumingdyoim a dose
of 1.2 or 2.4 mg/kg improves glycemic control aaduces both insulin and C peptide levels more thatformin
alone. The best results were in the combinatidmooiey and metformin.
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INTRODUCTION

Diabetes is a metabolic disease resulting in clerogperglycemia and caused by defect in insulimeggm, action
or both and consequently disturbances in carbokssir@roteins, and lipids metabolism [1]. In spifencreasing
incidence of diabetes still it could not be effeety controlled with only one medication[2]. Morezy the available
drugs have undesirable side effects such as weaht hypoglycaemia, deterioration in beta cellction, poor
compliance and limitations in preventing diabetesplications associated with oxidative stress[3].

The need for a new natural drug is always a requitstey has been used in traditional medicine saraent
Egyptians as natural antibiotic to treat woundsnbugastrointestinal disorders, asthma, and catafd] and has
recently become a subject of renewed researctesttar the last few years [5].

Honey is a natural product of bees formed afteoaglihg and modifying plants nectar inside bees fwves.
Honey is composed mainly of glucose and fructogmsin addition to water, minerals, proteins acidsa[6]. It is
God'’s present to the universe. Both human and drkinds feed on it and get medicinal and nutritiobanefits.
Among these benefits are antimicrobial, anti-inflaatory and antioxidant effects [7]. Several stugiesved the
value of honey for diabetics either in experimeataimals[8-9] or in humans[10].
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Several antioxidant were found in honey as enzyfoaalase, glucose oxidase), acids (ascorbic, pilegnarganic
and amino acids) and other antioxidant compondlagofoids , carotenoid derivatives, Maillard réaatproducts
and proteins) [11-12]. Various polyphenols are rggmb in honey as caffeic acid, caffeic acid pheaster,
pinocembrin, acacetin, chrysin, quercetin, galarginl kaempferol[13]. C-peptide is a good markerinsulin
secretion. Its measurement can be considered atlgira validated means of quantifying insulin séiore [14].
Metformin is an oral hypoglycemic drug for regufgfiblood sugar. Its main role is to increase imssénsitivity in
liver and facilitate glucose transport in hyperggida and insulin resistance [15]

The aim of this study is to investigate the effethatural honey on plasma glucose, insulin ané&tive protein
in streptozotocin-induced diabetic rats and complaseeffect with metformin the common oral hypaggynic drug.

MATERIALSAND METHODS

Animals:

This study was conducted on 42 healthy female albats weighing 110-130 g. All animals were maiméai under
standard laboratory conditions of temperature (Z&)2humidity (45+5%) and 12 h day: 12 h night cyatel were
allowed free access to food (standard pellet diet) water ad libitum. Rats were obtained from tkpdtimental
Animal House of National Research Centre, CairogEg¥he use of rats and all the experimental proeeiwere
approved by the Animal Ethics Committee of the diadil Research Centre and were handled in accordeéticéne
Institutional Guidelines for the Care and Use ofrAals for Experimental Purposes.

The animals were acclimatized to the animal roormdd@n for at least one week prior to the expeniime

Preparation of honey and metformin:

Natural honey (clover) was purchased from the Mipisf Agriculture Market, Dokki, Egypt. This hondyas the
following composition: pH (2.7), ash (0.37%), mais (16.3%), total protein (0.96), total lipidsq{R), total sugars
(82.1%) and total reducing sugar (72.2%) [fruct¢38.3 %), glucose (28.2 %), sucrose (4.8 %)] . onas

freshly diluted with distilled water just before claadministration. Metformin (100 mg/kg body weightas

dissolved in distilled water before administration.

Induction of diabetes:

Diabetes was induced in 42 fasted rats by intrégegal (i.p.) injection of streptozotocin (STZ) atdose of 50

mg/kg body weight, dissolved in 0.1M cold citrateffer (pH = 4.5) [16]. Diabetes was stabilized he¢e STZ

treated rats over a period of 3 days. After thaietithe blood was collected by sinocular punctui the plasma

glucose level of each rat was determined. Rats avidsting plasma glucose range>a250 mg/dl were considered
diabetic and included in the study [17].

Treatment:

Rats were randomly divided into seven groups, &% in each as follows:

Group 1: Non-diabetic control rats treated withitlest water (C)

Group 2: Diabetic control rats treated with distillwater (CD)

Group 3: non-diabetic rats treated with 4.8 mg/kganey (CH)

Group 4: Diabetic rats treated with 100 mg/kg otforenin (DM)

Group 5: Diabetic rats treated with 1.2 mg/kg ofdyp (DH1)

Group 6: Diabetic rats treated with 2.4 mg/kg ofdyp (DH2)

Group 7: Diabetic rats treated with 4.8 mg/kg ofdyp + 100mg/Kg of metformin (DMH)

Treatment with honey and metformin was administemadly using an intra-gastric tube once daily 30rdays

Biochemical assays:

At the end of the experiment (30 days), rats wasteld overnight and blood samples were withdrawoutih the
retro-orbital plexus under light ether anaesthesiag a heparinized glass capillary and collectetubes. Blood
was allowed to clot and serum separated by cegatifon at 4000 rpm for 10 min.

Deter mination of glucose, insulin, serum C peptide:
Serum glucose was determined by the glucose oxidetbod [18]. Serum insulin levels were determitgd
Biosource —INSEASIA [19]. Serum C peptide was mead iy radioimmunoassay method [20].
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Statistical analysis
All values were expressed as meant SEM. The diffre were compared using one way analysis of v@ian
(ANOVA) followed by Tukey tests and p<0.05 were siiered statistically significant. Statistics wasfprmed
using SPSS for windows version 16.

RESULTS

Serum glucose:

Table 1 summarizes serum glucose level in diffegeotps of animals at start and after 30 dayseaftinent period.
As expected ,the serum glucose concentration ofdihbetic control rats after 30 days treatment quenvas

significantly higher (249.3+ 17.69 mg/dl) than teaxf the non-diabetic control rats(79.83+ 3.75 M)g/treatment
with Metformin or honey at the two studied dose2 ([@nd 2.4 g/kg) significantly decreased the gladesel with

increment of -167.5 + 45.97,-121.33 + 42.26 , @316 + 31.27mg/dl)respectively in diabetic ratentination of
Metformin and honey was the best treatment to redoe glucose concentrations in diabetic rats imthement of -
214.8+ 31.009mg/dl.

Serum insulin and C-peptide:

Table 2 shows the serum levels of insulin and Cigepf control and diabetic rats. Serum insulirsws@nificantly
decreased in diabetic control (0.30% 0,Q2Zml) in comparison to non- diabetic rats (0.6082uU/ml). Treatment
with Metformin slightly increased serum insulin é\to 0.38+ 0.04U/ml. While treatment with honey either in a
dose of 1.2 g/kg or 2.4 g/kg markedly increasedilinslevels to 0.51+ 0.04J/ml and 0.48+ 0.02U/ml
respectively. The best result was in the combinatiohoney with metformif®.53+ 0.03U/ml).

Similarly the level of serum C-peptide significantiecreased in diabetic control (6.41+ 0.39nmobtbjnpared to
non- diabetic rats (9.63+ 0.37 nmol/L). TreatmerthwMetformin had no significant effect on serump€ptide

compared to diabetic control rats. While treatmeith honey in a dose of 1.2 g/kg or 2.4 g/kg sigaiftly

increased C-peptide levels t07.85+ 0.31 nmol/L 388. 0.34nmol/L respectively. The best result wastha

combination of honey with metformi{®.26+ 0.38nmol/L) that almost reached the non- eliabcontrol level (9.63+
0.37 nmol/L).

Treatment with honey in the two doses improves @fyic control and reduces both insulin and C peptida
metformin alone. The best results were in the coatibn of honey and metformin.

Table 1. Effects of natural honey, metformin, and their combinations on serum glucosein STZ-induced diabetic ratsat start (zero) and
after 30 days (end)

Serum glucose (mg/dl) Serum glucose increment

Group Zeroend (mg/dl)

Non-Diabetic control (C) 85.16+ 4.33 79.83+ 3.75 - 5.33+7.06
Non-diabetic+ Honey (4.8 g/kg) (CH) 84.66+ £58 92.66+ 6.28 8.0+6.94
Diabetic Control (CD) 386.0+12.7 | 249.3+17.69 - 136.66+12.1%
Diabetic+ Honey (1.2 g/kg) (DH1) 274.6+ 334 153.3+ 13.% -121.33+42.26
Diabetic+ Honey (2.4 g/kg) (DH2) 294.6+3%.] 1655+ 11.9 -129.16+31.2%
Diabetic+ Metformin (100 mg/kg) (DM) 325.7+41.9 158.1+ 15.8 -167.5+45.97
Diabetic+ Metformin (100 mg/kg) + Honey (4.8 g/K@MH) | 314.6+32.4 | 99.38+ 3.5% -214.8+31.008

Data are expressed as mean + SEM. Each group deusis 6 animals. Values are statistically sigrifit at p<0.052 compared with non-
diabetic control (C)° compared with diabetic control(C)¢ompared with diabetic+metformin+ honey (DMH)compared with
diabetic+metformin (DM)

Table 2. Effects of natural honey, metformin, and their combinationson serum insulin and C peptidein STZ-induced diabetic rats

Serum Insulin | Serum C peptide
Group (uU/ml) (nmol/L)
Non-Diabetic control (C) 0.60+ 0.02 9.63+ 0.37
Non-diabetic+ Honey (4.8 g/kg) (CH) 0.53+ 0F03 8.86x 0.17"
Diabetic Control (CD) 0.30+ 0.02 6.41+0.39
Diabetic+ Honey (1.2 g/kg) (DH1) 0.51+ 0704 7.85+ 0.3%
Diabetic+ Honey (2.4 g/kg) (DH2) 0.48+ 0%2 8.36+ 0.3%
Diabetic+ Metformin (100 mg/kg)(DM) 0.38% 0.01 7.53+0.32
Diabetic+ Metformin (100 mg/kg) + Honey (4.8 g/k@MH) | 0.53+0.03 9.26+0.38

Data are expressed as mean + SEM. Each group dedsid 6 animals. Values are statistically sigrafit at p<0.052 compared with non-
diabetic control (C)° compared with diabetic control(CDjcompared with diabetic+metformin+ honey (DMH)compared with
diabetic+metformin (DM).
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DISCUSSION

The results of this study demonstrate and provénétadth benefits associated with consuming cloveeki@alone or
with metformin in reducing blood glucose level @andreasing insulin and C-peptide levels in diabedis

Honey lowers blood glucose in agreement with previstudies [21,22]. Unlike Metformin, mechanisnaofion of
honey is not well identified in lowering blood sugdetformin is a drug and an oral hypoglycemic ragtr
lowering blood glucose. Its main role is facilitagithe transport of glucose to liver and increagsglin sensitivity
in hyperglycemia and insulin resistance [15].

There are several mechanisms that explain the hypemic effect of honey one of which is its compotse
Fructose is one of the major components [23].Frae&te a monosaccharide that is absorbed from thteogatestinal
tract slower than glucose and its metabolism igdlgrindependent of insulin and quickly removedtbg liver.
Therefore, its consumption leads to only a sligluréase in blood sugar and can be appropriate smarefor
patients with diabetes type 2 [24]. Clove honeyduisethis study contains fructose (38.3 %) , glec¢8.2 %) ,
fructose/glucose ratio of 1.35:1

In addition it was found that administration of mial amounts of fructose increases hepatic glucpgake and
glycogen storage and reduces peripheral glyceméh comsequently insulin levels. This could be duethe
activation of the enzyme glucokinase which contgligcose intracellular metabolism by catalysing ¢baversion
of glucose to glucose-6-phosphate and decreased placose level [25]. This explained the euglyae=rather than
hypoglycemic effect of clove honey used in our gtad non-diabetic rats.

Another mechanism of honey hypoglycemic effect Whie not investigated in this study is the antiaxitleffect
[21]. Honey increases antioxidant agents such tsdaotene, vitamin C, glutathione reductase @&ndns uric acid
as well as containing by itself various antioxidaf®26] as phenolic antioxidants [27]. The amound &ype of
antioxidants depends largely upon the floral/ usred the honey [28].

In addition, honey contains different minerals swh copper, calcium, zinc, selenium, potassiumorohrm,

manganese. Some of these minerals such as chrotmawm play vital roles in controlling glucose anddilin

metabolism through maintenance of normal insutioretion from the pancreas and glucose tolerar@e (2her
studies demonstrated that zinc and copper can wraeprsulin sensitivity thus decreasing levels ajdad glucose
[30,31]. In addition, increased serum concentratioh zinc and copper were observed after suppleatient of
honey [26], these elements may add another exjtemnaf the hypoglcemic effect of honey [30,31], nieased C-
peptide and insulin secretion [24]

In addition honey has a Gl value ranging from 3@ 8, according to the international table of ghpéeindex
which is considered as low GI[6]. Also, it was fauthat honey supplementation through up-regulatibiNrf2
activity and expression, increases the expresdiogtoprotective genes [32].

The Present study showed that the blood level gilin and C peptide decreased in diabetic ratsctwhias in
accordance with other studies [24]. C-peptide isetreted with insulin by the pancreatic cells dy-groduct of
the enzymatic cleavage of proinsulin to insulin.n€equently, serum C-peptide level is a true indicaf any
change in the insulin level, which is the main d®ieant of plasma glucose level [14]. This improwarin insulin
and C-peptide levels could be related to honeyisgative effect oiff-cells of pancreas [21].

It was found that in healthy subjects, compareddgtrose, honey supplementation produced loweements in
serum C-peptide and insulin levels [33]. When carimg honey to glucose-fructose solution, signifityalower
serum C-peptide and insulin concentrations weremiesl . [34].

It was observed that honey had reduced insulinstasie in type 2 diabetic patients [35]. Similarhgney
supplementation was associated with considerabpgomement in pancreatic islets and increased sensoiin
levels in STZ-induced diabetic rats [8]. On the estthand, honey improves islets and increases msuli
concentrations in impaired pancreatic function [9].

CONCLUSION
This study indicated that consuming clove honewidose of 1.2 or 2.4 mg/kg improves glycemic cdnamd

reduces both insulin and C peptide levels more thatformin alone. The best results were in the doatlon of
honey and metformin.
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