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ABSTRACT

Diabetes mellitus is a disease that affects noy ghicose metabolism but also mineral metabolishis $tudy was
conducted to evaluate the effects of vitamin C Bnoh blood glucose and electrolyte levels in fraetinduced
hyperglycemia in Wistar rats. Twenty (24) Wistatsravere usedfor the study. Each animal, regardidstheir
weight was made diabetic by feeding them with 220g/L00ml) of fructose dissolved in distilled wéara period
of six (6) weeks, after which they were randomisiggeed into four groups of six (6) animals eachfakws:
Group 1 served as diabetic control, Group 2 and&enmreated with 100mg/kg b w of vitamin C andmita E
respectively while Group 4 were treated with 25Gadi w of metformin and served as a positive abnfdl doses
were administered orally once daily for a period s#ven days. The results showed a statisticallgifiignt
reduction (p<0.05) on blood glucose level in theyps treated with 100mg /kg b w of Vitamin C andfier day 3
and 7 when compared to control group. The resuttioled also demonstrated a significantly reduced0(f5)
serum sodium ion level in all groups treated wi@® Ing/kg b w of vitamin C and E respectively wtmmpared to
diabetic control group. In regards to serum potassiion, only Vitamin C at tested dose of 100mg/isggroduced
a significant change when compared to diabetic m¥ngroup. However, the serum biocarbonate levelswa
significantly decrease (p<0.05) in all groups tred with Vitamin C (100 mg/kg b w) and VitaminlBq mg/kg b
w) respectively when compared to control group treated group.
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INTRODUCTION

Diabetes mellitus is a disorder in which the boslyuhable to metabolize carbohydrates properly. dikease is
characterized by excessive amounts of sugar irbkbed and urine; inadequate production and/or zatiion of
insulin; and by thirst, hunger and loss of weighf [ Type 2 diabetes mellitus accounts for apprately 85 % of
all cases of diabetes mellitus and is an impontiaktfactor for cardiovascular morbidity and moittgP] Fructose,
a natural sugar found in many fruits, is consunmesignificant amounts in Western diets [Electrolyte imbalance
secondary to compromise in kidney function in pngled and uncontrolled hyperglycemia of diabetedituglhas
long been established.Usually, glycosuria, a pnemi diagnostic feature of diabetes mellitus impagehydration
via glucose osmotic diuresis, which is usually apanied with severe loss of electrolytes includguglium,
potassium, calcium, chlorine and phosphates [hyestion of high doses of fructose over a prolahgeriod has
been used to induce persistent hyperglycaemiawdls features similar to those seen in patientshwipe 2
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diabetes mellitus (DM), hence its use in type Re IDM induction in animals[5 ]. Vitamin C is a waioluble
vitamin that is found intra- and extracellularlyascorbate [6 ]. It is a natural antioxidant thavents the increased
production of FRs induced by oxidatigmage to lipids and lipoproteins in various callutompartments and
tissues[7 ]. It has beeshown to react directly with superoxide[8 ], hydybrsadicals [9 ] and singlet oxygen [10]. It
is generally regarded as a primary first-line pctite agent that repairs or nullifies FRs by donatingirayle
electron, followed by a proton to yield a chemigat#tduced non-radical product and ascorbyl radidaé ascorbyl
radical dismutates to ascorbate amhydroascorbic acid[11].Vitamin E, the principgid-soluble antioxidant [12
]. Vitamin E includes 8 naturally occurring formshich can be divided into two families of compounttse
tocopherols and the tocotrienols; collectively kmoas tocols [13]. Specifically, vitamin E is abke éxtinguish
single oxygen species as well as to terminate feshical chain reactions [14]. Alpha-tocopherol aets an
antioxidant either by donating a hydrogen radicatédmove the free lipid radical, reacting with dt form non-
radical products, or simply trapping the lipid reai[15]. This protective activity of vitamin E depds on vitamin C
to recycle oxidized vitamin E [16]. The presentdstis aim at evaluating the of effect of Vitamina@d E on blood
glucose levels and serum electrolyte levels ootése-induced insulin resistance ( Type 2) diebetellitus on
Wistar rats.

MATERIALSAND METHODS

Chemicals used

All chemicals and drugs used were of analyticatlgraAlloxan was purchased from (Sigma chemical CamySt.
Louis U.S.A). A digital glucometer (Accu-Chek Aduage, Roche Diagnostic, Germany) was used for the
determination of the blood glucose levels of thienafs.

Drugs used

Vitamin C and E were obtained from was obtainednfi@ pharmaceutical store in Zarzach tablet of ascorbic
acid (100 mg;Med Vit C® ,Dol-Med Laboratories Lieit, Lagos, Nigeria was reconstituted to 100 mg/mL
suspension, just prior to its daily administratighile Vitamin E (100 mg/capsule) each capsule assrated into

a syringe and then reconstituted with soya 0ilG08% v/v prior to daily administration.

Animals

Twenty (24) healthy Wistar rats of both sexes leetwthe ages of 10-12 weeks old, weighed betwB8200 g
were used for the study. The animals were kept @l aerated laboratory cages in the Department wih&h
Physiology and were allowed to acclimatize to #igoratory environment for a period of one week kefbe study
commenced. They were maintained on standard arfieeals and drinking watead libitum The Principle of
laboratory animal care “ (NIH publication No 85- P3guideline and procedures were followed in thisady ( NIH
publication reserved 1985 ).

Experimental induction of diabetes mellitus

D-Fructose (BDH, Poole, England) with a molecul@ight of 180.16 was used for the study. Each egamdless of
their weight was made diabetic by feeding them \2i3Bo (20g/100ml) of fructose dissolved in distilledter for a
period of six (6) weeks [17 ].

Group 1: Diabetic control and received 1ml of disti water

Group 2: Received 100mg/kg b w of Vitamin E

Group 3: Received 100mg/kg b w of Vitamin C

Group 4: Received 250mg/kg b w of Metformin

The administration was by oral gavage spanningfoeriod of two weeks.

Deter mination of blood glucose level

All blood samples were collected from the tail va@ihthe rats at intervals of 0, 3, 5 and 7daystiRgsblood
glucose levels were determined by using glucosdase method [18] using a digital glucometer (&€hek
Advantage, Roche Diagnostic, Germany) and the tesutre expressed in the unit of mg/dl [19]. Raaviig
fasting blood glucose level130 mg/dl were considered as diabetic.
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Collection and prepar ation samples

After the last day of administration the animalergveuthanized and blood samples were drawn frennélart of
each by cardiac puncture into plain tubes and \&logved to clot and the serum separated by cegtifon using
Denley BS400 centrifuge (England) at 3000 r p mXbminutes and the serum collected and then sigljeo
biochemical assays.

Estimation serum electrolytes
Serum sodium and potassium ions were measurecelflathe photometry method of Vogel (1960) and ltioaate
ion was determined using the titration method df[2hloride ion was analysed using the method &f.[2

Statistical analysis

Data collected from the control and experimentaimafs were expressed as mean + SEM. The data were
statistically analyzed using ANOVA with multiply ogparisons versus control group. The values of p0s vere
considered significant[22].

RESULTS

Effect of Vitamin C and E on blood glucose level of fructose-induced diabetic wistar rats

Day 0 mean the blood glucose level of fructose-gedlidiabetic before the commencement of treatridwet results
showed a statistically significant reduction (p<g).0n blood glucose level in the groups administevéh Vitamin

C (100mg/kg bw) and E (100mg/kg bw) after day 8 day 7 when compared to control group. Howeveg, th
observed decrease on the level of blood glucosthése groups is comparable to metformin (250mgAkgy b
(Tablel).

Effect of Vitamin C and E on serum electrolytesin fructose-induced diabetic wistar rats

Result obtained in this study revealed a signifigareduction (p<0.05) on serum sodium ion in atbygps treated
with Vitamin C and E when compared to control groupregards to serum potassium ion, only Vitamiat@ested
dose of 100mg/kg b w produced a significant chawhgen compared to diabetic control group. There nas
significant change (p>0.05) on serum chloride iothie groups treated with Vitamin C (100mg/kg bamny E (100
mg/kg bw) when compared to control group. Howetlee, serum bio-carbonate level was significantlyleteul

(p<0.05) in all groups treated with Vitamin C (18@/kg b w) and E (100 mg/kg b w) respectively wisempared
to control group (Table 2).

Table1: Effect of Vitamin C and E on blood glucose level of fructose-induced diabetic wistar rats

Treatment give Fasting bloo glucose level (mg/d
0 day 3day 5 day 7 day
Diabetic control 131+3.66 130+0.89 132+2.16 13341.9
Vitamin C (100mg/kg bw)  138.2+3.06  75.0+2.84 66.4+1.50 58.6+1.0Z
Vitamin E (100mg/kg b w)  134.8+2.44  74.8+2.73 65.8+2.75 61.6+1.96
Metformin (250mg/kg b w)  136.8+2.61 77.4+3.87 66.2+5.14 62.2+3.57

Values presented as mean + SEM
#p < 0.05 is statistically significant when compatectontrol group while ns= non significant.

Table2: Effect of Vitamin C and E on serum electrolytesin fructose-induced diabetic wistar rats

Treatmer Given Na" (mmol/L) K*(mmol/L) CI (mmol/L) HCG; (mmol/L)
Diabeticcontro 150.4£7.8C 4.20+ 0.1 98.4+ 1.4: 30.0+ 1.8i
Vitamin C (100mg/kg bw) 107.0+4.40  2.72+0.24  91.4+1.5% 22.2+0.86
Vitamin E (100mg/kg bw) 113.0+6.80 2.86+0.2I° 86.8+1.98 18.2+ 0.86
Metformin (250mg/kg b w)  90.6+3.73 2.44+0.67 88.0+ 2.0 17.2+0.58

Values presented as mean + SEM
# p < 0.05 is statistically significant when compateccontrol group while ns= non significant.

DISCUSSI ON

Ingestion of high doses of fructose over a prolahgeriod has been used to induce persistent hypamghia in
rats with features similar to those seen in pasiemith type 2 diabetes mellitus (DM), hence its usdype 2
diabetes mellitus induction in animals [5 ]. Thethod of [17] used in this study is acceptablehiat there was a
significant hyperglycemia following chronic ingesii of fructose. In this present study, feeding ahémals with
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high doses of fructose in the laboratory for ageif six weeks resulted in progressive signifidantease in blood
glucose level. In this study, administration of &@fJkg b w of vitamin C resulted to significant dease in blood
glucose level in the diabetic rats when comparethéodiabetic control group. Vitamin C may play iamportant
role in physiological reactions such as mixed figrctoxidation involving incorporation of oxygen inta
biochemical substrate. In addition, vitamin C issidered the most important antioxidant in extiatad fluids and
its antioxidant function has been shown to effidiescavenge superoxide, hydrogen peroxide, hydrgeroxyl
and singlet oxygen radicals[23;24]. Therefore, éimdoxidant function of vitamin C as observed ifstiwork is
related to its reversible oxidation and reductitraracteristics [23] . Vitamin C has been reporteckfficiently
scavenge free radicals before they can initiatiel Iggroxidation, and contribute to stability of loédr and basal
membranes [7 ]. Similarly, treatment of the diabeatnimals with 100mg/kg b w of vitamin E signifitgnreduced
the blood glucose level when compared with therobgroup. This essential fat-soluble vitamin fuiaos primarily
as an antioxidant[25] . Our findings in this presevork is in agreement with the report of [26,27AVho
demonstrated that there was positive effects obetis mellitus and improvements in glycemic contfobm
vitamin E supplementation. The hypoglycemic effeofsboth vitamins are comparable to the standandy dr
metformin. Synergism between vitamins C and E hasen demonstrated [28]. Although both vitamins seas
free radical scavengers in biological system, vita@is hydrophilic and exerts its effect in thdrexellular space,
trapping radicals in the aqueous phase [29], whilamin E is a lipid soluble antioxidant within ticells, where the
reactive metabolites are actually produced [28]tHarmore, vitamin C interacts with tocopheroxytlial and
generates the reduced tocopherol[30]. Electrolyilesy an important role in many body processes, sagh
controlling fluid levels, acid-base balance (pHgrve conduction, and blood clotting and muscle ramtion.
Electrolyte imbalance resulting from kidney failudehydration, and fever and vomiting has been estgg as one
of the contributing factors toward complicationssetved in diabetes and other endocrine disordér$. [Biabetes
is characterized by increased volume and metaboéeretions via the kidneys, usually in excessnaifmal
thresholds. These usually give rise to derangemartitemeostatic balance with respect to electrsly82]. In the
present study treatment of fructose-induced diatestimals with vitamin C (100mg/kg b w) and E (386/kg b w)
produced a significant decrease on serum sodiuntaoicentration; however vitamin E (100 mg/kg b wj dot
produce a significant change on the level and patasion concentration. On other hand, adminisiratf vitamin
C (100 mg/kg b w) and E (100 mg/kg b w) recordetba significant difference on serum chloride iowelein the
diabetic animals when compared to diabetic untteedts.

CONCLUSION

The results obtained in our study demonstrated thaimin C and E at tested doses significantly cedublood
glucose level. However, there was a significantigréased serum sodium ion and bio-carbonate igralips that
received Vitamin C and E. In regards to serum @itas ion, only Vitamin C at tested dose of 100mgkkgv
produced a significant change when compared taetiabontrol group.
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