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ABSTRACT

Five herbal drugs were obtained from a market irirblai and analyzed for anti-diabetic properties. iSsvalbino
rats were used as the animal model in the studyfdviein (500mg) was used as the positive contrbé flats were
induced with diabetes using alloxan. ThereafterstiFay Blood Glucose (FBG) was carried out to canfinduction
of diabetes. Rats induced with diabetes were theapgd into five groups, (n=5), corresponding teatments with
various herbal drugs: Commercial Diabetic formula®anotech® herbal powder, Prunus africana herbalvder,
Flax seeds herbal powder and Stevia rebudiana gildaaves powder. Herbal flax seeds at concentratfr80, 40
and 50% recorded percentage blood glucose reduaifof?.9%, 9.4% and 31.1% respectively compared thi¢
group administered with rat pellets only where theod sugar increased by 9.5%. The group admingsterith
metformin as positive control showed 75 % reductbblood sugar. Stevia powder extract concentratiof 20,
30 and 40 % recorded 29.7, 32.7 and 66.7% reduatspectively compared to the group administereti water
only which recorded a reduction of 30.3% comparmedhte group administered with 500 mg/Kg metformaihich
recorded a reduction of 64.3%..Aqueous and etharmtiracts of Diabetic Formula® reduced the bloogjar by
56 and 44 % respectively while aqueous and etharmtiract of Ganotech® herbal powder reduced thmodl
sugar by 61 and 72% respectively. The aqueous Hrahelic extracts of Prunus africana herbal treattheesulted
in reduction of blood sugar by 21.71 and 38.5% eesipely compared to the rats treated with the 5M3D which
reduced by 24.0% and the group treated with 500mgfi€tformin reduced blood sugar by 53.3%. The Herba
drugs used in this study were found to be actiare diabetes when compared to the commercial 8atformin
and should be exploited as possible alternativecasiof medicine and dietary supplements for diebet

INTRODUCTION

Diabetes has become an important chronic metall@ase in the world, and especially in develogiogntries. It
comprises a collection of heterogeneous diseas#sridg in their etiological, clinical and epidentagical

characteristics but have hyperglycemia and gluadséerance in concurrence [1]. Diabetes affects gmumber of
populations in the world about 200 million andsitthe emerging epidemic in Africa which threatemsverwhelm
the health care system [2]. It is one of the nomrwinicable diseases on the rise because of changesupation,
and lifestyle in Africa affecting 3.2% of the adplopulation. It is increasingly affecting thosetlre productive
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range 15 to 49 years [3]. Estimates in 2006 shawatl10.8 million people had diabetes in sub-Sahafaica and

the figure is projected to increase by a rate dfo8@xceeding the predicted worldwide increase @6 %Hd it is

expected to double by 2030 [4]. In Kenya, the plence of diabetes has been noted at 3.5% howeigdbelieved

that it represents small fraction of the prevalesioee there are many untreated cases of dialdgtesJust like in

most African countries since only 15% of those @fed are diagnosed [5]. In most cases the clid@dnosis is
made when the person presents to the clinic withpdisation which are acute or chronic. Several onatications
have been developed to manage the blood sugarsl@fethe disease. However still there has not beeoh

medication to cure the disease [6]. The burdeth@fdiabetes also affects the population since npaople living

in endemic areas do not have access to the meaiisadue to low purchasing power [7]. Plants hawentsesource
of novel compound for the drugs against diabetea.feview by Hussein et al. (2012) several comgsurave been
isolated from plants known to treat diabetes [8].

Plants also have been investigated and found teegosumerous mechanisms for the management ofldbd b
sugar and easing the stress as single compouradgroup of compounds in an additive or synergfstimat. There

is a provision of cheap alternative and availablegd associated with little side effects are beirglored for the

potential sources of drugs [5, 7]. In most of tleveloping countries herbal medicine still providesl alternative

therapy for the disease. Despite of this, it s@lnains unregulated. Therefore there are quitenabeu of herbal

drugs medicinal compound that remain unevaluatedhigir activity. This study therefore sought tongde herbal

drugs used by traditional and herbal practitiomefdairobi and evaluating for their anti-diabetutigity.

MATERIALS AND METHODS

Collection and preparation of plant material

Packaged formulation of Commercial Diabetic forn®laerbal drug, commercial Ganotech® herbal powder,
Prunus africana herbal powder, Flax seeds herbhadl@oand stevia tea were bought from commercidbddists in
Nairobi. The modes of preparation were noted tdgim the means of extraction and administration.

Experimental animals

Eight weeks old rats, female rats were obtainednfidoology department of Jomo Kenyattta Universify o
Agriculture and Technology. The rats were kepttiwo weeks to acclimatize. During this period, thés were
given standard laboratory diet, rat pellets fronbdlzow, Unga feeds, water was allovaatilibitum.Twelve 12 hour
Light-dark cycle was also allowed in the entireipérof the experiment.

Preparation of herbal drugs

Herbal drugs were extracted in two potions thed fation using Ethanol at a ratio 1:10 and the sdqaortion was
extracted with water at the same ratio. Ethanotitagts were concentratéd vacuousing a rotary evaporator at
50°C while the water extracts were freeze dried. Theaets were then kept in a refrigerator for furttiee tests.

Preparation of doses

Herbal mixtures of 30%, 40% and 50% (w/w) herbakfseeds and rat pellets were prepared by mixingealéets
and herbal flax seeds powder and different at safidie powders were mixed and water was addedhaydviere
molded back in pellets of the same size as origieiets then dried under shade.

Preparation of Stevia herbal powder extracts
Different ratios of powder 20% ,30% and 40% wertrasted with water in the ratio of 1:30 three tinvester was
the evaporated to concentrate the solution. 2rti@extract was administered to the animals.

Experimental design forin-vivo antidiabetic activity
Dose was calculated with the formula:

Dose rate X Body weight
Dose =

concentration of the drug in water

Analysis of blood glucose
The blood was withdrawn from the tail vein of raEssting blood glucose and the Oral tolerance glidests were
performed by glucose oxidation method using a gheter (Prodigy® pocket glucometer).
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Setup 1 Setup 2 Setup 3
. Commercial Ganotec Commercial Diabetic Prunus africana
Flux seed powder Stevia powde
powder formula powder
Group 1 30% herbal flax seeds + rat ~ 20% stevia 250mg/Kgaqueous
p pellets solution extract powder
G 40% herbal flax seeds + rat ~ 30% stevia 250mg/Kgethanolic
roup 2 ;
pellets solutior extract powde
Group 3 50% herbal flax seeds + rat ~ 40% stevia 250mg/Kgaqueout
p pellets solution extract of powde
250mg/Kgethanolic
Group 4 rat pellets only water only powder
pellets + with 500 mg/Kg 500 mg/Kg 250mg/Kgaqueou
Group 5 ) .
metformin metformin extract powder
Group 6 250mg/Kgethanolic
extract powde
Group 7 5% DMSO in HO
Group 8 500 mg/Kg mertformin

Statistical analysis

Results were expressed as SEM. Statistical divemybrtween the treatments and the controls wetedtdy one
way analysis of variance (ANOVA) using the SAS vemns9.1. Individual comparisons were done by Stisl
Newman Keul's Test (SNK) analys

RESULTS AND DISCUSSION
Hypoglycemic dfect of herbal flax seedsLinum usitatisssmum) on alloxan induced diabetic rats
Glucose levels after 12 hours overnight fasting sigsificantly higher (P<0.05) in the group treateidh 30%,
40% and 50% herbal fluseeds mixture with rat pellets at 15.040 + 2.9611500 + 3.675 and 21.060 + 2.0 mMo
respectively compared to rats fed with pellets ail{6.860 + 1.070 mMol/L) and rats administerethvgellets anc
500mg/Kg metformin (5.620 = 0.185 mMol/
m 30% Herbal flax seeds powderwith pellets mixture  ®40% Herbal flax seeds powder with pellets mixture

m50%Herbal flax seeds powderwith pellets mixture B Rats administeredwith pellets only

u Rats administered pellets + metformin (500mg/Kg)

35 4
30
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20
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10

Mean blood sugar level (mMol/L}))

Shr 6hr

Ohr 3hr Timathrs)

Figure 1: Blood glucose levels in diabetic rats administetewith Flax seed powder at various concentratior
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Glucose levels increased significantly (P<0.05g¢hhours later after administration of mixture 6f 30 and 50%
herbal flax seeds powder and rat pellets (24.32(B85, 20.420 + 3.986 and 25.200 + 3.582 mMol/Liagt rats
fed with pellets only (18.260 + 2.936 mMol/L) butere slightly higher (P>0.05) in rats fed with 50@/Kyg
metformin at 22.520 + 1.479 mMol/L.

The peak blood sugar was observed after 5 howasient with 30% and 40% mixture of herbal flax seefth rat
pellets at 29.440 + 2.288 and 22.600 + 2.898 wiml&0% mixture of herbal flax seeds with rat pallét was
observed at 25.200 + 3.582 mMol/L against the agjamts fed with pellets only (18.260 + 2.936 mNolP<0.05)
observed at 4 hrs after and in rats fed with 50Kmgnetformin at 22.520 + 1.479 mMol/L observedeafs hrs of
treatment.

Six hour after treatment, there was a significanpddf blood sugar (P<0.05) from the peak valuethintreatment
groups at 16.220 + 3.792, 18.500 + 3.094 and 1738460 mMol/L compared to the rats fed with psllenly
(20.000 £ 3.929mMol/L) but were higher (P>0.05)rats fed with 500 mg/Kg metformin at 22.520 + 1.479
mMol/L. The percentage reduction for 30, 40 and 3®bal flax seed powder and rat pellet mixture ¥&9%,
9.4% and 31.1% respectively compared with the gradiministered with rat pellets only where the blsugar
increased by 9.5% and group administered witlpediets and administered with 500mg/Kg metforminvityich
showed 75 % reduction (Figure I).

The finding were in agreement with other studiesantidiabetic activity of herbal flax seeds usitatissimunhas
been shown to be active against diabetes andivitgdtas been attributed to complex phenol suctigrans [9].
Flax seeds contain anti-oxidants and have higltadigitber that can help diabetics by inhibitingidigperoxidation
and scavenging of hydroxyl radicals. Whole flaxdsbave been reported to reduce serum and hepatidévels in
rats induced with type 2 diabetes mellitus [10]Jmixture of herbal flax seed powder and pumkin seeas able to
make alloxan induced diabetic rats recover afteor2d days of treatment with the dietary supplemgisio the rate
of storage of hepatic blood glucose to hepaticafgn has been reported [11]

Hypoglycemic effect of Stevia herbal powder oalloxan induced diabetic rats

The glucose levels after 12 hour fasting was sicgitly higher (P<0.05) in the group to be adnierisd 20%
stevia at 10.0+1.3mMol/L, compared to rats to bmiadstered with 2ml water (4.2+0.6mMol/L) and thes to be
treated with 500mg/Kg metformin (6.1+0.9mMol/L).

The blood glucose levels of groups treated withaB@ 40% stevia was recorded at 5.0+0.6mMol/L arzdG6
mMol/L respectively after 12 hours fasting (P>0.@6mpared to rats fed with 2g/kg of glucose monivhate in
2ml water (4.2+0.6mMol/L), and rats fed with 500#g/metformin (6.1+0.9mMol/L).

On administration of 2g/Kg dose of glucose monohsaito the rats, the glucose levels rose to 158mblol/L
(P>0.05) compared to rats fed with 500mg/Kg metiarif17.1+3.5mMol/L) and rats fed with water (19.191
mMol/L). Increase in the blood sugar was significé?<0.05) in rats to be administered with 20% isteind 40%
stevia at 22.7+1.0 mMol/L and 13.6+0.2 mMol/L comgmh to rats fed with 500mg/Kg metformin
(17.1+£3.5mMol/L) and rats fed with water (19.1+m®/0ol/L).

The peak blood sugar levels was observed at thiegltire administration of the treatments exceptgifwaip treated
with 20 % stevia and 30 % stevia observed 30 mitrEatment (27.6+£2.9, P<0.05) and (17.1+3.3, P®gainst
the rats fed with 2g/kg of glucose monohydrate iml &vater (19.1+1.9mMol/L), and rats fed with 500iKg/
metformin (17.1+3.5mMol/L).

Two hours after administration, of 20 % stevia @#4%2.7 (P<0.05), 30 % stevia at 11.5+0.8 (P<0d1%) 4.6+8.0
(P>0.05) against rats fed with 500mg/Kg metformthlél.2mMol/L)while they were significantly diffeme
compared to the rats fed with 2g/kg of glucose nigdoate in 2ml water (13.3+2.5mMol/L). The bloodgau
reduction from the peak of rats treated with 2086 40 % stevia was 29.7, 32.7 and 66.7% respécitompared
to group administered with water only 30.3% andgteup administered with 500 mg/Kg metformin 64.@igure

).
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Figure 11 : Blood glucose levels in diabetic rats fed with 8via powdei extracts

Stevia rebudianalso known as Stevia is a widely renowned plantlusemaking beverages. A separated st
done on antidiabetic activity of herbal drugs ie tiharket found out that stevia was able to reduaketes by :
significant fractioncompared to metformin in a period of 8 ho[12]. Based orinvitro tests stevia contains steviol
glycosides that were gooddical ;- and OH radical scavengers and thus enhance their noiinteracting
oxidative stress caused by hyperglyce[13].

Hypoglycemic effectof aqueous and ethanolic extracts of Diabetic forma® herbal drug on alloxan induced
diabetic rats

The glucose levels after 12 hour fasting in ratsddreated with aqueous extracts of commerciab&ia Formula®
herbal drug was significantly higher (P<0.010.7+2.2 compared to rats fed witkater only 4.3+0.5mMol/L) and
rats treated with the 5005Kg metformin 9.6+3.1mMol/L). On the other hand, the glucose levels in ratbet
treated with ethanolic extracts of commercial Diab&ormula® was noted 9.6+1.tmMol/L against the group
treated with 500 mg/Kg metformir9.6+3.1mMol/L) and rats admistered with water only (4.3x(mMol/L,
P>0.05) after 12 hours of fasting.

The levels rose to 16.6tTrfMol/L and 17.7+4. MMol/L (P>0.05), 30 minutes after administratioh2gy/Kg of
glucose compared to rats fed with 500mg/Kg metfaf15.2+3.1mMol/L) ad 19.6+1.4mMol/L in rat
administered water only. The peak blood sugar vimeiwed 30 minutes after treatmen16.7+4.1 and 18.0+4.3
mMol/L (P>0.05)against the rats treated with 500mg/Kg metforn12.0+2.6mMol/L)and the rats administered
with water only (17.8+2.3mMol/L).

The levels declined aftek20 minutes t(7.2+2.4 and 9.9+3.5 mMol/LR>0.05), compared to a rats treated \
500mg/Kg metformin (7.1+3.0mMol/L) and rats admtared with water (14.9+2.4 mMol/L) fig 9.Rats tredtwith
aqueous andtlanolic extracts of commercial Diabetic Formula@uced the blood sugar by 56 and 44
respectively compared to compared tot the ratsetdeaith the 5% DMSO which reduced by 24.0% andgtop
treated with 500mg/Kg metformin which reduced by388 frcm the peak (Figure III).

Hypoglycemic effectof aqueous and ethanolic extracts of Ganodema® heamb drug on alloxan induced
diabetic rats.

After 12 hour fasting, rats to be treated the with aqueous extract of Commercial Ganotech® hasbalder, hac
glucose levels of significantly lower (P<0.05) a6#0.9mMol/L compared to rats fed with 500mg/Kg foghin
(9.6+3.ImMol/L) while it was slightly higher than 5% DMS® water 4.3+0.5mMol/L. Rats to be treated with
ethanolic extract of Commercial Ganch® herbal powder had a glucose level slightly lotiemn those treated wi
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metformin 500mg/Kg (9.6x3riMol/L) and significantly higher than the group adistered %5 DMSO water
4.3+0.5mMol/L.

The levels rose to the peak 15.0+1.24mMol/L and 17.2+2.8°>0.05) in groups to be treated the rats with ags
and ethanolic extract of Commercial Ganotech® Hepbader respectively immediately after administna of
2g/Kg solution of glucose monohydrate compared @Ondg/Kg metformin 15.2+3..mMol/L) and those
administered with wated@.6t1.4mMol/L)

The blood sugar levels decreased to 5.8+0.9 (Px@A8 4.8+1.3 mMol/L (P>0.05against group administer
with 500mg/Kg metformin {.1+3.(mMol/L) and those administered with watdi(9+2.4mMol/L). Aqueous and
ethanolic extract of Commercial Ganotech® herbakgber reduced the blood sugar by 61 and 72% resgéc
compared tot the rats treated with the 5% DMSO Wwhéduced by 24.0% and the group treated with 5@Qm
metformin which reduced by 53.3% frohe peak (Figure III).

Hypoglycemic effecof aqueous and ethanolic extractsPrunus africanaonalloxan induced diabetic ra

After 12 hours fasting, glucose level of the rataswegistered £12.1+3.2mMol/L (P<0.05) compared to ra
treated with 50mg/Kg metformin 9.6+3.1mMol/L) and the rats administered with 2ml wat4.3+0.5 mMol/L).
Glucose levels of rats after 12 hours overnightifigswas noted 29.6+1.6 mMol/Lcompared t the rats treated
with 500mg/Kg metformin 9.6+3.1 mMol/L,P>0.05) while it was significantly higher compared tats
administered with 2ml wate# (3+0.t mMol/L, P<0.05).

m Ganetedh aqueots extract {250 mg/Kgh m Halvetic formmla aquieoeus extract (250 mg/Kgh
m Prunus africana agqueous extract | 250 mg/'Kgh ® Ganotech ethanolic extract {250 ma/Kgh
B Dabetic formiila ethanolic extract (250 ma/Ka) m Primiis africana ethanolic extract (250 ma/Kg
B Megative contrel water (5% DS B Metformin (500mg Eg)
_ 250
=
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Figure 11l . Blood glucose levels in diabetic rats administedewith agueous and ethanolic extracts of Ganotech@iabetic formular ® and
Prunus africana herbal powders.

The blood sugar dropped fiZ.5+0.2 mMol/L in rats to be administered with BEfJKg Prunus africana herbal
powder whereas the blood sugar of rats to be adteneid with ethanolic extract of Prunus africando&ledrug ros¢
to the peak 0f20.0 + 2.8 mMol/L compared to comparedrats treated with 500mg/Kg metformiil2.0+2.6
mMol/L) andrats administered with 2ml wate17.8+2.3mMol/L, P<0.05).

The peak blood sugar, was observed 30 minutesadtamistration after rats were treated with 250Kggaqueou:
extract of Prunus africana herbal powder19.8+2.4 mMol/L compared tthe rat treated with 500mg/Kg
metformin (12.0+2.6nMol/L) and rats administered with 2ml wat17.8+2.3nMol/L, P<0.05)

Significant glucose reductions (P<0.05) was alsseoked after 120 minutes of administratiorPrunus africana
herbal extract (13.7+3.2 mMolLcompared to rats fed wit500mg/Kg metformin 7.1+3.0 mMol/L) and rats
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administered 2ml water (14.9+2.4 mMol/L). Glucoseluctions of rats treated with ethanolic extractPofinus
africana herbal drug was also observed atl2.3t3.@WMhMcompared to compared rats fed with 500mg/Kg
metformin (7.1+3.0 mMol/L) and rats administered| 2mater (14.9+2.4 mMol/L).Aqueous and Ethanolicraxt of
Prunus africanaherbal treatment resulted in reduction of bloodgasiby 21.71 and 38.5% respectively compared to
the rats treated with the 5% DMSO which reduce@4€¥% and the group treated with 500mg/Kg metforwiiich
reduced by 53.3% from the peak (Figure Il1).

Active component of herbal drugs are in the clalsalkaloids, saponins, flavonoids and phenolicnpounds
which act through different mechanisms [8]. Hertbralgs with antidiabetic activity are blended tdgetwith other
herbal drugs to produce poly herbal drugs foesyy[14][15]. The resulting multi component herbalig has been
found to be active against diabetes and other skkseld 5] [16].

Blood sugar increase observed after rats were ashkeiad with glucose monohydrate was in agreematit w
several studies. This confirmed the destructiomsiilin secreting- cells of the pancreas by alloxan, resulting in
decreased endogenous insulin release. This is estedf by overproduction of glucose. Alloxan drug been used,
for a long time, to induce non insulin dependeabdies mellitus in rats, and its mechanism hashksso studied
[17]. Alloxan is known to be selective agaifistells of the pancreatic islets known to procesisesnsulin. Alloxan
generates free radicals that destroying the cglsalnsing degranulation, hydropic degenerationcmehping of the
cells [18, 19].

CONCLUSION

Herbal drugs tested had hypoglycemic effect agaMistar albino rats and should be exploited asipessources
of medicine for diabetes .
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