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In Vivo Hypoglycemic Effect of Kigelia
africana (Lam): Studies With
Alloxan-Induced Diabetic Mice
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Abstract
The claims by the traditional herbal medicine practitioners that Kigelia africana has bioactivity against several diseases, including
diabetes mellitus, were investigated in this study. Type I diabetes mellitus was induced in mice by intraperitoneal administration of
alloxan monohydrate followed by treatment with the therapeutic doses of the aqueous and ethyl acetate leaf extract of K africana
to the experimentally diabetic mice. The treatment effects were compared with the normal control, diabetic control, and diabetic
control rats treated with a standard antidiabetic drugs (insulin administered intraperitoneally at 1 IU/kg body weight in 0.1 mL
physiological saline or glibenclamide administered orally at 3 mg/kg body weight in 0.1 mL physiological saline). Phytochemical
composition of the leaf extract was assessed using standard procedures and mineral elements assessed using atomic absorption
spectrophotometry and total reflection X-ray fluorescence system. Oral and intraperitoneal administration of the aqueous and
ethyl acetate leaf extract caused a statistically significant dose-independent reduction in plasma glucose level in alloxan-induced
diabetic mice. The observed hypoglycemic activity of this plant extract could be attributed to the observed phytochemicals and
trace elements, which have been associated with exhibiting antidiabetic properties. Therefore, the data appear to support the
hypoglycemic effects of K africana validating its folkloric usage.
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Diabetes mellitus is a chronic metabolic disorder characterized

by hyperglycemia caused by an inherited or acquired defi-

ciency in the production of insulin by the pancreas, or by the

ineffectiveness of the insulin produced.1 Patients with mild

hyperglycemia do not experience any symptoms and therefore

may be unaware they have diabetes for many years.2 Clinically,

symptoms of marked hyperglycemia include thirst (polydip-

sia), large volume of urine (polyuria), frequent feeling of hun-

ger (polyphagia), feeling of tiredness, blurred vision, and

weight gain or weight loss.3 Acute life-threatening conse-

quences of untreated diabetes mellitus include hyperglycemia

with ketoacidosis or nonketotic hyperosmolar coma. In the long

term, people with diabetes are predisposed to cardiovascular,

peripheral vascular, and cerebrosvascular disease, as well as

microvascular complications leading to retinopathy, nephropa-

thy, or neuropathy with an increase in risk of foot ulcers and

amputation.4 The pathophysiological processes involved in the

development of diabetes mellitus include exposure to viruses

and allergens as well as autoimmune destruction of the b-cells

of the pancreas with consequent insulin deficiency due to

abnormalities that result in resistance to insulin action.5,6

Diabetes mellitus has now become an epidemic with a

worldwide incidence of about 5%.7 This has been attributed

to increase in prevalence of obesity and physical inactivity,
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population growth, aging, stress, and changes in food consump-

tion.7 The prevalence of diabetes for all age-groups worldwide

was estimated to be 2.8% in 2000 and 4.4.% in 2030.7 The

number of people with diabetes is projected to rise to 171

million in 2000 to 366 million in 2030.7,8 In 2010, 12.1 million

people were estimated to be living with diabetes in Africa, and

this is projected to increase to 23.9 million by 2030.9 In Kenya,

it was estimated to be 1.06% in 2000 and would possibly rise to

1.32% by the year 2025.10

Diabetes mellitus is classified into type I or insulin-

dependent diabetes mellitus (IDDM) also referred to as juve-

nile onset diabetes and accounts for 5% to 10% of patients with

diabetes globally. It occurs primarily as a result of cellular-

mediated autoimmune destruction of b-cells of the pancreas

or can be idiopathic. It is prone to ketoacidosis.11 Diabetes is

also classified as type II or non–insulin-dependent diabetes

mellitus (NIDDM), which accounts for approximately 90% to

95% of the diabetes mellitus cases worldwide.12 It is also called

adults-onset diabetes because its onset is usually after 40 years

of age.13 It is mainly caused by insulin resistance and relative

or absolute insulin deficiency.12

Diabetes mellitus is characterized by recurrent or persistent

hyperglycemia, and is diagnosed by demonstrating: fasting

plasma glucose level �126 mg/dL (�7.0 mmol/L); plasma glu-

cose �200 mg/dL (�11.1 mmol/L) 2 hours after a 75 g oral

glucose load in a glucose tolerance test; random plasma glucose

�200 mg/dL (11.1 mmol/L) 2 fasting glucose measurements

�126 mg/dL (7.0 mmol/L) or random blood sugar level

>200 mg/dL on 2 occasions is considered diagnostic for diabetes

mellitus; patients with fasting sugars between 6.1 and 7.0 mmol/L

(110 and 125 mg/dL, respectively) are considered to have

imparied fasting glucose and finally patients with plasma glucose

�140 mg/dL (7.8 mmol/L) 2 hours after a 75 g oral glucose load

are considered to have impaired glucose tolerance.8,14

In conventional medical practice, the present therapies of

diabetes mellitus are reported to be unaffordable or unavailable

and mostly having unwanted side effects especially in poor

resource economies.4 Herbal medicines are affordable, easily

accessible and are firmly embedded within wider belief sys-

tems of many people in the underdeveloped and developing

countries thus according them greater acceptance.15 However,

there is need for scientific evaluation of the efficacy, safety,

and quality of medicinal plants products.

Kigelia africana (Lam) belongs to the family Bignoniaceae

(Figure 1). It is widespread across Africa and it is found in wet

savannah and near river bodies where it occurs in abundance.16 It

is used to treat skin ailments, including fungal infections, boils,

psoriasis and eczema, leprosy, syphilis, and cancer. The roots,

the wood, and leaves have been found to contain kigelinone,

vernolic acid, kigelin, iridoids, luteolin, and 6-hydroxyluteolin.16

The iridoids have antibacterial effect. Previous studies on Kige-

lia pinnata belonging to the same family Bignoniaceae have

established hypoglycemic properties in animal models.17 The

rationale for utilization of K africana by many Kenyan commu-

nities in the management of diabetes mellitus largely rests on its

long-term clinical application. However, its long-term of use has

not been accompanied by scientific data to support such claims.

The present study, therefore, sought to screen K africana for its

hypoglycemic activity to provide scientific data that can guide

proper use of this plant in management of diabetic mellitus.

Materials and Methods

Study Site

This study was undertaken at the Department of Biochemistry and

Biotechnology, School of Pure and Applied Sciences, Kenyatta

University.

Figure 1. Kigelia africana (photograph taken in July 2014, in Nthawa ward, Siakago Division, Mbeere North Subcounty, Embu County, Kenya).
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Collection of the Plant Materials and Preparation of
the Extracts

The plant used in this study was collected from its natural habitat in

Nthawa ward, Siakago Division, Mbeere North Sub-County, Embu

County, Kenya. A taxonomist authenticated its botanical identity and

voucher specimen deposited at the National Museums of Kenya Her-

barium, Nairobi, Kenya for future reference. The collected leaves of

Senna singuena were air-dried until completely dry then ground into

fine powder using an electric mill.

For aqueous extraction, 100 g of the powdered plant material

were extracted in 1 L of distilled water for 6 hours at 60�C. The

plant was then decanted and filtered using filter papers under vacuum

pump. The filtrate was finally freeze-dried for 48 hours. The freeze-

dried powder was weighed and stored in airtight container at �20�C
ready for bioassay.

For organic extraction, 500 g of powdered K africana leaves were

soaked in 1 L of ethyl acetate for 48 hours. The extract was decanted

and filtered using muslin cloth. The semisolid mass was vacuum dried

using a rotary evaporator at 77�C to obtain a solid residue. The extract

was refrigerated at �20�C until used for analysis.

Experimental Animals

The study used male Swiss White Albino mice (3-4 weeks old) that

weighed 23 to 27 g with a mean weight of 25 g. These were bred in the

animal house at the Department of Biochemistry and Biotechnology of

Kenyatta University. The mice were housed at a temperature of 25�C
with 12 hours/12 hours darkness photoperiod and fed on rodent pellets

and water ad libitum. The experimental protocols and procedures used

in this study were approved by the Ethics Committee for the Care and

Use of Laboratory Animals of Kenyatta University, Kenya.

Induction of Hyperglycemia

Hyperglycemia was induced experimentally by a single dose intraper-

itoneal administration of 186.9 mg/kg body weight of a freshly pre-

pared 10% alloxan monohydrate.2 Forty-eight hours later, mice with

blood glucose levels above 200 mg/dL were considered diabetic and

used in this study. Prior to initiation of this experiment, the animals

were fasted for 8 to 12 hours but allowed free access to water until the

end of this experiment.

Experimental Design

For either intraperitoneal or oral route of drug administration, the

experimental mice were randomly divided into 7 groups of 5 animals

each. Group I consisted of normal mice either intraperitoneally or

orally administered with 0.1 mL physiological saline; group II con-

sisted of alloxan-induced diabetic mice either intraperitoneally or

orally administered with 0.1 mL physiological saline; group IIIa con-

sisted of alloxan-induced diabetic mice intraperitoneally administered

with 0.025 insulin units (0.25 insulin units in 1 mL) (1 IU/kg body

weight) in 0.1 mL physiological saline; group IIIb consisted of

alloxan-induced diabetic mice orally administered with 0.075 mg glib-

enclamide (0.75 mg in 1 mL) (3 mg/kg body weight) in 0.1 mL

physiological saline; group IV consisted of alloxan-induced diabetic

mice either intraperitoneally or orally administered with 1.25 mg

extract (12.5 mg in 1 mL physiological saline) (50 mg/kg body

weight) in 0.1 mL physiological saline; group V consisted of

alloxan-induced diabetic mice either intraperitoneally or orally

administered with 2.5 mg extract (25 mg extract in 1 mL physiological

saline) (100 mg/kg body weight) in 0.1 mL physiological saline; group

VI consisted of alloxan-induced diabetic mice either intraperitoneally

or orally administered with 5 mg extract (50 mg extract in 1 mL

physiological saline) (200 mg/kg body weight) in 0.1 mL physiologi-

cal saline; group VII consisted of alloxan-induced diabetic mice either

intraperitoneally or orally administered with 7.5 mg extract (75 mg

extract in 1 mL physiological saline) (300 mg/kg body weight) in 1

mL physiological saline. A volume of 0.1 mL of either insulin or

glibenclamide or the plant extract solution was administered either

intraperitoneally or orally to each experimental mouse. The same

experimental design was adapted for organic fraction too. The selected

dosages were calculated as 2 log doses between 50 and 300 mg/kg

body weight based on acceptable therapeutic doses for bioscreening.

Blood Sampling and Glucose Determination

Blood sampling was done by sterilizing the tail with 70% alcohol and

then nipping the tail at the start of the experiment and repeated after 1,

2, 4, 6, 8 and 24 hours. Bleeding was enhanced by gently “milking” the

tail from the body toward the tip. After the operation, the tips of the

tail were sterilized by swabbing with 70% ethanol. The blood glucose

levels were determined with a glucose analyzer model (Hypogaurd,

Woodbridge, UK).

Phytochemical Analysis

The extract was analyzed for the following phytochemicals: total phe-

nolics, saponins, tannins, flavonoids, alkaloids and phytonutrients;

vitamins B1, B3, and C were assessed using standard procedures.18

Determination of the Mineral Content

Atomic absorption spectrophotometry and total reflection X-ray fluor-

escence techniques were employed for mineral content analysis.

Total Reflection X-Ray Fluorescence System. In the TXRF technique,

the X-rays excite atoms immediately at the surface of the sample,

which in turn, emit radiation characteristic to them in all directions.

A detector placed above the sample senses the fluorescence X-rays

and not the background scatter to a very high sensitivity level.

Preparation of the sample. To 1 g of each plant sample was added

10 mL of double-distilled water to a vial in triplicate. As an internal

standard, 20 mL of 1000 ppm gallium stock solution was added to each

sample resulting to a concentration of 2 ppm Ga. The mixture was

vortexed for 1 minute and aliquots of 10 mL of each sample drawn and

pipetted into quartz carriers in triplicate. The samples were placed in

the oven to evaporate the liquid.

Sample spectrum acquisition and quantitative analysis was carried

out by use of Picofox TXRF spectrometer. Each sample was irradiated

for 1000 seconds. The spectrometer was preheated at 50 kV and a

current of 1000 mA. S2 PICOFOX software was used to evaluate the

measured spectra based on the selected elements. The following for-

mula was used to calculate the elemental concentration:

Cx ¼
Nx=Sx

Nis=Sis

� Cis

where, Cx is the concentration of the analyte, Cis is the concentration

of the internal standard, Nx is the net intensity of the analyte, Nis is the
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net intensity of the internal standard, Sx is the relative sensitivity of

analyte, and Sis is the relative sensitivity of internal standard.

Raw data tabulated on excel worksheet was processed in order to

arrive at the average and standard deviation for each sample. Final

values were expressed as mg/g ppm.

Atomic Absorption Spectrophotometry. The quantities of magnesium,

chromium, and vanadium in the plant samples were determined using

atomic absorption spectrophotometry. This method determines the

quantity of the chemical elements by the absorption of optical radia-

tion generated by the free atoms in the gaseous state. Standards with

known analyte content are required to establish the correlation

between the absorbance of the sample and the concentration of the

analyte. This technique is based on the Beer-Lambert law.

In the preparation of the wet digests for analysis, 1 g of the dry

samples from each plant were put into 100-mL Pyrex beakers to which

was added 10 mL of concentrated nitric acid. The mixture was allowed

to stand in order to soak. Subsequently, 3 mL of perchloric acid (60%
HClO4) was added to each beaker and the mixture slowly warmed on a

hot plate until frothing ceased. This was followed by intense heating in

order to evaporate all the nitric acid. After charring and cooling, 10

mL of concentrated nitric acid was further added, and heating resumed

until white fumes due to HClO4 were observed. Filtration of the solu-

tion into 100-mL volumetric flasks was carried out using Whatman

filter paper No. 1. After vigorous shaking, the solution was transferred

into plastic bottles and the samples kept in the freezer awaiting

analysis.

Standard solutions for each element were prepared varied range (1,

5, 10, 15, 20, and 25 ppm) in order to give a linear relationship

between concentration and absorbance. Aliquots of standard stock

solution were drawn and put into a series of flasks and diluted using

distilled water to give the desired final concentration. For magnesium,

2 mL of 5% lanthum solution was added before dilution. Blank was

prepared by adding all the reagents except the sample.

After setting up the atomic absorption spectrophotometry instru-

ment, the respective standards and samples were aspirated into the

flame in order to determine the absorbance. Absorbance at zero con-

centration was reestablished by flashing distilled water into the flame.

A calibration curve was plotted of the absorbance against the concen-

tration of the standard solution. The above procedure for each sample

was repeated in duplicate. The mean absorbance was determined and

recorded. Final values were expressed as mg/g dry matter.

Data Management and Statistical Analysis

The data were entered in the Microsoft Excel Spread Sheet, cleaned

and then exported to Statistical Package of Social Sciences (SPSS)

software for analysis. Results were expressed as mean + standard

deviation (SD). Statistical analyses were done using analysis of var-

iance and post–analysis of variance to compare the means of untreated

normal control mice with diabetic mice treated with saline, diabetic

mice treated with the conventional drug, and diabetic mice treated

with plant extract at doses of 50, 100, 200, and 300 mg/kg body

weight. P � .05 was considered statistically significant.

Results

Effect of Intraperitoneal and Oral Administration of Ethyl
Acetate Leaf? Extract of Kigelia africana in Alloxan-
Induced Diabetic Mice

Oral administration of Kigelia africana lowered the blood glu-

cose in all the doses as shown in Figure 2 and Table 1 when

compared to the diabetic control group. However, in the dia-

betic group, there was a gradual increase of the blood glucose

levels from 0 hour to the 24th hour (P < .05). It was only at the

6th, 8th, and 24th hour that there was a significant elevation of

the blood glucose level when compared with the 0th hour (P <

.05). There was significant variation for all the normal group

from the 2nd hour to the 24th hour from the 0 hour. Only the

0th hour, 6th, and 8th hour were different from the 2nd hour
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Figure 2. The mean percentage change in blood glucose levels after ethyl acetate leaf extract of Kigelia africana was administered orally in
alloxan-induced diabetic mice.
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(P < .05). Significant lowering of the blood glucose levels was

also expressed in mice following the administration of 50, 100,

200, and 300 mg/kg body weight of K africana. After admin-

istration of 50 mg/kg, it was only at the 8th hour that significant

lowering of the blood glucose was shown compared with the

0th hour (P < .05). The rest were basically similar. Interest-

ingly, a dose of 100 mg/kg body weight of K africana did not

produce any significant variation in the blood glucose levels

(P > .05). A dose of 200 and 300 mg/kg body weight of

K africana only induced changes after 6, 8, and 24 hours,

respectively, when compared with the normal control

(P < .05). The 8th hour for a dose of 200 mg/kg and the 24th

hour for a dose of 300 mg/kg body weight of K africana were

different from 2nd hour respectively (Table 1).

On the other hand, the organic extract administered intra-

peritoneally produced almost similar variations in the diabetic

groups, a dose of 50 and 200 mg/kg body weight, a dose of

100 mg/kg was similar to the effect generated at 300 mg/kg

body weights of K africana. In the insulin-treated group, the

blood glucose levels were significantly elevated at all the

different hours compared with the 0th hour (P < .05) (Table

2 and Figure 3). Only the 6th and 8th hour was different from

the 2nd hour while the 24th hour was different from 6th and 8th

hour, respectively. After the administration of 50 mg/kg dose,

K africana induced significant lowering of the blood glucose

levels at the 4th, 6th, 8th, and 24th hour compared with 0th

hour and 6th and 8th hour compared with the 2nd hour (P < .05)

(Table 2). At 100 mg/kg body weight, K africana induced

significantly lower levels of blood glucose levels in mice fol-

lowing the alloxan-induced toxicity in mice from the 2nd hour

to the 24th hour when compared with the 0th hour and 8th hour

when compared with the 2nd hour (P < .05). Administration of

200 mg/kg body weight of K africana induced a significant

lowering of the blood glucose levels at the 4th hour to the

24th hour when compared with the 0th hour (P < .05). Simi-

larly, in the 6th and 8th hour, the blood glucose levels were

significantly lowered when compared with the 2nd hour (P <

.05) and 24th hour was significantly elevated compared with

the 8th hour. Finally, a dose of 300 mg/kg body weight

K africana caused significant variations in the blood glucose

levels at all the hours studied: The blood glucose was lowered

significantly for the 2nd to 24th hour when compared with the

0th hour (P < .05). Glucose levels at the 6th and 8th hour were

significantly lower compared with the 2nd hour at the same

dose (P < .05) (Table 2).

Effect of Intraperitoneally and Oral Administration of
Aqueous Extracts of Kigelia africana on Alloxan-Induced
Diabetic Mice

Administration of K africana aqueous extract caused a similar

trend as the organic extract by lowering the blood glucose

levels as the dose of the extract increased at all the hours from

0th to the 24th hour. The blood glucose levels were significantly

elevated in the diabetic control group for all the hours compared

with the normal and all the other groups of the study. Similarly,

Table 2. Effect of Oral Administration of Organic Leaves Extracts of Kigelia africana in Alloxan-Induced Diabetic Mice.*

Treatment Group 0 Hours 2 Hours 4 Hours 6 Hours 8 Hours 24 Hours

Normal control 5.18 + 0.04b 5.18 + 0.04d 5.22 + 0.02c 5.18 + 0.04b 5.12 + 0.04bc 5.24 + 0.05c

Diabetic control 13.26 + 0.96a 14.43 + 1.15a 15.60 + 0.90a 16.83 + 0.85a 18.35 + 1.16aA 21.07 + 1.50aABC

Reference group 13.36 + 0.84aB 7.14 + 0.51cdA 5.82 + 0.26bcA 5.04 + 0.08bAB 4.70 + 0.13bcAB 7.02 + 0.12bcADE

50 mg/kg body weight 14.60 + 0.83a 11.66 + 1.10ab 8.56 + 0.76bA 6.82 + 0.71bAB 5.90 + 0.47bAB 9.24 + 0.50bA

100 mg/kg body weight 13.86 + 1.25aB 9.68 + 0.94bcA 7.96 + 0.74bcA 6.66 + 0.54bA 5.10 + 0.35bcAB 8.62 + 0.78bA

200 mg/kg body weight 13.56 + 0.99a 10.08 + 0.92bc 7.62 + 0.84bcA 5.70 + 0.73bAB 4.82 + 0.51bcAB 8.96 + 1.13bAE

300 mg/kg body weight 13.24 + 0.74aB 8.90 + 0.67bcA 6.96 + 0.47bcA 5.08 + 0.33bAB 3.66 + 0.27cAB 7.88 + 0.57bcA

*Values are expressed as means + standard error of the mean for 5 animals per group. Means within respective columns followed by similar lowercase letters are
not significantly different at P� .05; means within respective rows followed by similar uppercase letters are not significantly different at P� .05 following analysis of
variance and Tukey’s post hoc test for multiple comparison.

Table 1. Effect of Intraperitoneal Administration of Organic Leaves Extracts of Kigelia africana in Alloxan-Induced Diabetic Mice.*

Treatment Group 0 Hours 2 Hours 4 Hours 6 Hours 8 Hours 24 Hours

Normal control 5.24 + 0.05b 5.28 + 0.058c 5.28 + 0.05c 5.22 + 0.02c 5.18 + 0.05c 5.26 + 0.05de

Diabetic control 14.60 + 1.20a 16.96 + 1.42a 18.40 + 1.40a 20.56 + 1.24aA 23.18 + 1.15AB 26.08 + 0.62aABCD

Reference group 14.32 + 1.08aB 10.52 + 0.88bcA 7.92 + 0.65bcA 6.02 + 0.40cAB 5.12 + 0.28cAB 7.82 + 0.27cA

50 mg/kg body weight 15.96 + 1.51a 14.46 + 1.68ab 13.18 + 1.40ab 11.14 + 1.11b 9.28 + 0.69bA 11.66 + 0.95b

100 mg/kg body weight 13.46 + 1.88a 10.38 + 1.97bc 10.14 + 1.81bc 8.20 + 1.71bc 6.40 + 0.77bc 8.42 + 0.59c

200 mg/kg body weight 13.62 + 1.34a 10.94 + 1.46abc 10.28 + 1.35bc 7.06 + 0.60bcA 6.04 + 0.34cAB 7.46 + 0.26cdA

300 mg/kg body weight 13.38 + 1.20a 9.78 + 1.46bc 9.43 + 1.64bc 6.70 + 0.93bcA 6.18 + 0.79cA 4.70 + 0.51eAB

*Values are expressed as means + standard error of the mean for 5 animals per group. Means within respective columns followed by similar lowercase letters are
not significantly different at P� .05; means within respective rows followed by similar uppercase letters are not significantly different at P� .05 following analysis of
variance and Tukey’s post hoc test for multiple comparison.
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there was a slight elevation of the blood glucose levels at the

24th hour compared with the 8th hour (Figure 4). There was no

significant change in the normal blood glucose levels in mice

(Table 3). However, in the diabetic group following administra-

tion of alloxan in mice, it is only at the 24th hours that the blood

glucose was significantly elevated when compared with both the

0th hour and 2nd hour (P < .05). In the reference group, glucose

levels in all the groups were significantly lower when compared

with the normal control (P < .05). Administration of 50 mg/kg

body weight of K africana significantly lowered the blood glu-

cose levels at the 4th, 6th, 8th, and 24th hour when compared

with the 0th hour and 8th hour when compared with the 2nd hour

(P < .05). The same effect was observed with administration of

100 mg/kg bodyweight with an additional significant variation

of the 6th hour with the 2nd hour. However, at 200 mg/kg, the

effects observed with 50 mg/kg were also observed with this

group of mice. At a dose of 300 mg/kg, all the groups were

significantly different from the 0th hour in addition to both the

6th and 8th hour being significantly lower from the 2nd hour of

the treatment in alloxan-induced diabetic mice.

Administration of the aqueous extract of Kigelia africana

orally reduced the levels of the blood glucose levels as the dose

of the aqueous extract increased and as the time in hours

increased from the 2nd to the 8th hour. However, the blood

glucose levels were elevated at the 24th hour when compared

with the 8th hour. At the different times, the blood glucose

levels of the diabetic group following administration of alloxan

induced diabetes in mice was significantly elevated when
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Figure 4. The mean percentage change in blood glucose levels after aqueous leaf extracts of Kigelia africana was administered intraperitoneally
in alloxan-induced diabetic mice.
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Figure 3. The mean percentage change in blood glucose levels after ethyl acetate leaf extracts of Kigelia africana was administered intraper-
itoneally in alloxan-induced diabetic mice.
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compared with the normal and other groups at the different

hours (P < .05) (Figure 5 and Table 4). Among the different

groups of the study, the diabetic group following the adminis-

tration of alloxan had their blood levels elevated significantly

(P < .05). However, it is only at the 24th hour that there was

significant elevation of the blood glucose levels when com-

pared with the 0th hour (P < .05). However, administration of

glibenclamide in the reference group significantly lowered the

blood glucose levels from the 2nd to the 24th hour (P < .05).

Other comparisons also showed that the 4th hour to the 24th

hour was significantly different from the 2nd hour (P < .05).

Administration of 50 mg/kg K africana lowered the blood

glucose levels at all the hours significantly when compared

with the 0th hour (P < .05). At a dose of 100 mg/kg,

K africana also induced a significant lowering of the blood

glucose levels at all the hours when compared with the 0th

hour except for the 6th and 8th hour, which were significantly

different from 2nd hour of this group (P < .05). Interestingly,

the effects of both 200 and 300 mg/kg body weight of

K africana caused a similar effect at each dose levels; all the

groups were significantly different from the 0th hour while

the 4th to the 8th hour were also significantly different from

Table 3. Effects of Intraperitoneal Administration of Aqueous Leaves Extracts of Kigelia africana in Alloxan-Induced Diabetic Mice.*

Treatment Group 0 Hours 2 Hours 4 Hours 6 Hours 8 Hours 24 Hours

Normal control 5.20 + 0.04b 5.20 + 0.04c 5.22 + 0.02b 5.20 + 0.03b 5.14 + 0.05b 5.16 + 0.04b

Diabetic control 15.34 + 1.75a 16.56 + 1.71a 17.52 + 1.73a 19.08 + 1.52a 21.48 + 1.53a 23.90 + 1.54aAB

Reference group 15.88 + 1.37aB 7.08 + 0.28bcA 6.00 + 0.26bA 5.42 + 0.19bA 5.00 + 0.08bA 7.46 + 0.27bA

50 mg/kg body weight 14.02 + 1.36a 10.26 + 1.18b 7.78 + 0.96bA 6.40 + 0.62bA 5.34 + 0.33bAB 9.02 + 0.87bA

100 mg/kg body weight 14.22 + 1.38a 10.40 + 1.21b 8.24 + 0.99bA 6.16 + 0.42bAB 5.26 + 0.31bAB 8.62 + 0.68bA

200 mg/kg body weight 15.68 + 2.45a 10.50 + 1.19b 7.64 + 0.63bA 5.48 + 0.33bA 4.26 + 0.31bAB 8.58 + 1.41bA

300 mg/kg body weight 14.20 + 1.24aB 9.62 + 1.26bcA 7.20 + 0.68bA 5.82 + 0.39bAB 4.78 + 0.24bAB 8.16 + 0.66bA

*Values are expressed as means + standard error of the mean for 5 animals per group. Means within respective columns followed by similar lowercase letters are
not significantly different at P� .05; means within respective rows followed by similar uppercase letters are not significantly different at P� .05 following analysis of
variance and Tukey’s post hoc test for multiple comparison.
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Figure 5. The mean percentage change in blood glucose levels after aqueous leaf extract of Kigelia africana was administered orally in alloxan-
induced diabetic mice.

Table 4. Effects of Oral Administration of Aqueous Leaves Extracts of Kigelia africana in Alloxan-Induced Diabetic Mice.*

Treatment Group 0 Hours 2 Hours 4 Hours 6 Hours 8 Hours 24 Hours

Normal control 5.24 + 0.02 5.22 + 0.04c 5.28 + 0.04c 5.22 + 0.04b 5.26 + 0.02b 5.22 + 0.02c

Diabetic control 14.92 + 1.39 16.06 + 1.23a 17.36 + 1.25a 18.50 + 1.26a 19.86 + 1.45a 22.04 + 1.16aA

Reference group 14.86 + 0.99B 11.58 + 1.24abA 8.82 + 0.60bAB 6.92 + 0.35bAB 5.18 + 0.12bAB 8.08 + 0.49bcAB

50 mg/kg body weight 14.60 + 1.54B 10.46 + 2.13abcA 7.92 + 0.92bcA 6.48 + 0.60bA 5.72 + 0.46bA 9.86 + 1.03bA

100 mg/kg body weight 16.04 + 1.76B 10.60 + 1.66abcA 7.30 + 0.77bcA 6.00 + 0.50bAB 5.16 + 0.42bAB 8.40 + 1.13bcA

200 mg/kg body weight 15.78 + 1.42B 10.96 + 1.36abcA 8.08 + 0.67bcAB 6.12 + 0.41bAB 5.18 + 0.34bAB 8.82 + 1.06bcA

300 mg/kg body weight 14.12 + 0.86B 9.52 + 0.71bcA 7.20 + 0.68bcAB 5.96 + 0.43bAB 4.78 + 0.21bAB 8.02 + 0.64bcA

*Values are expressed as means + standard error of the mean for 5 animals per group. Means within respective columns followed by similar lowercase letters are
not significantly different at P� .05; means within respective rows followed by similar uppercase letters are not significantly different at P� .05 following analysis of
variance and Tukey’s post hoc test for multiple comparison.
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the 2nd hour of the study following the administration of K

africana at both doses (P < .05).

Phytochemicals Composition in Kigelia africana

The phytochemicals detected in the leaf powder of K africana

were total phenolics, saponins, tannins, flavonoids, and alka-

loids. The leaves extract was found to contain the following

macronutrients in significant amounts; vitamin B1, vitamin B3,

and vitamin C (Table 5).

Elemental Analysis

Various mineral elements were detected in the plant extract at

different levels (Table 6). It is shown that calcium, potassium,

iron, manganese, and titanium were determined to be in high

concentrations when compared with other mineral elements

with concentrations of 40 ppm and higher. However, calcium

had the highest concentrations of more than 10 000 ppm when

compared with other mineral elements. This was followed

closely by potassium with concentrations between 4000 and

9000 ppm, followed by titanium, strontium, vanadium, zinc,

and manganese, which had levels of approximately between 40

and 100 ppm.

Other elements whose levels were less than 40 ppm included

chromium, nickel, copper, arsenic, bromine, rubidium, stron-

tium, yttrium, and lead. Among these elements; radioactive

elements were also present, for example, strontium. Toxic ele-

ments such as lead, arsenic, and nickel were also detected;

however, they are in very low concentrations of <40 ppm.

Discussion

The alloxan-induced diabetic rats had a 3- to 4-fold increase in

blood glucose relative to the normal control rats. The aqueous

and ethyl acetate leaf extracts of K africana showed blood

glucose lowering effect when administered intraperitoneally

and orally an indication that they contained hypoglycemic con-

stituents. Similar results were observed by Kumar et al17 after

an oral administration of K pinnata in streptozotocin-induced

diabetic rats at doses of 250 and 500 mg/kg body weight for 21

days. Arika et al4 also observed that aqueous leaf extracts of

Lippia javanica showed hypoglycemic activity in alloxan-

induced diabetic mice. The lowering effect of blood sugar lev-

els by extract in a dose-independent manner may reflect uptake

of the active constituents through saturable active transport.4

The recovery phase observed in the 24th hour in both fractions

and routes help identify frequency of dosing of the antidiabetic

drugs. The return to diabetic states in this hour may be due to

the reduction of antidiabetic activity of the extracts as a result

of fast hepatic metabolism and renal clearance or the extracts

having a short half-life.19

The possible mechanisms underlying the hypoglycemic

activity exhibited by K africana among others include inhi-

bition of intestinal absorption of glucose, facilitation of glu-

cose-induced insulin release, enhancement of peripheral

glucose uptake, promotion of the regeneration of b-cell of

islets of Langerhans and amelioration of oxidative stress1

attributed to the presence of a variety of phytoconstituents

present in this plant.

The blood glucose lowering effect of the plant extracts may

be attributed to the presence of total phenols, flavonoids, alka-

loids, tannins, terpenoids, and saponins that have been known

to confer hypoglycemic activity.20 1-Ephedrine is the major

alkaloid component that is known to suppress hyperglycemia

through facilitation of regeneration of pancreatic islet cells

restoring the secretion of insulin.20 Flavanoids such as querce-

tin and myricetin have insulino-mimetic properties and stimu-

late lipogenesis and glucose transport in the adipocytes.

Tannins have been shown to have hypoglycemic activity.21

Graded doses of saponins extract (10, 15, and 20 mg/kg) caused

a marked hypoglycemic effect in alloxan-induced diabetic

rabbits.22

The hypoglycemic effect of the plant extracts could also be

attributed to the presence of trace elements such as iron, man-

ganese, magnesium, vanadium, chromium, copper, potassium,

calcium, and zinc. Iron influences glucose metabolism and

reciprocally, iron influences insulin action.23 Magnesium

Table 5. Quantitative Phytochemical Analysis of the Kigelia africana
Leaf Powder.

Type of the Phytobiotic Quantity

Vitamin C 2.791 mg/100 g
Vitamin B1 6.25 mg/100 g
Vitamin B3 0.09 mg/100 g
Alkaloids 16.05%
Total phenols 27.39 mg/100 g
Tannins 2.54 mg/100 g
Saponins 3.78%
Flavonoids 51.85 mg/100 g

Table 6. Quantitative Mineral Analysis for the Kigelia africana Plant
Extract in mg/g (ppm).

Mineral Element Quantity in mg/g (ppm)

Potassium (K) 4807 + 70
Calcium (Ca) 19838 + 1332
Titanium (Ti) 86.7 + 3.2
Vanadium (V) 42.2 + 6.0
Chromium (Cr) <0.03
Manganese (Mn) 35.8 + 2.6
Iron (Fe) 637 + 3
Nickel (Ni) 4.00 + 0.71
Copper (Cu) 17.8 + 0.3
Zinc (Zn) 79.3 + 0.6
Arsenic (As) <0.01
Bromine (Br) 4.50 + 1.0
Rubidium (Rb) <0.01
Strontium (Sr) 153 + 2
Yttrium (Y) <0.01
Lead (Pb) 16.9 + 1.4
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increases insulin secretion and/or improves insulin sensitivity

and peripheral glucose uptake.24 Manganese helps the body

catabolize lipids, carbohydrates, and proteins and assist in

energy production.25 Vanadium facilitates glucose uptake and

metabolism and enhances insulin sensitivity in animal mod-

els.23 Zinc plays a key role in the regulation of insulin produc-

tion by pancreatic tissues and glucose utilization by muscles

and fat cells.26 Calcium and cyclic adenosine monophosphate

are important in the stimulation of insulin release.27 Potassium

supplementation yields improved insulin sensitivity, respon-

siveness and secretion.27 Chromium functions as a cofactor

in insulin-regulating activities.23 Copper possesses an insulin-

like activity and promotes lipogenesis.27

Conclusion

In conclusion, the findings of this study indicate that aqueous

and ethyl acetate leaf extracts of K africana had antidiabetic

activity when therapeutic doses were administered both intra-

peritoneally and orally in both fractions. However, the extract

lowered blood sugar levels in a dose-independent manner in

both routes. The observed hypoglycemic activity could be

associated with the phytochemicals and phytonutrients and

trace elements present in K africana. The study recommends

continued use of K africana in the management of diabetes

mellitus and supports its folkloric claims. Also, the study

finding opens an avenue for the conservation efforts to ensure

that its continued use is sustainable. Moreover, further studies

to determine genes that act as molecular signatures are essen-

tial in understanding the biology of this disease in order to

design appropriate therapeutic drugs for the management of

diabetes mellitus.

Limitations of the Study

The main limitation of this study was lack of specific grant

from any funding agency whatsoever. This therefore, limited

the scope of the present study.

Acknowledgments

The authors wish to acknowledge the Department of Biochemistry and

Biotechnology, Kenyatta University for allowing us to use the depart-

mental animal house facility for mice breeding and performing the

efficacy studies; Mr James Adino of the Department of Medical

Laboratory Sciences, Kenyatta University for the technical support;

Mr Wycliffe Wenwa and Mr Gitonga from the Department of Bio-

chemistry and Biotechnology, Kenyatta University for their endowed

support in plant extract preparation and mice breeding.

Author Contributions

SMN initiated the writing of this review and designed the structure of

this review, interpreted results, and drafted the manuscript. WMA and

AKM compiled information and made contribution to the revision of

the manuscript. ENMN designed the structure of this review, inter-

preted results, and revised the language. JJNN gave some valuable

advice about the structure and language of the manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,

and/or publication of this article.

Ethical Approval

The experimental protocols and procedures used in this study were

approved by the Ethics Committee for the Care and Use of Laboratory

Animals of Kenyatta University, Kenya.

References

1. Kibiti CM, Afolayan AJ. Herbal therapy: a review of emerging

pharmacological tools in the management of diabetes mellitus in

Africa. Pharmacogn Mag. 2015;11(suppl 2):S258-S274.

2. Karau GM, Njagi ENM, Machocho AK, Wangai LN, Kamau PN.

Hypoglycemic activity of aqueous and ethyl acetate leaf and stem

bark extracts of Pappea capensis in alloxan-induced diabetic

BALB/C mice. Br J Pharmacol Toxicol. 2012;3:251-258.

3. Piero NM, Eliud NNM, Susan KN, et al. In vivo antidiabetic

activity and safety in rats of Cissampelos pareira traditionally

used in the management of diabetes mellitus in Embu County,

Kenya. J Drug Metab Toxicol. 2015;6:184.

4. Arika WM, Abdirahman YA, Mawia MM, et al. Hypoglycemic

effect of Lippia javanica in alloxan induced diabetic mice. J

Diabetes Metab. 2015;6:624.

5. Hooper PL. Hot-tube therapy for type 2 diabetes mellitus. N Engl

J Med. 2000;342:218-219.

6. Robertson RP, Harmon JS. Diabetes, glucose toxicity, and oxida-

tive stress: a case of double jeopardy for the pancreatic islet b cell.

Free Radic Biol Med. 2006;41:177-184.

7. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence

of diabetes; estimates for the year 2000 and projections for 2030.

Diabetes Care. 2004;27:1047-1053.

8. World Health Organization. Traditional Medicine Strategy 2002-

2005. Geneva, Switzerland: World Health Organization; 2002.

9. International Diabetes Federation. IDF diabetes atlas—8th edi-

tion. http://www.idf.org/diabetesatlas. Accessed March 19, 2018.

10. Hillary K, Ronald EA, William HH. Global burden of diabetes

(1995-2025): prevalence, numerical estimates and projections.

Diabetes Care. 1998;21:1414-1441.

11. Holt RI. Diagnosis, epidemiology and pathogenesis of diabetes

mellitus: an update for psychiatrists. Br J Psychiatry Suppl. 2004;

47:S55-S63.

12. Coppack SW, Lawrence VJ. Diabetes mellitus: pathophysiology

and biochemical background. In: Marshall WJ, Bangert SK, eds.

Clinical Biochemistry: Metabolic and Clinical Aspects. 2nd ed.

PA, Philadelphia: Elseiver; 2008:307-328.

13. Abdirahman YA, Juma KK, Mukundi MJ, et al. In-vivo antidia-

betic activity and safety of the aqueous stem bark extract of Klei-

nia squarrosa. J Diabetes Metab. 2015;6:601.

14. Njogu SM, Arika WM, Nyamai DW, et al. Hypoglycemic effect

of aqueous and ethyl acetate leaf extract of Maytenus

Njogu et al 9

http://www.idf.org/diabetesatlas


putterkloides in alloxan induced diabetic mice. J Diabetes Metab.

2016;7:685.

15. Murugi NJ, Piero NM, Mwiti KC, et al. Hypoglycemic effects of

Caesalpinia volkensii on alloxan-induced diabetic mice. http://ir-

library.ku.ac.ke/handle/123456789/7766. Published 2012.

Accessed March 16, 2018.

16. Oyalemi OA, Kafayat YA, Atinuke OO. The use of Kigelia afri-

cana in the management of polycystic ovary syndrome. Chinese

Med. 2012;3:1-3.

17. Kumar S, Kumar V, Prakash OM. Antidiabetic and hypolipi-

demic activities of Kigelia pinnata flowers extract in streptozo-

tocin induced diabetic rats. Asian Pac J Trop Biomed. 2012;2:

543-546.

18. Roy K, Sedhain A, Ali S. Medicinal plants: current advancement

and approach in the therapy of diabetes mellitus. J Ethnopharma-

col. 2015;1:20-31.

19. Mukundi MJ, Piero NM, Mwaniki NEN, et al. Antidiabetic effects

of aqueous leaf extracts of Acacia nilotica in alloxan induced

diabetic mice. J Diabetes Metab. 2015;6:568.

20. Middleton E Jr, Kandaswami C, Theoharis CT. The effects of

plant flavanoids on mammalian cells: implications for inflam-

mation, heart disease and cancer. Pharmacol Rev. 2000;52:

673-751.

21. Broadhurst CL, Polansky MM, Anderson RA. Insulin-like biolo-

gical activity of culinary and medicinal plant aqueous extracts in

vitro. J Agric Food Chem. 1997;48:849-852.

22. Abdel-Hassan IA, Abdel-Bary JA, Mohammeda TS. The hypo-

glycemic and anti-hyperglycemic effect of Citrullus colocynthis

fruit aqueous extract in normal and alloxan diabetic rabbits.

J Ethnopharmacol. 2000;71:325-330.

23. Siddiqui K, Bawazeer N, Joy SS. Variation in macro and trace

elements in progression of type 2 diabetes. ScientificWorldJour-

nal. 2014;2014:461591.

24. Salmonowicz B, Krzystek-Korpacka M, Noczynska A. Trace ele-

ments, magnesium, and the efficacy of antioxidant systems in

children with type 1 diabetes mellitus and in their siblings. Adv

Clin Exp Med. 2014;23:259-268.

25. George N, Konstantin M, Denko S, Chaika P. Serum manganese

in children with type 1 diabetes mellitus. Diabetol Croat. 2004;

23:33-42.

26. Manuel JFR, Abel LB, Wifredo R. Perspectives in diabetes; cross-

talk between iron metabolism and diabetes. Diabetes. 2002;51:

2348-2354.

27. Rajendra A, Narayan V, Granavel I. Study on the analysis of trace

elements in Aloe vera and its biological importance. J App Sci

Res. 2007;3:1476-1478.

10 Journal of Evidence-Based Integrative Medicine

http://ir-library.ku.ac.ke/handle/123456789/7766
http://ir-library.ku.ac.ke/handle/123456789/7766


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


