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Saponin fraction of Gongronema latifolium rever ses dyslipidemia and catalyzes
glucokinasein lowering blood glucose sugar in Streptozocin-Induced Diabetic Rats.
ABSTRACT

Objective: Gongronema latifolium(GL) is a bitter tasting leaf used in Nigeria ascepn
food, and as herb for the treatment of diabetesanmaand cardiovascular disease. Research
work on the anti-diabetic activities of the whodafl extract has been carried out, but none on
the saponin fraction of the leaf. A preliminarydy showed that saponin-rich ethyl acetate
fraction (GSF) of GL was active as an anti-diabetgent. The aim of this study was to
evaluate the sugar-lowering and anti-lipidemic @eof ethyl acetate saponin fraction (GSF)
of GL in Streptozotocin-induced diabetic Albino Wistatsta

Methods: Streptozotocin-induced diabetic rats viezated with 200mg/kg bw and 400mg/kg
bw dose of saponin fraction &ongronema latifoliuntwice daily for 21 days. The effects of
GL fraction on fasting blood glucose (FBG), seruncgse, serum insulin, body weight, total
cholesterol (TC), HDL-c, LDL-c, VLDL-c, triglyceriel (TG) and C-peptides concentrations

were determined.

Results: After 21 days treatment, GSF administrahowed significantly lower FBG

concentration compared to the diabetic control (@@up. GSF increased serum insulin
concentration and C-peptide levels dose-dependeiithe fraction also decreased liver
weight, liver cholesterol, plasma cholesterol, ltatzolesterol and triglyceride concentration
dose-dependently. GSF 1 and 2 increased HDL-c andréd the plasma concentration of
LDL-c and VLDL-c. GSF significantly (p<0.05) incread body weights of diabetic animals

time-dependently taken at 7 days interval.

Conclusion: The findings from this study suggesit t6SF may provide alternative sugar-
lowering effect in diabetes, and may have the pkto reverse dyslipidemia and improve

body weight gain in type 2 diabetes conditions.

Key words. DiabetesGongronema latifoliumsaponin-fraction, lipid cholesterol

hypoglycaemic, hypolipidemic.
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1. Introduction.

Elevated blood glucose is a common feature in désbmellitus, usually detected by testing
fasting blood glucose (FBG) concentration in paseiscientific data from several studies
have led to the conclusion that diabetes melligisaiheterogeneous group of disorders
characterized by persistent hyperglycemia, witleratant but persistent dyslipidemia in a
majority of cases [1,2,3,4]. It is also said to ddneterogeneous metabolic disease which
results from a complex and poorly understood imtéva between genetic factors and
lifestyle components [5]. It is further said to beultifactorial in presentation, difficult to
manage and has no clear cut cure because of itplepity in presentation and associated

diet needs of sufferers [1,2].

The disease is not only characterized by hyperglyga but also by a rise in atherogenic
lipid profile, both of which greatly increase thskrof coronary heart disease, organ damage,

muscle wastage and several metabolic diseased][2,3,

Across the globe, there is an estimated ten milheople suffering from diabetes mellitus.
The disease is said to be responsible for over B&thd around the globe annually [1]. In
type 1 diabetes, there has been a characteridtiattmdant damage to key organs including
the liver, kidneys and the pancreas. In the livke hepatocites are usually lacerated and
damaged during diabetes, freely releasing livelyeres including AST, ALT and ASP into
the general blood circulation. The kidney architeetis usually altered with attendant
nephrotoxicity, and elevated sodium electrolytecamtration. In the case of the pancreas, the
B-cells of the islets of langerhans may be destrpyesulting in loss of insulin producing

cells and insulin availability to clear sugar ir thlood stream [3,4,6,7,8].

Diabetes mellitus is more common among Black pdmra, Hispanics and Asians.

However, the black population account for over 6if%diabetic cases in the world [9].

The two most common forms of diabetes are typeabetes T1D), previously known as
insulin-dependent diabet¢sDDM) and type 2 diabeted 2D) previously known as non-
insulin-dependent diabetedliODM). Both are known to be caused by a combination of
genetic and environmental risk factors. Howeveerehare other rare forms of diabetes that
are directly inherited. These include maturity dndebetes in the youngWODY), and
diabetes due to mutations in mitochondrial DNA (DBR) [2,10].
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All forms of diabetes have very serious effectshealth. In addition to the consequences of
abnormal metabolism of glucose such as hyperglyzeasi well as hyperlipidemia and
dyslipidemia, and the glycosylation of proteins,erth are a number of long-term
complications associated with the disease [11,]12,T®ese include cardiovascular,
peripheral, vascular, ocular, neurologic and raatalormalities, which are responsible for
morbidity, disability and premature deaths in youwadylts [1,14,15]. The disease is also
associated with renal failure in males and reprodeccomplications in females causing

problems for both mothers and their children [16].

Although improved glycemic control and managemeany rdecrease the risk of developing
these complications, diabetes remains a very sognif cause of social, psychological and

financial burdens in populations, families and goweents worldwide [14,17].

Diabetes mellitus has risk factors including fanginetics, overweight, high blood pressure,

impaired glucose tolerance and impaired fastingage among others [14,17,18].

In Nigeria, the disease affects both males and llesnblowever, the incidence of occurrence
of the disease is more in the male populations thademales, and this may be associated
with genetic factors, lifestyle and other enviromta® components. The disease is associated
in genetically susceptible individuals, with exdess intake of alcoholic drinks,
carbohydrates and fatty foods, as well as inadlifestyle and general lack of exercise,

resulting in excessive weight gain and perturbationglucose metabolism [14,16].

The management of the disease includes reductiaralories from protein-energy intake,
regular exercise and dieting, accompanied by teeofiprescription drugs. However, ethno-
medical practice had used the leave§&ohgronema latifoliunemong other hertd® manage
diabetes, high blood sugar and cardiovascular deatimns long before the advent of
civilization [4,6,19].

Therefore, this study was designed to evaluateftiigacy of thesaponin-rich fractiorof the
leaf extract oflGongronema latifoliunin lowering blood glucose sugar in laboratory aalsn
as well as theeffect of the fraction on some serum lipid compdsemnd the overall
management of both hyperglycaemia and hyperlipidaming laboratory rats as mammalian

study models.

2.Materialsand Methods;
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2.1 Chemicals and Reagents

Insulin and streptozotocin were purchased from &igtdrich (St Louis, MO, USA).
Glucose, cholesterol, lipid cholesterol and trigiyde test kits were purchased from Agappe
Assay kits (Germany). All other solvents, chemicaitsl reagents used in this study were
obtained commercially (BDH, UK), and were all ofafytical grade. Lipid cholesterol
components (VLVL, LDL, HDL, TG and TC) were assaygdstandard analytical methods
using Agappe Assay kits (Germany). Glass ColumnClolumn chromatography and silica
gel for reverse phase fractionation (Silane 343gpgize 0.15um) were purchased from
Merck, Germany.

2.2 Source of Plant

Fresh leaves oBongronema latifoliunBenth @Asclepiadacede locally known as Utazzi in
the Eastern Region of Nigeria, were harvested feopultivated land at Assiga, in Yakurr
Local Government Area of Cross River State of NgyeFhe plant was authenticated by Dr.
M Eko, a Botanist in the Department of Botany, Wmsity of Calabar, Nigeria, and a
voucher specimen (No. BT10033C) was depositedeatigrbarium unit of the Department

of Botany, University of Calabar. .

2.3 Method for Extraction and fractionation of Saponin-rich fraction (GSF)

One (1) kg of fresliGongronema latifoliunteaves was weighed and washed with clean water.
The washed leaves were chopped into pieces andried- in the laboratory, and
homogenized using a Warring blender. The homogdnigaves were then macerated in 5
litres of ethanol (96%) in a rubber-stoppered gditklat-bottomed flask containing anti-
bump glass beads, heated over a water bath+2.3BC for 30 minutes and then allowed to
stand for 12 hrs. The mixture was filtered withreeese cloth and then with Whatman no 4
filter paper. The filtrate was transferred into btz quick-fit flask and concentrated vacuo

to dryness using a rotary evaporator. The condewtraolution was allowed to dry

completely in a dessicator, to afford 2079 of dxyract [39]..

100g of the dry extract was reconstituted in 30%OMeand loaded to a pressurized glass
column on silica gel support for column chromatpima Glass column chromatography was

packed with silica gel in 30% MeOH (Silane 343, @@ize 0.15um) for reverse phase
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fractionation of the crude extract to afford ethgktate saponin-rich fraction Gongronema
latifolium (GSF)[39].

The column was eluted first with 30% and 50% methd&WeOH) to afford flavonoid-rich
fractions 1 and 2 (which were stored away undengefation for a separate study). The
column was then eluted with 70% MeOH and ethyl ateefEtoAc) solution respectively, to
afford fractions that froth in water to form largad stable foam [39]. These fractions were

combined as saponin-rich fraction for this study.
2.4 Albino Wistar Rats and animal treatment

Albino Wistar rats weighing 100-120g were purcliageom the animal house of the
Department of Physiology, College of Medical Sces)ydJniversity of Calabar, Nigeria. The
animals were housed in clean cages and maintainéer standard laboratory conditions of
27+2.50°C and12h light/dark cycle, and were allowed freeeas to standard diet and water
ad libitum. The animals were acclimatized for 7 days in thenah house, Department of

Biochemistry, University of Calabar, Nigeria, befdhe start of experiment.
2.5 Induction of Diabetes using Streptozotocin.

Thirty two (32) of the animals comprising of fourogps (2, 3, 4 and 5) were induced with
diabetes by a single intraperitoneal injection re@shly prepared solution of streptozotocin
(Sigma, USA) (50mg streptozotocin in 0.1M cold swdicitrate buffer (pH 4.5)/kg body

weight of animal, after an overnight fast [20]. Tleimals were considered diabetic if the
blood glucose values were >200mg/dl on the thirg, ddter streptozotocin administration

and were selected for the experiment. This wameastid using a one touch glucometer [21].
2.6 Experimental design:

The experimental design (table 1) consisted ofyf(40) Albino Wistar rats of both sexes,
divided into five groups of eight rats each (foualsbtic and one non-diabetic group). The
four diabetic groups were induced with diabetesifmityaperitoneal (IP) injection using

50mg/kg bw streptozotocin dissolved in 0.1M coldiism citrate buffer solution. Diabetes
was confirmed after 3 days by the determinatiofasfing blood glucose (FBG), and if FBG
values were >200mg/dl [25]. Groups 1 and 2 sensdan-diabetic and diabetic controls

respectively and were given placebo treatment (Al2M% DMSO). Group 3 diabetic rats



149  received 5IU/kg bw of insulin subcutaneously pey,dand groups 4 and 5 diabetic rats
150 received 200mg/kg bw and 400mg/kg bw saEponin fraction ofGongronema latifolium
151  orally twice daily for 28 days together with 0.204t1% DMSO (placebo treatment). Group
152 3 animals were administered insulin intramusculésiize daily throughout the experimental
153  period, while the crude drug (GSF) was given by maibulation twice daily. At the end of
154  21days of treatment, food was withdrawn from thenats 12hrs before anaesthesia and
155  sacrifice. Animals were fasted overnight (12hrsit lbad free access to water. The rats were
156  then anaesthetised using chloroform and sacrifiBéwbd was obtained from the animals by
157 cardiac puncture into sterile plain tubes. Serums wabtained from the blood by
158  centrifugation at 3000 rpm for 10 minutes and tlheed for analysis of serum glucose,

159  cholesterol and lipid profile [6,25].

160 Table 1l: Experimental animal groupingsand treatment plan

Group Treatment No of animals Administration ofgiper day
1 NC 8 0.20 ml of 10% DMSO
2 DC 8 0.20 ml of 10% DMSO
3 INS 8 5IU/kg bw of animal
4 GSF 8 200mg/kg bw of animal
5 GSF 8 400mg/kg bw of animal

161  NC = normal control, DC = diabetic control, INS msulin, GSF =Gongronema latifolium
162  saponin fraction, bw = body weight

163

164 2.7 Estimation of Fasting blood glucose (FBG), serum glucose and plasma insulin

165 Fasting blood glucose (FBG) was determined weekiynd the 21 days experimentation
166  period using a glucose oxidase kit and used aaogrth the manufacturer’s instructions.
167  Serum glucose concentration was determined befuteatithe end of the treatment period.
168 Plasma insulin concentration was determined usitge tiodine () Insulin

169  Radioimmunoassay kit and following the manufactsristructions.
170 2.8 Estimation of cholesterol content and other lipid components.

171  Total cholesterol and triacylglycerol were detereainn the blood serum according to the

172 method of [22]. High density lipoprotein (HDL) clesterol content was determined in the
6
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blood serum according to the method [23]. Low dsn&poprotein (LDL) cholesterol
content was calculated from the difference betwtentotal cholesterol concentration (TC),
the HDL cholesterol concentration and triacylglyterontent, according to the method of
[23]. VLDL cholesterol content was obtained by c#dtion, based on the equation that,

VLDL cholesterol = triacylglycerol content x 5.
2.9 L Dy of Plant Extract

The LDsp of Gongronema latifoliumsaponin fraction (GSF) was determined using the
method described by [24]. The kPwas determined to form a basis for dosage regiofien
GSF and, employing sub-lethal doses of the GSKidrac

2.10 Statistical Analysis

Analysis of variance (ANOVA) was used in analyzitige data generated by this study.
Results were expressed as means * standard davisidues of P<0.05 were regarded as

being significant.

3.0 Results

3.1 Effect of GSF on body weight changes

Table 2 shows the effect of saponin-rich fractidrGmngronema latifoliun{GSF) on body
weights of animals when compared to the diabetitrobgroup over a period of 21 days of
drug administration. The saponin-rich fraction (38FGL treated groups showed a gradual
but significant increase in body weight gain durihg 3 weeks period of treatment. The
effect was similar to the result produced by inswhich was used as the reference drug.

3.2 Effect of GSF on Serum Glucose concentratiogiaietic animals

Table 3 shows the effect of GSF on serum glucoseeamdration. After 3 days of diabetes
induction, the blood sugar level rose significar{py0.05) above normoglycemic level (see
groups DC, INS and GSF1 and GSF2), when comparddetmormal control (NC) group.
Over a period of 21 days, the glucose levels inttéatment groups decreased significantly
(p<0.05), when compared to the diabetic controugr¢DC) that was not treated. The %
reduction in blood glucose concentration was 26.4B% group), 57.81% (INS group) and
54.28% and 58.28% respectively for GSF groups 1Zari8lood glucose level in NC group
remained steady throughout the 28-day period oéexpentation.
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3.3 Effect of GSF on Fasting blood glucose (FBGJliabetic animals

Table 4 shows the effect of saponin-rich fractibrGeongronema latifoliunon fasting blood
glucose (FBG), plasma insulin concentration ancktide level in experimental laboratory
animals. Induction of diabetes completely disrugfedeptides in DC group, when compared

to NC group, INS and GSF treated groups.

3. 4 Effect of GSF on liver weight, liver cholesierplasma and total cholesterol levels of

diabetic rats

Table 5 shows the effect of the saponin fractionGoingronema latifoliuneaf on liver

weight, liver cholesterol and plasma and total ebktdrol concentrations. Treatment
significantly (p<0.05) decreased liver weight, liveholesterol, plasma cholesterol and
overall total cholesterol in treatment groups wlempared to DC group. The slightly
elevated levels of the parameters tested in noomatrol (NC) group, may be due to lipid

sources from the rat chow diet.
3.5 Effect of GSF on lipid components of diabe#tsr

Table 6 shows the effect of the saponin-rich factf Gongronema latifoliunon plasma
cholesterol and lipids and the %AAI (% Anti Atheewic Index) ratio of the lipid cholesterol
profile. The HDL-cholesterol lipids were high inettNC and treated groups when compared
to the DC group. The LDL-cholesterol concentratishewed a significant decrease (p<0.05)
in treatment groups when compared to the DC grédp.may be expressed as the ratio of

HDL-C to Total cholesterol (TC). It may be exprabss a ratio or as percentage.

The effect of GSF on lipid cholesterol and triglgde profile, when compared to the NC, DC
and insulin treated groups and the %AAI ratio drevan in table 5. There was a significant
decrease (p<0.05) in %AAIl values of treatment gsowpen compared to values obtained for

DC and NC groups respectively (Table 6).

Table 2: Body weight profile of animal groupstreated with Saponin-
fraction of Gongronema latifolium extract.
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Body
Initial body  weight at Body weight at Body weight Change in

weight day7 day 14 atday 21  body weight
No. of
Groups  animals (9) (9) (9) (@ (9)
NC 8 105.55+2.28  115.95+2.50 128.92+3.0 135.55+2.75 +46.24:7.8
DC 8 94.22+3.25 94.05+2.40* 90.44+4.05* 86.50+2.42* 512 69"
INS 8 93.85+2.40 99.91+1.45 122.77+2.21 127.0522.15  +28.06:0.63*
GSF 1 8 93.95+2.50 98.92+2.52 118.71+2.08 122.75+2.84 +22.950.5*
GSF 2 8 93.79+2.41 101+3.0% 121.40+2.11 125+1.97 +25.66+1.5

Values are expressed as mean+SEM (n=8). NC = naomafol rats administered 10% DMSO; DC =
diabetic control rats administerd 10% DMSO; INSiabetic rats administered reference drug insulin
(51U/kg bw of animal); GSF1 = diabetic rats admieied Gongronema latifoliunsaponin fraction
(200mg/kg bw of animal); GSF2 = diabetic rats adstéredGongronema latifoliunsaponin fraction
(400mg/kg bw of animal}:Significantly different from NC at p<0.05

a and b = significantly differentt from DC at p@b.

Table 3: Effect of Saponin-rich fraction Gbngronema latifoliunon
Serum Glucose levels in Albino Wistar f2at

Sample Initial glucose Final glucose Reduction

(mg/dL) (after 28 days) (%)
(mg/dL)
NC 120.0@5.0 118.0@6.50 1.67

DC  292.0621.05 214.6¥14.42* 26.48*
INS  301.06.34 127.330.36¥ 57.817
GSF1 304.33054 138.6%16.62° 54,2

GSF 2 30222225 125.7%17.20% 58.28%

Values are expressed as mean+SEM (n=8). NC = naomafol rats administered 10% DMSO; DC =
diabetic control rats administerd 10% DMSO; INSiabetic rats administered reference drug insulin
(51U/kg bw of animal); GSF1 = diabetic rats admieied Gongronema latifoliunsaponin fraction
(200mg/kg bw of animal); GSF2 = diabetic rats adstéredGongronema latifoliunsaponin fraction
(400mg/kg bw of animal}:Significantly different from NC at p<0.05

a and b = significantly differentt from DC at p&b.

Table 4: Effect of Saponin-rich fraction Gongronema latifoliunon Fasting Blood
Glucose (FBG), Plasma Insulin and C-peptide lewveslbino Wistar Rats.

Sample FBG Insulin C-peptide
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(mg/dL) (U/ml) (ng/L)
NC 25.0&0.50 3.180.52 0.0%0.02

DC 177.336.75*  1.420.45* 0.0@0.00*
INS 62.054.22°  2.210.35°  0.04:0.02%
GSF1 84.a:5.12% 2.250.41 0.05%0.01*

GSF2 77.46.07° 2.790.25®  0.070.02*

Values are expressed as mean+SEM (n=8). NC = naomafol rats administered 10% DMSO; DC =
diabetic control rats administerd 10% DMSO; INSiabetic rats administered reference drug insulin
(51U/kg bw of animal); GSF1 = diabetic rats admieied Gongronema latifoliunsaponin fraction
(200mg/kg bw of animal); GSF2 = diabetic rats adstéredGongronema latifoliunsaponin fraction
(400mg/kg bw of animal}:Significantly different from NC at p<0.05

a and b = significantly differentt from DC at p&b.

Table 5: Effect of Saponin-rich fraction Gbngronema latifoliunon Liver weight,
Liver cholesterol and plasma Cholesterol levelRats.

Group Liver weight  Liver Chol Plasi@aol Total Chol
(9) (mg/dL) (mg/dL) (mg/dL)
NC 1.82 @0.11 45%0.05  32.44550 115.954.59
DC 1.94+0.09* 6.9%0.07*  89.7% 6.55* 254.4@29.84*
INS 1.7%0.12 2.94:0.08% 24.864.90° 114.5%6.04°
GSF 1 1.780.10 3.25+0.09°  26.926.25" 118.0% 5.74°
GSF 2 1.2D.17 2.720.1F 22.923.3% 113.344.57

Values are expressed as mean+SEM (n=8). NC = naxomafol rats administered 10% DMSO; DC =
diabetic control rats administerd 10% DMSO; INSiabetic rats administered reference drug insulin
(51U/kg bw of animal); GSF1 = diabetic rats admieied Gongronema latifoliunsaponin fraction
(200mg/kg bw of animal); GSF2 = diabetic rats adstéredGongronema latifoliunsaponin fraction
(400mg/kg bw of animal}:Significantly different from NC at p<0.05

a, b and c = significantly differentt from DC a(p05

TABLE 6: Effect of Saponin-rich fraction @ongronema latifoliunon Serum Lipid

Components
Group TG (mg/dL) HDL (mg/dL) VLDL (mg/dL) LDL (mg/dL) % AAI
NC 76.4%9.65 68.26:1.50 92.4& 15.25 15.2& 2.00 58.36

10
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DC 82.23 9.56* 64.222.33* 205.2% 31.00* 16.45 2.50* 26.16*

INS 72.8& 9.91% 66.36+ 0.50398.80+ 38.20° 14.57+ 2.00®  14.79%
GSF 66.28 7.75* 66.52+ 2.94* 258.10+ 5.35® 14.85+ 1.50° 16.58%°
GSF 2 64.09 2.25¢ 67.55+ 1.05% 229.45+ 10.05° 14.45+ 0.22°  14.82*

Values are expressed as mean + SEM (n=8). NC =alaromtrol rats administered 10% DMSO; DC
= diabetic control rats administered 10% DMSO; INSliabetic rats administered reference drug
insulin (51U/kg bw of animal); GSF1 = diabetic radministeredGongronema latifoliunsaponin
fraction (200mg/kg bw of animal); GSF2 = diabetitsradministere@ongronema latifoliunsaponin
fraction (400mg/kg bw of animaljSignificantly different from NC at p<0.05

a, b and c = significantly differentt from DC a(p05

4.0 Discussion

Saponins are secondary metabolic products in pilahish characteristically froth and form
stable foam in water. Saponins have long been gaf@d as anti-diabetic agents, and
substances that elicit hypoglycaemia, hypolipidenaad hypocholesterolemia, thus
alleviating diabetic conditions in patients. Thehykt acetate fraction ofGongronema
latifolium (GSF) frothed in water to form large stable foahust confirming it to be saponin-
rich. This property qualified the fraction to beedsfor the present study, as saponins have
been reported to lower blood sugar and plasma stestd, and reverse dyslipidemia in man
and experimental animals, as well as for the managé and treatment of diabetes and its
complications.

In potential drug screening, the determination Did-(i.e the dose which has proved to be
lethal, causing death to 50% of test group of atgjnas usually an initial step in the
assessment and evaluation of the toxic or medigo#éntial of a substance. It is an initial
assessment of toxic manifestations (providing imation on health hazards likely to arise
from short-term exposure to novel drugs), and ihisne of the initial screening experiments
performed with all crude drugs and potential druagsjed at ensuring safe use of the final
product. In this study, the Ldgof the saponin-rich fraction déongronema latifoliunwas

determined to be 2500mg/kg body weight, in accardamith the [24].

Several studies have shown that diabetes is inddegterogeneous disease characterized by
hyperglycemia and atherogenic lipid profile [1].pEy1 diabetes is sometimes accompanied

by damage to key organs of the body including ther,| kidney and the pancreas. Severe
11
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hyperglycemia accompanied by hyperlipidemia andehgipolesterolemia is observed as a
result of the destruction of the insulin producpeancreatic Isletg-cells of Langerhans and
hepatic damage [8]. Damage to key organs has &sn bbserved in experimental animal
models upon induction of diabetes using eitherpstzotocin or higher doses of alloxan
[6,7].

In diabetes condition, there is usually observegh lmlasma lipid cholesterol concentrations,
dyslipidemia and hyperglycemia. Dyslipidemia is ayw associated with diabetic milletus
which is a risk factor for some endocrine-relateskdses including cardiovascular disease. It
is thought that this occurs due to deposition afjpk along artery walls caused by crystals of
LDL-c, leading to blockage of arterial passage atiterosclerosis [25]. Disproportionate
perturbations are usually observed in dyslipidechie to slow blood sugar uptake and
gluconeogenesis, depending on the extent of d@abetidition. Human diets worldwide are
rich in lipids, fats and oils which are precursabstances to LDL, VLDL, IDL and HDL-
cholesterol, as well as triglycerides and total lest@rol. High concentrations of these
lipoproteins, except HDL-c have been associatel watrdiovascular disease. In this study,
there was elevated LDL, VLDL, total cholesterol aniglyceride concentration when the
animals were induced with diabetes. Under this ttmmj HDL concentration decreased [5].
However, when the animals were treated with extratt saponin-rich fraction of
Gongronema latifoliumithere was a significant decrease (p<0.05) in 0@, VLDL and
triglyceride concentrations, while the HDL-C contation was elevated. The results were

consistent with those of earlier studies [2,11,22,9,26].

Hyperlipidemia are disorders of the rates of sysither clearance of lipoproteins from the
bloodstream, biochemically detected by measuringsmb triacylglycerol and total

cholesterol [17,27]. Hyperlipidemia may be classif on the basis of which class of
lipoprotein is cleared. The different types of sifisation is on the basis of accumulation of
chylomicrons, elevated low density lipoprotein (LDdoncentration, abnormalities of Apo-E
or increased very low density lipoprotein (VLDL)véd due to obesity, overweight or
diabetes [28]. Hyperlipidemia therefore is a poteisk factor for atherosclerosis and
coronary heart disease which presents in substaptaportion of young adults [17].

According to data from National Health and Nutmticéxamination Survey (NHANES),

between 11.7% of adults aged 20-39 and 41.2% ol adied 40-64 have elevated low

density lipoprotein cholesterol (LDL-C) level [29]Studies on adults with familiar
12
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hypercholesterolemia have shown that, cardiovascigh is increased early among those
with high low density lipoprotein cholesterol (HLDUevel[30]. Similarly, adults with
extremely low LDL-C level conferred by genetic polgrphisms have significantly lower
than average risk of cardiovascular disease [3bpuRtions consumingsongronema

latifolium may likely have lower risk of cardiovascular dse@as demonstrated in this study.

Hypercholesterolemia is a condition of excessivelgh plasma cholesterol level [32].
According to recent studies, hypercholesterolemieoinsidered to be a well established risk
factor for coronary heart disease with elevated dansity lipoprotein being the mechanism
underlying it, and with a high risk cholesterolws@rlevel above 160mg/dl [32]. In this study,
the saponin-rich fraction ofcongronema latifoliumcompletely reversed all forms of

dyslipidemia caused by STZ-induced diabetes.

Primary hypercholesterolemia is in general beliet@dbe the result of reduced activity of
LDL receptors [33]. Total cholesterol can be broldwn into a diagnostic lipoprotein
profile including high density lipoprotein (HDL)ptermediate density lipoprotein (IDL), very
low density lipoprotein (VLDL), chylomicron remnanand triglycerides [32]. High density
lipoprotein is considered to be beneficial as Heglels of HDL-c have been correlated with
reduced risk of negative cardiovascular event [B4,8n the other hand, elevated level of
low density lipoprotein cholesterol and triglycessdare considered detrimental to health as
their elevated concentration in plasma has bearleded with poor cardiovascular outcomes
[34]. Also, intermediate density lipoprotein, veow density lipoprotein and chylomicron
remnants have been reported to potentially playactive role in peripheral vascular and
coronary artery disease development [35]. The figmt reduction of these types of
lipoproteins caused by treatment of diabetic ratgh wextract of saponin-fraction
Gongronema latifolium,strongly confirms the claims of populations usitig plant in

Nigeria for the treatment of diabetes [36,37].

High concentrations of plasma cholesterol has k&®wn to interfere and alter vascular
structures and function as it builds within theron of the vascular walls, thus interfering
with endothelial function and leading to lesion apthques [17,27,36,37]. Therefore
elevation of hypercholesterolemia in diabetes magdsociated with endothelial dysfunction
and dislipidemia [36,37].
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Thus, the effect of the saponin-fraction of thevésa of Gongronema latifoliumon
dyslipidemia (hyperlipidemia and hypercholestera@mpredisposed by artificially induced
diabetes, using streptozotocin, was evaluated boréory animals, and the treatment was
shown to be effective in reversing hyperglycemial ayslipidemia. The results were
consistent with earlier results using other plaxiraets as alternative to otherwise very

expensive and unaffordable drugs [4,12].

This study showed that, induction of diabetes cawassignificant (P<0.05) increase in blood
glucose concentration in groups DC (29220.05 mg/dL), INS (30146.34 mg/dL) and
GSF 1 and 2 groups (30480.54 mg/dL and 302+22.25mg/dL respectively), in addition to
dyslipidemia. These values and conditions were dotianbe consistent with previous results
using streptozotocin as diabetes inducing agent [B& induction of diabetes completely
disrupted C-peptide concentration (G000 ng/L). However, upon treatment with saponin-
rich fraction ofGongronema latifoliun{using two concentrations 200mg/kg and 400mg.kg
bw) for 28 days, the blood glucose decreased signific§p<0.05) to 138.6¥16.62 mg/dL
for GSF 1 group, 125.#47.20mg/dL for GSF 2 group, and 12AB336mg/dL for insulin
treated group, when compared on the other harftet®C group (214.6714.42 mg/dL), and

to the normal control group (118:8850mg/dL) (table 2). The reduction of blood gluEos
(96%) byGongronema latifoliunis consistent with the results obtained by [61] aompares
favourably well with the reduction (86%) by insulamd NC, during the 28 days treatment..
On the other hand the diabetic control (DC), reedrdlight decrease in blood glucose (table
2), suggesting that the decrease observed in tHe t&&ted group is attributable to the
hypoglycemic efficacy of the saponin-rich fractiohGongronema latifoliumTreatment also
restored C-peptide concentration to (@0D1 ng/L) for GSF and (0.@0.02 ng/L) for
insulin, when compared to the C-peptide conceitnatd.0@0.00 ng/L) for DC group. This
confirms the claims of ethno-medical practitionénat aqueous extracts @ongronema
latifolium is effective in the management and treatment lofoans of diabetic conditions
and its complications.

The biochemical mechanism by which the sapoinih-fraction ofGongronema latifolium
and other saponin-rich plant extracts lower hypeminia and reverse dyslipidemia has not
been fully explained and elucidated. In liver palgmma cells an@-cells of the pancreas, the
enzyme glucokinase or hexokinase D is the predamimezyme responsible for the

phosphorylation of glucose in glycolysis. Bacells, glucokinase functions as the glucose
14
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sensor, determining the threshold of insulin sémmetin the liver, the enzyme facilitates
glucose phosphorylation during hyperglycemia. Sihexokinase D serves as a glucose
sensor in neurons of the hypothalamus, playing yarkée in the adrenergic response to
hypoglycemia, it appears saponins serve as catahgstctivator of the hexokinase enzyme,
to sense the presence of sugar and at the samephiosphorylate the sugar to glucose-6-
phosphate, a committed step in glycolysis and sufgarance in the blood. Thus saponin-
rich fraction ofGongronema latifoliunmay catalyze epinephrine and glucokinase enzyme to
function when the intracellular concentration afigse in the hepatocyte is elevated such as
during diabetes or during the brief period follogiithe consumption of a carbohydrate-rich
meal, when high levels of glucose are deliveredh® liver via the portal vein. Also in
diabetes, especially type 1, there is damage tditbe pancreas and the kidney. Saponins
function to ameliorate these damaged organs, andfelcohepatoprotection and
nephroprotection to the organs, as well as hegntooxidatively repair damaged pancreatic
B-cells. They also anti-oxidatively help to sequested mop up free radicals generated by
STZ during diabetes induction.

The catalysis of glucokinase by the saponin-richction of Gongronema latifoliumin
lowering blood glucose sugar, may also proceedtivéainflammatory response pathway
involving the release of complement or cytokinesesponse to diabetic inflammation, and
on phagocytic cellular response-dependent on thetiftn of polymorphonuclear leucocytes
and monocytes which sometimes occur in diabetes. ifitemmatory response process is
non-specific, requires changes in the permeabiitycell membranes and depends on
humoral factors such as acute-phase response meagtomplement or cytokines). The
acute-phase response is an innate or natural imsystem, which is phylogenetically older
than the so-called acquired or adaptive immunityd @rovides a rapid first-line defence
mechanism against infection, stress and inflammatioased on non-lymphoid tissue
components.

The induction of diabetes also caused a signifi(@r0.05) increase in total liver cholesterol
(254.4@29.84 mg/dl) and plasma cholesterol (8% 6155 mg/dl), corresponding to 54.42%
and 39% increase respectively, with attendant aszan liver weight (1.9¢D.09g)(table 4).
Upon treatment with saponin-rich fraction®@dngronema latifolium, a significant (p<0.05)
reduction in liver weight (1.28.10q), liver cholesterol (3.28.09 mg/dl), total cholesterol
((118.0&5.74 mg/dl), and plasma cholesterol (268825 mg/dl) were observed, when
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compared to the NC and DC groups respectively€tdpl A similar trend had been reported

in none diabetic mice fed with diets supplementéd fgaves olernonia amygdalin§39].

There was also a significant (P<0.05) increaseDh 16.45:2.50 mg/dl), VLDL (205.29
31.00 mg/dl), and triglycerides (8223856 mg/dl), while the HDL concentration (64.22
+2.33 mg/dl) was low upon induction of diabetes, pamed to animals in the normal control
group (table 5). Upon treatment with saponin-riciction of Gongronema latifolium the
observeddyslipidemias were normalized. The lipid cholestermues were reversed. There
were significant (p<0.05) decreases in LDL conamin (14.2%1.50 mg/dl) and
triglyceride concentration (66.2@.75 mg/dl). There was an increase in HDL conedioim
(66.522.94 mg/dl) when compared to the diabetic contrdblé 5). The VLDL
concentration was not affected and remained theesarhe results obtained for GSF

compared favourably well with the results obtaif@dthe standard insulin drug.

Conclusion

The study confirmed the hypolipidemic, hypoglycaerand hypocholesterolemic effects of
saponin-rich fraction ofcongronema latifoliumn laboratory animal models. The authors
suggest that, the saponin-rich fraction @bngronema latifoliumprobably modified the
hydrophilic-hydrophobic interface between the ligolesterol and aqueous fraction of
plasma, in favour of hypolipidemia and hypocholedtamia. The restoration of C-peptide
concentration to normal level (0.05mg/dL) may Relaitable to the anti-oxidative effects of
the saponin constituents in the saponin-rich foscaf the plant.

Ethical Approval

As per international standard or university staddathical approval has been collected and

preserved by the authors.

Suggestion for further research

It is suggested by this study that research intdbibchemical mechanism by which plants or
saponin-rich fractions of plants elicit sugar-loimgr effects and reverses dyslipidemia be

thoroughly investigated, as this may aid the tresinand management of this global disease.
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