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Kolaviron, a Garcinia biflavonoid complex
ameliorates hyperglycemia-mediated hepatic
injury in rats via suppression of inflammatory

responses
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Abstract

proteins in the liver of diabetic rats.

(TNF-a) and monocyte chemotactic protein (MCP-1).

Background: Chronic inflammmation plays a crucial role in hyperglycemia-induced liver injury. Kolaviron (KV), a natural
biflavonoid from Garcinia kola seeds have been shown to possess anti- inflammatory properties which has not been
explored in diabetes. To our knowledge, this is the first study to investigate the effect of KV on pro-inflammatory

Methods: Diabetes was induced by a single intraperitoneal injection of streptozotocin (STZ) (50 mg/kg) in male Wistar
rats. Kolaviron (100 mg/kg) was administered orally five times a week for six weeks. The concentrations of cytokines
and chemokine were measured using Bio-plex Pro™ magnetic bead-based assays (Bio-Rad Laboratories, Hercules, USA).
Plasma glucose and serum biomarkers of liver dysfunction were analyzed with diagnostic kits in an automated clinical
chemistry analyzer. Insulin concentration was estimated by radioimmunoassay (RIA).

Result: Kolaviron (100mg/kg) treatment significantly ameliorated hyperglycemia and liver dysfunction. Serum levels of
hepatic marker enzymes were significantly reduced in kolaviron treated diabetic rats. Kolaviron prevented diabetes
induced increase in the hepatic levels of proinflammatory cytokines; interleukin (IL)-1beta, IL-6, tumour necrosis factor

Conclusion: The results of this study demonstrate that the hepatoprotective effects of kolaviron in diabetic rats may
be partly associated with its modulating effect on inflammatory responses.
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Background

Type 1 diabetes mellitus (DM) is an autoimmune disorder
involving immune mediated recognition of pancreatic 3
cells by auto-reactive T cells with subsequent release of
pro- inflammatory cytokines that worsen the disease state
[1]. DM characterized by prolonged hyperglycemia in the
postprandial and/or fasting state [2] results from impaired
insulin mediated glucose metabolism. Uncontrolled hyper-
glycemia leads to progressive development of microvascu-
lar and macrovascular complications, causing morbidity
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and mortality in diabetic patients [3-5]. Diabetes is associ-
ated with an increased risk of hepatic injury [6,7]. It has
been reported that the standardized mortality rate from
end-stage liver disease (i.e. cirrhosis) in diabetic patients is
higher than those with cardiovascular disease [8].

To a large extent, the effect of hyperglycemia is medi-
ated by an elevation in the levels of pro-inflammatory
proteins. Over-production of several inflammatory medi-
ators such as growth factors, pro-inflammatory cytokines
and chemokines has been documented in DM [9-11].

Type 1 DM is considered as an inflammatory process
in which a significant increase of cytokines was found in
the blood of patients with this disease. The response of
hepatocytes to pro-inflammatory cytokines promotes
the expression of genes that mediate the inflammatory
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process [12]. Furthermore, increased oxidative stress
and chronic inflammation affects insulin secretion and
sensitivity [13]. Targeting inflammatory mediators sig-
naling through the use of anti-inflammatory agents
could therefore improve therapeutic options for dia-
betic liver disease, a diabetic complication that is gra-
dually gaining recognition.

Bitter kola (Garcinia kola) belongs to the family of
plants called Guttiferae and the genus Garcinia. Garcinia
kola seeds have been shown to contain a complex mixture
of polyphenolic compounds, biflavonoids, prenylated ben-
zophenones and xanthones which account for the majo-
rity of its effects [14,15]. Kolaviron (KV) is an extract from
the seeds of Garcinia kola, containing a complex mixture
of biflavonoids and polyphenols [16]. A number of studies
have confirmed the antioxidative and anti-inflammatory
effects of kolaviron in chemically-induced toxicity, animal
models of diseases and in cell culture [17-20]. Although
the glucose lowering effect of kolaviron has been reported
in animal models of diabetes mellitus [21,22], no study
has addressed the effect of KV on inflammatory bio-
markers in diabetes. In the present study, we investigated
the effects of kolaviron in modulating inflammatory
responses in the liver of streptozotocin-induced dia-
betic rats.

Methods

Plant materials

Fresh seeds of Garcinia kola were purchased from Bodija
market in Ibadan, Oyo State, Nigeria and authenticated by
Professor E. A Ayodele at the Department of Botany,
University of Ibadan. A voucher specimen is available at
the herbarium of the Forestry Research Institute of
Nigeria (FRIN), Ibadan.

Extraction of kolaviron

Garcinia kola seeds were peeled, sliced and air-dried
(25-28°C). Kolaviron was isolated according to the
method of Iwu et al. [20]. Briefly, the powdered seeds
were extracted with light petroleum ether (bp 40-60°C)
in a soxhlet for 24 hr. The defatted dried product was
repacked and extracted with acetone. The extract was
concentrated and diluted twice its volume with water
and extracted with ethylacetate (6 x 300 ml). The con-
centrated ethylacetate yielded kolaviron, a golden yellow
solid [16].

Ethics statement

The study protocol was approved by the Faculty of
Health and Wellness Sciences Research Ethics Committee
of Cape Peninsula University of Technology (Ethics Cer-
tificate no: CPUT/HW-REC 2012/A04). All the animals
received humane care in accordance to the criteria out-
lined in the ‘Guide for the Care and Use of Laboratory
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Animals’ prepared by the National Academy of Science
(NAS) and published by the National Institute of Health
(Publication no. 80-23, revised 1978).

Animals

Adult male Wistar rats, weighing about 240-290 g were
housed in individual plastic cages at the animal facility
of the Medical Research Council, South Africa. They
were supplied with water and standard rat feed ad libitum.
The animals were maintained under standard laboratory
conditions at 22 +2°C with 12-h light/dark cycles and
humidity at 55 + 5%.

Induction of diabetes

Diabetes was induced in overnight fasted rats by a single
intraperitoneal injection of a freshly prepared solution of
streptozotocin (STZ, Sigma, USA) in citrate buffer (0.1 M,
pH 4.5) at a dosage of 50 mg/kg body weight (b.wt.). Dia-
betes was confirmed by stable hyperglycemia (>18 mmol/l)
in the tail blood glucose after five days of STZ injection
using a portable glucometer (Accu-Chek, Roche, Germany).

Study design

The dose of kolaviron (100 mg/kg) was chosen based on
our preliminary investigation. 100 mg/kg kolaviron was a
more effective dose among the doses (100 and 200 mg/kg)
investigated in our preliminary study. The animals were
divided into 4 groups (n = 10 per group): Normal control
(NC group), Kolaviron treated normal control (NC + KV),
diabetic control (DM group), and kolaviron treated-
diabetic group (KV + DM group). Kolaviron (100 mg/kg b.
wt.), dissolved in dimethylsulphoxide (DMSO) was admin-
istered by gastric gavage 5 times a week. Control rats also
received DMSO as a vehicle. At the end of the treatment
period, the rats were weighed and then anaesthetized with
an intraperitoneal injection of sodium pentobarbital
(60 mg/kg). Blood glucose was measured in 4 hours-fasted
animals (usually between 10 am and 2 pm). Blood samples
were collected from the abdominal aorta into glucose
tubes (containing sodium fluoride/potassium oxalate),
EDTA-containing tubes and serum clot activator tubes.
Blood samples were centrifuged at 4000 g for 10 min at 4°C.
Aliquot of the supernatant was stored at - 80°C for plasma
glucose determination while other biochemical analysis
was carried out on the serum. The liver was dissected out,
rinsed in cold phosphate buffered saline (10 mM pH 7.2),
blotted on filter paper and weighed. Liver homogenate
was prepared in phosphate buffered saline (10 mM
pH 7.2), centrifuged at 15000 rpm for 10 min at 4°C.

Liquid chromatography-mass spectrometry (LC-MS)
analysis of Garcinia kola seed extract

LC-MS was performed on a Dionex HPLC system (Dionex
Softron, Germering, Germany) equipped with a binary
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solvent manager and autosampler coupled to a Brucker
ESI Q-TOF mass spectrometer (Bruker Daltonik GmbH,
Germany). Kolaviron was separated by reversed phase
chromatography on a Thermo Fischer Scientific C18 co-
lumn 5 pm; 4.6 x 150 mm (Bellefonte, USA) using gradi-
ent elution with 0.1% formic acid in water (solvent A) and
acetonitrile (solvent B) as solvent at a flow rate of
1.0 ml min!, an injection volume of 10 pl and an oven
temperature of 30°C. MS spectra were acquired in nega-
tive mode using the full scan and auto MS/MS (collision
energy 25 eV) scan modes with dual spray for reference
mass solution. Electrospray voltage was set to +3500 V.
Dry gas flow was set to 9 | min™ with a temperature of
300°C and nebulizer gas pressure was set to 35 psi.

Analysis of glucose and liver dysfunction biomarkers
Plasma glucose, levels of aspartate transaminase (AST)
and alanine transaminase (ALT) in the serum were ana-
lyzed with diagnostic kits in an automated clinical chemis-
try analyzer (Medical Cooperation, Bedford, MA, USA).

Insulin estimation

Plasma insulin was estimated by radioimmunoassay (RIA)
according to the protocol supplied by Merck Millipore
(Millipore, Cooperation, MA, USA). Separate tubes con-
taining 100 4L and 200 uL of assay buffer, 100 uL of
plasma samples or standards were mixed with100 uL **°I
insulin tracer and 100 yL of primary antibodies. The mix-
ture was incubated overnight at 4°C. This was followed by
the addition of 1 mL of precipitating agent and incubation
for 20 minutes at 4°C. Again, samples were centrifuged at
4000 g for 30 min at 4°C and the supernatant was aspi-
rated. The tubes were subjected to radioactive counting
using a '**I gamma counter.

Analysis of inflammatory biomarkers

The levels of 4 inflammatory markers including interleu-
kin (IL)-1B, IL-6, tumour necrosis factor (TNF)-a and
monocyte chemotactic protein (MCP-1) were measured
in the tissue lysates from all the rats. This was done
using Bio-plex Pro™ magnetic bead-based assays (Bio-
Rad Laboratories, Hercules, USA) on the Bio-plex®
platform (Bio-Rad), according to the manufacturer’s in-
structions. Following previous optimization, samples
were evaluated undiluted, in a blinded manner. Bio-Plex
Manager™ software, version 6.0 was used for bead acqui-
sition and analysis.

Statistical analysis

Data were analyzed using one-way analysis of variance
and expressed as mean + standard deviation. Statistical
analyses were performed using Graph Pad Prism version
6.02, for windows (Graph Pad software, San Diego, CA).
Differences were considered significant at P < 0.05.
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Results

Kolaviron treatment lowers blood glucose, prevented loss
of body weight and liver hypertrophy in diabetic rats
Effect of kolaviron administration on blood glucose, liver
and body weight in STZ-induced diabetic and normogly-
cemic rats is shown in Table 1. Six weeks after diabetes
confirmation, the random blood glucose concentration
(mmol/l) in the diabetic and control group was 28.19 +
2.25 and 9.93 + 0.51 respectively. The blood glucose con-
centration for the normal control rats plus KV was 8.91
+ 0.6 and the diabetes mellitus plus kolaviron group was
17.35+2.36. In addition to elevated blood glucose,
diabetic rats had decreased mean body weight compared
to normal control while treatment with kolaviron for
6 weeks significantly lowered blood glucose and amelio-
rated the body weight loss when compared to the un-
treated diabetic group, although body weight was still
significantly lower in comparison with normal control.
Diabetes caused an increase in relative liver weight
(expressed as % body weight) in rats while treatment of
diabetic rats with kolaviron significantly restored liver
weight to near normal. STZ diabetic rats exhibited im-
paired insulin release while KV treatment of diabetic rats
significantly increased plasma insulin levels compared
with untreated rats.

Kolaviron lowers serum levels of hepatic enzymes in
STZ-induced diabetic rats

Figure 1 indicates results of kolaviron administration on
serum levels of hepatic enzymes in STZ-induced diabetic
rats. In the diabetic group, serum levels of liver damage
biomarkers; ALT (77.96 +11.9) and AST (107 +5.43)
were elevated compared with normal controls viz: 60.37 +
7.20 and 57.12 + 6.63 respectively. Kolaviron administra-
tion to diabetic rats significantly reduced serum levels of
ALT (67.9 £ 6.94) and AST (53.38 + 4.93) when compared
to diabetic control.

Kolaviron ameliorated hyperglycemia-mediated increase
in the levels of proinflammatory proteins in the liver of
diabetic rats

The effect of kolaviron on interleukin (IL)-1f, IL-6,
tumour necrosis factor (TNF-a) and monocyte chemo-
tactic protein (MCP-1) is illustrated in Figure 2. The
concentration of proinflammatory cytokines were signifi-
cantly increased in the liver of diabetic rats when com-
pared with the control rats. Lowered levels of MCP-1
and IL-1pB were detected in the liver of kolaviron treated
diabetic rats compared to the untreated diabetic group.
Administration of kolaviron to diabetic rats 5 times a
week for 6 weeks also significantly reduced IL-6 and
TNF-a when compared with both normal control and
diabetic rats. Kolaviron also lowered serum levels of
TNF-a and IL-6 in normal rats.
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Table 1 Effect of kolaviron administration on plasma glucose, insulin, liver weight and body weight in STZ-induced

diabetic and normoglycemic rats

Parameters NC NC + KV DM DM + KV
Glucose (mmol/l) 9934051 891 +067° 2819+ 2.25° 17.35 +2.36°°
Insulin (ng/ml) 799+ 193 769+ 194 030+0.137° 0.7940.28°°
Body weight change (g) +99.59 +101.12 -9.38° +4538%°
Relative liver weight (g) 322+0.15 338+007 453+0.16° 3.99 +0.15*°

Data are presented as mean + S.D Values. °p < 0.05 vs. normal control. bp < 0.05 vs. untreated diabetes. NC; Normal control, NC + KV; Normal control treated with
kolaviron, DM; untreated diabetic rats, DM + KV; Diabetic rats treated with kolaviron.

Liquid chromatography-mass spectrometry (LC-MS)
analysis of Garcinia kola seed extract

In the negative-ion, the ESI-MS analysis of kolaviron
shows molecular ion peaks [M-H] at (1) m/z 573.1023,
(2) m/z 557.1074, (3) m/z 587.1178, (4) m/z 557.1074 (5)
m/z 541.1123 and (6) m/z 555.0909 (Figure 3). Based on
the calculated molecular formula, the presence of Garcinia
biflavonoid 2 (m/z 573.1023 = C30H,,0,,), Garcinia
biflavonoid 1(m/z 557.1074, 557.1072 = C30H5,0;,), kola-
flavanone (m/z 587.1178 = C3;H,40;,) and kolaflavones
(m/z 555.0909 = C30H,;041), previously reported in lit-
erature as components of kolaviron [16] were confirmed
(Figure 4a). The mass spectrum of peak 5 shows the
ion peak [M-H] at m/z 541.1123 with the formula
C30H2,019. On the basis of this data and database
searching, the structure of this compound (peak 5) was
deduced to be a binaringenin (Figure 4b), a biflavanone
commonly found in Garcinia species [23] To our
knowledge, this is the first report of a new biflavonoid
in kolaviron (a Garcinia biflavonoid complex).

Discussion

Limitations of the currently used drugs on glycemic regu-
lation have raised the need for the development of new
drugs which can act as alternative and/or complementary
therapy. Interest in natural plant products as anti-diabetic
agents has increased over the years due to their low
side effects and multidimensional mode of action [24].

Kolaviron a natural compound from the bitter kola seed,
containing a complex mixture of Garcinia biflavonoid,
GBI, GB2 and kolaflavones has been demonstrated for its,
hypoglycemic, antioxidative, anti-inflammatory and anti-
genotoxic effects [19,25].

The concept that chronic low grade inflammation is
important in the development and progression of diabetes
and its associated complication is not new. Prolonged
hyperglycemia can generate an inflammatory state leading
to an increment in cytokine production and pancreatic
beta cell destruction [26]. Anti-inflammatory agents have
been documented to be beneficial in diabetes. Among
these are curcumin and its derivative [27,28], resveratrol
[29] and cannabidiol [30]. The damaging effect of inflam-
matory molecules in diabetes can be mediated through its
interaction with receptors and activation of signaling path-
ways which exacerbate the disease state [31]. Due to the
existing association between chronic inflammation and
diabetic complications including liver injury, identification
of therapeutic targets that is able to specifically downregu-
late proinflammatory responses and mediators could be a
promising strategy in the management of diabetes melli-
tus. It is noteworthy that our study is the first to investi-
gate the effect of kolaviron on inflammatory mediators in
diabetes.

Regulation of blood glucose either in the fasting state
and/or postprandially is an important factor in diabetic
therapy. Sustained glycemic control decreases the risk of
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Figure 1 Effect of kolaviron administration on serum levels of hepatic enzymes in diabetic and normoglycemic rats. Data are presented
as mean + S.D values. 2p < 0.05 vs. normal control. °p < 0.05 vs. untreated diabetes. NC; Normal control, NC + KV: Normal control treated with
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Figure 2 Effects of kolaviron on levels of MCP-1, IL-13, TNF-a and IL-6 in the liver of normal and diabetic rats. Data are presented as
mean pg/g wet tissue + S.D. °p < 0.05 vs. normal control. °p < 0,05 vs. untreated diabetes. NC; Normal control, NC + KV; Normal control treated
with kolaviron, DM; untreated diabetic rats, DM + KV; Diabetic rats treated with kolaviron.

developing microvascular and macrovascular complica-
tions [32,33]. The marked reduction of blood glucose in
this study following KV treatment is in line with previ-
ous studies demonstrating its hypoglycemic effects [34].
Although kolaviron significantly increased the plasma in-
sulin levels in diabetic rats, the magnitude of increase is
lower compared to the corresponding effect on blood
glucose. The mechanisms of hypoglycemic effect of kola-
viron might be due to the combination of its stimulating
action on the pancreatic B cells to release insulin and
also an insulin independent effect and extrapancreatic
action which involves glucose utilization in extrahepatic
tissues [35,36]. Furthermore, the hypoglycemic effect of
flavonoids can be mediated through an increase in
hepatic glucose storage by stimulating the action of
glycolytic and glycogenic enzymes or by inhibiting
glucose-6-phosphatase. This consequently results in the
uptake of glucose into cells and the reduction in the
blood glucose level through the upregulation of glyco-
gen formation, downregulation of the rate of glycogen
breakdown, and glucose synthesis [37-39].

It has been shown that absolute or relative insulin de-
ficiency coupled with decreased ATP production ac-
counts for low protein synthesis [40]. The decreased
mean body weight in diabetic rats could be an indication

of excessive breakdown of structural proteins in an at-
tempt to compensate for low availability of carbohydrate
as an energy source [41]. The ability of kolaviron to pro-
tect against weight loss might be due to its glucose lower-
ing effect. Liver hypertrophy (increased liver weight)
observed in diabetic rats may be due to hypoinsulinemia-
induced increased triglycerides accumulation in the liver
as alternative glucose precursors since liver glycogen is
usually depleted in STZ-induced diabetic rats [42]. Liver
weight (expressed as a percentage of body weight) was sig-
nificantly lower in kolaviron treated rats. The ability of
kolaviron to restore liver glycogen levels may partly ex-
plain its beneficial effect on liver hypertrophy in diabetic
rats. It was reported in a previous that kolaviron inhibited
microsomal glucose-6-phosphatase in STZ diabetic rats
[34]. The inhibition of glucose-6 phosphatase by kolaviron
can increase hepatic glucose-6 phosphate which serves as
substrate for glycogen synthesis thereby resulting in
upregulation of hepatic glycogen levels.

Amino transferases, aspartate transaminase (AST) and
alanine transaminase (ALT) catalyse amino transfer reac-
tions and are used as markers of hepatic injury [43]. Dele-
terious effect of hyperglycemia in the liver of diabetic rats
observed in the present study is evidenced by serum eleva-
tion of liver damage biomarkers. The hepatoprotective
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Figure 4 Chemical structure of Garcinia biflavonoid complex.
(Kolaviron) containing Garcinia biflavonoid GB-1(3"4'4"55",7,7"-
heptahydroxy-3,8" biflavanone), GB-2 (3"4'4" 5,5",5",7,7"-octa-
hydroxy-3,8"- biflavanone), and kolaflavanone (3" 4'4"5,5"5",7,7"
octahydroxy-4"-methoxy-3,8"-biflavanone) is confirmed (Figure 4a)
while binaringenin (Figure 4b) is presumed to be an additional
compound in kolaviron based on ESI-MS/MS result.

effect of kolaviron is demonstrated by the significant re-
duction of serum levels of ALT and AST in the diabetic
treated rats.

Inflammation has been reported to cause direct organ
damage in diabetic rats [44,45] and humans [46]. In-
creased levels of pro-inflammatory cytokines MCP-1, IL-
1B, IL-6, IL-18 and TNF-a have been reported in diabetes
[47,48]. In this study, upregulated levels of these pro-
inflamatory proteins were observed in the liver of STZ-
induced diabetes rats.

MCP-1 is a chemo-attractant which promotes mono-
cyte and macrophage migration and activation at the site
of injury. Over-expression of MCP-1 exerts various dam-
aging effects via increased production of superoxide ra-
dicals from macrophages, release of lysosomal enzymes,
cytokines, growth factors and cellular adhesion mole-
cules [49,50]. Animal and human studies have also
shown a correlation between blood and hepatic levels of
MCP-1 and the extent of inflammation [51,52]. Consi-
dering the role of macrophages in perpetuating hepatic
inflammation, reduction of MCP-1 levels may be an-
other mechanism by which kolaviron mediates its pro-
tective effect in the liver of diabetic rats.

Hepatic infiltrating macrophages and Kupffer cells are
sources of pro-inflammatory cytokines such as TNF-a,
IL-1 and IL-6 in the liver [53]. Our study shows upregu-
lated levels of these inflammatory proteins in a diabetic
state while kolaviron treatment notably reduced hepatic
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levels of IL-1P, IL-6 and TNF-a in diabetic rat. The sup-
pressing effect of kolaviron on serum levels of IL-1p has
been demonstrated in chemically-induced inflammation
of the colon [19]. IL-1f induces the expression of vari-
ous genes encoding oxidants, cytokines, chemokines,
growth factors and adhesion molecules whose promoter
region are monitored through interactions with tran-
scription factor, NFkB [54-56]. IL-1B inhibits (- cell
function and promotes Fas-triggered apoptosis in part
by NE-kB [57]. In a GK rat model of type 2 diabetes,
treatment with IL-1 receptor antagonist (IL-1Ra) re-
duced islet mRNA expression of a number of inflamma-
tory factors which includes: IL-1p, IL-6, TNF-a, MCP-1
and MIP-1a [58]. Possible mechanism by which kola-
viron elicit its liver protective and anti-inflammatory ef-
fect in diabetic rats could be by a direct reduction of
macrophage infiltration and/or by repressing NF-«xB
activation.

TNF-a is one of the major cytokines upregulated in
diabetic liver which can promote the activation of NF-kB
through interaction with the TNF-a receptor resulting in
liver inflammation and apoptosis [55]. The involvement of
TNF in alcoholic hepatitis, viral hepatitis and ischemia/
reperfusion liver injury has also been documented [59].
Our study revealed that Kolaviron treatment abrogated
hyperglycemia induced increase in the hepatic concentra-
tion of TNF-a. There is a report that kolaviron (KV) shows
inhibitory action on prostaglandin E, and TNF-a produc-
tion in macrophage-like cell line [60]. Kolaviron also down-
regulates iINOS and COX-2 expression in the liver of
dimethyl nitrosamine (DMN)-treated rat via the inhibition
of DNA binding activity of NF-«B [61]. The anti inflamma-
tory and hepatoprotective effect observed in our study
might be mediated via inhibition of transcription factor
NEF-«B, a key regulator of inflammatory process.

Although the results of our study demonstrated the
beneficial effects of kolaviron on inflammatory response
and hepatic injury in the liver of diabetic rats, future
studies can address other possible mechanisms of action
of kolaviron and the underlying molecular targets of
Garcinia biflavonoid complex in diabetes. Further inves-
tigation may also be necessary for complete elucidation
of the structure of kolaviron.

Conclusion

In summary, our study revealed that kolaviron treatment
ameliorated hyperglycemia-induced increase in the levels
of proinflammatory cytokines and chemokine in rat’s
liver and may therefore act as a useful agent in retarding
the progression of diabetic liver complications. Another
important outcome of this study is the discovery of a
new compound from kolaviron. This new compound
along with previously identified compounds of kolaviron
may partly explain its beneficial effects in diabetes.



Ayepola et al. BMC Complementary and Alternative Medicine 2013, 13:363

http://www.biomedcentral.com/1472-6882/13/363

Competing interests
The authors declare that they have no competing interests.

Author’s contributions

ORA was responsible for the conception and design, carried out all
experiment, performed data analysis and drafted the manuscript. NNC
collaborated in the antiinflammatory studies and made contribution to
the revision of the manuscript. NLB and OO0 made contribution to the
conception and revised the manuscript critically for intellectual content.
All authors read and approved the final manuscript.

Acknowledgement

This study was supported by the University Research Fund (URF) of the Cape
Peninsula University of Technology and the National Research Foundation,
South Africa (NRF) granted to Prof 0.0 Oguntibeju.

Author details

'Department of Biomedical Sciences, Cape Peninsula, Oxidative Stress
Research Centre, University of Technology, Bellville, South Africa.
’Department of Wellness Sciences, Cape Peninsula University of Technology,
Cape Town, South Africa. 3Departmem of Biomedical Sciences, Centre of
Excellence for Biomedical Tuberculosis Research and MRC Centre for
Molecular and Cellular Biology, Division of Molecular Biology and Human
Genetics, Stellenbosch University, Tygerberg, South Africa.

Received: 9 September 2013 Accepted: 11 December 2013
Published: 20 December 2013

References

1. Yoon J, Jun H: Autoimmune destruction of pancreatic beta cells. Am J
Therapeut 2005, 12(6):580-591.

2. Zanatta L, de Sousa E, Cazarolli LH, Junior AC, Pizzolatti MG, Szpoganicz B,
Silva FR, Barreto M: Effect of crude extract and fractions from Vitex
megapotamica leaves on hyperglycemia in alloxan-diabetic rats.

J Ethnopharmacol 2007, 109(1):151-155.

3. Luscher TF, Creager MA, Beckman JA, Cosentino F: Diabetes and vascular
disease pathophysiology, clinical consequences, and medical therapy:
Part Il. Circulation 2003, 108(13):1655-1661.

4. Fisher EB, Thorpe CT, DeVellis BM, DeVellis RF: Healthy coping, negative

emotions, and diabetes management, a systematic review and appraisal.

Diabetes Educ 2007, 33(6):1080-1103.

5. Fowler MJ: Microvascular and macrovascular complications of diabetes.
Clin Diabetes 2008, 26(2):77-82.

6. Kim JY, Lee SH, Song EH, Park YM, Lim J, Kim DJ, Choi K; Park SI, Gao B, Kim W:
A critical role of STAT1 in streptozotocin-induced diabetic liver injury in
mice: controlled by ATF3. Cell Signal 2009, 21(12):1758-1767.

7. Ingaramo PI, Francés DE, Ronco MT, Carnovale CE: In Diabetes and Its
hepatic complication. Hot topics in endocrine and endocrine-related diseases.
Edited by Fedele M. InTech; 2013. ISBN: 978-953-51-1080-4, doi:10.5772/
53684.

8. Harrison SA: Liver disease in patients with diabetes mellitus. J Clin
Gastroenterol 2006, 40(1):68-76.

9. Wellen KE, Hotamisligil GS: Inflammation, stress, and diabetes. J Clin
Investig 2005, 115(5):1111-1119.

10.  Alexandraki K, Piperi C, Ziakas PD, Apostolopoulos NV, Makrilakis K, Syriou V,
Diamanti-Kandarakis E, Kaltsas G, Kalofoutis A: Cytokine secretion in long-
standing diabetes mellitus type 1 and 2: associations with low-grade
systemic inflammation. J Clin Immunol 2008, 28(4):314-321.

11. Navarro-Gonzdlez JF, Mora-Ferndndez C: The role of inflammatory
cytokines in diabetic nephropathy. J Am Soc Nephrol 2008, 19(3):433-442.

12. Martin-Sanz P, Hortelano S, Callejas NA, Goren N, Casado M, Zeini M, Bosca
L: Nitric oxide in liver inflammation and regeneration. Metab Brain Dis
2002, 17(4):325-334.

13.  Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal H, Capeau J, Feve
B: Recent advances in the relationship between obesity, inflammation,
and insulin resistance. Eur Cytokine Netw 2006, 17(1):4-12.

4. Hussain RA, Owegby AG, Parimoo P, Eatomam PG: Kolavonone, a novel
polyisoprenylated benzophenone with antimicrobial properties from
fruit of Garcinia kola. J Med Plan Res 1982, 44:78-81.

15. lwu M, Igboko O: Flavonoids of Garcinia kola seeds. J Nat Prod 1982,
45(5):650-651.

20.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 8 of 9

Iwu M: Antihepatoxic constituents of Garcinia kola seeds. Experientia 1985,
41(5):699-700.

Abarikwu SO, Farombi EO, Pant AB: Kolaviron biflavanoids of Garcinia Kola
seeds protect atrazine-induced cytotoxicity in primary cultures of rat
leydig cells. Int J Toxicol 2012, 31(4):407-415.

Adedara |, Vaithinathan S, Jubendradass R, Mathur P, Farombi E: Kolaviron
prevents carbendazim-induced steroidogenic dysfunction and apoptosis
in testes of rats. Environ Toxicol Pharmacol 2013, 35:444-453.

Farombi EO, Adedara A, Ajayi BO, Ayepola OR, Egbeme EE: Kolaviron,

a natural antioxidant and anti-inflammatory phytochemical prevents
dextran sulphate sodium-induced colitis in rats. Basic Clin Pharmacol
Toxicol 2013, 113(1):49-55.

Adedara IA, Farombi EO: Chemoprotection of ethylene glycol monoethyl
ether- induced reproductive toxicity in male rats by kolaviron, isolated
biflavonoid from Garcinia kola seed. Hum Exp Toxicol 2012, 31:506-517.
Adaramoye O: Antidiabetic effect of kolaviron, a biflavonoid complex
isolated from Garcinia kola seeds, in Wistar rats. Afr Health Sci 2013,
12(4):498-506.

Iwu MM, Igboko OA, Okunji CO, Tempesta MS: Antidiabetic and aldose
reductase activities of biflavanones of Garcinia kola. J Pharm Pharmacol
1990, 42(4):290-292.

Waterman PG, Hussain RA: Systematic significance of xanthones,
benzophenones and biflavonoids in Garcinia. Biochem Syst Ecol 1983,
11:21-28.

Wadkar K, Magdum C, Patil S, Naikwade N: Anti-diabetic potential and
Indian medicinal plants. J Herb Med Toxicol 2008, 2(1):45-50.

Nwankwo JO, Tahnteng JG, Emerole G: Inhibzition of aflatoxin B1
genotoxicity in human liver-derived HepG2 cells by kolaviron biflavonoids
and molecular mechanisms of action. Eur J Cancer Prev 2000, 9:351-361.
Ahrens B: Antibodies in metabolic diseases. New Biotechnol 2011,
28(5):530-537.

Li'Y, Zhang Y, Liu D, Liu H, Hou W, Dong Y: Curcumin attenuates diabetic
neuropathic pain by downregulating TNF-a in a rat model. Int J Med Sci
2013, 10(4):377.

Pan'Y, Zhu G, Wang Y, Cai L, Cai Y, Hu J, Li Y, Yan Y, Wang Z, Li X: Attenuation
of high-glucose-induced inflammatory response by a novel curcumin
derivative B06 contributes to its protection from diabetic pathogenic
changes in rat kidney and heart. J Nutr Biochem 2012, 24:146-155.

Chang C, Chang C, Huang J, Hung L: Effect of resveratrol on oxidative and
inflammatory stress in liver and spleen of streptozotocin-induced type 1
diabetic rats. Chin J Physiol 2012, 55(3):192-201.

Rajesh M, Mukhopadhyay P, Batkai S, Patel V, Saito K, Matsumoto S,
Kashiwaya Y, Horvath B, Mukhopadhyay B, Becker L: Cannabidiol
attenuates cardiac dysfunction, oxidative stress, fibrosis, and
inflammatory and cell death signaling pathways in diabetic
cardiomyopathy. J Am Coll Cardiol 2010, 56(25):2115-2125.
Navarro-Gonzalez JF, Mora-Fernandez C, de Fuentes MM, Garcia-Pérez J:
Inflammatory molecules and pathways in the pathogenesis of diabetic
nephropathy. Nat Rev Nephrol 2011, 7(6):327-340.

Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard TJ,
Raskin P, Zinman B: Intensive diabetes treatment and cardiovascular
disease in patients with type 1 diabetes. New Engl J Med 2005, 353:2643.
Bash LD, Selvin E, Steffes M, Coresh J, Astor BC: Poor glycemic control in
diabetes and the risk of incident chronic kidney disease even in the
absence of albuminuria and retinopathy: Atherosclerosis Risk in
Communities (ARIC) Study. Arch Intern Med 2008, 168(22):2440.
Adaramoye O, Adeyemi E: Hypoglycaemic and hypolipidaemic effects of
fractions from kolaviron, a biflavonoid complex from Garcinia Kola in
streptozotocin-induced diabetes mellitus rats. J Pharm Pharmacol 2006,
58(1):121-128.

Mezei O, Banz WJ, Steger RW, Peluso MR, Winters TA, Shay N: Soy
isoflavones exert antidiabetic and hypolipidemic effects through the
PPAR pathways in obese zucker rats and murine RAW 264.7 cells. J Nutr
2003, 133(5):1238-1243.

Pinent M, Blay M, Bladé MC, Salvadd MJ, Arola L: Grape seed-derived
procyanidins have an antihyperglycemic effect in streptozotocin-
induced diabetic rats and insulinomimetic activity in insulin-sensitive cell
lines. Endocrinology 2004, 145:4985-4990.

Naik SR, Fliho JMB, Dhuley JN, Deshmukh A: Probable mechanism of
hypoglycaemic activity of bassic acid, a natural product isolated from
Bumelia sartorum. J Ethnopharmacol 1999, 33:37-44.



Ayepola et al. BMC Complementary and Alternative Medicine 2013, 13:363
http://www.biomedcentral.com/1472-6882/13/363

38. Waltner-Law ME, Wang XL, Law BK, Hall RK, Nawano M, Granner DK:
Epigallocatechin gallate, a constituent of green tea, represses hepatic
glucose production. J Biol Chem 2002, 277:34933-34940.

Sarkhail P, Rahmaipour S, Fadyevatan S, Mohammadirad A, Dehghan G,
Amin G: Antidiabetic effect of Phlomis anisodonta: effects on hepatic
cells lipid peroxidation and antioxidant enzymes in experimental
diabetes. Pharmacol Res 2007, 56:261-266.

Murray AJ, Anderson RE, Watson GC, Radda GK, Clarke K: Uncoupling
proteins in human heart. Lancet 2004, 364(9447):1786-1788.

Ravi K, Ramachandran B, Subramanian S: Protective effect of Eugenia
jambolana seed kernel on tissue antioxidants in streptozotocin-induced
diabetic rats. Biol Pharm Bull 2004, 27(8):1212-1217.

Rawi M, Mourad M, Sayed A: Biochemical and changes in experimental
diabetes before and after treatment with Mangifera indica Psidium
guava extracts. Int J Pharm Bio Sci 2011, 2(2):29-41.

Li X: Protective effect of Lycium barbarum polysaccharides on
streptozotocin-induced oxidative stress in rats. Int J Biol Macromol 2007,
40(5):461-465.

Soetikno V, Sari FR, Veeraveedu PT, Thandavarayan RA, Harima M,
Sukumaran V, Lakshmanan AP, Suzuki K, Kawachi H, Watanabe K: Curcumin
ameliorates macrophage infiltration by inhibiting NF-B activation and
proinflammatory cytokines in streptozotocin induced-diabetic nephropathy.
Nutr Metabol 2011, 8(1):35.

Banki E, Degrell P, Kiss P, Kovacs K, Kemeny A, Csanaky K, Duh A, Nagy D, Toth
G, Tamas A: Effect of PACAP treatment on kidney morphology and cytokine
expression in rat diabetic nephropathy. Peptides 2013, 42:125-130.

Wu C, Chen J, Lu K, Chen C, Lin S, Chu P, Sytwu H, Lin Y: Aberrant
cytokines/chemokines production correlate with proteinuria in patients
with overt diabetic nephropathy. Clin Chim Acta 2010, 411(9):700-704.
Aggarwal BB: Targeting inflammation-induced obesity and metabolic
diseases by curcumin and other nutraceuticals. Annu Rev Nutr 2010,
30:173-179.

Jain SK, Rains J, Croad J, Larson B, Jones K: Curcumin supplementation
lowers TNF-q, IL-6, IL-8, and MCP-1 secretion in high glucose-treated
cultured monocytes and blood levels of TNF-q, IL-6, MCP-1, glucose,
and glycosylated hemoglobin in diabetic rats. Antioxid Redox Signal 2009,
11(2):241-249.

Viedt C, Orth SR: Monocyte chemoattractant protein-1 (MCP-1) in the
kidney: does it more than simply attract monocytes? Nephrol Dial
Transplant 2002, 17(12):2043-2047.

Tesch GH: MCP-1/CCL2: a new diagnostic marker and therapeutic target
for progressive renal injury in diabetic nephropathy. Am J Physiol Ren
Physiol 2008, 294(4):F697-F701.

Tous M, Ferré N, Rull A, Marsillach J, Coll B, Alonso-Villaverde C, Camps J,
Joven J: Dietary cholesterol and differential monocyte chemoattractant
protein-1 gene expression in aorta and liver of apo E-deficient mice.
Biochem Biophys Res Commun 2006, 340(4):1078-1084.

Tamura Y, Sugimoto M, Murayama T, Ueda Y, Kanamori H, Ono K, Ariyasu H,
Akamizu T, Kita T, Yokode M: Inhibition of CCR2 ameliorates insulin
resistance and hepatic steatosis in db/db mice. Arterioscler Thromb Vasc
Biol 2008, 28(12):2195-2201.

Tilg H, Diehl AM: Cytokines in alcoholic and nonalcoholic steatohepatitis.
New Engl J Med 2000, 343:1467-1476.

Solt LA, Madge LA, Orange JS, May MJ: Interleukin-1-induced NF-kB
activation is NEMO-dependent but does not require IKKB. J Biol Chem
2007, 282(12):8724-8733.

Ingaramo PI, Ronco MT, Francés DE, Monti JA, Pisani GB, Ceballos MP,
Galleano M, Carrillo MC, Carnovale CE: Tumor necrosis factor alpha
pathways develops liver apoptosis in type 1 diabetes mellitus.

Mol Immunol 2011, 48(12):1397-1407.

Gui D, Huang J, Guo Y, Chen J, Chen Y, Xiao W, Liu X, Wang N:
Astragaloside IV ameliorates renal injury in streptozotocin-induced
diabetic rats through inhibiting NF-kB- mediated inflammatory genes
expression. Cytokine 2013, 61:970-977.

Cnop M, Welsh N, Jonas J, Jorns A, Lenzen S, Eizirik DL: Mechanisms of
pancreatic - Cell death in type 1 and type 2 diabetes, many differences,
few Similarities. Diabetes 2005, 54(suppl 2):597-5107.

Ehses J, Lacraz G, Giroix M, Schmidlin F, Coulaud J, Kassis N, Irminger J,
Kergoat M, Portha B, Homo-Delarche F: IL-1 antagonism reduces
hyperglycemia and tissue inflammation in the type 2 diabetic GK rat.
Proc Natl Acad Sci 2009, 106(33):13998-14003.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 9 of 9

Ding W, Yin X: Dissection of the multiple mechanisms of TNF-a-induced
apoptosis in liver injury. J Cell Mol Med 2004, 8(4):445-454.

Olaleye S, Onasanwo S, Ige A, Wu K, Cho C: Anti-inflammatory activities
ofa kolaviron- inhibition of nitric oxide, prostaglandin E2 and tumor
necrosis factor-alpha production in activated macrophage-like cell line.
Afr J Med Med Sci 2010, 39:41-46.

Farombi EO, Shrotriya S, Surh Y: Kolaviron inhibits dimethyl nitrosamine-
induced liver injury by suppressing COX-2 and iNOS expression via
NF-kB and AP-1. Life Sci 2009, 84(5-6):149-155.

60.

61.

doi:10.1186/1472-6882-13-363

Cite this article as: Ayepola et al.: Kolaviron, a Garcinia biflavonoid
complex ameliorates hyperglycemia-mediated hepatic injury in rats via
suppression of inflammatory responses. BMC Complementary and
Alternative Medicine 2013 13:363.

( R
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central

& J




	Abstract
	Background
	Methods
	Result
	Conclusion

	Background
	Methods
	Plant materials
	Extraction of kolaviron
	Ethics statement
	Animals
	Induction of diabetes
	Study design
	Liquid chromatography-mass spectrometry (LC-MS) analysis of Garcinia kola seed extract
	Analysis of glucose and liver dysfunction biomarkers
	Insulin estimation
	Analysis of inflammatory biomarkers
	Statistical analysis

	Results
	Kolaviron treatment lowers blood glucose, prevented loss of body weight and liver hypertrophy in diabetic rats
	Kolaviron lowers serum levels of hepatic enzymes in STZ-induced diabetic rats
	Kolaviron ameliorated hyperglycemia-mediated increase in the levels of proinflammatory proteins in the liver of diabetic rats
	Liquid chromatography-mass spectrometry (LC-MS) analysis of Garcinia kola seed extract

	Discussion
	Conclusion
	Competing interests
	Author’s contributions
	Acknowledgement
	Author details
	References

