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ABSTRACT
The study was designed to assess antioxidant and antidyslipidaemic effects of terpenoid-rich extract from 
the root of Aristolochia ringens V. Hyperglycemia-induced oxidative stress and dyslipidemia were 
established in rats by single intraperitoneal administration of 65 mg/kg bw streptozotocin. Based on 
therapeutic dose determined in previous study, streptozotocin-induced rats were orally administered with 
75 and 150 mg/Kg bw of A. ringens extract for 14 days.  Total protein, serum lipid profiles and 
biomarkers of oxidative stress in liver and kidney of the experimental rats were determined. Atherogenic 
and cardiovascular disease risk indices were computed. Streptozotocin-induced hyperglycaemia 
significantly (p < 0.05) decreased activities of superoxide dismutase, catalase and glutathione transferase 
as well as the amount of reduced glutathione in both tissues indicating oxidative stress induced kidney 
and liver injury due to glucotoxicity. In comparison to non-treated hyperglycaemic rats, activities of the 
antioxidant enzymes and concentration of glutathione-H were significantly (p < 0.0001) increased, 
whereas malondialdehyde was reduced in the tissues of rats treated with both 75 and 150 mg/Kg bw of 
the extract. The extract also caused significant (p < 0.001) reduction in elevated levels of total cholesterol, 
triglycerides and low density lipoprotein-cholesterol levels, whereas concentration of the attenuated high 
density lipoprotein-cholesterol was increased in serum of the treated rats. Reduced atherogenic and 
cardiac risk indices were projected for the A. ringens extract-treated groups. Results from this study 
showed that extract from A. ringens root was rich in terpenoids and may reduce risks of complications 
associated with hyperglycemia-induced oxidative stress and dyslipidemia.
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INTRODUCTION

Hyperglycemia induced-oxidative stress is a secondary 
complication associated with diabetes mellitus. Oxidative stress, 
which results from overwhelm and subsequent reduction in 
innate oxidative defenses with concomitant increase in free 
radical generation, may occur through abnormal increase in 
glycolysis; autooxidation of glucose and glycation of enzymatic 
protein; all of which are consequences of persistent hypergly-
cemia (Marfella et al., 2014). Oxidative stress-induced insulin 
resistance and lipid peroxidation may lead to dysfunction in the 
metabolism of lipids (dyslipidemia) and related atherogenic 
complications in diabetic patients (Tangvarasittichai, 2015). 
Thus, oxidative stress plays a crucial role in the development 
and progression of vascular disorders in diabetic conditions.

Superoxide anion is the primary oxidant formed by the 
reduction of molecular oxygen that may lead to secondary 
radicals, reactive nitrogen and oxygen species (ROS) such as 
hydrogen peroxide and hydroxyl radical following dismutation 

or interaction with other reactive species. ROS generation 
(specifically superoxide) is considered the unifying link 
between the various metabolic dysfunction induced by 
hyperglycemia, hence normalizing levels of superoxide 
production and other ROS ameliorate cellular damage induced 
by the glucotoxicity by blocking glucose-induced activation of 
protein kinase C, formation of advanced glycation end-products 
and sorbitol accumulation (Nishikawa et al., 2000).
Generally, compounds with excellent antioxidant capacity are 

used to normalize ROS production. Medicinal plants are rich 
repository of antioxidant phytochemicals which are capable of 
modulating metabolic changes through their radical scavenging 
activities, thus playing beneficial roles in the prevention and 
management of hyperglycaemia-induced oxidative stress. 
Aristolochia ringins (Vahl) is one of the most prominent among 
the medicinal plant decoctions used by African Traditional 
Medicine Practitioners (TMPs) in the treatment oxidative stress 
mediated complications such as cancer, inflammation, 
hypertension, diabetes and diarrhea (Adeyemi et al., 2012; 
Aigbe et al., 2017; Akindele et al., 2015; Ruth et al., 2014; A. 
Sulyman et al., 2016). A. ringens is a perennial plant of the 
Aristolo-chiaceae family which comprises about 500 species 
(Huber, 1993). Previous study in our laboratory showed that the 
ethan-olic extract of A. ringens root was predominated by 
aristolone and the extract has glucose lowering effect in 
streptozotocin-induced diabetic rats (Sulyman et al., 2016). 
Aristolone is an unsaturated α,β – ketone with good antioxidant
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capacity; in vitro free radical scavenging and lipid peroxidation 
inhibitory activities of aristolone-rich fraction from other plants 
have been reported (Marrelli et al., 2015; Silou et al.). However, 
there is no literature to the best of our knowledge on the 
antioxidant effects of aritsolone-rich extract in in vivo model or 
on hyperglycaemia-induced oxidative stress. Thus, this study 
was designed to evaluate the effect of aristolone-rich extract 
from A. ringens roots on streptozotocin-induced oxidative 
stress and dyslipid-aemia in Wistar rats

MATERIALS AND METHODS

Plant materials
A. ringens roots were collected from Idumota, Lagos, Nigeria. 
It was authenticated at the herbarium unit of the Botany 
Department, University of Lagos, Nigeria where a voucher 
specimen (LUH 6234) was deposited. 

Chemicals and reagents 
Streptozotocin, glutathione (SCBT, Heildeberg, Germany), 
epinephrine, 2,2-diphenyl-1-picrylhydrazyl, 1-chloro-2,4-
dinitrobenzene, sucrose (Sigma Aldrich, St Louis, MO, USA), 
ethanol, trichloroacetic acid, thiobarbituric acid (JHD, China), 
sodium hydroxide, hydrogen peroxide, sodium dihydrogen 
phosphate and disodium hydrogen phosphate (BDH, Poole, 
England). All other chemicals and reagents used were of 
analytical and research grades.

Experimental animals
Wistar rats (Rattus norvegicus) weighing 128 ± 8.05 g were 
obtained from the animal house of Department of Biochemistry, 
Kwara State University Malete, Nigeria. They were 
acclimatized for 14 days to standard housing conditions. Water 
and rat pellets were provided ad libitum. The research adhered 
strictly and conforms to the Principles of Laboratory Animal 
Care (NIH Publication, No. 85-23) (Council, 2010). 

Preparation of extract
Preparation of the extract was carried out as described by 
Sulyman et al. (A. Sulyman et al., 2016). The roots of A. 
ringens were dried and macerated; 100 g of the pulverized 
roots was soaked in ethanol (70 %; 1 L) for 24 h with 
intermittent shaking. The broth was filtered and concentrated to 
about 10 ml using the rotary evaporator connected to a vacuum 
pump and further dried at 40 oC in a dryer. The dried extract 
was labeled as ARE (aristolone-rich extract) in air-tight 
container and stored at under refrigeration at 4 oC.

Characterization of extract
Total terpenoid content was estimated following the procedure 
employed by Chang et al. (2012) with slight modifications 
Eucalyptol was used as standard in lieu of urosolic acid. 
Approximately 245 mg eucalyptol equivalent / g extract was 
quantified in the extract. Previous study in our laboratory using 
GC-MS analysis showed that Aristolone (90.2 %) predominate 
the extract (Sulyman et al., 2016). Presence of aristolone in the 
sample was confirmed using a UV-VIS scanning spectro-   
photometry. The peak λ was 239 nm, characteristic of the 
unsaturated α,β – ketone (Košťálová et al., 1991). The extract 
was reconstituted in distilled water containing 0.5 % dimethyl-
sulphoxide to give a stock solution.

Induction of experimental hyperglycemia

The rats were subjected to 12 h fast, prior to the induction of 
hyperglycaemia. Streptozotocin (65 mg/Kg bw) freshly 
prepared in 0.01 M citrate buffer (pH 4.5) was intraperitoneally 
administered to rats (Abdulrazaq et al., 2012). Rats in the non-
induced group were injected with 0.5 ml of the citrate buffer to 
serve as control. Fasting blood glucose (FBG) was determined 
prior to induction using a commercial glucometer (AccuChek 
active, Roche Diagnostic GMBH, Mannheim, Germany). Rats 
with blood glucose > 250 mg/dL after 48 h and sustained 
hyperglycemia for the next 72 h (5 days after STZ induction) 
were considered hyperglycaemic and used in the main study.

Animal grouping and extract administration 
Experimental rats were completely randomized into six groups 
of five animals each (A-F).

· Group A (non-induced control) received 0.5 ml of 
distilled water.

· Group B (streptozotocin-induced and non-treated) 
received 0.5 ml of distilled water.

· Group C (streptozotocin-induced treated with 
standard drug) received 0.5 ml of 14.2 mg/Kg bw 
metformin

· Group D (streptozotocin-induced treated with extract) 
received 0.5 ml of 75 mg/Kg bw ARE 

· Group E (streptozotocin-induced treated with extract) 
received 0.5 ml of 150 mg/Kg bw ARE

Treatments were orally administered, once a day, for 14 days. 
The therapeutic doses were adopted based on dose 
determination study that was previously reported (Sulyman et 
al., 2016). 

Preparation of tissue homogenate
Under diethyl ether anesthesia, the rats were sacrificed, blood 
was collected in sample tubes, centrifuged at 3000 rpm for 10 
min and the sera were separated. The sacrificed rats were 
quickly dissected; liver and kidney were isolated, weighed and 
homogenized with 20 % w/v ice-cold 0.25 M sucrose solution. 
The homogenate were centrifuged at 4000 rpm for 15 min. The 
supernatant were decanted and kept under refrigeration and 
used for analyses within 24 hr.

Determination of biochemical parameters
Serum total cholesterol, triglycerides and high density 
lipoprotein cholesterol (HDL-c) were determined by using 
commercially available diagnostic kits obtained from Randox 
Laboratories (UK). Low density lipoprotein (LDL-c) was 
calculated as described by Friedelwald et al. (Friedewald et al., 
1972). Estimation of protein (Lowry et al., 1951), reduced 
glutathione (Ellman, 1959) and malondialdehyde (Draper et al., 
1993) concentration using assay for thiobarbituric reactive 
species as well as activities of superoxide dismutase (Misra and 
Fridovich, 1972), catalase (Sinha, 1972) and glutathione 
transferase (Habig et al., 1974) were also determined.

Statistical analysis 
Data are expressed as mean of five replicates ± standard 
deviation. Student’s t-test was used to compare between control 
and test experiments, while one way analysis of variance 
followed by Turkey’s post hoc test for multiple comparisons 
using Graph Pad prism version 5.02. Values were considered 
significant at p < 0.05 (Graph Pad software, San Diego, 
California, U.S.A).

RESULTS Effect of A. ringens extract on antioxidant system of 
hyperglycaemic rats
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The effect of ARE from Aristolochia ringens on activities of 
catalase, glutathione transferase and superoxide dismutase in 
the liver and kidney of streptozotocin-induced rats are shown in 
Figures 1-3. Activities of the antioxidant enzymes were signifi-
cantly (p < 0.05) lower in the liver and kidney of following 
induction of hyperglycaemic with streptozotocin (group B) 
when compared to values determined in non-induced rats 
(group A).Administration of ARE significantly increased 
active-ties of catalase [F(5,25) = 1265 for liver and F(5,25) = 
873 for kidney; p < 0.0001; Figure 1], glutathione transferase 
[F(5,25) = 108.7 for liver and F(5,25) = 80.12 for kidney; p < 
0.0001; Figure 2] and superoxide dismutase [F(5,25) = 1498 for 
liver and F(5,25)

Fig. 1. Specific activity of catalase in the liver and kidney of 
streptozotocin-induced diabetic rats following oral administerat
-ion of aristolone-rich extract of Aristolochia ringens for 14 
days. Values are expressed as mean of five replicates ± SD and 
those with different superscripts across a row are statistically 
different (p < 0.05).  A = non-induced control; B = non-treated 
induced control; C = induced treated with 14.2 mg/Kg bw 
metformin; D = induced treated with 75 mg/kg bw ARE; E = 
induced treated with 150 mg/Kg bw ARE; ARE = Aristolone-
Rich Extract

Fig. 3. Specific activity of superoxide dismutase in the liver 
and kidney of streptozotocin-induced diabetic rats following 
oral administration of aristolone-rich extract of Aristolochia 
ringens for 14 days. Values are expressed as mean of five 
replicates ± SD and those with different superscripts across a 
row are statistically different (p < 0.05).  A = non-induced 
control; B = non-treated induced control; C = induced treated 
with 14.2 mg/Kg bw metformin; D = induced treated with 75 
mg/kg bw ARE; E = induced treated with 150 mg/Kg bw ARE; 
ARE = Aristolone-Rich Extract
= 1618 for kidney; p < 0.0001; Figure 3] when compared to 
those determined in the non-treated group (B). Activities of 
catalase and superoxide dismutase in both tissues were 

significantly higher in rats treated with 150 mg/Kg b. wt. of the 
extract (group D), whereas activities of glutathione transferase 
were not significantly different when compared to those treated 
with 75 mg/Kg b.wt of ARE (group E).

Figures 4 and 5 show concentration of reduced glutathione 
and malondialdehyde estimated in the liver and kidney of 
hyperglycaemic rats following oral administration of the root 
extract from A. ringens. The non-protein sulfhydryl metabolite 
was significantly (p < 0.05) reduced and the lipid peroxide was 
increased in non-treated hyperglycemic rats when compared to 
values determined in normoglycaemic rats. Administration of 
either the oral antihyperglycaemic agent (14.2 mg/Kg b. wt. of
metformin, group C) or A. ringens extracts to streptozoticin-
indu

Fig. 2. Specific activity of glutathione transferase in the liver 
and kidney of streptozotocin-induced diabetic rats following 
oral administration of aristolone-rich extract of Aristolochia 
ringens for 14 days. Values are expressed as mean of five 
replicates ± SD and those with different superscripts across a 
row are statistically different (p < 0.05).  A = non-induced 
control; B = non-treated induced control; C = induced treated 
with 14.2 mg/Kg bw metformin; D = induced treated with 75 
mg/kg bw ARE; E = induced treated with 150 mg/Kg bw ARE;
ARE = Aristolone-Rich Extract

Fig. 4. Concentration of reduced glutathione estimated in the 
liver and kidney of streptozotocin-induced diabetic rats 
following oral administration of aristolone-rich extract of 
Aristolochia ringens for 14 days. Values are expressed as mean 
of five replicates ± SD and those with different superscripts 
across a row are statistically different (p < 0.05).  A = non-
induced control; B = non-treated induced control; C = induced 
treated with 14.2 mg/Kg bw metformin; D = induced treated 
with 75 mg/kg bw ARE; E = induced treated with 150 mg/Kg 
bw ARE; ARE = Aristolone-Rich Extract
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Table 1: Cardiac and artherogenic risk indices of streptozotocin-induced diabetic rats of streptozotocin-induced diabetic rats
following oral administration of aristolone-rich extract of Aristolochia ringens for 14 days

Total Cholesterol/HDL-c LDL-c/HDL-c

A 4.00 2.82

B 19.32 17.38

C 5.74 4.48

D 5.53 4.26

E 4.82 3.54

A = non-induced control; B = non-treated induced control; C = induced treated with 14.2 mg/Kg bw metformin; D = induced treated 

with 75 mg/kg bw ARE; E = induced treated with 150 mg/Kg bw ARE; ARE = Aristolone-Rich Extract

Fig. 5. Concentration of malonaldehyde estimated in liver and 
kidney of streptozotocin-induced diabetic rats following oral 
administration of aristolone-rich extract of Aristolochia ringens
for 14 days. Values are expressed as mean of five replicates ± 
SD and those with different superscripts across a row are 
statistically different (p < 0.05).  A = non-induced control; B = 
non-treated induced control; C = induced treated with 14.2 
mg/Kg bw metformin; D = induced treated with 75 mg/kg bw 
ARE; E = induced treated with 150 mg/Kg bw ARE; ARE = 
Aristolone-Rich Extract

-ced rats significantly increased the concentration of reduced 
glutathione in both the liver [(F5,25) = 92.69; p < 0.0001)] and 
kidney [F(5,25) = 55.70; p < 0.0001] to ranges higher than 
values determined in non-induced rats. Conversely, levels of 
malondialdehyde in tissues of the treated rats were significantly 
[F(5,25) = 3778 and 3114 for liver and kidney respectively; p < 
0.0001] lower than values estimated in non-treated rats.

Effect of A. ringens extract on serum lipid profiles of 
hyperglycaemic rats
Figure 6 shows the effect of administration of ARE on total 
cholesterol and triglycerides in the serum of hyperglycaemic 
rats. Induction of hyperglycaemia significantly (p < 0.05) 
increased the serum lipid when compared to values in 
normoglycaemic rats. Treatment of the rats with ARE 
significantly reduced concentration of the elevated serum total 
cholesterol [(F5,25) = 95.22; p < 0.0001)] and triglyceride 
[(F5,25) = 125.9; p < 0.0001)]. Level of serum total cholesterol 
in rats treated with 150 mg/Kg b. wt. of the extract were 
significantly (p < 0.05) lower than those treated with 75 mg/Kg 
b. wt of the extract or metfor-min used as reference.

Fig. 6. Serum lipid profiles of streptozotocin-induced diabetic 
rats following oral administration of aristolone-rich extract of 
Aristolochia ringens for 14 days. Values are expressed as mean 
of five replicates ± SD and those with different superscripts 
across a row are statistically different (p < 0.05).  A = non-
induced control; B = non-treated induced control; C = induced 
treated with 14.2 mg/Kg bw metformin; D = induced treated 
with 75 mg/kg bw ARE; E = induced treated with 150 mg/Kg 
bw ARE; ARE = Aristolone-Rich Extract

Fig. 7. Serum lipoprotein of streptozotocin-induced diabetic 
rats following oral administration of aristolone-rich extract of 
Aristolochia ringens for 14 days. Values are expressed as mean 
of five replicates ± SD and those with different superscripts 
across a row are statistically different (p < 0.05).  A = non-
induced control; B = non-treated induced control; C = induced 
treated with 14.2 mg/Kg bw metformin; D = induced treated 
with 75 mg/kg bw ARE; E = induced treated with 150 mg/Kg 
bw ARE; ARE = Aristolone-Rich Extract

Concentration of serum lipoprotein fractions of 
streptozotocin-induced rats treated with A. ringens extract are 
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shown on Figure 7. HDL-c was significantly (p < 0.05) reduced 
and LDL-c was increased in streptozotocin-induced rats when 
compared to those of non-induced rats. Treatment of rats with 
the extracts significantly increased the concentration of HDL-c 
[(F5,25) = 452.5; p < 0.0001)] and reduced LDL-c [(F5,25) = 
125.3; p < 0.0001)]. Cardiac and atherogenic risk indices were 
also reduced following treatment with the extract (Table 1).

DISCUSSION

A. ringens is commonly used by traditional medicine practition-
ers for the treatment of various diseases such as haemorrhoids, 
asthma, diarrheal and diabetes in Nigeria. Anticancer, 
antidiarrheal, anti-inflammatory, antihypertensive, 
antitrypanos-omal, hepatoprotective and antidiabetic activities 
of the plant have been reported by various research studies 
(Adeyemi et al., 2012; Aigbe et al., 2017; Akindele et al., 2015; 
Osho and Lajide, 2014; Ruth et al., 2014;  Sulyman et al., 
2016; Sulyman et al., 2017). Previous study in our laboratory 
demonstrated the antidiabetic properties of A. ringens extract 
that is predominantly constituted by aristolone (Sulyman et al., 
2016). The aristolone-rich extract significantly reduced hyper-
glycaemia by inhibition of carbohydrate digesting enzyme 
(alpha-amylase) and modulation of other glucose metabolizing 
enzyme (hexokinase and glucose-6-phospahte dehydrogenase) 
resulting in increased utilization of glucose and conversion to 
glycogen in storage tissues.

Prolonged hyperglycaemia in diabetic conditions often results 
in vascular complications triggered by oxidative stress 
(Marfella et al., 2014). In this study, persisted elevation in 
glucose was observed following induction with streptozotocin. 
The antibiotic produced by Streptomyces achromogenes act as a 
diabetogenic agent by selectively destructing the pancreatic β-
cells in rats and mice model via the action of reactive oxygen 
species (Szkudelski, 2001). The antioxidant defense system is 
compromised in streptozotocin-induced hyperglycaemic rats 
and the deleterious condition is characterized by alterations in 
activities of anti-oxidants enzymes as well as concentration of 
metabolites involved in cellular redox reactions (Szkudelski, 
2012). An imbalance between production of reactive oxygen 
species and the antioxidant defense system may deregulate 
cellular functions leading to various pathological conditions 
(Bandyopadhyay et al., 1999). 
Reduced glutathione is an intracellular reducing metabolite 

that protects cells against free radicals, peroxides, reactive 
oxygen and nitrogen species as well as other xenobiotics such 
as streptozotocin. Decreased concentration of the sulfhydryl 
metabolite observed following administration of streptozotocin 
may predispose the hyperglycaemic rats to complications 
associated with diabetes. The role of oxidized to reduced 
glutathione ratio as well as glutathione-dependent enzymes are 
crucial for thiol-sulfide exchange in maintaining cellular redox 
status, gene expression and activity of enzymes involved in 
such processes (Kalinina et al., 2014).  
Treatment of the rats with the aristolone-rich extract caused 

elevation in the level of reduced glutathione via modulation of 
glutathione metabolism by stimulating the activity of 
glutathione transferase. Aristolone belongs to the 
terpene/terpenoid class of phytochemicals found in plants. 
Terpene and it derivatives are secondary metabolites that serve 
inherently as part of plant’s defense system and are used as 
antioxidants to ameliorate oxidative stress (Grassmann et al., 
2002). Terpenes are promi-sing agents in the prevention of 
diabetic complications resulting from oxidative stress such as 
advanced glycation end products that is implicated in 

pathogenesis of diabetic nephropathy; aristolone-rich extract 
has been reported to cause significant increase in the level of 
glutathione-H in the kidney of hyperglycaemic rats indicating 
amelioration of kidney damage (Nazaruk and Borzym-Kluczyk, 
2015). 
Antioxidant activity of sesquiterpenoids including aristolone 

isolated from Cyperus rotundus was reported by Rani and 
Padmakumari (Rani and Padmakumari, 2012) and the 
antiproliferative activity of Elionurus hensi extract has been 
correlated with its percentage composition of aristolone (Silou 
et al.). Aristolone-rich extract from A. ringens did not only 
impr-ove the glutathione-dependent detoxification system but 
also increased the activities of other antioxidant enzymes such 
as catalase and superoxide dismutase. Superoxide dismutase is 
a ubiquitous enzyme that catalyzes the dismutation of 
superoxide radical to molecular oxygen and hydrogen peroxide, 
while catalase located mainly in the peroxisomes convert 
hydrogen peroxide to water and oxygen. Dysregulation of 
hepatic isoforms of these enzymes in streptozotocin-induced 
rats; amelioration was observed following treatment of the rats 
with a cocktail of natural antioxidants such as Vitamin C and E 
(Sindhu et al., 2004). Thus, the ameliorative effects of the A. 
ringens terpenoid-rich extract on oxidative stress in the diabetic 
rats may be attributed to the antioxidant capacity of aristolone. 
Antioxidant mode of action of the unsaturated α,β – ketone 
may be similar to other terpenoids such as carotenoids which 
involve quenching of singlet oxygen, hydrogen transfer or 
electron transfer (Grass mann, 2005).
In addition, the extract also ameliorated alterations in the lipid 

profiles of streptozotocin-induced diabetic rats. Streptozotocin 
is implicated in lipolysis (Szkudelski and Szkudelska, 2002) 
and lipid peroxidation (Armstrong and Al-Awadi, 1991). 
Estimated level of malondialdehyde; a biomarker of lipid 
hydroperoxide was significantly reduced in rats treated with A. 
ringens extract. Previous study by Marellli et al. (Marrelli et al., 
2015) showed that extract from Rosmarinus officinalis
containing appreciable amount of aristolone (11.3 % in the 
hexane fraction) exerted inhibitory effects on lipid peroxidation 
preventing the breakdown of linoleic acids to  lipid 
hydroperoxides and further degradation to conjugated diene 
and unwanted volatile by-products.
Lipid abnormalities accompanying with atherosclerosis is the 

major cause of cardiovascular disease in diabetes. Therefore, in 
addition to glycemic control, therapeutic regimes used in the 
management of diabetes, should have a favorable effect on lipid 
profiles. In correlation with other studies, elevated levels of 
total cholesterol, triglycerides and LDL-c with concomitant 
reduction in HDL-c were observed in the serum of 
streptozotocin-induced diabetic rats (Almuaigel et al., 2017; 
Kodikonda and Naik, 2017). Treatment of rats with terpenoid-
rich extract significantly reduced the elevated levels of total 
cholesterol and triglycerides. The ratio of either total 
cholesterol or LDL-c to HDL-c was also reduced indicating 
lower predisposition of rats to atherosclerosis and 
cardiovascular diseases (Table 1). Although aristolone is a 
chemotypic compound native to Aristolochia sp., it is also 
found in volatile/essential oil fraction of aromatic plants 
(Loumoua mou et al., 2017; Marrelli et al., 2015). Essential oils 
are derived mainly from the mevalonate pathway via 
condensation of isoprene units resulting in diverse array of 
terpenes and terpenoids. Medicinal role of essential oils in the 
treatment of cardiovascular diseases are well established. The 
antidyslipida-emic mode of action of A. ringens extract may be 
similar to those of other terpene-rich oils (Saljoughian et al., 
2017), which may include inhibition of LDL-oxidation, up-
regulation of LDL-receptor and down-regulation of sterol 
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regulatory element binding factors or proteins.

CONCLUSION

In conclusion, findings from this study showed that in addition 
to the capacity of extract from A. ringens to lower blood 
glucose (Sulyman et al., 2016), the extract also showed the 
capability to ameliorate oxidative stress and dyslipidaemia 
associated with diabetes. Thus, it is a promising bioactive 
candidate that can be further explored for management of 
diabetes and its associated complications.
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