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ARTICLE INFO ABSTRACT
Keywords: Hyperlipidemia accounts for about 17 million deaths worldwide each year. High cost and side
Dyslipidaemia effects have limited the use of conventional anti-lipidaemic agents in some cases, majority of
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whom resort to traditional medicine. The current research focused on validating the safety and
efficacy of a herbal product, ‘LIPO A’ used in the management of hyperlipidaemia. Induction of
hyperlipidaemia was achieved by oral administration of 3 mL of cholesterol in coconut oil for 4
weeks in male Sprague Dawley rats with water available as 40 % sucrose. Subsequently, the
animals were treated with 100, 200 and 400 mg/kg of the product ‘LIPO A’ for 4 additional weeks
with atorvastatin as reference drug (at 2 mg/kg body weight). Blood samples were taken for
serum biochemistry and atherogenic ratios were then calculated. 2,2-Diphenyl-1-Picrylhydrazyl
(DPPH) scavenging assay, total antioxidant capacity, physicochemical and phytochemical anal-
ysis were also carried out using standard methods. Treatment resulted in a dose-dependent
reduction in total cholesterol with maximum reduction of 46.01 % at 400 mg/kg compared to
atorvastatin with 49.30 %. There were significant changes in the low-density lipoprotein
cholesterol and high-density lipoprotein cholesterol (LDL-c/HDL-c) and Total Cholesterol (TC/
HDL-c) ratios which measures the atherogenic and coronary risk indices respectively. Acute and
subacute toxicity studies did not reveal any signs of toxicity. High Performance Liquid Chro-
matography (HPLC) fingerprint revealed six well resolved peaks with two prominent compounds
with retention times 24.88 and 23.95 min, which could serve as quality control markers for the
product. The herbal product showed considerable antihyperlipidemic and antioxidant actions in
rodent models and lend credence to its use in traditional medicine for hyperlipidaemia.
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1. Introduction

Hyperlipidaemia refers to the persistent elevated levels of lipids in the bloodstream. Such lipids include triglycerides, phospho-
lipids, very low-density proteins (VLDL), low density lipoproteins (LDL) and high-density lipoproteins (HDL). It is a major risk factor
for cardiovascular diseases (CVDs), cerebrovascular accidents, diabetes and several other diseases [1]. CVDs are responsible for over
17.3 million mortalities yearly, with a projection to greater than 23.6 million by the year 2030 [2].

Persistent elevated lipids in the blood could lead to atherosclerotic plaques forming within the vascular walls of veins, arteries and
capillaries. A dislocation of such plaques could result in the formation of a thrombus or an embolus which could lead to cardiovascular
diseases such as deep vein thrombosis and pulmonary embolism [3]. It could also result in ischaemic stroke [4]. The mainstay con-
ventional therapy for hyperlipidaemia involves the use of drugs such as the statins, fibric acid derivatives, bile acid sequestrants,
nicotinic acid derivatives and ezetimibes. It is recommended that for the treatment of hyperlipidaemia, statins should be the first drug
of choice to achieve a maximal effective response before the addition and/or substitution with any other anti-hyperlipidaemic drug
[5]. Hence, the statins are the widely used drugs worldwide and are even assumed to be the most effective anti-hyperlipidaemic drug
with its additional advantage of preventing cardiovascular complications [6]. Over the years, they have shown major successes in the
reduction of blood cholesterols [7]. Currently, statins still remain the first-choice drug in the pharmacological approach to the
reduction of blood lipid levels [8].

The adverse effects of the first line treatment drugs (statins) which includes hepatotoxicity, muscle disease, acute renal failure,
cataracts, and an increased risk of diabetes mellitus are now of great concern [9]. Aside the adverse effects, the high cost of these
conventional drugs affects compliance [10,11]. In low- and middle-income countries, patients find it difficult to afford such drugs over
a long period of time, thereby leading to poor compliance, and thus, ineffective therapy. Sometimes the availability of the drugs poses a
challenge especially, to people in the rural communities. Therefore, majority resort to alternatives which are easily available and
affordable with minimal adverse effects. There are several reports of plants and their products being used to manage hyperlipidaemia.
Examples include Trigonella adscendens [12], Monascus purpureus [13] and Allium sativum [14,15] which act by lowering blood
cholesterol, triglycerides and/or low-density lipoprotein cholesterol (LDL-c) levels. Other medicinal plants are also known to increase
the levels of high-density lipoprotein cholesterol (HDL-c) [16,17].

In Ghana, it is reported that over 60 % of the people use herbal medicines because of its cultural acceptability, acclaimed safety and
efficacy, affordability and availability [18]. Herbal medicines are used in several hospitals for the management of hyperlipidaemia in
Ghana as the country has integrated traditional medicine to mainstream orthodox care. However, some of these herbal remedies have
not been scientifically validated. This work therefore aimed at validating the antihyperlipidaemic potential of one of such indigenous
products coded ‘LIPO A’. It is an aqueous decoction prepared from Citrus limon and Allium sativum and used for the management of
obesity and hypercholesterolemia. The aim of the study was to establish whether ‘LIPO A’could be utilized as an alternative to con-
ventional antilipidaemic agents in clinical use.

2. Materials and methods
2.1. Chemicals, reagents, media and equipment

Analytical grade solvents chloroform and methanol were obtained from VWR chemicals BDH (France). HPLC grade methanol and
trifluoroacetic acid were purchased from Sigma-Aldrich (Steinheim, Germany). Similarly, analytical grade reagents and chemicals
such as ammonium molybdate, sulphuric acid, Di-Sodium Hydrogen Phosphate Dodecahydrate (NapHPO4), Ascorbic acid, DPPH,
Nitric Acid (HNOs) and Hydrochloric Acid (HC]) were obtained from Sigma-Aldrich (Steinheim, Germany). Atorvastatin (Lipitor) was
obtained from Pfizer, USA. All media for the microbiological analysis; MacConkey agar, Dextrose agar, cetrimide nutrient agar, Bis-
muth sulphite agar and nutrient agar were obtained from Oxoid limited, UK. Equipment used included Mettler Toledo electronic
balance (ME204 ME, Vietnam), Gallenkamp incubator and oven (United Kingdom), autoclave (model YX-12L, China) and Stuart
colony counter (SC6, England). EDTA and gel separator tubes were obtained from BD Biosciences, San Jose, Canada.

2.2. Product (test sample) information

The herbal product used for the study, coded ‘LIPO A’, was obtained from a traditional medicine practitioner in Kumasi, Solak
Herbal Industry, Ghana. According to the practitioner it was prepared by boiling a mixture of Cymbopogon citratus Stapf, leaves (1 kg),
and Allium sativum L (1 kg) with 10 L of water for 1 h. The resultant decoction is allowed to cool and bottled. Twenty-four samples of
the product (in 750 mL ambered coloured plastic bottles) were provided by the practitioner for this research. It is brown in colour with
a bitter taste and characteristic odour of garlic. It was manufactured on the August 6, 2021 with a shelf life of two years. According to
the manufacturer information, 45 mL is to be taken by an adult twice daily for 21 days for hyperlipidaemia.

2.3. Animal husbandry and groupings

Ten female and eighty normolipidaemic (NC) male Sprague Dawley rats, weighing between 160 and 180 g were purchased from the
Centre for Plant Medicine Research (CPMR), Mampong, Akwapim, in the Eastern region of Ghana and sent to the animal house of the
Department of Pharmacology, KNUST, where they were acclimatized for two weeks. Animals were housed in groups of 10 at room
temperature and had access to food and water ad libitum.
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2.4. Acute toxicity studies

The test was done using the Organisation for Economic Co-operation and Development (OECD) guidelines [19]. Ten female
Sprague-Dawley (SD) rats were acclimatized to laboratory conditions for 7 days prior to the initiation of dosing. The animals were
fasted overnight prior to testing. The rats were given the product ‘LIPO A’ by gavage using a ball-tipped intubation needle fitted on a
syringe at a dose of 3000 mg/kg. Administration of the product to the rats was a single event. Observations of pharmacotoxic signs, if
any, were made at 10, 30, 60, and 120 min and at 4 and 6 h after dosing during the first day and daily thereafter for 14 days. The time of
onset, intensity, and duration of any symptoms, if any, was recorded.

2.5. Antihyperlipidaemic assay

Animal experimental procedures was done after ethical approval for the study was obtained from the Committee on Animal
Research, Publication, and Ethics, Department of Pharmacology, Kwame Nkrumah University of Science and Technology with
approval number (KNUST/Cology/012). Also, guidelines for the Helsinki declaration for the care of laboratory animals were strictly
followed [20]. The animals were randomly assigned to six groups: normolipidaemic/normal control (NC), hyperlipidaemic group/-
negative control (HL), atorvastatin group (2 mg/kg body weight) and three treatment groups for LIPO A (100, 200 and 400 mg/kg
body weight). NC and HL groups had 10 animals whereas the other groups had five animals each.

Induction of hyperlipidaemia was done using the protocol outlined by Kim et al. [21], with some modifications. Instead of a
cholesterol rich diet, coconut oil was used to prepare 2%w/v cholesterol which was administered 3 mL daily for 28 days (4 weeks).
Additionally, the animals had free access to water containing 40 % sucrose and standard rat pellets diet. The NC group, however, did
not receive the 2 % cholesterol in coconut oil and had access to clean tap water instead of 40%w/v sucrose. The animals were observed
daily and their body weight checked weekly. Five animals each from the NC and HL (negative control) groups were euthanized after 4
weeks and blood drawn through cardiac puncture into Ethylenediaminetetraacetic Acid (EDTA) tubes for haematological analysis and
gel separator tubes for serum biochemistry. The sera were separated through centrifugation at 3000 rev/min for 10 min and stored at
—20 °C for the biochemical analysis. The parameters analysed included the total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-c), very low-density lipoprotein cholesterol (VLDL-c), Low density lipoprotein cholesterol (LDL-c),
liver enzymes and creatinine as a measure of renal function. This was to help ascertain the establishment of hyperlipidaemia in the HL
and other groups fed with 2 % cholesterol in coconut oil and to obtain baseline data for the establishment of the toxicity or otherwise of
the traditional medicinal product ‘LIPO A’. Successful induction of hyperlipidaemia was done by comparing the lipid levels of NC and
HL groups. Subsequently the animals were treated with 100, 200 and 400 mg/kg body weight doses of ‘LIPO A’ and atorvastatin (2
mg/kg) for four additional weeks. The HL group did not receive any treatment but had access to standard rat pellet and water. At the
end of the period, the animals were sacrificed humanely under diethyl ether euthanasia by introducing the animals into a saturated
chamber containing 500 mL of diethyl ether mixed with wood shavings. They were subsequently sacrificed, blood samples drawn, and
sera separated as described previously. The haematological and biochemical analysis followed the same protocol. The ratios of
atherogenicity and coronary risk, TC/HDL and HDL/LDL, were then calculated [22].

2.6. Antioxidant assays

The DPPH radical scavenging activity and total antioxidant capacity of the herbal product was assessed as a measure of the pro-
tective effect of the herbal product ‘LIPO A’ against oxidative damage which characterises hyperlipidaemia.

In the DPPH radical scavenging assay, ‘LIPO A’ and the standard antioxidant ascorbic acid were tested at concentrations of 15-500
pg/mL, prepared by two-fold dilution. The test was carried out as reported by Govindappa et al. (2011) [21]. Briefly 1 mL of the
different concentrations of the product was added to 3 mL of DPPH (0.002 % in methanol) and incubated in the dark for half an hour
after which absorbance was measured at 517 nm using a spectrophotometer (Cecil CE 7200 spectrophotometer, England). DPPH in
methanol (0.002 %) was used at the blank. The same procedure was followed for ascorbic acid. All experiments were done in trip-
licates. The percentage free radical scavenging activity was calculated using the formula:

control

Aa en
% DPPH inhibition:Hl - {#W x 100”

With A (agent) representing the absorbance of the extract and A (control) as the absorbance of the control.

In the total antioxidant capacity assay, the method outlined by Prieto et al. [23], was followed. An aliquot of 1 mL of the product
‘LIPO A’ (500-15 pg/mL) was mixed with 3 mL of a reagent consisting of 6 mM sulphuric acid, 28 mM disodium hydrogen phosphate
and 4 mM of ammonium molybdate. The mixture was incubated at 95 °C for 1 h 30 min and 200 pL of the cooled mixture transferred
into a micro-titre plate and the absorbances read at 695 nm. The reference antioxidant ascorbic acid at concentrations of 100-3.13
pg/mL was taken through the same procedure and used to generate a standard calibration curve. The total antioxidant capacity was
then calculated from the calibration curve as ascorbic acid equivalent (AAE) in mg per g of the product.

2.7. Physicochemical assessment

The physicochemical properties of the product such as the pH, weight per mL and content of toxic metals were all assessed.
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2.7.1. pH and weight per unit volume

The pH of the product was determined using Mettler-Toledo pH meter FE20/FG2 (Fisher Scientific UK Ltd). About 250 mL of the
herbal product was transferred into 500 mL beaker. The probe of the pH meter was then inserted into the solution until a steady pH was
obtained. This was repeated two more times using other samples. In the determination of the weight per mL, three batches, 250 mL
each, of the product was evaporated to dryness in an oven at 70 °C for 48 h until constant weight was achieved. The average weight per
mL was then determined from the dried extract [24,25].

2.7.2. Heavy metal content of LIPO A

The heavy metal content of the herbal product LIPO A was estimated using an auto sampler atomic absorption Spectrophotometer
(AAS) (Model ICE3000; Thermo Scientific, USA). Iron, cadmium, lead, zinc, copper and arsenic content were determined for the
product using the method reported by Turkson et al. [25],. One mL of the product was digested with a 3:1:1 mixture of HNOg,
concentrated HCI and water in a 250 mL beaker. The mixture was heated at 150 °C until the solution became very clear. After the
digestion period, the residual solution was made up to the 50 mL mark with deionized water and analysed using AAS. Samples were
analysed in duplicates.

2.8. Microbial quality analysis of LIPO A

In the microbial load evaluation of the product LIPO A, the method outlined in the British Pharmacopoeia [26] was followed.
MacConkey agar was used for the total viable bacteria count whereas potato dextrose agar served as the media for moulds and yeast.
Cetrimide Nutrient agar and Bismuth sulphite were used for Pseudomonas and Salmonella spp. respectively. All media were prepared in
accordance with the manufacturer’s specifications.

In the test, the product was shaken vigorously to uniformly distribute the microbial content, if any. One mL was then suspended in
9 mL of sterile distilled aseptically to form the stock solution. The stock solution (1 mL) was then diluted serially by tenfold to afford
concentrations up to 10~°. In the estimation of the total viable bacteria count, 1 mL of the dilute solutions were seeded with 20 mL of
McConkey agar and mixed thoroughly. For the total fungal count, 1 mL of the dilute solutions was streaked on dried potato dextrose
agar. Incubation for bacteria was done at 37 °C for 48 h and 25 °C for five days for yeast and moulds. Specific selective media were used
to detect the presence or absence of E. coli, Pseudomonas and Salmonella species. All experiments were done in duplicates. The Stuart
colony counter (model SC6) was used for counting and the and the microbial load estimated as the colony forming units per mL (CFU/
g). The product of the average number of colonies and the dilution factor, gives the CFU/mL. Values were compared to reference values
[26].

2.9. Phytochemical screening and HPLC fingerprint of herbal product

The presence of plant metabolites such as tannins, alkaloids, flavonoids, coumarins, triterpenoids, glycosides and phytosterols were
determined as described by standard methods [27,28].

In the chromatographic analysis, a PerkinElmer Flexar HPLC system consisting of a binary LC pump, LC autosampler, PDA plus
detector, in-line degasser equipped with Chromera software was used to develop an HPLC fingerprint of the herbal product and one of
its plant components, Cymbopogon citratus. Ten (10) mL of the product was measured and filtered through a membrane filter (0.45 pm).
It was then sonicated for about 10 min. The samples were then filtered using 0.45 pm membrane filter (Thermo Fischer Scientific, USA)
into 2.5 mL vials and set in the HPLC autosampler for injection. A decoction of lemon grass, prepared by boiling 500 g of the material
with 5L of distilled water for 2 h, was also prepared for HPLC analysis as described above. Injections (injection volume 20 pL) were
done in triplicates. The components were eluted on a 3.9 x 300 mm Phenomenex C18, 5 pm column at a flow rate of 1 mL/min using
0.05 % TFA (A) and methanol (B) as mobile phase in a linear gradient from 95 % TFA to 95 % methanol in 40 min. The wavelength for
detection was 225 nm.

2.10. Statistical analysis

Data were computed as means + standard deviation (SD). Graph Pad Prism 8 software (San Diego, CA, USA) was used for all
statistical and graphical representation of data. For the animal studies, comparisons of means of treated groups with negative control
and normal control groups were done using one-way ANOVA followed by Dunnett’s post-hoc multiple comparison test. P < 0.05 was
considered statistically significant.

3. Results
3.1. Acute toxicity studies
‘LIPO A’ had no-adverse-effect following oral administration at a dose of 3000 mg/kg per body weight. All the SD rats survived and

physical observation did not reveal any signs of toxic effect such as changes on skin, eyes and mucus, behaviour patterns, trembling,
diarrhoea, falling of the fur, sleep or coma. No observable changes were seen in their body weights after 14 days.
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3.2. Antihyperlipidaemic activity of LIPO A

3.2.1. Changes in body weight

Oral administration of 2 % cholesterol in coconut oil with 40 % sucrose water, available ad libitum, for 4 weeks (induction period)
resulted in considerable increase in body weight of all the animal groups except the normal control group which did not receive the
cholesterolaemic agents and were also not given the 40 % sucrose supplementation. Slight increase in body weight was seen after the
first week which increased steadily up to the 4th week (Fig. 1). The normolipidaemic group (NC) recorded a mean percentage
increment of 2.29 + 0.397 by week 4 of induction compared to 6.81 + 0.864 of the hyperlipidaemic negative control (HL). The highest
increase in body weight, for the experimental group, was seen in those designated to receive 400 mg of the herbal product (Fig. 1).

The increase in weight of the normal control (NC) group was compared to the other animal groupings using one way analysis of
variance (ANOVA) with Dunnett’s post hoc test. There was significant (P < 0.05) increase in weight of all groups compared to the NC
group. The percentage increase in weight of negative control (HL) compared to the other treatment groups was, not significant (P >
0.05).

3.2.2. Anti-hyperlipidaemic activity

Treatment of hyperlipidaemic rats for 4 weeks using the traditional herbal product ‘LIPO A’ resulted in a dose-dependent inhibition
of any further increase in body weight due to consumption lipogenic agent. There was also considerable reduction in the weight of
animals treated with atorvastatin and 200, 400 mg/kg body weight of ‘LIPO A’ (Fig. 2). Atorvastatin dosed orally at 2 mg/kg, resulted
in a reduction in body weight by 23.15 % after 4 weeks of treatment whereas ‘LIPO A’ dosed at 200 and 400 mg/kg resulted in
respective body weight reductions of 9.19 and 18.82 % in the rodents. At the 100 mg/kg dose, treatment with the herbal product
resulted in a slight increase in body weight by 5.44 %. The negative control (HL) group recorded a 36.54 % increase in weight after the
treatment phase whereas the normal control group, fed standard rat pellet diet within the same period registered a marginal increase in
body weight (Fig. 2). A two tailed unpaired t-test, with Welch’s correction of each group after induction of hyperlipidaemia and after
treatment, showed no significant difference for the normal control and the groups treated with the 100 and 200 mg/kg doses of the
herbal product. The changes in body weight after induction and treatment was, however, significant (P < 0.05) for the 400 mg/kg of
‘LIPO A’, atorvastatin and the negative control groups (Fig. 2).
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Fig. 1. Changes in body weight of animal groups over 4 weeks induction with lipogenic agent. a. time course curve and b. represented as area under

time course curve. Values are mean + SD (N = 5). NC: normal control, HL: negative control. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.001
compared to the normal control (One-way ANOVA followed by Dunnett’s post hoc test).
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Fig. 2. Changes in body weight of animal groups after 4 weeks induction of hyperlipidaemia and 4 weeks of treatment. Values are mean + SD (N =
5). NC: normal control, HL: negative control. Two-tailed unpaired t-test with Welch’s correction used to compare each group before and after
treatment. *P < 0.05, **P < 0.01.

The NC group (normal control) recorded significantly (P < 0.05) lower lipid levels compared to the negative control (HL) group
indicating that 4 weeks administration of 2 % cholesterol in coconut oil and sucrose water was enough to induce a state of hyper-
lipidaemia in rodents (Fig. 3). Similar elevated lipid levels were also observed in the other treatment groups after the induction period.
However, the differences in lipid levels among the treatment groups and the negative control was not statistically significant (P >
0.05).

Daily supplementation of normal rat pellets with 2 % cholesterol in coconut oil for 4 weeks and 40%w/v sucrose resulted in
significant increase in total cholesterol levels (TC) by 47.89 %, triglyceride levels (TG) by 47.89 %, low density lipoprotein cholesterol
(LDL-c) by 201.75 and very low density lipo-protein cholesterol (VLDL-c) by 96.29 % in the negative control group (HL) relative to the
normal control (Table 1). These changes were attenuated by treatment with LIPO A and atorvastatin. The herbal product showed
significant (P < 0.05) dose dependent decrease in serum cholesterol with maximum reduction of 46.01 % at 400 mg/kg body weight
compared to atorvastatin with 49.30 % at 2 mg/kg. In addition, administration of LIPO A for 4 weeks resulted in a significant (P <
0.05) reduction of 64 and 63 % in the levels of LDL-c and VLDL-c respectively at the maximum dose (400 mg/kg). This was comparable
to atorvastatin which registered reductions of 68 and 67 % respectively for LDL-c and VLDL-c cholesterol (Table 1). The product and
atorvastatin improved the levels of HDL cholesterol, but this was not significant (P > 0.05) compared to the negative control group
(Table 1). Significant increase in serum triglycerides were also recorded in the HL group (negative control) but again these elevations
were inhibited by treatment with LIPO A and atorvastatin. The product was not active at the lowest dose used (100 mg/kg).

3.3. Ratios of atherogenicity

Atherogenic ratios, LDL-c/HDL-c and TC/HDL-c, which are strong markers for predicting the risk of atherosclerosis and coronary
heart disease [22] were determined for all treatment groups (Table 2).

There were significant changes in the LDL-c/HDL-c and TC/HDL-c ratios which measures the atherogenic and coronary risk indices
respectively. Atherogenic index decreased from 2.53 in hyperlipidaemic rats to 0.85 in the group treated with LIPO A 400 mg/kg
(representing 67.19 %). Similarly, that of atorvastatin decreased to 0.7 (a 72.33 % reduction). In the coronary risk index assessment,
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Lipid profile of NC and HL rat groups
Fig. 3. Lipid profile of normal control and hyperlipidaemic groups after 4 weeks of induction with 2 % cholesterol in coconut oil. Values are mean

+ SD (n = 5). Two-tailed unpaired t-test with Welch’s correction used to compare lipid levels of NC and HL groups after induction. NC: Normal
control, HL: negative control.
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Table 1

Effect of LIPO A and atorvastatin on serum lipid levels after 4 weeks of treatment.
Treatment TC HDL-c TG LDL-c VLDL-c
Groups
NC rats + Water 1.28 £ 0.55 0.78 £ 0.57 1.19 + 0.58 0.57 £ 0.19 0.54 + 0.62
HL rats + water 2.13 £0.15 0.68 £ 0.06 1.76 + 0.35 1.72 £ 0.12 1.46 +1.88
HL + LIPO A 100 mg/kg 1.35+0.34 0.66 + 0.05 1.48 + 0.15 1.58 + 0.16 1.30 + 1.67
HL + LIPO A 200 mg/kg 1.52 £ 0.09 0.68 £ 0.17 1.34 £ 0.05 *0.85 £ 0.12 *0.67 = 0.05
HL + LIPO A 400 mg/kg *1.15+ 0.11 0.73 £ 0.34 *1.28 £ 0.38 *0.62 £ 0.15 *0.54 £ 0.17
HL + Atorvastatin 2 mg/kg *1.08 £ 0.11 0.79 £ 0.10 *1.03 + 0.10 *0.55 £ 0.12 *0.470 + 0.04

Values are mean =+ standard deviation (n = 5), One Way ANOVA followed by Dunnett’s post hoc test: Values were compared to the negative control
(HL) group. *P < 0.05. TC: total cholesterol, TG: triacyl glyceride, HDL-c: high density lipoprotein cholesterol, LDL-c, low density lipoprotein
cholesterol, VLDL-c: very low-density lipoprotein cholesterol, NC: normolipidaemic/normal control, HL: hyperlipidaemic/negative control group,
LIPO A: traditional herbal product.

Table 2
Atherogenic index and coronary risk index of treated and untreated groups.
Treatment Al CRI
Groups LDL-c/HDL-c TC/HDL-c
NC rats + Water 0.73 2.28
HL rats 4 water 2.53 3.13
HL rats + LIPO A 100 mg/kg 2.39 2.76
HL rats + LIPO A 200 mg/kg 1.25 2.72
HL rats + LIPO A 400 mg/kg *0.85 *2.40
HL rats + Atorvastatin 2 mg/kg *0.70 *2.13

AL Atherogenic index, CRI: coronary risk index, HDL-c: high density lipoprotein cholesterol, LDL-c, low
density lipoprotein cholesterol, NC: normal/naive control, HL: hyperlipidaemic control group, LIPO A: is the
traditional herbal product. Values are mean (n = 5), *P < 0.05.

treatment with ‘LIPO A’ and atorvastatin resulted in significant (P < 0.05) reduction in the TC/HDL-c ratios (Table 2).
3.4. Effect of treatment on vital organs

Four weeks of induction of hyperlipidaemia and 4 weeks of treatment with the herbal product LIPO A and atorvastatin as reference
agent, did not result in significant changes in the organ weights, including the heart, liver, kidney, and spleen of the various groups of
experimental animals. However, the spleen of the hyperlipidaemic (untreated) group was significantly (P < 0.001) larger than the
normolipidaemic control (Table 3). Examination of the liver of NC and HL groups revealed fatty deposition, evidenced by the pale
colour of the organ.

3.5. Subacute toxicity

Daily administration of the animals with LIPO A and atorvastatin for 4 weeks did not result in significant (P > 0.05) changes in
haematological parameters (Table 4) of the treated and untreated groups (NC and HL). Similarly, there were no significant changes in
the levels of the liver enzymes aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT),
alkaline phosphatase (ALP). Similarly, serum globulins, albumins and total proteins were not significantly (P > 0.05) affected by
treatment when compared to the normolipidaemic group (Table 5). Blood creatinine levels did not show significant differences (P >
0.05) between control and treatment groups. Overall, toxicologically significant changes were not observed in the parameters in
relation to treated and the control groups (Tables 4 and 5).

Table 3
Organ weights of animals after treatment with LIPO A.

Treatment Groups Organ weights of treated and untreated animals (g)
Kidney Liver Heart Spleen

NC rats + Water 0.77 £ 0.21 7.85 +1.96 0.91 +£0.14 0.63 = 0.16
HL rats + water 0.73 £ 0.02 7.78 £ 1.96 0.77 £+ 0.083 *1.53 £ 0.11
HL rats + LIPO A 103.5 mg/kg 0.71 + 0.07 7.82 + 0.20 0.99 + 0.07 0.62 + 0.13
HL rats + LIPO A 207 mg/kg 0.75 £+ 0.03 7.98 + 0.45 0.93 +0.17 0.73 £ 0.16
HL rats + LIPO A 414 mg/kg 0.78 £+ 0.05 8.50 + 0.39 0.92 £+ 0.20 0.63 +£0.10
HL rats + Atorvastatin 2 mg/kg 0.76 £ 0.12 7.44 £ 0.59 0.89 £ 0.23 0.73 £ 0.34

Values are mean + standard deviation (n = 5), One Way ANOVA followed by Dunnett’s post hoc test: Values were compared to the normolipidaemic
control. *P < 0.0001. NC normolipidaemic group, HL hyperlipidaemic group.
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Table 4

Effect of treatment with the herbal product LIPO A and atorvastatin on haematological parameters.
Haematological parameters NC HL (control) LIPO A LIPO A LIPO A ATORVASTATIN

100 mg/kg 200 mg/kg 400 mg/kg 2 mg/kg

WBC (10°/L) 129 +£1.31 12.24 + 1.84 10.77 + 1.53 12.7 £ 2.45 10.77 + 0.52 16.63 + 4.85
HGB (g/dl) 15.1 £ 0.20 11.72 £ 2.71 14.57 £ 0.91 144 £1.28 15.3 £ 1.02 12.27 £+ 3.99
RBC (1012/L) 7.88 £ 0.20 6.45 £ 1.44 7.81 + 0.29 7.76 £ 0.47 7.98 £ 0.75 6.51 +£1.91
HCT (%) 38.57 + 1.54 30.52 + 7.58 38.53 + 2.53 38.13 +£2.76 39.87 + 2.25 32.43 +£9.79
MCV (fL) 49.07 + 2.77 47.16 + 3.26 49.37 £ 1.40 49.13 £ 0.61 50.13 + 1.90 49.87 +1.42
MCH (pg) 19.13 £+ 0.55 18.08 + 1.03 18.6 + 0.46 18.47 + 0.55 19.13 £+ 0.57 18.63 £+ 0.61
MCHC (%) 39.13 £1.10 38.56 £ 1.25 37.73 £ 0.15 37.67 £ 0.61 38.3 £ 0.56 37.53 £1.27
PLT (10°/L) 575.30 + 79.0 495.2 + 160.7 636 + 178.6 660.7 + 148.4 590.3 + 24.01 606.70 + 22
MPV (fL) 7.53 £ 0.40 8.7 + 3.19 9.43 £ 3.70 7.2+0.2 7.27 £0.23 7.47 £0.23
PCT (%) 0.42 £+ 0.06 0.43 £ 0.15 0.62 + 0.10 0.47 £+ 0.09 0.43 £+ 0.02 0.45 £ 0.17

NC: Normal control, HL: Negative control.

Table 5

Effect of treatment with the herbal product ‘LIPO A’ and atorvastatin on liver parameters NC: Normal control, HL: Negative control. Values are mean
+ SD (n = 5). Values were compared to NC and HL groups by one way ANOVA followed by Dunnett’s multiple comparison test. P > 0.05. Aspartate
aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), serum globulins (GLO),
albumins (ALB) and total proteins (TP), TB: Total bilirubin, DB: Direct bilirubiun, IND: Indirect bilirubin, serum creatinine (CRK).

Biochemical parameters NC HL LIPO A LIPO A LIPO A ATORVASTATIN
100 mg/kg 200 mg/kg 400 mg/kg 2 mg/kg
AST (IU/L) 178.70 + 12.580 180.40 + 16.990 171.40 + 24.060 189.10 + 11.930 173.30 + 19.190 190.4 + 8.633
ALT (IU/L) 92.02 + 6.252 108.1 + 7.610 82.03 + 11.470 97.32 + 10.620 115.80 + 40.530 90.01 +7.239
GGT (IU/L) 1.82 +0.153 1.80 + 0.316 1.82 +0.198 1.747 + 0.064 1.85 + 0.051 1.78 + 0.065
ALP (IU/L) 12.92 + 6.871 9.63 + 2.573 12.21 + 5.579 10.82 + 5.757 6.65 + 0.848 5.86 + 2.289
GLO (g/L) 36.55 + 0.7485 35.48 + 2.165 36.72 + 1.998 40.7 £+ 0.876 38.01 + 2.730 37.64 + 3.299
ALB (g/L) 29.05 + 0.998 37.51 + 2.996 35.88 + 2.681 36.23 + 1.492 37.19 + 2.309 35.44 + 2.106
TP (g/L) 65.60 + 1.362 72.99 + 1.658 72.60 + 1.503 76.93 + 1.244 75.2 £+ 0.636 72.84 + 0.869
TB (umol/L) 13.19 + 1.30 0.59 £+ 0.10 11.11 £+ 0.59 10.78 + 2.31 10.38 &+ 0.97 10.11 £+ 0.64
DB (pmol/L) 2.26 +0.28 1.03 + 0.33 1.86 + 0.19 2.42 + 0.52 2.41 £ 0.07 2.53 + 1.34
IND (pmol/L) 10.93 £ 1.35 10.93 + 0.32 9.25 + 0.65 8.36 + 2.60 7.97 £1.02 7.58 +1.95
CRK (mmol/L) 3.195 £ 0.195 2.79 £ 0.081 2.09 £ 0.599 2.79 £0.178 2.55 £ 0.117 1.91 + 0.658

3.6. Antioxidant activity of LIPO A

In the DPPH radical scavenging assay, the product and the reference compound ascorbic acid showed concentration dependent
(Fig. 4) activity. The ICsq of the product was 80.59 pg/mL whereas that of ascorbic acid was 19.28 pg/mL; thus, about four times more
potent than LIPO A. In the total antioxidant capacity assay, 1 g of the herbal product recorded antioxidant effect that was equivalent to

the activity of 5.96 mg of ascorbic acid, estimated from the calibration curve.
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Fig. 4. DPPH scavenging activity of product ‘LIPO A’ and ascorbic acid.
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3.7. Physicochemical parameters of LIPO A

The concentration of the heavy metals Pb, Zn, As, Cd, Cu and Fe in each batch of the product were recorded (Table 6). The levels of
the heavy metals in the two batches of the product were not significantly different (P > 0.05) from each other. This was seen in a two-
tailed unpaired t-test with Welch’s correction. Cadmium, lead, zinc and arsenic were within permissible levels set by the world health
organization [29]. The maximum permissible level of copper and iron have not been set by WHO, but several countries have their own
limits.

3.8. Microbial quality analysis

Evaluation of LIPO A for the load of microorganisms revealed pathogenic microbes such as S. typhi, E. coli and P. aeruginosa to be
absent from both batches of the product. Similarly, the total aerobic counts, yeast and moulds were within permissible levels (Table 7).
The two batches did not differ significantly (P > 0.05) from each other in microbial composition.

3.9. Phytochemical constituents of LIPO A

Phytochemical analysis of the secondary metabolites in the herbal product revealed the presence of alkaloids, triterpenoids,
condensed tannins, coumarins and glycosides (Table 8).

3.10. HPLC fingerprint of herbal product

The HPLC chromatogram of the herbal product LIPO A, revealed six conspicuous peaks (Fig. 5) which eluted between 2.57 and
24.87 min. Two prominent peaks eluting at 24.88 and 23.95 min could be used as marker compounds for the quality analysis of the
herbal product LIPO A. HPLC fingerprint of one of the plant components listed on the label, lemon grass, revealed three well resolved
spots (Fig. 6) which was consistent with some of the compounds in the herbal product ‘LIPO A’. For instance, two major peaks eluting
at 24.79 and 23.95, had the same retention time and intensity as those in the product. Similarly, a low intense peak eluting at 2.575
min was the same as that in the product. The solvent or blank chromatogram did not reveal any recognizable peak and thus did not
contribute to the peaks in the products.

4. Discussion

In this study, daily supplementation of SD rats with 3 mL of 2 % cholesterol in coconut oil and sucrose water (40%w/v) available ad
libitum for 4 weeks resulted in significant weight gain by the experimental animals compared to the normal control group fed on
standard rat pellet diet. Thus, the use of cholesterol in coconut oil and sucrose water in a hyperlipidemic model compares with other
well-known procedures such as the high fructose diet, high cholesterol diet, hydrocortisone and Triton induced hyperlipidaemic
methods which have yielded excellent results [30].

Daily treatment of the animals for 4 weeks mitigated any increase in the weight of the animals in a dose-dependent fashion.
Significant reduction in body weight was seen in the highest dose (400 mg/kg) of LIPO A which was comparable to atorvastatin (2 mg/
kg) used as reference drug. Several studies have shown that medicinal plants could be used to control body weight and they do so
through stimulation of thermogenesis, inhibition of pancreatic lipase activity, control of appetite, prevention of adipogenesis and
promotion of lipolysis [31]. Allium sativum (garlic), one of the component herbs of this product, is a known anti-obesity traditional
medicine. It is reported that consumption of garlic mitigates weight gain through a thermogenic effect that increases energy expen-
diture [32,33]. Elsewhere, lemon grass (Cymbopogon citratus), also a component of LIPO A, reportedly lowered cholesterol levels in
mice after repeated 21-day oral administration [34]. Thus, considerable weight reduction elicited by the product could probably, in
part, be due to thermogenesis attributable to its garlic component.

The significant reduction in TC, TG, LDL-c and VLDL-c by the 400 mg/kg dose of the herbal product lends support to the traditional
claims of the product as an anti-hyperlipidaemic agent. The reduction in triglycerides levels by plant extracts is ascribed to increased
lipoprotein lipase activity which hydrolyses triglycerides to fatty acid or by inhibition of the synthesis of TG’s from fatty acids [35].
Other reports suggest that anti-cholesterolaemic medicinal plants exert their actions by inhibiting the absorption of cholesterol and
accelerating the catabolism of LDL-c to free up cholesterol for steroid synthesis [36] or transform them into bile acids by the liver.
Decreasing the levels of LDL-c in the liver and in serum is the target for several antihyperlipidaemic drugs used in conventional
medicine [22]. The reduction in levels of TC, TG, LDL-c and VLDL-c by ‘LIPO A’ was associated with corresponding elevations in the
levels of HDL-c (good cholesterol) at all doses, but these were not significant (P > 0.05) when compared to the negative control. Several
studies have found, lemon grass and garlic (the main components of the product Lipo A) to exert potent lipid lowering effect [34,
37-39]. In a randomized control clinical trial, 112 individuals who were given a mixture of garlic and lemon grass recorded significant
lowering of TC and LDL-c by 40.8 + 6.1 and 29.8 + 2.6 % respectively [40]. This corroborates with our findings where 46 % and 63 %
reductions in TC and LDL-c respectively were recorded after treatment of hyperlipidaemic rats with LIPO A (garlic and lemon mixture)
for 4 weeks.

Phytochemical analysis of the herbal product revealed the presence of alkaloids, tannins, triterpenoids, glycosides and coumarins.
Several of these phytochemicals have shown lipid lowering activities in preclinical and clinal studies. The triterpenoid curcumin has
been shown to inhibit the intestinal absorption of cholesterol [36]. Other triterpenoids such as ursolic and oleanolic acids have shown
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Table 6
Heavy metal content of the herbal product LIPO A.
Element Concentration in LIPO-A (mg/kg) *Reference (mg/kg)
B1 B2
Iron 84.69 +1.12 82.64 + 2.70 NS
Copper 36.49 + 0.90 37.71 £ 0.35 NS
Zinc 15.05 + 0.61 15.11 + 0.63 50
Cadmium 0.05 + 0.07 0.05 £ 0.18 0.3
Lead 0.01 £+ 0.00 0.01 £ 0.000 10
Arsenic 0.28 £ 0.01 0.03 £ 0.02 5
B1 and B2 are two batches of the same product, *(Dghaim et al., 2015; World Health Organization, 2007), NS: Not set, values are means +
sd (N = 2).
Table 7
Microbial content of herbal product ‘LIPO A’.
Microbes Load (CFU) *BP 2018
B1 B2
Total aerobic counts 1x10°% 1.1 x 10° <1.0 x 10*
Total yeast and moulds count 1 x 102 0.9 x 102 <1.0 x 102
S. aureus Not detected Not detected Absent in 1 mL
P. aeruginosa Not detected Not detected Absent in 1 mL
E. coli Not detected Not detected Absent in 1 mL
S. typhi Not detected Not detected Absent in 1 mL

B1 and B2 are two batches of the same product.

Table 8

Phytochemical constituents of herbal product ‘LIPO A’.
Secondary metabolite Inference
Alkaloids a
Tannins a
Glycosides (general) a
Triterpenoids a
Coumarins a
Phytosterols b
Flavonoids b
2 detected.

b not detected.

cholesterol lowering effect by enhancing it esterification [41,42]. The phenolic catechin and alkaloid palmatine displayed hypo-
cholesterolaemic effect by promoting the utilization and excretion of cholesterol [43,44]. The polyherbal product LIPO A, containing
several secondary metabolites, may exert its anti-hyperlipidaemic activity by one or more of these mechanisms. The product could be
explored for the treatment of diabetes, obesity, and cerebrovascular diseases, which are all associated with hyperlipidaemia.

Several evidence indicates that LDL-c, a major contributor of total cholesterol, is a significant risk factor to cardiovascular diseases
[45]. As the most atherogenic lipoprotein, circulating LDL-c leaks into arterial endothelial walls where they become oxidized and form
atherosclerotic plaques [36]. The ratios TC/HDL-c and HDL-c/LDL-c, which are indexes of atherogenicity and coronary risk [22] were
assessed in the present study. The significant reductions in the levels of LDL-c and TC as well as the marginal increments in HDL-c by
the herbal product were associated with significant reductions in the atherogenic and coronary risk indexes at the 200 and 400 mg/kg
doses of the herbal product compared to the hyperlipidaemic control (Table 2). Similar results were obtained for the reference agent
atorvastatin. By lowering the atherogenic index, the herbal product protects the coronary artery, heart, kidney and liver from oxidative
damage as well as foam cells or plaque deposition in these organs [46].

The hyperlipidaemic state predisposes organisms to oxidative stress. Thus, further protection of various organs of the body of
experimental animals in hyperlipidaemia is afforded by antioxidants. The herbal product scavenged the DPPH radical with ICsq that
was four times less potent than ascorbic acid. It also showed considerable total antioxidant capacity measured as the ascorbic acid
equivalent. Despite promising results seen in animal studies on the role of antioxidants in the prevention of atherosclerosis and car-
diovascular diseases in hyperlipidaemic groups, that of human studies have not yielded the desired results. Large-scale population-
based studies did not confirm the association between decreased plasma antioxidant or supplementation with antioxidants and
decreased cardiovascular risk [47]. It is argued that wrong choice or dose of antioxidants and patient selection were limiting factors in
these trials and thus should be given careful consideration in future clinical trials [47].

Induction of hyperlipidaemia and subsequent treatment with the herbal product and atorvastatin did not result in significant
changes in organ weight of the animals except the spleen of the negative control group (Table 3) that showed marked changes
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Fig. 6. HPLC fingerprint of decoction of Cymbopogon citratus.

compared to the normal control group. The LDs( of the herbal product was estimated to be more than 3000 mg/kg body weight.
Treatment of the animals for four weeks did not result in significant changes in the haematological parameters (Table 4). Also, no
changes in parameters related to the liver toxicity was observed in the serum biochemical analysis. No toxicologically significant
changes were observed in the serum biochemical parameters of the treated and control groups in relation to renal and hepatic function
(Table 5). Thus, LIPO A is safe to use for the duration of treatment used in the study. The components of LIPO A, Allium sativum (garlic)
and Cymbopogon citratus (lemon grass), are age-old medicinal plants with several medical and culinary applications. Toxicity of these
plants are not widespread and thus contributed to the non-toxic nature of the product.

The product also contained levels of toxic metals (As, Cd and Pb) which were within specifications [48]. Thus, the plant ingredients
were possibly harvested from geographical locations which are not heavily contaminated with toxic metals. The maximum level of
copper has not been set by WHO but countries such as Singapore and China have set maximum permissible levels at 150 and 20 mg
kg~!, respectively. Similarly, that of iron has not been set but the daily intake of iron is limited to 18 mg/day [49]. From the weight per
mL of the product (1.125) at a dose of 90 mL per day, daily administration of the product will afford 8.37 mg of iron, which is far below
the maximum daily limit. Thus, consumption of the product would not lead to toxicity from heavy metal contamination.

11
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The product also complied with microbial quality specified in the British Pharmacopoeia [26]. ‘LIPO A’ did not contain any
pathogenic microorganism. Contamination of plant ingredients used in herbal preparation can affect the final product if good
manufacturing practices are not followed. Sometimes microbial contamination of herbal products occurs during harvesting, handling,
drying, packaging, and transportation [50]. Microbial load above the recommended limits have been associated with product spoilage
and toxic adverse effects in patients [51]. The herbal product satisfied the requirement for microbial load. However, the level of yeast
and moulds were just at the upper limit of specification and so steps should be taken by practitioner to control them.

Physicochemical and chromatographic parameters were developed for the herbal product as quality control tools. The average pH
of the herbal product was within the acceptable range (4-8) for oral dosage forms [52]. The pH of finished herbal products affects their
stability since it is an important factor in the selection and actions of preservatives [53]. It also encourages or discourages the growth of
microbes. The excellent pH of the product could be inferred to discourage the growth of microorganisms and thus, in part, accounted
for the microbial load which was consistent with regulatory requirements.

Herbal products are made up of a vast array of secondary metabolites, often with unknown active ingredients. Therefore, a quality
control measure widely accepted by the WHO, medicines agency of Europe and the Food and Drug Administration of the USA, is
fingerprinting which provides a comprehensive chemical pattern reflecting the complex chemical composition of herbal products [54].
In this study, HPLC fingerprinting was used as a quality control tool for the herbal product. The chromatogram revealed six well
resolved peaks, all eluting within 25 min (Fig. 5). The highly intense peak with retention time 24.88 min could be used as a marker
compound for the quality control of this product. Different batches of the product could be assessed for consistency using this marker
compound. HPLC fingerprint of an aqueous extract of Cymbopogon citratus, (lemon) one of the listed plant ingredients of the products,
revealed three signals which were consistent with that of the product (Fig. 6). The intense peak at retention time of 24.88 min was
found in the chromatogram of the plant. This confirms that, contrary to some views that herbal manufacturers under declare the
medicinal plant ingredients of their products [55], LIPO A contains lemon grass as listed by the manufacturer and the presence of garlic
in the product is also not in doubt.

5. Conclusion

Treatment of hyperlipidaemic rats for 4 weeks with the traditional herbal product ‘LIPO A’ resulted in a dose-dependent anti-
hyperlipidaemic effect with the activity peaking at the highest dose used (400 mg/kg body weight). The product also showed sig-
nificant reduction in total cholesterol, triglycerides, LDL-c and VLDL-c and slight increase in HDL-c at the maximum dose administered.
The ability of the product to prevent oxidative stress and its associated pathologies in hyperlipidemic individuals was demonstrated by
its antioxidant actions. The product was also found to be safe based on the acute and sub-acute toxicity studies. This was further
corroborated by the heavy metal content and microbial load, all of which were within specifications. The study therefore supports the
use of LIPO A, a bi-herbal product for the management of hyperlipidemia and could therefore be considered as viable alternative to
conventional antilipidaemic agents in clinical use.
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