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ABSTRACT 
Plectranthus neochilus (P. neochilus), a perennial shrub-like flowering plant have been used in Brazilian and 

Southern African folk medicine to treat liver related diseases amongst other ailments. Lifestyle choices, 

specifically continuous consumption of foods with high fat content have been identified as one of the major causes 

of non-alcoholic fatty liver disease. In this study, the antihyperlipidemic effect of P. neochilus leaves ethanolic 

extracts (PNEE) in fat-fed male Wistar rats was evaluated. In-vitro antioxidant activity of the extract was evaluated 

using DPPH assay. Hyperlipidaemia was induced by feeding with fat-supplemented feed (FSF) (35% beef fat) for 

21 days ad libitum. DPPH scavenging assay indicated antioxidant activity with an IC50 of 27.48±3.85 μg/mL. 

While the FSF resulted to significant (p < 0.05) elevations in total cholesterol (TC) level, and triglycerides (TG) 

level, coupled with reduction in HDL-C level in the hyperlipidaemic control compared to the non-FSF fed rats 

(normal control). Interestingly, treatment with PNEE at 150 mg/kg/day, 300 mg/kg/day and Atorvastatin at 

10mg/kg/day (as standard control) for 14 days with continuation of the fat-supplemented regimen, revealed 

significant (p < 0.05) reduction in serum levels of TC and TG as well as elevations in serum level of HDL-C in 

PNEE-treated groups compared to the hyperlipidemic control. These findings suggested that the PNEE possess 

hyperlipidemic potentials which could be used for the development of therapies against diet associated 

dyslipidaemia as well as non-alcoholic fatty liver disease. 

Keywords: Lobstar plant, Plectranthus neochilus, Hyperlipidemia, Hypercholestremia 

1.0 INTRODUCTION 

Obesity, cardiovascular disease, and type 2 diabetes 

mellitus are the main indicators of hyperlipidaemia and 

are the major causes of death and morbidity worldwide 

as well as a large contributor to the burden of disease 

globally (La Sala and Pontiroli, 2020). 

Hyperlipidaemia is a heterogeneous disorder 

characterized by a persistent excess of lipids in the 

blood, such as triglycerides, cholesterol, cholesterol 

esters, and phospholipids. It is caused by abnormal 

lipid metabolism and can lead to various 

complications, like hypertension, atherosclerosis, 

myocardial infarction, cerebral stroke, renal failure, 

and insulin resistance. These complications are major 

global health concerns (Pirillo et al., 2021).  

 

The primary strategy for treatment of hyperlipidaemia 

remains the use of allopathic medicine, which comes 

with individual based intolerance and side effects, 

thereby making plant sources of medicine a noteworthy 

alternative (Najmi et al., 2022; Sharma et al., 2024). 

Natural products researchers are focusing on 

developing safe and effective drugs with 

hypolipidaemic activity, exclusively from plant 

sources (Najmi et al., 2022). Recent preclinical studies 

have reported potent anti-hyperlipidemic effects of 

different phytochemicals that were administered in 

specific, effective and safe doses (Gong et al., 2020; 

Hussain et al., 2024). Moreover, the adherence to plant 

based medicine promotes green health care concept, 

encourages chemoprevention and provides a cost-

effective approach to the prevention and treatment 

chronic metabolic diseases like hyperlipidaemia (Cena 

and Calder, 2020). 

 

Plectranthus neochilus Schltr. (P. neochilus) is a small 

perennial aromatic herb that grows robustly and fast to 

the height of about 0.5 m and spreads to about 1.5 m 

wide with purple lobster shaped flowers. This plant 

which is endemic to Africa, India and South America 

is widely used in traditional and folk medicine by 

locals where infusions or aqueous extract of its leaves 

are prepared and used for treatment of skin infections, 

indigestion, dyspepsia, respiratory illness among 

others (Lambrechts and Lall, 2020; Ramborger et al., 

2020).   

 

Studies on phytochemical constituents of P. neochilus 

have reported that rosmarinic acid and chlorogenic acid 

have been isolated from its leaves (Lambrechts and 

Lall, 2020). Most phytochemical analysis however, 

have been on essential oil isolated from the plant which 

revealed compounds as monoterpenoids like citronellyl 

formate, citronellol, linalool, and isomethone as well as 

the sesquiterpene, citronellyl propionate (Lawal et al., 

2010). Others are α-terpenyl acetate, β-pinene, α-

thujone, β-caryophyllene, and α-pinene (da Silva et al., 

2023; Mota et al., 2014). 
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While extracts and essential oil of P. neochilus are yet 

to be extensively explored, few studies have researched 

its pharmacological potentials. Mota et al investigated 

the antioxidant activity of P. neochilus essential oil 

using the diphenylpicrylhydrazyl (DPPH) radical 

scavenging assay and the thiobarbituric acid reactive 

substances (TBARS) assay. They reported 60% 

inhibition of lipid peroxidation and moderate free 

radical scavenging property at 1000 mg/L (Mota et al., 

2014). Also, moderate antimicrobial activity of P. 

neochilus has been previously reported (de Souza et al., 

2012). Cytotoxicity studies conducted on n-hexane 

extracts of P. neochilus leaves reported anti-tumour 

activity on tongue squamous cell carcinoma (SCC-25) 

and hypopharyngeal carcinoma (FaDu) cell lines 

(Borges et al., 2016). De Souza et al reported inhibition 

of alpha-glucosidase activity at 48.11 mg/mL and 

30.63 mg/mL for n-hexane and aqueous extracts 

respectively (de Souza et al., 2012). While these 

studies provide evidence of potent wide range 

bioactivities, the antihyperlipidaemic properties of this 

plant remains to be explored. 

 

Therefore, this study investigates the anti-

hyperlipidemic potentials of P. neochilus leaves extract 

in reversing high fat diet-induced hyperlipidaemia in 

male wistar rats, which can be beneficial to the 

management of obesity, cardiovascular disease as well 

as diabetic dyslipidaemia.  

 

2.0 MATERIALS AND METHODS 

2.1 Plant Material 

Fresh six months old whole P. neochilus plants were 

harvested from the Botanical Garden of Bauchi State 

University Gadau, Bauchi, Nigeria. The plants were 

identified and authenticated by the Herbarium, Federal 

College of Forestry, Jos, Plateau State Nigeria. The 

leaves were plucked, washed and shade dried over a 

period of 15 days after which they were ground into 

fine powder.  

 

2.2 Extract Preparation 

The powdered leaves were subjected to ethanol 

extraction using 70% ethanol as solvent. Five hundred 

grams of the powder was soaked in the solvent and was 

kept overnight. The mixture was then separated using 

separating funnel. The residue was soaked again in the 

solvent and kept for 48 hours and which was filtered. 

The solvent in both filtrates was then evaporated under 

reduced pressure in a rotavapor (R-100, BUCHI, 

Russia) at 50 °C and the residue obtained was termed 

Plectranthus neochilus ethanolic extract (PNEE) and 

stored at 4 °C until analysis.  

 

2.3 Diphenylpicrylhydrazyl (DPPH) Radical 

Scavenging Assay 

Antioxidant activity of PNEE was evaluated using 

DPPH photometric assay as described by Sahin et al. 

The extract was diluted in ethanol to concentration of 

100 µg/mL, after which serial dilutions to 80, 60, 40 

and 20 µg/mL concentrations were made. To 1 mL of 

the different concentration, 2 mL of 0.3 mM DPPH 

ethanol solution was added and the mixture was 

vortexed, and then kept in a dark room for 30 minutes 

(Şahin et al., 2004). The absorbance was measured 

using a spectrophotometer CM-5 (Konica Minolta, 

Japan) at 517 nm wavelength against blank. The 

percentage inhibition was calculated using the formula 

below.   

 

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
(𝐴0 − 𝐴1)

𝐴0

× 100 

 

WhereA0 is absorbance of ethanol + DPPH and A1 is 

absorbance of sample + DPPH. Butylated toluene 

(BHT) was used as positive control. The IC50 value was 

calculated using GraphPad Prism software version 9. 

 

2.4 Preparation of Fat-Supplemented Feed 

An optimised fat supplementation method, modified 

from (Al-Hayder et al., 2020), was used in this study. 

Beef fat was purchased from the local market, 

homogenized by melting in low heat (< 50 oC) and 

mixed with the animal feed powder along with 

groundnut and salt. The relative component fraction 

(by weight) of the fat-fortified animal feed was; 

Animal feed powder 60 %, Beef fat 35 %, Groundnut 

5 %. The components were properly mixed. The dried 

powder obtained was then sprinkled with distilled 

water to make small balls of feed, stored in self-sealing 

plastic covers and refrigerated at 2°C to 8°C until use. 

This preparation of feed was done once in every three 

days for all the animals. The unsaturated fatty acids vs. 

saturated fatty acids (UFA: SFA) ratio of the fat-

supplemented and non-supplemented animal feed was 

evaluated by analysing relative concentrations of 

Palmitic (16:0) and Stearic (18:0) for saturated fatty 

acids, against Oleic (18:1) and Linoleic (18:2) for 

unsaturated fatty acids. The ratios were then computed. 

 

2.5 Experimental Animals 

A total of 20 male Wistar rats were acclimatized to the 

environment in five different groups of 4 rats each. 

Hyperlipidaemia was induced by feeding the rats with 

the fat-supplemented animal feed and water ad libitum 

while the group serving as normal control received 

non-supplemented feed.  

The animals were fed for a total of 35 days; however, 

after day 21 of feeding, oral treatment with PNEE and 

Atorvastatin commenced on the test and positive 

control groups, once daily in the morning orally for 14 

consecutive days. The feeding pattern of the test and 

control groups as described above was maintained all 

through the experiment. 

 

Group 1: Fed with non-supplemented feed and served 

as normal control. 
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Group 2: Fed with fat-supplemented feed and served as 

positive control. 

Group 3: Administered PNEE (150mg/kg), p.o., and 

fed with fat-supplemented feed. 

Group 4: Administered PNEE (300mg/kg), p.o., and 

fed with fat-supplemented feed. 

Group 5: Administered Atorvastatin (10mg/kg), p.o, 

and fed with fat-supplemented feed as standard control. 

 

2.5 Analyses of Biochemical Parameters 

After treatment, the animals were anaesthetized with 

chloroform, blood samples were collected and 

centrifuged for 15 minutes at 2500 rpm to obtain 

serum. The collected serum was analysed for serum 

total cholesterol (TC), triglycerides (TG), high density 

lipoprotein cholesterol (HDL-C) using Hitachi 902 

Chemistry Analyzer (Hitachi, Japan). Low density 

lipoprotein cholesterol (LDL-C) and very low density 

lipoprotein cholesterol (VLDL-C) were calculated 

using formula described previously (Friedewald et al., 

1972) while atherogenic index (AI) was computed 

using formula described previously (Abbott et al., 

1988) 

 

2.7 Statistical Analysis 

All values were presented in form of mean ± standard 

deviation and student’s t test was used to determine 

statistical significance between the test and control 

groups with p value set at < 0.05.  

 

3.0 RESULTS 

The evaluation of antioxidant activity of the extract 

using DPPH assay revealed a concentration-dependent 

increase in free-radical scavenging ability. Figure 1A 

shows the concentration response curve of PNEE as it 

compares with butylated hydroxytoluene (BHT). The 

IC50 obtained was 27.48±3.85 μg/mL for PNEE and 

5.03±1.79 μg/mL for BHT (Figure 1B).

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: DPPH Scavenging Activity of PNEE 

Figure 1A shows the concentration response curve of PNEE as it compares with BHT. The IC50 obtained was 

27.48±3.85 μg/mL for PNEE and 5.03±1.79 μg/mL for butylated hydrotoluene (BHT) (Figure 1B). 

 

The fatty acid composition of the fat-supplemented 

feed (FSF) and non-fat supplemented feed (NSF), 

which were used for induction of hyperlipidaemia and 

as normal feed respectively, is presented in Table 1. 

 

Table 1: Fatty acid composition of the FSF and 

NSF 

Fatty Acids FSF (%/100 g) NSF (%/100 g) 

Palmitic (16:0) 20.71±0.3 11.39±0.8 

Stearic (18:0) 8:87±0.7 3.92±0.3 

Oleic (18:1) 47.59±12 51.11±1.7 

Linoleic (18:2) 16.11±1.4 26.23±2.0 

Others 6.72±0.4 7.35±0.8 

UFA 67.06±0.9 81.01±0.3 

SFA 32.94±0.4 18.99±0.3 

UFA:SFA ratio 2.04:1 4.26:1 

Following the addition of animal fat, the UFA:SFA 

ratio of the non-supplemented animal feed decreased 

from 4.26:1 to 2.04:1. 

The FSF had a higher amount of saturated fatty acids, 

specifically palmitic and stearic acids. On the other 

hand, the NSF had a higher concentration of 

unsaturated fatty acids, specifically oleic and linoleic 

acids. The relative UFA percentage was higher in non-

supplemented feed compared to the fat-supplemented 

feed (i.e. 67.06±0.9 % FSF vs. 81.01±0.3 % NSF), 

while SFA percentage was higher in fat-supplemented 

feed compared to the non-supplemented feed (i.e. 

32.94±0.4 % FSF vs. 18.99±0.3 % NSF). Therefore as 

expected, the UFA:SFA ratio of the non-supplemented 

animal feed reduced by 52 % after supplementation 

with animal fat.  

 

Significant elevations in serum levels of TC, LDL-C, 

VLDL-C and the AI, as well as significant decrease in 

serum HDL-C level was observed in the experimental 

animals fed with the FSF compared with the normal 
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control group (p < 0.05). The data presented in Figure 

2, demonstrated that treatment with PNEE at 

concentrations of 150 mg/kg and 300 mg/kg as well as 

with atorvastatin significantly reduced serum levels of 

TC, LDL-C and the AI in the fat diet fed animals 

compared with the hyperlipidaemic control group at p 

< 0.01.  While treatment with 300 mg/kg PNEE and 

atorvastatin was able to significantly reduce serum 

levels of TG and VLDL-C in the fat diet fed animals 

compared to the hyperlipidaemic control group at p < 

0.01, 150 mg/kg PNEE was only able exert significant 

reduction of serum TG and VLDL-C level in the fat 

diet fed animals compared to the hyperlipidaemic 

control group at p < 0.05. Also, treatment with PNEE 

at concentrations of 150 mg/kg and 300 mg/kg as well 

as with atorvastatin significantly elevated serum level 

of HDL-C in the fat diet fed animals compared with the 

hyperlipidaemic control group at p < 0.01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Lipid Profile of the Experimental Animals 

Significant reductions in serum HDL-C levels and increases in serum levels TG, TC, LDL-C, VLDL-C, and the 

atherogenic index (AI) were observed in the hyperlipidaemic control. PNEE at doses of 150 mg/kg/day and 300 

mg/kg/day, as well as Atorvastatin at 10 mg/kg/day (used as a positive control), resulted to statistically significant 

reductions in serum TG, TC, LDL-C, VLDL-C, and the AI. Additionally, there were increases in serum HDL-C 

levels in the PNEE-treated groups compared to the hyperlipidaemic control group. 

 

* indicates statistically significant difference at p < 0.05 

** indicates statistically significant difference at p < 0.01 

 

 

4.0 DISCUSSION 

According to a review of the global estimates from the 

Global Burden of Disease, Injuries, and Risk Factors 

Study 2019 (Vos et al., 2020), it was projected that in 

2019, there were 43.8 million cases of type 2 diabetes 

mellitus, 18.5 million cases of hypertension, and 1.2 

billion cases of non-alcoholic fatty liver disease. Type 

2 diabetes mellitus, hypertension, non-alcoholic fatty 

liver disease, and obesity accounted for the highest 

number of fatalities between 2000 and 2019, with 

mortality rates steadily increasing over this period 

(Chew et al., 2023). These findings underscores the 

significance of antihyperlipidaemic studies. In this 

study, we evaluated the antihyperlipidemic activity of 

a locally available plant material which is easily 

accessible, explored and utilized. The PNEE revealed 

a competitive potency (i.e. IC50 of 27.48 μg/mL) 

regarding in-vitro antioxidant capacity which 

comparable with extracts of other medicinal plant 

materials reported in previous studies; pomegranate 

peels (28.84 μg/mL), guava leaves (28.00 μg/mL) 

(Farag et al., 2020) as well as Bergenia pacumbis  

25.97 μg/mL (Pandey et al., 2020) .   

 

To ascertain whether the observed antioxidant capacity 

translates to hypolipidaemic effects in-vivo, the 

experimental animals were fed with a fat supplemented 

feed with a UFA: SFA ratio 2.04:1. This resulted to 

significant elevations in serum TC and TG as well as 

induced dyslipidaemia evident by lowered levels of 

HDL-C in the fat fed animals compared to the control. 

However, a statistically significant dose dependant 

reversal of the hyperlipidaemic trend coupled with 

elevations in serum levels of “good cholesterol” i.e. 

HDL-C in the PNEE treated animals is indicative of a 

potent antihyperlipidaemic prowess.  
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It is widely known that hypertriglyceridemia has a 

clinically significant role in predicting the onset of 

cardiovascular disease. Patients undergoing coronary 

angiography who have hypertriglyceridemia typically 

have significant coronary heart disease, and low HDL- 

C levels are closely associated with the development of 

cardiovascular disease and its consequent death (Chait, 

2022; Choe et al., 2022). It has been investigated 

whether the ratio of high triglycerides to HDL-C 

(TG/HDL-C) could serve as a biomarker to identify 

people with unfavourable cardiometabolic risk 

profiles. It is well recognized that the pathophysiology 

of atherosclerosis and chronic inflammation are 

influenced by the interaction between triglyceride and 

HDL-C levels (Chait, 2022). Reverse cholesterol 

transport, which includes taking cholesterol out of 

peripheral cells and transferring it to the liver via 

several routes for recycling, is where HDL-C comes 

into play (Wieczorek et al., 2022). 

 

In our study, we observed significantly higher levels of 

LDL-C and VLDL-C in the hyperlipidaemic control 

group compared to the normal control group and the 

animals treated with PNEE in a dose-dependent 

manner. The TG/HDL ratio, an important parameter, 

has been investigated as a novel biomarker for adverse 

cardiometabolic risk profiles and insulin resistance 

(Kosmas et al., 2023). Insulin resistance is considered 

a key feature of metabolic syndrome, which precedes 

the development of conditions such as diabetes 

mellitus, coronary heart disease, and cardiovascular 

disease (Zhao et al., 2023). As the TG/HDL-C ratio 

increases, LDL particles tend to become smaller and 

denser, which are known to be pro-atherogenic and 

linked to the initiation and progression of 

atherosclerotic lesions in coronary arteries (Sultani et 

al., 2020). 

 

Here, we also evaluated the atherogenic index (AI), 

calculated as the logarithm of the TG/HDL-C ratio, to 

assess the levels of triglycerides and HDL-C 

cholesterol. AI serves as a robust biomarker for 

dyslipidaemia, metabolic syndrome, and 

cardiometabolic risk profiles. Studies have suggested 

that AI may be more closely associated with 

cardiovascular and cerebrovascular disease risk than 

individual lipoprotein cholesterol concentrations alone, 

making it a valuable prognostic marker (Edwards et al., 

2017; Sadeghi et al., 2021). Higher AI values indicate 

worsening dyslipidaemia, while lower values suggest 

improvement (Chen et al., 2023). Our results showed 

significantly higher AI in the hyperlipidemic group 

compared to the non-induced rats, with a significant 

reduction in AI observed in the PNEE-treated animals 

(p < 0.01). 

 

 

 

5.0 CONCLUSION 

In conclusion, our findings demonstrate the strong 

antihyperlipidaemic activity of PNEE in experimental 

rats, as shown by the reversal of dyslipidaemia induced 

by a fat-rich diet. This highlights the potential of P. 

neochilus leaves as a promising source for the 

development of anti-dyslipidaemic interventions. 

However, further research is needed to explore the 

molecular mechanisms underlying these observed 

antihyperlipidaemic effects in future studies. 
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