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Abstract
Lemongrass (Cymbopogon citratus Stapf.) has been used in the 
Philippines for cooking and as an herb to treat a variety of ailments 
including hypertension and related cardiovascular diseases (CVDs). This 
study determined the potential of peptides obtained from the hydrolysis of 
lemongrass proteins to lower cholesterol in vitro and in an animal model.  
Proteins were extracted and digested in vitro simulating gastrointestinal 
conditions. Protein hydrolysates were collected and fractionated using 
RP-SPE column, and assayed for HMG-CoA reductase inhibitory activity 
against pravastatin as a control drug. Tannin-free protein extract (TFPE) 
and total protein hydrolysates (TPC) were administered for two weeks 
to Sprague-Dawley rats maintained on a high-fat high-cholesterol diet.  
TFPE yield was 0.03%.  Simulated gastrointestinal digestion of the 
TFPE resulted in 74% yield of protein hydrolysates. Three fractions were 
obtained from RP-SPE elution of the protein hydrolysates, each with potent 
HMG-CoA inhibitory activity.  The F3 fraction had the highest inhibition of 
HMG-CoA reductase (IC50 = 0.76 ppm, comparable to pravastatin (IC50 = 
0.25 ppm).  The inhibitory activity of the fractions was further confirmed 
through significant serum cholesterol reduction (p < 0.05) in Sprague-
Dawley rats.  Thus, protein hydrolysates from lemongrass have potential 
cholesterol-lowering effects in vitro through HMG-CoA reductase inhibition 
and in vivo through significant reduction of cholesterol levels in an animal 
model.  Protein hydrolysates from lemongrass dietary proteins may serve 
as promising functional foods for the prevention of CVD risk.
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Introduction
Cardiovascular disease (CVD) affects the heart and 
blood vessels, and clinically manifests as myocardial 
infarction, heart failure, and stroke. It is the leading 
cause of death worldwide, with approximately 80% 
of deaths occurring in countries with low and middle 
incomes.1 The underlying cause of the disease is 
atherosclerosis, which develops over the years from 
fatty streaks to plaque formation in the presence of 
high levels of cholesterol.2, 3 Cholesterol circulating 
throughout the body is supplied by both dietary 
cholesterol and endogenous cholesterol from liver 
synthesis, with the latter contributing to at least two-
thirds of the total supply.4

The key enzyme in cholesterol biosynthesis is 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase, which is the target of a group of 
compounds called statins.  Statins inhibit HMG-
CoA reductase through competitive inhibition 
and effectively lower the blood cholesterol levels.  
As such, they are widely used in the treatment 
of hypercholesterolemia.5-7 However, although 
extensive research has been conducted on 
combination drug therapies to manage CVD, little 
work has been done on natural cholesterol-lowering 
compounds detected in some functional foods 
and nutraceuticals derived from plants. These 
foods are grouped into several types according to 
the mechanism of cholesterol reduction, with the 
HMG-CoA reductase inhibitor class identified as 
the most efficient in lowering blood cholesterol.8  
Some bioactive compounds that inhibit HMG-CoA 
reductase include biflavonoids from tangerine peel 
extracts,9 diterpenes from the indigenous Indian 
plant Polyalthia longifolia,10 and phenolics from 
grapefruit peels.11

In recent years, protein-derived bioactive peptides 
have been investigated as potential agents for 
reducing the risk factors for CVD.12-14 Bioactive 
peptides are short chains of amino acids encrypted 
within large protein molecules that exert beneficial 
health effects only when released from the intact 
protein through digestion or hydrolysis.12 Plant 
sources of such peptides are of interest as 
they are deemed more sustainable, cheaper, 
and environmentally-friendly alternatives than 
animal sources.15 Soybean peptides are one of 
the extensively studied plant peptides that have 

been reported to have antihypertensive and 
hypocholesterolemic activity and carry a US FDA-
approved health claim for reduction of the risk of 
coronary heart disease (CHD), one of the CVDs, with 
regular consumption of the recommended quantity.16

Lemongrass (Cymbopogon citratus Stapf.) as a 
traditional herb, has long been used in cooking, 
and is often consumed as an herbal tea. It is used 
primarily for the treatment of digestive and kidney 
problems, as well as other ailments, including 
hypertension, in the Philippines. Al Disi et al. (2016)17 
reviewed lemongrass as an anti-hypertensive 
herb,  which was notably demonstrated through 
its vasorelaxation effects on constricted rat aortic 
rings. Lemongrass herbal tea has been reported 
to contain flavonoids, phenolic compounds, and 
citral, which are responsible for its observed 
health benefits18-20 such as antioxidant,21,22 anti-
inflammatory,23 antihypertensive,17,24,25 antidiabetic,26 
and anti-cancer activities.27,28 In a study involving 
normotensive human subjects,29 lemongrass 
infusions administered to 105 test subjects lowered 
the blood pressure indices.  However, although the 
authors implicated protein-derived peptides from 
lemongrass as possible antihypertensive agents, 
no experimental evidence has been presented 
to support this. Thus, this study determined the 
potential cholesterol-lowering effects of protein 
hydrolysates obtained from the digestion of 
lemongrass proteins, both In vitro and in an animal 
model. The results of this study will pave the 
way for a better understanding of the potential of 
protein hydrolysates and bioactive peptides from 
lemongrass as functional foods to prevent the risk 
of CVD.

Materials and Methods
Lemongrass Plant Materials
Lemongrass plants were collected on July 7-15, 
2019 from Brgy. Baong, Alimodian, Iloilo, Philippines, 
and voucher specimen was deposited at the UST 
Herbarium (Certificate Acc. No. USTH 014150).   
The plants were washed, air-dried, then oven-dried 
at 50 – 60 °C until moisture content reached 5 – 6 
%.  The samples, consisting of leaf blade and leaf 
sheath, were ground into a fine powder and defatted 
with hexane at a ratio of 1:6 for 4 h before protein 
extraction.
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Preparation of Tannin-Free Protein Extract 
(TFPE)  
Proteins were extracted following the procedure 
described by Marques et al. (2015)30 and Wang  
et al. (2017)31 with modifications. Defatted 
lemongrass powder was dispersed in ultrapure 
water (18.2 MΩ.cm at 25 ⁰C) at a 1:10 w/v ratio, 
sonicated for 5 min at 20 ⁰C, and adjusted to pH 8.5 
using 1 M NaOH.  This suspension was agitated for 
2.5 h, then centrifuged (Hettich Universal 320/320R) 
for 15 min at 8,000 rpm and 10 ºC, and the total 
protein in the supernatant was precipitated by 
adjusting the pH to 4 using 1 M HCl and collected 
by centrifugation for 15 min at 8,000 rpm and 10 ⁰C.  
The precipitate was further treated with polyamide 
(Fluka) to remove residual tannins, which would 
interfere with In vitro enzyme assays and in vivo 
gastrointestinal digestion.  The resulting TFPE was 
then freeze-dried.  

Digestion of Proteins 
Digestive juices were obtained from six male Sprague-
Dawley rats weighing 200 – 250 g as described by 
Pivetta et al. (1981)32 and Hosseinzadeh et al. 
(2002),33 with modifications.  Ethical considerations 
and housing conditions are described in the animal 
methods section (Section 2.7).  After acclimatization, 
the animals were fasted overnight, anesthetized 
with Zoletil (Tiletamine-Zolazepam, 0.1 mg/kg body 
weight, BW), and immobilized by clamping the 
limbs. The abdominal area was dissected to locate 
the common bile duct.  A polyethylene cannula was 
inserted into the duodenal lumen, and pancreatic 
juice was collected for one hour by spontaneous 
drainage into falcon tubes. The pylorus was then 
ligated, the stomach contents were quickly drained 
into tubes, and the animals were euthanized by 
Zoletil overdose. The pancreatic juice was freeze-
dried, and the gastric juice was further centrifuged 
to remove the sediments and freeze-dried. 

TFPE was digested In vitro by simulating GI 
conditions as described by Capriotti et al. (2015).34 
Briefly, 1 mg of TFPE was dissolved in 1 mL of 8 M 
urea, added to 7 mL of 1 M NaHCO3, and adjusted 
to pH 2.0 using 1 M HCl.  Gastric juice was added at 
a 1:20 weight ratio and the mixture was incubated at  
37 ⁰C for 1 h under static conditions. Gastric 
digestion was stopped by pH adjustment to 5.5 using 
1 M NaHCO3. The pH was further adjusted to 7.5 
using 1 M NaOH. Pancreatic juice was added at a 

1:10 ratio, and the mixture was incubated at 37 ⁰C 
for 2 h under static conditions.  Pancreatic digestion 
was stopped by incubating the mixtures at 95 – 100 
⁰C for 10 min, followed by cooling and centrifugation 
at 8,000 rpm for 30 min at 4 ⁰C.   The supernatant, 
which contained the protein hydrolysate, was 
immediately transferred into clean tubes.  

Desalting and Fractionation of Protein 
Hydrolysates 
The supernatant was loaded onto a Supelclean 
LC-18 RP SPE column (Supelco, 5g/20 mL) 
conditioned with acetonitrile (ACN) and equilibrated 
with ultrapure water.  The column was desalted by 
washing with water, and bound protein hydrolysates 
were eluted in sequence with 50 mL volumes of 20%, 
35%, and 50% ACN containing 0.05% TFA; five 10-
mL fractions were collected for each concentration 
of eluent.  Fractions of the same percentage of ACN 
were pooled together, concentrated in vacuo, and 
lyophilized. The protein content was determined 
using BCA assay kit (Thermofisher Scientific).

HMG-CoA Reductase Inhibitory Assay
Inhibition of HMG-CoA reductase enzyme activity 
was assayed according to Villalobos et al. (2021)35 
using the assay kit CS1090, which is based on the 
decrease in the absorbance of NAPDH.  Pravastatin 
(Sigma) was used as the reference standard 
treatment drug.  

Tricine-SDS-PAGE 
Tricine-SDS-PAGE was conducted according to 
Schägger (2006).36 The samples were run under 
reducing conditions on a Mini-Protean tetra-cell 
(Bio-Rad) at an initial voltage of 30 V for 30 min, 
followed by an increase to 150 V for 90 min. The 
1X anode and 2X cathode tank buffers were cooled 
throughout the run.  The gel was then fixed, stained 
with Coomassie blue, and destained.  

Animal model
Ethical considerations and Housing Conditions
All animal manipulation protocols were evaluated 
and approved by the UST IACUC (Code RC2017-
950925). Acquisition of the animals and housing 
conditions were done as described by Villalobos 
et al. (2021).35 Briefly, Sprague-Dawley rats were 
acquired and allowed to acclimatize for one week.  
They were housed in steel cages in a well-ventilated 
room maintained at a temperature of 22-25°C. The 
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animals were allowed free access to purified drinking 
water throughout the duration of the study.  

Cholesterol-Lowering Effect In vivo
Twenty Sprague-Dawley rats of mixed sexes, 
6-8 weeks old and weighing 150 – 180 g, were 
acquired. Males were kept in separate cages from 
females. After acclimatization, the diet was changed 
ad libitum to a high cholesterol, high sugar diet 
consisting of 60% standard pellets, 15% lard, 10% 
egg yolk powder, and 15% sucrose for the next four 
weeks. After two weeks of a high-cholesterol diet, 
the rats were fasted overnight, and blood samples 
were drawn from the tail vein for analyses of total 
cholesterol (TC), high-density lipoprotein (HDL) and 
low-density lipoprotein + very low-density lipoprotein 
(LDL+VLDL) cholesterol.  

The rats were then divided into four groups of five 
animals consisting of a mix of male and female 
animals, and age-matched per group (Table 1).  
TFPE was administered to one group and total 
protein hydrolysates (TPH) to another, while the 
positive control group was administered both 
acarbose and pravastatin. The untreated group 
served as a negative control.  The treatments were 
administered daily for two weeks, via oral gavage 
in 0.5% saline vehicle. Animal BW was measured 
every 4 days for treatment dosing. TFPE was 

administered to Group 2 at 0.07 mg/kg BW, based 
on the dose for human consumption of lemongrass 
tea, which exerted significant but mild effects on 
renal parameters and blood pressure in human 
subjects.29,37 Group 3 was dosed at 0.05 mg/kg BW 
TPH. Acarbose and pravastatin were separately 
administered to Group 4 at the recommended 
doses of 40 mg/kg and 10 mg/kg, respectively.38,39 
The untreated group received saline only. At the 
end of the treatment, the rats were fasted overnight 
and anesthetized with 0.1 mg/kg Zoletil. Blood 
samples were collected for TC, HDL, and LDL+VLDL 
analyses via intracardiac puncture, and the animals 
were sacrificed using Zoletil overdose. All blood 
samples were submitted for analysis of TC, HDL, 
and LDL+VLDL using the standard CHOD-PAP 
method for TC and direct measure-PEG for HDL, 
while LDL+VLDL was computed as the difference 
between TC and HDL.40

Statistical Analysis
Differences between the change in cholesterol 
levels across treatments and cholesterol types 
were initially determined using two-way ANOVA with 
SPSS Software (IBM SPSS Statistics). Individual 
differences in cholesterol level changes were 
determined separately for treatment and cholesterol 
type using one-way ANOVA and Tukey's HSD test 
in SPSS Software. 

Table 1: Animal groupings, treatments and dosage

Animal grouping Treatment Dose (mg/kg BW)

1 Untreated -
2 TFPE 0.07
3 TPH 0.05
4 Acarbose+Pravastatin 40+10

Table 2: Yield by weight of protein extraction and digestion

 g ± SEM % Yield ± SEM

extraction of TFPE  
wt dried leaves 621.43±53.29 
wt TFPE 0.202±0.057 0.03±0.01
digestion of TFPE  
wt TFPE digested 0.0578 ± 0.0010 
wt 20% ACN (F1) 0.0426 ± 0.0044 74.07 ± 8.69
wt 35% ACN (F2) ≤ 0.0012 ≤2
wt 50% ACN (F3) ≤ 0.0010 ≤1
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Results
Protein Extract and Hydrolysates
The yield of the TFPE was 0.03% (Table 2), 
consistent with other studies41 which showed 
a relatively low yield of proteins from leaves in 
comparison to seeds, grains, or kernels.42 In vitro 
digestion of TFPE and subsequent fractionation on 
the SPE column yielded three fractions, with most 
proteins eluted as F1 (Figure 1).  F1 accounted for 

74% of TPH yield from digestion, while the yield of 
the other two fractions was approximately 1-2% only.   
Most of the hydrolysates were eluted with 20% ACN, 
indicating that the bulk of TPH is more polar relative 
to the 35% and 50% ACN fractions. F2 and F3 have 
decreasing polarity and are recovered in very small 
amounts.  Tricine-SDS-PAGE revealed the presence 
of several bands with varying molecular weights in 
the fractions (Figure 2).  

Fig. 1: Elution profile of protein hydrolysates fractions on RP-SPE

Fig. 2: Tricine-SDS-PAGE 
Fifty μg protein were loaded per well on a hand-cast gel (6% stacking gel, 16% separating gel, using 

49.5% T acrylamide-bisacrylamide, 5% C stock solution). The molecular weight (MW) of the bands was 
based on Bio-Rad Kaleidoscope polypeptide standards
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Inhibition of HMG-CoA Reductase
The three hydrolysate fractions at 0.5 ppm 
concentration showed inhibitory activities against 
human HMG-CoA reductase, in comparison with the 
pravastatin control.  F1 exerted the lowest inhibition 
of 30.29%, F3 had the greatest at 48.69% inhibition, 
and pravastatin inhibited 78.10% of enzyme activity.  

IC50 values for pravastatin, F1, F2, and F3 were 
determined at 0.25, 1.14, 0.82 and 0.76 ppm, 
respectively (Table 3). Among the fractions, F3 
had the lowest IC50, indicating that it was the most 
effective inhibitor. It was also the least polar and 
eluted last among the three fractions.

Table 3: Inhibitory activity of fractions against HMG-CoA reductase

Fractions % Inhibition* IC50 μg protein % Inhibition per
 ± SEM (ppm ± SEM) content# ± SEM μg protein  

Pravastatin 78.10 ± 0.61 0.25 ± 0.02  
    
F1 30.29 ± 2.26 1.14 ± 0.04 0.086 ± 0.001 350.63 ± 30.22
F2 46.25 ± 1.67 0.82 ± 0.07 0.103 ± 0.001 449.72 ± 16.25
F3 48.69 ± 4.44 0.76 ± 0.15 0.094 ± 0.001 515.38 ± 46.95
    
F1 + F2 + F3 61.31 ± 2.19  0.017 ± 0.001 3,628.01 ± 129.76

*the final concentration of the fractions and pravastatin was 0.5 ppm by weight, with 
corresponding protein content given in the table#

The specific activities of each fraction are listed in 
Table 3. F3 exhibited the highest specific activity 
and lowest IC50 value. To test for possible synergy, 
the three fractions were combined, and the resulting 
solution inhibited HMG-CoA reductase activity by 
61%, which was higher than any of the individual 
fractions (Table 3). Also, a higher specific activity 
of 3,628% inhibition per μg protein was obtained, 
which was approximately 2.75-fold greater than 

the sum of the individual fractions. The increase 
in activity with the combination of the fractions 
increased the percentage of inhibition of HMG-
CoA reductase. Although a significant increase in 
the inhibition of HMG-CoA reductase activity was 
observed, this result is at best preliminary, and more 
tests are needed to confirm if synergism among the 
components of the fractions occurs. 

Table 4: Reduction in TC, HDL, and LDL+VLDL levels of Sprague-Dawley 
rats after treatment, mean mmol/L ± SEM 

Group Treatment TC HDL LDL+VLDL

1 Untreated 0.57 ± 0.16b,x 0.72 ± 0.23x -0.21 ± 0.01c,y

2 TFPE 0.46 ± 0.11b,x 0.63 ± 0.04x -0.09 ± 0.02b,y

3 TPH 0.86 ± 0.09a,x 0.87 ± 0.07+ 0.01 ± 0.02a,y

4 Acarbose+Pravastatin 0.35 ± 0.07b,x 0.45 ± 0.14x -0.11 ± 0.02b,y

a-cSignificant differences between treatment type (P<0·05)
x-ySignificant differences between cholesterol type (P<0·05)

To determine if the hydrolysates exhibited cholesterol-
lowering activity in vivo, Sprague-Dawley rats were 
initially fed a high-cholesterol, high-sugar diet for 
two weeks, then administered TPH for another two 

weeks simultaneously with the high-cholesterol diet.  
Table 4 shows the difference in serum TC, HDL, and 
LDL+VLDL levels before and after treatment, with 
TPH exhibiting a significant reduction (p < 0.05) 
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in TC among the others. HDL levels decreased 
in all treatment groups, but the decrease was not 
significant. The effects of the treatments were 
clearly reflected in LDL+VLDL levels. Only the group 
treated with TPH showed a reduction in LDL+VLDL 
levels, while the other groups showed increased 
levels (Table 4). The untreated group showed 
the highest increase (p < 0.05), while the TFPE 
and Acarbose+Pravastatin groups experienced a 
moderate increase in LDL+VLDL levels.

Discussion
Recent studies have shown that bioactive peptides 
and protein hydrolysates produced by enzymatic 
digestion of proteins are HMG-CoA reductase 
inhibitors. We extracted tannin-free protein from 
lemongrass and determined its inhibitory effect 
on HMG-CoA reductase activity. Our results show 
that the hydrolysate fractions have good inhibitory 
activities on the HMG-CoA reductase enzyme, with 
IC50 values ranging from 0.76 to 1.14 ppm, versus 
that of pravastatin at 0.25 ppm. These values are 
also within the range of compounds that inhibit HMG-
CoA reductase.9,11,43

Potent HMG-CoA reductase inhibitor peptides 
released through simulated GI digestion could 
be of low molecular weight (MW) below 1 kDa, 
such as GGV, IVG, and VGVL from Amaranth 
protein 44, GCTLN from cowpea proteins,30 and 
VAWWMY from soy protein.45 There are also potent 
hypocholesterolemic peptides of higher MW, such 
as lunasin from soy with a 5.5 kDa MW,46 and a 6 
kDa peptide from fermented food bekasam.47 In our 
study, the most active fraction, F3, could be long 
peptides or small proteins with MW ranging from 
10-27 to kDa or higher, as visualized by SDS-PAGE.  
However, our results clearly show that peptides of 
low polarity in F3 exert greater HMG-CoA reductase 
inhibition than those of higher polarity in F2 or F1.  
Other authors have also emphasized that peptides 
with a high hydrophobicity index have the most 
potent cholesterol-lowering effect,48,49 which supports 
our results.

To support these in vitro studies, this study 
determined the potential of the fractions to reduce 
cholesterol in a rat model fed a hypercholesterolemic 
diet. The results showed a significant reduction in 
total cholesterol in rats administered TPH compared 
with controls. Although it seemed that only TPH 

treatment resulted in greater reduction of TC, 
while the untreated, TFPE, and control groups had 
the same degree of reduction, the results on the 
LDL+VLDL levels appear to further demonstrate 
the cholesterol-lowering effect of the treatments.   
Generally, statins influence the lowering of serum 
cholesterol levels by lowering LDL cholesterol 
but have less effect on increasing HDL levels.7 In 
this case, however, the control group containing 
pravastatin showed reduced LDL+VLDL levels, 
similar to the TFPE group, compared with the 
untreated group.

In conclusion, the protein hydrolysate fractions 
obtained from the digestion of lemongrass proteins 
were found to inhibit HMG-CoA reductase activity 
in vitro. Inhibition was observed in the individual 
fractions. Interestingly, when all fractions were 
combined, an approximately tenfold increase in 
inhibition per µg of protein was observed, which 
may imply cooperativity or synergism. Protein 
hydrolysates were fed to Sprague-Dawley rats, 
and the results showed a significant reduction 
in serum total and LDL+VLDL cholesterol levels 
in the test animals. Thus, lemongrass soluble 
proteins may serve as promising functional foods 
for the prevention of CVD risk. This study is the first 
to demonstrate the hypocholesterolemic effects 
of lemongrass protein hydrolysates. Currently, 
experiments are being conducted to identify 
bioactive peptides with the highest inhibitory activity 
against HMG-CoA reductase.
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1. ACN – acetonitrile
2. BCA – bicinchoninic acid
3. BW – body weight
4. CHD – coronary heart disease
5. CVD – cardiovascular disease
6. GI – gastrointestinal
7. HDL – high-density lipoprotein
8. HMG-CoA – 3-hydroxy-3-methylglutaryl 

coenzyme A
9. IACUC – Institutional Animal Care and Use 

Committee
10. IC50 – Inhibitory activity, expressed as the 

amount of bioactive compound which inhibits 
11. 50% of the enzyme activity
12. LDL – low-density lipoprotein 
13. RP-SPE – reverse-phase solid-phase extraction
14. TC – total cholesterol
15. TFPE – tannin-free protein extract 
16. TPH – total protein hydrolysates
17. US-FDA – United States Food and Drug 

Administration
18. UST – University of Santo Tomas, Philippines
19. VLDL – very low-density lipoprotein


