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INTRODUCTION
Dyslipidaemia or hyperlipidemia is characterized 

by abnormal lipid panels that include increased levels of 
total cholesterol (TC), triglycerides (TGs), low-density 
lipoprotein cholesterol (LDL-C), and/or decreased levels of 
low high-density lipoprotein cholesterol (HDL-C) levels, which 
contribute to morbidity and mortality due to cardiovascular and 
cerebrovascular disease [1]. 

Statins are the gold standard drug for the treatment 
of dyslipidemia. However, several studies have reported that 
statins can cause serious side effects such as hepatotoxicity, 

skeletal muscle-related toxicity, renal toxicity, neurocognitive 
and neurological effects, and other conditions [2,3]. Therefore, 
medication or novel agents for dyslipidemia treatment without 
undesirable side effects remain a challenging question for 
medical researchers. 

The enhancement of oxidative stress phenomena 
is associated with the dysregulation of lipid metabolism 
leading to hyperlipidemia [4,5]. The oxidative modulation of 
the lipid profile especially LDL-C with increased formation 
of free radicals and lipid peroxidation products such as 
malondialdehyde (MDA) leads to biomolecular damage and 
cellular dysfunction [6]. These complications occurring in the 
context of hyperlipidemia are due in part to reduced activities of 
the endogenous enzymatic antioxidant defense system such as 
superoxide dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx), which induce oxidative damage [7]. 
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ABSTRACT
The purpose of this study was to investigate the effects of Makiang (MK) tea consumption on the serum lipid 
profile and oxidative stress biomarkers in participants with dyslipidemia. A randomized, single-blind, parallel-group, 
placebo-controlled study was conducted at the Outpatient Department of Phayao Hospital, Thailand. This clinical trial 
enrolled 64 subjects (males and females), aged between 30 and 65 years with hyperlipidemia who were randomized 
using simple random sampling, receiving a 12-week MK tea (3 g/250 ml hot water) taken daily or a placebo. Body 
mass index, lipid profile, and serum oxidative stress markers were evaluated at the baseline and the end of the 
study. Within-group comparisons revealed that drinking only one cup of MK tea daily caused a significant reduction 
(p < 0.05 all) of total cholesterol (TC), total triglyceride (TG), and low-density lipoprotein cholesterol (LDL-C). 
Meanwhile, between-group differences showed that serum TC, TG, and LDL-C levels significantly decreased (p 
< 0.05 all), whereas the levels of high-density lipoprotein cholesterol were unchanged. This phenomenon was 
accompanied by decreased serum malondialdehyde and increased endogenous enzymatic defense systems (p < 0.05 
all). Thus, MK tea may be useful as an adjunct agent to improve the lipid profile in patients with dyslipidemia. Online F
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Determination of DPPH radical scavenging activity of MK tea
The antioxidant capacity of MK tea leaves was 

measured by the diphenyl-picrylhydrazyl (DPPH) method with 
some modifications. First, 1 ml of DPPH solution was added 
to 0.2 ml of the MK tea leaves diluted with ethanol. After 
30 minutes, the absorbance was measured at 517 nm using a 
spectrophotometer. The free radical scavenging activity of MK 
tea on the DPPH assay was expressed as the IC50 value. The 
assay was performed in triplicate. In this case, Trolox served as 
the reference standard. 

Study design, sample sizes, and participants
This single-blinded, randomized, and controlled 

clinical trial was conducted in accordance with the principles of 
the Declaration of Helsinki on human subjects and approved by 
the Ethics Committee for Human Research of the University of 
Phayao (No. UP-HEC 1.3/047/65). 

The current study was designed for 64 patients, 
including 35 women and 29 men (aged 30–65 years). The 
sample size of the number of subjects per group was calculated 
using Stata software, considering α = 0.05, 90% power, and 
based on Gheflati et al. [19]. All subjects were recruited from 
the outpatient department of Phayao Hospital, Phayao Province, 
Thailand, between November 2022 and February 2023. A flow 
chart of the clinical study enrolment is shown in Figure 1.

Hyperlipidemia diagnosis was made by an 
endocrinologist based on lipid profile abnormalities (TG 
between 150 and 300 mg/dl; TC between 200 and 250 mg/dl; 
and LDL-C between 130 and 190 mg/dl). Subjects who were 
taking cholesterol-lowering medications, antioxidant agents, 
multivitamin supplementation or who suffered from severe 
dyslipidemia (TC more than 250 mg/dl; TG more than 300 
mg/dl), hepatic disease, diabetes mellitus, heart failure, severe 
hypertension, renal failure, body mass index (BMI) more than 
30 kg/m2, malignancy, pregnancy, metabolic bone disorders, 
infectious diseases, alcohol use, cigarette use, psychiatric and 
neurologic disorders, and allergic reactions to herbal or plant 
supplements were excluded from this study. Signed informed 
consent was provided by each participant, fulfilling all of the 
above-mentioned criteria, before any study procedures. 

Trial intervention
Each subject was randomly allocated to the control 

group (n = 32) or the intervention group (n = 32) using simple 
random sampling. Neither the researchers nor the subjects 
themselves knew the group they belonged to. The control 
group drank one cup of the placebo bag infused in warm water 
(250 ml) once a day after breakfast during the experimental 
period, and the intervention group drank one cup of MK tea 
(MK tea 3 g/bag infused in 250 ml hot water for 10 minutes) 
once a day after a meal in the morning. MK teabags are 
tightly packed and sealed, the leaves of dried MK tea did not 
have enough room to expand and release flavor as they were 
steeped. All subjects were asked to continue consuming their 
usual daily food and regular lifestyle during the experiment. 
To ensure the participants in the intervention group consumed 
the MK tea, they were asked to bring the waste MK teabags to 

Herbal tea drinking has earned a lot of attention 
in recent times because of the increase in awareness of food 
nutritive value and healthcare. Many studies have reported that 
herbal teas have a wide variety of active phytochemicals with 
biological properties in the prevention of metabolic disorders 
such as obesity, diabetes type 2, and hypercholesterolemia [8,9].

Makiang (MK) or Cleistocalyx nervosum var. paniala 
belongs to the Myrtaceae family, which is widely grown in 
southeast Asia including northern Thailand [10]. Moreover, it is 
also classified as a preservation plant under the Royal Initiative 
of Her Royal Highness Princess Maha Chakri Sirindhorn 
project on the MK Heredity Conservation in Thailand [11]. 
Various parts of MK including leaves, flowers, buds, fruits, and 
seeds have long been used in traditional medicine [12] because 
of their valuable pharmacological and biological actions such 
as antimutagenic, antiaging, anticarcinogenic, antimicrobial, 
hepatoprotection, neuroprotection, immune enhancement 
activities especially antioxidant properties [13–15]. Previous 
studies by Manosroi et al. [16] reported that the highest total 
phenolic contents (TPCs) [1,032.49 ± 18.11 μg gallic acid 
equivalents (GAEs)/mg] and flavonoid contents (TFCs) (262.96 
± 2.98 µg quercetin equivalents/mg) were found in methanol 
extracts of young MK leaves. This extract also exhibited the 
highest free radical scavenging abilities (SC50 values of 0.02 
± 0.004 mg/ml), lipid peroxidation inhibition (IPC50 values of 
0.02 ± 0.004 mg/ml), and tyrosinase inhibition capacities [50% 
inhibitory concentration (IC50) values of 0.02 ± 0.006 mg/ml]. 
In addition, a concentration of 0.1 mg/ml in methanol of MK 
leaf extract presented the highest matrix metalloproteinases-2 
inhibition of 91.14% ± 1.67%. Despite being a rich source 
of polyphenolic compounds and having great antioxidant 
activities, there are no clinical studies demonstrating anti-
hyperlipidemic or antioxidant properties of MK tea. Therefore, 
the present study was undertaken to determine the effect of MK 
tea on the lipid profile and serum biomarkers of oxidative stress 
in subjects with hyperlipidemia.

MATERIALS AND METHODS

MK tea preparation
Fresh young MK leaves were obtained from a farm at 

Maejo University, Phrae Campus, Phrae, Thailand, at the end of 
August. The steps of nonfermented MK tea processing: picking, 
screening, rolling, roasting, and baking were done by Assist. 
Prof. Dr. Rattaphong Pokkaew, Department of Food Science 
and Technology, Maejo University, Phrae Campus, Thailand. 
Each nylon teabag contained 3 g of loose MK tea leaves. 

Determination of total polyphenol and TFC of MK tea
The Folin Ciocalteu method [17] and a colorimetric 

assay [18] were used for the analysis of the TPC and TFCs of 
MK tea, respectively. All measurements were carried out in 
triplicate. The TPC was calculated from a calibration curve 
using gallic acid as standard and expressed as mg GAE/g of 
MK tea leaves. The TFC was calculated through the calibration 
curve of catechin and expressed as mg CE/g of MK tea leaves. 
Measurements were conducted in triplicate.
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the next follow-up appointment. In addition, all participants 
were instructed to record 24-hour dietary recall, the dietary 
record [20] and were advised to avoid consuming other 
nutraceutical products or antioxidant supplements, to maintain 
their normal eating habits and to avoid any confounding error 
in the analysis of data during the study. The average energy 
intake of all participants was calculated using Nutritionist IV 
software (First Databank Inc., Hearst Corp., San Bruno, CA).

The duration of the experiment was 12 weeks, all 
subjects were followed up every 4 weeks to ensure ongoing 
safety, compliance of trial participants, and counting of returned 
MK teabags. Each weekday, each subject’s height and weight 
were determined, and the BMI was calculated according to the 
formula: Weight (kg) / height (m)2. The lipid profile levels, 
including TC, TG, HDL-C, and LDL-C, and serum oxidative 
markers such as SOD, CAT, GPx, and MDA, were measured at 
baseline and after 12 weeks of the experimental period.

Participant blood samples
The concentrations of all lipid profiles were determined 

through fasting blood samples (10 ml) at the beginning and the 
end of the experimental trial. Venous whole blood samples 
were collected in blood collection tubes and isolated serum 
for determination of biochemical and oxidative markers as 
mentioned earlier. 

Lipid marker measurements
Serum TC concentration was estimated using the 

colorimetric method with cholesterol esterase and oxidase, 

and the TG and HDL-C concentrations were determined by an 
enzyme-colorimetric method using commercial kits (Biocon 
Diagnostik GmbH, Germany) following the manufacturer’s 
instructions. The LDL-C concentration was calculated using 
Friedewald’s formula: LDL = TC − (HDL + 0.2 TG).

Serum oxidative marker measurements
The total antioxidant enzyme activities were 

determined using commercial kits: Sigma-Aldrich No. 
19160 for SOD activity, Sigma-Aldrich No. 219265 for CAT 
activity, and Sigma-Aldrich, CS1020 for GPx activity. MDA 
concentration, a marker of lipid peroxidation and oxidative 
stress, was estimated using the assay kit Sigma-Aldrich 
No. 437639. All serum oxidative markers were measured 
using a UV spectrophotometer at 450, 540, and 500 nm, 
respectively.

Statistical analyses
The demographic data of the subjects were analyzed 

using descriptive statistics. The Kolmogorov–Smirnov test 
was used for checking the normal distribution of the data set. 
All analyses were performed using GraphPad Prism, version 
8 software (GraphPad Software Inc., San Diego, CA). Normal 
continuous variables were presented as means ± SD (standard 
deviation). To compare the differences within each group 
before and after the intervention, an independent Student’s 
t-test for normally distributed data and Wilcoxon signed 
ranks test for nonnormally distributed data were performed. 
A comparison of pre and postintervention data between 

Figure 1. Consort flow diagram describing the clinical trial study design. MK tea, Makiang tea.
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the control and the intervention groups was calculated by 
the independent t-test for normally distributed data and the 
Mann–Whitney U test for nonnormally distributed data, 
respectively. A p-value < 0.05 was considered to be of 
statistical significance.

RESULTS
The first part of this study involved measuring the 

TPC, TFC, and antioxidant capacity of MK tea leaves. The 
results are shown in Table 1. The MK tea leaves presented 
the highest TPC (775.92 ± 5.37 mg GAE/g of MK tea), TFC 
(273.58 ± 6.04 mg CE/g of MK tea), and the highest free radical 
scavenging activity by the DPPH method (88.17% ± 0.11%), 
with IC50 values of 5.04 ± 2.68 µg/ml.

In the clinical trial, a total of 64 dyslipidemia patients 
completed this study and were included in the final testing. The 
demographic information of the subjects is shown in Table 2. 
There were no significant differences between the control 
and the intervention groups that received MK tea in regard to 
gender, age, weight, height, BMI, and duration of dyslipidemia. 
This indicates that they were homogeneous in the proportion of 
participant characteristics in both groups. 

Table 3 presents the results of the statistical analysis 
of the lipid profile before and after 12 weeks of treatment from 
the control and MK tea groups. No statistically significant 
difference (p > 0.05 all) was observed in the baseline values 
of the serum lipid panel, including TC, TG, HDL-C, and 
LDL-C in both groups. At the endpoint of this study, there was 
a statistically significant reduction (p < 0.05 all) in the mean 
TC, TG, and LDL-C of the MK tea-treated group compared 
with the control group and baseline. However, MK tea drinking 
did not show any significant alteration in HDL-C concentration 
compared with the control group and baseline. 

Scientific evidence suggests that hyperlipidemia and 
hypercholesterolemia are associated with enhanced oxidative 
stress. Therefore, the final part of this study aimed to determine 
the effect of MK tea consumption on systemic indices of 
oxidative stress. At the beginning of the trial, there was no 
significant difference in the mean of three major antioxidant 
enzyme families, namely SOD, CAT, and GPx activities in both 
groups. Interestingly, the mean of these antioxidant enzyme 
activities was increased significantly (p < 0.05 all) in the MK 
tea-treated group compared with the control group after 12 
weeks of treatment. Furthermore, the activities of all antioxidant 
enzymes as mentioned earlier, were significantly increased in 
the MK tea-treated group compared to the baseline. Moreover, 
the MDA level was significantly (p < 0.05) reduced in the MK 

tea-treated group compared to the baseline and the endpoint of 
the trial. The results are summarized in Table 4. 

Table 1. Total polyphenols, TFC contents, and antioxidant activities of the MK tea.

Substance TPC 
(mg GAE/g of sample)

TFC 
(mg CE/g of sample)

DPPH 
(% free scavenging)

IC50 value in DPPH radical 
scavenging of MK tea (µg/ml)

MK tea 775.92 ± 5.37 273.58 ± 6.04 88.17% ± 0.11% 5.04 ± 2.68

Trolox - - 86.77% ± 0.84% 4.23 ± 0.15

Each value was expressed as mean ± SD (n = 3). 
MK tea: Makiang tea; TPC: total phenol content; TFC: total flavonoid content; GAE: gallic acid; CE: catechin; DPPH: diphenyl-
picrylhydrazyl; IC50: the half maximal inhibitory concentration.

Table 2. Baseline demographic data of participants between two 
groups before initiation of the trial.

Variable
Groups

p-valueControl group 
(n = 32)

Intervention group 
(MK tea daily; n = 32)

Male n (%) 14 (43.75) 15 (46.88) 0.825

Female n (%) 18 (56.25) 17 (53.12)

Age (years) 59.1 ± 11.7 62.5 ± 10.4 0.573

Weight (kg) 68.79 ± 10.73 66.05 ± 9.33 0.857

Height (cm) 150.87 ± 20.53 148.48 ± 19.44 0.805

BMI (kg/m2) 30.22 ± 3.15 29.96 ± 2.13 0.760

Duration of 
dyslipidemia (years)

2.74 ± 2.5 3.07 ± 1.42 0.695

MK tea: Makiang tea; BMI: body mass index.

Table 3. Comparison of lipid profile between two groups before and 
after the intervention.

Serum  
lipid profile

Group
p-valueControl group 

(n = 32)
Intervention group 

(MK tea daily; n = 32)

TC (mg/dl)

 Baseline 229.55 ± 11.42 225.47 ± 10.73 0.45

  Final 230.82 ± 13.58 170.06 ± 10.82 <0.01

  p-value 0.30 <0.01

TG (mg/dl)

  Baseline 282.81 ± 22.40 288.25 ± 19.04 0.38

  Final 280.88 ± 30.17 182.33 ± 18.13 <0.01

  p-value 0.41 <0.01

HDL-C (mg/dl)

  Baseline 41.73 ± 8.52 40.39 ± 7.87 0.36

  Final 42.02 ± 9.75 43.07 ± 10.03 0.44

  p-value 0.22 0.08

LDC-C (mg/dl)

  Baseline 131.26 ± 10.04 127.43 ± 14.88 0.08

  Final 132.62 ± 15.13 90.52 ± 12.40 <0.001

  p-value 0.52 <0.001

Values are expressed as mean ± SD.
MK tea: Makiang tea; TC: total cholesterol; TG: total triglyceride; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol. 

Online F
irst



 Phachonpai et al. / Journal of Applied Pharmaceutical Science 0 (00); 2023: 001-007 005

with strong antioxidant abilities. Concerning the DPPH assay 
IC50, the herbal tea made from leaves of MK showed good 
antioxidant capacity. However, IC50 values for DPPH radicals 
of MK tea were lower than Trolox (the standard antioxidant), 
suggesting that Trolox solution is a single compound serving as 
a free radical scavenger, while the MK dried leaf tea is a pool 
of polyphenolic compounds, which consists of the active and 
inactive forms leading to a masking effect on the DPPH radical 
scavenging activity. 

Multiple lines of evidence show that 
hypercholesterolemia and hypertriglyceridemia are associated 
with LDL oxidation leading to alteration of lipid metabolism 
and an elevation of lipid peroxidation, which could lead to 
enhancement of oxidative stress in dyslipidemia patients 
[28,29]. Previous studies found that the consumption of dietary 
polyphenols including tea could directly reduce the LDL-C level 
and hyperlipidemia, both effects which were associated with its 
bioactive compounds such as polyphenols, acting as protective 
agents against oxidative damage [30,31]. Correspondingly, our 
results showed that the biomarker of oxidative stress (MDA) 
was increased, and the levels of antioxidant scavenging enzymes 
(SOD, CAT, and GPx) were decreased in the control group. 
However, drinking herbal tea made from the dried leaves of 
MK can appreciably decrease TC, TG, and LDL-C and mitigate 
the MDA level but increase antioxidant enzyme activities in 
hyperlipidemia subjects. Our results are in conformity with the 
previous observational studies which reported that drinking 
tea rich in polyphenols can improve lipid profiles and reduce 
oxidative stress in dyslipidemia [32–36] and are consistent with 
several prior animal studies reporting the lipid-lowering effects 
of tea [37–39]. 

All our data confirm the hyperlipidemia effects and the 
antioxidant activity of herbal tea produced from the leaves of 
the MK plant. Unfortunately, there was no significant difference 
in the mean levels of HDL-C between the group drinking MK 
tea and the control group, indicating that MK tea has no effect 
on boosting HDL-C levels. In addition, body weights and BMI 
in both groups did not change significantly from the prestudy 
level until the end of the experiment.

It is also noteworthy that in our study, all subjects were 
instructed to maintain their former diet during the experiment 
and data revealed that the population diet did not change 
significantly during the interventional studies. Therefore, 
dietary factors could not be considered as confounding factors 
in the biological interpretation of biochemical variables.

From a review of the literature, we found that the 
possible mechanism for the hypolipidemic effects of polyphenolic 
compounds contained in tea or herbal tea decreased cholesterol 
levels by reducing cholesterol absorption in the intestine [40], 
increasing fecal lipid excretion [41], regulating fat metabolism 
[42] and preventing LDL oxidation [43]. 

The present study represents the first step in creating 
a tea product made from the dried leaves of the MK plant 
that possesses anti-hyperlipidemia effects. The possible 
mechanisms underlying the anti-hyperlipidemia effects of MK 
tea may occur via its antioxidant and free radical scavenging 
properties and by decreasing LDL oxidation. Regarding the 
limitations of this study, first, the exact mechanisms of MK 

DISCUSSION
There is no information in the literature about clinical 

trials to study the effect of herbal tea made from the dried leaves 
of MK for the management of dyslipidemia. In this trial study, 
we demonstrated that MK tea supplementation (3 g/day for 12 
weeks), a source of polyphenols, leads to a significant alteration 
in the serum lipid profile comprising TC, TG, and LDL-C, but no 
alterations were observed in HDL-C levels. This phenomenon 
seems to be related to the antioxidant activity by decreasing 
the MDA concentration and increasing the SOD, CAT, and GPx 
activities in the serum of participants with dyslipidemia. In 
addition, no adverse reactions or side effects were reported by 
subjects drinking MK tea during the study. 

Several scientific reports and ethnobotanical studies 
have demonstrated that there are many medicinal plants used 
for making tea and herbal tea [21,22]. Herbal tea contains 
several ingredients such as flavonoids, minerals, alkaloids, 
terpenoids, volatile oils, theanine, organic acids, and 
polysaccharides especially polyphenolic compounds [23,24]. 
Our study revealed that the strong antioxidant ability of herbal 
tea made from the dried leaves of MK might be associated with 
the total polyphenol and flavonoid concentrations. These results 
are consistent with prior studies reporting that there is a strong 
correlation between the antioxidant properties and the amount 
of polyphenol contents in herbal teas [25,26]. In addition, our 
results are compatible with previous work by Pokkaew et al. [27] 
who demonstrated that the methanol extract from MK leaves 
contains a large number of flavonoid and phenolic compounds 

Table 4. Comparison of serum oxidative stress biomarkers between 
two groups before and after the intervention.

Serum  
lipid profile

Group
p-valueControl group 

(n = 32)
Intervention group 

(MK tea daily; n = 32)

SOD (U/ml)

 Baseline 105.24 ± 21.89 108.05 ± 23.80 0.38

 Final 109.63 ± 22.56 148.93 ± 14.71 <0.05

 p-value 0.63 <0.05

CAT (U/ml)

 Baseline 108.71 ± 13.76 110.44 ± 11.12 0.27

 Final 113.53 ± 19.03 144.09 ± 10.54 <0.05

 p-value 0.22 <0.05

GPx (U/ml)

 Baseline 170.42 ± 28.73 175.50 ± 30.21 0.51

 Final 178.95 ± 32.52 205.09 ± 25.67 <0.05

 p-value 0.71 <0.05

MDA (nmol/ml)

 Baseline 13.17 ± 2.63 14.89 ± 3.02 0.53

 Final 14.75 ± 3.40 10.04 ± 1.38 <0.05

 p-value 0.47 <0.05

Values are expressed as mean ± SD.
MK tea: Makiang tea; SOD: superoxide dismutase; CAT: catalase; GPx: 
glutathione peroxidase; MDA: malondialdehyde.
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tea phytochemicals possibly capable of cholesterol-lowering 
effects are complex and remain unclear. For this reason, more 
research is needed to identify the precise mechanisms and 
pharmacokinetics of MK tea which are responsible for their 
cholesterol-lowering effect. Second, a crossover study is a 
better design than a parallel study to compare the effectiveness 
of novel treatments. Therefore, future research is required to 
elucidate this issue.

CONCLUSION 
This study provides evidence that drinking 3 g 

of tea made from the leaves of the MK plant per day is an 
effective supplement in lowering levels of LDL-C, TG, and 
TC. Possible underlying mechanisms are associated with its 
antioxidant effect to scavenge oxidative stress and enhance 
the activities of the three main antioxidant enzyme families, 
namely SOD, CAT, and GPX, and decrease lipid peroxidation. 
All results seem to suggest that MK tea may be a candidate 
in lipid-lowering nutraceuticals for the management of 
dyslipidemia disorders. 
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