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Abstract

Context: Cymbopogon citratus (DC.) Stapf extract (CCE), known for its anti-inflammatory and antioxidant properties, has shown potential in modulating
inflammatory pathways, which may help mitigate the progression of chronic kidney disease (CKD) stage 3.

Aims: To evaluate the effects of CCE on inflammatory markers and renal function in CKD stage 3 patients.

Methods: A randomized, double-blind, placebo-controlled trial was conducted with 64 CKD stage 3 patients. The leaves of the plant were used to prepare an
aqueous extract, which was standardized to ensure consistent quality and concentration of active constituents. Participants were randomly assigned to
receive either 900 mg of CCE daily or a placebo for 90 days. Key inflammatory markers like high sensitivity C-reactive protein(hs-CRP), interleukin-6 (IL-6),
inducible nitric oxide synthase (iNOS), transforming growth factor-beta 1 (TGF-B1), and renal function indicators like estimated glomerular filtration rate
based on creatinine-cystatin C (eGFRcr-cys), urine protein 24 hours (UP 24-h), urinary angiotensinogen (UAGT), mean arterial pressure (MAP), pulse pressure
(PP), neutrophil/lymphocyte ratio (NLR), and lymphocyte/monocyte ratio (LMR) were measured at baseline and the end of the study.

Results: CCE administration resulted in significant reductions in hs-CRP, IL-6, iINOS, TGF-B1, UAGT, UP 24-h, MAP, and PP (p<0.05), with notable improvements
in LMR between the CCE and placebo groups (p<0.05). No significant changes were observed in eGFRcr-cys, ultrasonography intrarenal resistive index, and
NLR.

Conclusions: CCE significantly reduced inflammatory markers in CKD stage 3 patients without adversely affecting renal function, suggesting its potential as a
valuable anti-inflammatory supplement for this patient population.

Keywords: anti-inflammation; chronic kidney disease; Cymbopogon citratus; lemongrass.

Resumen

Contexto: El extracto de Cymbopogon citratus (DC.) Stapf (CCE), conocido por sus propiedades antiinflamatorias y antioxidantes, ha demostrado potencial
para modular las vias inflamatorias, lo que puede ayudar a mitigar la progresion de la enfermedad renal crénica (ERC) en estadio 3.

Objetivos: Evaluar los efectos del CCE sobre los marcadores inflamatorios y la funcidn renal en pacientes con ERC en estadio 3.

Métodos: Se realizé un ensayo aleatorizado, doble ciego y controlado con placebo con 64 pacientes con ERC en estadio 3. Las hojas de la planta se utilizaron
para preparar un extracto acuoso, que se estandarizé para garantizar una calidad y concentracién constantes de los componentes activos. Los participantes
fueron asignados aleatoriamente para recibir 900 mg de CCE por dia o un placebo durante 90 dias. Los marcadores inflamatorios clave como la proteina C
reactiva de alta sensibilidad (hs-CRP), la interleucina-6 (IL-6), la éxido nitrico sintasa inducible (iNOS), el factor de crecimiento transformante beta 1 (TGF-B1)
e indicadores de la funcién renal como la tasa de filtracién glomerular estimada basada en creatinina-cistatina C (eGFRcr-cys), la proteina en orina de 24
horas (UP 24-h), el angiotensinégeno urinario (UAGT), la presién arterial media (PAM), la presidn del pulso (PP), la relacién neutrdfilos/linfocitos (NLR) y la
relacion linfocitos/monocitos (LMR) se midieron al inicio y al final del estudio.

Resultados: La administracién de CCE result en reducciones significativas en hs-CRP, IL-6, iNOS, TGF-B1, UAGT, UP 24-h, PAM y PP (p<0,05), con mejoras
notables en LMR entre los grupos de CCE y placebo (p<0,05). No se observaron cambios significativos en el eGFRcr-cys, el indice de resistencia intrarrenal por
ecografiay el NLR.

Conclusiones: El CCE redujo significativamente los marcadores inflamatorios en pacientes con ERC en estadio 3 sin afectar negativamente la funcién renal, lo
que sugiere su potencial como un valioso suplemento antiinflamatorio para esta poblacién de pacientes.

Palabras Clave: anti-inflamatorio; Cymbopogon citratus; enfermedad renal crénica; limoncillo.
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Abbreviations: CBC: Complete blood count; CCE: Cymbopogon citratus extract; CKD: Chronic kidney disease; eGFRcr-cys: Estimated
glomerular filtration rate based on creatinine-cystatin C; GFR: Glomerular filtration rate; hs-CRP: High sensitivity C-reactive protein; IL-6:
Interleukin-6; iNOS: Inducible nitric oxide synthase; LMR: Lymphocyte/monocyte ratio; MAP: Mean arterial pressure; NLR:
Neutrophil /lymphocyte ratio; PP: Pulse pressure; RCT: Randomized controlled trial; RRI: Ultrasonography intrarenal resistive index; TGF-
{1: Transforming growth factor-beta 1; UAGT: Urinary angiotensinogen; UP 24-h: Urine protein 24 hours.

INTRODUCTION

Chronic kidney disease (CKD) is a life-threatening
condition with a growing prevalence worldwide,
affecting over 10% of the global population (Kovesdy,
2022). By 2040, CKD is expected to rank as the fifth
leading cause of premature death (Foreman et al.,
2018). This high prevalence is particularly pro-
nounced in lower socioeconomic groups due to lim-
ited access to hemodialysis and kidney replacement
therapies, which are financially burdensome (Shen et
al, 2019). Although the glomerular filtration rate
(GFR) is regarded as the most accurate indicator of
kidney function, testing for GFR is often time-
consuming. Consequently, new biomarkers, such as
angiotensinogen and cystatin C, are emerging as
promising indicators, potentially detecting kidney
impairment before traditional markers (Benoit et al.,
2020; Kobori et al., 2008).

Several factors influence CKD development, in-
cluding aging, diabetes, hypertension, and dietary
habits (Hoogeveen, 2022). Low-grade chronic system-
ic inflammation has emerged as a hallmark of CKD,
contributing to disease progression and increased
mortality. This inflammatory response intensifies
with CKD progression, and its impact on patients
becomes more severe upon the initiation of hemodi-
alysis (Mihai et al., 2018). Inflammation markers such
as cytokines, chemokines, and cell adhesion mole-
cules are key players in CKD-related inflammation,
with Transforming growth factor-beta (TGF-f1) and
interleukin-6 (IL-6) being especially important
(Petreski et al., 2021). TGF-B1 is known for its role in
tissue fibrosis and immune cell regulation, while IL-6
contributes to CKD development by exacerbating
comorbidities, particularly chronic vascular disease
(Amdur et al.,, 2016; Frangogiannis, 2020; Su et al,,
2017; Tang et al., 2021). Together, these inflammatory
pathways highlight the need for therapies that ad-
dress inflammation, potentially slowing CKD pro-
gression and improving patient outcomes.

The exploration of accessible, cost-effective anti-
inflammatory treatments is particularly crucial for
CKD patients, especially in low-resource settings
where conventional treatments may not be feasible.
Complementary and alternative therapies have been
used in CKD management for many years, albeit with
mixed results (Lu et al., 2019; Xu et al., 2022; Zhao et
al., 2021). Developing affordable, plant-based thera-
pies for CKD patients in underserved populations is
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thus a significant research priority. One promising
plant for this purpose is Cymbopogon citratus (DC.)
Stapf., family Poacesze, commonly known as
lemongrass, is a tropical herb valued in ethnomedi-
cine for its anti-inflammatory, antioxidant, anticar-
cinogenic, and hypoglycemic properties (Akande et
al., 2011). Emerging studies suggest that lemongrass
could alleviate CKD symptoms, possibly due to its
antioxidant and free radical-scavenging properties
observed in animal models (Said et al., 2019).

The study of C. citratus for its anti-inflammatory
effects in CKD is particularly relevant, as its tradition-
al use in ethnomedicine for treating inflammation-
related ailments suggests that its pharmacological
properties may be well-suited to CKD’s inflammatory
component. The link between traditional plant-based
remedies and their therapeutic effects offers valuable
insight, supporting a scientific approach to evaluating
lemongrass's efficacy in CKD patients. By scientifical-
ly validating these effects, this study aims to bridge
traditional knowledge with clinical applications, po-
tentially providing CKD patients with an accessible,
plant-based anti-inflammatory option to complement
or even substitute conventional therapies.

Although there have been concerns regarding the
toxicity of lemongrass essential oil at high concentra-
tions, the extract form of C. citratus used in this study
differs from the oil, containing lower concentrations
of volatile compounds and, thus, a potentially lower
risk of toxicity. To ensure safety, this study will in-
clude a thorough assessment of the tolerability and
adverse effects of C. citratus extract (CCE) in CKD
patients. Specifically, renal and hepatic functions will
be closely monitored to establish a safe dosage for
clinical use, contributing to the understanding of both
efficacy and safety in this patient population.

In light of the potential benefits of inflammation
reduction in CKD, this study aims to investigate the
anti-inflammatory effects of CCE on inflammatory
markers, including TGF-p1, IL-6, high-sensitivity C-
reactive protein (hs-CRP), inducible nitric oxide syn-
thase (iNOS), and urinary angiotensinogen (UAGT).
Additional parameters, such as complete blood count
(CBC), estimated glomerular filtration rate using the
creatinine-cystatin C-based formula (eGFRcr-cys),
mean arterial pressure (MAP), pulse pressure (PP),
and ultrasonography intrarenal resistive index (RRI),
will also be evaluated. Moreover, inflammatory indi-
ces such as the neutrophil/lymphocyte ratio (NLR)
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and lymphocyte/monocyte ratio (LMR) will be ana-
lyzed to further elucidate the role of CCE in manag-
ing inflammation in CKD stage 3 patients. Through
this comprehensive approach, we aim to provide in-
sights into the efficacy and safety of CCE as a poten-
tial supplemental therapy for CKD, offering a natural,
accessible solution for managing inflammation in
CKD patients.

MATERIAL AND METHODS

Chemicals and instruments

The following chemicals, reagents, and kits were
used in this study like heavy metal standards as lead
(Pb), mercury (Hg), cadmium (Cd), and arsenic (As)
standards for heavy metal analysis were sourced from
Sigma-Aldrich (Merck KGaA, Germany). For micro-
biological assays, total plate count, yeast and mold,
Clostridium spp., Escherichia coli, and Salmonella spp.
assays were conducted using certified reagents from
Central Laboratory (Thailand) Co., Ltd. (Thailand),
accredited by the Ministry of Agriculture and Coop-
eratives, Thailand. For High-Performance Liquid
Chromatography-Diode Array Detection and Mass
Spectrometry (HPLC-DAD/MS), the Agilent Tech-
nologies 1260 Infinity HPLC-DAD system (Agilent
Technologies, USA) was used for compound identifi-
cation and quantification, specifically to detect rutin
as a quality control marker. For ELISA kits for in-
flammatory marker analysis, hs-CRP was measured
with an immune-turbidimetric assay principle using a
test reagent kit on the MAGLUMI 600 automatic im-
munoassay analyzer (Snibe Diagnostics, China), IL-6
was measured using an enzyme-linked immuno-
sorbent assay (ELISA) with standard biochemical
principles, also with the MAGLUMI 600 immunoas-
say system. Urinary angiotensinogen (UAGT) level
was measured with a sandwich enzyme immunoas-
say kit from Cloud-Clone Corp. TGF-p1 concentration
was evaluated using the Quantikine™ ELISA kit from
PharmPak (R&D Systems™, USA), and iNOS was
calculated by mean total nitric oxide and ni-
trate/nitrite assay kit from PharmPak (R&D Sys-
tems™, USA). For urinary biomarker assays, UAGT
was measured using a human-specific sandwich en-
zyme immunoassay kit, serial no. 560E557A0C, from
Cloud-Clone Corp. (USA), urine TGF-p1 was quanti-
fied with Quantikine™ ELISA kit (Catalog
#PDB100C) from PharmPak, R&D Systems™ (USA),
and urinary iNOS was measured using the total nitric
oxide and nitrate/nitrite assay kit (Catalog
#PKGEO001) by PharmPak, R&D Systems® (USA).

Detection instruments were used for assays for
urinary biomarkers and were performed according to
the manufacturer’s protocol using the Sunrise™
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TECAN microplate reader (TECAN, Switzerland).
Immunoassay analyzer MAGLUMI 600 (Snibe Diag-
nostics, China) was used for hs-CRP and IL-6 meas-
urements, employing immune-turbidimetric and
ELISA principles respectively. Ultrasound Equipment
like the Toshiba Aplio™ 500 ultrasound machine
(Toshiba Medical Systems, Japan) was used for renal
resistive index (RRI) assessments. CBC Analyzer like
Sysmex XN-1000™ automated hematology analyzer
(Sysmex Corporation, Japan) was utilized for calculat-
ing inflammation-based indices (NLR and LMR).

Plant material

The plant used in this study was cultivated and
collected in the Nakornluang district of Ayutthaya
province, Thailand, with GPS coordinates provided as
14°27'51"N 100°36'20"E. The collection occurred in
March 2022. A certified taxonomist determined and
authenticated its botanical identity, and a voucher
specimen has been deposited in the Herbarium of the
Department of Thai Traditional and Alternative Med-
icine, Ministry of Public Health, Thailand, under reg-
istration number TTM No. 0005470. Only the leaves of
the plant were used in this study.

Preparation of the investigation products

The extraction was conducted using the boiling
method (Somparn et al.,, 2018), yielding a 2.0% water
extract. The CCE was encapsulated into hard gelatin
capsules, each containing 450 mg, and packaged in
sets of 10 capsules per panel. In contrast, the placebo
capsules were made from starch, flavored with CCE
essence, and devoid of CCE components. Both the
CCE and placebo capsules were produced in a factory
(Thai - China Flavours and Fragrances Industry Co.,
Ltd) adhering to GMP and GHPP standards (WHO,
2018).

Quality control of extract for clinical trial

Quality Control of the Extract: The standardized C.
citratus extract used in this clinical trial was prepared
according to the Thai Herbal Pharmacopoeia (2020)
standards. Quality control analysis included testing
for heavy metal contaminants —specifically lead (Pb),
mercury (Hg), cadmium (Cd), and arsenic (As)—to
ensure safety. Microbiological assessments were con-
ducted, covering total plate count, yeast and mold,
Clostridium spp., Escherichia coli, and Salmonella spp.
All analyses were performed by the Central Laborato-
ry (Thailand) Co., Ltd., accredited by the Ministry of
Agriculture and Cooperatives, Thailand.

Additionally, quality control markers were as-
sessed using HPLC-DAD/MS. The detection wave-
length was optimized to monitor multiple wave-
lengths simultaneously, enabling precise compound
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identification. The results indicated that each 450 mg
capsule contained 0.87 mg of rutin, confirmed by
peak spectrum and retention times, providing a relia-
ble marker for extract standardization.

Study design and setting

This study was a double-blind, randomized con-
trolled trial (RCT) carried out from June 2022 to 2023
at the Nephrology outpatient department of
Phramongkutklao Hospital in Thailand. The trial was
approved by the ethics committee under protocol No.
Q004h/64 of the Institutional Review Board of the
Royal Thai Army Medical Department (IRB RTA) and
was conducted in compliance with the Declaration of
Helsinki. The trial was registered with the Thai Clini-
cal Trials Registry (TCTR), under identification num-
ber TCTR 20230720001.

Participants

The sample size was determined using the
G*Power program, referencing an effect size of 0.8
from a previous study (Reddy et al., 2015), indicating
a large effect size based on Cohen’s d values (Cohen,
2013; Kim, 2015). Utilizing a formula designed for a
two-group comparison and considering a statistical
error (a-error) of 0.05 with a power of 0.9, the re-
quired sample size was established. Each group need-
ed a minimum of 28 participants. To accommodate
potential dropouts, an additional four participants
were added to each group, bringing the total to 64
participants, with 32 in each group. Participants who
met the inclusion criteria were randomized using the
block of four methods, adhering to the principle of
allocation concealment, consistent with standardized
randomization procedures. The participants were
then divided into two groups in a 1:1 ratio. Inclusion
criteria specified that participants had to be patients
diagnosed with stage 3 chronic kidney disease, re-
gardless of gender, aged between 35-85 years, and
with an eGFR ranging from 30-59 mL/min/1.73 m?2
Participants were recruited from the Nephrology
outpatient department at Phramongkutklao Hospital
in Thailand. Exclusion criteria encompassed patients
with diabetes mellitus, any stage of malignant dis-
ease, severe congestive heart failure, liver disease,
chronic systemic infections, systemic lupus erythema-
tosus, those undergoing treatment with immunosup-
pressive or corticosteroid agents, alcohol dependents,
those in the pregnancy or lactation phase, and those
allergic to CCE.
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Interventions

Participants who met the inclusion criteria were
randomized using the block of four methods, adher-
ing to the principle of allocation concealment, con-
sistent with standardized randomization procedures
(Vickers, 2006). The participants were subsequently
divided into two groups in a 1:1 ratio. The experi-
mental group was administered two capsules, each
containing 450 mg of CCE, before lunch for 90 days.
Concurrently, the control group received equivalent
placebo capsules for the same duration. Throughout
the study, all participants consistently received their
standard, conventional treatments.

Outcome measures

To assess the effects of CCE (900 mg/day) treat-
ment compared to a placebo, blood and urine samples
were collected from participants at two intervals: day
0 (pre-treatment) and day 90 (post-treatment). All
patients from both groups underwent tests to meas-
ure key indicators of anti-inflammatory activity relat-
ed to kidney function. Primary outcome measures
included hs-CRP, IL-6, iNOS, TGF-1, and UAGT.
Secondary outcome measures encompassed ultraso-
nography examination, RRI, eGFRcr-cys, CBC, 24-
hour urine protein (UP 24-h) assessment, MAP, PP,
and inflammation-based indices such as the NLR and
LMR.

Laboratory investigation

In the study, various diagnostic tests and evalua-
tions were conducted to understand the effects and
outcomes of different treatments. Serum inflammato-
ry biomarkers were assessed by measuring concentra-
tions of hs-CRP through immune-turbidimetric prin-
ciples and IL-6 using an ELISA kit in line with stand-
ard biochemical principles. The MAGLUMI 600, pro-
vided by Snibe Diagnostics, facilitated these automat-
ic immunoassay analyses. For urinary inflammatory
markers, 24-hour urine samples were collected from
patients to measure UAGT levels using a sandwich
enzyme immunoassay kit from Cloud-Clone Corp.
Additionally, urine TGF-f1 concentrations were eval-
uated using the Quantikine™ ELISA kit from
PharmPak, R&D Systems™, and urinary iNOS was
measured using the total nitric oxide and ni-
trate/nitrite assay, also from PharmPak, R&D Sys-
tems®. All biomarker detection in urine followed the
manufacturer's protocol, utilizing the Sunrise™
TECAN microplate reader. For the assessment of RRI,
the Toshiba Aplio™ 500 ultrasound machine was
employed. RRI values were computed using the for-
mula RRI = (PSV - EDV)/PSV, averaging three read-
ings from different sections of each kidney (Toledo et
al., 2015). The overall RRI used for analysis was the
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Figure 1. Flow chart of the study.

average of both kidneys. Inflammation-based indices
(IBIs) were explored to predict the trend in CKD pa-
tients after a 90-day CCE treatment. Indices such as
NLR and LMR were derived from CBC components.

Vascular health was examined through MAP and
PP; MAP represents the average arterial pressure
throughout a cardiac cycle and is calculated as MAP =
DBP + 1/3(SBP - DBP) (Kiers et al.,, 2008). PP, the
difference between systolic and diastolic blood pres-
sures, is given by PP = SBP - DBP (Fischer et al,,
2014). Lastly, the eGFR was estimated using the 2021
CKD-EPI creatinine-cystatin C (CKD-EPI eGFRcr-cys)
equation (Inker et al., 2011; Peralta et al., 2011; Stevens
et al., 2008), which integrates creatinine and cystatin C
readings for enhanced accuracy over equations based
solely on individual markers. The equation used was
detailed with specific factors and constants for accu-
racy (Inker et al., 2012; Ucucu and Serin, 2022).

Statistical analysis

Data were analyzed using the Statistical Package
for the Social Sciences (SPSS) software, version 25.0
(SPSS Inc.). Quantitative data were presented as mean
* standard deviation and were compared between
groups using the independent samples t-test. Varia-
tions in data from pre-treatment (day 0) to post-
treatment (day 90) following CCE administration
were assessed within groups using the paired sam-
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ples t-test. All tests were two-sided, and p-values of
0.05 or less were considered statistically significant.

RESULTS

Baseline data of patients

Fig. 1 shows the flow chart of the selection and al-
location of participants with non-diabetic CKD stage 3
throughout the study. A total of 1,119 patients were
eligible for inclusion in this study; however, 1,055
patients were excluded. Consequently, 64 patients
were included and allocated to the CCE group (n =
32) and the placebo group (n = 32) through randomi-
zation. Three patients dropped out of the study: two
from the CCE group and one from the placebo group.
Therefore, the data analysis was conducted with 61
participants: 30 in the CCE group and 31 in the place-
bo group.

Table 1 presents the baseline demographic and
clinical characteristics of the participants, expressed
as mean * SD values and percentages. There were no
significant differences between the groups in terms of
demographic and clinical baselines, including gender,
age, and body size categories determined by BMI,
inflammatory markers, MAP, PP, RRI, NLR, LMR,
and blood and urine parameters. This ensures the
homogeneity of the groups at the beginning of the
study.
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Table 1. Baseline characteristics of patients with non-diabetic CKD stage 3.

Cymbopogon citratus extract for inflammation in CKD stage 3

Group
Characteristic p-value
CCE (n=30) Placebo (n=31)
Age (n, %) 0.71
<60yr. 7(23.3) 6(19.4)
260 yr. 23(76.7) 25 (80.6)
Body size categories by BMI 0.45
Normal (n, %) 11(36.7) 8(25.8)
Obesity (n, %) 11(36.7) 10(32.2)
Overweight (n, %) 7(23.3) 7(22.6)
Underweight (n, %) 1(3.3) 6(19.4)
MAP (mmHg) 94.45+11.11 94.01+11.33 0.87
PP (mmHg) 52.46 +17.27 51.41+13.56 0.79
eGFRcr-cys (mL/min/173 m?) 43.30+8.61 40.03+8.50 0.14
hs-CRP (mg/L) 2.07+2.16 2.41+£2.95 0.61
IL-6 (pg/mL) 4.80+2.95 4.97+3.22 0.83
TGF-B1 (pg/mL) 95.82+6.99 93.90+5.79 0.24
iNOS (umol/L) 341.88 £259.70 304.44 +188.96 0.52
UAGT (ng/mL) 14.86 £9.80 14.58 +7.88 0.90
Urine protein 24 h. (mg/d) 169.33+76.87 164.83 +82.05 0.82
Inflammation-based indexes (IBls)
NLR 1.86+0.80 1.99+0.59 0.46
LMR 5.11+1.93 5.03+1.08 0.85
Ultrasonography of renal resistive index
RRI 0.68+0.19 0.65+0.60 0.47

Results are expressed as mean + standard deviation, (%), statistically independent sample t-test between groups, and significant difference (p=<0.05).

CCE: Cymbopogon citratus extract; MAP: Mean arterial pressure; PP: Pulse pressure; eGFRcr-cys: Estimated glomerular filtration rate based on

creatinine-cystatin-C; IBls: Inflammatory-based indices; NLR: Neutrophil/lymphocyte ratio; LMR: Lymphocyte/monocyte ratio; IL-6: Interlukin-6; TGF-1:
Transforming growth factor-beta 1;iNOS: Inducible nitric oxide; UAGT: Urinary angiotensinogen; RRI: Renal resistive index; BMI: Body mass index.

Table 2. The comparison of hs-CRP and IL-6.

Time
Parameter Group ?p-value
Pre-treatment Post-treatment
hs-CRP CCE 2.07+2.16 1.17+1.10 0.00*
(mg/L) Placebo 2.4142.95 3524354 0.05*
bp-value 0.61 0.00*
IL-6 CCE 4.80+£2.95 2.71+1.61 0.00*
(pg/mL) Placebo 4974322 6.45+5.26 0.05*
bp-value 0.83 0.00*

Results are expressed as mean + standard deviation (n for CCE = 30, and placebo = 31), *p-value; statistic pair t-test measurement within groups, ®p-value; statistical
independent sample t-test between groups, *p<0.05 statistically significant difference. CCE: Cymbopogon citratus extract; hs-CRP: high sensitivity C-reactive protein;
IL-6: interleukin-6.
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Effect of Cymbopogon citratus extract on hs-CRP
and IL-6

Table 2 presents the levels of hs-CRP and IL-6 in
the CCE and placebo groups at different time points.
In the CCE group, there was a statistically significant
decrease in hs-CRP levels from 2.07 + 216 mg/L to
117 + 1.10 mg/L (p<0.01). In contrast, the placebo
group showed a statistically significant increase in hs-
CRP levels from 2.41 £ 2.95 mg/L to 3.52 + 3.54 mg/L
(p=0.05). Moreover, post-treatment data revealed that
hs-CRP levels were significantly lower in the CCE
group compared to the placebo group (p<0.01). Con-
sistent with the hs-CRP results, IL-6 levels in the CCE
group also significantly decreased from 4.80 + 2.95
pg/mL to 2.71 £ 1.61 pg/mL (p<0.01). Furthermore,
when comparing the groups post-treatment, IL-6 lev-
els in the CCE group were significantly lower than
those in the placebo group.

Effect of Cymbopogon citratus extract on
inflammatory marker in urine transforming growth
factor-betal (TGF-f1) and urine inducible nitric
oxide synthase (iNOS)

Table 3 presents the levels of urine TGF-B1 and
iNOS. The findings indicated that TGF-P1 levels sig-
nificantly decreased in the CCE group (p<0.01) from
95.82 £ 6.99 pg/mL at baseline to 90.06 + 3.78 pg/mL,
while they significantly increased in the placebo
group (p<0.01). Additionally, the iNOS level notably
decreased from 341.88 + 259.70 pmol/L at baseline to
247.31 + 234.20 umol/L in the CCE group, whereas
the level of iNOS extensively increased in the placebo

Cymbopogon citratus extract for inflammation in CKD stage 3

group (p<0.01). By the end of the study, significant
differences in TGF-P1 and iNOS levels were observed
between the groups (p<0.01, p=0.02). The results
demonstrated that the UAGT levels in the CCE group
significantly decreased from 14.86 + 9.80 ng/mL at
baseline to 11.05 £ 5.51 ng/mL (p=0.01). Compared to
the placebo group, the UAGT levels showed a signifi-
cant difference in post-treatment (p<0.01). Additional-
ly, the UP 24-h period significantly decreased in the
CCE group from 169.33 = 76.87 to 135.00 + 92.42
(p=0.05), although the difference between the groups
was not statistically significant.

Effect of Cymbopogon citratus extract on RRI

Table 4 presents the RRI values for both groups.
The results indicate that the RRI remained consistent
with baseline values in both groups. Upon compari-
son between the groups, there was no significant dif-
ference in the RRIL

Effect of Cymbopogon citratus extract on MAP and
PP

The results for MAP and PP revealed a significant
decrease in the CCE group. The baseline MAP de-
creased from 94.45 = 11.11 mmHg to 87.41 + 10.22
mmHg (p<0.01), and the baseline PP decreased from
52.46 + 17.27 mmHg to 47.13 + 14.58 mmHg (p<0.01).
In contrast, the MAP and PP values in the placebo
group did not show a statistically significant differ-
ence when compared to the baseline values. Addi-
tionally, no significant statistical difference was ob-
served between the two groups, as shown in Fig. 2.

Table 3. The comparison of urine TGF-B1, iNOS, UAGT, and urine UP 24-h.

Parameter Group Time ?p-value
Pre-treatment Post-treatment

TGF-B1 CCE 95.82 +6.99 90.06 +3.78 0.00"

(pg/mL) Placebo 93.90+5.79 97.42+6.65 0.00
bp-value 0.24 0.00*

iNOS CCE 341.88 +259.70 247.31+234.20 0.01°

(umol/L) Placebo 304.44 + 188.96 408.66 +285.39 0.01°
bp-value 0.52 0.02*

UAGT CCE 14.86 +9.80 11.05+5.51 0.01°

(ng/mL) Placebo 14.58+7.88 17.45+7.55 0.15
bp-value 0.94 0.00*

UP24-h CCE 169.33 + 76.87 135.00 +92.42 0.05"

(mg/d) Placebo 164.83+82.05 168.38 + 94.87 0.87
bp-value 0.82 0.16

Results are expressed as mean + standard deviation (n for CCE = 30, and placebo = 31), ?p-value; statistic pair t-test measurement within groups, °p-
value; statistical independent sample t-test between groups. *p=<0.05 statisticaly significant difference. CCE: Cymbopogon citratus extract; TGF-B1:
Transforming growth factor-beta 1; iNOS: Inducible nitric oxide; UAGT: Urinary angiotensinogen; UP 24-h: Urine protein 24 hour.

https://jppres.com

J Pharm Pharmacogn Res (2025) 13(3): 898


https://jppres.com/

Wongmanit et al.

Table 4. The comparison of renal resistive index ultrasonography.

Cymbopogon citratus extract for inflammation in CKD stage 3

Time
Parameter Group 2p-value
Pre-treatment Post-treatment
Renal resistive index (RRI) CCE 0.68+0.19 0.66 +0.06 0.47
Placebo 0.65+0.06 0.65+0.06 0.52
bp-value 0.31 0.74

Results are expressed as mean + standard deviation (n for CCE = 30, and placebo = 31), *p-value statistic pair t-test measurement within group, °p-value

statistical independent sample t-test between groups, *p=<0.05 statistically significant difference. CCE: Cymbopogon citratus extract.
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Figure 2. The comparison for MAP and PP.

(A) mean arterial pressure (MAP) and (B) pulse pressure (PP).

Results are expressed as mean + standard deviation (n for CCE = 30, and placebo = 31); °p-value
statistic pair t-test measurement within group, *p-value; statistical independent sample t-test
between groups. *p=<0.05 statistically significant difference.
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Table 5. The comparison of estimated eGFRcr-cys.

Time
Parameter Group 2p-value
Pre-treatment Post-treatment
eGFRcr-cys (mL/min/173 m?) CCE 43.30+8.61 40.03 +8.50 0.22
Placebo 40.03+8.50 36.64 £8.83 0.00*
bp-value 0.14 0.02-

Results are expressed as mean + standard deviation (n for CCE = 30, and placebo = 31); °p-value; statistic pair t-test measurement within groups, ®p-value; statistical

independent sample t-test between groups; *p<0.05 statistically significant difference. CCE: Cymbopogon citratus extract; eGFRcr-cys: estimated glomerular

filtration rate based on creatinine-cystatin-C.

Effect of Cymbopogon citratus extract on the
eGFRcr-cys

The eGFRcr-cys, based on a combination of creati-
nine and cystatin C, serves as an indicator of kidney
function (Fan et al., 2014; Inker et al., 2021). As dis-
played in Table 5, the eGFRcr-cys in the CCE group
did not show a significant difference between pre-
treatment and post-treatment. In contrast, the placebo
group exhibited a significant decrease from a baseline
of 40.03 £ 850 mL/min/173 m? to 36.64 + 8.83
mL/min/173 m? (p<0.01). When comparing the two
groups, there was a significant difference in eGFRcr-
cys values (p=0.02).
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Exploring the inflammation-based indices (IBIs) on
Cymbopogon citratus extract

The inflammation-based indices, NLR and LMR,
were evaluated post-treatment with CCE. The results
indicated that the NLR remained unchanged from the
baseline, and there were no significant differences
between the groups. The LMR value in the CCE
group significantly increased from a baseline of 5.11 +
1.93 to 5.72 £ 1.75 (p=0.02). There was a significant
difference between the groups (p=0.01), as shown in
Fig. 3.
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Figure 3. Comparison of the inflammation-based indices.
(A) Neutrophil/lymphocyte ratio (NLR); (B) lymphocyte/monocyte ratio (LMR).

Results are expressed as mean + standard deviation (n for CCE = 30, and placebo = 31), *p-value statistical pair t-test
measurement within groups; ®p-value statistical independent sample t-test between groups; *p<0.05 statistically

- LGE
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DISCUSSION

Chronic systemic inflammation significantly con-
tributes to the progression of CKD (Petreski et al.,
2021). The renin-angiotensin-aldosterone system
(RAAS), pivotal in cardiovascular regulation, also
plays a central role in kidney function and has been
linked to inflammation and profibrotic effects (Fer-
rario and Strawn, 2006; Pacurari et al., 2014). RAAS
peptides, derived from angiotensinogen (AGT)
(Ekholm and Kahan, 2021; Mezzano et al., 2001), have
shown potential in slowing CKD progression by
blocking its end product, angiotensin Il (Ang II)
(Deng et al., 2010). Given this, exploring innovative
approaches to retard CKD progression has become
paramount. Notably, no prior studies have investigat-
ed the anti-inflammatory impacts of CCE on stage 3
CKD patients.

Our study assessed the influence of CCE on sever-
al biochemical and inflammatory markers. We ob-
served a significant reduction in UAGT levels in the
CCE group, suggesting that CCE may decelerate CKD
onset by decreasing UAGT levels, although it showed
no influence on renal function. This aligns with re-
search revealing heightened RAAS activity in chronic
kidney failure and increased AGT production in rats
with significant proteinuria (Gociman et al., 2004;
Largo et al, 1999; Mackie et al, 2001; Tank et al,
1996). Our findings on urine protein reduction in the
CCE group correlate with prior research, suggesting
that proteinuria reduction protects against complica-
tions in advanced-stage CKD. Ang II induces pro-
teinuria and directly stimulates the production of
TGF-PB1 and reactive oxygen species (Macconi et al.,
2014). At the end of treatment, urinary TGF-{31 levels
were significantly reduced in the CCE group. Sup-
porting our study, CCE water extract was found to
contain the phenolic compound rutin (Somparn et al.,
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2018), which, when administered orally, could reduce
proteinuria and TGF-1 (Han et al., 2015).

Recent studies have highlighted that elevated IL-6
levels can exacerbate cardiovascular disease in CKD
patients (Batra et al., 2021) and contribute to juvenile
CKD anemia (Akchurin et al., 2019). Hence, targeting
IL-6 for anti-inflammatory purposes could be advan-
tageous for CKD patients. Our results revealed that
CCE effectively lowered IL-6 levels, which are pre-
dominant in CKD patients, and substantially reduced
hs-CRP levels compared to the placebo group. Similar
observations found that turmeric could reduce in-
flammatory markers like hs-CRP, IL-6, and TNF-a in
hemodialysis patients (Samadian et al., 2017). Cyto-
kines can augment the transcription of the iNOS gene,
catalyzing NO production (Forstermann and Sessa,
2012). The role of iNOS-produced nitric oxide in exac-
erbating inflammation has been previously reported
(Korhonen et al., 2005; Wang et al., 2000). Our data,
supported by other findings, accentuate the potential
of CCE extract polyphenols in attenuating cytokine
production (Bachiega and Sforcin, 2011; Francisco et
al., 2013). Our ultrasonography results indicated a
trend in RRI value reduction, though it was not statis-
tically significant. Elevated RRI values have been
associated with CKD progression and acute kidney
damage (Kim et al., 2017), with RRI = 0.80 being pre-
dictive of renal disease progression and mortality
(Radermacher et al., 2002).

Furthermore, our results suggest that CCE might
help decrease blood pressure, given the observed
significant reductions in MAP and PP levels in the
CCE group. Current guidelines cite MAP > 65 mmHg
as a critical threshold (Asmar et al., 2001; Fernandez-
Fresnedo et al.,, 2006; Maheshwari et al., 2018). The
eGFRcr-cys equation is utilized for GFR. This com-
bined approach offers a more detailed assessment of
kidney function compared to using either creatinine
or cystatin C individually (Khalid et al., 2020). While
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our study showed no marked change in eGFRcr-cys
levels in the CCE group, this is consistent with prior
research indicating that intake of C. citratus leaf infu-
sions over a period of 10 days does not influence
eGEFR fluctuations (Ekpenyong et al., 2015).

Our univariate analysis of the IBIs indicated no
significant pre-post treatment difference in the NLR
value in the CCE group compared to the placebo
group. However, the LMR value showcased a signifi-
cant increase. Existing research sets of IBls as the po-
tential predictor of renal function and CKD prognosis.
In line with our results, patients with lupus nephritis
displaying poorer prognoses had significantly higher
NLR and lower LMR values (Xue et al., 2022). In-
creased LMR has been associated with survival in
hematological malignancies (Wu et al., 2017).

Conclusively, our data suggests that CCE might
prevent the inflammation-associated progression of
CKD. However, this study did not encompass a fol-
low-up period longer than three months and involved
a relatively small sample size. These may be consid-
ered limitations. Consequently, future research
should focus on multicenter trials with larger sample
sizes and extended treatment durations to further
validate long-term efficacy.

CONCLUSION

The ingestion of CCE can reduce inflammatory
markers such as TGF-p1, IL-6, hs-CRP, iNOS, and
UAGT, and it is also associated with an increased
LMR score. Additionally, parameters related to kid-
ney function that also involve inflammation, such as
UP 24-h, MAP, and PP, were reduced after treatment
with CCE. However, CCE showed no adverse effects
on eGFRcer-cys, NLR, and ultrasonography RRI. CCE
could be considered an effective anti-inflammatory
supplement for CKD patients.
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