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Abstract
 Cymbopogon citratus, commonly known as lemongrass, is a 

tropical herb used in worldwide traditional medicine for centuries. 
Studies previously conducted by our team demonstrated its 
antioxidant and anti-inflammatory effects, and recently, the anti-
inflammatory potential was also observed in vivo. However, little 
is known about its pharmacokinetics. The current study aimed at 
obtaining, for the first time, the pharmacokinetic profile of lemongrass 
infusion after a single dose oral administration to rats.

 All in vivo experimental procedures were approved by 
the Portuguese Veterinary General Division. Male Wistar rats were 
administered with a single oral dose of lemongrass infusion (68.24 
mg/kg) and aliquots of plasma were collected at 0.5, 1, 1.5, 2, 4, 8, 
12 and 24 h post-dosing. Liver and kidney samples were collected 
at 1, 2, 4, 8 and 24 h post-dosing. Plasma and tissues homogenates 
were processed and luteolin (LUT), luteolin 7-O-glucuronide (L7G), 
chrysoeriol (CHR), diosmetin (DIO) and luteolin 3’-O-sulphate 
(L3’S) were quantified employing a RP-HPLC-DAD method. The 
mean concentration-time profiles obtained were analyzed by a non-
compartmental pharmacokinetic analysis using the WinNonlin®.

 The pharmacokinetic studies revealed the presence of 
LUT, L7G, CHR, DIO and L3’S. L7G and L3’S were rapidly detected, 
with maximum plasma concentrations at 30 min after oral 
administrations. The concentration-time profile of liver samples 
evidenced compounds undetected in plasma: LUT, CHR and DIO. L7G, 
CHR and L3’S were detected in the liver from the first hour and stayed 
in the tissue until at least 24h.The kidney concentration-time profile 
revealed the presence of the same compounds detected in plasma.

 The pharmacokinetic analysis showed that the compounds 
present in lemongrass infusion are not present in plasma, liver or 
kidneys. On the other hand, L7G and L3’S were the major metabolites 
found in plasma and tissues, suggesting that lemongrass polyphenols 
are promptly metabolized in vivo and their metabolites may be the 
ones responsible for the anti-inflammatory activity of C. citratus, 
when orally administered.
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Introduction 
 Cymbopogon citratus (DC.) Stapf is a tropical herb of 
the Poaceae family from Southeast Asia, commonly known as 
lemongrass. Studies previously conducted demonstrated its 
hypoglycemic, hipolypidemic, anxiolytic, sedative, antioxidant and 
anti-inflammatory effects [1–5]. Some researchers have studied 
diverse-origin samples of lemongrass regarding their phenolic 
composition and antioxidant and anti-inflammatory properties 
[6–9]. In the past years, the phenolic composition of lemongrass 
infusion was described: 3-feroylquinic acid, neochlorogenic 
acid, chlorogenic acid, p-coumaric acid, carlinoside, 
isoschaftoside, isoorientin, cynaroside, veronicastroside, luteolin 
7-O-neohesperidoside, kurilensin A and cassiaoccidentalin B 
[10]. We also demonstrated that flavonoids, such as luteolin 
and apigenin glycosides, and tannins strongly contributed to 
antioxidant and anti-inflammatory properties of an essential oil-
free infusion from lemongrass [6,11–15]. Very recently, the anti-
inflammatory and analgesic potential of lemongrass infusion was 
also revealed in vivo by our research group [16]. These activities 
were ascribed tomono- and polymeric flavonoid-enriched 
fractions of the crude extract, in which flavones O- and mainly 
C-glycosides and flavanic tannins, respectively, were identified, 
suggesting, therefore, a straight relationship between these 
phenolic compounds and their properties aforementioned. 

 Biological effects of flavonoids imply them to be 
bioavailable and to effectively reach target tissues. Thus, a 
number of studies have been conducted in order to investigate 
the metabolism of naturally occurring flavonoids, focusing 
particularly on the role of the gut microflora in the metabolic 
transformation of flavonoids [17,18]. Accordingly, following the 
ingestion of flavonoid O-glycosides and before their intestinal 
absorption, the corresponding sugar moieties (as in quercetin 
3-O-glucoside) are cleaved from the phenolic backbone by 
enzymes expressed at the enterocyte membrane such as lactase 
phlorizin hydrolase (LPH) or cytosolic enzymes such as Beta-
glucosidase (CBG), which hydrolyze glycosylated flavonoids, 
allowing the formed aglycones to enter epithelial cells by passive 
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diffusion [19]. However, flavonoids linked to a rhamnosemoiety 
must reach the colon to be hydrolyzed by the α -rhamnosidases 
secreted by the colon microbiota (as Bifidobacterium dentium), 
in order to be absorbed [18]. Once the final derivative or 
theaglycone have been absorbed, they suffer phase II metabolism 
at enterocyte level; these reactions include methylation at C3’ or 
C4’ by catechol-O-methyltransferase (COMT), sulfation at C3’, C4’, 
C5, or C7 by sulfotransferases (SULT) and/or glucuronidation by 
UDP-glucuronosyltransferases. Afterwards, these products enter 
the blood stream by the portal vein, reaching the liver, where they 
may be subjected to more phase II metabolism, hence becoming 
conjugated and transported to the bloodstream again until they 
are secreted in urine [20–22]. Some of the liver conjugates are 
then excreted as bile components and back into the intestine 
(enterohepatic recirculation), while deconjugated compounds are 
regenerated by gut microbial enzymes before being reabsorbed 
again [23]. The unabsorbed metabolites are eliminated via faeces. 
All these conjugation mechanisms are highly efficient, and free 
aglycones are generally absent or present in low concentrations 
in plasma after nutritional doses [18].

 In opposition, few studies have been performed 
regarding the absorption, tissue distribution, metabolism 
and excretion of flavone C-glycosides [24,25] in spite of the 
importance of the biodisposition of flavone C-glycosides after 
oral administration, which determines their potential benefit 
in pharmacotherapy or nutrition. In addition to the structural 
and physico-chemical attributes of the parent compounds, 
their pharmacokinetics is essential because determines their 
biological effects. However, the current understanding of 
absorption and biodisposition is limited to a small number of 
dietary flavonoids and few studies referred to the metabolism of 
flavone C-glycosides [26–28]. A single oral dose administration of 
a Crataegus crude extract evidenced that only the intact forms of 
vitexin O-glucoside and O-rhamnoside were detected in plasma, 
tissues, urine and bile and that deconjugation of C-glycosylflavone 
was not a prerequisite for its absorption in rats [27]. Similarly, 
when orally administered, puerarin, another C-glycosyl flavone, 
was also rapidly absorbed from the intestine without being 
previously metabolized [29]. High recovery of administered 
vitexin 4’’-O-glucoside and 2’’-O-rhamnoside in faeces indicated 
that the efficient absorption of these molecules from the gastro-
intestinal tract of rats was low. In fact, it was reported that 
vitexin 2’’-O-rhamnoside has limited gastrointestinal absorption 
with an oral bioavailability of only 3.57% [28,30]. A recent 
work investigated the pharmacokinetic and excretion profile 
of Swertia pseudochinensis extract after its oral administration 
to rats and determined three secoiridoid glycosides and three 
flavonoid glycosides in plasma, bile, urine and faeces [25]. This 
study also found that, although both groups of components 
rapidly achieved the maximum peak concentration in plasma 
(Cmax) with a corresponding time to reach Cmax(Tmax) between 10 
and 40 min, the bioavailability of the secoiridoid glycosides was 
significantly higher than that of the flavonoid glycosides and the 
elimination half-life (T1/2) ranged from 58.4 to 263.0 min. These 
results demonstrated that both the absorption and elimination 
processes of all analytes were fast, and mainly by urine excretion.

 The objective of the current study was to investigate, 
for the first time, the pharmacokinetic profile of phenolic acids 
and flavonoids in rats after oral administration of a single dose 
of C. citratus infusion which has very recently revealed anti-
inflammatory activity in vivo [16].

Materials and Methods
Chemicals and drugs

 Isovitexin (ISV), isoorientin (ISO), luteolin (LUT), 
luteolin 7-O-glucuronide (L7G), chrysoeriol (CHR) and diosmetin 
(DIO) were purchased from Extrasynthese® (Lyon, France). Caffeic 
acid (CAF) and p-coumaric acid (COU) were acquired from Sigma-
Aldrich® (St. Louis, MO, USA). Rutin (RUT), sodium chloride, 
potassium chloride, disodium phosphate, monopotassium 
phosphate, formic acid, acetone, n-hexane andmethanol (HPLC 
gradient grade) were purchased from Merck® (Darmstadt, 
Germany). Ultra-pure water (HPLC grade>18 M; homemade) was 
prepared by means of a MilliQ water apparatus from Millipore® 
(Milford, MA, USA). Isoflurane (Isoflo®) was acquired to Siloal, 
S.A.

Plant Material and Extraction

 Dry leaves of Cymbopogon citratus were acquired from 
Ervital® (Mezio, Castro Daire, and Portugal). Cymbopogon citratus 
was bred in the region of Mezio, Castro Daire (Portugal) anda 
voucher specimen was deposited in the Herbarium of Aromatic 
and Medicinal Plants of the Faculty of Pharmacy – University 
of Coimbra (A. Figueirinha 0109). The identity of the plant was 
confirmed by J. Paiva (Life Sciences Department, University of 
Coimbra, Portugal). 

 A lipid- and essential oil-free infusion was prepared as 
previously described [6]. The infusion was obtained by adding 
150 mL of boiling water to 5 g of powdered plant material, the 
mixture being kept hot and left to stand for 15 min. The extract 
was then washed with n-hexane (1:1) three times to eliminate the 
lipophilic compounds and filtered under vacuum, concentrated in 
a rotavapor and freeze-dried. This freeze-dried extract (CcI) was 
kept at -40ºC, until further use.

In vivo pharmacokinetic studies

 All the animal experiments were conducted in 
accordance with the European Directive (2010/63/EU) for 
animal experiments and approved by the Portuguese Veterinary 
General Division.

 Adult male Wistar rats (330-380g) were obtained 
from Charles River (Barcelona, Spain), maintained under 
controlled environmental conditions (temperature 20 ± 2 ºC; 
relative humidity 55 ± 5%; 12 h light/dark cycle)and receiving 
a standard rodent diet (4RF21, Mucedola®, Italy) during almost 
all experimental procedures and tap water ad libitum. At the 
night before CcI administration, animals were anesthetized with 
isoflurane and their lateral tail vein was cannulated by inserting 
the Introcan® Certo IV indwelling cannula (22 G; 0.9 x 2.5 mm) for 
serial blood sampling. The rats fully recovered from anesthesia 
overnight, and were fasted for 12–14h before CcI administration 
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with free access to water. An additional fasting period (4 h post-
dose) was considered to avoid the effect of food on the oral 
bioavailability. A single-dose (68.24 mg/kg) of a CcI aqueous 
solution was administered by oral gavage to male Wistar rats (4 
mL/kg of body weight). The dose of CcI was calculated based on 
the traditionally used doses, and taking into account the Food and 
Drug Administration (FDA) Guidance for Industry on conversion 
of animal doses to human equivalent doses according to body 
surface area [31].

 In the plasma pharmacokinetic study, six rats(n = 
6) were treated with the single-dose of CcI extract aqueous 
solution (68.24 mg/kg, p.o.) and multiple serial blood samples 
(approximately 0.3 mL) were collected through the cannula into 
heparinized tubes at 0.5, 1, 1.5, 2, 4, 8, 12 and 24 h post-dosing. 
Blood sampling was conducted in conscious and freely moving 
rats, which were appropriately restrained only at the moment of 
blood collection. Blood samples were immediately centrifuged at 
3000 g for 10 min (4ºC) to separate the plasma, which was stored 
at -80ºC until analysis.

 In the tissue pharmacokinetic studies, liver and kidneys 
were harvested, after decapitation and exsanguination under 
anesthesia, at 1, 2, 4, 8 and 24 h following CcI administration at 
the same dose of plasma pharmacokinetic study (n=2, per time). 
The organs were excised and stored at -80ºC; the tissues were 
weighed and homogenized in phosphate buffer saline (PBS) pH 
7.4 (4 mL per gram of tissue) before analysis.

Samples analysis

 Concentrations of analytes in plasma and tissues (liver 
and kidneys) were determined by using a solid-phase extraction 
procedure followed by a reversed-phase high performance liquid 
chromatography (HPLC) analysis, according to a previously 
validated method with slight modifications [10].

 Briefly, 20 µL of a 50% methanolic solution of internal 

standard (RUT) (100 µ g/mL) was added to an aliquot of rat 
plasma sample (100 µ L) or tissue homogenate supernatant 
sample (1 mL) and mixed with 400 µL of PBS buffer. Afterwards, 
the pre-treated sample was subjected to a solid-phase extraction 
(SPE) on the Oasis® HLB (30 mg, 1 mL) cartridge (Waters®, 
Milford, MA, USA), which was previously conditioned with 1 mL of 
0.5% formic acid in methanol followed by 1 mL of 0.5% aqueous 
formic acid. The loaded cartridge was subsequently submitted to 
−60 kPa and washed four times with 1 mL of 0.5% aqueous formic 
acid. After drying the sorbent under vacuum for 5 min, analytes 
were eluted with 1 mL of methanol-acetone (50:50, v/v) using a 
gentle vacuum. The eluate was evaporated to dryness at 40ºC in a 
vacuum oven and reconstituted with 150 µL of water–methanol 
(50:50, v/v) by vortexing and ultrasonication. At last, 100 µL of 
the final mixture were injected into the chromatographic system.

 HPLC analyses were performed according to Costa et 
al.[10], by using a chromatograph equipped with a diode-array 
detector (DAD) (Gilson® Electronics SA, Villiers le Bel, France). 
The studies were carried out on a Spherisorb S5 ODS-2 column 
(250 x 4.6 mm i.d.; particle size, 5 µm; Waters® Corp., Milford, MA, 
USA) at 25ºC and a Nucleosil C18 guard cartridge (30 x 4 mm i.d.; 
particle size, 5 µm; Macherey-Nagel, Düren, Germany). A mobile 
phase of 5% (v/v) aqueous formic acid (A) and methanol (B) was 
used with a discontinuous gradient: 5–15% B (0–10 min.), 15–
30% B (10–15 min.), 30–35% B (15–25 min.), 35–50% B (25–35 
min.) and 50–80% B (35–40 min.), followed by an isocratic elution 
for 20 min., at a flow rate of 1 mL/min. An injection volume of 100 
µL was used for all standards and samples. Chromatographic 

profiles were acquired in the wavelength range 200–600 nm, and 
recorded at 280 and 320 nm. The quantification of each compound 
was achieved through the absorption at 320 nm. Data treatment 
was carried out with Unipoint® 2.10 software (Gilson®). The main 
partial validation parameters of the analytical method employed 
were in agreement with the international guidelines [32,33] and 
are summarized in Table 1.
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CAF

Calibration range 1-30mg/mL 0.4-12mg/g 0.4-12mg/g

Coefficient of determination (r2) 0.9944 0.9872 0.998

LLOQ 1mg/mL 0.4mg/g 0.4mg/g

Precision (%CV)a
31.3 ≤  48.41 ≤ 03.2 ≤

Accuracy (%Bias)a -7.21 – 14.61 -5.76 – 8.42 -4.32–5.07

Recovery (%) 98.2 – 101.0 74.3 – 91.9 78.6 – 92.5

 

 

 

COU

Calibration range 1-30mg/mL 0.4-12mg/g 0.4–12mg/g

Coefficient of determination (r2) 0.9993 0.9816 0.996

LLOQ 1mg/mL 0.4mg/g 0.4mg/g

Precision (%CV)a 09.5 ≤ 07.61 ≤ 56.4 ≤

Accuracy (%Bias)a -3.19 – 19.89 -2.81 – 12.71 -9.36 – 7.18

Recovery (%) 88.7 – 89.2 75.0 – 91.3 74.9 – 90.5

 

 

 

ISV

Calibration range 2-60mg/mL 0.8-24mg/g 0.8-24mg/g

Coefficient of determination (r2) 0.9996 0.9858 0.9864

LLOQ 2mg/mL 0.8mg/g 0.8mg/g

Precision (%CV)a 87.5 ≤ 69.51 ≤ 55.41 ≤

Accuracy (%Bias)a -2.58 – 1.67 -10.39 – 9.62 -18.90 – 8.45

Recovery (%) 90.6 – 93.5 72.9 – 99.4 80.5 – 95.6

 

 

 

ISO

Calibration range 2-60mg/mL 0.8-24mg/g 0.8-24mg/g

Coefficient of determination (r2) 0.9988 0.9872 0.9979

LLOQ 2mg/mL 0.8mg/g 0.8mg/g

Precision (%CV)a 96.4 ≤ 48.41 ≤ 38.8 ≤

Accuracy (%Bias)a -18.28 – 8.99 -5.76 – 8.42 -3.84 – 5.24

Recovery (%) 89.4 – 91.1 73.5 – 98.6 76.0 – 86.2

 

 

 

LUT

Calibration range 2-60mg/mL 0.8-24mg/g 0.8-24mg/g

Coefficient of determination (r2) 0.9969 0.991 0.9979

LLOQ 2mg/mL 0.8mg/g 0.8mg/g

Precision (%CV)a 84.5 ≤ 43.02 ≤ 38.8 ≤

Accuracy (%Bias)a -6.42 – 8.01 -4.87 – 11.02 -3.84 – 5.24

Recovery (%) 81.2 – 93.2 72.3 – 86.2 70.5 – 82.9

 

 

 

L7G

Calibration range 2-60mg/mL 0.8-24mg/g 0.8-24mg/g

Coefficient of determination (r2) 0.9969 0.991 0.9979

LLOQ 2mg/mL 0.8mg/g 0.8mg/g

Precision (%CV)a 84.5 ≤ 43.02 ≤ 38.8 ≤

Accuracy (%Bias)a -6.42 – 8.02 -4.79 – 11.07 -3.84 – 5.24

Recovery (%) 82.7 – 93.2 78.9 – 89.6 77.9 – 87.6

Pharmacokinetics of Cymbopogon citratus Infusion in Rats after Single Oral Dose 
Administration

Table 1: Validation parameters of the HPLC method employed for the quantification of caffeic acid (CAF), p-coumaric acid (COU), isovitexin (ISV), isoorientin (ISO), 

luteolin (LUT), luteolin 7-O-glucuronide (L7G), chrysoeriol (CHR) and diosmetin (DIO) in plasma, liver and kidney homogenate supernatants (n = 3)

Analyte Validation parameters Plasma Liver Kidney
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CHR

Calibration range 2-60mg/mL 0.8-24mg/g 0.8-24mg/g

Coefficient of determination (r2) 0.9969 0.991 0.9979

LLOQ 2mg/mL 0.8mg/g 0.8mg/g

Precision (%CV)a 84.5 ≤ 43.02 ≤ 38.8 ≤

Accuracy (%Bias)a -6.43 – 8.01 -4.73 – 11.08 -3.84 – 5.23

Recovery (%) 82.9 – 92.6 80.2 – 86.2 79.2 – 83.5

 

 

 

DIO

Calibration range 2-60mg/mL 0.8-24mg/g 0.8-24mg/g

Coefficient of determination (r2) 0.9969 0.991 0.9979

LLOQ 2mg/mL 0.8mg/g 0.8mg/g

Precision (%CV)a 84.5 ≤ 43.02 ≤ 38.8 ≤

Accuracy (%Bias)a -6.43 – 8.00 -4.78 – 11.06 -3.84 – 5.24

Recovery (%) 84.9 – 94.0 79.2 – 84.3 80.3 – 82.9

aInter-day values, n = 3; Bias, deviation from nominal value; CV, coefficient of variation: LLOQ, lower limit of quantification; NC, not calculated.

 HPLC-PDA-ESI/MSn analysis, based on a previously 
optimized method [34], was performed in a Surveyor® liquid 
chromatography hyphenated to a photo-diode-array detector 
(PDA) (Surveyor®) and a Finnigan® LCQ mass spectrometer 
(San Jose, CA, USA) equipped with an API-ES ionization 
chamber. Separation was performed on a Spherisorb® ODS-2 
C18 reverse phase column, 150 x 2.1 mm i.d. and particle size 
of 3 µm (Waters®Corporation, Milford, Massachusetts, USA) 
and a Spherisorb® ODS-2 guard cartridge C18 (10 x 4.6 mm 
i.d. and particle size of 5 µm; Waters® Corporation, Milford, 
Massachusetts, USA) at 25ºC, using 2% aqueous formic acid (A) 
and methanol (B) as mobile phase. The gradient profile used was 
5-15% B (0-10 min), 15-30% B (10-15 min), 30-35% B (15-25 
min), 35-50% B (25-35 min), 50-80% B (35-40 min) and 80% 
B (40-60 min), isocratically, at a flow rate of 0.2 mL/min. The 
first detection was done with the PDA detector in a wavelength 
range of 200-600 nm, followed by a second detection in the mass 
spectrometer. Mass analyses were obtained in the negative ion 
mode. The mass spectrometer was programmed to perform three 
consecutive scans: full mass MS1 (m/z 160-1300), MS2 of the most 
abundant ion in MS1, and MS3 of the most abundant ion in MS2. 
Source voltage was 4.5 kV and capillary voltage and temperature 
were -10 V and 250ºC, respectively. Nitrogen was used as sheath 
gas at flow rate of 20 arbitrary units. The normalized energy of 
collision was 45%, using helium as collision gas.

Pharmacokinetic analysis

 The plasma concentration versus time data for each 
analyte obtained from each individual rat was submitted to a non 
compartmental pharmacokinetic analysis using the WinNonlin® 

version 5.2. (Pharsight Co, Mountain View, CA, USA).

 The Cmax in plasma and tissues of each analyte and the 
corresponding Tmax were directly derived from the experimental 
data obtained. The remaining pharmacokinetic parameters 
evaluated included: the area under the drug concentration time-

curve (AUC) from time zero to the last sampling time at which 
quantifiable drug concentrations were determined (AUC0®t), 
calculated by the linear trapezoidal rule; the AUC from time zero 
to infinite (AUC0®inf) that was calculated from AUCt + (Clast/
kel), where Clast is the last quantifiable concentration and kel is 
the apparent elimination rate constant estimated by log-linear 
regression of the terminal segment of the concentration–time 
profile; the apparent terminal elimination half-life (T1/2) and the 
mean residence time (MRT).
Results and Discussion
 The developed method was validated for eight differ-
ent compounds: CAF, COU, ISV, ISO, LUT, L7G, CHR and DIO. L7G, 
L3’S, LUT, CHR and DIO were identified by HPLC-PDA-ESI/MSn. 
All compounds presented UV spectra characteristic of luteolin de-
rivatives, with λ max at 251-255 and 344-349 nm. L7G ([M − H]− at 
m/z 461) presented MS2 fragments at  m/z 357, 327, 285 and 
115, suggesting the presence of luteolin 7-O-glucuronide[35]. 
L3’S ([M − H]− at m/z 365) showed a MS2 fragmentation at m/z 
285 and 257, associated with the chemical structure of luteolin 
O-sulfate. LUT ([M − H]− at m/z 285) showed the typical prod-
uct-ions from the fragmentation of luteolin aglycone: m/z at 257, 
241, 199, 175, 151 and 133 [7]. CHR and DIO exhibited the same 
parent-ion ([M − H]− at m/z 299), and very similar fragmentation 
patterns: m/z at 284, 255, 151, 132, 107 and 284, 255, 179, 151, 
107, respectively; indicating the presence of O-methylated luteo-
lin derivatives, chrysoeriol and diosmetin, respectively [36,37]. 
Since the method was not validated to L3’S due to the unavailabil-
ity of standard, this analyte was quantified expressing the results 
in equivalents of L7G. In fact, this is an approach often employed 
by other authors [38,39].
 Globally, the present pharmacokinetic study, in plasma 
and tissues, revealed the presence ofLUT, L7G, CHR, DIO and also 
L3’S (Figure 1), while CAF, COU, ISV and ISO were not detected by 
the validated bioanalytical method, in all matrices.
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Figure 2: Plasma concentration-time profiles of luteolin 7-O-glucuro-
nide (L7G) and luteolin 3’-O-sulfate (L3’S) obtained after administering 
a single oral dose of CcI extract to rats (68.24 mg/kg).Symbols represent 
the mean values ± standard error of the mean of six determinations per 
time point (n = 6)

Pharmacokinetics of Cymbopogon citratus Infusion in Rats after Single Oral Dose 
Administration

Although L7G and L3’S are not present in CcI, they were the only 
ones quantified in rat plasma. The plasma concentration-time 
profiles of the analytes found and quantified in rat plasma are 
shown in Figure 2 and the corresponding estimated pharmaco-
kinetic parameters are listed in Table 2.Taking them together, it 
becomes evident that L7G and L3’S rapidly reached Tmax, with 
maximum concentrations at 30 min after oral administrations of 
CcI extract. Since they are not present in the initial extract and 
they quickly reach the Cmax, it can be possible to infer that the par-
ent compounds are rapidly metabolized, probably in the gut and 
liver, before reaching the systemic blood flow. In fact, it is known 
that, at the intestinal tract, luteolin glycosides are hydrolyzed to 
luteolin, which is  rapidly metabolized to glucuronides and sul-
fates by UDP-glucuronosyltransferases (UGTs), sulfotransferases 
(SULTs) and/or microbiota enzymes [40,41]. Moreover, luteolin 
is also described as being rapidly metabolized to L7G by UGTs, or 
to L3’S by SULTs in the liver [40]. Although plasma concentration-
time profiles for L7G and L3´S are almost parallel (Figure 2), their 
pharmacokinetic parameters in plasma after oral administration 
of C. citratus extract revealed to be slightly different from each 
other (Table 2), with L7G presenting higher values of Cmax, AUC, 
T1/2 and MRT. These findings, suggest not only a higher biodispo-
sition in plasma but also that L7G remains for a longer period of 
time in the organism. These data are in accordance with previous 
works regarding the plasma pharmacokinetics of similar com-
pounds, such as vitexin 2’’-O-rhamnoside, vitexin 4’’-O-glucoside, 
luteolin 3’-O-glucuronide, apigenin 7-O-glucuronide and acacetin 
7-O-glucuronide [28,30,42]. As for the L3’S, it was already report-
ed as being a major ISO metabolite in rats [43].
 Besides L7G and L3´S, the analysis of liver tissue sam-
ples, revealed the presence of compounds undetected in plasma, 
namely LUT, CHR and DIO. The respective concentration-time 
profiles and pharmacokinetic parameters of the five analytes are 
displayed in Figure 3 and Table 3, respectively. According to Cmax 
and AUC values, it becomes clear that the three major metabolites 
found in liver tissues were L7G, CHR and L3’S, which were de-
tected from the first hour and remained in the tissue up to at least 
24h. In opposition, DIO was detected only 8 h post-dosing, exhib-
iting the lowest concentration of all the analytes studied, suggest-
ing that it is a minor product of rat metabolism. Therefore, it is 
not expected to contribute significantly to the pharmacological 
effects of the CcI extract in spite of exhibiting pharmacological 
activity in other studies when highly bioavailable in vivo [44].
 The earlier Tmax values found in plasma rather than in 
liver, suggest that these metabolites are mainly produced at the 
small intestine level rather than in the liver. Similarly, Courts & 
Williamson recently reported that flavones C-glycosides (e.g. vi-
texin, isoorientin and mangiferin) are promptly metabolized by 
gut microbiota and enterocytes enzymes [45].This may explain 
the very low bioavailability of luteolin aglycone herein found.

 

 Figure1: Molecular structures of luteolin (LUT) and derivatives (isoori-
entin, ISO; chrysoeriol, CHR; diosmetin, DIO; luteolin 7-O-glucuronide, 
L7G; luteolin 3’-O-sulfate, L3’S).

Table 2: Pharmacokinetic parameters of luteolin 7-O-glucuronide 
(L7G) luteolin 3’-O-sulfate (L3’S), in rat plasma after oral administration 
of the CcI extract at 68.24 mg/kg (mean ± standard deviation, n = 6)

Pharmacokinetic Parameters Compounds

L7G L3’S

Cmax (mg/mL) 26.87 ± 0.89 18.57 ± 0.31

Tmax (h) 0.50 ± 0.00 0.50 ± 0.00

T1/2 (h) 7.61 ± 0.34 3.03 ± 0.13

AUC(0t)  (h mg/mL) 77.34 ± 2.26 41.95 ± 1.11

AUC(0∞) (h mg/mL) 105.36 
±2.79

51.22 ± 1.37

MRT(0∞) (h) 3.77 ± 0.04 2.57 ± 0.03
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Table 3: Pharmacokinetic parameters in rat liver and kidney after p.o. administration at 68.24 mg/kg (mean ± standard deviation, n = 2)

Cmax

(mg/g)
Tmax

(h)
T1/2

(h)
AUC(0t)

(h µg/g)
AUC(0∞)

(h µg/g)
MRT(0∞)

(h)

Liver

L7G 4.78 ± 0.35 2.00 ± 0.00 19.40 ± 0.51 49.90 ± 1.26 86.70 ± 0.11 9.30 ± 0.10

L3’S 3.62 ± 0.23 2.00 ± 0.00 21.60 ± 5.08 35.00 ± 0.55 62.71 ± 7.74 9.21 ± 0.25

CHR 4.03 ± 0.27 2.00 ± 0.00 21.20 ± 0.89 42.40 ± 1.53 77.80 ± 4.95 6.94 ± 0.08

DIO 0.89 ± 0.04 8.00 ± 0.00 NC NC NC 8.00 ± 0.00

LUT 1.93 ± 0.01 2.00 ± 0.00 8.38 ± 0.39 8.37 ± 0.18 21.50 ± 1.21 4.35 ± 0.02

Kidney

L7G 1.80 ± 0.01 2.00 ± 0.00 54.61 ± 4.38 31.14 ± 0.39 122.63 ± 9.94 11.37 ± 0.09

L3’S 1.09 ± 0.00 2.00 ± 0.00 68.88 ± 2.08 21.83 ± 0.29 104.88 ± 4.41 11.58 ± 0.05

NC, not calculated.

 The pharmacokinetic analysis herein performed in plas-
ma, liver and kidney showed that the compounds present in CcI 
[4,6,11,14,15] are not abundant in plasma, liver or kidneys after 
a 68.24 mg/kg single-dose oral administration of the extract. In 
fact, the metabolites, L7G and L3’S,were the most abundant in 
plasma, particularly L7G which presented the highest AUC values, 
and, therefore, they are probably the main responsible for the 
anti-inflammatory activity previously reported [16]. Importantly 
it seems that, during the inflammatory process, the enzyme, -glu-
cosidase over expressed by neutrophils leads to the deglucuroni-
dationof L7G to LUT,  which, in turn, exerts the biological effect 
when reaching the target-tissue [46–49].Therefore, L7G and L3’S 
seems to be the main active circulating forms of the aglycone lu-
teolin. 
 The work herein exposed revealed, for the first time, 
how luteolin C-glycosides are metabolized in vivo after CcI admin-
istration to rats, and which are the main metabolites probably re-
sponsible for the CcI pharmacological effects previously observed 
in vivo [16].

Conclusions
 In conclusion, to the best of our knowledge, this work is 
the first report documenting the quantification of LUT, L7G, L3’S, 
CHR and DIO in rat plasma, liver and/or kidney, after the oral ad-
ministration of a single dose of C. citratus infusion. This work has 
successfully investigated the pharmacokinetics of CcI in rats, and 
could also be applied in future studies of lemongrass prepara-
tions. The pharmacokinetics of the two major luteolin conjugates 
in vivo (L7G and L3’S) herein obtained support the pharmacologi-
cal effects of C. citratus in vivo. 

Pharmacokinetics of Cymbopogon citratus Infusion in Rats after Single Oral Dose 
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  The kidney concentration-time profile revealed the 
presence of the same compounds detected in plasma, L7G and 
L3’S (Figure 3), probably due to their high concentrations in plas-
ma. The pharmacokinetic parameters (Table 3) of these analytes 
are very similar, L7G presenting higher Cmax and AUC values, but 
slightly lower T1/2 and MRT values than L3’S. 

Figure 3: Liver (A) and kidney (B) concentration-time profiles of lu-
teolin 7-O-glucuronide (L7G) luteolin 3’-O-sulfate (L3’S), chrysoeriol 
(CHR), diosmetin (DIO) and luteolin (LUT) obtained after administering 
a single oral dose of CcI extract (68.24 mg/kg) to rats. Symbols repre-
sent the mean values ± standard error of the mean of two determina-
tions per time point (n = 2).
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