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Abstract: Introduction: Geraniin has many biological activities including anti-osteoporotic and anti-
hyperglycemic efficacies.

Materials and Methods: A rapid and simple method for the determination of geraniin in rat plasma
using ultra performance liquid chromatography coupled to ultraviolet detector was developed. The
plasma sample, spiked with epicatechin as an internal standard, was subjected to ethyl acetate extraction
prior to analysis. Chromatographic separation was performed on the HSS T3 column and monitored at a
wavelength of 280 nm. The limit of detection and lower limit of quantification was 0.07 pg/mL and 0.2
pg/mL in rat plasma, respectively.
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matrix effect ranged from 84.4% to 87.2%. The analyte was stable in rat plasma when stored at room
temperature for 12 hours, 4°C for 24 hours and -20°C for 15 days. t1/2 and t1/2 for i.v. was 0.21 £ 0.10
and 7.20 £ 2.20 h, respectively. Plasma clearance (CL) was 0.03 + 0.02 L/h/kg and apparent volume of
distribution (Vz) was 0.05 + 0.01 L/kg. The developed method was successfully applied to the pharma-

cokinetic study of geraniin in rats.
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1. INTRODUCTION of geraniin in dried leaves of Phyllanthus muellerianus [19].
Yin et al. established HPLC-UV to measure the dynamic GE
concentration of Erodium stephanianum willd in different
collection seasons. However, to our best knowledge, few
work has been published on the pharmacokinetic of geraniin
so far. In this study, a simple and rapid ultra-performance
liquid chromatography (UPLC) was developed and validated
to determine GE in rat plasma. The method has been suc-
cessfully applied to the determination of GE in rat plasma
after intravenous injection for pharmacokinetic study, which
provided reference for further preclinical application of GE.

Natural products are an important source in the discovery
of leads for new drugs. Geraniin (GE) is the major active
component in the rind of Nephelium lappaceum L. Phyllan-
thus muellerianus L. and Phyllanthus urinaria L. [1, 2]. GE
exhibited a range of bioactive properties, such as being anti-
viral [3-5], anti-inflammatory [6, 7], antioxidant [8-12], anti-
carcinogenic [13], and antihypertensive [13-16]. In addition,
GE possess in vitro hypoglycemic activity and has the good
performances to prevent the formation of advanced glycation
end-products. Recently, GE has also been used to prevent
OVX-induced bone loss in bone mineral density and bone
mineral level, to prove femur weight and bone calcium level
[17, 18]. Some reviews agreed that geraniin is a potential
functional food additive and antihyperglycemic agent [1, 2].

2. EXPERIMENTAL SECTION
2.1. Reagents and Materials
Geraniin (HPLC purity > 98%) and epicatechin (HPLC

HPLC has been applied to detect the GE content in raw
materials. Agyare et al. developed HPLC-UV to determine
GE in raw materials to evaluate the quality control analysis
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purity > 98%, IS) were purchased from Chengdu Must Bio-
Technology Co. Ltd (Chengdou, China) (Fig. 1). Methanol
and acetonitrile with HPLC grade were obtained from Merck
(Merck, Darmstadt, Germany). Ethyl acetate was purchased
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China). Ultrapure water (18.2 MQ/cm) in the experiment
was obtained from a Milli-Q purification system. All other
reagents were of analytical grade.

© 2017 Bentham Science Publishers
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Fig. (1). Chemical structure of (A) geraniin and (B) epicatechin (IS).

2.2. Animals

6 Sprague-Dawley (SD) rats (220 + 20 g) were provided
from the Experimental Animal Center of Wenzhou Medical
University (Wenzhou, China). The rats were fed in the con-
dition of constant temperature (22 + 2°C) and the humidity
(55 £ 10%) with a 12 h light/dark cycle. All the experimental
animals were housed under the above conditions for 7 days
for acclimation, and were fasting overnight before experi-
ments but maintained free access to water. The study was
approved by the Animal Ethics Committee of Wenzhou
Medical University (July 2, 2015; No: 2015-251).

2.3. Instrument and Chromatographic Conditions

UPLC analyses were performed using a Waters Acquity -
UPLC (Waters, Milford, MA, USA) equipped with an
autosampler. The chromatographic column was ACQUITY
UPLC HSS T3 (100 mm X 2.1 mm, 1.8 um, Waters, USA)
with the mobile phase of 0.1% trifluoroacetic acid (A) and
acetonitrile (B). The optimal isogradient elution was as fol-
lows: 83% A and 17% B. The column temperature and injec-
tion volume were 30°C and 5 pL, respectively. The flow rate
was 0.3 mL/min and the detection wavelength was 280 nm.

2.4. Preparation of Standard and Quality Control Solu-
tions

1 mg/mL of GE and IS stock solutions (pH=5.0, adjust-
ment with acetic acid) were prepared by 10.0 mg corre-
sponding solutes dissolved in methanol using 10 mL of
brown volumetric flask, and were all kept in 4°C, respec-
tively. The stock solutions were serially diluted with metha-
nol to prepare standard solutions at desired concentrations
before analysis. Calibration samples for GE was prepared by
spiking 10 pL standard solutions and 10 pL IS solution in
blank plasma to obtain final plasma concentrations of 0.2,
0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 50, 100 and 200 pg/mL for GE
and 10 pg/mL for IS. All standard solutions were kept in 4°C
until analysis. Quality Control (QC) samples were prepared
in blank plasma at low, medium and high concentrations of
0.5, 10, 150 pg/mL for GE.

2.5. Sample Preparation

Plasma (100 pL) was mixed with 10 pLL of 10% of ascor-
bic acid solution (pH=5.0, adjustment with acetic acid) and
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10 pL of IS solution. Then they thoroughly mixed by vortex-
ing for 30 s and left at room temperature for 2 min. Ethyl
acetate (400 pL) was added and mixed by vortexing vigor-
ously for 3 min to extract GE and IS. The sample was then
centrifuged briefly (4000 rpm) at 4°C for 10 min and 350 pL
of ethyl acetate layer was transferred to a clean Eppendorf
tube containing 10 pL of 20% ascorbic acid solution. A sec-
ond extraction was performed by adding 400 pL of ethyl
acetate into the plasma-containing tube, and vortexing for
another 3 min. The sample was further centrifuged at 5000
rpm for 10 min. The supernatant of 350 puL was collected
and combined with the first fraction. The mixed supernatant
of 700 uL was dried under nitrogen stream at 50°C for 10
min. The residue was reconstituted in 100 uL of 50% metha-
nol/water/0.01% ascorbic acid and vortexed for 2 min. The
solution was centrifuged at 15,000 x g for 10 min and the
supernatant (~80 pL) was transferred to an autosampler vial
for injection.

2.6. Method Validation

The established method for selectivity, linearity, accu-
racy, precision, recovery and stability was validated accord-
ing to the FDA guideline of bioanalytical methods [20]. The
selectivity was assessed by analyzing six blank plasma sam-
ples with corresponding plasma samples spiked with GE and
IS, and with plasma samples after iv. The standard calibra-
tion curve was determined by plotting the peak area ratio (y)
of GE vs IS with the nominal concentrations (x) of GE in rat
plasma. The regression equation was calculated by using the
weighted (1/x°) linear least-squares regression. The limit of
detection (LOD) and quantification (LLOQ) was defined as a
signal to noise ratio (S/N) of 3:1 and 10:1, respectively. The
precision and accuracy were determined by analysis of six
replicates at LLOQ and each QC level (low, mid and high)
on three consecutive days. The accuracy was calculated by
the percentage of the measured concentration to the nominal
concentration. The extraction recovery of GE was calculated
by comparing the measured concentration of QC samples
with corresponding standard solutions of GE added into the
post-extracted supernatant from blank plasma matrix. The
extraction recovery of IS (10 pg/mL) was obtained according
to the same procedure. This procedure was repeated for five
replicates at three QC concentration levels. For evaluating
the stability of the method, the concentrations of QCs were
determined in the condition of 4°C for 12 h, room tempera-
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ture for 24 h, -20°C for 15 days and three freeze-thaw cycles
on three consecutive days, respectively.

2.7. Pharmacokinetic Study

GE was dissolved in water/:propanediol (8:2, v/v) and fi-
nally diluted to an appropriate concentration prior to animal
experiment. Six SD rats were anesthetized with intramuscu-
lar 10% Chloral Hydrate (Smg/kg). They were then received
sublingual intravenous administrations of GE (10 mg/kg)
and blood samples (about 0.3 mL) were collected in
heparinized tubes at 0.083, 0.167, 0.333, 0.667, 1, 2, 4, 8, 12
and 24 h post-dosing through the caudal veins. Blood sam-
ples were centrifuged at 5000 rpm for 10 min immediately
and the supernatant was separated and preserved at -20°C
until analysis. The pharmacokinetics parameters were calcu-
lated by DAS software (version 3.0, Shanghai, China).

3. RESULTS AND DISCUSSION
3.1. Optimization of Methods

The stability of analyte in solvent is important for the de-
velopment and validation of assay method. GE was easily
oxidized under alkaline or neutral environments for its struc-
ture with several phenolic hydroxyl groups. In preliminary
stability experiments, 1 pg/mL of GE in methanol was put in
the condition of 4°C for 12 h, 4°C for one week (pH=5.0,
adjustment with acetic acid) and room temperature for 4 h to
investigate its stability. The results indicated that the degra-
dation rate of GE was about 90%, 98% and 75%, respec-
tively, suggesting that the stability in the condition of room
temperature and 4°C for 12 h were easily oxidized and unac-
ceptable for biological assay. In the procedure of optimiza-
tion of extraction methods, ascorbic acid (antioxidant) and
acetic acid (acidity adjustment) were thus added into plasma
sample to prevent the oxidation of GE. In addition, several
variables, including extraction solution, temperature and
time of nitrogen stream, were selected for the optimization
procedure. We finalized the optimal sample extraction proto-
col in section 'Sample Preparation'. Epicatechin had similar
molecular structure with GE and was used as IS.

The sensitivity of detection was very important for the
analysis of biological samples. In this work, four types of
detectors including mass spectrometry (Waters Quattro Mi-
cro mass spectrometer), fluorescence (RF-5301PC, SHI-
MADZU), ultraviolet (ACQUITY UPLC PDA) and electro-
chemical detector (CHI650b Electrochemical Analyzer,

Yietal

USA) were investigated to select the optimal detector. 1
pg/mL of GE in methanol was injected into four detectors to
investigate the respective value of response signal. In con-
trast, after the full optimization of four detector parameters,
the detection sensitivity of ultraviolet detector was higher
than that of other detectors. Ultraviolet absorption of GE had
two maximum absorption bands at wavelength of 220 nm
and 280 nm. Because the wavelength of 280 nm had no sig-
nificant interference within the retention time, it was set as
the detection wavelength to determine the content of GE and
IS.

Analysis was performed on several different types of
UPLC columns, including a BEH Shield RP18 column (100
mm % 2.1 mm, 1.7 pum), BEH C18 column (100 mm x 2.1
mm, 1.7 ym) and HSS T3 column (100 mm x 2.1 mm, 1.8
pm). HSS T3 column provided symmetrical peak shapes,
better separation and suitable retention time for GE and IS in
contrast with the other chromatographic columns. The per-
centage of acetonitrile/water, methanol/water and acidic
modifiers (trifluoroacetic acid, acetic acid and phosphoric
acid) in the mobile phase were optimized to obtain better
separation and peak shapes. The presence of acetonitrile and
water with 0.1% trifluoroacetic acid in the mobile phase ob-
viously improved the response of GE and IS.

In general, the more simple and fast extraction method is
and the more popular it is. Protein precipitation is one of the
most simple and fast extraction method and was thus firstly
applied to extract GE in rat plasma. Our results showed that
extraction recovery of protein precipitation is about 60%,
while the interference peaks of samples increased in the
chromatograms, resulting in the worse selectivity of the
method. Similarly, the addition of acetonitrile into rat plasma
caused the diluted plasma concentration of GE and made the
detection more difficult. According to the chemical polarity
of GE, ethyl acetate was selected as the extraction solvent
and the results showed that extraction rate reached more than
88% and the extraction method had less interference peaks
and better selectivity.

3.2. Method Validated

The typical chromatograms of blank plasma, blank
plasma spiked with standard solution of GE and IS, and rat
plasma samples were shown in Fig. (2). The retention time
of GE and IS were 1.74 and 2.18 min, respectively. There
was no obvious interference within the retention time. The
linearity of this method was in the range of 0.2 -200 pg/mL

Table 1. Intra- and inter-day accuracy and precision of QCs and LLOQ.
Spiked Concentration Intra-Day Concentra- Precision Accuracy Inter-Day Concentra- Precision Accuracy
(ng/ mL) tion (Mean + SD) (% RSD) (%) tion (Mean+SD) (% RSD) (%)
150 130.7 £ 6.1 4.6 87.1 133.2+£6.8 5.1 88.8
10 85+0.6 6.7 85.2 85+0.5 6.2 85.3
0.5 0.4+0.04 8.7 84.4 0.4+0.04 9.8 85.8
0.2 0.2+0.03 12.2 82.5 0.2+0.03 13.4 82.1
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Fig. (2). UPLC chromatograms of (A) blank rat plasma spiked with GE (10 pg/mL) and IS (10 pg/mL) and, (B) rat plasma sample collected

30 min after sublingual intravenous injection of 10 mg/kg.

with LLOQ (0.2 pg/mL) and LOD (0.07 pg/mL). The regres-
sion equation of GE was Y 0.01270*x - 0.008268
(R*=0.9974) and the accuracy of each point of calibration
curve was in the range of 85% - 106%. As shown in Table 1,
the intra-day precision (RSD) of this method was 4.6% -
8.7%, and inter-day precision was 5.1% - 9.8%. Accuracy
ranged between 84.4% and 88.8%. The extraction recovery
of six reduplicates of QCs and IS was at the range of 88.7% -
90.3% and 82.2%, respectively. It was indicated that method
met the requirements for drug analysis in vivo. The detailed
result was listed in Table 2. Under the condition of 4°C,
room temperature (20°C), three freeze-thaw cycles and
Long-term stability (at -20°C for 15 days), the RSD of GE
was all below 12.2%, 14.5%, 13.0% and 14.5%, respec-
tively, which showed excellent stability.

3.3. Pharmacokinetic Study

After sublingual intravenous administrations of GE in
rats, the means of plasma concentration-time curve (n=6)
showed in Fig. (3). The data was calculated by DAS 3.0 pro-
gram and was listed in Table 3. According to Akaike Infor-
mation Criterion (AIC) minimum principle and the biologi-
cal fitness of concentration-time curve, Sublingual intrave-
nous administration was fitted as two-compartmental model
(weight coefficient = 1/c¢?). As showed in Table 3 and Fig.
(3), ti2q for i.v. was 0.21 + 0.10 h, it suggested that GE was
distributed in vivo rapidly, while t;,3 was 7.20 £ 2.20 h, sug-
gesting that the elimination of GE was slow. CL for i.v. was
0.03 + 0.02 L/h/kg suggested that GE experienced a slow
elimination in vivo after intravenous administration.Vz for
i.v. was 0.05 + 0.01 L/kg demonstrated that GE was mainly
distributed in plasma. In preliminary experiments, another
two rats were received oral administrations of GE (100
mg/kg) and blood samples (about 0.3 mL) were collected in
heparinized tubes at 0.167, 0.333, 0.667, 1, 2,4, 8, 12 and 24
h post-dosing through the caudal veins. However, the content
of GE was not detected for all samples of rat plasma, sug-
gesting that GE had a low bioavailability.

Table2. Extraction recovery of QCs (n =5).
Spiked plasma concentration Extraction recovery
(ng/ mL) (mean + SD)
150 90.1 +8.2
10 88.7+83
0.5 90.3+12.5
10 (IS) 82.2+7.9
200 200
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Fig. (3). Mean plasma concentration-time of GE after sublingual
intravenous administration of 10 mg/kg (n=6).

CONCLUSION

A rapid and simple UPLC method was firstly developed
and validated to determine GE in rat plasma. The proposed
method was successfully applied to the pharmacokinetic
study of GE after intravenous administration. Although GE
is unstable in rat plasma at room temperature, it was found
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Table3. The PK parameters of geraniin after sublingual administration of 10 mg/kg (n = 6).

Parameter Units iv. (10 mg/kg)
ti2a h 0.21+0.10
tip h 7204220
Vz L/kg 0.05+0.01
CL L/h/kg 0.03 +0.02

AUC .y mg/L*h 4821+ 171.1
AUC(p.) mg/L*h 503.3 + 169.2
K10 1/h 0.68+0.51
K12 1/h 3.06+1.15
K21 1/h 0.24+0.11

that its stability was obviously increased by adding ascorbic
acid and acetic acid immediately to the collected plasma
samples. The extraction method and UPLC elution condition
described provided a practical means to analyze GE in bio-
logical matrix. Compared with electrochemical, fluorescence
or mass spectrometric detectors, UV offered a higher sensi-
tivity for GE.
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