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Abstract: A high-performance gel permeation chromatography fluorescence detection (HPGPC-FD)
method combined with fluorescein isothiocyanate (FITC) labeling was established for the microanaly-
sis of L. barbarum polysaccharides (LBP). The calibration curves linear over the range of 0.2–20 µg/mL
in rat plasma, and 0.25–500 µg/mL in urine and feces samples with correlation coefficients greater
than 0.99. The inter-day and intra-day precisions (RSD, %) of the method were under 15% with
the relative recovery ranging from 84.6% to 104.0% and the RSD ranging from 0.47% to 7.28%. The
concentration–time curve of LBP-FITC in plasma following intragastric administration at 100, 50 and
25 mg/kg well fitted to a nonlinear model. LBP-FITC slowly eliminated from plasma according to
the long half-lives (t1/2 = 31.39, 38.09, and 45.76 h, respectively) and mean retention times (MRT0–t

= 18.38, 19.15 and 20.07 h, respectively; AUC0–∞ = 230.49, 236.18 and 242.57 h, respectively) after
administration of LBP-FITC at doses of 100, 50, and 25 mg/kg, respectively. After intragastric admin-
istration at 50 mg/kg for 72 h, the concentration of LBP-FITC in urine and feces was 0.09 ± 0.04% and
92.18 ± 3.61% respectively; the excretion rate of urine was the highest in 0–4 h period and decreased
continuously in 4–24 h period. The excretion rate of feces was the highest in 4–10 h, 48.28 ± 9.349%
in feces within 4–10 h, and decreased rapidly in 10–24 h. The present study showed that LBP was
absorbed as its prototype and most proportion of LBP was excreted from feces, indicating a long time
remaining in intestine.

Keywords: L. barbarum polysaccharides; fluorescein isothiocyanate; pharmacokinetic; excretion

1. Introduction

Pharmacokinetics is to study the internal process of drugs, that is, the quantitative
study of the absorption, distribution, metabolism, and excretion of drugs in organisms [1].
Establishing a reliable and reproducible quantitative analysis method is one of the keys
to study pharmacokinetics. At present, the commonly used pharmacokinetic analysis
methods include chromatography [2–6], spectroscopy [7–9], immunology, and microbiol-
ogy [10–12], etc. The specific analysis method should be based on the chemical structure,
physical and chemical properties, instrument conditions, and reference literature of the
drug. So far, pharmacokinetics has been gradually and wildly used in the study of absorp-
tion, metabolism, and distribution of nutrients in vivo studies [13,14].

Lycium barbarum (L. barbarum), which is used in traditional medicine to maintain
health as a nutraceutical, is popular in China and other Asian countries. Among L. bar-
barum extracts, L. barbarum polysaccharides (LBP) isolated from L. barbarum fruit have been
responsible for the biological activities of L. barbarum. As a naturally occurring chemical,
LBP is the water-soluble glycoconjugates with a molecular weight from 10–2300 kDa [15].
Due to their various pharmacological effects, including anti-oxidation, anti-aging, immune
regulation, improvement of gut microbiota and reproductive protection [16–21], LBP has
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been widely exploited in healthy foods and medicine in China. Although the compre-
hensive pharmacological studies of LBP have been performed, there is still only limited
information on the pharmacokinetics and excretion study of this compound in vivo given
their high molecular size. Therefore, a detailed knowledge of its mechanism is important
for its biological activities.

Due to the lack of micro quantitative detection technology, the pharmacokinetic
study based on LBP is seriously restricted. Recently, techniques based on the detection of
fluorescence have been employed in drug microanalysis due to their specificity, sensitivity,
and low detection threshold [22]. Fluorescein isothiocyanate (FITC) is a common fluorescent
probe in fluorescence immunoassay [23], which is commonly used for fluorescent labeling
of proteins. FITC is the most commonly used tracer which can conjugate in other types of
biomaterials or biomolecules for imaging [24–27]. FITC is widely used for protein labeling
due to the high reactivity of isothiocyanate groups (N=C=S) with amino groups [28]. LBP
is polymerized by mannose, rhamnose, glucose, galactose, xylose, and polypeptide or
protein (containing -NH2 or -NH-group) [29]. Modification of the free amino groups
with FITC yielded soluble copolymers having covalently bound fluorescein and glycosyl
groups [30]. We have successfully synthesized a FITC-labeled LBP according to the method
of high-performance gel permeation chromatography fluorescence detection (HPGPC-FD)
method [8], and the molecular weight of a fluorescent labeling product of polysaccharide
(LBP-FITC) did not change much compared with LBP [31,32].

In this study, we designed and synthesized a fluorescent labeling product of polysac-
charide using FITC as fluorescent probe. The absorption and elimination characteristics of
LBP in animals were clarified by studying the pharmacokinetics and concentration of LBP
in blood and excreta. It is of great significance to accurately grasp the pharmacokinetic
information of LBP in vivo and the potential factors, which is conducive to the further
exploration for their pharmacological activities.

2. Materials and Methods
2.1. Chemicals and Reagents

LBP was purified by Sevage method [32], and the preparation method of LBP has been
published [29,32]. The content of polysaccharide and protein in LBP was 94.9% and 2.8%
respectively.

Fluorescein isothiocyanate (FITC) (purity > 99.0%) was purchased from the American
Sigma Corporation. Sodium bicarbonate, sodium dihydrogen phosphate, disodium hydro-
gen phosphate, and sodium chloride were obtained from Sinopharm Chemical Reagent Co.,
Ltd. (Shanghai, China). Anhydrous ethanol was procured by Wuxi Yasheng Chemical Co.,
Ltd. (Wuxi, Jiangsu, China). Ethylenediamine was obtained from Jinan Reagent Factory
(Jinan, China). A 0.45-µm microporous membrane was procured by Hangzhou Fuqiang
Chemical Instrument Co., Ltd. (Hangzhou, China). Ultrapure water was obtained from a
Milli-Q water purification system (Millipore, Billerica, MA, USA). All other chemicals were
of analytical grade.

2.2. Animals

Male Sprague-Dawley (SD) rats with 180 ± 20 g of body weight were obtained from
Shanghai Jiesijie Experimental Animal Co., Ltd. (Animal License No.: SCXK (Shanghai)-
2013-0006). The rats were fed in the animal laboratory of School of Public Health, Southeast
University (Room temperature 21 ± 1 ◦C with relative humidity 60–100% and 12-h dark-
light cycle). Enough tap water and normal chow were provided ad libitum. All rats were
acclimated in the laboratory for 1 week prior to the experiment.

All animal experiments were conducted in accordance with the “Principles of lab-
oratory animal care” of NIH and the protocol for animal study of Animal Management
Committee and Animal Ethical Committee of Jiangsu Province, and approved by Animal
Experimental Ethical Committee of Southeast University (No. 2015-1025-009).
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2.3. Instrumentation

Fluorescence spectrophotometer (Cary eclipse) was purchased from Varian China Co.,
Ltd. (Palo Alto, CA, USA). HPLC (Agilent 1260), fluorescence detector (Agilent 1260), gel
chromatography column (SB-804 HQ) were obtained from Agilent Technologies Co., Ltd.
(Santa Clara, CA, USA). Gel chromatography column (SB-804 HQ) was purchased from
Agilent Technology Co., Ltd. (Santa Clara, CA, USA). Centrifuge (L-550) was purchased
from Hunan centrifuge instrument Co., Ltd. Micro vortex mixer (WH-3) was obtained
from Shanghai Huxi Analytical Instrument Factory Co., Ltd. (Shanghai, China). Portable
high-speed homogenizer (S10) was obtained from Ningbo Xinzhi Biotechnology Co., Ltd.
(Ningbo, China). Magnetic stirrer (85-1) was procured from Jintan medical instrument
factory. Vacuum freeze dryer (FD-1) was procured from Beijing Boyaikang Experimental
Instrument Co., Ltd. (Beijing, China). PH meter (PHS-25) was purchased from Shanghai In-
strument & Electronics Co., Ltd. (Shanghai, China). Electronic analytical balance (BSA124S)
was obtained from Mettler Toledo, Switzerland (Zurich, Switzerland). Ultrasonic cleaner
(TM-010) was obtained from Kunshan Ultrasonic Instrument Co., Ltd. (Kunshan, China).

2.4. Establishment of Quantitative Analysis Method for LBP-FITC
2.4.1. Fabrication of LBP-FITC

LBP (500 mg) was dissolved in 25 mL pure water, and pH was adjusted to 8.0 with
0.5 mol/mL NaHCO3, then 25 mg FITC was added. After stirring for 24 h under room
temperature and being kept in dark environment, the reaction solution was filtered and
then anhydrous ethanol was added to the filtrate until the final concentration of ethanol was
80% (v/v). There was precipitation, and the supernatant was discarded after centrifugation.
The precipitate was re-dissolved by adding water, and then precipitated again by absolute
ethanol repeating for three times. Then the precipitate was washed repeatedly with
anhydrous ethanol until no fluorescence absorption was found in the supernatant. After
freeze-dried precipitation, LBP-FITC was obtained [31]. The excitation wavelength Ex
and emission wavelength Em of LBP-FITC were 495 nm and 518 nm with fluorescence
spectrum. The average molecular weight of LBP-FITC was 4920 Da detected with HPGPC.

2.4.2. Preparation of LBP-FITC Standard Solution

Standard stock solution preparation: 100 mg of LBP-FITC sample was accurately put
into a 100 mL volumetric flask, and then PBS solution was added to dilute to the scale.
Total of 1 mg/mL of LBP-FITC standard stock solution was prepared and stored at 4 ◦C as
standby.

LBP-FITC series concentration standard solution preparation: we accurately measured
the appropriate amount of LBP-FITC standard stock solution, and then prepared 0.2, 1, 2, 4,
10, 20, 50, 100, 500, 1000 µg/mL LBP-FITC standard solution with PBS solution.

2.5. Sample Collection
2.5.1. Urine and Fecal Samples

The rats ate and drank freely before the experiment, and the experiment was carried
out three days after adaptation. The rats were placed in a metabolic cage and fed in a single
cage one day before execution, collecting urine and feces meanwhile. Urine samples were
centrifuged at 4000 r/min for 10 min, and the supernatant was filtered by 0.45 µm filter
membrane and transferred to EP tube for test or stored in −70 ◦C refrigerator for testing.
Fecal samples were collected with self-sealed bags, weighed and ground after natural air
drying, and then put into EP tube for the later usage or stored in −70 ◦C refrigerator for
standby.

2.5.2. Plasma Sample

After anesthetizing with ether, the blood samples were put into the anticoagulant tube
treated with EDTA as anticoagulant, centrifuged at 4 ◦C and 3500 r/min for 10 min. The
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upper plasma was put into the EP tube, which could be used immediately or stored in
−70 ◦C refrigerator for standby.

2.6. Sample Determination
2.6.1. Determination Conditions

According to our previous study [31], the excitation wavelength Ex and emission
wavelength Em of LBP-FITC are 495 nm and 518 nm with fluorescence spectrum analysis,
respectively.

2.6.2. Plasma Samples Determination

Each plasma sample (100 µL) was spiked with 0.01 mol/L PBS to 1.4 mL, vortexed for
1 min, and then let to stand for 10 min. The suspension was centrifuged at 12,000 r/min for
10 min, and we determined the fluorescence intensity of the supernatant.

2.6.3. Urine Samples Determination

Treated urine sample (20 µL) was mixed with 0.01 mol/L PBS to quantify to 1.8 mL, and
vortexed for 1 min, and then allowed to stand for 10 min. The suspension was centrifuged
at 12,000 r/min for 10 min, and then the fluorescence intensity of the supernatant was
determined.

2.6.4. Fecal Samples Determination

Treated fecal samples (0.05 g) were put into a 2 mL EP tube, and 0.01 mol/L PBS was added
to quantify to 1.5 mL. The mixture was vortexed for 5 min and centrifuged at 12,000 r/min
for 10 min. Then 500 µL supernatant was transferred to the EP tube and 0.01 mol/L PBS was
added to quantify to 1.8 mL. The suspension was centrifuged at 12,000 r/min for 10 min, and
the fluorescence intensity of the supernatant was determined.

2.7. Fabrication of Standard Curve
2.7.1. Plasma Samples

Blank plasma (100 µL) and 25 µL LBP-FITC series standard solution were accurately
measured. Seven plasma samples with LBP-FITC concentration (0.2, 0.4, 0.8, 2, 4, 10, and
20 µg/mL) were prepared and analyzed.

2.7.2. Urine Samples

The calibration curve standard samples were prepared by spiking 20 µL LBP-FITC
series standard solution into 20µL of rat blank plasma at final concentrations of 0.25, 1.25,
6.25, 62.5, 125, 250, and 500 µg/mL.

2.7.3. Fecal Samples

Total of 500 µL supernatant of each blank fecal extract and 750 µL of LBP-FITC series
standard solution were accurately measured to prepare fecal samples with concentration
of 5, 25, 37.5, 75, 150, and 300 µg/mL respectively.

Blank biological samples with the same volume of PBS instead of LBP-FITC standard
solution were prepared. The serial concentrations of LBP-FITC in plasma, urine, and
feces were used as the abscissa (X), and the difference between the fluorescence intensity
measured and that of blank plasma, urine, and feces was taken as the ordinate (Y). A
standard curve (linear regression equation) was obtained using the weighted least squares
method (W = 1/x2). The preparation process was carried out in a dark environment.

2.8. Method Validation

Total of 100 µL, 20 µL, and 500 µL of rat blank plasma, urine, and feces were respec-
tively used, and LBP-FITC series standard solution was accurately added.
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2.8.1. Precision

In order to evaluate the precision of the method, five samples of quality control (QC)
with three concentration levels of low, medium, and high were prepared. According to the
corresponding standard curve of the day, the determination concentration of QC sample
was calculated, and the precision of the method is obtained by comparing with the prepared
concentration. Five replicate analyses were performed on each sample for five consecutive
days. The intra-day and inter-day relative standard deviations (RSD) were calculated.

2.8.2. Stability

The stability index evaluates the stability of the test object at each step of the method,
which generally includes short-term, long-term, freeze-thaw, and autosampler stabilities.
The short-term, autosampler, and long-term stabilities were evaluated by measuring QC
samples at room temperature for 24 h and at −20 ◦C for 15 days, respectively. The freeze-
thaw stability was measured by three freeze-thaw cycles on consecutive days.

2.8.3. Recovery Rate and Matrix Effect

In order to evaluate the recovery rate, five samples of each QC samples (low, medium,
and high concentrations) were analyzed. The relative recovery rate was calculated as the
percentage of drug concentration after regression to the actual drug concentration. The
matrix effect was measured by comparing the peak areas of the unextracted standard bio-
logical samples with those of neat samples at an equivalent concentration. The assessment
of a relative matrix effect was performed based on direct comparison of the responses (peak
areas) of the analyte spiked into extracts originating from six different lots (sources) of
biofluids. The variability in these responses, determined as RSD (%), was considered as the
measure of relative matrix effect for a given analyte [33–35].

2.9. Plasma Pharmacokinetics
2.9.1. Administration Method

LBP-FITC samples were prepared into 100, 50, and 25 mg/mL solutions with normal
saline.

Eighteen male Sprague Dawley rats were randomly divided into three dose groups
(n = 6 in each group). The rats were administrated through intragastric administration with
three dosages (100 mg/kg, 50 mg/kg, and 25 mg/kg) after fasting and freely accessing to
water for 12 h.

2.9.2. Sampling Method

About 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24, 36, and 48 h after intragastric administration, blood
samples (0.3 mL) were collected from tail vein into K2-EDTA anticoagulant tubes before
intragastric administration. The blood samples were centrifuged at 4 ◦C, 3500 R/min
for 10 min within 1 h. The plasma was collected by micropipette into the EP tube for
experiment or stored in the refrigerator at −70 ◦C.

2.10. Excretion Study
2.10.1. Administration Method

LBP-FITC was accurately weighed and prepared into 50 mg/mL solution with normal
saline.

Six male Sprague Dawley rats were used for the experiment after three days of
adaptation. LBP-FITC was given orally by gavage with a dose of 50 mg/kg.

2.10.2. Sample Collection and Processing

Before administration, six rats were placed in a metabolic cage with fasting and freely
accessing to water for 12 h, the blank urine and feces were collected at the same time.
After single intragastric administration, urine and feces were collected at 0–4 h, 4–10 h,
10–24 h, 24–48 h, 48–72 h respectively. Urine and feces were collected with a centrifuge
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tube wrapped with tin foil, and the volume of urine was recorded. The urine was stored in
a refrigerator at −70 ◦C after being filtered by a 0.45-µm filter membrane. The feces were
dried naturally and the weight was recorded.

2.11. Sample Determination

According to our previous study [31], the excitation wavelength Ex and emission
wavelength Em of LBP-FITC were 495 nm and 518 nm, respectively. Detailed methods on
determination of plasma, urine, and fecal were described as Section 2.6.

2.12. Data Processing
2.12.1. Pharmacokinetic Data Processing

The pharmacokinetic parameters, including maximal plasma concentration (Cmax),
the time to peak plasma concentration (Tmax), the area under the plasma concentration-time
curve (AUC), the elimination half-life (t1/2), and the mean residence time (MRT), were
analyzed using DAS (Drug and Statistics) software (Version 2.0).

The C-T data of drug time curve were calculated automatically by DAS 2.0 (Drug and
Statistics) statistical software. The C-T data of 6 rats at each time point were processed in batches,
and the statistical moment analysis of non-compartment model was performed to obtain the
pharmacokinetic parameters. The experimental results were expressed as mean ± SD.

2.12.2. Data Processing of Excretion Experiment

According to the standard curve of the day, the concentrations of LBP-FITC in urine
and feces of rats were calculated respectively. The concentrations of LBP-FITC in urine
and feces of each rat after administration were listed respectively, and the cumulative
excretion amount, excretion percentage, and excretion rate were calculated respectively.
The cumulative excretion curve of LBP-FITC in urine and feces was drawn according to
the mean value and standard deviation. Origin software was used to process the data.

3. Results and Discussion
3.1. Establishment and Validation of Quantitative Analysis Method
3.1.1. Standard Curve Establishment

The samples obtained by adding LBP-FITC standard solution and PBS with the same
volume were determined, and the fluorescence intensity was recorded. The measured
fluorescence intensity minus the fluorescence intensity of blank biological sample was
taken as the ordinate (Y) and the FBP-FITC concentration (µg/mL) as the abscissa (X).

Blank plasma, urine and feces samples of rats were used to establish the LBP-FITC
standard curve, and all correlation coefficients of the linear regression equation of each
biological sample were greater than 0.99, which indicated that the linear equation could
meet the requirements of pharmacokinetic study.

3.1.2. Precision

According to the QC sample, the precision of the experiment was calculated. The
experimental results of the QC sample of LPB-FITC were in line with the relevant re-
quirements for biological sample determination. The specific data are shown in Table 1.
The intra-day relative standard deviation (RSD) of the concentration of 0.2 µg/mL in rat
plasma was 7.28%, 6.90%, 5.37%, 4.88%, and 4.92%, and the inter-day RSD was 7.15%; the
intra-day RSD of 2 µg/mL concentration was 3.45%, 4.01%, 4.92%, 2.67%, and 5.39%, and
the inter-day RSD was 4.83%; the intra-day RSD of 20 µg/mL was 1.86%, 2.24%, 3.28%,
2.48%, and 1.97%, and the inter-day RSD was 2.62%. As mentioned above, the intra- and
inter-day precision values (RSD) of QC samples with all different concentration levels were
less than 15%. The results show that the method used in the present study is with good
precision.
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Table 1. Inter-day and intra-day precision of LBP-FITC in blank rat plasma, urine, and feces (n = 5).

Biological
Sample

Theoretical
Concentration (µg/mL)

Inter-Day, RSD (%) Intra-Day, RSD
(%)1 2 3 4 5

Plasma
0.2 7.28 6.9 5.37 4.88 4.92 7.75
2.0 3.45 4.01 4.92 2.67 5.39 4.83

20.0 1.86 2.24 3.28 2.48 1.97 2.62

Urine
0.25 4.26 5.9 5.37 4.88 4.92 7.16
50.0 1.45 2.01 1.92 2.67 1.39 1.83
500.0 0.86 1.04 0.58 0.68 0.47 0.78

Feces
5.0 3.68 3.92 6.21 4.86 3.9 6.12

50.0 1.66 1.91 2.04 1.69 1.12 2.86
300.0 0.89 1.53 1.24 1.08 1.37 1.74

The intra-day RSD of 0.25 µg/mL concentration in rat urine was 4.26%, 5.90%, 5.37%,
4.88%, and 4.92%, and the inter-day RSD was 7.16%; the intra-day RSD of 50 µg/mL
concentration was 1.45%, 2.01%, 1.92%, 2.67%, and 1.39%, respectively, and the inter-day
RSD was 1.83%; the intra-day RSD of 500 µg/mL concentration was 0.86%, 1.04%, 0.58%,
0.68%, and 0.47%, respectively, and the inter-day RSD was 0.78%. As shown, the intra- and
inter-day RSDs of low, medium, and high levels are relatively small (less than 15%) and
the precision of the method was proved as good.

The intra-day RSD of 5.0 µg/mL concentration in rat feces was 3.68%, 3.92%, 6.21%,
4.86%, 3.90%, and the inter-day RSD was 6.12%; the intra-day RSD of 50.0 µg/mL con-
centration was 1.66%, 1.91%, 2.04%, 1.69% and 1.12%, and the inter-day RSD was 2.86%.
The inter-day RSD of 300.0 µg/mL concentration was 0.89%, 1.53%, 1.24%, 1.08%, and
1.37%, respectively, and the inter-day RSD was 1.74%. The intra- and inter-day RSDs of
low, medium, and high levels were relatively small (less than 15%). The results showed
that the precision of this method was good.

3.1.3. Stability

The fluorescence intensity was measured after 24 h storage at room temperature, three
times of freeze-thaw, and cryopreservation at −20 ◦C for 15 d. The stability of LBP-FITC
was evaluated by analyzing the above three conditions, as shown in Table 2. For LBP-FITC,
the intra- and inter-day precision values (RSD, %) were both lower than 5%. These results,
which were within the acceptable criteria for precision, proved that this method was reliable
for the quantitative analysis of LBP-FITC in rat biological samples.

3.1.4. Recovery and Matrix Effect

By spiking standard solutions into the processed blank plasma, urine, and feces
sample, three kinds of solutions with low, medium, and high concentrations were prepared.
The results of matrix effect and biological sample recovery are shown in Table 3. It could
be seen from the table that the inter-group recoveries of plasma samples were between
84.6% and 104.0%, with RSD ranging from 1.97% to 7.28%; the intra-group recoveries of
low, medium, and high concentration plasma samples were between 91.6% and 100.2%,
with RSD of 4.58%, 3.82%, and 2.04%, respectively.
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Table 2. Stability in rat plasma, urine, and feces (n = 5).

Biological Sample
Theoretical

Concentration
(µg/mL)

24 h at Room Temperature Repeated Freeze-Thaw Test for 3 Times Frozen at −20 ◦C for 15 Days

Measured
Concentration

(µg/mL)
RSD (%)

Measured
Concentration

(µg/mL)
RSD (%)

Measured
Concentration

(µg/mL)
RSD (%)

Plasma
0.2 0.196 ± 0.004 4.90 0.194 ± 0.005 4.98 0.191 ± 0.003 3.80
2.0 1.89 ± 0.02 2.07 1.93 ± 0.04 4.03 1.96 ± 0.03 3.24
20.0 19.17 ± 0.34 3.74 19.03 ± 0.24 2.72 19.49 ± 0.17 1.87

Urine
0.25 0.246 ± 0.004 4.61 0.244 ± 0.005 4.98 0.247 ± 0.003 4.78
50 48.89 ± 0.82 1.07 49.93 ± 0.74 1.83 49.96 ± 0.83 1.34
500 498.17 ± 3.34 0.74 496.03 ± 2.24 0.72 498.49 ± 3.17 0.89

Feces
5.0 4.92 ± 0.14 3.64 4.86 ± 0.12 4.02 4.96 ± 0.13 3.82
50.0 48.89 ± 0.22 2.11 46.93 ± 0.34 5.36 48.96 ± 0.23 4.64

300.0 287.63 ± 0.34 3.28 279.08 ± 0.24 2.72 292.44 ± 0.31 2.81

Table 3. Inter- and intra-group matrix effect and extraction recovery for LBP-FITC in rat plasma, urine, and feces (n = 5).

Biological
Sample

Theoretical
Concentration

(µg/mL)

Inter-Group
Intra-Group

1 2 3 4 5

Rate (%)
(M ± SD) RSD (%) Rate (%)

(M ± SD) RSD (%) Rate (%)
(M ± SD) RSD (%) Rate (%)

(M ± SD) RSD (%) Rate (%)
(M ± SD) RSD (%) Rate (%)

(M ± SD) RSD (%)

Plasma
0.2 99.0 ± 7.9 7.28 96.0 ± 6.1 6.90 99.5 ± 7.8 5.37 104.0 ± 5.6 4.88 97.5 ± 7.2 4.92 100.2 ± 4.6 4.58
2.0 93.2 ± 3.8 3.45 87.1 ± 3.5 4.01 84.6 ± 2.9 4.92 95.2 ± 3.4 2.67 94.3 ± 5.2 5.39 91.6 ± 4.4 3.82

20.0 98.4 ± 1.2 1.86 96.9 ± 1.8 2.24 98.9 ± 1.6 3.28 94.6 ± 0.9 2.48 97.2 ± 1.9 1.97 98.3 ± 2.8 2.04

Urine
0.25 99.2 ± 4.8 4.28 100.0 ± 5.1 5.90 98.4 ± 5.6 5.37 100.8 ± 4.8 4.88 98.0 ± 6.4 4.92 98.4 ± 1.4 1.42
50 97.7 ± 1.7 1.45 95.5 ± 1.6 2.01 97.4 ± 1.9 1.92 99.8 ± 1.7 2.67 95.8 ± 1.6 1.39 97.6 ± 1.5 1.64
500 99.5 ± 0.5 0.86 99.1 ± 0.7 1.04 99.4 ± 0.4 0.58 98.8 ± 0.6 0.68 99.7 ± 0.7 0.47 99.3 ± 0.4 0.38

Feces
5.0 99.6 ± 4.78 3.68 97.2 ± 4.20 3.92 94.6 ± 2.72 6.21 99.2 ± 6.40 4.86 100.6 ± 3.18 3.90 98.2 ± 2.72 2.78

50.0 96.5 ± 1.64 1.66 96.3 ± 1.56 1.91 96.2 ± 1.86 2.04 95.6 ± 1.34 1.69 95.4 ± 1.06 1.12 98.3 ± 0.50 0.52
300.0 99.6 ± 1.05 0.89 99.3 ± 1.21 1.53 99.4 ± 1.50 1.24 98.9 ± 1.02 1.08 99.8 ± 1.24 1.37 99.4 ± 0.98 1.00
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The inter-group recovery rate of urine samples was between 95.5% and 100.8%, with
RSD range from 0.47% to 5.90%; and intra-group recovery of low, medium, and high
concentration urine samples was between 97.6% and 99.3%, with RSD of 1.42%, 1.64%, and
0.38%, respectively.

As shown in Table 3, the inter-group recovery rate of low, medium, and high con-
centration fecal samples was between 94.6% and 100.6%, with RSD ranging from 0.89%
to 6.21%; the intra-group recovery of fecal samples was between 98.2% and 99.4%, with
RSD of 2.78%, 0.52%, and 1.00%, respectively. Although several studies [8,36,37] reported
biological samples to be deproteinized would affect the recovery rate of polysaccharides,
our results indicated that extraction recovery of this method was consistent, reproducible,
and acceptable.

3.2. Pharmacokinetics Study
3.2.1. Plasma Concentration-Time Data

LBP-FITC was given to rats by gavage at the dose of 100, 50, and 25 mg/kg. After
administration, the blood concentration of LBP-FITC was measured at 0, 0.5, 1, 2, 3, 4, 6, 8,
10, 12, 24, 36, and 48 h. The data were shown in Table 4.

Table 4. Plasma concentration (µg/mL) of LBP-FITC after intragastric administration of LBP-FITC to rat at dosage of
100 mg/kg, 50 mg/kg, and 25 mg/kg (n = 6).

Concentration 100 mg/kg 50 mg/kg 25 mg/kg

Time(h) 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.5 5.176 5.722 6.454 6.425 6.69 7.426 4.933 5.082 5.358 5.527 4.333 5.632 3.514 4.050 4.180 4.132 3.121 2.645
1 5.305 7.451 7.084 7.679 7.463 7.975 4.724 6.331 6.174 6.564 5.666 5.963 4.391 4.641 4.578 4.427 3.519 3.054
2 5.160 7.543 7.624 7.706 6.878 8.228 4.623 6.494 6.634 7.214 6.078 6.747 4.741 5.976 5.403 5.194 5.404 4.898
3 6.085 6.343 5.407 5.023 5.219 6.677 5.902 6.056 5.401 4.98 5.146 7.021 4.496 5.184 5.315 4.413 5.038 4.635
4 5.677 5.158 5.321 5.186 4.93 6.001 4.897 5.235 5.111 4.666 4.789 5.336 4.193 4.237 4.872 3.938 4.524 3.816
6 5.555 4.09 5.231 4.844 4.394 6.578 4.206 4.004 4.859 4.758 4.143 5.282 3.988 3.320 4.855 4.672 4.273 2.974
8 4.045 4.713 4.88 4.784 4.875 5.714 3.981 3.651 4.546 4.256 4.254 4.967 3.728 3.019 4.026 3.947 3.949 2.874
10 3.582 3.11 3.726 4.987 4.027 4.832 3.515 2.897 3.669 4.034 3.812 4.185 3.413 2.478 3.640 3.773 3.213 2.376
12 2.903 3.923 2.76 4.557 3.777 3.658 2.808 2.682 3.528 3.879 3.221 3.241 3.051 2.566 3.449 3.296 2.642 1.511
24 2.592 2.631 2.756 2.612 2.551 3.146 2.349 2.476 2.743 2.581 2.756 2.248 3.026 2.126 2.996 2.551 2.638 1.239
36 1.884 1.858 2.507 1.748 2.161 2.668 1.964 1.869 2.721 2.511 2.108 2.046 3.018 1.992 2.671 2.498 2.088 1.034
48 1.592 1.161 2.065 1.499 1.118 2.689 1.362 1.558 2.014 2.123 1.964 1.337 2.094 1.423 1.941 2.039 1.901 0.892

3.2.2. Mean Plasma Concentration–Time Curve

The mean plasma concentration–time curves of LBP-FITC in the experimental rats are
shown in Figure 1. After single intragastric administration of LBP-FITC of different doses to
rats, the average drug time curve was made by plotting the blood drug concentration and
corresponding detection time points. The results showed that the plasma concentration–
time curves were all nonlinear with intragastric administration of different doses. The
concentration–time curves of bioactive polysaccharides in animal plasma were mostly
confirmed to be two-compartment model, but their pharmacokinetics parameters showed
significant differences due to different physicochemical characteristics, administration
methods, and dosages [38]. Consistent with our results, mussel polysaccharide MA showed
a nonlinear characteristic with the dose range of 25–100 mg/kg in rats [38].
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Figure 1. Mean-plasma concentration–time profile of LBP-FITC after intragastric administration of
LBP-FITC to rats.

3.2.3. Pharmacokinetic Parameters

The pharmacokinetic data of LBP-FITC were analyzed by DAS 2.0 software. The
non-compartment model based on statistical moment theory was used to fit the blood
concentration time data of LBP-FITC in rats. The main pharmacokinetic parameters were
calculated as shown in Table 5. After a single oral administration of LBP-FITC at doses of
100, 50, and 25 mg/kg, the t1/2 was 31.39 ± 14.64, 38.09 ± 9.43, 45.76 ± 4.57 h, respectively;
the AUC(0–t) was 151.09 ± 15.10, 141.25 ± 12.02, 128.21 ± 27.64 mg/L.h, respectively; the
AUC(0–∞) was 230.49 ± 73.26, 236.18 ± 35.08, 242.57 ± 64.09, respectively; the MRT(0–t)
of 0–t was 18.38 ± 1.01, 19.15 ± 0.84, 20.07 ± 1.49 h, respectively; the maximum Cmax
was 7.44 ± 0.72, 6.56 ± 0.51, 5.27 ± 0.44 mg/L; the Tmax was 2.00 ± 0.63, 2.33 ± 0.52,
2 ± 0.00 h, respectively. In this study, Tmax of the high, medium, and low-dose groups were
all small, while T1/2 value was higher, which indicated that LBP-FITC absorbed rapidly in
rats, but the elimination is slow, which may be related to the properties of polymer. LBP
is polymerized by glucose, mannose, and galacturonic acid, and the molecular weight of
LBP is about 5 kDa [29]. Kaneo et al. [39] revealed that fluorescein-labeled polysaccharide
(dextrans) with a molecular weight (Mw) lower than 20 kDa showed rapid elimination
from the blood after intravenous injection. But this correlation was not exited in the
present study. The slow elimination from the blood could be explained directly by the
mode of intragastric administration. Consistent with our results, Lin et al. [4] revealed the
elimination half-life of Ophiopogon japonicus polysaccharide FOJ-5 with relative molecular
weight of 5 kDa in rat plasma was longer after intragastric administration than that of
intravenous injection.

The pharmacokinetic parameters of Cmax and AUC(0–t) were used to plot three dose
levels of LBP-FITC. As shown in Figure 2, the Cmax and AUC(0–t) of each dose group were
positively correlated with the dosage, indicating that LBP-FITC presented linear pharmacoki-
netic characteristics in experimental rats. Similar results that pharmacokinetics exhibited an
appreciable dose dependency have been observed in other studies on the pharmacokinetics of
polysaccharide [39–41].



Foods 2021, 10, 2851 11 of 15

Table 5. Pharmacokinetic parameters of LBP-FITC after intragastric administration of LBP-FITC to rats at dosage of
100 mg/kg, 50 mg/kg, and 25 mg/kg.

Parameter Unit
100 mg/kg 50 mg/kg 25 mg/kg

Mean SD Mean SD Mean SD

Cmax
a mg/L 7.44 0.72 6.56 0.51 5.27 0.44

Tmax
b h 2 0.63 2.33 0.52 2 0

AUC(0–t)
c mg/L.h 151.09 15.10 141.25 12.02 128.21 27.64

AUC(0–∞)
d mg/L.h 230.49 73.26 236.18 35.08 242.57 64.09

MRT(0–t)
e h 18.38 1.01 19.15 0.84 20.07 1.49

t1/2
f h 31.39 14.64 38.09 9.43 45.76 4.57

CLz/F g L/h/kg 0.47 0.12 0.22 0.03 0.11 0.04
Vz/F h L/kg 18.96 3.66 11.57 2.16 7.29 2.38
a Cmax: maximum plasma concentration; b Tmax: maximum plasma time; c/d AUC: area under the plasma concentration–time curve,
which is the parameter reflecting the total amount of drug entering the blood circulation; e MRT: mean residence time, which refers to
the average time of drug molecules remaining in the body; f t1/2: half-life, represents the time required to eliminate half of the drug
concentration in plasma after the drug distribution is balanced in vivo, which is an important parameter to express the speed of drug
elimination in vivo; g CL: plasma clearance, which is the parameter for estimating the drug elimination rate from the body; h Vz/F: apparent
volume of distribution.
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Figure 2. Relationship between Cmax (A), AUC(0–t) (B) and different dose after oral administration of LBP-FITC to SD rats.

3.3. Excretion Study

After a single dose of 50 mg/kg LBP-FITC, the average cumulative excretion amount and
percentage of LBP-FITC in urine and feces at different time periods were shown in Table 6. As
shown, the cumulative excretion rate of LBP-FITC in urine and feces was 0.09 ± 0.04% and
92.18 ± 3.61% respectively after a single oral administration of 50 mg/kg LBP-FITC for 72 h. As
shown in Figure 3 that the cumulative excretion rate of urine and feces reached 92.27% within
72 h after a single oral administration of 50 mg/kg LBP-FITC, with fecal excretion being the
main one. The results showed that the absorption rate of LBP was not high in vivo. The average
curves of cumulative excretion of urine and feces in the percentage of administration dose are
shown in Figure 4A,B. The cumulative excretion rate of LBP-FITC in urine and feces at different
time periods is shown in Table 7. After intragastric administration of LBP-FITC, the excretion
rate of urine was the highest in 0–4 h period and decreased continuously in 4–24 h period.
However, the cumulative excretion rate in urine accounted for only 0.094 ± 0.036% in 0–72 h.
The excretion rate of feces was the highest in 4–10 h, 48.28 ± 9.349% in feces within 4–10 h, and
decreased rapidly in 10–24 h. Excretion rate of LBP-FITC excreted in urine and feces after an
oral dose of 50 mg/kg to rats is showed in Figure 5A,B. Retention of a large amount of LBP
in intestine suggested it may play potential effects of LBP on intestinal which were proved in
some studies reported [42,43].
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Table 6. Mean cumulative amounts of LBP-FITC excreted in urine and feces after an oral dose of
50 mg/kg to rats (Mean ± SD, n = 6).

Time
Urine Feces

Amount (µg) % of Dose Amount (µg) % of Dose

0–4 3.87 ± 0.04 0.038 ± 0.008 0.05 ± 0.02 0.052 ± 0.018
0–10 6.44 ± 0.06 0.064 ± 0.012 4.81 ± 1.21 48.28 ± 9.349
0–24 7.49 ± 0.09 0.075 ± 0.015 6.94 ± 1.18 69.53 ± 6.483
0–48 8.36 ± 0.13 0.084 ± 0.022 8.88 ± 1.12 89.24 ± 5.487
0–72 9.38 ± 0.23 0.094 ± 0.036 9.23 ± 0.50 92.18 ± 3.609
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Table 7. Urinary and feces excretion rate of LBP-FITC after an oral dose of 50 mg/kg to rats.

Time (h) ∆t (h)

Urinary Feces

Excretion Amount
(mg)

Excretion Rate
(mg/h)

Excretion Amount
(mg)

Excretion Rate
(mg/h)

0 0
4 4 3.87 ± 0.06 0.968 ± 0.211 0.05 ± 0.02 0.013 ± 0.005

10 6 2.57 ± 1.24 0.428 ± 0.107 4.76 ± 1.12 0.793 ± 0.187
24 14 1.05 ± 0.89 0.075 ± 0.064 2.13 ± 1.08 0.152 ± 0.077
48 24 0.87 ± 1.03 0.036 ± 0.043 1.94 ± 0.51 0.081 ± 0.021
72 24 1.02 ± 0.92 0.043 ± 0.038 0.35 ± 0.13 0.015 ± 0.005
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4. Conclusions

LBP-FITC has the property of fluorescence generation, and the quantitative analysis
method of LBP-FITC in vivo has been successfully established, and the method was applied
to study the pharmacokinetics of LBP-FITC in vivo. The pharmacokinetic parameters of
LBP-FITC after single oral administration of LBP-FITC in SD rats were obtained. The
half-life of LBP-FITC in rats was long with slow elimination. The excretion study showed
that most of LBP-FITC was excreted from urine and feces with the proportion of 92.274%
of LBP-FITC after 72 h of administration, in which 92.18% of LBP-FITC was excreted from
feces. LBP, as a kind of polysaccharides, may mainly act on the intestinal tract due to its
difficulty to be absorbed.

Author Contributions: H.X.: Conceptualization, methodology, software, and writing—original
draft preparation. C.Y.: data curation, writing—original draft preparation. B.Z., H.T.: visualization,
investigation, software, validation. L.Y., W.L.: conceptualization, methodology, software. G.S.:
writing, reviewing, and editing. All authors have read and agreed to the published version of the
manuscript.

Funding: This study was supported by the National Key Research and Development Program of
China (No. 2016YFD400604-02) and the National Natural Science Foundation of China (No. 81273069,
82003457).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by Animal Experimental Ethical Committee of Southeast
University (No. 2015-1025-009).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Zhang, L.-L.; Huang, M.-Y.; Yang, Y.; Huang, M.-Q.; Shi, J.-J.; Zou, L.; Lu, J.-J. Bioactive platycodins from Platycodonis Radix:

Phytochemistry, pharmacological activities, toxicology and pharmacokinetics. Food Chem. 2020, 327, 127029. [CrossRef] [PubMed]
2. Huang, Y.; Washio, Y.; Hara, M.; Toyoda, H.; Koshiishi, I.; Toida, T.; Imanari, T. Simultaneous Determination of Dermatan Sulfate

and Oversulfated Dermatan Sulfate in Plasma by High-Performance Liquid Chromatography with Postcolumn Fluorescence
Derivatization. Anal. Biochem. 1996, 240, 227–234. [CrossRef] [PubMed]

3. Han, Y.; Lv, Z.; Jiang, T.; Wang, Y. Bioanalysis and pharmacokinetics of chitosan ester in rabbit serum by HPLC with postcolumn
fluorescence derivatization. J. Chromatogr. B 2007, 845, 138–142. [CrossRef]

4. Lin, X.; Xu, D.-S.; Feng, Y.; Shen, L. Determination of Ophiopogon japonicus polysaccharide in plasma by HPLC with modified
postcolumn fluorescence derivatization. Anal. Biochem. 2005, 342, 179–185. [CrossRef]

5. Li, P.-L.; Li, C.-X.; Xue, Y.-T.; Li, H.-H.; Liu, H.-B.; He, X.-X.; Yu, G.-L.; Guan, H.-S. An HPLC Method for Microanalysis and
Pharmacokinetics of Marine Sulfated Polysaccharide PSS-Loaded Poly Lactic-co-Glycolic Acid (PLGA) Nanoparticles in Rat
Plasma. Mar. Drugs 2013, 11, 1113–1125. [CrossRef] [PubMed]

6. Shao, L.; Jin, Y.; Fu, H.; Ma, J.; Wang, X.; Jin, Y.; Wen, C. Pharmacokinetics and UPLC-MS/MS of Delsoline in Mouse Whole Blood.
J. Anal. Methods Chem. 2018, 2018, 9412708. [CrossRef] [PubMed]

http://doi.org/10.1016/j.foodchem.2020.127029
http://www.ncbi.nlm.nih.gov/pubmed/32450486
http://doi.org/10.1006/abio.1996.0352
http://www.ncbi.nlm.nih.gov/pubmed/8811915
http://doi.org/10.1016/j.jchromb.2006.07.058
http://doi.org/10.1016/j.ab.2005.04.025
http://doi.org/10.3390/md11041113
http://www.ncbi.nlm.nih.gov/pubmed/23549283
http://doi.org/10.1155/2018/9412708
http://www.ncbi.nlm.nih.gov/pubmed/30405933


Foods 2021, 10, 2851 14 of 15

7. Lin, X.; Xu, D.-S.; Feng, Y.; Li, S.-M.; Lu, Z.-L.; Shen, L. Release-Controlling Absorption Enhancement of Enterally Administered
Ophiopogon Japonicus Polysaccharide by Sodium Caprate in Rats. J. Pharm. Sci. 2006, 95, 2534–2542. [CrossRef] [PubMed]

8. Lin, X.; Wang, Z.; Sun, G.; Shen, L.; Xu, D.; Feng, Y. A sensitive and specific HPGPC-FD method for the study of pharmacokinetics
and tissue distribution of Radix Ophiopogonis polysaccharide in rats. Biomed. Chromatogr. 2009, 24, 820–825. [CrossRef] [PubMed]

9. Rice, P.J.; Lockhart, B.E.; Barker, L.A.; Adams, E.L.; Ensley, H.E.; Williams, D.L. Pharmacokinetics of fungal (1-3)-beta-D-glucans
following intravenous administration in rats. Int. Immunopharmacol. 2004, 4, 1209–1215. [CrossRef] [PubMed]

10. Hoshi, H.; Yagi, Y.; Matsunaga, K.; Ishihara, Y.; Yasuhara, T. Development of an enzyme-linked immunosorbent assay to detect an
immunomodulatory alpha-D-glucan-protein complex, MPG-1, in basidiomycete Tricholoma matsutake and related processed
foods. J. Agric. Food Chem. 2007, 55, 8508–8515. [CrossRef]

11. Mousa, S.A.; Zhang, F.; Aljada, A.; Chaturvedi, S.; Takieddin, M.; Zhang, H.; Chi, L.; Castelli, M.C.; Friedman, K.; Goldberg,
M.M.; et al. Pharmacokinetics and Pharmacodynamics of Oral Heparin Solid Dosage Form in Healthy Human Subjects. J. Clin.
Pharmacol. 2007, 47, 1508–1520. [CrossRef] [PubMed]

12. Castelli, M.C.; Wong, D.F.; Friedman, K.; Riley, M.G.I. Pharmacokinetics of Oral Cyanocobalamin Formulated With Sodium
N-[8-(2-hydroxybenzoyl)amino]caprylate (SNAC): An Open-Label, Randomized, Single-Dose, Parallel-Group Study in Healthy
Male Subjects. Clin. Ther. 2011, 33, 934–945. [CrossRef] [PubMed]

13. Wang, B.; Shen, J.; Zhou, Q.; Meng, D.; He, Y.; Chen, F.; Wang, S.; Ji, W. Effects of naringenin on the pharmacokinetics of tofacitinib
in rats. Pharm. Biol. 2020, 58, 225–230. [CrossRef]

14. Bai, X.; Zhang, E.; Hu, B.; Liang, H.; Song, S.; Ji, A. Study on Absorption Mechanism and Tissue Distribution of Fucoidan.
Molecules 2020, 25, 1087. [CrossRef]

15. Li, J.; Yu, Y.; Guo, L.P.; Huang, L.Q.; Zhang, X.B.; Yang, J. Study on quality regionalization of Lycii Fructus. Zhongguo Zhong Yao
Za Zhi Zhongguo Zhongyao Zazhi China J. Chin. Mater. Med. 2019, 44, 1156–1163.

16. Amagase, H.; Sun, B.; Borek, C. Lycium barbarum (goji) juice improves in vivo antioxidant biomarkers in serum of healthy adults.
Nutr. Res. 2009, 29, 19–25. [CrossRef]

17. Shi, G.-J.; Zheng, J.; Wu, J.; Qiao, H.-Q.; Chang, Q.; Niu, Y.; Sun, T.; Li, Y.-X.; Yu, J.-Q. Beneficial effects of Lycium barbarum
polysaccharide on spermatogenesis by improving antioxidant activity and inhibiting apoptosis in streptozotocin-induced diabetic
male mice. Food Funct. 2017, 8, 1215–1226. [CrossRef] [PubMed]

18. Yang, F.; Wei, Y.; Liao, B.; Wei, G.; Qin, H.; Pang, X.; Wang, J. Lycium barbarum polysaccharide prevents cisplatin-induced MLTC-1
cell apoptosis and autophagy via regulating endoplasmic reticulum stress pathway. Drug Des. Dev. Ther. 2018, 12, 3211–3219.
[CrossRef]

19. Zhong, J.-X.; Liu, L.; Sha, X.-Y.; Wu, Y.-N.; Chen, M.-T. Lycium barbarum polysaccharides protects retinal ganglion cells against
oxidative stress injury. Neural Regen. Res. 2020, 15, 1526–1531. [CrossRef]

20. Hao, W.; Wang, S.-F.; Zhao, J.; Li, S.-P. Effects of extraction methods on immunology activity and chemical profiles of Lycium
barbarum polysaccharides. J. Pharm. Biomed. Anal. 2020, 185, 113219. [CrossRef] [PubMed]

21. Tian, B.; Zhang, Z.; Zhao, J.; Ma, Q.; Liu, H.; Nie, C.; Ma, Z.; An, W.; Li, J. Dietary whole Goji berry (Lycium barbarum) intake
improves colonic barrier function by altering gut microbiota composition in mice. Int. J. Food Sci. Technol. 2021, 56, 103–114.
[CrossRef]

22. Azhdarinia, A.; Ghosh, P.; Ghosh, S.; Wilganowski, N.; Sevick-Muraca, E.M. Dual-Labeling Strategies for Nuclear and Fluorescence
Molecular Imaging: A Review and Analysis. Mol. Imaging Biol. 2012, 14, 261–276. [CrossRef] [PubMed]

23. Huang, M.; Ma, Z.; Khor, E.; Lim, L. Uptake of FITC-Chitosan Nanoparticles by A549 Cells. Pharm. Res. 2002, 19, 1488–1494.
[CrossRef] [PubMed]

24. Das, S.K.; Dey, T.; Kundu, S.C. Fabrication of sericin nanoparticles for controlled gene delivery. RSC Adv. 2014, 4, 2137–2142.
[CrossRef]

25. Remuñán-López, C.; Lorenzo-Lamosa, M.; Vila-Jato, J.; Alonso, M.J. Development of new chitosan–cellulose multicore micropar-
ticles for controlled drug delivery. Eur. J. Pharm. Biopharm. 1998, 45, 49–56. [CrossRef]

26. Raveendran, S.; Poulose, A.C.; Yoshida, Y.; Maekawa, T.; Kumar, S. Bacterial exopolysaccharide based nanoparticles for sustained
drug delivery, cancer chemotherapy and bioimaging. Carbohydr. Polym. 2013, 91, 22–32. [CrossRef] [PubMed]

27. Cho, H.H.; Choi, J.H.; Been, S.Y.; Kim, N.; Choi, J.M.; Kim, W.; Kim, D.; Jung, J.J.; Song, J.E.; Khang, G. Development of fluorescein
isothiocyanate conjugated gellan gum for application of bioimaging for biomedical application. Int. J. Biol. Macromol. 2020, 164,
2804–2812. [CrossRef]

28. Zheng, Z.; Pan, X.; Xu, J.; Wu, Z.; Zhang, Y.; Wang, K. Advances in tracking of polysaccharides in vivo: Labeling strategies,
potential factors and applications based on pharmacokinetic characteristics. Int. J. Biol. Macromol. 2020, 163, 1403–1420. [CrossRef]

29. Tang, H.-L.; Chen, C.; Wang, S.-K.; Sun, G.-J. Biochemical analysis and hypoglycemic activity of a polysaccharide isolated from
the fruit of Lycium barbarum L. Int. J. Biol. Macromol. 2015, 77, 235–242. [CrossRef]

30. Tichá, M.; Kocourek, J. Fluorescein-labeled O-glycosyloxyalkenyl-aminoalkenyl-acrylamide copolymers in lectin-saccharide
binding studies. Carbohydr. Res. 1991, 213, 339–343. [CrossRef]

31. Li, G.; You, J.; Suo, Y.; Song, C.; Sun, Z.; Xia, L.; Shi, J. Studies on Separation and Fluorescent Labeling of Lycium barbarum
Polysaccharides. Lishizhen Med. Mater. Med. Res. 2014, 25, 2312–2315.

32. Chen, C.; Tang, H.; Ma, Y.; Wang, S.; Yang, L.; Peng, J.; Sun, G. Establishment of A Method for Detecting Fluorescence Labeled
Lycium barbarum Polysaccharide in Rat Plasma. Food Sci. 2015, 36, 90–95.

http://doi.org/10.1002/jps.20738
http://www.ncbi.nlm.nih.gov/pubmed/16937339
http://doi.org/10.1002/bmc.1369
http://www.ncbi.nlm.nih.gov/pubmed/20020416
http://doi.org/10.1016/j.intimp.2004.05.013
http://www.ncbi.nlm.nih.gov/pubmed/15251116
http://doi.org/10.1021/jf071809z
http://doi.org/10.1177/0091270007307242
http://www.ncbi.nlm.nih.gov/pubmed/18048572
http://doi.org/10.1016/j.clinthera.2011.05.088
http://www.ncbi.nlm.nih.gov/pubmed/21722960
http://doi.org/10.1080/13880209.2020.1738504
http://doi.org/10.3390/molecules25051087
http://doi.org/10.1016/j.nutres.2008.11.005
http://doi.org/10.1039/C6FO01575A
http://www.ncbi.nlm.nih.gov/pubmed/28225103
http://doi.org/10.2147/DDDT.S176316
http://doi.org/10.4103/1673-5374.274349
http://doi.org/10.1016/j.jpba.2020.113219
http://www.ncbi.nlm.nih.gov/pubmed/32145536
http://doi.org/10.1111/ijfs.14606
http://doi.org/10.1007/s11307-011-0528-9
http://www.ncbi.nlm.nih.gov/pubmed/22160875
http://doi.org/10.1023/A:1020404615898
http://www.ncbi.nlm.nih.gov/pubmed/12425466
http://doi.org/10.1039/C3RA44990D
http://doi.org/10.1016/S0939-6411(97)00122-7
http://doi.org/10.1016/j.carbpol.2012.07.079
http://www.ncbi.nlm.nih.gov/pubmed/23044101
http://doi.org/10.1016/j.ijbiomac.2020.08.146
http://doi.org/10.1016/j.ijbiomac.2020.07.210
http://doi.org/10.1016/j.ijbiomac.2015.03.026
http://doi.org/10.1016/S0008-6215(00)90621-9


Foods 2021, 10, 2851 15 of 15

33. Guo, C.; Jiang, Y.; Li, L.; Hong, L.; Wang, Y.; Shen, Q.; Lou, Y.; Hu, H.; Zhou, H.; Yu, L.; et al. Application of a liquid
chromatography–tandem mass spectrometry method to the pharmacokinetics, tissue distribution and excretion studies of
Dactylicapnos scandens in rats. J. Pharm. Biomed. Anal. 2013, 74, 92–100. [CrossRef] [PubMed]

34. Matuszewski, B.K.; Constanzer, M.L.; Chavez-Eng, C.M. Strategies for the Assessment of Matrix Effect in Quantitative Bioanalyti-
cal Methods Based on HPLC−MS/MS. Anal. Chem. 2003, 75, 3019–3030. [CrossRef]

35. Cappiello, A.; Famiglini, G.; Palma, P.; Pierini, E.; Termopoli, V.; Trufelli, H. Overcoming Matrix Effects in Liquid
Chromatography−Mass Spectrometry. Anal. Chem. 2008, 80, 9343–9348. [CrossRef] [PubMed]

36. Lin, X.; Wang, Z.-J.; Wang, S.; Shen, L.; Feng, Y.; Ruan, K.-F.; Xu, D.-S. Comparison of tissue distribution of a PEGylated Radix
Ophiopogonis polysaccharide in mice with normal and ischemic myocardium. Eur. J. Pharm. Biopharm. 2011, 79, 621–626.
[CrossRef] [PubMed]

37. Zhang, Y.; Zhou, T.; Luo, L.; Cui, Z.; Wang, N.; Shu, Y.; Wang, K.-P. Pharmacokinetics, biodistribution and receptor mediated
endocytosis of a natural Angelica sinensis polysaccharide. Artif. Cells Nanomed. Biotechnol. 2018, 46, 254–263. [CrossRef] [PubMed]

38. Yi, Y.; Wang, H.-X.; He, J.-R. Research progresses of pharmacokinetics of polysaccharides. Yao Xue Xue Bao Acta Pharm. Sin. 2014,
49, 443–449.

39. Kaneo, Y.; Uemura, T.; Tanaka, T.; Kanoh, S. Polysaccharides as Drug Carriers: Biodisposition of Fluorescein-Labeled Dextrans in
Mice. Biol. Pharm. Bull. 1997, 20, 181–187. [CrossRef]

40. Mehvar, R.; Robinson, M.A.; Reynolds, J.M. Dose Dependency of the Kinetics of Dextrans in Rats: Effects of Molecular Weight. J.
Pharm. Sci. 1995, 84, 815–818. [CrossRef] [PubMed]

41. Zhang, Y.; Zheng, Z.; Yang, X.; Pan, X.; Yin, L.; Huang, X.; Li, Q.; Shu, Y.; Zhang, Q.; Wang, K. A sensitive and rapid radiolabelling
method for the in vivo pharmacokinetic study of lentinan. Food Funct. 2018, 9, 3114–3125. [CrossRef] [PubMed]

42. Huang, C.; Yao, R.; Zhu, Z.; Pang, D.; Cao, X.; Feng, B.; Paulsen, B.S.; Li, L.; Yin, Z.; Chen, X.; et al. A pectic polysaccharide from
water decoction of Xinjiang Lycium barbarum fruit protects against intestinal endoplasmic reticulum stress. Int. J. Biol. Macromol.
2019, 130, 508–514. [CrossRef] [PubMed]

43. Yang, X.; Bai, H.; Cai, W.; Li, J.; Zhou, Q.; Wang, Y.; Han, J.; Zhu, X.; Dong, M.; Hu, D. Lycium barbarum polysaccharides reduce
intestinal ischemia/reperfusion injuries in rats. Chem. Interact. 2013, 204, 166–172. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jpba.2012.10.011
http://www.ncbi.nlm.nih.gov/pubmed/23245239
http://doi.org/10.1021/ac020361s
http://doi.org/10.1021/ac8018312
http://www.ncbi.nlm.nih.gov/pubmed/19551950
http://doi.org/10.1016/j.ejpb.2011.07.002
http://www.ncbi.nlm.nih.gov/pubmed/21784151
http://doi.org/10.1080/21691401.2017.1421210
http://www.ncbi.nlm.nih.gov/pubmed/29291632
http://doi.org/10.1248/bpb.20.181
http://doi.org/10.1002/jps.2600840706
http://www.ncbi.nlm.nih.gov/pubmed/7562429
http://doi.org/10.1039/C8FO00272J
http://www.ncbi.nlm.nih.gov/pubmed/29876541
http://doi.org/10.1016/j.ijbiomac.2019.02.157
http://www.ncbi.nlm.nih.gov/pubmed/30826406
http://doi.org/10.1016/j.cbi.2013.05.010
http://www.ncbi.nlm.nih.gov/pubmed/23743330

	Introduction 
	Materials and Methods 
	Chemicals and Reagents 
	Animals 
	Instrumentation 
	Establishment of Quantitative Analysis Method for LBP-FITC 
	Fabrication of LBP-FITC 
	Preparation of LBP-FITC Standard Solution 

	Sample Collection 
	Urine and Fecal Samples 
	Plasma Sample 

	Sample Determination 
	Determination Conditions 
	Plasma Samples Determination 
	Urine Samples Determination 
	Fecal Samples Determination 

	Fabrication of Standard Curve 
	Plasma Samples 
	Urine Samples 
	Fecal Samples 

	Method Validation 
	Precision 
	Stability 
	Recovery Rate and Matrix Effect 

	Plasma Pharmacokinetics 
	Administration Method 
	Sampling Method 

	Excretion Study 
	Administration Method 
	Sample Collection and Processing 

	Sample Determination 
	Data Processing 
	Pharmacokinetic Data Processing 
	Data Processing of Excretion Experiment 


	Results and Discussion 
	Establishment and Validation of Quantitative Analysis Method 
	Standard Curve Establishment 
	Precision 
	Stability 
	Recovery and Matrix Effect 

	Pharmacokinetics Study 
	Plasma Concentration-Time Data 
	Mean Plasma Concentration–Time Curve 
	Pharmacokinetic Parameters 

	Excretion Study 

	Conclusions 
	References

