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Drynariae Rhizoma (Kunze ex Mett.) J. Sm. has been extensively used in China, Japan, and Korea to treat osteoporosis and tonify
kidneys. A rapid and validated UPLC-MS/MS method for simultaneous determination of the seven analytes including neo-
eriocitrin, luteolin-7-O-f-D-glucoside, astragalin, naringin, eriodictyol, naringenin, and kaempferol in rats’ various tissues (heart,
liver, spleen, lung, kidney, stomach, brain, uterus, ovary, and small intestine) using quercetin as the internal standard (IS) was
developed after oral administration of TFDR to rats. Tissues samples were retreated by protein precipitation with methanol. The
chromatographic separation was performed using an ACQUITY UPLC™ BEH C;g column (2.1 x 50 mm; 1.7 ym) at 35°C. The
mobile phase consisted of 1% acetic acid in water as the aqueous phase (A) and 100% acetonitrile as the organic phase (B). All
analytes and IS were quantified through electrospray ionization in positive ion multiple reaction monitoring (MRM) mode. MS
transitions were m/z 597.5 — 289.2 for neoeriocitrin, m/z 449.1 — 287.1 for luteolin-7-O-f3-D-glucoside, m/z 449.1 — 287.1
for astragalin, m/z 581.5 — 273.2 for naringin, m/z 289.2 — 153.1 for eriodictyol, m/z 273.2 — 153.1 for naringenin, m/z
287.1 — 153.1 for kaempferol, and m/z 303.2 — 153.1 for quercetin (IS). The mean extraction recovery of the seven analytes and
IS in tissue samples at three levels of quality control (QC) samples ranged from 82.72% to 118.57%, and the RSD was <14.98%. The
intraday and interday precision (RSD) were all less than 14.98%, and the accuracy (RE) ranged from —13.96% to 14.96%, which
indicated that the present method was not an issue. Tissues distribution showed neoeriocitrin, luteolin-7-O-f-D-glucoside,
astragalin, naringin, and naringenin could transfer across the blood-brain barrier, which may form the basis of TFDR entering the
brain to play an anti-AD role. Compared with the 8-month-old rats, a higher concentration of naringin was found in the ovaries of
the 18-month-old rats; this result indicated that it may regulate the autonomic nervous dysfunction of the cerebrospinal system
through the hypothalamus-pituitary-ovary axis, thus playing an anti-AD role, but further research is needed. Naringenin,
eriodictyol, and kaempferol have a higher concentration in the liver and kidney; this phenomenon may be related to the traditional
Chinese medicine theory that there is a definite relationship between the liver and kidney meridian. These results provide reliable
data support for further study of the pharmacological mechanism of TFDR, formulation of drug delivery schemes, and de-
velopment of new Chinese medicines in the treatment of AD.

1. Introduction [1, 2]. According to traditional medicine, the main system of

Alzheimer’s disease is the deficiency of kidney qi, leading to
Alzheimer’s disease (AD) is a kind of disease that leads to the ~ insufficient marrow sea; thus, the brain tissue atrophy and
decline of human memory and affects the cognitive function  functional decline. Therefore, herbal medicine possessing the
of the brain, which seriously threatens human life and health  efficacy of nourishing kidney essence or replenishing brain
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marrow are commonly served as effective strategies for AD
treatment [3-7]. Drynariae Rhizoma is a common plant
widely distributed in southern China [8]. Total Drynariae
Rhizoma flavonoids is a classic Chinese herbal medicine that
contains mainly flavonoids and is prepared based on the
China Pharmacopoeia standard of quality control [9]. Total
Drynariae Rhizoma flavonoids have been used in the clinic to
nourish the kidneys, strengthen the bones, cure injuries, and
relieve pains [10]. Studies have revealed that total flavonoids
from Drynariae Rhizoma (TFDR) could promote fracture
healing, and the mechanism is mainly delineated by im-
proving blood circulation, relieving blood flow abnormali-
ties, and preventing blood clots [11]. Drynariae Rhizoma is a
classic Chinese medicine for invigorating the kidney and
strengthening the bones, which is consistent with the
treatment of Alzheimer’s disease from the perspective of the
basic theory of traditional Chinese medicine, and modern
pharmacology shows that Drynaria fortunei has the function
of improving learning and memory, and its main component
is flavonoids [12, 13]. TFDR can activate estrogen receptors
and has the tendency to replace estrogens in clinical practice
[14]. In our previous study, using 55% ethanol reflux ex-
traction and AB-8 macroporous resin as carrier, the total
flavonoids content of Rhizoma Drynariae was 76.11%, in
which naringin content was 20.41%. In the study of the
protective effect of TFDR on PC12 cells induced by Af25-35,
TFDR can effectively inhibit the death of PC12 cells induced
by AfB25-35 [15]. In the analysis of blood components and
pharmacokinetics of SD rats fed with Gufangbu flavonoids by
gavage, neoeriocitrin, luteolin-7-O-f3-D-glucoside, astragalin,
naringin, eriodictyol, luteolin, naringenin, and kaempferol
(Figure 1) are thought as the active components of TFDR
[16]. As we all know, pharmacokinetics studies could help
greatly understand and confirm the efficacy and action
mechanism of drugs as well as optimize benefit and reduce
harm. There are many ingredients in TCM; not just a single
component plays a role in TCM completely, but the outcome
of many components combing action does. Until now, few
studies have concentrated on tissues distribution study of
these bioactive compounds in Drynariae Rhizoma.

In this study, a rapid and validated UPLC-MS/MS
method for simultaneous determination of neoeriocitrin,
luteolin-7-O-f-D-glucoside, astragalin, naringin, erio-
dictyol, naringenin, and kaempferol in rat tissue was suc-
cessfully applied after oral administration of TFDR to rats.
The study would also promote to safely and reasonably use
Drynariae Rhizoma in the clinic.

2. Experimental Section

2.1. Chemicals, Reagents, and Analytical Conditions. The
research content of this experiment is an in-depth study of
the article “Pharmacokinetics of Eight Flavonoids in Rats
Assayed by UPLC-MS/MS after Oral Administration of
Drynariae rhizoma Extract” published in 2018. The prepa-
ration, quality evaluation, and analysis conditions of
chemicals, reagents, and extracts are based on the experi-
mental methods established in the early stage of the labo-
ratory. See reference [16] for details.
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2.2. Preparation of Calibration Standards and Quality Control
Samples. Each reference compound was accurately weighed
and dissolved in methanol/water (50/50, v/v) as a primary
stock solution at the concentration of 1 mg/mL and was
prepared as a series of standard or QC solutions at the
desired concentrations by serial dilution. The IS working
solution of 200 ng/mL was prepared by dilution of the stock
standard solution with methanol/water (50/50, v/v). Dif-
ferent tissues calibration standard solutions were prepared at
different concentrations for eight different flavonoids. Three
concentrations (low, middle, and high concentrations) of
each analyte solution in drug-free tissue were used for
quality control (QC) evaluation in UPLC-MS/MS analysis.
All the solutions were stored at 4°C and brought to room
temperature before use.

2.3. Pretreatment of Tissue Samples. For tissue homogenate
sample preparation, each weighed 0.2 g tissue sample was
thawed, cut up into a 2ml tube, and then homogenized in
ice-cold physiological saline (5ml/g tissue). Then 500 ul of
tissue homogenate sample was mixed with 2 ml methanol
containing 50 ul of internal standard solution (200 ng/ml)
and 50 pl acetic acid in a 10 ml centrifuge tube. The mixture
was then vortex-mixed for 2 min for the purpose of protein
precipitation. After centrifuging at 14,000 xg for 10 min, the
supernatant was transferred into another centrifuge tube.
The vortexing and centrifugation process was then repeated,
and the two supernatants were combined and evaporated to
dryness under a flow of nitrogen gas at 40°C. The residue was
then dissolved in 100 uL methanol and vortexed for 1 min.
Finally, the vortexing and centrifugation process was again
repeated, and 5 uL of the supernatant was injected into the
UPLC-MS/MS system for analysis.

2.4. Assay Validation

2.4.1. Selectivity. The selectivity of the method was deter-
mined by analyzing the MRM chromatograms of six dif-
ferent blank tissues homogenate samples, blank tissue
homogenate spiked with seven analytes, and IS and tissue
homogenate after administration of TFDR.

2.4.2. Calibration Curves and Lower Limit of Quantitation
(LOQ). Calibration curves of analytes were prepared by
adding a series of different concentration working solutions
and IS working solutions to tissues homogenate to deter-
mine the linearity and LOQ and assessed by weighted least-
squares linear regression using 1/x” as a weighting factor.

2.4.3. Precision and Accuracy. Intraday and interday pre-
cision and accuracy were determined by analyzing six
replicates at three different QC samples (low, middle, and
high concentrations).

2.4.4. Extraction Recovery and Matrix Effect. The extraction
recovery was determined by comparing the peak areas be-
tween tissues homogenate samples spiked with analytes
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FIGURE 1: Chemical structures of seven analytes and IS.

before and after extraction for low, middle, and high con-
centration QC samples with six replicates. The matrix effect
was evaluated by comparing the peak areas between the low,
middle, and high concentration QC samples spiked in blank
tissue homogenate and pure standard solutions at the same
concentrations with six replicates.

2.4.5. Stability. The stability of analytes was tested under
different storage and process conditions for low, middle, and
high concentrations QC samples with six replicates: store
auto-sampler (4°C) for 36 h, keep in —20°C for 30 days, and
perform three complete freeze/thaw cycles from —-20°C to
room temperature.

2.5. Tissue Distribution Study

2.5.1. Animals. Fifty-four 8-month-old and 18-month-old
female Sprague-Dawley rats (280-350g) were supplied by

the Animal Safety Evaluation Center of Heilongjiang Uni-
versity of Chinese Medicine (Harbin, China). The rats were
housed in an air-conditioned room at a temperature of
22+ 2°C and relative humidity of 50 + 10% with 12h dark-
light cycles and allowed food and water spontaneously. All
protocols of animal experiments were approved in accor-
dance with the regulations of Experimental Animal Ad-
ministration issued by the Animal Ethics Committee of the
institution.

2.5.2. Drug Administration and Sampling. Fifty-five 8-
month-old and 18-month-old rats were randomly divided
into 6 groups (9 rats per group), respectively. Before oral
administration, rats were fasted overnight but allowed access
to water freely. After oral administration of TFDR at a dose
of 4 g/kg to each rat, tissues (heart, liver, spleen, lung, kidney,
stomach, brain, uterus, ovary, and small intestine) were
collected at 0, 0.25, 0.5, 1, 2, 4, 8, 12, and 24 h. Tissue samples



were rinsed with physiological saline to remove the blood,
then blotted on filter paper, and stored at —80°C until
analysis.

3. Results and Discussion

3.1. LC-MS Conditions. The molecular weight, parent ion,
daughter ion, cone voltage, collision energy, and retention
time of the seven flavonoids and IS are shown in Table 1.

3.2. Assay Validation

3.2.1. Selectivity. The chromatograms of blank tissues ho-
mogenate sample, blank tissues homogenate sample spiked
with seven analytes and IS, and tissue homogenate after
administration of TFDR are shown in Figure 2. No inter-
fering from endogenous components was observed in the
retention time of the seven analytes and IS, which dem-
onstrated an acceptable selectivity in the conditions.

3.2.2. Calibration Curves and Lower Limit of Quantitation
(LOQ). The regression equation, correlation coefficient, and
linear ranges of the seven analytes in various tissues are listed
in Table 2. In the detection of tissue homogenate samples,
correlation coefficients (R*) of calibration curves were
greater than 0.999, showed good linearity over the con-
centration ranges for the seven analytes. The LOQ in various
tissues is presented in Table 2. The present LOQ with a
signal-to-noise ratio >10 was sensitive enough to investigate
seven analytes after oral administration of TFDR.

3.2.3. Precision and Accuracy. The intraday and interday
precision and accuracy of the seven analytes in the various
tissues at three different QC levels (low, middle, and high)
were estimated and are shown in Tables 3-9. The intraday
and interday precision (RSD) were all less than 14.98%, and
the accuracy (RE) ranged from —13.96% to 14.96%, which
indicated that the present method was not a problem.

3.2.4. Extraction Recovery and Matrix Effect. The mean
extraction recovery of the seven analytes and IS in tissue
samples at three levels of QC samples ranged from 82.72% to
118.57%, and the RSD was <14.98%. The matrix effect value
was obtained for the seven analytes and IS ranged from
84.95% to 117.51% within 14.98% RSD. The results in
Tables 10-16 suggested that the extraction recovery and
matrix effect for the seven analytes and IS were in the ac-
ceptable range, and there is no interference from endoge-
nous components.

3.2.5. Stability. The stability of the seven analytes in tissue
samples at three different levels of QC samples was per-
formed according to the procedure described above. Results
of stability studies shown in Tables 17-23 indicate that the
seven analytes in tissue samples were stable when stored in
auto-sampler (4°C) for 36 h, kept in —20°C for 30 days, and
performed three complete freeze/thaw cycles from —20°C at
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room temperature. No significant degradation occurred
during any of the experiment.

3.3. Tissue Distribution Study. The tissue distribution of the
seven analytes was investigated in 8-month-old and 18-
month-old SD rats at 0, 0.25, 0.5, 1, 2, 4, 8, 12, and 24 h after
oral administration of TFDR by collecting tissues including
the heart, liver, spleen, lung, kidney, stomach, brain, uterus,
ovary, and small intestine. The tendency graphs of the seven
analytes in various SD rat tissues are shown in Figure 3. The
concentrations of seven analytes in 8-month-old and 18-
month-old rats’ various tissues after oral administration of
TFDR are shown in Tables 24 and 25, respectively. Luteolin
was not detected in tissues. It may be that the concentration
of luteolin in tissues was too low to reach the limit of de-
tection. The results of the present study indicated that seven
analytes underwent a rapid and wide distribution into
tissues.

Neoeriocitrin, luteolin-7-O-3-D-glucoside, astragalin,
naringin, and naringenin are distributed in the heart, liver,
spleen, lung, kidney, brain, stomach, uterus, ovary, and small
intestine. Eriodictyol was not detected in the heart, kidney,
and brain but was distributed in other tissues; kaempferol
was not detected in the heart, brain, and ovary and was
distributed to other tissues.

After oral administration of TFDR in rats, the highest
tissue concentration of neoeriocitrin was detected in the
intestine  (8,133.84ng/g), followed by the spleen
(8,008.91 ng/g), the lung (7,837.09ng/g), the stomach
(7,324.59 ng/g), and the liver (3,247.80 ng/g) in 8-month-old
rats. However, the highest tissue concentration of neo-
eriocitrin was detected in the intestine (6,236.26 ng/g),
followed by the lung (6,223.83 ng/g), the spleen (5,970.17 ng/
g), the stomach (5,552.27 ng/g), and the liver (2,431.18 ng/g)
in 18-month-old rats. From the results, we found that the
maximum concentration of neoeriocitrin was observed in
the intestine, which may be mainly attributed to the oral
mode of administration. The concentration of total neo-
eriocitrin in the lung was significantly higher than that in
other tissues in rats, demonstrating that neoeriocitrin was
mainly accumulated in the lung suggesting a potential role of
this organ in the metabolism of neoeriocitrin. The total
neoeriocitrin exhibited a litter lower concentration in the
heart, liver, kidney, brain, uterus, and ovary, which indicate
that blood flow and the organ did not play a key role in the
distribution of neoeriocitrin. In addition, neoeriocitrin
could be detected in the brain, which illustrated that could
transfer across the blood-brain barrier, which may be related
to the treatment of brain-related diseases, and further study
is necessary.

Luteolin-7-O-B-D-glucoside and astragalin are mainly
distributed into the digestive system of the rat’s body after
oral administration of TFDR. In the timescale, the peak
concentration of luteolin-7-O-f-D-glucoside and astragalin
appeared at different time points for the different tissues in
8-month-old and 18-month-old rats. The highest concen-
tration was found in the stomach at 0.5h in 8-month-old
rats, while for 18-month-old rats, it was detected in the
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TaBLE 1: Precursor ion and product ion transition and parameters of the analytes used in this study.
i i MRM transition
Analytes Betentu.)n Precursgr ron . . Cone (V)  Collision (V) . Dwell
time (min) species Precursor ion  Product ion time (ms)
Neoeriocitrin 2.20 [M+H]+ 597.5 289.2 25 30 0.2
Luteolin-7-O-p-D-glucoside 2.36 [M+H]+ 449.1 287.1 20 20 0.2
Astragalin 2.60 [M+H]+ 449.1 287.1 30 30 0.2
Naringin 2.69 [M+H]+ 581.5 273.2 20 25 0.2
Eriodictyol 3.31 [M+H]+ 289.2 153.1 30 25 0.2
Naringenin 4.34 [M+H]+ 273.2 153.1 20 30 0.2
Kaempferol 443 [M+H]+ 287.1 153.1 30 30 0.2
Quercetin (IS) 3.42 [M+H]+ 303.2 153.1 20 25 0.2
100 100 ; Neoeriocitrin 100 Neoeriocitrin
2.20 2.20
(%) (%) (%)
1.00 2.00 3.00 4.00 1.00 2.00 3.00 4.00 1.00 2.00 3.00 4.00
Time (min) Time (min) Time (min)
100 100 7 Luteolin-7-O-p-D-glucoside 100 1 Luteolin-7-O-pB-D-glucoside
236 2.36
(%) W\J\N\AM/V\/\/ (%) (%)
2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 1.00 2.00 3.00 4.00
Time (min) Time (min) Time (min)
100 100 Astragalin 100 Astragalin
2.60
2.60
(%) (%) [\\ (%)
1.00 2.00 3.00 4.00 1.00 2.00 3.00 4.00 1.00 2.00 3.00 4.00
Time (min) Time (min) Time (min)
100 100 - Naringin 100 Naringin
269 2.69
. /\//\FA\M/\/MN\ . *
1.00 2.00 3.00 4.00 1.00 2.00 3.00 4.00 1.00 2.00 3.00 4.00
Time (min) Time (min) Time (min)

FiGgure 2: Continued.
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100 100 Eriodictyol 100 Eriodictyol
(%) (%) /
2.00 3.00 4.00 5.00 2.00 3.00 4.00 5.00 2.00 3.00 4.00 5.00
Time (min) Time (min) Time (min)
100 100 Naringenin 100 Naringenin
4.34
v/\f\ﬂf\J\N\J\M/—N\/\%’/\ : : f\
3.00 4.00 5.00 6.00 3.00 4.00 5.00 6.00 3.00 4.00 5.00
Time (min) Time (min) Time (min)
100 100 Kaempferol 100 Eriodictyol
3.00 4.00 5.00 6.00 3.00 4.00 5.00 3.00 4.00 5.00
Time (min) Time (min) Time (min)
100 100 - Quercetin 100 Quercetin
3.42
«/\/‘\/\/\/\/\/\/\’VA/\/\’M " N
2.00 3.00 4.00 5.00 2.00 3.00 4.00 5.00 2.00 3.00 4.00
Time (min) Time (min) Time (min)

(a)

(®)

(c)

FIGURE 2: Representative MRM chromatograms of seven analytes and quercetin (IS): (a) blank liver homogenates; (b) blank liver ho-
mogenates spiked with the seven analytes and IS; and (c) liver homogenates 1 h after oral administration of TFDR (4 g/kg; mean + SD; n =6).

TaBLE 2: The linear equations and range of seven analytes in different rats’ tissues.

Analytes Tissue Regression equation  Correlation coefficient Concentration Standard Stapdard error
range (ng/mL) error (slope) (intercept)
Heart y=0.9013x +5.1928 R*=0.9991 5-500 4.0987 0.0146
Liver y=0.0972x + 36.321 R*=0.9991 10-5,000 3.8552 0.0014
Spleen  y=0.0931x+11.703 R*=0.9997 5-10,000 4.6785 0.0008
Lung y=0.1685x + 12.194 R*=0.9990 10-10,000 5.9655 0.4775
Neoeriocitrin Kidney y=1.195x+5.4235 ) =0.9997 5-500 4.0379 0.0144
Brain y=2.7542x—1.5057 R°=0.9991 5-100 2.5959 0.0464
Stomach  y=0.1753x+20.86 R*=0.9992 5-10,000 10.5855 0.0023
Uterus  y=1.5008x—4.2356 R*=0.9991 5-500 7.4003 0.0265
Ovary y=1.8168x-7.1718 R*=0.9994 5-500 7.3924 0.0264
Intestine  y=0.0948x +22.078 R*=0.9992 5-10,000 5.9586 0.0013
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TaBLE 2: Continued.

Concentration

Standard

Standard error

Analytes Tissue  Regression equation Correlation coefficient range (ng/mL) error (slope)  (intercept)
Heart  y=17.011x-11.593 R*=0.9996 2-50 5.3807 0.1925
Liver y=14.803x—5.3733 R*=0.9996 2-50 4.6633 0.1668
Spleen  y=19.649x - 27.686 R*=0.9992 2-50 8.9679 0.3209
Lung y=27.742x + 144.06 R*=0.9990 5-100 18.3343 0.5063
Luteolin-7-O-f-D- Kidney y=22.7x-30.98 R*=0.9992 2-50 10.4027 0.3722
glucoside Brain y=17.311x~-0.2042 R*=0.9995 2-50 6.0981 0.2182
Stomach ~ y=2513x-45.82 R*=0.9997 5-100 14.4218 0.2579
Uterus  y=22.459x-27.379 R*=0.9993 2-50 9.7807 0.3500
Ovary  y=15.526x —28.948 R*=0.9995 2-50 5.2243 0.1869
Intestine  y=23.444x — 62.646 R*=0.9990 5-100 3.2885 0.4166
Heart y=33.567x—145.2 R*=0.9998 5-100 14.7494 0.2638
Liver y=28.213x—-115.87 R*=0.9991 5-100 27.4261 0.4906
Spleen  y=38.234x-66.065 R*=0.9998 2-50 8.4768 0.3033
Lung y=>52.063x-119.94 R*=0.9991 5-100 10.7568 0.2546
A . Kidney  y=18.133x-32.32 R*=0.9993 2-50 7.7062 0.2757
stragalin Brai _ 2_
rain y=5.7194x+13.483 R°=0.9994 2-50 2.3118 0.0827
Stomach ~ y=52.209x—32.98 R*=0.9991 5-250 9.2349 0.9419
Uterus  y=43.952x—104.76 R*=0.9993 5-50 8.5206 0.6613
Ovary y=33.871x-78.24 R*=0.9993 5-100 5.5678 0.5468
Intestine  y=41.795x—203.61 R*=0.9991 5-100 4.2632 0.0762
Heart  y=8.8875x—16.6369 R*=0.9990 5-1,000 3.0936 0.0878
Liver y=2.2546x—2.937 R*=0.9996 10-10,000 7.5588 0.0015
Spleen  y=2.3615x+62.727 R*=0.9992 5-10,000 7.5326 0.0057
Lung y=2.7462x+20.433 R*=0.9997 5-10,000 1.0489 0.0839
Naringin Kidney  y=1.4648x+125.32 Ri =0.9993 5-10,000 10.7813 0.0128
Brain y=5.1578x +9.1048 R”=0.9990 5-1,000 4.0361 0.0388
Stomach  y=2.4286x+376.32 R*=0.9993 5-20,000 14.1719 0.0236
Uterus  y=3.9995x +43.448 R*=0.9990 5-5,000 9.2749 0.0171
Ovary  y=1.6439x+171.55 R*=0.9995 5-10,000 8.4004 0.0075
Intestine  y=2.4255x + 344.31 R*=0.9990 5-20,000 4.4006 0.0207
Liver y=25147x-94.45 R*=0.9994 5-100 6.1292 0.1096
Spleen  y=9.1535x-8.4711 R*=0.9995 2-50 1.4348 0.0513
Lung y=16.877x—61.056 R*=0.9992 5-100 7.2109 0.1289
Eriodictyol Stomach  y=26.831x—85.59 R*=0.9991 5-250 10.1807 0.1236
Uterus y=11.401x~-3.982 R*=0.9995 2-50 5.3807 0.1925
Ovary  y=18.425x-65.716 R*=0.9992 5-100 4.4218 0.2579
Intestine ~ y=25.138x-3.45 R*=0.9993 5-250 4.3516 0.3611
Heart  y=21.6837x+ 27.6507 R*=0.9996 5-250 9.4029 0.1579
Liver y=27.289x+323.82 R*=0.9995 5-1,000 6.6046 0.2573
Spleen  y=25.421x-23.549 R*=0.9991 5-250 6.4353 0.3780
Lung y=36.466x —98.509 R*=0.9992 5-250 3.8363 0.1696
Naringenin Kidney  y=20.267x+108.13 Ri =0.9990 5-250 8.1007 0.3102
Brain y=5.1578x +9.1048 R”=0.9990 2-50 2.5110 0.0898
Stomach  y=23.599x+267.38 R*=0.9996 5-1,000 6.5617 0.2572
Uterus  y=27.424x-20.783 R*=0.9990 5-250 1.1989 0.0976
Ovary  y=29.424x-112.58 R*=0.9995 5-250 1.1010 0.0822
Intestine  y=30.804x —2.1048 R*=0.9991 5-1,000 1.3461 0.2736
Liver y=13.699x - 62.076 R*=0.9992 5-100 9.1285 0.2192
Spleen  y=10.466x —41.289 R*=0.9997 10-250 2.5830 0.1024
Lung y=7.384x+18.317 R*=0.9997 2-50 2.0984 0.0751
Kaempferol Kidney = y=3.2041x-2.1837 R*=0.9991 10-100 3.3257 0.0593
Stomach  y=12.132x+31.51 R*=0.9995 2-50 4.3045 0.1540
Uterus  y=11.729x-9.8825 R*=0.9990 2-50 5.8182 0.2082
Intestine ~ y=19.205x-17.2 R*=0.9992 5-500 5.4486 0.2215
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TaBLE 3: Interday and intraday precision and accuracy data for assays of neoeriocitrin in different tissues (n=6).

. Interday Intraday
. Spiked (ng/ . . o .
Tissues mL) Mean + SD Precision (RSD, Relative error Mean + SD Precision (RSD, Relative error
- %) (RE, %) - %) (RE, %)
8.10 7.54+1.12 14.85 -6.91 7.96+1.17 14.70 -1.73
Heart 121.50 112.95+15.71 13.91 -7.04 113.71 £16.05 14.11 —6.41
243.00 261.48 +£27.13 10.38 7.60 262.09 +29.96 11.43 7.86
12.20 10.49 + 1.06 10.10 -14.02 10.47 +1.27 12.13 -14.18
Liver 610.00 594.67 +14.10 2.37 -2.51 590.92 +16.50 2.79 -3.13
3,660.00 3,358.79 +264.49 7.87 —-8.23 3,397.03 +245.48 7.23 -7.18
8.10 9.28 +£0.54 5.82 14.57 9.17+0.57 6.22 13.21
Spleen 810.00 803.86 + 14.51 1.81 -0.76 811.04+12.00 1.48 0.13
4,050.00 3,809.56 +481.25 12.63 —-5.94 3,797.20 £425.73 11.21 6.24
12.20 12.59+1.15 9.13 3.20 12.35+1.27 10.28 1.23
Lung 1,220.00 1,056.82 +116.83 11.05 -13.38 1,094.38 +129.81 11.86 -10.30
4,880.00 4,674.43 +120.35 2.57 —4.21 4,678.96 + 145.06 3.10 —-4.12
8.10 9.27 +0.29 3.13 14.44 9.04 +0.23 2.54 11.60
Kidney 121.50 122.73 +£17.94 14.62 1.01 118.66 £ 16.84 14.19 -2.34
243.00 240.32 +£35.32 14.70 -1.10 249.55 +37.09 14.86 2.70
8.10 8.80+1.31 14.89 8.64 9.21+£0.89 9.66 13.70
Brain 40.50 35.93+5.23 14.56 -11.28 37.35+5.10 13.65 -7.78
81.00 87.50 + 6.45 7.37 8.02 86.92 +7.89 9.08 7.31
8.10 9.15+0.89 9.73 12.96 8.38+0.77 9.19 3.46
Stomach 810.00 888.08 +50.38 5.67 9.64 902.84 +41.59 4.61 11.46
4,050.00 4,190.72 + 365.94 8.73 3.47 4,373.61 £275.62 6.30 7.99
8.10 8.86+1.27 14.33 9.38 9.11+1.36 14.93 12.47
Uterus 121.50 119.15 +15.40 12.92 -1.93 121.49 +13.61 11.20 -0.01
243.00 233.53+£32.20 13.79 -3.90 237.59 +25.69 10.81 -2.23
8.10 7.95+1.03 12.96 -1.85 8.01 +1.02 12.73 -1.11
Ovary 121.50 109.23 +£11.97 10.96 —10.10 115.29+£9.59 8.32 -5.11
243.00 231.95+30.92 13.33 —4.55 232.67 £30.02 12.90 —-4.25
8.10 8.76 +0.81 9.25 8.15 8.96 +0.74 8.26 10.62
Intestine 810.00 783.47 +54.18 6.92 -3.28 763.63 +29.14 3.82 -5.72
4,050.00 4,236.54 +411.35 9.71 4.61 4,218.46 +458.40 10.87 4.16

TaBLE 4: Interday and intraday precision and accuracy data for assays of luteolin-7-O-f-D-glucoside in different tissues (1 =6).

Interday Intraday
Tissues  Spiked (ng/mL i
p (ng ) Mean +SD  Precision (RSD, %) Relative error (RE, %) Mean+SD Precision (RSD, %) Relat{l;jze ;§ror
, %
5.05 5.09 +0.56 11.00 0.79 522 +0.64 12.26 337
Heart 10.10 9.74+1.30 13.35 -3.56 10.28 + 1.15 11.19 1.78
25.25 23.44+2.76 11.77 -7.17 22.49+2.68 11.92 -10.93
5.05 4.81 +0.69 14.35 —4.75 4,95+0.70 14.14 -1.98
Liver 10.10 9.23+0.98 10.62 -8.61 9.12+1.17 12.83 -9.70
25.25 24.52 +2.55 10.40 -2.89 2512+ 1.67 6.65 -0.51
5.05 470 +0.62 13.19 -6.93 4.86+0.70 14.40 -3.76
Spleen 10.10 10.67 + 1.51 14.15 5.64 11.05 + 1.45 1312 9.41
25.25 25.98 +1.62 6.24 2.89 25.97 +1.08 416 2.85
8.10 8.61 £0.64 7.43 6.30 8.87 +0.64 7.22 9.51
Lung 40.50 39.29 +5.51 14.02 -2.99 36.05+2.02 5.60 -10.99
81.00 82.44+3.24 3.93 1.78 82.32+3.53 4.29 1.63
5.05 490 +0.62 12.65 -2.97 4.78+0.56 11.72 -5.35
Kidney 10.10 10.43 +1.50 14.38 3.27 10.70 +1.45 13.55 5.94

25.25 25.07+£2.34 9.33 -0.71 24.93+£2.90 11.63 -1.27
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TaBLE 4: Continued.

Interday Intraday
Tissues  Spiked (ng/mL i
P (ng ) Mean +SD Precision (RSD, %) Relative error (RE, %) Mean+SD Precision (RSD, %) Rel(aIt{l;:re l;r)ror
, N
5.05 4.82+0.43 8.92 —4.55 4.63 £0.41 8.86 —-8.32
Brain 10.10 10.40£1.48 14.23 2.97 10.36 £1.09 10.52 2.57
25.25 24.69 +3.04 12.31 -2.22 25.89 +3.01 11.63 2.53
8.10 7.94+0.76 9.57 -1.98 7.55+0.28 3.71 -6.79
Stomach 40.50 40.41 £4.15 10.27 -0.22 39.04 £2.31 5.92 -3.60
81.00 81.58 +5.19 6.36 0.72 83.26£5.63 6.76 2.79
5.05 4.60+0.61 13.26 -8.91 4.57+0.54 11.82 -9.50
Uterus 10.10 8.99+0.43 4.78 -10.99 9.08 +0.52 573 -10.10
25.25 24.19+2.98 12.32 —4.20 23.33+£2.55 10.93 -7.60
5.05 4.57 £0.63 13.79 -9.50 4.74£0.71 14.98 —-6.14
Ovary 10.10 9.61+1.37 14.26 —4.85 9.90£1.37 13.84 -1.98
25.25 24.48£1.22 4.98 -3.05 23.78£0.63 2.65 —5.82
8.10 8.19+1.02 12.45 1.11 7.63 +0.65 8.52 —-5.80
Intestine 40.50 39.08 +£5.23 13.38 -3.51 37.96 £ 3.89 10.25 -6.27
81.00 82.05+9.79 11.93 1.30 78.50 £10.40 13.25 -3.09
TaBLE 5: Interday and intraday precision and accuracy data for assays of astragalin in different tissues (n=6).
Interday Intraday
Tissues  Spiked (ng/mL) Precision Relative error

. o . o
Mean+SD  Precision (RSD, %) Relative error (RE, %) Mean + SD (RSD, %) (RE, %)

8.10 8.08+1.07 13.24 -0.25 7.91+0.93 11.76 ~2.35
Heart 40.50 38.56 + 3.40 8.82 ~4.79 37.90£3.94  10.40 -6.42
81.00 84.75+ 8.92 10.53 4.63 83.60+11.21  13.41 3.21
8.10 9.12+1.20 13.16 12.59 9.08 + 1.06 11.67 12.10
Liver 40.50 37.17+4.65 12.51 -8.22 36.06+397 1101 ~10.96
81.00 82.91+5.22 6.30 2.36 82.43+3.95 479 1.77
5.05 4.55+0.60 13.19 ~9.90 4.61+0.52 11.28 -8.71
Spleen 10.10 11.51 +1.47 12.77 13.96 11424123 1077 13.07
25.25 24.75 +3.68 14.87 -1.98 22944307 13.38 -9.15
8.10 8.78 + 1.09 12.41 8.40 8.85+1.24 14.01 9.26
Lung 40.50 4312+4.18 9.69 6.47 42.70+2.98 6.98 5.43
81.00 85.32+6.58 7.71 5.33 86.32+5.75 6.66 6.57
5.05 4.66 % 0.64 13.73 ~7.72 4.98+0.51 10.24 ~1.39
Kidney 10.10 10.23 +1.26 12.32 1.29 1039+123  11.84 2.87
25.25 23.85+3.52 14.76 ~5.54 23.85+3.21 13.46 ~5.54
5.05 4.95+0.72 14.55 -1.98 4.65+0.61 13.12 ~7.92
Brain 10.10 9.43+1.15 12.20 ~6.63 8.89+0.87 9.79 -11.98
25.25 23.40 +2.89 12.35 -7.33 22854234 10.24 -9.50
8.10 8.89+1.20 13.50 9.75 9.13+1.32 14.46 12.72
Stomach 81.00 86.11+8.14 9.45 6.31 87.58+9.09  10.38 8.12
162.00 154.67 +21.08 13.63 ~4.52 16548+16.47  9.95 215
5.05 4.80+0.60 12.50 ~4.95 4.61 +0.46 9.98 -8.71
Uterus 10.10 1015+ 1.47 14.48 0.50 9.68+1.30 13.43 ~4.16
25.25 25.85+3.22 12.46 2.38 25334372 14.69 0.32
8.10 9.10+1.21 13.30 12.35 9.11+1.22 13.39 12.47
Ovary 40.50 41.81+6.20 14.83 3.23 4433+585 1320 9.46
81.00 87.39 +12.01 13.74 7.89 8547+11.40  13.34 5.52
8.10 9.13+1.27 13.91 12.72 8.71+ 1.12 12.86 7.53
Intestine 40.50 38.26 +5.07 13.25 -5.53 40.21+5.18 12.88 -0.72

81.00 82.56 +8.73 10.57 1.93 78.73 £ 8.08 10.26 -2.80
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TaBLE 6: Interday and intraday precision and accuracy data for assays of naringin in different tissues (n=6).

) Interday Intraday
' Spiked (ng/ . . . .
Tissues mL) Mean + SD Precision (RSD,  Relative error Mean + SD Precision (RSD, Relative error
- %) (RE, %) - %) (RE, %)
8.10 9.24+1.38 14.94 14.07 9.16£1.26 13.76 13.09
Heart 405.00 380.94 +43.17 11.33 -5.94 377.25+£55.15 14.62 -6.85
810.00 836.12 + 75.60 9.04 3.22 837.23 £ 64.62 7.72 3.36
12.20 1191 +1.16 9.74 -2.38 12.22+1.31 10.72 0.16
Liver 1,220.00 1,083.38 £128.98 11.91 -11.20 1,118.43 £150.05 13.42 -8.33
4,880.00 4,989.75 + 685.15 13.73 2.25 4,904.97 + 645.18 13.15 0.51
8.10 9.10+1.26 13.85 12.35 8.83+1.26 14.27 9.01
Spleen 810.00 825.26 £66.35 8.04 1.88 854.30 £62.59 7.33 5.47
4,050.00 4,004.43 +£587.31 14.67 -1.12 4,178.48 £ 568.58 13.61 3.17
8.10 9.21+£0.84 9.12 13.70 9.15+£0.83 9.07 12.96
Lung 810.00 845.41 +101.35 11.99 4.37 839.70 £ 119.76 14.26 3.67
4,050.00 4,011.38 +587.19 14.64 -0.95 4,247.34 £ 556.90 13.11 4.87
8.10 8.98 +1.06 11.80 10.86 8.69+0.54 6.21 7.28
Kidney 810.00 863.67 £90.41 10.47 6.63 878.63 £109.04 12.41 8.47
4,050.00 3,956.27 £574.77 14.53 -2.31 4,029.43 £591.13 14.67 -0.51
8.10 8.13+1.08 13.28 0.37 8.53+1.14 13.36 5.31
Brain 405.00 415.00 £51.43 12.39 2.47 399.72 £52.49 13.13 -1.30
810.00 849.97 +118.72 13.97 493 889.89+130.79 14.70 9.86
8.10 8.92+1.22 13.68 10.12 9.03£1.07 11.85 11.48
Stomach 810.00 783.57£92.13 11.76 -3.26 754.08 £70.59 9.36 —-6.90
8,100.00 7,802.03 +£571.75 7.33 -3.68 7,806.89 +735.92 9.43 -3.62
8.10 9.02+0.89 9.87 11.36 9.22+0.73 7.92 13.83
Uterus 1,215.00 1,257.33 +168.44 13.40 3.48 1,233.89 +179.47 14.55 1.55
2,430.00 2,361.88 £303.00 12.83 -2.80 2,311.52 +£291.80 12.62 —4.88
8.10 8.63+1.19 13.79 6.54 9.12+1.06 11.62 12.59
Ovary 810.00 857.76 £56.18 6.55 5.90 869.99 + 58.59 6.73 7.41
4,050.00 4,025.32 £476.37 11.83 -0.61 4,004.08 £ 498.00 12.44 -1.13
8.10 8.74+1.28 14.65 7.90 8.73+1.21 13.86 7.78
Intestine 810.00 848.01 +108.63 12.81 4.69 818.73 +113.46 13.86 1.08
8,100.00  8,290.57 +1,207.41 14.56 2.35 8,888.41 +968.47 10.90 9.73
TaBLE 7: Interday and intraday precision and accuracy data for assays of eriodictyol in different tissues (1 =6).
Interday Intraday
Tissues  Spiked (ng/mL) Precision Relative error
. o . o
Mean+SD  Precision (RSD, %) Relative error (RE, %)  Mean + SD (RSD, %) (RE, %)
8.10 8.90+1.28 14.38 9.88 8.58 £1.25 14.57 593
Liver 40.50 38.20 £ 4.04 10.58 -5.68 36.81+3.60 9.78 -9.11
81.00 84.30+10.68 12.67 4.07 86.45+11.11 12.85 6.73
5.05 4.90+0.55 11.22 -2.97 4.75+0.65 13.68 -5.94
Spleen 10.10 11.50 £ 0.98 8.52 13.86 11.61+1.12 9.65 14.95
25.25 22.66 +£2.81 12.40 -10.26 22.78£2.62 11.50 -9.78
8.10 8.59+0.90 10.48 6.05 9.11+0.49 5.38 12.47
Lung 40.50 41.34+5.82 14.08 2.07 43.80+£5.67 12.95 8.15
81.00 81.34+10.47 12.87 0.42 78.13+£9.28 11.88 -3.54
8.10 9.14+1.31 14.33 12.84 9.21+1.18 12.81 13.70
Stomach 81.00 81.91 +7.07 8.63 1.12 80.93+7.10 8.77 -0.09
162.00 159.83 +£23.14 14.48 -1.34 166.06 + 24.72 14.89 2.51
5.05 524+0.74 14.12 3.76 5.43 +0.63 11.60 7.52
Uterus 10.10 10.16 +1.38 13.58 0.59 10.34£1.39 13.44 2.38
25.25 22.68+£2.90 12.79 -10.18 22.85+3.59 13.09 -9.50
8.10 8.91+1.06 11.90 10.00 8.55+1.08 12.63 5.56
Ovary 40.50 38.38+5.30 13.81 -5.23 39.78 +4.77 11.99 -1.78
81.00 87.31+£7.86 9.00 7.79 91.95+4.08 4.44 13.52
8.10 8.83+1.18 13.36 9.01 8.92+1.01 11.32 10.12
Intestine 81.00 80.17 £9.98 12.45 -1.02 80.27 £10.22 12.73 -0.90

162.00 175.52 £20.24 11.53 8.35 176.33 £ 21.61 12.26 8.85
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TaBLE 8: Interday and intraday precision and accuracy data for assays of naringenin in different tissues (n=6).

. Interday Intraday
Tissues Spiked (ng/ Precision (RSD, Relative error (RE Precision (RSD, Relative error (RE
mL) Mean + SD ec 512) , Relative erro > Mean 4 SD ecisio , Relative erro ,
%) %) %) %)
8.10 8.13+1.13 13.90 0.37 8.16+1.08 13.24 0.74
Heart 81.00 82.92 +8.68 10.47 2.37 86.88 +6.85 7.88 7.26
162.00 160.32 + 22.94 14.31 -1.04 167.09 + 24.86 14.88 3.14
8.10 8.63+1.20 13.90 6.54 9.09+1.24 13.64 12.22
Liver 405.00 427.60 £ 51.68 12.09 5.58 453.02 +42.58 9.40 11.86
810.00 775.22 £90.48 11.67 -4.29 817.22 + 80.89 9.90 0.89
8.10 9.24+1.01 10.93 14.07 9.13+0.93 10.19 12.72
Spleen 81.00 85.43+6.78 7.94 5.47 86.86 +4.52 5.20 7.23
162.00 152.55+18.72 12.27 -5.83 151.26 £ 21.45 14.18 —6.63
8.10 8.81+1.26 14.30 8.77 8.69 +0.54 6.21 7.28
Lung 81.00 79.67 £9.12 11.45 -1.64 83.38+£8.76 10.51 2.94
162.00 155.57 £22.84 14.68 -3.97 151.47 +£19.85 13.10 —-6.50
8.10 8.43+1.12 13.29 4.07 8.70£1.21 13.91 7.41
Kidney 81.00 82.07+8.79 10.71 1.32 85.59+7.93 9.27 5.67
162.00 163.46 +24.17 14.79 0.90 177.97 £10.54 5.92 9.86
5.05 4.71£0.64 13.59 -6.73 4.76+0.71 14.92 -5.74
Brain 10.10 11.12+1.54 13.85 10.10 11.00 £ 1.54 14.00 8.91
25.25 26.41 +3.44 13.03 4.59 26.19+3.45 13.17 3.72
8.10 8.99+1.19 13.24 10.99 8.91+0.81 9.09 10.00
Stomach 405.00 412.81 £58.73 14.23 1.93 441.06 +49.05 11.12 8.90
810.00 833.38 £105.06 12.61 2.89 818.43 +80.14 9.79 1.04
8.10 8.57+1.13 13.19 5.80 8.96 + 1.06 11.83 10.62
Uterus 81.00 79.55+10.82 13.60 -1.79 80.82+11.94 14.77 -0.22
162.00 163.07 +24.08 14.77 0.66 171.73 +24.88 14.49 6.01
8.10 8.29+1.08 13.03 2.35 8.66+1.18 13.63 6.91
Ovary 81.00 82.27+10.04 12.20 1.57 84.42+12.23 14.49 4.22
162.00 163.78 +23.19 14.16 1.10 164.51 +17.65 10.73 1.55
8.10 7.63+0.85 11.14 -5.80 7.78 £ 1.05 13.50 -3.95
Intestine 405.00 404.43 £55.41 13.70 -0.14 428.48 +52.94 12.36 5.80
810.00 770.23 £82.03 10.65 —4.91 784.08 £102.02 13.01 -3.20
TaBLE 9: Interday and intraday precision and accuracy data for assays of kaempferol in different tissues (n=6).
Interda Intrada
Tissues Spiked Precisi ' Precisi !
ne/mL N recision . o N recision . o
(ng ) Mean + SD (RSD, %) Relative error (RE, %) Mean +SD (RSD, %) Relative error (RE, %)
8.10 8.50+1.23 14.47 494 836119  14.23 3.21
Liver 40.50 45.97+6.78 14.75 13.51 45614504 1105 12.62
81.00 82.90 +11.10 13.39 235 85.23+12.01  14.09 5.22
12.20 11.06 + 1.54 13.92 -9.34 10.75+0.72 6.70 -11.89
Spleen 91.50 97.07 +12.65 13.03 6.09 94.94 +10.93 11.51 3.76
183.00 188.84 +25.77 13.65 3.19 180.04 £22.90  12.72 -1.62
5.05 5.08 +0.63 12.40 0.59 476030 630 -5.74
Lung 10.10 9.34+1.28 13.70 -7.52 8674050 577 ~14.16
25.25 23.74+3.26 13.73 -5.98 22.77+305  13.39 -9.82
12.20 10.71+£1.12 10.46 -12.21 11.37+£0.55 4.84 -6.80
Kidney 42.70 41.36 +4.67 11.29 -3.14 43.56+4.11 9.44 2.01
85.40 86.37 £8.43 9.76 1.14 90.48 + 6.45 7.13 5.95
5.05 4.81+0.69 14.35 -4.75 4824059 1224 ~4.55
Stomach 10.10 10.51 + 1.41 13.42 4.06 1064+147  13.82 5.35
25.25 24.14+3.37 13.96 ~4.40 25504341  13.37 0.99
5.05 4.89+0.54 11.04 -3.17 4.91+£0.50 10.18 -2.77
Uterus 10.10 10.35+1.41 13.62 2.48 10.16 £1.10 10.83 0.59
25.25 24.16+2.84 11.75 —4.32 23.47+3.31 14.10 -7.05
8.10 8.31+1.04 1252 2.59 832+ 115  13.82 2.72
Intestine  121.50 105.10 +11.92 11.34 ~13.50 104544505  4.83 ~13.96

243.00 264.29 +£39.44 14.92 8.76 27143 +£36.43  13.42 11.70
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TaBLE 10: Recovery and matrix effect study of neoeriocitrin in rat tissues (n=6).

i ) Recovery Matrix effects
Tissues Spiked (ng/mL)
Mean (%) +SD RSD (%) Mean (%) +SD RSD (%)
8.10 94.72 £ 14.10 14.89 95.70 £13.74 14.36
Heart 121.50 91.22 +£13.65 14.96 95.21 £13.09 13.75
243.00 105.88 £ 11.56 10.92 109.53 £11.31 10.33
12.20 86.98 +9.39 10.80 84.95+9.27 10.91
Liver 610.00 97.31+2.54 2.61 9717 +£2.44 2.51
3,660.00 90.68 +7.51 8.28 93.69+6.13 6.54
8.10 115.23+7.17 6.22 115.8+6.58 5.68
Spleen 810.00 99.6 £1.74 1.75 99.59 £1.76 1.77
4,050.00 91.21+10.74 11.78 96.67 +11.20 11.59
12.20 103.66 +10.52 10.15 101.25+9.04 8.93
Lung 1,220.00 87.54+10.41 11.89 88.18 £9.83 11.15
4,880.00 95.55+2.68 2.80 96.10 £ 2.62 2.73
8.10 114.05+3.81 3.34 115.65+2.59 2.24
Kidney 121.50 100.88 + 14.50 14.37 98.47 + 14.56 14.79
243.00 98.5+14.22 14.44 102.34 +13.24 12.94
8.10 111.41 £14.50 13.01 112.94+13.84 12.25
Brain 40.50 90.48 +13.11 14.49 89.76 £13.16 14.66
81.00 107.02 £ 8.46 7.91 108.47 £ 8.82 8.13
8.10 112+12.00 10.71 116.4+8.33 7.16
Stomach 810.00 109.15 £ 6.82 6.25 111.59 +4.46 4.00
4,050.00 105.59 +7.97 7.55 104.97 +8.96 8.54
8.10 108.3 +14.27 13.18 113.04 + 14.59 12.91
Uterus 121.50 101.6 + 10.34 10.18 96.07 £13.08 13.62
243.00 97.02 £ 14.20 14.64 96.53 £ 14.07 14.58
8.10 98.12 + 14.25 14.52 98.86 +14.13 14.29
Ovary 121.50 91.95+9.48 10.31 91.85+9.65 10.51
243.00 92.92+12.43 13.38 98.22+12.04 12.26
8.10 107.31 £10.98 10.23 111.09 £7.96 717
Intestine 810.00 97.25+7.34 7.55 94.24 +3.12 3.31
4,050.00 106.03 +£10.66 10.05 102.82 £10.25 9.97
TaBLE 11: Recovery and matrix effect study of luteolin-7-O-f-D-glucoside in rat tissues (n=6).
Recove Matrix effects
Tissues Spiked (ng/mL) R
Mean (%) +SD RSD (%) Mean (%) +SD RSD (%)
5.05 100.87 +12.35 1224 102.97 +11.06 10.74
Heart 10.10 99.96 +10.70 10.70 97.19+ 14.26 14.67
25.25 90.02 +9.44 10.49 92.67 +12.21 1318
5.05 94.93 +14.20 14.96 97.94+13.43 13.71
Liver 10.10 92.00£10.76 11.70 89.94+10.10 11.23
25.25 95.58 +10.45 10.93 100.58 £6.20 6.16
5.05 93.39+13.76 14.73 95.60 + 12.14 12.70
Spleen 10.10 106.57 + 14.55 13.65 107.84 + 14.56 13.50
25.25 104.63 £5.39 515 101.16 + 5.34 5.28
8.10 107.38 +8.33 7.76 107.83+7.81 7.24
Lung 40.50 95.09 +12.26 12.79 92.55+9.01 9.74
81.00 101.05 +3.99 3.95 102.4 +4.14 4.04
5.05 96.75+13.77 14.23 95.49+13.13 13.75
Kidney 10.10 102.34 + 14.32 13.99 106.46 + 14.21 13.35
25.25 98.30+£10.01 10.18 99.87 £10.25 10.26
5.05 93.82 +8.47 9.03 94.06 +8.78 9.33
Brain 10.10 106.65 + 13.04 12.23 99.03 +12.31 12.43
25.25 100.51 +11.27 11.21 98.89 +13.15 13.30
8.10 94.52 +4.07 4.31 97.78 £10.50 10.74
Stomach 40.50 100.84 + 11.08 10.99 96.03 £5.00 521

81.00 101.98 £ 6.28 6.16 101.12+£7.08 7.00
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TaBLE 11: Continued.
Recove Matrix effects
Tissues Spiked (ng/mL) R
Mean (%) + SD RSD (%) Mean (%) + SD RSD (%)
5.05 88.08 +£10.75 12.20 93.66 £ 11.69 12.48
Uterus 10.10 89.52+4.55 5.08 89.29 +4.69 5.25
25.25 92.2+8.76 9.50 96.70 +12.98 13.42
5.05 91.09 +12.84 14.10 92.83+12.48 13.44
Ovary 10.10 97.72 £13.49 13.80 94.93 £14.17 14.93
25.25 95.52+3.65 3.82 96.21 £4.98 518
8.10 97.78 +£10.52 10.76 99.04 +12.78 12.90
Intestine 40.50 98.43+13.42 13.63 92.34 +8.89 9.63
81.00 99.19+12.22 12.32 99.90 £12.97 12.98
TaBLE 12: Recovery and matrix effect study of astragalin in rat tissues (n=6).
Recove Matrix effects
Tissues Spiked (ng/mL) R
Mean (%) + SD RSD (%) Mean (%) + SD RSD (%)
8.10 96.05 + 10.66 11.10 101.93 + 13.66 13.40
Heart 40.50 93.71 £ 8.42 8.99 95.41+9.36 9.81
81.00 104.43 +12.29 11.77 103.7 +12.04 11.61
8.10 115.16 + 14.23 12.36 119.16 + 14.67 12.31
Liver 40.50 88.31 £8.64 9.78 93.07+12.34 13.26
81.00 100.5+5.09 5.06 103.75+6.12 5.90
5.05 93.31+9.96 10.67 87.88+11.81 13.44
Spleen 10.10 118.57 £10.60 8.94 112.75+14.93 13.24
25.25 94.99 £+ 14.01 14.75 95.34+13.54 14.20
8.10 109.23 £ 14.92 13.66 108.4 £+ 14.06 12.97
Lung 40.50 103.39+7.85 7.59 108.74+£9.74 8.96
81.00 107.62 £6.59 6.12 104.04 £8.35 8.03
5.05 94.5+12.84 13.59 95.33+11.54 12.11
Kidney 10.10 99.5+12.95 13.02 104.44+11.11 10.64
25.25 93.96 +13.12 13.96 94.98 +13.52 14.23
5.05 93.98+11.22 11.94 97.5+13.92 14.28
Brain 10.10 89.98 + 8.59 9.55 92.55+12.47 13.47
25.25 89.2+8.53 9.56 94.42+11.88 12.58
8.10 112.99 +14.09 12.47 108.96 + 14.43 13.24
Stomach 81.00 108.37£9.73 8.98 105.71 £ 11.12 10.52
162.00 97.94+12.88 13.15 98.35+12.24 12.45
5.05 91.17£7.91 8.68 96.04 £ 13.06 13.60
Uterus 10.10 96.22+11.18 11.62 101.13 £ 14.18 14.02
25.25 100.08 +12.77 12.76 103.07 + 14.14 13.72
8.10 108.74 £13.50 12.41 116.05+13.30 11.46
Ovary 40.50 104.44 + 14.80 14.17 107.02 + 13.64 12.75
81.00 109.00 £ 14.30 13.12 104.89 +14.40 13.73
8.10 109.56 + 14.08 12.85 111.85+14.31 12.79
Intestine 40.50 95.85+13.47 14.05 96.94+£12.25 12.64
81.00 99.52 +10.07 10.12 100.56 + 11.45 11.39

intestine at 2 h. For astragalin, the highest concentration was
found in the stomach at 2h in 8-month-old and 18-month-
old rats. After 2h, levels of luteolin-7-O-$-D-glucoside and
astragalin in all tissues went down with the time. The dis-
tribution of luteolin-7-O-B-D-glucoside and astragalin in the
brain showed that it had the ability to cross the blood-brain
barrier after oral administration, which may be related to the
treatment of brain-related diseases, and further research is
still needed. It was showed that luteolin-7-O-f-D-glucoside
and astragalin were mainly distributed in the stomach and

intestine, which implied the stomach may be the major
organ to absorb them.

Naringin, as the highest abundant flavonoids in TFDR,
shows a wide distribution in all the tissues, and a small
amount also crosses the blood-brain barrier. Compared with
other tissues, it was less distributed in the heart and brain of
rats. Tissue-to-plasma AUC ratio (T/P ratio) suggested that
the maximum amount of drug was found in the intestine and
liver; this finding was expected when the drug has given by
oral administration and when it has major first-pass
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TaBLE 13: Recovery and matrix effect study of naringin in rat tissues (n=6).

i ) Recovery Matrix effects
Tissues Spiked (ng/mL)
Mean (%) +SD RSD (%) Mean (%) +SD RSD (%)

8.10 110.00 = 14.19 12.90 117.51 + 14.62 12.44

Heart 405.00 93.51 £11.82 12.64 93.89+11.91 12.69

810.00 101.07 £ 8.60 8.51 105.49 £8.39 7.95

12.20 97.87 +10.65 10.88 99.51 £9.41 9.46

Liver 1,220.00 89.61+11.61 12.96 90.30+11.09 12.28

4,880.00 99.40 + 13.63 13.71 103.70 £ 14.18 13.67

8.10 109.60 + 14.70 13.41 112.52 +14.42 12.82

Spleen 810.00 103.36 £8.21 7.94 103.27 £8.33 8.07

4,050.00 101.09 + 14.04 13.89 100.10 + 14.86 14.85

8.10 115.98 £9.88 8.52 11491 £11.15 9.70

Lung 810.00 103.72 +13.87 13.37 104.46 £ 13.99 13.39

4,050.00 100.14 + 13.93 13.91 102.61£12.94 12.61

8.10 112.86 £ 13.55 12.01 106.12 + 6.39 6.02

Kidney 810.00 108.24 +11.67 10.78 106.49 +12.47 11.71

4,050.00 96.03 + 14.21 14.80 100.79 £13.41 13.30

8.10 102.10 + 14.19 13.90 102.74 £13.52 13.16

Brain 405.00 102.58 £ 14.19 13.83 99.34+11.32 11.40

810.00 106.80 + 14.57 13.64 107.01 + 14.37 13.43

8.10 107.26 +14.80 13.80 114.20£12.91 11.30

Stomach 810.00 97.56 +12.51 12.82 93.00+7.55 8.12

8,100.00 96.18 +7.88 8.19 96.52+7.87 8.15

8.10 114.62 +8.67 7.56 112.15+12.13 10.82

Uterus 1,215.00 101.9 +14.88 14.60 103.53 + 14.50 14.01

2,430.00 98.79 + 13.24 13.40 93.95+10.73 11.42

8.10 107.31 +13.35 12.44 110.67 +12.10 10.93

Ovary 810.00 105.44 £7.65 7.26 107.56 £ 6.27 5.83

4,050.00 101.35+12.01 11.85 97.01 +11.43 11.78

8.10 104.91 + 14.63 13.95 110.86 + 14.79 13.34

Intestine 810.00 10229 +13.48 1318 104.20 +13.93 13.37

8,100.00 106.06 + 13.22 12.46 104.55 + 14.54 13.91

TABLE 14: Recovery and matrix effect study of eriodictyol in rat tissues (n=6).

) ) Recovery Matrix effects
Tissues Spiked (ng/mL)
Mean (%) +SD RSD (%) Mean (%) + SD RSD (%)

8.10 106.86 + 14.59 13.65 109.83 + 14.69 13.38

Liver 40.50 91.41+7.79 8.52 94.49+11.13 11.78

81.00 105.18 + 14.43 13.72 105.09 + 14.48 13.78

5.05 95.80 +11.70 12.21 96.04 +11.87 12.36

Spleen 10.10 113.03 +10.54 9.32 115.70 £9.70 8.38

25.25 92.38+£10.17 11.01 87.52+10.86 12.41

8.10 109.31 +8.93 8.17 108.1+11.23 10.39

Lung 40.50 104.59 + 14.51 13.87 104.43 +14.71 14.09

81.00 96.59 £9.92 10.27 101.09 + 14.34 14.19

8.10 110.96 + 14.26 12.85 117.43 £ 12.96 11.04

Stomach 81.00 99.02 +7.86 7.94 102.27 +9.24 9.03

162.00 100.60 + 14.07 13.99 99.81 + 14.66 14.69

5.05 102.46 + 14.89 14.53 108.36 + 10.90 10.06

Uterus 10.10 103.13 +13.69 13.27 99.58 +11.98 12.03

25.25 89.11 +12.68 14.23 91.09 +12.37 13.58

8.10 106.91 +11.88 11.11 109.58 + 14.54 13.27

Ovary 40.50 96.92 +13.41 13.84 95.40+11.35 11.90

81.00 110.09 +8.83 8.02 110.08 +8.87 8.06

8.10 112.94 +12.47 11.04 106.15+14.11 13.29

Intestine 81.00 96.66 +12.21 12.63 101.40 +12.07 11.90

162.00 106.34 + 12.84 12.07 110.76 + 12.31 11.11
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TaBLE 15: Recovery and matrix effect study of naringenin in rat tissues (n=6).
Recove Matrix effects
Tissues Spiked (ng/mL) R
Mean (%) +SD RSD (%) Mean (%) +SD RSD (%)
8.10 99.16 + 14.17 14.29 102.00 £+ 14.02 13.75
Heart 81.00 103.12+11.80 11.44 105.54 +£8.27 7.84
162.00 99.88 + 14.63 14.65 101.40 + 14.36 14.16
8.10 108.35+ 14.84 13.70 109.38 + 14.68 13.42
Liver 405.00 108.53 £11.75 10.83 107.65+13.09 12.16
810.00 97.99 +10.82 11.04 97.58 £ 11.39 11.67
8.10 110.94 +£10.73 9.67 116.25+12.71 10.93
Spleen 81.00 104.08 +£8.55 8.21 108.27 £5.36 4.95
162.00 92.22+11.76 12.75 95.49 +12.40 12.99
8.10 112.86 £13.55 12.01 103.65+10.11 9.75
Lung 81.00 99.40+£12.26 12.33 100.99 £10.33 10.23
162.00 98.08 + 14.04 14.31 91.96 + 11.15 12.12
8.10 104.57 £ 14.45 13.82 106.32 + 14.62 13.75
Kidney 81.00 101.85+12.04 11.82 104.27 £9.04 8.67
162.00 105.15+11.94 11.36 103.82 + 14.64 14.10
5.05 95.80 + 12.56 13.11 91.80+13.49 14.69
Brain 10.10 108.75 + 14.63 13.45 110.61 + 14.02 12.68
25.25 101.59 +12.78 12.58 106.93 +13.84 12.94
8.10 106.79 £ 11.36 10.64 114.59 +£13.26 11.57
Stomach 405.00 103.98 £ 14.21 13.67 105.46 £13.01 12.34
810.00 105.33 £12.86 12.21 98.97 £9.74 9.84
8.10 109.68 £ 11.56 10.54 105.90 + 14.62 13.81
Uterus 81.00 96.79 + 14.42 14.90 100.89 £ 13.01 12.90
162.00 101.76 + 14.35 14.10 103.84 +14.15 13.63
8.10 104.12 + 14.06 13.50 104.27 £13.92 13.35
Ovary 81.00 102.55+13.60 13.26 102.73 £13.50 13.14
162.00 97.63 +12.88 13.19 104.93 £12.09 11.52
8.10 94.69 + 11.62 12.27 95.33+11.33 11.89
Intestine 405.00 102.26 £ 13.81 13.50 102.21 +13.87 13.57
810.00 95.59+11.24 11.76 95.96 +11.07 11.54
TaBLE 16: Recovery and matrix effect study of kaempferol in rat tissues (n=6).
. . Recovery Matrix effects
Tissues Spiked (ng/mL)
Mean (%) + SD RSD (%) Mean (%) + SD RSD (%)
8.10 101.65+ 14.31 14.08 106.96 + 14.12 13.20
Liver 40.50 115.4+14.20 12.31 121.79 +10.89 8.94
81.00 102.17 £ 14.31 14.01 104.84 +£13.72 13.09
12.20 93.16+12.41 13.32 86.15+6.77 7.86
Spleen 91.50 102.12 +£10.97 10.74 108.20 + 14.34 13.25
183.00 103.48 £ 14.72 14.22 99.06 +10.94 11.04
5.05 100.12 +13.76 13.74 96.20 + 6.49 6.75
Lung 10.10 87.78 £6.08 6.93 91.86+13.12 14.28
25.25 94.43 +13.83 14.65 90.60 + 12.32 13.60
12.20 89.61 +9.00 10.04 90.36 £7.52 8.32
Kidney 42.70 99.04 +10.66 10.76 98.81+11.00 11.13
85.40 103.94 +7.94 7.64 102.19 £ 10.66 10.43
5.05 95.6 + 14.05 14.70 95.29+ 14.16 14.86
Stomach 10.10 105.45+14.18 13.45 103.78 £ 14.59 14.06
25.25 97.72+13.78 14.10 97.81 +13.67 13.98
5.05 94.69 +10.39 10.97 99.45+9.78 9.83
Uterus 10.10 105.13 £13.83 13.16 98.36 + 10.66 10.84
25.25 95.33+12.51 13.12 93.90+11.54 12.29
8.10 104.22 £13.70 13.15 101.14 £13.81 13.65
Intestine 121.50 82.72 +£3.60 4.35 87.29+10.75 12.32
243.00 110.63 + 14.41 13.03 112.54 +14.91 13.25
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FiGgure 3: Continued.
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FiGure 3: Concentrations of seven analytes in rat tissues at 0.25, 0.5, 1, 2, 4, 8, and 12 h after oral administration of TFDR in 8-month-old rats

(left) and 18-month-old rats (right).

metabolism in the liver and intestine [17, 18]. However, it
was more distributed in stomach, intestine, and ovary in old
rats; this result indicated that it may regulate the autonomic
nervous dysfunction of the cerebrospinal system through the
hypothalamus-pituitary-ovary axis, thus playing an anti-AD
role, but further research is needed [19].

The peak concentration of naringenin, the aglycone of
naringin, was observed in the stomach at 2 h in 8-month-old
and 18-month-old rats, followed by intestine at 4h, and
decreased gradually with time in tissues; this indicated that

naringenin had strong selectivity to liver and kidney. Nar-
ingenin is slowly absorbed in liver and kidney tissues and has
a long action time, which may be due to the metabolism of
naringin into naringenin in vivo [20, 21]. It is speculated that
this phenomenon may be related to the traditional Chinese
medicine theory that there is a certain relationship between
the liver and kidney meridian.

The peak concentration of eriodictyol was observed in
the liver tissue; this phenomenon may be related to the
traditional Chinese medicine theory that there is a certain
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relationship between the liver and kidney meridian. It could
hardly be detected in the heart and brain.

Kaempferol is also widely and rapidly distributed into
various tissues. There was more distribution in the spleen of
rats at 1h, indicating that kaempferol has a strong affinity
with the spleen. There was more distribution in the kidney of
rats at 2 h. The reason for the higher content of kidney tissue
may be that the kidney is the main metabolic organ of the
drug, and most of the drugs are excreted through the kidney.
It could hardly be detected in the heart and brain [22].

According to the tissue distribution of seven compounds
in the total Drynariae Rhizoma flavonoids in the young
group and the old group, it was found that naringenin was
rapidly absorbed in the stomach. However, naringin and
neoeriocitrin were hydrolyzed into aglycons or absorbed in
the belly of rats. The glycosides connected with one sugar at
R; (neoeriocitrin, eriodictyol, and luteolin-7-O-f-D-gluco-
side) are mainly distributed in the small intestine. Few tests
in the kidney indicate that they may be transformed through
the liver and discharged into the small intestine from the
bile, converted into prototype drugs by corresponding hy-
drolases, and reabsorbed. It can be seen that the structure of
the mother nucleus of flavonoids and the number and lo-
cation of linked glycosyls will affect the tissue distribution.
Clarifying the mechanism of these interactions is of great
significance to increase the safety of the clinical medication
and promote the development and clinical application of
flavonoids.

This is the first study to examine the tissue distribution
profile of multiple bioactive components after oral admin-
istration of TFDR. The results of the tissue distribution study
showed that the seven analytes were of TFDR distributed
mainly into the gastrointestinal tract, which provided the
material basis for its pharmacological actions in clinical
application.

4. Conclusions

In this study, a rapid and validated UPLC-MS/MS method for
simultaneous determination of the seven analytes in rat tissue
was successfully applied after oral administration of TFDR to
rats. To the best of our knowledge, this is the first report of the
UPLC-MS/MS method on the tissue distribution of the seven
analytes in rats. The tissue distribution results achieved might
be useful for further study of the bioactive mechanism of
Drynariae Rhizoma. The validation procedure confirmed that
the method was sensitive and selective and was suitable for the
analysis of the seven analytes in biological samples. The present
study could promote understanding the distribution of TFDR
in vivo and provide the material basis for the dose regimen in
the clinic.

Abbreviations

UPLC-MS/ Ultra performance liquid chromatography
MS: tandem mass spectrometry

TFDR: Total flavonoids from Drynariae Rhizoma
MRM: Multiple reactions monitoring
IS: Internal standard
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ESI+: Positive ion mode of electrospray ionization
ACN: Acetonitrile
MeOH: Methanol
QC: Quality control
LOD: Limit of detection
LOQ: Limit of quantitation
S/N: Signal-to-noise ratio
RSD: Relative standard deviations
RE: Relative error.
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