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Abstract: Nuciferine has shown remarkable biological activities and been considered as a promising drug. In this 
study, a sensitive and selective ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/
MS) method was developed and validated for determination of nuciferine in tissue and plasma. An electrospray 
ionization source was applied and operated in positive ion mode; multiple reactions monitoring (MRM) mode was 
used for quantification using target fragment ions m/z 296.0→265.1 for nuciferine, and m/z 322.0→307.0 for 
berberrubine internal standard (IS). Based on the UPLC-MS/MS method, the tissue distribution profile of nuciferine 
in mice and plasma pharmacokinetics in rat were studied. The results showed nuciferine was absorbed through 
intestinal tract and distributed into tissues rapidly. The bioavailability of nuciferine was identified at 17.9%. It can 
across through blood brain barrier, the concentrations in liver and kidney are highest, then followed by spleen, lung 
heart and brain. Nuciferine is eliminated quickly in the tissues and plasma, the t1/2 within 5 hour. The concen-
trations in these tissues are correlated to each other, and can be predicted by a back-propagation artificial neural 
network model. 
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Introduction

Medicinal plants have served as an important 
source of drugs for treating diseases since 
ancient times. Although the remarkable prog-
ress in synthetic organic chemistry of the twen-
tieth century, over 25% of prescribed medicines 
in industrialized countries derive directly or 
indirectly from plants. Nuciferine ((R)-1,2-
dimethoxyaporphine) is an alkaloid initially iso-
lated from lotus leaf, which is the leaves of 
Nelumbo nucifera Gaertn [1]. 

Nuciferine has been reported to show remark-
able biological activities, including antioxidant 
[2], antimicrobial [3] anti-HIV [4], anti-obesity 
[5, 6], anti-hyperlipidemic [7] and hypotensive 
[8] properties. It was also found to stimulate 
insulin secretion by increasing intracellular cal-
cium and stimulating cAMP responsive path-
way [9], reduce the development of atheroscle-
rosis by inhibiting vascular smooth muscle cell 

proliferation and migration [10], inhibit nicotine-
induced non-small cell lung cancer progression 
by reducing the activity of Wnt/β-catenin signal-
ing [11], restore potassium oxonate-induced 
hyperuricemia and kidney inflammation [12]. 
Given these pharmacological properties and 
salutary effects, nuciferine is a promising drug 
candidate. Therefore, detecting nuciferine’s 
concentration and characteristics of tissue dis-
tribution are necessary and will contribute to 
the understanding of the action mechanism in 
vivo.

So far, high-performance liquid chromatogra-
phy [13] and high-performance liquid chroma-
tography-mass spectrometry (HPLC-MS) [14, 
15] methods have been reported for determina-
tion of nuciferine. However, no UPLC-MS/MS 
method developed for the determination of 
nuciferine in plasma and few study investigated 
the tissue distribution. Although, Gu et al 
reported the tissue concentration of nuciferine 
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in rat, they only determined it at four different 
times during 30 min to 12 h [15]. In this study, 
the more efficient UPLC-MS/MS method for 
determination of nuciferine in rat plasma and 
tissue distribution is developed and the com-
plete tissue distribution including brain, kidney, 
lung, spleen, liver and heart were investigated. 
According to the tissue distribution and phar-
macokinetics, a regression model was devel-
oped by combined the multiple linear regres-
sion and artificial neural network.

Experimental

Chemicals and reagents

Nuciferine (purity > 98%) and berberrubine (IS, 
purity > 98%) were purchased from the Cheng- 
du Mansite Pharmaceutical CO. LTD. (Chengdu, 
China). LC-grade acetonitrile and methanol 
were purchased from Merck Company 
(Darmstadt, Germany). Ultra-pure water was 
prepared by Millipore Milli-Q purification system 
(Bedford, MA, USA). Rat blank plasma samples 
were supplied from drug-free rats.

Animal

Forty male Swiss hanschka (ICR) mice and 
twelve male Sprague-Dawley rats (200-220 g) 
were obtained from the Laboratory Animal 
Center of Wenzhou Medical University 
(Wenzhou, China) to study the pharmacokinet-
ics of nuciferine. All experimental procedures 
and protocols were reviewed and approved by 
the Animal Care and Use Committee of 
Wenzhou Medical University. Diet was prohibit-
ed for 12 h before the experiment but water 
was freely available. 

Instrumentation and conditions

A UPLC-MS/MS system with ACQUITY I-Class 
UPLC and a XEVO TQD triple quadrupole mass 
spectrometer (Waters Corp., Milford, MA, USA), 
equipped with an electrospray ionization inter-
face, was used to analyze the compounds. The 
UPLC system was comprised of a Binary Solvent 
Manager and a Sample Manager with Flow-
Through Needle. Masslynx 4.1 software 
(Waters Corp., Milford, MA, USA) was used for 
data acquisition and instrument control.

Nuciferine and berberrubine (IS) were separat-
ed on an UPLC BEH C18 column (2.1 mm × 100 
mm, 1.7 μm) maintained at 40°C. The initial 

mobile phase consisted of 0.1% formic acid 
and acetonitrile with gradient elution at a flow 
rate of 0.4 mL/min and an injection volume of 2 
μL. Elution was in a linear gradient, where the 
acetonitrile increased from 30% to 60% 
between 0 and 1.5 min, then increased to 95% 
within 0.5 min, maintained at 95% for 0.5 min, 
then decreased to 30% within 0.1 min, then 
maintained at 30% for 0.4 min. The total run 
time of the analytes was 3 min. After each 
injection, the sample manager underwent a 
needle wash process, including both a strong 
wash (methanol-water, 50/50, v/v) and a weak 
wash (methanol-water, 10/90, v/v).

Nitrogen was used as the desolvation gas 
(1000 L/h) and cone gas (50 L/h). Ion monitor-
ing conditions were defined as capillary voltage 
of 2.5 kV, source temperature of 150°C, and 
desolvation temperature of 500°C. MRM 
modes of ions m/z 296.0→265.1 for nucifer-
ine, and m/z 322.0→307.0 for IS were utilized 
to conduct quantitative analysis (Figure 1).

Development of UPLC-MS/MS determining 
method

Calibration standards and quality control sam-
ples: The stock solutions of nuciferine (1.0 
mg/mL) and berberrubine (IS) (100 µg/mL) 
were prepared in methanol-water (50:50, v/v). 
The 0.25 µg/mL working standard solution of 
the IS was prepared from the IS stock solution 
by dilution with methanol; working solutions for 
calibration and controls were prepared from 
stock solutions in the same manner. All of the 
solutions were stored at 4°C and were brought 
to room temperature before use.

Nuciferine calibration standards were pre-
pared by spiking blank rat plasma with appro-
priate amounts of the working solutions. 
Calibration plots were offset to range between 
2-1000 ng/mL for nuciferine in rat plasma (2, 
5, 10, 20, 50, 100, 200, 500 and 1000 ng/
mL), tissue (5, 10, 20, 50, 100, 200, 500, 1000 
and 2000 ng/mL). Quality-control (QC) samples 
were prepared in the same manner as the cali-
bration standards, in three different plasma 
concentrations (4, 400, and 800 ng/mL). The 
analytical standards and QC samples were 
stored at -20°C .

Sample preparation: Before analysis, the plas-
ma sample was thawed to room temperature. 
An aliquot of 10 µL of the IS working solution 
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(0.25 µg/mL) was added to 50 µL of the col-
lected plasma sample in a 1.5 mL centrifuge 
tube, followed by the addition of 150 µL of ace-
tonitrile-methanol (9:1, v/v). The tubes were 
vortex mixed for 1.0 min. After centrifugation at 
14900 × g for 10 min in Allegra 64R High-
speed Centrifuge (Beckman Coulter, Inc., Los 
Angeles, California USA), the supernatant (2 µL) 
was injected into the UPLC-MS/MS system for 
analysis.

When nuciferine was extracted from the tis-
sues, 50 mg of brain, kidney, lung, spleen, liver 

and heart were weighed accurately and placed 
in 1.5 ml polypropylene tubes, then 200 µL 
acetonitrile-methanol (v/v, 9:1) including IS of 
50 ng/mL was added. The mixture was stored 
at -80°C for 20 min then grinded for 2 min by a 
SCIENTZ-48 Tissue Grinder, which the grinding 
parameter was 64 Hz and 1800 r/s. After cen-
trifugation at 14900 g for 15 min at 4°C, the 
supernatant (2 µL) was injected into the UPLC-
MS/MS system for analysis.

Method validation: Rigorous tests for selectivi-
ty, linearity, accuracy, precision, recovery, and 

Figure 1. Chemical structure 
and Mass spectrum of nucifer-
ine (A) and berberrubine (IS, B).
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stability, according to the guidelines set by the 
United States Food and Drug Administration 
(FDA) and European Medicines Agency (EMA), 
were conducted in order to thoroughly validate 
the proposed bioanalytical method. Validation 
runs were conducted on three consecutive 
days. Each validation run consisted of one set 
of calibration standards and six replicates of 
QC plasma samples.

To evaluate the matrix effect, blank rat plasma 
was extracted and spiked with the analyte at 4, 
400, and 800 ng/mL concentrations. The cor-
responding peak areas were then compared to 
those of neat standard solutions at equivalent 
concentrations, this peak area ratio is defined 
as the matrix effect. The matrix effect of the IS 
was evaluated at a concentration of 50 ng/mL 
in a similar manner.

Accuracy and precision were assessed by the 
determination of QC samples at three concen-
tration levels in six replicates (4, 400, and 800 
ng/mL) over three days of validation testing. 

The recovery of nuciferine was evaluated by 
comparing the peak area of extracted QC sam-
ples with those of reference QC solutions 
reconstituted in blank plasma extracts (n = 6). 

Sample stability exposed at room temperature 
for 2 h, 24 h, freeze/thaw stability from -20 to 
25°C, long-term stability stored at -20°C for 20 
days were evaluated by analyzing three repli-
cates of plasma samples at concentrations of 
4 or 800 ng/mL which were all exposed to dif-
ferent conditions. The stability of the IS (50 ng/
mL) was evaluated similarly.

Tissue distribution

Forty ICR mice were randomly divided into eight 
different groups (n = 5) and received nuciferine 
15 mg/kg by intragastric (ig) administration for 
tissue distribution study. The tissue samples, 
brain, heart, liver, spleen, lung and kidney were 
collected at 0.0833, 0.5, 1, 2, 3, 4, 6, 8, 12 h 
by sacrificing 5 mice at each time point. After 
the mice were anesthetized by 4% chloral 

Figure 2. Representative UPLC-MS/MS chromatograms of nuciferine and berberrubine (IS), A: Blank plasma; B: 
Blank plasma spiked with nuciferine (50 ng/mL) and IS (50 ng/mL); C: A rat plasma sample 6 h after oral adminis-
tration of single dosage 15 mg/kg nuciferine.

Figure 3. Mean concentration of nuciferine in brain, kidney, lung, spleen, liver and heart from 30 min to 12 h after 
an ig administration of nuciferine 15 mg/kg (n = 5, mean ± SD). 
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hydrate, these tissues were immediately 
removed, washed in normal saline. After that, 
the tissues were prepared according to 2.4.2 
Sample preparation, and the concentrations of 
nuciferine were determined by developed 
method. 

Plasma pharmacokinetics

Twelve SD rats were randomly divided into two 
different groups (n = 6) giving ig administration 
15 mg/kg or intravenous (iv) administration 2 
mg/kg of nuciferine for pharmacokinetic study. 
Blood samples (0.2 mL) were collected from 
the tail vein into heparinized 1.5 mL polythene 
tubes at 0.0833, 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, 
and 12 h. The samples were immediately cen-
trifuged at 3000 × g for 10 min and determined 
by developed method. 

Data analysis

The nuciferine concentration in tissues and 
plasma versus time data for each rat was ana-
lyzed by DAS (Drug and Statistics) software 
(Version 2.0, Wenzhou Medical University, 
China). The relationships between brain, heart, 
liver, spleen, lung and kidney were analyzed by 
bivariate correlation. 

The concentration data of brain, heart, liver, 
spleen, lung and kidney were employed into the 
back-propagation artificial neural network 
(BP-ANN). The input layer consist of five factors, 
the output data is one factor, such as the con-
centrations of heart, liver, spleen, lung and kid-
ney were selected as the input data, then the 
output data were concentrations of brain. The 
node numbers of hidden layer were based on 
the formula of m n l a= + + , where m is the 
number of the nodes in the hidden layer, and n 
is the number of nodes in the input layer, l is the 

erine and IS. Figure 2 shows typical chromato-
grams of a blank plasma sample, a blank plas-
ma sample spiked with nuciferine and IS, and a 
plasma sample. The matrix effect for nuciferine 
at concentrations of 4, 400, and 800 ng/mL 
were measured to be 93.4%, 91.3% and 88.5% 
(n = 6). The matrix effect for IS (50 ng/mL) was 
96.6% (n = 6). As a result, matrix effect from 
plasma was considered negligible in this 
method.

Calibration curve and sensitivity: Linear regres-
sions of the peak area ratios versus concentra-
tions were fitted over the concentration range 
2-1000 ng/mL for nuciferine in rat plasma and 
tissues, the equations were plasma: Y = 
0.0142971*X + 0.0440159, R = 0.9969, brain: 
Y = 0.0119387*X + 0.106676, R = 0.9961, kid-
ney: Y = 0.0105114*X + 0.00728954, R = 
0.9992, lung: Y = 0.0142026*X + 0.00484171, 
R = 0.9992, spleen: Y = 0.00993605*X + 
0.0447044, R = 0.9986, liver: Y = 0.0118506*X 
+ 0.0204734, R = 0.9985, heart: Y = 
0.0116049*X + 0.0628655 0, R = 9979. The 
LLOQ for the determination of nuciferine in 
plasma was 2 ng/mL. The precision and accu-
racy at LLOQ were 15.4% and 86.8%, respec-
tively. The precision at LLOQ were between 
8.6% and 17.8%, and accuracy was between 
84.6% and 112.6%, respectively. 

Precision, accuracy and recovery

The precision of the method was determined by 
calculating RSD for QCs at three concentration 
levels over three days of validation tests. Intra-
day precision RSD was 9.3, 7.5, 4.8, and inter-
day precision RSD was 9.0, 10.3, 3.3 % at each 
QC level (4, 400, 800 ng/mL). The accuracy of 
the method ranged from 95.3% and 109.4% at 
each QC level. Mean recoveries of nuciferine 
were higher than 84.9%. The recovery of the IS 
(50 ng/mL) was 90.2%. 

Table 1. The Pearson Correlation coefficient between 
different tissues of mice (n = 40)

Brain Kidney Lung Spleen Liver Heart
Brain 1.000 0.951** 0.860** 0.982** 0.964** 0.976**

Kidney 0.951** 1.000 0.869** 0.946** 0.939** 0.967**

Lung 0.860** 0.869** 1.000 0.794** 0.757** 0.835**

Spleen 0.982** 0.946** 0.794** 1.000 0.971** 0.978**

Liver 0.964** 0.939** 0.757** 0.971** 1.000 0.965**

Heart 0.976** 0.967** 0.835** 0.978** 0.965** 1.000
Note: **P < 0.01.

number of nodes in the output layer, a is 
a constant from 1 to 10, for more details 
refer to [16]. The BP-ANN model was 
performed at Matlab R2011a. 

Results 

Development of nuciferine by UPLC-
MS/MS 

Selectivity and matrix effect: There were 
no interfering endogenous substances 
observed at the retention time of nucif-
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Stability

Results from the auto-sampler showed that the 
nuciferine was stable under room temperature, 
freeze-thaw, and long-term (20 days) condi-
tions, confirmed because the bias in concentra-
tions were within 88.9% and 107.6% of their 
nominal values. To this effect, the established 
method was suitable for pharmacokinetics and 
tissue distribution. 

Tissue distribution profile and predicting model

The mean concentration-time curves of nucif-
erine in brain, kidney, lung, spleen, liver and 
heart when ig administrated 15 mg/kg were 
shown in Figure 3. The results showed that 
nuciferine was absorbed through intestinal 
tract and distributed into tissues rapidly, it 
reached the highest concentration within 0.5 h 
in every tissues. The level of nuciferine in liver 
and kidney is highest, then followed by spleen, 
lung heart and brain. The brain has almost 

ciferine showed that the BP-ANN model of tis-
sues distribution achieved a highly prediction 
accuracy in brain, heart, liver, spleen, lung and 
kidney (Figure 4). 

Plasma pharmacokinetics and bioavailability

The plasma concentration-time curves of nucif-
erine at two different administration method in 
rats were best fitted with two-compartment 
model, and the pharmacokinetic parameters 
were summarized in Table 3. The mean plasma 
concentration-time curves of nuciferine when 
iv 2 mg/kg and ig 15 mg/kg in two groups rats 
were shown in Figure 5. The absolute bioavail-
ablity of nuciferine was 17.9% according to the 
formula: F = AUCpo Div/AUCiv Dpo × 100%. 

Discussion 

The mobile phase played a critical role in 
achieving good chromatographic behavior and 
appropriate ionization [17-19]. Acetonitrile was 

Table 2. The fitness index of BP-ANN model performed in six tissues
Index Heart Liver Spleen Kidney Lung Brain
Mean Squared Error 8.84 × 10-12 2.17 × 10-11 1.41 × 10-5 8.79 × 10-7 1,39 × 10-9 1.37 × 10-5

The Magnitude Of The Gradient 2.68 × 10-5 2.95 × 10-5 8.80 × 10-4 3.96 × 10-3 1.70 × 10-4 4.21 × 10-3

Validation Checks 0 0 0 0 0 0
Correlation Coefficient (R) 1 1 0.9999 1 1 0.9999

Figure 4. The measured (solid line) and predicted (dash line) tissues concentra-
tions profiles of nuciferine generated by BP-ANN model in Matlab .

equal level with heart, 
which indicated nuciferine 
can across through blood 
brain barrier. 

The results of univariate 
analysis indicated there 
was high relationship bet- 
ween liver, kidney, spleen, 
lung, heart and brain (P < 
0.01), the correlation coef-
ficient was listed in Table 1. 
The BP-ANN model were 
trained within 100 epochs, 
the performance parame-
ters of model were indicat-
ed by mean square error 
(MSE), magnitude of the 
gradient, the number of 
validation checks, correla-
tion coefficient (Table 2). 
The results of predicted 
and measured times-con-
centrations profiles of nu- 
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Table 3. Tissue and plasma pharmacokinetic parameters after administration of nuciferine

Parameters
Plasma Brain Kidney Lung Spleen Liver Heart

iv 2 mg/kg ig 15 mg/kg ig 15 mg/kg
AUC(0-t) (ng/mL*h) 144.8 ± 31.9 769.8 ± 299.7 4978.8 ± 480.1 10621.9 ± 928.7 3776.3 ± 968.4 5504.6 ± 571.0 9577.4 ± 1341.6 3186.9 ± 272.1
AUC(0-∞) (ng/mL*h) 155.0 ± 50.5 780.4 ± 310.3 5680.9 ± 1 594.7 17152.1 ± 13309.2 4411.1 ± 489.8 5858.2 ± 673.5 11879.9 ± 454.9 3809.5 ± 1459.4 
t1/2 (h) 1.2 ± 1.0 3.8 ± 1.1 4.7 ± 4.3 3.9 ± 0.3 4.8 ± 3.2 3.4 ± 0.6 4.2 ± 2.4 3.7 ± 2.8 
Tmax (h) 0.08 1.1 ± 0.4 0.5 ± 0.0 0.5 ± 0.0 0.6 ± 0.2 0.5 ± 0.0 0.5 ± 0.0 0.5 ± 0.0 
CL (L/h/kg) 13.8 ± 3.7 22.5 ± 10.4 2.8 ± 0.6 1.2 ± 0.5 3.8 ± 1.5 2.6 ± 0.3 1.4 ± 0.4 4.3 ± 1.1 
V (L/kg) 20.7 ± 8.7 120.0 ± 53.2 16.3 ± 9.1 9.4 ± 3.8 22.4 ± 9.0 12.6 ± 1.8 7.5 ± 1.9 19.1 ± 7.7 
Cmax (ng/mL) 131.4 ± 20.0 208.4 ± 99.7 2861.0 ± 781.4 6052.0 ± 1452.3 2154.3 ± 1570.9 3095.4 ± 575.0 5398.8 ± 911.3 2262.6 ± 485.9 
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selected for the organic phase, as it provides 
sharper peak shape and lower pump pressure 
compared to methanol. Acetonitrile and water 
(containing 0.1% formic acid) were chosen as 
the mobile phase because the combination 
provides proper retention time and peak shape. 
The total run time for each injection was 3 min.

Efficient removal of proteins and other poten-
tial interference in the bio-samples prior to 
LC-MS analysis was a crucial step in the devel-
opment of this method [20-22]. The liquid-liq-
uid extraction by ethyl acetate, ethyl ether and 
chloroform were tried at first, the recovery of 
them (between 70.6% and 95.3%) were good, 
the extraction recovery by ethyl acetate was 
the best (around 90.6% and 96.7%), however 
the liquid-liquid extraction is time-consuming 
and tedious. Then the simple protein precipita-
tion was employed in our work, acetonitrile-
methanol (9:1, v/v) with the acceptable recov-
ery (around 84.9% and 92.0%) was chosen as 
the protein precipitation solvent. An effective 
and simple protein precipitation is much sim-
pler and faster than liquid-liquid extraction or 
solid phase extraction. 

We tried carbamazepine, diazepam, midazolam 
at first, however berberrubine was more suit-
able for IS in the present study. Berberrubine 
was selected as the IS, because its chemical 
structure and chromatographic performance 
are similar to nuciferine and the two show sim-
ilar retention time and extraction efficacy; and 
both are suitable for detection in the positive 
ion electrospray ionization interface. The UPLC-
MS/MS method in this study was validated for 

absorbed into blood circulation which is consis-
tent with the results of plasma pharmacokinet-
ic data analysis. Furthermore, the level of nucif-
erine in liver and kidney is nearly 10 times 
higher than plasma, which indicated that liver 
and kidney are two of most metabolic organ for 
nuciferine. And nuciferine is eliminated quickly 
in there, which resulted in the plasma t1/2 is 
(1.2 ± 1.0) and (3.8 ± 1.1) h when iv 2 mg/kg 
and po 15 mg/kg administration. 

Artificial neural networks are computational 
models inspired by a brain’s central nervous 
system which is capable of machine learning as 
well as pattern recognition. BP-ANN is one of 
the widely used artificial modeling methods in 
medical area [23]. In this study, the developed 
BP-ANN model of tissues (brain, heart, liver, 
spleen, lung and kidney) will be helpful for com-
prehension of their metabolic characteristics, 
and predict the concentrations of each other. 
Moreover, in term of the good performance in 
training model, we can develop more different 
model between plasma and heart, liver, spleen, 
lung or kidney.

Conclusion

The developed UPLC-MS/MS method described 
here allows accurate and easily reproduced 
determination of nuciferine, utilizing only 50 µL 
of plasma with an LLOQ of 2 ng/mL. Nuciferine 
can across through blood brain barrier, the con-
centration in liver and kidney is highest, then 
followed by spleen, lung heart and brain. 
Nuciferine is eliminated quickly in the tissues 
and plasma, the t1/2 within 5 hour and the bio-

Figure 5. Mean plasma concentration 
time profile after ig 15 mg/kg or iv 2, 
6 mg/kg administration of nuciferine 
in rats.

selectivity, linearity, accu-
racy, precision, recovery 
and stability with a total run 
time of 3 min.

Based on the developed 
UPLC-MS/MS, the tissues 
and plasma concentration 
of nuciferine were deter-
mined and analyzed. The 
tissues distribution results 
showed nuciferine can dis-
tribute into every organs 
including brain, kidney, 
lung, spleen, liver and 
heart. This indicated nucif-
erine is performed as two-
compartment model after 
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availability of nuciferine was 17.9%. The con-
centrations in these tissues are correlated to 
each other, and can be predicted by a BP-ANN 
model. 
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