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Abstract 

In our ongoing study focused on Corydalis cava (Fumariaceae), used in folk medicine in the 

treatment of memory dysfunctions, we have investigated fifteen previously isolated alkaloids 

for their potential multifunctional activity on Alzheimer’s disease (AD) targets. Determination 

of ß-site amyloid precursor protein cleaving enzyme 1 (BACE1) inhibition was carried 

out using a BACE1-Immobilized Enzyme Reactor (IMER) by validating the assay with a 

multi-well plate format Fluorescence Resonance Energy Transfer (FRET) assay. Seven 

alkaloids out of fifteen were found to be active, with (–)-corycavamine (3) and (+)-corynoline 

(5) demonstrating the highest BACE1 inhibition activity, in the micromolar range, in a 

concentration dependent manner. BACE1-IMER was found to be a valid device for the fast 

screening of inhibitors and the determination of their potency. In a permeation assay 

(PAMPA) for the prediction of blood-brain barrier (BBB) penetration, the most active 

compounds, (–)-corycavamine (3) and (+)-corynoline (5), were found to be able to cross the 

BBB. Not all compounds showed activity against glycogen synthase kinase-3β (GSK-3β) and 

casein kinase-1 (CK-1). On the basis of the reported results, we found that some Corydalis 

cava alkaloids have multifunctional activity against AD targets (prolyl oligopeptidase, 

cholinesterases and BACE1). Moreover, we tried to elucidate the treatment effectivity 

(rational use) of its extract in memory dysfunction in folk medicine. 
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1. Introduction 

Alzheimerʼs disease (AD) is a neurodegenerative progressive disorder and the most common 

form of dementia amongst the elderly. AD is characterized by pathological hallmarks: 

selective cholinergic neuronal loss, intracellular neurofibrillary tangles (NFTs) composed of 

abnormally intracellular phosphorylated τ-protein, and extracellular senile plaques (SPs) [1]. 

SPs are deposits of β-amyloid peptide (Aβ) which originate in abnormal processing of 

amyloid precursor protein (APP) [2]. Aβ production from APP depends on activities of the 

enzymes -secretase, β-secretase (BACE1) and γ-secretase. However, during the 

nonamyloidogenic pathway -secretase cleaves APP at a site within the Aβ domain, thus 

precluding Aβ formation. Within the amyloidogenic pathway, the proteolytic sequential 

action of BACE1 and γ-secretase lead to the production of neurotoxic Aβ peptides from APP 

[3,4]. Thus, inhibitors of BACE1 and γ-secretase represent possible therapeutic hits for 

nonsymptomatic AD treatment. Although γ-secretase inhibitors triggered toxic effects 

in human trials, in the case of γ-secretase knockout mice the effect was lethal at their 

embryonic stage; this enzyme has various physiological functions and it is essential for 

normal development [5]. On the other hand, BACE1 inhibition decreased Aβ production, and 

BACE1 knockout in mice terminated Aβ40 and Aβ42 production without any severe 

dysfunction [6]. Therefore, BACE1 inhibition has become a promising approach for AD 

treatment. One of the neuropathological characteristics of AD is the presence 

of neurofibrillary tangles (NFTs) consisting of paired helical filaments, with the main 

component being hyperphosphorylated τ-protein [7]. Phosphorylation of τ-proteins is 

primarily dependent on GSK-3β and cyclin-dependent kinase 5 (CDK5) [8]. GSK-3β 

represents the isoform of GSK-3. This enzyme is involved in glycogen synthesis, but more 

recently, GSK-3 has been found to play an important role in the central nervous system (CNS) 

[9,10]. When the enzyme is dysregulated, GSK-3 proves to be a pathogenic molecule in 

tissues – in the CNS the enzyme is associated with neurodegenerative disorders, stroke and 

mood disorders [11]. Specifically in AD patient brains, abnormally high GSK-3 activity is 

linked with τ-hyperphosphorylation, as mentioned above, but also with memory impairment, 

increased Aβ production and local plaque-associated microglial-mediated inflammatory 

responses [12]. Moreover, casein kinase-1 (CK-1) belongs to the kinases responsible for τ-

hyperphosphorylation as well. The CK-1 activity is stimulated by Aβ and the enzyme is 

involved in the regulation of Aβ production in neurons [13]. Thus, CK-1 and GSK-3β 

inhibitors offer another valuable approach toward AD therapies. 



Given the complexity and the interconnected pathological pathways of the disease, lately 

multi-target drug approaches have been carried out to provide a more effective treatment for 

AD. A multi-target directed ligand is able to  modulate simultaneously more than one 

neurogenerative pathway, for example amyloid formation and cognitive functions, when more 

than one activity is shown by the same molecule. Another potential therapeutic approach 

consists of combining active molecules, each one hitting one specific target. These strategies 

have explored inhibitors acting on different sites of the acetylcholinesterase enzyme, 

producing at least two different activities for multi-target drugs acting on different AD targets 

[14-19]. 

In previous studies, several species of Corydalis have been reported to be used in folk 

medicine for treating memory dysfunction [20,21]. Tubers of C. cava are a rich source of 

isoquinoline alkaloids of different structural types [22-26]. In our previous study focused 

on tertiary alkaloids from Corydalis cava (L.) Schweigg. et Koerte (Fumariaceae), some 

potent inhibitors of human cholinesterases were found [26]. In the current study we decided 

to elucidate if the previously isolated compounds (+)-canadine (1), (+)-corydaline (2), (–)-

corycavamine (3), (+)-tetrahydropalmatine (4), (+)-corynoline (5), (±)-corycavidine (6), (+)-

canadaline (7), allocryptopine (8), (+)-corydine (9), (+)-bulbocapnine (10), (–)-

isocorypalmine (11), (+)-corypalmine (12), (–)-scoulerine (13), (–)-sinoacutine (14), and (+)-

N-methyllaurotetanine (15) trigger inhibition effects which could be valuable or useful for the 

potential prevention of nonsymptomatic AD. Therefore, their potential inhibition effects on 

BACE1, GSK-3β and CK-1 were evaluated. BACE1 inhibition by natural products has 

become interesting for finding potential drugs with anti-AD effects. Several potent BACE1 

inhibitors have been discovered, mainly among nonalkaloidal compounds, but recent studies 

have confirmed BACE1 inhibition activity of alkaloids as well [3, 27-30]. Similarly, GSK-3β 

and CK-1 have become promising targets for AD treatment [31,32]. A review by Martinez et 

al. reported that several potent inhibitors of GSK-3β have been discovered from marine 

organisms [31]. Moreover, compounds derived from natural sources are often endowed with 

unique and original scaffolds, which are very promising in terms of new chemical structures 

to be explored in relation to multi-target activities [14]. 

The most common methods used for determination of BACE1 inhibition activities of 

compounds involve fluorimetric assays in multi-well plates based on the FRET principle. 

FRET assays are sensitive and homogenous, but have several basic drawbacks such as high 

enzyme consumption, long analysis times, variability in the different sources and 

concentration of enzymes, and impossibility of re-usability of the used enzyme, as well as 



complex robotic liquid handling. Furthermore, many compounds can produce false positive or 

negative results due to their limitations with solubility under FRET assay conditions, which 

lead to production of aggregates or due to interference with substrate hydrolysis products, 

because some compounds can possess fluorescent aromatic and/or heterocyclic moieties in 

their structures [33]. On the other hand, the use of immobilized enzymatic systems has proved 

a valid alternative to solution enzymatic assays, showing the advantages of speed, automation 

and reusability of the immobilized enzyme reactor [33-35]. 

Finally, if compounds have to be considered as drug candidates for AD treatment, it is 

necessary to determine their ability to cross the blood-brain barrier (BBB), which is a 

necessary feature of all potential substances for the treatment of CNS-related disorders. The 

BBB is a protective system that prevents substances and molecules from the blood from 

entering into the brain. Molecules which are soluble in lipids are able to penetrate relatively 

easily through the BBB via lipid cell membranes. On the other hand, hydrophilic molecules 

cross the barrier by use of specialized carrier-mediated transport mechanisms only [36]. The 

parallel artificial membrane permeability assay (PAMPA) is a model assay for determination 

of penetration via the BBB. The PAMPA is a high throughput method developed for 

prediction of passive permeability through biological membranes, employing a brain lipid 

porcine membrane [37]. 

Based on these all considerations, we aimed to disclose any multi-target activity of the 

alkaloids of C. cava by determination of their potential inhibition effects on BACE1, GSK-3β 

and CK-1, and obtained results from this study to combine together with their previously 

determined anti-AD activities (inhibition of prolyl oligopeptidase and human cholinesterases). 

We used an on-line HPLC system for BACE1 characterization of C. cava alkaloids by 

validation through FRET assay. The most active alkaloids in this study were tested in the 

permeation assay for the prediction of BBB passive penetration ability to  explicate the 

putative treatment effectivity (rational use) of its extract in memory dysfunction in folk 

medicine. 

2. Results and discussion 

In order to validate a HPLC system, FRET assays using a human recombinant BACE1 

(hrBACE1) in multi-wells in “solution studies” were also carried out. Compounds 1, 9, 10, 

and 15 gave raise to fluorescent interference with the substrate hydrolysis product of M-2420. 

For these compounds the substrate M-2420 could not be used, and, therefore, they were 



screened with the fluorogenic Panvera peptide (Rhodamine-Glu-Val-Asn-Leu-Asp-Ala-Glu-

Phe-Lys-quencher) at higher excitation and emission wavelengths (λexc = 544 nm, λem = 590 

nm). The results of inhibition studies are reported in Table 1. Firstly, all compounds were 

screened at 5 µM for their ability to inhibit hrBACE1 by both the on-line HPLC assay and in 

solution FRET assay.  

The hrBACE1-IMER values of their activity were found to be in agreement with those 

obtained by FRET assay. Compounds 3, 5, 6, 7, 8, 11, and 13 were found to be active as 

BACE1 inhibitors at a concentration of 5µM. These compounds did not interfere with the M-

2420 substrate, therefore FRET and IMER assays (using the M-2420) were performed and 

their IC50 values determined. 

Compounds 3 and 5 (Figure 1) demonstrated BACE1 inhibition activity in a concentration 

dependent manner in both assays and their IC50 values were determined. 3: IC50 FRET = 

41.16 ± 7.82 µM; IC50 hrBACE1-IMER = 1690 ± 545 µM and 5: IC50 FRET = 33.59 ± 0.23 

µM; IC50 hrBACE1-IMER = 89.07 ± 15.08 µM. Our results for BACE1 inhibition activity of 

the above mentioned alkaloids were in the micromolar range, which is in line with literature 

data obtained for structurally similar compounds [29]. 

Table 1

BACE1 inhibition activity of Corydalis cava alkaloids in FRET and IMER assays

Compound
FRETa IMERa

% inhibition (5 µM) IC50 (µM) % inhibition (5 µM) IC50 (µM)

1 n.i.b n.t.c

2 n.i. n.i.

3 34.40 ± 6.28 41.16 ± 7.82 17.70 ± 0.10 1690 ± 545.0

4 n.i. n.i.

5 21.91 ± 4.00 33.59 ± 0.23 12.05 ± 0.85 89.07 ± 15.08

6 26.87 ± 0.05 15.86 ±2.64

7 41.02 ± 5.06 18.07 ± 0.11

8 26.18 ± 2.35 16.86 ± 4.35

9 n.i.b n.t.c

10 n.i.b n.t.c

11 28.68 ± 1.71 17.20 ±5.82

12 n.i. n.i.

13 24.34 ± 0.36 19.02 ±1.59

14 n.i. n.i.

15 n.i.b n.t.c

Inhibitor IVd 0.02 ± 0.0 0.46 ± 0.06
a
Data are the means ± SD of two independent replications. 

b
FRET assay measured with the Panvera 

substrate; for other compounds the substrate M-2420 was used. 
c
Compounds not tested due to production of 

fluorescent interference with M-2420. 
d
BACE1 standard inhibitor. n.i. no inhibition.

In fact, Jung et al. found that for Coptidis Rhizoma alkaloids the presence of the 

methylenedioxy-group in the D ring is a key contributor to the BACE1 inhibition 

of protoberberine alkaloids. Aporphine alkaloids proved inactive with respect to BACE1 



inhibition (quaternary alkaloid magnoflorine showed an IC50 value > 100 µM). An analogous 

absence of activity towards BACE1 was found for protoberberine alkaloids 1, 2, 4, and 12,

with the missing methylenedioxy-group in the D ring, and aporphine alkaloids 9, 10, and 15

in our series of compounds. Interestingly, most C. cava alkaloids with BACE1 inhibition 

activity also possess the methylenedioxy-group, despite the group including different 

structural types of isoquinoline alkaloids (3, 6, and 8 are protopines, 5 is a 

benzophenanthridine alkaloid, and 7 is classified as a secoberberine alkaloid). In the case of 

the protopine alkaloids 3, 6, and 8 it seems that the methylenedioxy-group in 3 is 

responsible/necessary for BACE1 inhibition activity in a dose-dependent manner. 

Even if there are differences in IC50 values of inhibitors tested in FRET and IMER assays the 

different IC50 values can be caused due to different conditions used in both methods (e.g. 

for the on-line method 30 times higher concentrated samples than that used in solution 

method are required, furthermore, a different contact time - an incubation time of around an 

hour is required for FRET assay while for on-line method the inhibitor is flushed on IMER 

surface at a specific flow rate for less than a minute). However, IMER methodology has been 

demonstrated to give the opportunity of obtain well correlated results to those obtained by in 

solution assays [34,35]. Moreover, the pIC50 values from on- and off-line studies is a key 

requisite in order to compare data from on-line studies with data from in solution assay 

[38,39]. This was well demonstrated for BACE1 known inhibitors with inhibitor activity 

ranging from the low nanomolar range to the high micromolar range [34]. The pIC50 values 

obtained with the IMER were compared with those obtained with the free enzyme in order to 

obtain the correlation graph reported in Figure 2. This graph can be also used for the 

extrapolation of pIC50 values for in solution method from those obtained with immobilized 

one. For compound 3 the reported data could also considered comparable. If we take into 

account the pIC50[−log IC50(M)] values obtained for compound 3 by both the analytical 

methods it could be easier to understand that the results are well correlated. pIC50 values of 

4.38 and 2.77 are obtained for the off- and on-line method respectively. After plotting these 

pIC50 values in the reported correlation graph (Figure 2) a linear correlation factor of 0,9739 

was found. This correlation value makes the hrBACE1-IMER a valid alternative to FRET 

assay and a tool to assess the inhibitory potency of unknown inhibitors. We also confirmed 

the limit of IMER analysis that is suitable for determination of IC50 values of inhibitors in low 

concentration [35]. However, due to the lack of a dose-response effect, it was not possible to 

determine IC50 values of compounds 6, 7, 8, 11, and 13 with either method, in spite of the 

compounds showing 15-19% BACE1 inhibition at 5 µM in the IMER assay. 



Compounds 1−15 were also evaluated for their GSK-3β and CK-1 inhibition activities. First, 

the alkaloids were screened at 10 µM in both kinase assays. The alkaloids were considered 

as inactive (percentage inhibition was < 10 % in both cases) with respect to the known 

inhibitors of GSK-3β and CK-1 {alsterpaullone (IC50 = 5.03 ± 0.12 nM) and IC261 (IC50 = 

1.00 µM)} [43-44]. 

The BACE1 inhibitors 3 and 5 were evaluated for their ability to cross the BBB. In order 

to explore the capability of the tested compounds to penetrate into the brain, the PAMPA-

BBB method described by Di et al. was used [37]. The in vitro permeability (Pe) of 

9 commercial drugs through the lipid membrane extract, together with 3 and 5, were 

determined; the results are presented in Table 2. An assay validation has been previously 

performed comparing the reported permeability values of commercial drugs with the 

experimental data obtained by this method. Based on data obtained for good correlation 

between the experimentally described values, it was possible to classify compounds as CNS+ 

when they presented a permeability > 3.88×10
-6
 cm s

-1
 [45]. Therefore we can consider that 

alkaloids 3 and 5 are able to cross the BBB by passive permeation.  

Table 2

Permeability (Pe 10
-6
 cm s

-1
) in the PAMPA-BBB assay of nine commercial drugs (used in 

experimental validation) and alkaloids 3 and 5 with their predictive penetration into the CNS
a
.

Compound

PAMPA-BBB

Prediction
reported 

permeabilityb, 

Pe (10-6 cm s-1)

experimental 

permeabilityc,

Pe (10-6 cm s-1)

atenolol 0.8 0.1 ± 0.1

caffeine 1.3 3.0 ± 0.1

desipramine 12.0 12.7 ± 0.4
enoxacin 0.9 0.2 ± 0.1

hydrocortisone 1.9 0.7 ± 0.6

piroxicam 2.5 0.2 ± 0.2
promazine 8.8 13.3 ± 0.4

testosterone 17.0 22.5 ± 2.5

verapamil 16.0 18.5 ± 1.2

3 16.3 ± 0.9 CNS+

5 11.7 ± 0.1 CNS+
a
PBS:EtOH (70:30) was used as solvent. 

b
Reference Di et al. 

c
Data are the mean ± SD of two

independent experiments.

Although some compounds in this study showed BACE1 inhibition activity only (considered 

inactive against GSK-3β and CK-1), C. cava alkaloids also possess multi-targeting activities 

for potential prevention and treatment of AD, similar to Coptidis Rhizoma alkaloids 

influencing both amyloid formation and cognitive functions by BACE1, cholinesterase 

inhibition and antioxidant activities [29]. In addition to the BACE1 inhibition activity 

mentioned above, alkaloids from C. cava had previously demonstrated anticholinesterase 



activities towards human AChE, BuChE and prolyl oligopeptidase [26,46]. Briefly, tertiary 

protoberberine alkaloids of C. cava principally inhibited AChE, in particular 1 and 2. BuChE 

was inhibited mainly by the aporphine and protopine alkaloids 10 and 6, respectively [26].  

In comparison, Coptidis Rhizoma quaternary protoberberine alkaloids exerted very potent 

balanced inhibition of AChE and BuChE activities with low micromolar IC50 values [29]. 

Their significant anticholinesterase activity is associated with planarity, substitutions on the 

molecule, positive charge and aromaticity of the nitrogen [47]. However, quaternary alkaloids 

might have problems with crossing the BBB [48]. Compounds 1, 5 and 12 were found to be 

prolyl oligopeptidase (POP) inhibitors, the activities of which were comparable with the 

standard, berberine, but these alkaloids are not so potent POP inhibitors as known inhibitors 

(e.g. Z-prolyl-prolinal) [46]. 

If we summarize the alkaloids of C. cava that can influence two or more targets (BACE1, 

cholinesterases and prolyl oligopeptidase; Table 3), the most active compounds are 1, 3, 5, 6, 

7, 8, and 11, shown in Figure 1. 

Table 3

Multi-target-directed ligands from C. cava

Compound
BACE1 IC50 (µM)

Human cholinesterases [26]

IC50 (µM) POP IC50 (µM) [46]

FRET assay IMER AChE BChE

1 n.aa. n.tb 12.4 ± 0.9 483 ± 11.5 152.0 ± 12.5

3 41.16 ± 7.82 1690 ± 545.0 428.0 ± 8.4 218.0 ± 5.1 n.a.

5 33.59 ± 0.23 89.07 ± 15.08 n.a. n.a 289.1 ± 47.0

6 26.87 ± 0.05c 15.86 ±2.64c 223.0 ± 7.8 46.2 ± 2.4 n.a.

7 41.02 ± 5.06c 18.07 ± 0.11c 20.1 ± 1.1 85.2 ± 2.2 n.a.

8 26.18 ± 2.35c 16.86 ± 4.35c 250.0 ± 2.5 530 ± 28.2 n.a.

11 28.68 ± 1.71c 17.20 ±5.82c 196.0 ± 4.2 n.a. n.a.

galanthamined 6.9 ± 0.3 156.0 ± 6.9

berberinee 142.0 ± 21.5
Z-prolyl-prolinale 2.75×10-3 

Inhibitor IVf 0.02 ± 0.0 0.46 ± 0.06
a
not active. 

b
not tested. 

c
% inhibition at 5 µM.

d
AChE, BChE standard. 

e
Prolyl oligopeptidase (POP) 

standard. 
f
BACE1 standard. Results of BACE1 are the means ± SD of two independent replications, whereas 

results of POP, AChE, and BChE inhibition are the means ± SD of three independent replications.

The alkaloid 1 did not inhibit BACE1, but demonstrated an interesting inhibition of AChE 

and POP. Compound 3 inhibited BACE1 with an IC50 value of 41.16 ± 7.82 µM (FRET 

assay) and it triggered moderate inhibition of AChE and BuChE (IC50 = 428.0 ± 8.7 µM 

and IC50 = 218.0 ± 5.1 µM, respectively), whereas 6, inhibiting BACE1 at 5 µM by 26.87 ± 

0.05 % (FRET assay), demonstrated better inhibiton of BuChE (IC50 = 46.2 ± 2.4 µM) than of 

AChE (IC50 = 223.0 ± 7.8 µM). 5 inhibited both BACE1 (IC50 = 33.59 ± 0.23 µM; FRET 

assay) and POP (IC50 = 289.1 ± 47.0). 7 exerted an interesting balanced inhibition of AChE 



and BuChE (IC50 = 20.1 ± 1.1 µM and 85.2 ± 2.2 µM, respectively) with BACE1 inhibition 

activity of 41.02 ± 5.06 % at 5 µM. This alkaloid may possibly gain a relevant role in the 

discovery of more potent multi-targeting compounds with BACE1, AChE and BuChE 

inhibition activity. Compounds 8, and 11 influenced both BACE1 (% inhibition at 5 µM was 

26-28 %) and AChE (IC50 = 250.0 ± 2.5 µM and 196.0 ± 4.2 µM, respectively). 

As was mentioned above, several species of Corydalis have been reported to be used in folk 

medicine for treating memory dysfunction [20,21]. To elucidate the treatment effectivity of its 

extract in memory dysfunction in folk medicine from the complex point of view, it is 

necessary to know not only neuroprotective activity of the single compounds, their 

penetration across the BBB but also their quantitative content in the plant material, eventuelly 

their adverse effects. Therefore, we decided to determine the content of alkaloids in the crude 

extract of C. cava tubers by a HPLC-UV analysis (see Suppl. material.). The tubers contain 

about 4−6 % alkaloids of different structural types [49]. Compound 4 and 10 represent major 

alkaloids in C. cava tubers, obtained data from the quantitative HPLC analysis correspond to 

those data in literature [22,49]. We determined the content of compounds 4 and 10 in the air-

dried plant material as 1.25 ± 0.12 % and 2.81 ± 0.27 %, respectively. Neuroprotective 

activity of 4 and 10 was found to be low or mild in this study and as it was published by us 

previously [26,46]. Interestingly, Adsersen et al. published that compounds 9 and 10 exerted 

cholinesterase inhibitory activity against nonhuman cholinesterases (10: IC50 AChE = 40 ± 2 

µM and IC50 BChE = 83 ± 2 µM) [50]. In our previous study the alkaloid 9 showed mild anti-

cholinesterase activity on human AChE (IC50 AChE = 208.0 ± 6.8 µM) [26]. The HPLC 

determination showed that 9 was the third major alkaloid in the extract (1.02 ± 0.10 %). Based 

on the HPLC analysis, other isolated C. cava alkaloids represent minor alkaloids, the content 

for each compound was < 0.57 % in the dried material. It follows that their contribution to 

neuroprotective activity of C. cava tuber extracts is mild. Therefore, the treatment effectivity 

by C. cava extracts in memory dysfunction in folk medicine is not corroborated by alkaloids 

inhibition potency due to their quantitative content.

3. Conclusions 

Fifteen alkaloids previously isolated from Corydalis cava (Fumariaceae) were evaluated 

for their multi-target activity on BACE1, GSK-3β and CK-1. BACE1 inhibition activity was 

measured using a HPLC (hrBACE-IMER) assay and in multi-well plate format FRET assays, 

validating the immobilized enzyme system. Alkaloids 3 and 5 demonstrated interesting 



BACE1 inhibition activity both in the FRET and HPLC assays. The use of different assays for 

the evaluation of BACE1 inhibition provided a suitable approach to confirm results obtained 

by this method, at the same time eliminating both disadvantages and limits usually 

experienced with the aforementioned methods (FRET and HPLC). Moreover, isolated 

alkaloids 3 and 5 were tested for their ability to cross the BBB. Based on PAMPA-BBB assay 

results we can consider that 3 and 5 are able to cross the BBB by passive permeation. Thus, 

compounds 3 and 5 might well be regarded as lead structures for development of more potent 

BACE1 inhibitors as potential drugs with anti-AD effects due to their small molecular size 

and their ability to penetrate into the brain. All isolated compounds were screened for GSK-

3β and CK-1 inhibition activity. Unfortunately, none of the tested alkaloids showed any 

activity. 

This study disclosed a multi-target activity of C. cava alkaloids. Compounds 3, 6, 7, 8, and 11

inhibit BACE1 and they are also cholinesterase inhibitors, 1 inhibits AChE and POP, whereas 

5 inhibits both BACE1 and POP. Therefore the efficacy of the use of this plant in folk 

medicine in treating memory dysfunctions could be explained from the point of view of 

BACE1, cholinesterase and POP inhibition, along with BBB predicted penetration of the most 

potent BACE1 inhibitors 3 and 5. Due to quantitative low content of compounds with 

neuroprotective activity in the plant material, the use of C. cava extracts in the therapy of 

memory dysfunction in folk medicine is not corroborated by ascertained data. 

4. Material and methods 

4.1. Materials and apparatus 

BACE1 FRET assays were carried out using a Fluoreskan Ascent spectrofluorometer (beam 

diameter: 3 mm; LabSystems, Helsinki, Finland) in black, 96-microwell Corning plates 

(Sigma-Aldrich, Milan, Italy). Sodium acetate, sodium azide, CHAPS, HEPES, 

triethanolamine, ammonium chloride, DMSO and hrBACE1 were purchased from Sigma-

Aldrich (Milan, Italy). Inhibitor IV was obtained from Merck (Darmstadt, Germany), Panvera 

peptide from Invitrogen (Milan, Italy), and the peptide substrate M-2420 from Bachem (Weil 

am Rhein, Germany). UV and FP spectra for interference detection with the substrate M-2420 

were measured on a UV/VIS Lambda Bio 20 spectrometer (Perkin Elmer, Massachusetts, 

USA) and a Jasco FP-6200 spectrofluorometer (Jasco, Cremella, Italy), respectively. 

HrBACE1-IMER was prepared and characterized as previously reported [34]. The IMER was 

inserted into the HPLC system consisting of a Jasco PU-1580 solvent delivery system 



connected to a Jasco auto sampler model AS-2055, as well as to a Jasco FP-20 detector 

system (Jasco, Cremella, Italy). Water used for the preparation of solutions and mobile phases 

was purified by a Milli-Rx apparatus (Millipore, Milford, MA, USA). The buffer solutions 

were filtered through a 0.45 µm membrane filter and degassed before use in HPLC. Stock 

solutions of M-2420, Panvera peptide and inhibitors were prepared in DMSO and the 

following dilutions obtained in the appropriate buffer.  

Chemicals for GSK-3β and CK-1 assays: HEPES, EGTA, EDTA, magnesium acetate, 

magnesium chloride, ATP, sodium azide, Brij-35, and casein from bovine milk, 5%, were 

purchased from Sigma-Aldrich (Spain), GSK-3β, CK-1 and GS2 (Phospho-Glycogen 

Synthase Peptide-2) from Merck Millipore (Spain), and Kinase-Glo reagent from Promega 

(USA). Luminescence was measured for kinase assays on a POLARstar Optima (BMG 

Labtech, Offenburg, Germany) multimode reader. 

Chemicals and materials for PAMPA-BBB assay: nine commercial drugs (caffeine, 

enoxacine, hydrocortisone, desipramine, piroxicam, testosterone, promazine and verapamile 

and atenolol), phosphate buffer saline solution at pH 7.4 (PBS), ethanol and dodecane were 

purchased from Sigma, Across Organics, Merck, Aldrich and Fluka, and the porcine polar 

brain lipid (PBL) from Avanti Polar Lipids (Madrid, Spain). A 96-well filtrate plate 

(Multiscreen® IP Sterile Plate PDVF membrane, pore size 0.45 µM) served as the donor 

plate, and an indented 96-well plate (Multiscreen®) as the acceptor plate, both from 

Millipore. Filter PDVF membrane units (diameter 30 mm, pore size 0.45 μm) from Symta 

(Madrid, Spain) were used to filter the samples. A 96-well plate UV reader (Thermo 

Scientific, Multiskan spectrum) was used for UV measurements. 

4.2. Corydalis cava alkaloids 

The detailed procedure of extraction and isolation of 15 alkaloids from tubers of Corydalis 

cava has been previously described [26]. Purity of isolated compounds was ≥ 95 % (by NMR 

and GC). 

4.3. BACE1 inhibition – FRET assay with the substrate M-2420 

Inhibition studies were performed according to the following procedure [34]: 5 µL of tested 

compound (or DMSO) were pre-incubated with 175 µL of enzyme (17.2 nM, final 

concentration) in 20 mM sodium acetate, pH 4.5, containing CHAPS (0.1 %, w/v) for 60 

minutes at room temperature. To start the reaction, 20 µL of M-2420 (3 µM, final 

concentration in HEPES 10 mM, pH 7.5) was added to the well and left to react for 15 

minutes at 37 °C. The fluorescent signal was read at λexc = 320 nm and λem = 405 nm. The 

final concentration of DMSO in the mixture was kept below 5 % so that enzyme activity was 



guaranteed without significant loss. Fluorescent intensities with and without inhibitor were 

compared and the percent inhibition in the presence of a tested compound was calculated. The 

background signal was measured in control wells containing all the reagents, except 

hrBACE1, and subtracted. The % inhibition was calculated by the following expression: 100 

– (IFi/IF0 × 100), where IFi and IF0 are fluorescent intensities obtained for hrBACE1 in the 

presence and absence of inhibitor, respectively). Inhibition curves were obtained for each 

compound that showed correlation between concentration and enzyme inhibition by plotting 

the percentage inhibition versus the logarithm of inhibitor concentration in the assay sample. 

The linear regression parameters were determined and IC50 values extrapolated (GraphPad 

Prism). 

4.4. BACE1 inhibition hrBACE1-IMER assay 

Inhibition studies were performed according to the following modified procedure [34]: The 

fluorescence detector was set at 320 nm and 420 nm for excitation and emission, respectively. 

A running buffer consisted of a mixture composed of 50 mM ammonium chloride, 25 mM 

triethanolamine, CHAPS (0.1 %, w/v) at pH 4.0 and DMSO in the volumetric ratio 95/5; the 

flow rate was set at 1.0 mL/min and the injection volume at 10 µL. Chromatographic analyses 

were performed at room temperature. When not in use, the hrBACE1-IMER was stored at 4 

°C in sodium acetate buffer (50 mM, pH 6.0) containing 0.1 % (w/v) sodium azide as storage 

buffer. The final concentration of test compound in the EDA-CIM disc with immobilized 

hrBACE1 was 5 µM and 1.6 µM of the substrate M-2420 (normalized concentrations), 

respectively.The final concentrations in the IMER were calculated according to the formula: 

(Cinj × Vinj)/BV where Cinj is the injected concentration of either the test compound or the 

substrate, Vinj is the injected volume (0.01 mL) and BV is the bed volume of the hrBACE1-

IMER (0.34 mL). The % inhibition was calculated by evaluating the product peak area with 

and without inhibitor according to the following formula: 100 – (Ai/A0 × 100) where Ai is the 

peak area calculated in the presence of the test inhibitor and A0 is the peak product area 

obtained with the substrate solution only. IC50 values of test compounds were determined by 

the IMER assay for compounds for which IC50 values were evaluated by FRET assay: 

alkaloids 3 and (+)-5. Inhibition curves were obtained for each compound by plotting the 

percentage inhibition versus the logarithm of inhibitor concentration in the assay sample. The 

linear regression parameters were determined and IC50 values extrapolated (GraphPad Prism). 

4.5. BACE1 inhibition – FRET assay with Panvera peptide 

Inhibition studies were performed according to the following procedure [35]: Stock solutions 

of test compounds were prepared in DMSO and then diluted in 50 mM sodium acetate buffer, 



pH 4.5. Specifically, 20 µL of either test compound (5 µM, final concentration) or 20 mM 

sodium acetate was pre-incubated with 20 µL of enzyme (11.7 nM, final concentration) for 60 

minutes. To start the reaction, 20 µL of the Panvera peptide (0.25 µM, final concentration) 

was added equally to each well. The mixture was incubated at 37 °C for 60 minutes. To stop 

the reaction, 20 µL of BACE1 stop solution (sodium acetate 2.5 M) was added to each well. 

Then, the fluorescent intensities were recorded at λem = 590 nm (λem = 545 nm). The 

percentage inhibition was determined in the same way as in previous BACE1 assays. 

4.6. GSK-3β assay

The assay for determination of GSK-3β inhibition was performed according to the 

luminescent method of Baki et al. using Kinase-Glo reagent in assay buffer in 96-well plates 

[51]. Ten µL (10 µM) of test compound dissolved in DMSO at 1 mM concentration was 

diluted in advance in assay buffer to the desired concentration. Ten µL (20 ng) of enzyme was 

added to each well followed by 20 µL of assay buffer containing 50 µM substrate and 2 µM 

ATP. The final concentration of DMSO in the reaction mixture did not exceed 1 %. After 30 

min incubation at 30 °C the enzymatic reaction was stopped with 40 µL of Kinase-Glo 

reagent. Glo-luminescence was recorded after 10 minutes. The activity is proportional to the 

difference of the total and consumed ATP. The inhibition activities were calculated on the 

basis of maximal activities measured without the presence of inhibitor.  

4.7. CK-1δ assay

The assay was performed according to the slightly modified luminescent method of Baki et al. 

using Kinase-Glo reagent in assay buffer in 96-well plates [51]. The modifications involved 

the composition of the assay buffer, the incubation time (60 minutes) and 20 µL of assay 

buffer containing the substrate solution (0.1 % casein + 4 µM ATP). The assay buffer 

consisted of 50 mM HEPES (pH 7.5), Brij-35 (0.01 %), 10 mM MgCl2, 1 mM EGTA and 

sodium azide (0.01 %).  

4.8. Parallel artificial membrane permeability assay (PAMPA) 

The assay was performed according to Di et al. [35]. The validation of the assay has been 

described previously [45]. 

4.8. Statistical analysis 

Calculations were performed using Microsoft Excel software (Redmont, WA, USA) 

and GraphPad Prism version 5.02 for Windows, GraphPad Software, San Diego, CA, USA. 

Results of BACE1 and PAMPA assays (Table 1–3) are the means ± standard deviations of 

two independent replications, whereas results of POP and cholinesterase inhibition (Table 3) 

are the means ± standard deviations of three independent replications. 



Acknowledgments 

This project was supported by grant SVV UK 260 063, Charles University grant No. 

17/2012/UNCE. The publication was also co-financed by the European Social Fund and by 

the state budget of the Czech Republic, project No. CZ.1.07/2.3.00/20.0235, the title of the 

project: TEAB and UniRimini. 

References 

[1] Selkoe DJ. Alzheimer's disease: genes, proteins, and therapy. Physiol Rev 2001; 81:741–66. 

[2] Saido TC. Degradation of amyloidbeta peptide: a key to Alzheimer pathogenesis, prevention and 

therapy. Neurosci News 2000; 3:52–62. 

[3] Park SY. Potential therapeutic agents against Alzheimer's disease from natural sources. Arch Pharm Res 

2010; 33:1589–1609.

[4] Tayeb HO, Yang HD, Price BH, Tarazi FI. Pharmacotherapies for Alzheimer's disease: beyond 

cholinesterase inhibitors. Pharmacol Ther 2012; 134:8–25. 

[5] Wolfe MS. APP, Notch, and presenilin: molecular pieces in the puzzle of Alzheimer's disease. Int 

Immunopharmacol 2002; 2:1919–29. 

[6] Luo Y, Bolon B, Kahn S, Bennett BD, Khan SB, Denis P, Fan W, Kha H, Zhang J, Gong Y, Martin L, 

Louis JC, Yan Q, Richards WG, Citron M, Vassar R. Mice deficient in BACE1, the Alzheimer's beta-

secretase, have normal phenotype and abolished beta-amyloid generation. Nat Neurosci 2001; 4:231–

32. 

[7] Ihara Y, Nukina N, Miura R, Ogawara M. Phosphorylated tau protein is integrated into paired helical 

filaments in Alzheimer's disease. J Biochem 1986; 99:1807–10. 

[8] Plattner F, Angelo M, Giese KP. The roles of cyclin-dependent kinase 5 and glycogen synthase kinase 3 

in tau hyperphosphorylation. J Biol Chem 2006; 281:25457–65. 

[9] Cohen P, Yellowlees D, Aitken A, Donella-Deana A, Hemmings BA, Parker PJ. Separation 

and characterisation of glycogen synthase kinase 3, glycogen synthase kinase 4 and glycogen synthase 

kinase 5 from rabbit skeletal muscle. Eur J Biochem 1982; 124:21–35. 

[10] Rayasam GV, Tulasi VK, Sodhi R, Davis JA, Ray A. Glycogen synthase kinase 3: more than a 

namesake. Br J Pharmacol 2009; 156:885–98. 

[11] Kannoji A, Phukan S, Babu VS, Balaji VN. GSK3β: a master switch and a promising target. Expert 

Opin Ther Target 2008; 12:1443–55. 

[12] Hooper C, Killick R, Lovestone S. The GSK3 hypothesis of Alzheimer's disease. J Neurochem 2008; 

104:1433–39. 

[13] Hanger DP, Byers HL, Wray S, Leung KY, Saxton MJ, Seereeram A, Reynolds CH, Ward MA, 

Anderton BH. Novel phosphorylation sites in tau from Alzheimer brain support a role for casein kinase 

1 in disease pathogenesis. J Biol Chem 2007; 282:23645–54. 

http://www.jbc.org/content/282/32/23645.short
http://www.jbc.org/content/282/32/23645.short
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lovestone%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18088381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Killick%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18088381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hooper%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18088381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfe%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=12489805
http://www.ncbi.nlm.nih.gov/pubmed/22198801
http://www.ncbi.nlm.nih.gov/pubmed/22198801


[14] Agis-Torres A, Söllhuber M, Fernandez M, Sanchez-Montero JM. Multi-target-directed ligands and 

other therapeutic strategies in the search of a real solution for Alzheimerʼs disease. Curr 

Neuropharmacol 2014; 12:2–36. 

[15] Piazzi L, Cavalli A, Colizzi F, Belluti F, Bartolini M, Mancini F, Recanatini M, Andrisano V, Rampa A. 

Multi-target-directed coumarin derivatives: hAChE and BACE1 inhibitors as potential anti-Alzheimer 

compounds. Bioorg Med Chem Lett 2008; 18:423–26. 

[16] León R, García AG, Marco-Contelles J. Recent advances in the multitarget-directed ligands approach 

for the treatment of Alzheimer’s disease. Med Res Rev 2013; 33:139–89. 

[17] Decker M. Recent advances in the development of hybrid molecules/designed multiple compounds 

with antiamnesic properties. Mini-Rev Med Chem 2007; 7:221–29. 

[18] Fang J, Li Y, Liu R, Pang X, Li C, Yang R, He Y, Lian W, Liu AL, Du GH. Discovery of multitarget-

directed ligands against Alzheimerʼs disease through systematic prediction of chemical-protein 

interactions. J Chem Inf Model 2015; 55:149-64. 

[19] Cavalli A, Bolognesi ML, Minarini A, Rosini M, Tumiatti V, Recanatini M, Melchiorre C. Multi-target-

directed ligands to combat neurodegenerative diseases. J Med Chem 2008; 51:347–72. 

[20] Orhan I, Sener B, Choudhary MI, Khalid A. Acetylcholinesterase and butyrylcholinesterase inhibitory 

activity of some Turkish medicinal plants. J Ethnopharmacol 2004; 91:57–60. 

[21] Andersen A, Gauguin B, Gudiksen L, Jäger AK. Screening of plants used in Danish folk medicine to 

treat memory dysfunction for acetylcholinesterase inhibitory activity. J Ethnopharmacol 2006; 104:418–

22. 

[22] Preininger V, Thakur RS, Šantavý F. Isolation and chemistry of alkaloids from plants of the family 

Papaveraceae LXVII: Corydalis cava (L.) Sch. et K. (C. tuberosa DC). J Pharm Sci 1976; 65:294–96. 

[23] Slavík J, Slavíková L. Alkaloids from Corydalis cava (L.) SCHW. et KOERTE. Collect Czech Chem 

Commun 1979; 44:2261–74. 

[24]  Preininger V. Chemotaxonomy of Papaveraceae and Fumariaceae. In: Brossi A, editor. The Alkaloids, 

Vol. 29, New York: Academic Press; 1986; 1–98. 

[25]  Novák Z, Chlebek J, Opletal L, Jiroš P, Macáková K, Kuneš J, Cahlíková L. Corylucinine, a new 

alkaloid from Corydalis cava (Fumariaceae), and its cholinesterase activity. Nat Prod Commun 2012; 

7:859–60. 

[26] Chlebek J, Macáková K, Cahlíková L., Kurfürst M, Kuneš J., Opletal L. Acetylcholinesterase 

and butyrylcholinesterase inhibitory compounds from Corydalis cava Schweigger. & Korte 

(Fumariaceae). Nat Prod Commun 2011; 6:607–10. 

[27] Lam CW, Wakeman A, James A., Ata A, Gengan RM, Ross SA. Bioactive steroidal alkaloids from 

Buxus macowanii Oliv. Steroids 2015; 95:73–79. 

[28] Zhang H, Conte MM, Khalil Z, Huang XC, Capon R. New dictyodendrins as BACE inhibitors from a 

southern Australian marine sponge, Ianthella sp. RSC Adv 2012; 2:4209-14. 

[29] Jung HA, Min BS, Yokozawa T, Lee JH, Kim YS, Choi JS. Anti-Alzheimer and antioxidant activities 

of Coptidis Rhizoma alkaloids. Biol Pharm Bull 2009; 32:1433–38. 

http://pubs.rsc.org/en/content/articlelanding/2012/ra/c2ra20322g
http://pubs.rsc.org/en/content/articlelanding/2012/ra/c2ra20322g
http://www.ncbi.nlm.nih.gov/pubmed/18181565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Melchiorre%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18181565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Recanatini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18181565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tumiatti%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18181565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18181565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Minarini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18181565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bolognesi%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=18181565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavalli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18181565


[30] Mani V, Ramasamy K, Ahmad A, Parle M, Shah SAA, Majeed ABA. Protective effects of total 

alkaloidal extract from Murraya koenigii leaves on experimentally induced dementia Food Chem 

Toxicol 2012; 50:1036–44. 

[31] Alonso M, Martinez A. GSK-3 inhibitors: Discoveries and developments. Curr Med Chem 2004; 11, 

753–61. 

[32] Hanger DP, Byers HL, Wray S, Leung KY, Saxton MJ, Seereeram A, Reynolds CH, Ward MA, 

Anderton BH. Novel phosphorylation sites in tau from Alzheimer brain support a role for casein kinase 

1 in disease pathogenesis. J Biol Chem 2007; 282:23645–54. 

[33] Mancini F, De Simone A, Andrisano V. Beta-secretase as a target for Alzheimer's disease drug 

discovery: an overview of in vitro methods for characterization of inhibitors. Anal Bioanal Chem 2011; 

400:1979–96. 

[34] Mancini F, Andrisano V. Development of a liquid chromatographic system with fluorescent detection 

for β-secretase immobilized enzyme reactor on-line enzymatic studies. J Pharm Biomed Anal 2010; 

52:355–361. 

[35] De Simone A, Mancini F, Cosconati S, Marinelli L., La Pietra V., Novellino E, Andrisano V. Human 

recombinant beta-secretase immobilized enzyme reactor for fast hits. J Pharm Biomed Anal 2013; 

73:131–34.

[36] Nielsen PA, Andersson O, Hansen SH, Simonsen KB, Andersson G. Models for predicting blood-brain 

barrier permeation. Drug Discov Today 2011; 16:472–475. 

[37] Di L, Kerns EH, Fan K, McConnell OJ, Carter GT. High throughput artificial membrane permeability 

assay for blood-brain barrier. Eur J Med Chem 2003; 38:223–32. 

[38] Bartolini  M, Greig NH, Yu QS, Andrisano V. Immobilized butyrylcholinesterase in the 

characterization of new inhibitors that could ease Alzheimer's disease. J Chromatogr A 2009; 

1216:2730–38. 

[39] Bartolini M, Cavrini V, Andrisano V. Choosing the right chromatographic support in making a new 

acetylcholinesterase-micro-immobilised enzyme reactor for drug discovery. J Chromatogr A 2005; 

1065:135–144. 

[40] Jeon SY, Bae K, Seong YH, Song KS. Green tea catechins as a BACE1 (betasecretase) inhibitor. 

Bioorg Med Chem Lett 2003; 13:3905–08. 

[41] Gruninger-Leitch F, Schlatter D, Kung E, Nelbock P, Dobeli H. Substrate and inhibitor profile of BACE 

(beta-secretase) and comparison with other mammalian aspartic proteases. J Biol Chem 2002; 

277:4687–93. 

[42] Stachel SJ, Coburn CA, Steele TG, Jones KG, Loutzenhiser EF, Gregro AR, Rajapakse HA, Lai MT, 

Crouthamel MC, Xu M, Tugusheva K, Lineberger JE, Pietrak BL, Espeseth AS, Shi XP, Chen-Dodson 

E, Holloway MK, Munshi S, Simon AJ, Kuo L, Vacca JP. Structure-based design of potent and 

selective cell-permeable inhibitors of human beta-secretase (BACE-1). J Med Chem 2004; 47:6447–50. 

[43] Palomo V, Perez DI, Perez C, Morales-Garcia JA, Soteras I, Alonso-Gil S, Encinas A, Castro A, 

Campillo NE, Perez Castillo A, Gil C, Martinez A. 5-Imino-1,2,4-thiadiazoles: First small molecules as 

substrate competitive inhibitors of glycogen synthase kinase 3. J Med Chem 2012; 55:1645–61. 

http://www.ncbi.nlm.nih.gov/pubmed/18950780
http://www.ncbi.nlm.nih.gov/pubmed/18950780
http://www.ncbi.nlm.nih.gov/pubmed/21503735
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andrisano%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21503735
http://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Simone%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21503735
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mancini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21503735
http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=J9dXMPcAAAAJ&citation_for_view=J9dXMPcAAAAJ:M3ejUd6NZC8C
http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=J9dXMPcAAAAJ&citation_for_view=J9dXMPcAAAAJ:M3ejUd6NZC8C


[44] Perez DI, Gil C, Martinez A. Protein kinases CK1 and CK2 as new targets for neurodegenerative 

diseases. Med Res Rev 2011; 31:924–54. 

[45] Cahlíková L, Perez DI, Štěpánková Š, Chlebek J, Šafratová M, Hošťálková A, Opletal L. In vitro 

inhibitory effects of 8-O-demethylmaritidine and undulatine on acetylcholinesterase, and their predicted 

penetration across the blood-brain barrier. J Nat Prod 2015; 78:1189–92. 

[46] Cahlíková L, Hulová L, Hrabinová M, Chlebek J, Hošťálková A, Adamcová M, Šafratová M, Jun D, 

Opletal L, Ločárek M, Macáková K. Isoquinoline alkaloids as prolyl oligopeptidase inhibitors. 

Fitoterapia 2015; 103:192–96. 

[47] Ingkaninan K, Phengpa P, Yuenyongsawad S, Khorana N. Acetylcholinesterase inhibitors from 

Stephania venosa tuber. J Pharm Pharmacol 2006; 58:695–700. 

[48] Khorana N, Markmee S, Ingkaninan K, Ruchirawat S, Kitbunnadaj R, Pullagurla MR. Evaluation of a 

new lead for acetylcholinesterase inhibition. Med Chem Res 2009; 18:231–41. 

[49] Blaschek W, Hilgenfeldt U, Holzgrabe U., Reichling J, Ruth P, Schulz V. Corydalis cava. Hager ROM 

2011, Version 10:3, Springer Verlag 2011. 

[50] Adsersen A, Kjølbye A, Dall O, Jäger AK. Acetylcholinesterase and butyrylcholinesterase inhibitory 

compounds from Corydalis cava Schweigg. & Kort. Ethnopharmacol 2007; 113:179-82. 

[51] Baki A, Bielik A, Molnár L, Szendrei G, Keserü GM. A high throughput luminescent assay for 

glycogen synthase kinase-3β inhibitors assay. Drug Develop Technol 2007; 5:75–78. 

http://www.ncbi.nlm.nih.gov/pubmed/17574358
http://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%A4ger%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=17574358
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dall%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17574358
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kj%C3%B8lbye%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17574358
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adsersen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17574358
http://www.ncbi.nlm.nih.gov/pubmed/16640839
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khorana%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16640839
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yuenyongsawad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16640839
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phengpa%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16640839
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ingkaninan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16640839


Figure 1: Corydalis cava alkaloids 

Figure





Figure 2: Correlation plot for inhibitory potency (pIC50) of five known BACE1 inhibitors 

[40-42]. and compound 3. pIC50 values obtained by FRET assay are well correlated with 

those obtained by on-line methodology (r
2
: 0.9739). 
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