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Abstract 
 
Coralyne is a synthetic protoberberine alkaloid with anticancer activity and selectivity superior to that of 
berberine, its congener. As berberine is gifted with antiplasmodial activity, this study assessed the 
antiplasmodial activity of coralyne against erythrocytic stages of the malaria parasite in culture. Parasites 
were cultured by adopting the method described by Trager and Jensen in 1976. Following this, parasites 
were exposed at ring stage to increasing doses of coralyne to enable us compute the IC50. Further, given 
that berberine is a substrate of the efflux transporter permeability glycoprotein (P-gp), in silico techniques 
were used to study the pharmacokinetics of oral coralyne. Coralyne showed excellent potency (IC50Pf3D7: 
0.52 µg/ml) against chloroquine sensitive strain and a little less potency (IC50PfINDO: 1.15 µg/ml) against 
the chloroquine resistant malaria parasite strain (Resistance index: 2.21). Further, with CC50HEK: >100 
µg/ml, it was non-toxic to mammalian cells. However, in silico absorption, distribution, metabolism and 
excretion (ADME) studies predicts that like berberine, coralyne may also have poor oral bioavailability 
thus limiting its usefulness as an orally deliverable antimalarial agent. Given the negative impact of low 
bioavailability in the development of protoberberine alkaloids as antimalarials, synthesizing analogues of 
coralyne with nanomolar potency against the malaria parasite and improved oral pharmacokinetics may 
be a good strategy for the future. 
  
Keywords: Protoberberine alkaloids, Coralyne, Antiplasmodial activity, Cytotoxicity, ADME, 
Permeability glycoprotein 

Received July 18,2023; Revised January 31, 2024; Accepted February 18, 2024; Published March 4, 2024 

https://dx.doi.org/10.4314/br.v22i1.3  This is an Open Access article distributed under the terms of 
the Creative Commons License [CC BY-NC-ND 4.0] http://creativecommons.org/licenses/by-nc-
nd/4.0. Journal Homepage: http://www.bioresearch.com.ng.  
Publisher: Faculty of Biological Sciences, University of Nigeria, Nsukka, Nigeria.  

 
 
INTRODUCTION 

Malaria, a life-threatening disease is caused by 
Plasmodium parasites which are transmitted to 
humans via the mosquito vector. Once in the 
human host, it migrates to the liver to initiate the 

exoerythrocytic cycle. Here, it forms liver 
schizonts containing many merozoites which 
are released as merosomes that disintegrate 
releasing merozoites which infect red blood 
cells to begin the erythrocytic cycle (Pudêncio 
et al., 2006; Erhunse and Okomayin, 2022). At 
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this point, the infected individual shows malaria-
related symptoms. Compounds which possess 
blood-stage antiplasmodial activity act by 
interfering with the parasite growth at this stage 
thus preventing the completion of the 
erythrocytic cycle.  

Isoquinoline-protoberberine alkaloids are 
present in several medicinal plants indigenous 
to Africa including Annickia affinis (Erhunse and 
Sahal, 2022; Erhunse et al., 2023; Erhunse et 
al., 2024), Annickia chlorantha (Bourdat-
Deschamps et al., 2004; Imieje et al., 2017), 
Argemone mexicana (Simoes-Pires et al., 
2014), and Berberis spps (Belwar et al., 2020) 
amongst others. These alkaloids have 
impressive biological properties such as anti-
inflammatory (Tillhon et al., 2012; Zou et al., 
2017), anticancer (Maiti and Kumar, 2010), 
antiviral (Abookeleesh et al., 2022), 
antimicrobial (Tillhon et al., 2012), 
antiplasmodial (Wright et al., 2000) and 
antidiabetic (Din, 2011; Węgierek-Ciuk et al., 
2021). As a result, semi-synthetic and synthetic 
derivatives have been synthesized in a bid to 
improve on their potency and selectivity (Pal et 
al., 1998; Węgierek-Ciuk et al., 2021).  

While a number of naturally occurring 
protoberberine alkaloids are known to exhibit 
potent in vitro blood-stage antiplasmodial 
activity (IC50 < 5 µM range) (Hsieh et al., 2004; 
Imieje et al., 2017; Phillipson and Wright, 1991; 
Vennerstrom and Klayman, 1988), they seem 
to possess poor oral bioavailability as many of 
them have been proven to be substrates of the 
drug transporter protein P-gp (Maeng et al., 
2002; Tarabasz and Kukula‐Koch, 2020). For 
example, apart from having poor intestinal 
absorption, poor aqueous solubility, extensive 
metabolism and wide tissue distribution (Liu et 
al., 2010; Tan et al., 2013) are also contributing 
factors that result in the low plasma 
concentration of berberine. This poor drug-
likeness may have impacted negatively on the 
development of protoberberine alkaloids as oral 
antimalarials. Interestingly, gut microbiota was 
seen to convert the poorly bioavailable 
berberine to dihydroberberine which is 5-fold 
more bioavailable than berberine (Wang et al., 
2015). Thus, gut microbiota (Wang et al., 2015; 

Ai et al., 2021) may provide a good strategy to 
overcome the poor oral pharmacokinetics of 
this class of alkaloids for their use as blood-
stage antiplasmodial agent.  

Some studies have reported synthetic 
derivatives of berberine with optimum 
therapeutic effect against different diseases 
(Filli et al., 2022). Thus, in one such study 
(Bahar et al., 2011), a semi-synthetic berberine 
analogue 5,6-didehydro-8,8-diethyl-13-
oxodihydroberberine chloride has shown 
greatly enhanced antiplasmodial activity (IC50 
36 nM) in comparison to berberine (IC50 0.85 
µM). The dialkyl substitution on C-8 of the 
berberine skeleton has been suggested to 
cause the more than 20-fold increased 
antiplasmodial activity for 5,6-didehydro-8,8-
diethyl-13-oxodihydroberberine chloride.  

Coralyne (13-methyl [1,3] benzodioxolo [5,6-c]-
1,3-dioxolo [4,5-i]-phenanthridium) is a 
synthetic analogue of berberine possessing a 
tetracyclic structure similar to berberine while 
differing only in its substituents (Figure 1). The 
opening of the dioxole ring in the benzodioxole 
moiety and the presence of an extra methyl 
group make coralyne bind DNA better and 
hence makes it a more potent anticancer agent 
than berberine (Megyesi et al., 2010; Węgierek-
Ciuk et al., 2021). Indeed, complex formation 
between coralyne and the nucleoside based 
bacterial second messenger cyclic diadenosine 
monophosphate has resulted in an interesting 
simple fluorescent turn-on assay (Zhou et al., 
2014). In spite of a common molecular skeleton 
for all protoberberine alkaloids, while the in vitro 
antiplasmodial and in vivo antimalarial 
properties of berberine have been studied 
(Silikas et al., 1996; Wright et al., 2000; Bapna 
et al., 2015), information on the antiplasmodial 
activity of coralyne is lacking. This study thus 
set out to assess the antiplasmodial activity of 
coralyne against different strains of 
Plasmodium falciparum. In view of the fact that 
being substrates of the human Permeability 
glycoprotein (P-gp) a number of protoberberine 
alkaloids including berberine have been 
reported to have limited oral bioavailability, we 
also used in silico methods to predict the oral 
bioavailability of coralyne. 
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Figure 1: Berberine and its synthetic analogue, coralyne. Images were sketched using Marvin 

ChemAxon. 
 
MATERIALS AND METHODS 

Materials 

Malaria parasite strains used for this study 
{Pf3D7 (MRA102) and PfINDO (MRA819)} 
were gotten from Malaria research and 
reference reagent resource centre (MR4) 
Virginia, USA and maintained in our laboratory. 
Human endothelial kidney (HEK293T) cell line 
used for cytotoxicity study was obtained from 
American tissue type culture collection (ATCC). 
Coralyne chloride hydrate (R278122) was 
obtained from Aldrich® chemistry, Milwaukee, 
USA. Dimetylsulfoxide (DMSO), Dulbecco’s 
Modified Eagle’s Medium (DMEM), SYBRgreen 
and chloroquine diphosphate were all sourced 
from Sigma Aldrich, India. All other reagents 
used were of analytical grade.  

In vitro antiplasmodial activity testing 
against P. falciparum parasites 

P. falciparum strains were cultured by the 
prescribed method (Trager and Jensen, 1976). 
The parasite culture was synchronized using 
5% sorbitol (Lambros and Vanderberg, 1979).  
SYBR green dye method (Smilkstein et al., 
2004) was used to monitor the growth of 
parasite in the enucleated human red blood 
cells.  Briefly, 96 µl of ring stage parasites at 1 
Percentage parasitemia (% p), 2% hematocrit 
were exposed to 4 µl of varying concentrations 
of coralyne (0, 0.20, 0.39, 0.78, 1.5, 3.13 and 
6.25 µg/ml) in triplicate wells. Chloroquine (40 
µM) was used as zero growth control whereas, 
parasites exposed to 0.4% DMSO represented 
100% growth.  The 96-well plate was incubated 
for 48 hr at 37 oC under reduced O2 (5% O2, 5% 
CO2, and 90% N2). At the end of the 48-hr 
incubation, cells were treated with 100 µl of  

 

SYBR Green I solution in lysis buffer {2 μl of 
10,000 X SYBR Green I per 10 ml of lysis buffer 
(20 mM Tris buffer pH 7.5, 5 mM 
Ethylenediamine tetraacetic acid (EDTA), 
0.008% saponin and 0.08% v/v Triton X-100)} 
so as to lyse the cells and stain the parasite’s 
DNA. This was thereafter thoroughly mixed 
after which the 96-well plate was incubated in 
the dark at normal culture conditions for 1 hr. 
Following this, fluorescence was estimated on 
a 96-well fluorescence plate reader (Victor, 
Perkin-Elmer), with excitation and emission 
wavelengths of 497 and 520 nm, respectively. 
Concentration of coralyne inhibiting parasite 
growth by 50% (i.e. IC50) was computed using 
the IC Estimator-version 1.2 software 
(http://www.antimalarial-
icestimator.net/MethodIntro.htm) (Free 
Software Foundation, Boston, MA, USA). 
Results were validated using microscopy of 
Giemsa-stained blood smears.   

In vitro cytotoxicity testing against 
mammalian cell line 

Cytotoxicity was monitored using the method 
described by Mosmann (1983). Human 
endothelial kidney (HEK) cells were cultured 
using complete DMEM (cDMEM) i.e. 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
supplemented with 5% fetal bovine serum 
(FBS). When full confluence was achieved, the 
cells were detached by trypsin treatment, 
seeded (104 cells / 100 μl) in a 96-well plate and 
allowed a 12-hr incubation. Following this, 
spent media 90 µl was replaced with 86 µl of 
fresh cDMEM. To these wells, 4 µl of coralyne 
at varying concentrations (0 - 100 µg/ml) were 
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added in triplicate whereas for control wells, 4 
µl of 0.4% or 10% DMSO were added to 2 sets 
of triplicate wells representing 100% growth 
and 0% growth respectively. The plate was 
placed in a CO2 incubator at 37oC for 24 hr. 
Thereafter, MTT (3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium) (5 mg/ml) was prepared in 1X 
Phosphate buffered saline (PBS) from which 20 
μl (100 μg) was added to each well. The plate 
was then wrapped in foil and incubated for 3 hr. 
Then, 120 µl corresponding to cDMEM, drug or 
DMSO and MTT was aspirated following which 
200 µl DMSO was added to each well to 
dissolve the formazan crystals formed. 
Formation of formazan which indicates cell 
growth was measured on a microplate reader 
(Versa Max) at 570 nm. Concentration of 
coralyne inhibiting HEK growth by 50% (i.e. 
CC50) was computed  using  the IC Estimator-
version 1.2 software (http://www.antimalarial-
icestimator.net/MethodIntro.htm) (Free 
Software Foundation, Boston, MA, USA).    

In silico Prediction of ADME  

Prediction of ADME (absorption, distribution, 
metabolism and excretion) was done using 
SwissADME web tool which is freely available 
at http://www.swissadme.ch (Tripathi et al., 
2019; Al Azzam et al., 2022). Briefly, 
compounds were sketched using Marvin 
chemaxon which afforded the generation of 
their simplified molecular-input line-entry 
system (SMILES) algorithm that was thereafter 
used to evaluate their pharmacokinetics. 

RESULTS 
 
Antiplasmodial activity and cytotoxicity of 
Coralyne 

Coralyne showed excellent activity (IC50 0.52 
μg/ml) against the chloroquine sensitive strain 
of the malaria parasite. Its IC50 at 1.15 μg/ml 
against the chloroquine resistant strain, 
although ~ two-fold higher was nevertheless 
quite promising giving a resistance index of two 
(Figures 2 & 3). Further, its CC50 against the 
human epithelial kidney cell line was >100 
µg/ml (Figure 4) implying a Selectivity index of 
>85.  

 
Figure 2: Concentration-response curve of coralyne against chloroquine sensitive Pf3D7 (left panel) and 
chloroquine resistant PfINDO (right panel). With a resistance index (RI) (IC50Pf3D7/IC50PfINDO) of 2.21, coralyne 
is a little more potent against the chloroquine sensitive strain (Pf3D7) than chloroquine resistant strain (PfINDO) 
of the parasite used in this study. Data points shown represent mean with standard deviations of three replicates. 
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Figure 3: Representative microscopic images of 3D7 parasites exposed to various doses (0-6.25 µg/ml) 
of coralyne. Parasites are trapped in the trophozoite stage upon exposure to 1.56 µg/ml of coralyne. 
Red arrows indicate parasitized red blood cells. Key: PRBC = Parasitized red blood cell; CQ = 
Chloroquine; % P = % parasitemia; %G = % growth obtained after counting 3000 cells.  
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Figure 4: Concentration response curve of coralyne against human endothelial kidney cell line. Coralyne combined 
activity against the malarial parasite with selectivity as it was not toxic to the mammalian cell line (CC50HEK >100 
µg/ml) with selectivity index greater than eighty five.  

 
 

In silico ADME  

The chemical structures of the naturally 
occurring protoberberine alkaloids (berberine, 
palmatine, jatrorrhizine and columbamine), the 
synthetic protoberberine alkaloid (coralyne), the 
semi-synthetic berberine derivative (5,6-
didehydro-8,8-dietyl-1,3-oxodihydroberberine 
chloride) and artemisinin and its semi-synthetic 
water-soluble form artesunate (which served as 
standard) were drawn using Marvin chemaxon 
so as to retrieve their respective SMILES. 
These were then used to predict their oral 
pharmacokinetics. Unlike the artemisinin and 
artesunate standards, all the alkaloids were 
returned as substrates of the Permeability 
glycoprotein (P-gp) (Table 1) suggesting that 
they are likely to be easily extruded by the 
transporter when ingested via the oral route. 
However, a representation of passive 
gastrointestinal absorption and brain 
penetration of protoberberine alkaloids using 
the Brain or IntestinaL EstimateD permeation 
predictive model (BOILED-Egg model) shown 
in Figure 5 suggests that the intestinal 
absorption and brain penetration of the 

protoberberine alkaloids is not impacted by 
virtue of their being substrates of P-gp. Further, 
their bioavailability radars (Figure 6) suggest 
that they are orally bioavailable.   
 
DISCUSSION  

Coralyne is a synthetic protoberberine alkaloid 
which differs from berberine only in the 
substituents on its tetracyclic structure 
(Megyesi et al., 2010; Węgierek-Ciuk et al., 
2021). One of these differing substituents is the 
presence of a methyl group at the C-8 position 
of the berberine skeleton. Although coralyne is 
a potent anticancer agent, its activity against 
the malaria parasite has not been studied. It 
was therefore interesting for us to find that 
coralyne possesses excellent blood stage 
antiplasmodial activity against drug sensitive 
Pf3D7 (IC50 0.5 µg/ml) and drug resistant strain 
PfINDO (IC50 1.15 µg/ml) of the malaria parasite 
implying a resistance index of two.  While an RI 
of 100 suggests high level resistance, a 
resistance index <10 suggests an intermediate 
resistance level (Nzila and Mwai, 2010). Hence 
the RI of two for coralyne observed by us is 
miniscule.  
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Table 1: In silico ADME of some protoberberine alkaloids 

 
 
Molecule  

Molecular 
Formula  MW  

GI 
absorption  

BBB 
permeant  

P-gp 
substrate  

CYP1A2 
inhibitor  

CYP2C19 
inhibitor  

CYP2C9 
inhibitor  

CYP2D6 
inhibitor  

CYP3A4 
inhibitor  

Bioavailability  
Score 

 
1. Palmatine 
  

C21H22NO4 

  

352.40 
  

H 
  

Y 
  

Y 
  

Y 
  

N 
  

N 
  

Y 
  

Y 
  

0.55 

 
2.   Columbamine 
  

C20H20NO4 

  

338.38 
  

H 
  

Y 
  

Y 
  

Y 
  

N 
  

N 
  

Y 
  

Y 
  

0.55 

 
3.   Jatrorrhizine 
  

C20H20NO4 

  

338.38 
  

H 
  

Y 
  

Y 
  

Y 
  

N 
  

N 
  

Y 
  

Y 
  

0.55 

 
3. Berberine 
  

C20H18NO4 

  

336.36 
  

H 
  

Y 
  

Y 
  

Y 
  

N 
  

N 
  

Y 
  

Y 
  

0.55 

 
4. Coralyne 
  

C22H22NO4 

  

364.41 
  

H 
  

Y 
  

Y 
  

N 
  

N 
  

N 
  

Y 
  

N 
  

0.55 

5. 5,6-didehydro-8,8-
dietyl-1,3-
oxodihydroberberine 
chloride 

C24H24ClNO5
- 441.90 H Y Y N Y Y Y N 0.85 

            

6. Artemisinin* C15H22O5 282.33 H Y N Y N N N N 0.55 

7. Artesunate* C19H28O8 384.42 H Y N N N N N N 0.56 

*Artemisinin and artesunate served as standards. MW = molecular weight, H = high, Y = yes, N = no 
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Figure 5: Schematic representation of passive gastrointestinal absorption and brain penetration of protoberberine 
alkaloids using the Brain or IntestinaL EstimateD permeation predictive model (BOILED-Egg model). The Swiss 
ADME web tool uses the inbuilt BOILED-Egg model to evaluate passive gastrointestinal absorption (HIA) (white 
part) and brain penetration (BBB) (yellow part). Blue and red circles denote P-gp substrates and non-substrates 
respectively. Protoberberine alkaloids showed good brain penetration. Artemisinin and artesunate which served as 
standards aren’t substrates of P-gp. Further while artemisinin can cross the BBB, artesunate has higher intestinal 
absorption. Semi-synthetic berberine derivative = 5,6-didehydro-8,8-dietyl-1,3-oxodihydroberberine chloride.  
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Figure 6:  Bioavailability radar of berberine, its synthetic analogue coralyne and semi-synthetic analogue (5,6-
didehydro-8,8-dietyl-1,3-oxodihydroberberine chloride) predicts oral bioavailability since they all lie just within the 
pink region which represents the optimal values for each of the six properties listed: lipophilicity- X-lOGP3 -0.7 to 
+5.0, Molecular weight/Size- 150-500 g/mol, Polarity (TPSA)-20 to 130 Å2, log S (lNSOLU) not higher than 6, 
Saturation fraction (lNSATU) of carbons in the sp3 hybridization not <0.25, and flexibility (FLEX)- not more than 9 
rotatable bonds.
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Our in-silico data suggests that like the 
naturally-occurring protoberberine alkaloids, 
coralyne is also a substrate of P-gp. However, 
in spite of it being a P-gp substrate, it also 
reported a high intestinal absorption for 
coralyne and the other alkaloids (Table 1). The 
resolution to this apparent contradiction is to be 
seen in the findings by Ogihara et al., (2006) 
who have demonstrated that P-gp substrates 
can be categorized into two classes based on 
their intestinal absorption characteristics. Thus, 
while on the one hand, the intestinal absorption 
of a class dubbed verapamil-type substrates is 
unimpacted by virtue of their being substrates 
of P-gp, intestinal absorption of vinblastine-type 
substrates on the other hand is compromised 
(Ogihara et al., 2006). The result of our in-silico 
ADME study predicts that the intestinal 
absorption of several protoberberine alkaloids 
may not be impacted by P-gp which is 
surprising in view of the fact that berberine co-
administered with P-gp inhibitors reported 
increased absorption of the alkaloid (Pan et al., 
2012; Tsai and Tsai, 2004). A similar 
observation was reported for the antioxidant 
anthocyanin by Tripathi et al., (2019). Although 
the web tool returned anthocyanin as a P-gp 
substrate, intestinal absorption was also high 
(Tripathi et al., 2019). From the BOILED-Egg 
result, the alkaloids investigated have a higher 
likelihood of entry into brain (Figure 5, yellow 
region). Localization in the white area of the 
model depicts whether the compound has 
higher likelihood of passive gastrointestinal 
absorption. Hence, localization in either 
compartment isn’t mutually exclusive (Al Azzam 
et al., 2022).   

Compared to berberine as also other 
protoberberine alkaloids studied, coralyne 
interacts with fewer of the major CYP450 
enzymes (Table 1). This suggests decreased 
elimination of coralyne by these enzymes. The 
results of our in-silico ADME study for berberine 
is similar to what has been previously reported 
(Imenshahidi and Hosseinzadeh, 2016). 
Further, a bioavailability score of 0.55 suggests 
coralyne may have inherited the poor oral 
pharmacokinetics of its congener berberine 
(Table 1). As such, studies directed at 
designing analogues of these alkaloids with not 
only an improved potency against the malaria 
parasite but also, robust oral pharmacokinetics 
are advocated. Intriguingly, our in-silico study 
predicts an increase in the bioavailability of 5,6-
didehydro-8,8-diethyl-13-oxodihydroberberine 
chloride (the semi-synthetic analogue of 
berberine) (bioavailability score 0.85) as 
compared to the other protoberberine alkaloids 

with this score at 0.55 (Table 1). However, there 
is need to validate the in-silico bioavailability 
data for 5,6-didehydro-8,8-diethyl-13-
oxodihydroberberine chloride and coralyne 
using in vitro and in vivo bioavailability models 
given the discrepancy in intestinal absorption 
result between in-silico and wet lab studies of 
berberine.   

CONCLUSION 

Our study reports the antiplasmodial activity of 
coralyne for the first time. Although it displayed 
good activity against the malaria parasite in 
culture, our in-silico ADME model predicts that 
like berberine, coralyne may also have poor 
oral bioavailability. However, wet lab ADME 
studies weren’t conducted. Thus, in vitro and in 
vivo intestinal absorption studies are required to 
confidently determine its oral bioavailability.  

Conflict of Interest 

Authors have no conflict of interest to declare 

Author contribution statement 

NE: Conceived, designed and performed the 
experiments; Analysed and interpreted the 
data; Wrote the paper. DS: Conceived, 
designed and supervised the study; Revised 
the paper. 
 
References 
 
Abookleesh, F.L, Al-Anzi, B.S. and Ullah A. 

(2022). Potential antiviral action of 
alkaloids. Molecules. 27: 903. 
doi:10.3390/molecules27030903  

Ai, G., Huang, Z., Cheng, J., Xie, J., Zeng, H., 
Liu, Y., Li, Y., Huang, X., Chen, J. and 
Su, Z. (2021). Gut microbiota-mediated 
transformation of Coptisine into a novel 
metabolite 8-Oxocoptisine: Insight into its 
superior anti-colitis effect. Frontiers in 
Pharmacology. 12: 639020. doi: 
10.3389/fphar.2021.639020 

Al Azzam, K.M., Negim, E. and Aboul-Enein, 
H.Y. (2022). ADME studies of TUG-770 
(a GRP-40 inhibitor agonist) for the 
treatment of type-2 diabetes using 
SwissADME predictor: In silico study. 
Journal of Applied 
Pharmaceutical Science. 12(4): 159-169 

Bahar, M., Deng, Y., Zhu, X., He, S., 
Pandharkar, T., Drew, M.E., Navaro-
Vázquez, A., Anklin, C., Gil, R.R., 
Doskotch, R.W., Werbovetz, K.A. and 
Kinghorn, D. (2011). Potent 
antiplasmodial activity of a novel semi-



Bio-Research Vol.22 No.1 pp.2242-2254 (2024) 
2252 

 

synthetic berberine derivative. 
Bioorganic & Medicinal Chemistry 
Letters. 21: 2606-2610 

Bapna, S., Choudhary, P.K., Ramalya, M. and 
Chowdhary, A. (2015). Antiplasmodial 
activity of Argemone mexicana: An in 
vivo in vitro study. World 
Journal of Pharmaceutical Research. 
4(11): 1653-1663 

Belwar, T., Bisht, A., Devkota, H.P., Ullah, H., 
Khan, H., Pandey, A., Bhatt, I.D. and 
Echeverria, J. (2020). 
Phytopharmacology and clinical updates 
of Berberis species against diabetes and 
other metabolic diseases. Frontiers in 
Pharmacology. 11: 2020. doi: 
10.3389/fphar.2020.00041 

Bourdat-Deschamps, M., Herrenknecht, C., 
Akendengue, B., Laurens, A. and 
Hocquemiller, R. (2004). Separation of 
protoberberine quaternary alkaloids from 
a crude extract of Enantia chlorantha by 
centrifugal partition chromatography. 
Journal of Chromatography A. 1041: 
143–152 

Din, N. (2011). Inventory and identification of 
plants used in the treatment of diabetes 
in Douala town (Cameroon). European 
Journal of Medicinal Plants. 1(3): 60-73 
doi:10.9734/ejmp/2011/273 

Erhunse, N., Kumari, S., Anmol, Singh, P., 
Omoregie, E.S., Singh, A.P., Sharma, U. 
and Sahal, D. (2024). Annickia affinis 
(Exell) Versteegh & Sosef methanol stem 
bark extract, potent fractions and isolated 
Berberine alkaloid target both blood and 
liver stages of malaria parasites. Journal 
of Ethnopharmacology. 319 (2024): 
117269.  

Erhunse, N. and Okomayin, V. (2022).  Vector-
Parasite Interactions and Malaria 
Transmission. In: Puerta-Guardo, H., 
Manrique-Saide., P. (Eds.), Mosquito 
Research-Recent Advances in Pathogen 
Interactions, Immunity and Vector 
Control Strategies, IntechOpen, London, 
UK. pp 19-27. doi: 
10.5772/intechopen.105025 

Erhunse, N. and Sahal, D. (2022). Comparative 
Study on the Phytometabolites, in vitro 
Antiplasmodial Activity and Cytotoxicity 
of Stem Bark Extracts of Annickia affinis 
(Exell) Versteegh & Sosef and Annickia 
chlorantha (Oliv.) Setten & PJ. Mass. 
Nigerian Journal of Life Sciences. 12(2): 
16 -21 

Erhunse, N., Omoregie, E.S. and Sahal, D. 
(2023). Antiplasmodial and antimalarial 
evaluation of a Nigerian hepta-herbal 
Agbo-iba decoction: Identification of 

magic bullets and possible facilitators of 
drug action. Journal of 
Ethnopharmacology. 301: 115807. doi: 
10.1016/j.jep.2022.115807 

Filli, M.S., Ibrahim, A.A., Kesse, S., Aquib, M., 
Boakye-Yiadom, K.O., Farooq, M.A., 
Raza, F., Zhang Y and Wang B. (2022). 
Synthetic berberine derivatives as 
potential new drugs. Brazilian Journal of 
Pharmaceutical Sciences. 58: e18835    

Hsieh, T.J., Chia, Y.C., Wu, Y.C. and Chen, 
C.Y. (2004). Chemical constituents from 
the stems of Mahonia japonica. 
Journal of the Chinese Chemical 
Society, 51(2): 443-446. 
doi:10.1002/jccs.200400068 

Imenshahidi, M. and Hosseinzadeh, H. (2016). 
Berberis Vulgaris and Berberine: An 
Update Review. Phytotherapy Research. 
30(11):1745-1764. doi: 10.1002/ptr.5693 

Imieje, V., Zaki, A.A., Fasinu, P.S., Ali, Z., Khan, 
I.A., Tekwani, B., Khan, S.I., Nosa, E.O. 
and Falodun, A. (2017). Antiprotozoal 
and cytotoxicity studies of fractions and 
compounds from Enantia chlorantha. 
Tropical Journal of Natural Product 
Research. 1(2): 89-94. 
doi:10.26538/tjnpr/v1i2.8.  

Lambros, C. and Vanderberg, J.P. (1979). 
Synchronization of Plasmodium 
falciparum erythrocytic stages in culture. 
Journal of Parasitology. 65 (3): 418-420 

Liu, Y., Hao, H., Xie, H., Lai, L., Wang, Q., Liu, 
C. and Wang, G. (2010). Extensive 
intestinal first-pass elimination and 
predominant hepatic distribution of 
berberine explain its low plasma levels in 
rats. Drug Metabolism & Disposition. 
38(10): 1779-1784 

Ma, C., Harrison, P., Wang, L. and Coppel, R.L. 
(2010). Automated estimation of 
parasitaemia of Plasmodium yoelii-
infected mice by digital image analysis of 
Giemsa-stained thin blood smears. 
Malaria Journal. 9: 348. 
doi:10.1186/1475-2875-9-348 

Maeng, H.J., Yoo, H.J., Kim, I.W., Song, I.S., 
Chung, S.J. and Shim, C.K. (2002). P-
glycoprotein-mediated transport of 
berberine across Caco-2 cell 
monolayers. Journal of Pharmaceutical 
Sciences. 91(12): 2614-2621. 
doi:10.1002/jps.10268 

Maiti, M. and Kumar, G.S. (2010). Polymorphic 
nucleic acid binding of bioactive 
isoquinoline alkaloids and their role in 
cancer. Journal of Nucleic Acids. 2010: 
1–23. doi:10.4061/2010/593408. 

Megyesi, M. and Biczok, L. (2010). 
Considerable change of fluorescence 

https://doi.org/10.3389/fphar.2020.00041
https://doi.org/10.3389/fphar.2020.00041
https://doi.org/10.5772/intechopen.105025
https://doi.org/10.5772/intechopen.105025
https://doi.org/10.1016/j.jep.2022.115807
https://doi.org/10.1016/j.jep.2022.115807


Bio-Research Vol.22 No.1 pp.2242-2254 (2024) 
2253 

 

properties upon multiple binding of 
coralyne to 4-sulfonatocalixarenes. 
The Journal of Physical Chemistry B. 
114: 2814 - 2819 

Mosmann, T. (1983). Rapid colorimetric assay 
for cellular growth and survival: 
application to proliferation and 
cytotoxicity assays. Journal 
of Immunological Methods. 16: 55-63 
doi: 10.1016/0022-1759(83)90303-4 

Nzila, A. and Mwai, L. (2010). In vitro selection 
of Plasmodium falciparum drug-resistant 
parasite lines. The Journal 
of Antimicrobial Chemotherapy. 65: 390-
398 

Ogihara, T., Kamiya, M., Ozawa, M., Fujita, T., 
Yamamoto, A., Yamashita, S., Ohnishi, 
S. and Isomura, Y. (2006). What kind of 
substrates show P-glycoprotein-
dependent intestinal absorption? 
Comparison of verapamil with 
vinblastine. Drug Metabolism & 
Pharmacokinetics. 21(3): 238-244 

Pal, S., Das, S., Suresh, G. and Maiti, M. 
(1998). Antitumor agent coralyne: A 
guanine-cytosine specific DNA-binding 
alkaloid. Current Science. 75(5): 496-500 

Pan, G.Y., Wang, G.J., Liu, X.D., Fawcett, J.P. 
and Xie, Y.Y. (2002). The involvement of 
P-glycoprotein in berberine absorption. 
Pharmacology & Toxicology. 91: 193–
197 

Phillipson, J.D. and Wright, C.W. (1991). 
Antiprotozoal agents from plant sources. 
Planta Medica. 57(7): 53-59. 
doi:10.1055/s-2006-960230 

Prudêncio, M., Rodriguez, A. and Mota, M.M. 
(2006). The silent path to thousands of 
merozoites: The Plasmodium liver stage. 
Nature Reviews Microbiology. 4: 849-
856 

Silikas, N., Mccall, D.L.C., Sharples, D., 
Watkins, W.M., Waigh, R.D. and Barber, 
J. (1996). The antimalarial activity of 
berberine and some synthetic 
analogues. Pharmacy & Pharmacology 
Communications. 2(1): 55-58  

Simoes-Pires, C., Hostettmann, K., Haouala, A., 
Cuendet, M., Falquet, J., Graz, B. and 
Christen, P. (2014). Reverse 
pharmacology for developing an anti-
malarial phytomedicine. The example 
of Argemone mexicana. International 
Journal for Parasitology: Drugs & 
Drug Resistance. 4: 338–346.  

Smilkstein, M., Sriwilaijaroen, N., Kelly, J.X., 
Wilairat, P. and Riscoe, M. (2004). 
Simple and Inexpensive Fluorescence-
Based Technique for High-Throughput 
Antimalarial Drug Screening. 

Antimicrobial Agents & Chemotherapy. 
48: 1803–1806. doi: 
10.1128/AAC.48.5.1803-1806.2004 

Tan, X.S., Ma, J.Y., Feng, R., Ma, C., Chen, 
W.J., Sun, Y.P., Fu, J., Huang, M., He, 
C.Y., Shou, J.W., He, W.Y., Wang, Y. 
and Jiang, J.D. (2013). Tissue 
distribution of berberine and its 
metabolites after oral administration in 
rats. PLoS One. 8: 1–9. doi: 
10.1371/journal.pone.0077969 

Tarabasz, D. and Kukula‐Koch, W. (2020). 
Palmatine: A review of pharmacological 
properties and pharmacokinetics. 
Phytotherapy Research. 34: 33–50. doi: 
10.1002/ptr.6504 

Tillhon, M., Guamán, O.L.M., Lombardi, P. and 
Scovassi, A.I. (2012). Berberine: New 
perspectives for old remedies. 
Biochemical Pharmacology. 84: 1260–
1267. doi: 10.1016/j.bcp.2012.07.018 

Trager, W. and Jensen, J.B. (1976). Human 
malaria parasites in continuous culture. 
Science. 193: 673–675. doi: 
10.1126/science.781840  

Tripathi, P., Ghosh, S. and Talapatra, N. 
(2019). Bioavailability prediction of 
phytochemicals present in Calotropis 
procera (Aiton) R. Br. By using Swiss-
ADME tool. World Scientific News. 131: 
147-163 

Tsai, P.L. and Tsai, T.H. (2004). Hepatobiliary 
excretion of berberine. Drug 
Metabolism & Disposition. 32: 405–412 

Vennerstrom, J.L. and Klayman, D.L. (1988). 
Protoberberine Alkaloids as 
Antimalarials. Journal of Medicinal 
Chemistry. 31(6): 1084-1087. doi: 
10.1021/jm00401a006 

Wang, Y., Feng, R., Shou, J., Zhao, Z. and 
Jiang, J. (2015). “Transforming 
Berberine into its intestine-absorbable 
form by the gut microbiota.” Scientific 
Reports. 5: 1–15. 
doi:10.1038/srep12155 

Węgierek-Ciuk, A., Arabski, M., Ciepluch, K., 
Brzóska, K., Lisowska, H., Czerwińska, 
M., Stępkowski, T., Lis, K. and Lankoff, 
A. (2021). Coralyne radiosensitizes A549 
cells by upregulation of CDKN1A 
expression to attenuate radiation 
induced G2/M block of the cell cycle. 
International Journal of 
Molecular Sciences. 22(11): 5791. doi: 
10.3390/ijms22115791 

Wright, C.W., Marshall, S.J., Russell, P.F., 
Anderson, M.M., Phillipson, J.D., Kirby, 
G.C., Warhurs, D.C. and Schiff, J.L. 
(2000). In vitro antiplasmodial, 
antiamoebic, and cytotoxic activities of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mosmann%20T%5BAuthor%5D&cauthor=true&cauthor_uid=6606682
https://doi.org/10.1016/0022-1759(83)90303-4
https://pubmed.ncbi.nlm.nih.gov/?term=Simoes-Pires%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hostettmann%20K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Haouala%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cuendet%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Falquet%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Graz%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Christen%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Christen%20P%5BAuthor%5D
http://dx.doi.org/10.1038/srep12155


Bio-Research Vol.22 No.1 pp.2242-2254 (2024) 
2254 

 

some monomeric isoquinoline alkaloids. 
Journal of Natural Products. 63:1638–
1640. doi: 10.1021/np000144r 

Zhou, J., Sayre, D.A., Zheng, Y., Szmacinski, 
H. and Sintim, H.O. (2014). Unexpected 
complex formation between Coralyne 
and cyclic diadenosine monophosphate 
providing a simple fluorescent turn-on 
assay to detect this bacterial second 

messenger. Analytical Chemistry.  86(5): 
2412–2420 

Zou, K., Li, Z., Zhang, Y., Zhang, H.Y., Li, B., 
Zhu, W.L., Shi, J.Y., Jia, Q. and Li, Y.M. 
(2017). Advances in the study of 
berberine and its derivatives: A focus on 
anti-inflammatory and anti-tumor effects 
in the digestive system. Acta 
Pharmacologica Sinica. 38: 157–167. 
doi: 10.1038/aps.2016.125 

 
 

https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jie++Zhou
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=David+A.++Sayre
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Yue++Zheng
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Henryk++Szmacinski
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Herman+O.++Sintim
https://doi.org/10.1038/aps.2016.125

