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anguinolenta  promotes  LDL  uptake  in  HepG2  cells

ike  Okweesi  Aggreya,b,  Hui-Hui  Lia,b,  Wen-Qiong  Wanga,  Weibin  Songa, Yiping  Wanga,
i-Jiang  Xuana,∗

State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai, People’s Republic of China
University of Chinese Academy of Sciences, Beijing, People’s Republic of China

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 28 March 2018
ccepted 3 August 2018
vailable online 26 September 2018

eywords:
ntihyperlipidemia

a  b  s  t  r  a  c  t

About  31 percent  of  deaths  worldwide  result  from  atherosclerotic  cardiovascular  disease.  Hyperlipidemia
remains  the  major  risk  factor  for this  disease  and  therefore,  it is  necessary  to identify  antihyper-
lipidemic  compounds  for  drug  development.  The  crude  ethanolic  extract  of Cryptolepis  sanguinolenta
(Lindl.)  Schltr.,  Apocynaceae,  has  demonstrated  antihyperlipidemic  properties.  However,  the  chemical
constituents  responsible  for this  action  are  unknown.  Hence,  to  identify  chemical  constituent(s)  of  C.
sanguinolenta  with  anti-hyperlipidemic  effect,  five  indoloquinoline  alkaloids  were  isolated  and  evaluated

′ ′ ′

therosclerosis
iI-LDL uptake
epG2 cells

socryptolepine
AR

in 1,1 -dioctadecyl-3,3,3 ,3 -tetramethyl-indocarbocyanine  perchlorate  labeled  low  density  lipoprotein
uptake  assay  using  HepG2  cells.  The  minor  alkaloid,  isocryptolepine,  showed  strong  activity  in promoting
low  lipid  lipoprotein  uptake  by  1.85-fold.  Isocryptolepine  may,  therefore,  serve  as  a  lead  compound  for
future  studies  in  the  development  of novel  antihyperlipidemic  drugs.

© 2018  Published  by  Elsevier  Editora  Ltda.  on  behalf  of  Sociedade  Brasileira  de  Farmacognosia.  This  is
der  t
an open  access  article  un

ntroduction

Atherosclerotic cardiovascular disease (ASCVD) is responsible
or 31 percent of all deaths worldwide (Benjamin et al., 2017).
yperlipidemia remains the major risk factor in the development of
SCVD and thus, reduction in low-density lipoprotein-cholesterol

LDL-C) is considered a suitable intervention. Indeed, a number of
tudies have shown that reduction in LDL-C improves cardiovascu-
ar outcomes of ASCVD (LaRosa et al., 2005).

Cryptolepis sanguinolenta (Lindl.) Schltr., Apocynaceae, is
ildly distributed throughout the west coast of Africa (Iwu,

993). Decoctions of the dried root are used in Ghanaian tra-
itional medicine to treat various forms of fevers, rheumatism,
nd diabetes (Boye and Ampofo, 1990; Wright et al., 1996;
aulo and Houghton, 2002). The major class of compounds
ssociated with C. sanguinolenta are indoloquinoline alka-
oids which are considered unique to this West African plant
Collins, 2012). As a result, a number of studies have focused

n these compounds. Many of the biological activities exhibited
y this plant have been attributed to its major alkaloid, cryp-
olepine, 1, and its isomers; and they include antihyperglycemic,
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antibacterial, antifungal, antiprotozoal, antitumoral, anti-
inflammatory, hypotensive, antithrombotic and vasodilation
as reviewed by Lavrado et al. (2010). To the best of our knowl-
edge, there is no report on the antihyperlipidemic activity of
indoloquinoline alkaloids.

Ajayi et al. (2012) in a previous study demonstrated a signif-
icant reduction in total cholesterol, triacylglyceride, and LDL-C in
Wistar albino rats after administration of 50 mg/kg, 150 mg/kg, and
250 mg/kg body weight of ethanol extract of C. sanguinolenta for 21
days. Compound 1, being the major alkaloid, was suggested to be
responsible for these effects. However, this suggestion has not been
confirmed.

Therefore, since reduction in plasma LDL-C levels has been
shown to reduce the risk of ASCVD (Catapano et al., 2016), it is
rational to identify the LDL lowering agent(s) present in C. san-
guinolenta which may  serve as promising lead compound(s) for the
development of an antihyperlipidemic drug(s).

Consequently, as part of our search for natural products
with antihyperlipidemic activity, five indoloquinoline alkaloids;
1, isocryptolepine (2) (Pousset et al., 1995), neocryptolepine (3)
(Sharaf et al., 1996), cryptolepinone (4) (Cooper et al., 1996) and

quinoline (5) (Dwuma-Badu et al., 1978) were isolated from C.
sanguinolenta as described herein. These compounds were tested
for their LDL lowering effect in lipid (DiI-LDL) uptake assay using
HepG2 cells for the first time.
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aterials and methods

eneral experimental procedures

NMR  spectra were obtained on a Bruker DXR-500 spectrom-
ter operating at 400 MHz  for 1H NMR  and 126 MHz  for 13C
MR. HRESIMS were measured using Agilent Technologies G6224A
OF spectrometer. Precoated silica gel plates, GF254 (Yantai, PR
hina) were used for thin-layer chromatography (TLC). Sephadex
H-20 (20–80 �m;  Amersham Pharmacia Biotech AB); Silica gel

 (200–300 mesh, Qingdao Marine Chemical Ltd), NH silica gel
100–200 mesh; Fuji Silysia Chemical Ltd., Japan) and Toyopearl
W40F gel were used for column chromatography. Preparative
PLC was carried out on Agilent 1100 series.

lant material

Dried roots of Cryptolepis sanguinolenta (Lindl.) Schltr., Apocy-
aceae, were collected in Mampong in the Eastern Region of Ghana,
t the arboretum of the Centre for Plant Medicine Research in June
015. It was identified by Mr.  Blagogee, and a voucher specimen
IMMLJXCS1 was deposited at the herbarium of Shanghai Institute
f Materia Medica, Shanghai, PR China.

xtraction and isolation

The air-dried, powdered roots of C. sanguinolenta (8 kg) was
xtracted with ethanol at room temperature for 7 days. After
emoval of organic solvent, the sample was suspended in H2O
nd sequentially extracted with petroleum ether (PET) and ethyl
cetate (EtOAc). The EtOAc extract (42.78 g) was subjected to
ilica gel column chromatography eluting with PET/acetone
Ace) (6:1) to afford fifteen fractions; 1–15. Fraction 14 was then
hromatographed on Toyopearl HW40F gel column with CH3OH
50–100%) to get five sub-fractions, 14A-14E. Sub-fraction 14C was
urther ran on NH Silica gel, eluting with CH2Cl2/CH3OH (35:1),
nd subsequently purified on Sephadex LH-20 using CH3OH to
fforded 1 (1.76 g). Fraction 13 was chromatographed on NH Silica
el column with CH2Cl2/CH3OH (25:1) to obtain sub-fractions
3A and 13B. Sub-fraction 13B was then subjected to silica gel
LC with CH2Cl2/CH3OH/NH3 (10:1:1%) as mobile phase to obtain
ub-fractions 13B1-13B3. Sub-fraction 13B3 was  further chro-
atographed on Sephadex LH-20 gel column with CH3OH to get

hree sub-fractions 13B31-13B33. Successive column chromatog-
aphy of 13B31 on Toyopearl HW40F gel column with CH3OH
70%) and NH Silica gel column with CH2Cl2/CH3OH (30:1) yielded

 (75 mg). Sub-fraction 13B32 was ran on NH Silica gel column
ith CHCl3/CH3OH (30:1) to obtain 3 (34 mg). Fraction 3 was chro-
atographed on Sephadex LH-20 gel column using CH2Cl2/CH3OH
1:1) to afforded 4 (721 mg). Fraction 2 was also chromatographed
n Sephadex LH-20 gel column with CH2Cl2/CH3OH (1:1) to
btain sub-fractions 2A-2B. Sub-fraction 2B was further ran on sil-
ca gel column using CH2Cl2/EtOAc (30:1-EtOAc) to get seven
sub-fractions 2B1-2B7. Sub-fraction 2B2 was  then
chromatographed on Sephadex LH-20 gel col-
umn  using CH2Cl2/CH3OH (1:1) to obtain 5 (1.4 g).
The structures of the isolated compounds were
determined by comparing their spectroscopic data with liter-
ature values (Dwuma-Badu et al., 1978; Cooper et al., 1996; Tousek
et al., 2008) (see supplementary material for spectroscopic data).

LDL uptake

Cell culture
HepG2 cells (ATCC HB-8065) were maintained in DMEM

(Hyclone) supplemented with 10% fetal bovine serum (Gibco Invit-
rogen China Limited, Shanghai, China). Incubation of cells was
carried out under a humidified atmosphere of 95% O2 and 5% CO2
at 37 ◦C.

Isolation and DiI-LDL preparation
With approval of the local Ethics Committee (No. 2017015),

and after informed consent, human plasma was  obtained from
Shanghai Xuhui Central Hospital, China. The procedures conformed
the Helsinki Declaration. Human LDL and lipoprotein-deficient
serum (LPDS) were separated from the pooled plasma of nor-
mal  cholesterolemic volunteers by ultracentrifugation and were
extensively dialyzed against dialysis buffer and PBS. The LDL was
labeled with the fluorescent probe-DiI (1,1′-dioctadecyl-3,3,3′,3′-
tetramethylindocarbocyanine perchlorate, Biotium, California,
USA) as previously described, with some modifications. Briefly,
DiI in DMSO (15 mg/ml) was  added to the LDL/LPDS mixture (v/v,
1:2) to a final concentration of 300 mg  DiI/mg LDL protein, and
was incubated overnight at 37 ◦C. The DiI-labeled LDL was  isolated
by ultracentrifugation, dialyzed against a dialysis buffer, sterilized
using a 0.45 �m filter (Millipore, Massachusetts, USA) and stored
at 4 ◦C.

DiI-LDL uptake assay
The LDLR activity of the HepG2 cells was  determined using DiI-

LDL uptake assay as described by Stephan and Yurachek (1993) with
minor modifications. Briefly, after different treatment, HepG2 cells
grown in 24-well plates were incubated in DMEM and 20 �g/ml
DiI-LDL for 3 h at 37 ◦C in the dark. The cells were rinsed twice with
PBS containing 0.4% albumin and washed three times with PBS after
incubation. 500 �l of isopropanol was  then added into each well
followed by a 20 min  incubation under constant shaking at room
temperature. Afterwards, 200 �l aliquots were used for the analy-

sis with a SpectraMax M2e  Microplate Reader (Molecular Devices,
520–570 nm). Nagilactone B was  used as the positive control (Gui
et al., 2016).
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Table 1
Dil-LDL uptake results for indoloquinoline alkaloids from Cryptolepis sanguinolenta
and berberine in HepG2 cells.a

Compounds (5 �M) Fold of control (DMSO)

1 0.78 ± 0.02
2 1.85 ± 0.01
3 1.00 ± 0.03
4 0.96 ± 0.01
5 0.97 ± 0.01
6 1.38 ± 0.01
Nagilactone B 1.44 ± 0.01
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9:  nitrogen nucleophiles. Syntheses of hydroxycryptolepine, cryptolepine, and
a Data are presented as the mean ± SEM of at least three independent experi-
ents. p < 0.05, p < 0.01 vs the normal group.

esults and discussion

Currently, statins alone or in combination with fibrates are
onsidered effective first line treatment for hyperlipidemia. How-
ver, they often result in unpleasant side effects (Mattar and
beid, 2009). Hence, identifying compounds with antihyperlipi-
emic properties which may  aid the development of novel drugs is
equired. Previous studies have demonstrated that plant secondary
etabolites could serve as potential source of such compounds

Sahebkar et al., 2016; Wang et al., 2016). Therefore, given that
he crude extract of C. sanguinolenta reduces total cholesterol, tri-
cylglyceride, and LDL-C, we investigated the plant to identify the
ctive antihyperlipidemic compound(s).

Five indoloquinoline alkaloids, 1–5,  were isolated from C. san-
uinolenta. The compounds were identified by comparing their 1H
nd 13C NMR  as well as their HRESIMS data with literature values
nd the data agreed with those reported. The results from the Dil-
DL uptake assay as seen in Table 1, showed that the major alkaloid

 was inactive (0.78 fold of the control) contrary previous sugges-
ions (Ajayi et al., 2012). Also, compound 3 as well as compounds

 and 5; were inactive with 1.00, 0.96 and 0.97-fold respectively
hen compared with the control.

Interestingly, isocryptolepine (2), a regioisomers of 1 and a
inor alkaloid found in C. sanguinolenta showed dramatic LDL

ptake activity of 1.85-fold. The LDL uptake activity of 2 was
etter when compared with that of the widely studied anti-
yperlipidemic plant alkaloid, berberine (Sahebkar et al., 2016) by
bout 0.5 measuring units (fold of control). It was again better than
he positive standard, nagilactone B, employed in this study. This is
he first report of LDL uptake promoting activity of an indoloquino-
ine alkalod, and a demonstration that isocryptolepine, 2, may  be
he major LDL lowering constituent of C. sanguinolenta as opposed
o the major alkaloid, crytoplepine.

Again, the results also give an insight into the structure-activity
elationship necessary for LDL uptake activity of indoloquinoline
caffolds. The N5-methyl is acclaimed to be important for the
nticancer and anti-hyperglycemic activity of this molecular frame-
ork (Bierer et al., 1998; Lu et al., 2008). However, for LDL uptake

ctivity, the skeletal connectivity of the core structure may  be of pri-
ary importance. Thus, this work may  serve as the basis for future

AR studies of indoloquinolines with regards to their LDL lowering
ctivity.

From the results, we conclude that isocryptolepine (2) may  serve
s a lead compound in the development of novel antihyperlipi-
emic drugs and therefore warrants further research attention.

thical disclosures
rotection of human and animal subjects. The authors declare
hat the procedures followed were in accordance with the regula-
ions of the relevant clinical research ethics committee and with
armacognosia 28 (2018) 654–657

those of the Code of Ethics of the World Medical Association (Dec-
laration of Helsinki).

Confidentiality of data. The authors declare that no patient data
appear in this article.

Right to privacy and informed consent. The authors declare that
no patient data appear in this article.

Authors’ contribution

MOA, YW,  and LXJ and contributed to the concept and exper-
imental designs. MOA  and WQW  took part in the extraction and
characterization of test compounds. HHL and YW conducted the
DiI-LDL uptake assay. LXJ, YW,  WS,  and MOA  interpreted the results.
MOA prepared the manuscript and all authors contributed to its
critical reading and approval for submission.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments

MOA  is thankful to the CAS-TWAS President’s Fellowship for
International Doctoral Students for sponsoring this work. The
authors also gratefully acknowledge grants from the State Key
Laboratory of Drug Research (SIMM1601ZZ-03) and the National
Science Foundation of China (No. 81773863, No. 21702219)

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bjp.2018.08.008.

References

Ajayi, A.F., Akhigbe, R.E., Adewumi, O.M., Okeleji, L.O., Mujaidu, K.B., Olaleye, S.B.,
2012. Effect of ethanolic extract of Cryptolepis sanguinolenta stem on in vivo and
in  vitro glucose absorption and transport: mechanism of its antidiabetic activity.
Indian J. Endocrinol. Metab. 16 (Suppl. 1), S91–S96.

Benjamin, E.J., Blaha, M.J., Chiuve, E.S., Cushman, M.,  Das, S.R., Deo, R., Ferranti,
S.D.,  Floyd, J., Fornage, M.,  Gillespie, C., Isasi, C.R., Jiménez, M.C., Jordan, L.C.,
Judd, S.E., Lackland, D., Lichtman, J.H., Lisabeth, L., Liu, S., Longenecker, C.T.,
Mackey, R.H., Matsushita, K., Mozaffarian, D., Mussolino, M.E., Nasir, K., Neu-
mar, R.W., Palaniappan, L., Pandey, D.K., Thiagarajan, R.R., Reeves, M.J., Ritchey,
M., Rodriguez, C.J., Roth, G.A., Rosamond, W.D., Sasson, C., Towfighi, A., Tsao,
C.W., Turner, M.B., Virani, S.S., Voeks, J.H., Willey, J.Z., Wilkins, J.T., Wu,  J.H.,
Alger, H.M., Wong, S.S., Muntner, P., 2017. Heart Disease and stroke statistics
–  2017 update: a report from the American Heart Association. Circulation, 25,
http://circ.ahajournals.org/content/135/10/e146.short (accessed 27.03.18, Epub
ahead of print).

Bierer, D.E., Fort, D.M., Mendez, C.D., Luo, J., Imbach, P.A., Dubenko, L.G., Jolad, S.D.,
Gerber, R.E., Litvak, J., Lu, Q., Zhang, P.S., Reed, M.J., Waldeck, N., Bruening, R.C.,
Noamesi, B.K., Hector, R.F., Carlson, T.J., King, S.R., 1998. Ethnobotanical-directed
discovery of the antihyperglycemic properties of cryptolepine: its isolation from
Cryptolepis sanguinolenta,  synthesis, and in vitro and in vivo activities. J. Med.
Chem. 41, 894–901.

Boye, G.L., Ampofo, O., 1990. Medicinal plants in Ghana. In: Wagner, H., Farnsworth,
N.R. (Eds.), Economic and Medicinal Plants Research. Academic Press, London,
pp. 32–33.

Catapano, L.A., Graham, I., De Backer, G., Wiklund, O., Chapman, M.J., Drexel, H., Hoes,
W.A., Jennings, S.C., Landmesser, U., Pedersen, T.R., Reiner, Ž., Riccardi, G., Task-
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