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INTRODUCTION

The Rutaceae family has about 140 genera [6], consisting 
of herbs, shrubs and small trees which grow in all parts 
of the world [28,29,38], and which are used in traditional 
medicine for treating snake bites, stomatitis, rheumatism, 
bronchitis and other diseases [28]. This plant family is 
the source of furanocoumarines, furochinoline alkaloids, 
phenolic-structured compounds, terpens and other 
substances [12,25,27]. The main alkaloid compounds drawn 
from this family are dictamnine (1), skimmianine (2) and 
kokusaginine (13). In pharmacy, the most-known species of 
Rutaceae family are Ruta graveolens L. and Ruta montana 
Mill. The latter plant, and the substances isolated from 
it, were subject to Nuclear Magnetic Resonance (NMR) 
research by Vasudevan & Luckner, in 1968 [33]. From the 
whole plant, they extracted and examined six alkaloids: 
2-(nonan-8-one)-(1H)-4-quinolone, 2-(nonan-8-one)-4-
methoxy-quinoline, 2-(nonan-8-one)-N-methyl-4-quinolone, 
2-(decan-9-one)-N-methyl-4-quinolone, evolitrine (6) and 
1-methyl-4-methoxy-2-quinolone [32]. The most thoroughly 
examined compound is dictamnine (1). This is the first 
alkaloid isolated from this plant. In 1967, Moncović et al. 
[21] presented the biosynthesis of dictamnine in Dictamnus 
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albus L. These researchers examined this substance via the 
tracer method, and determined the quinoline nucleus from 
acetate and from anthranilic acid. Between 2010 and 2015, 
further studies have been conducted which revealed new 
alkaloid substances with the furochinoline structure. These 
alkaloids are a group of substances characteristic for the 
Rutaceae family (Fig. 1).
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2 Skimmianine – OCH3 –OCH3

3 γ-Fagarine H – OCH3

4 Haplopine – OH – OCH3

5 7-hydroxydictamnine – OH – H

6 Evolitrine – OCH3 – H
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  No Compound R1 R2

7 Isodictamnine – H – H

8 Isomaculosidine – OCH3 – OCH3

9 Iso-γ-fagarine – H – OCH3

10 Dictangustine-A – OH – H

11 Isopteleine – OCH3 – H

Figure 1. The structures of the main furoquinoline alkaloids 
isolated from plants of the Rutaceae family

Extraction of furoquinoline alkaloids from Rutaceae 
family plants

Sandjo et al. [28] isolated furoquinoline alkaloids from 
Zanthoxylum buesgenii (Engl.) P.G.Waterman, using 
Dragendorff´s method. In this work, dried aerial plant 
material was first cut into small pieces, then crushed, and the 
powder underwent extraction for two days, using methylene 
chloride (DCM)/MeOH (1:1 v/v). The solid residue was 
subsequently extracted with MeOH. After 24 hours, both 
solutions were mixed and then evaporated under reduced 
pressure in vacuo. A crude extract was thus obtained, 
which was then subjected to a liquid–solid extraction using 
N-hexane (HEX), ethyl acetate (EA) and MeOH (the liquid 
part). Both fractions were combined based on a thin-layer 
chromatography (TLC) profile, to give fraction A. Fractions 
A and B (MeOH) were then reacted with Dragendorff’s 
reagent, which indicated the presence of alkaloids in fraction 
A. This fraction (A) was then separated out by the silica gel 
CC method. Elution was next conducted with the use of 
HEX, HEX/EA (gradient) and EA, yielding six sub-fractions. 
Herein, maculine (12) was obtained. In further extractions, 
isofagaridine, kokusaginine (13) and teclearverdoornine (14) 
were collected, and examined via NMR. The compounds 
isolated from aerial part of Z. buesgenii are shown in Fig. 2  
[28]: 

Another approach to alkaloid extraction was presented 
by Resmi et al., in the investigation of a type III polyketide 
synthase involved in the quinolone alkaloid biosynthesis of 
material obtained from Aegle marmelos (L.) Correa. This 
work was the first report of a gene being involved in qui-
nolone biosynthesis as seen in plant material. Quinolone 
synthase, which is a type III polyketide synthase, was shown 
to synthesize diketide 4-hydroxy-1-methyl-2H-quinolone, 
by utilizing a unique substrate binding site [26].

Sichaem et al. [29], while conducting pharmacognostic 
studies of new substances in the leaves of Evodia lepta 
(Spreng.) Merr., isolated 3 leptanoines A-C (15-17), 
melineurine (18), dictamnine (1) and 7-hydroxydictamnine 
(5). In their work, the dried leaves of the plant underwent 
extraction twice with 5 liters of methanol, at room 
temperature. The result was then subjected to evaporation, 
supra, VLC (vacuum-liquid chromatography) and silica 
gel chromatography. The subsequent elution process was 
completed by the use of solvents of increasing polarity in 
the following order: dichloromethane, ethyl acetate and 
methanol. Four fractions were obtained, of which, one was 
subjected to column chromatography with dichloromethane, 
yielding several sub-fractions. One of these was purified 
with chromatotron under the same conditions; another was 
dealt with by way of utilizing dichloromethane with an ethyl 
acetate relative: 1:0 and 0:1 v/v. The obtained compounds 
were characterized via several spectroscopic methods 
(NMR, MS, IR, UV). The structures of the isolated alkaloids 
from the E. lepta are shown in Fig. 3 [29]:
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15 Leptanoine A – H – H

16 Leptanoine B – OCH3 – H
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16 Leptanoine C – OCH3 – H

17 Melineurine – H – H

Fig. 3. The structures of the furoquinoline alkaloids isolated from 
the leafy material of Evodia lepta (Spreng.) Merr. 

Cabral et al. [6] utilized stem material of Conchocarpus 
fontanesianus (A. St.-Hill.) Kallunki&Pirani. in their work. 
The extraction involved powdered material and ethanol, 
using an extractor under pressure at a temperature of 60°C. 
The solution was then thickened in vacuum. Next, the 
extract was dissolved in 0.1 M HCl, filtered and partitioned 
with hexane. The acid aqueous fraction was subsequently 
treated with NH4OH and CHCl3. The alkaloid fraction was 
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Figure 2. The furoquinoline alkaloids isolated from the aerial 
parts of Zanthoxylum buesgenii (Rutaceae) [28]
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then obtained, and TLC analysis was completed using 
CHCl3:MeOH:NH4OH (90:7.5:2.5 v/v) as the eluent. This 
alkaloid fraction was also analyzed via HPLC. In this work, 
in the stem material, the presence of dictamnine (1), skim-
mianine (2), γ-fagarine (3), 2-phenyl-1-methyl-quinoline 
and marmesine was confirmed [6].

Tchinda et al. [31] investigated the bioactivity of dried 
Zanthoxylum leprieurii (Guill. & Perr.) Engl. fruit. The 
fruits, after blending, underwent extraction with ethyl 
acetate. The concentrated extracts were subjected to column 
chromatography (CC) with silica gel, and then eluted with 
EtOAc in petroleum ether. The fractions were subsequently 
collected and characterized by TLC. One of these was 
additionally chromatographed over CC, in petroleum ether - 
using EtOAc at 80:20–75:35 v/v. The following compounds 
were isolated: 1-hydroxy-3,4-dimethoxy-N-methylacridone, 
tegerrardin A, arborinine, scoparone and xanthotoxoline. 
The structural analysis of the compounds was completed by 
mass spectra and 1H and C13 NMR. The above-mentioned 
substances were assessed as coumarins and alkaloids, but 
not furoquinolines [31].

Mora et al. [22] researched the chemical components of 
Zanthoxylum setulosum (P. Wilson). In their work, dried 
aerial parts of the plant underwent extraction with methyl-
tert-butyl-ether (MTBE): methanol (MeOH) 9:1 v/v, for 
one day. Next, the solvent was removed under reduced 
pressure and CHCl3 was added. To identify the substances 
in the extracts, they employed CC (silica gel) in an elution 
gradient, using hexane: MTBE (85:15- 0:100 v/v) and 
MTBE:MeOH (90:10-80:20). In this work, the research-
ers obtained 7 fractions. For the isolation of the alkaloids, 
they carried out preparative TLC, eluting with benzene and 
CH2Cl2 (1:1 v/v) and benzene:CH2Cl2:MTBE (4:4:2 v/v). 
Next, the extract was subjected to 1H and 13C NMR, as 
well as COSY (Co-relation Spectroscopy), HMQC (Het-
eronuclear Multiple Quantum Coherence) and HMBC (Het-
eronuclear Multiple Bond Coherence) [22], leading to the 
identification of skimmianine (2). 

Gaya et al. [16] set out to identify the substances that 
could be found in the roots, bark and leaves of the Kenyan 
Zanthoxylum gilletii (De Wild.) P.G.Waterman. In this work, 
the powdered raw material was extracted with menthol for 
three days, and the extract was then analyzed by TLC, 
HPLC and LC-MS. In the thin layer chromatography, they 
used silica gel plates and papaverine chloride in methanol 
as standard. The TLC-UV spectra was observed under an 
UV spectrophotometer (254-366 nm), and the Rf (the reten-
tion factor) was recorded after the extract was sprayed with 
Dragendorff´s reagent. TLC and LC-MS analyses were then 
used to test the presence of alkaloids. Via this work, the 
following compounds have been identified: peroxysimule-
noline, sanguinarine, fagarine I, norchelerythrine, trans-fag-
aramide, 8-ethylnorchelerythrine and dihydronitidine [16].

Magadula et al. described the substances isolated from 
several plant families indigenous to Tanzania. In this work, 
they discovered that the stem material of Teclea amani-
ensis Engl. contained six furoquinoline alkaloids: teclea-
maniensine A (18), tecleamaniensine B (19), amaniensine, 
dictamnine (1), kokusaginine (13) and evoxanthine. The 
researchers also demonstrated the biological activity of these 

substances on the larvae of Culex quinquefascintus [19]. The 
structure of tecleamaniensine A and tecleamaniensine B are 
presented in Fig. 4.
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Figure 4. The structures of tecleamaniensine A and tecleamanien-
sine B isolated from Teclea amaniensis Engl.

Mwangi et al. [24] researched by chromatographic sepa-
ration, substances found in the leaves of Teclea trichocarpa 
(Engl.) Engl. To accomplish this, the authors utilized a 
mixture of n-hexane, methanol and dichloromethane and 
extracted the plant material three times at room tempera-
ture. A dichloromethane extract was followed by TLC and 
CC, after preparative TLC was initiated with hexane and 
dichloromethane. Following the application of IR, 1H and 
13C NMR, they obtained the structures of the following 
alkaloids: skimmianine (2), melicopicine, normelicopicine 
and arborinine (acridone alkaloids).

In addition to the previous, Coulerie et al. isolated 
skimmianine (2), γ-fagarine (3) and haplopine (4) [9] 
from the bark and leaves of Myrtopsis corymbosa (Labill.) 
Guillaumin. In so doing, crude extracts of ethyl acetate were 
processed by automated solvent extraction systems (ASE). 

The biological activity of furoquinoline alkaloids

Rutaceae-derived substances obtained from, for example, 
the roots and bark of Dictamnus dasycarpus Turcz. possess 
very interesting biological activities that have been long 
utilized in folk medicine. In traditional Chinese medicine, 
D. dasycarpus Turcz. derivatives are used in the treatment 
of rheumatism, jaundice, skin diseases and cough [10].

In a study conducted by Basco et al. [4], in 1994, the in 
vitro activities against Plasmodium falciparum and Leis-
chmania spp. of the furoquinoline alkaloids: skimmianine 
(2), haplopine (4), kokusaginine (13), acronydine (20) and 
acronycidine (21), isolated from Geijera balansae (Baill.) 
Schinz & Guillaumin, Sarcomelicope glauca T.G. Hartley, 
and Sarcomelicope dogniensis T.G. Hartley, were noted. 
Similar results were obtained by Fournet et al. [15]. The 
structures of acronydine and acronycidine can be seen in 
Fig. 5:
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Figure 5. The structures of acronydine and acronycidine isolated 
from Teclea amaniensis Engl.

Furthermore, dictamnine (1), which was isolated from 
D. dasycarpus Turcz., has been found to possess anti-fun-
gal properties [35]. Zhao et al. [39,40] demonstrated this 
activity against the plant pathogenic fungus Cladosporium 
cucumerinum in tests conducted on TLC plates. They also 
conducted pharmacological research on the use of a dichlo-
romethane extract containing dictamnine (1) and limonoid. 
This alkaloid is toxic, but derivatives have been shown to 
have anti-cancer properties, against the growth of certain 
solid cancer cells, among these being non-small cell lung 
cancer, breast cancer and CNS cancer.

Moreover, in a study undertaken by Emam et al. [13], 
a new furoquinoline alkaloid: 5-(1,1-dimethylallyl)-8-
hydroxyfuro[2-3-b]quinoline (22) derived from Ruta 
chalepensis L., has also been shown to have anti-fungal 
activity. In their work, chloroform extracts isolated from 
the leaves of this species were active against the following 
fungi: Fusarium solani, Sclerotium rolfsii and Rhizocto-
nia solani. These fungi have negative effects on potatoes, 
tomatoes and sugar beets [13]. In another study, the efficacy 
of methanolic extracts of Ruta chalepensis L. and the aerial 
parts of other related species was evaluated against Culex 
pipiens larvae [1]. The researcher concluded that substances 
naturally found in Ruta chalepensis L. were effective against 
these larvae, and they pose little or no animal and human 
risk. The structure of 5-(1,1-dimethylallyl)-8-hydroxyfuro[2-
3-b]quinolone, a new furoquinolone alkaloid isolated from 
Ruta chalepensis L. can be seen in Fig. 6:
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5-(1,1-dimethylallyl)-8-hydroxyfuro[2-3-b]quinolone (22)
Figure 6. The structure of 5-(1,1-dimethylallyl)-8-hydroxyfuro[2-
3-b]quinolone, a new furoquinolone alkaloid isolated from Ruta 
chalepensis L.

Wahyunia et al. isolated six compounds from Ruta 
angustifolia Pers. leaves: chalepin, scopoletin, γ-fagarine 
(3), kokusaginine (13), arborinine, and pseudane IX, and 
observed antiviral activities against HCV in cell cultures. 
They noted that chalepin and pseudane IX had strong 
anti-HCV activity without cytotoxity. What is more, these 
compounds were more active than ribavirin, the standard 
used in treatment. The IC50 of γ-fagarine (3) was 20.4 μg/ml, 
but it was 2.8 μg/ml for ribavirin and 6.4 μg/ml for kokus-
aginine (13) [34].

Sandjo et al. [28] researched the cytotoxicity of the aerial 
parts of Zanthoxylum buesgenii (Engl.) P.G.Waterman. In 
this work, doxorubicin was used as a control drug, and 
the activities of the isolated compounds: isofagaridine, 
maculine, kokusaginine (13), tecleaverdoornine (14) and 
buegenine, were observed on the tested cancer cell lines, 
towards leukemia CCRF-CEM and CEM/ADR5000, breast 
cancer MDA-MB231 and its resistant sub-line MDA-
MB231/BCRP, colon cancer HCT116p53+/+ and its resistant 
sub-line HCT116p53-/-, glioblastoma U87MG, hepatocarci-
noma ∆EGFR and HepG2. Herein, isofagaridine, kokusagi-
nine (13) and masculine were shown to be more active than 
doxorubicin [28]. 

In 2013, Tavares et al. [30] researched the anti-microbial 
activity of alkaloids obtained from Zanthoxylum rhoifolium 
Lam. In this work, it was demonstrated that methanol 
extracts, obtained by initially steaming bark tissues, 
exhibited a broad spectrum of antimicrobial activity. In 
the study, three alkaloids were isolated: skimmianine (2), 
γ-fagarine (3) and isohaplopine (23). These compounds were 
tested against the following microorganisms: seven Gram(+) 
bacteria: Bacillus subtilis, B. cereus, Staphylococcus aureus, 
S. epidermidis, Streptococcus pyogenes, Enterobacter 
aerogenes, Enterococcus spp; eight Gram(-) bacteria: 
Escherichia coli, Klebsiella pneumonia, Pseudomonas 
aeruginosa, Enterobacter cloacae, Shigella sonnei, 
Salmonella typhimurium, Burkholderia cepacia, Morganella 
morganii and Candida albicans, C. tropicali, C. krusei, 
C. parapslosis, Sacharomyces cerevisae, Cryptococcus 
neoformans and C. gatti [30].

Leptanoines and other furochinoline alkaloids have also 
been obtained from the leaves of Evodia lepta (Spreng.) 
Merr. [29]. In this study, the inhibitory activity against 
acetylcholinesterase (AChE) and butyrylcholinesterase 
(BChE) was researched, with galanthamine being used as 
standard. This work showed that leptanoine A, leptanoine B, 
leptanoine C and 7-hydroxydictamnine were the most active. 
The leptanoines were particularly noted as demonstrating 
the strongest effect. Regarding AChE, the IC50 (μM) of the 
leptanoines was more than 200 μM, in comparison with 
5.6 μM for galantamine. Melineurine showed the highest 
inhibitory activity towards BChE (an IC50 value of 47.9 μM), 
whereas skimmianine (2) had the highest inhibitory activity 
towards AChE (an IC50 value of 69.1 μM). It should be noted 
that the inhibitory activity of these compounds could be 
potentially used in the future to treat Alzheimer’s disease 
[29]. 

In addition to the afore-mentioned, kokusaginine (13) 
and skimmianine (2) were isolated from Evodia merrilli 
Kanehira&Sasaki. These compounds were shown to inhibit 
5-HT2 receptor activity. The results obtained suggest that 
these alkaloids could have significance in the treatment of 
various diseases related to serotonin neurotransmission, for 
example, depression [8].

Biavatti et al. [5] note that certain compounds obtained 
from Raulinoa echinata R.S.Cowan. have similar properties. 
In their work, they isolated skimmianine (2), maculine (12), 
kokusaginine (13) and flindersiamine (24) from stem and 
leaf tissues. They also found the quinolone derivatives: 
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1-methyl-2-n-nonyl-4-quinolone, 2-n-nonyl-4-quinolone 
and 1-methyl-2-phenyl-4-quinolone.

Moreover, they observed biological activity against 
Leucoagaricus gongylophorus, a fungus found on the Atta 
sexdens leaf, and each of the alkaloids were demonstrated 
to inhibit the growth of L. gongyphorus, when compared 
with the original extracts. In addition, through in vitro study,  
the activity of quinolinone alkaloids was shown against  
a form of Trypanosoma cruzi, Leishmania spp and 
Plasmodium falciparum [5]. The structures of isohaplopine 
and flindersiamine are compared in Fig 7.
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Figure 7. The structures of isohaplopine and flindersiamine 
compared

The alkaloids that have been isolated from the stems of 
Conchocarpus fontanesianus (A. St.-Hill.) Kallunki&Pirani, 
by Cabral et al. [6], have been shown to have inhibitory 
activity towards acetyl cholinesterase. In this study, skim-
mianine (2) was shown to be more active. It should be noted 
that some of the substances from Brazilian vegetal species 
are used in the treatment of Alzheimer’s disease, although 
they have low bioavailability and show hepatotoxicity.

In other work, Cardoso-Lopes et al. [7] isolated certain 
alkaloids from Esenbeckia leiocarpa Engl. In the obtained 
extracts, the authors identified: leiokinine A, leptomerine, 
kokusaginine (13), skimmianine (2), maculine (12) and 
flindersiamine (24). In their study, leptomerine showed the 
highest inhibitory activity towards AChE. This was similar 
to that of the reference compound, galanthamine. The results 
of their work reveal that the alkaloids eptomerine and skim-
mianine (2) have potent anticholinesterasic activity.

Mwangi et al. [24] tested a methanolic crude extract, as 
well as six compounds isolated from the leaves of Teclea 
trichocarpa (Engler) Engl. in vitro against Plasmodium 
falciparum, Trypanosoma cruzi, T. brucei rhodesience 
and Leishmania donovani. In such work, skimmianine (2) 
showed weak activity against L. donovani, P. falciparum, 
strong activity against T. cruzi and T. brucei, and exhibited 
cytotoxicity towards L-6 cells with a minimum inhibitory 
concentration (MIC) of 38.6 μg/ml. This study has shown 
that furoquinoline alkaloids are potential anti-protozoal 
compounds [24].

In addition, An Huang et al. [17] synthesized and 
researched substances with the furochinoline alkaloid 
structure: 2,3,4,9-tetrahydrofuro[2,3-b]quinolin-3,4-dione  
and ethyl 2-(substituted aniline)-4-oxo-4,5-dihydrofuran 

-3-carboxylate. The intent of such work was to ascertain the 
relationships between structure and cytotoxicity on murine 
leukemia WEHI-3 cells. 

Table 1 lists the biological properties of some of the alka-
loids present in the Rutaceae family: 

Table 1. The activity of various furochinoline alkaloids that have 
been isolated from the Rutaceae family

Substances Source Activity Ref.

Skimmianine Galipea longiflora 
Krause Leishmaniosa/

Anticholinesterasic [14,15,23]
Kokusaginine Galipea longiflora 

Krause

Maculine
Esenbeckia 

leiocarpia Eng. 
Teclea afzelii Eng.

Antiplasmodial [3,11,23,36]

Tecleaverdoornine Teclea verdoorniana 
Exell & Mendonça

γ-Fagarine
Esenbeckia febrifuga 
(A. St.-Hil.) A. Juss. 

ex Mar.

Dictamnine
Esenbeckia febrifuga 
(A. St.-Hil.) A. Juss. 

ex Mar.

Flindersiamine Esenbeckia 
yaaxhokob Lundell

Antibacterial [2,5,18,20,23]Pteleatine Ptelea trifoliate L.

Kolbisine Teclea afzelii Eng.

Dictamnine
Esenbeckia febrifuga 
(A. St.-Hil.) A. Juss. 

ex Mar.
Antifungal [11,18,23,39]Haplopine Dictamnus 

dasycarpus Turcz.

Kolbisine Teclea afzelii Eng.

CONCLUSIONS

The Rutaceae family is a potential source of many 
medicinal substances. Extensive work carried by many 
research centers shows the potential application of these 
natural products in the treatment of such diverse conditions 
as Alzheimer’s disease and depression, as well as in treating 
cancer and infections. This is due to their anti-bacterial, 
anti-fungal, anti-leishmanial and anti-plasmodial properties. 
New methods for isolating compounds from plant material, 
as well as methods of testing their structures, encourage 
further exploration of their biologically active substances. 
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