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Acacia, Rubia and Alkanna : 
Screening and evaluation of compounds 

for cancer treatment

 Recently, due to the severe side effect of using the conventional chemotherapy for cancer 
treatment, several studies have been carried out to find either new and safe targeted therapy 
against cancer cells only, or to find natural compounds that ameliorate the side effects of the 
conventional chemotherapy; 

 Therefore, recent studies have been directed to screen, and evaluate the new compounds 
naturally present especially in the medicinal plants;

 Three Arabic plants (Acacia, Rubia, Alkanna) traditionally used for the treatment of several 
diseases were tested for their anti-cancer activity and several studies established cytotoxicity 
against cancer cell lines and mice-bearing human xenografts;



  

 Arabic plants: Acacia, Rubia, 
Alkanna 

ALKANNA

Family: Boraginaceae

Alkanna comprises 30  to 50 species amongst 
them alkanna tinctoria and is widely distributed 
in Europe, north Africa and western Asia .

The species are hispid or pubescent herbs, 
with oblong, entire leaves, and bracteated 
racemes, rolled up before the flowers expand. 
The corolla is rather small, between funnel and 
salver-shaped; usually purplish-blue, but in 
some species yellow or whitish; the calyx 
enlarges in fruit. 

RUBIA (in Sanskrit: Manjistha)

Family: Rubiaceae; it comprises of about 450 
genera and 6500 species and includes 
trees, shrubs and herbs (Williams, 
2002).

Rubia comprises about 60 species 
worldwide, native to the Himalayan 
region, north-east India, Japan, 
Indonesia and Sri Lanka.

R. cordifolia Linn. (Rubiaceae) is a perennial 
climber with very long, cylindrical, 
flexuose roots with a thin red bark 
(Kirtikar and Basu, 1980). 

 

ACACIA (bark, pods, seeds, honey, comb 
wax, gum, leaves)

Family:  Fabacae, leguminosae, mimosoidae 

Varieties: a. nilotica (gum), a. ataxacantha,  a. 
mearnsii (leaves), a. catechu, a. hydaspica, a. 
leucophloea, a. colei, a. tumida, a. cyclops, a. 
ligulata, a. salicina, a. cyanophylla

It is estimated that there are roughly 1380 
species of Acacia worldwide, about two-third of 
them native to Australia and rest spread 
around tropical and subtropical regions of the 
world (SAINI et al. 2008). It is a moderate size 
deciduous tree with rough dark grey brown 
bark.



  

Acacia : Traditional use

 Acacia has been used in traditional medicine to treat high cholesterol, diabetes, cancer, 
gingivitis, mouth sores, pharyngitis, indigestion in children, diarrhoea, inflammation, ophthalmia, 
hemorrhoid, leprosy, bleeding piles, and leucoderma problems

 The leaves are believed to possess hypotensive, CNS-depressent, antisyphilitic and 
antibacterial (both gram+ and gram-) principles, while the gum possesses demulscent 
properties (K HARE 2007)

 It is used by traditional healers of different regions of Chhattisgarh in treatment of various cancer 
types of mouth, bone and skin. In West Africa, the bark and gum are used against cancers 
and/or tumors (of ear, eye, or testicles) and indurations of liver and spleen, the root for 
tuberculosis, the wood for smallpox and the leaves for ulcers

 Recent scientific efforts have focused on the potential roles of extracts of traditional herbs as 
alternative and complementary medications for cancer treatment. In addition, Acacia has been 
reported to have anti-tumor activity with mouse breast cancer, human osteosarcoma and human 
prostate cancer (Kaur et al., 2005). In addition, Acacia showed antiproliferative effects against 
human colorectal, oral and lung cancer cell lines



  

Chemical composition of Acacia
Contents of seeds, pods and leaves

 Mineral and volatile organic compound 
content (VOC) is very different in seeds, pods 
and leaves of Acacia

 The most enriched VOC profile  therapy was 
obtained for raw honey. The latter form is 
mainly used in clinical trials and studies 
towards anti-cancer therapy



  

Chemical composition of Acacia: 
Protein and amino-acid fractions 



  

Chemical composition of Acacia: 
Fatty acid and phytosteroles profile



  

Chemical composition of Acacia:
Volatile organic compounds (VOC)

Monoterpenes:  α-pinene, myrcene, cis-β-ocimene, ocimene (honey), 4-terpinelol, verbenone (honey), 
isophorone (strained honey), hexanoic acid (strained honey)

Other terpenes: lupeol, betulinic acid, betulinic acid-3-trans-caffeate

Esters: δ-hexalactone, γ-heptalactone, quinone, cyclopentenone

Alcohols: 1-phenylethanol, octadecyl, phytol, cis-verbenol 

Polyphenols: phenol,  proanthocyanidins

Alcaloids: dimethyltryptamine (DMT), 5-methoxydimethyltryptamine (5-MeO-DMT), N-methyl-
tryptamine (NMT), kaempferol, dihydrokaempferol, taxifolin, (+)-afzelchin gum

Xanthophylls: zeaxanthin, lutein

Flavanoids: catechin, (-) epicatechin, epigallocatechin, epicatechin gallate, epigallocatechin gallate, 
rocatechin, phloroglucinol, procatechuic acid, catecutannic acid, quercetin, quercitrin, 
quinolin, imidazolin, pyrrolidin

Glycosides: poriferasterol, poriferasterol 

Tannins: gallic acid, phlobatannins 
 The most enriched VOC profile was obtained for raw honey. 

 Number of alcohols, esters, and variety of terpenes, as well as their concentration in the honey samples decrease 
through ripening processes.

 Flavanoids are mostly present in heartwood, alkaloids in leaves and glycosides, tannins and sugars in bark.

 Mostly polyphenols are active against cancer and efficacy relies on the combination of various components of Acacia.



  

 Anti-cancer activity of Acacia 
species



  

 Anti-cancer activity (1): 
Evidence from in vivo study with testing of A. ferruginea in Dalton's 

lymphoma ascites (DLA) induced tumor-bearing mice

 Treatment with extract significantly increased (63%) the life span of 
tumor-bearing mice to 27.2±1.5 days compared to 16.7±1.0 days for 
untreated mice compared to +79% for mice treated with methotrexate.

 Tumor volume decreased significantly. 

 However toxicity was high: body weight loss was 17.1%  in treated 
DLA-injected hosts (38.8% in non-treated controls) over the study 
period, whereas mice treated with methotrexate showed BWL of 13.6% 
(Table 3). 

 The aim of the  investigation was to evaluate the effect of A ferruginea 
extract on Dalton’s lymphoma ascites (DLA) induced tumours in BALB/c 
mice. Experimental animals received A ferruginea extract (10 mg/ 
kg.b.wt) intraperitoneally for 14 consecutive days.

 DLA-injected mice (control) samples evidenced necrosis, fibrosis, 
nuclear debris, and a peri-venular inflammation containing several 
polymorphonucleated cells. Vacuole formation and local 
inflammation was significant in the tissues from DLA-injected 
hosts. 



  

 Anti-cancer activity (2): 
Evidence from in vivo study with testing of A. nilotica in Dalton's 

lymphoma ascites (DLA) induced tumor-bearing mice

 Almost normal hepatocellular 
architecture was observed in 
mice treated with A. nilotica 
with reduced vacuole formation 
and inflammation. Histological 
examination revealed 
hepatoprotective effect from A. 
nilotica on hepatotoxicity 

 The outcome of the study 
revealed that A. nilotica could 
be used as a natural anti-
cancer agent for human health



  

 Cytotoxicity against tumor cells: 
Evidence from in vitro studies 

 Cytotoxicity of extracts from different 
Acacia species against cancer cell 
lines and vero cells was assessed in 
four in vitro studies.

 Acacia species inhibited cell 
proliferation significantly (p < 0.05) n 
a dose andconcentration dependent 
manner, with IC50 of 1.9-3.7-4.43 % 
(v/v) against >8% with medium. 

 Extracts showed no cytotoxicity 
against normal vero cells.



  

 Cytotoxicity against tumor cells: 
Evidence from in vitro studies (2)



  

 Cytotoxicity against tumor cells: 
Evidence from in vitro studies (3)



  

 Anti-cancer activity of Acacia: 
Molecular pathways (1)

 Flavanoids (amongst them catechins) may mediate the activity of acacia species on cancer 
cells while presenting no cytotoxic effect on healthy cells. Phenolic compounds are significant 
chemoprotective factors against cancer amongst them polyphenols contained in acacia 
species.

 Molecular pathway of acacia plant cytotoxicity might be induction of apoptosis due to arrest of 
cell cycle in G0/G1 phase, regulation of pro-inflammatory cytokines and TNF-gamma, 
extenuation of oxydative damage, diminishing of tumor angiogenesis, modulation of calcium 
secretion and down-regulation of prostate specific antigene (PSA).

 Immunoblot results suggested the pathway of apoptosis induction by increasing Bax/Bcl-2 ratio 
which results in the activation of caspase-cascade and ultimately leads to the cleavage of Poly 
adeno ribose polymerase (PARP).



  

 Anti-cancer activity of Acacia: 
Molecular pathways (2)



  

 Anti-cancer activity of Acacia: 
Molecular pathways: induction of apoptosis  (3)



  

Anti-cancer activity of Acacia: 
Molecular pathways: arrest of cell cycle (4)



  

Anti-cancer activity of Acacia: 
Flavanoids : role of catechin hydrate (5)



  

Anti-cancer activity of Acacia: 
Flavanoids : role of catechin hydrate (6)



  

Anti-cancer activity of Acacia: 
Modulation of pro-inflammatory cytokines (7)



  

Rubia species



  

Rubia species: 
Traditional use and properties

 Rubia cordifolia (Manjistha, Indian madder) 
is a plant within the Rubiaceae coffee family 
widely spread in Himalayan region, 
northeast India, Japan, Indonesia and Sri 
Lanka.

 Originally used as a red pigment, R. cordifolia is 
also used in Ayurvedic medicine to treat jaundice, 
joint inflammation, and cough. R. cordifolia is 
gaining popularity in western culture as alternative 
therapy for skin conditions such as eczema, 
psoriasis and dermatitis.

 In clinical biological experiments, plants of 
the genus Rubia showed antibacterial, 
anticancer, anticough and antiplatelet 
aggregation activities. 

 They have also been used to enhance the 
number of leukocytes, and in the therapy of 
myocardial infraction.



  

Chemical composition of Rubia 
Contents of stems (1)  

 From the stems of Rubia wallichiana DECNE, thirty-four 
structurally related compounds were isolated and 
identified, amongst them three anthraquinones rubiawallin-
A (1), -B (2), and -C (3) and 1-hydroxy-2-hydroxymethyl-3-
methoxyanthraquinone demonstrated most effective 
cytotoxicity towards cancer cells in vitro.

 Phytochemical studies have led to the isolation of 
anthraquinones and their glycosydes, naphthaquinones, 
naphthahydroquinones, cyclic hexapeptides, flavonoids, 
coumarins, iridoids, lignans, triterpenoids, and benzenoids, 
terpenes, bicyclic hexapeptides, iridoids, and 
carbohydrates (10 to 15 per cent), amongst them alizarin 
(9.6-21.8 mg/g), purpurin* (3.7-12.3 mg/g), ruberythric acid 
, pectin, albuminous bodies, yellow xanthine, rubichloric 
acid, munjistin*, purpuro-xanthine, lucidin* (1.8-5.7 mg/g), 
rubiawallin-A (1), -B (2), and -C (3) (*anthraquinones).

 The total anthraquinone-derivative content varied between 
15.6 and 39.4 mg/g.



  

Chemical composition
A few molecular structures of rubia 

compounds  (1)

Anthraquinones



  

Chemical composition
A few molecular structures of rubia 

compounds (2)

Bicyclic 

Hexapeptides



  

Anticancer activity 
of Rubia species

 Anthraquinones contained in Rubia (total: 15.6 and 39.4 mg/g)  amongst them 
purpurin, munjistin, lucidin, rubiawallin-A (1), -B (2), and -C (3) were  reported to 
exhibit strong antiproliferative properties on mammalian cells.

 Among the testing compounds, 1-hydroxy-2-hydroxymethyl-3-methoxyanthraquinone 
demonstrated most effective cytotoxicity towards Hepa-3B and Colo-205 cancer cells.

 1-Hydroxytectoquinone and oleanonic acid both also exhibited promising cytotoxicity 
against A375 cancer cell lines.

 Rubiarbonols A and F, rubiarbonone C, and rubianol-c showed cytotoxic effects in the 
MTT assay.

 The cyclic hexapeptides and quinones of Rubia exhibited strong in vivo  anticancer 
activity.  



  

Cytotoxicity (ED50) of compounds 
isolated from Rubia species



  

Anticancer activity 
of Rubia species - in vivo



  

 In another in vitro cytotoxicity assay with Hep G32 
cell line, the root extract of Rubia cordifolia 
showed significant cytotoxic activity with IC50 
values of 28.07 μg/ml, 25.13 μg/ml and 41.96 
μg/ml were measured for methanol fraction, pet-
ether fraction and dichloromethane fraction, 
respectively. No cytotoxicity against HEK293 cell 
line was measured in the concentration range of 
0.05-100 μg/ml.

 Dichloromethane fraction of Rubia cordifolia 
extract exhibited potent inhibition of HL60 Human 
Myeloid leukaemia cell lines with IC50 values of 
8.57 μg/ml, 10.51 μg/ml and 16.72 μg/ml for 
methanol fraction, pet-ether fraction and 
dichloromethane fraction respectively, where 
moderate cytotoxicity was shown against U937 
Human Histolytic lymphoma cell lines with 
IC50values of 27.33 μg/ml while was less active 
against normal HEK293 Human Epithelial Kidney 
cell lines, therefore displaying safety for normal 
cells. 

Anticancer activity 
of Rubia species - in vitro



  

Anticancer activity 
of Rubia species – in vitro (2)

 R. cordifolia dry extract showed cytotoxicity 
against MDA-MB-231 breast cancer cell lines with 
IC50=44 μg/ml or 5.1μM GAE.

 From Fig. 2, the concentration of extract leading to 
50% inhibition of cells (IC50) was 286 μg/ ml and 
43 μg/ml for 24 hrs or 72 hrs treatment with freshly 
prepared R. cordifolia extract. Therefore, R. 
cordifolia was more cytotoxic after 72 hrs 
treatment as compared to a 24 hr treatment. 72 hr 
tests suggest an average IC50 value of 44 μg/ ml 
for R. cordifolia extract; the corresponding total 
phenols concentration is 5.1x10-6M GAE.



  

Anticancer activity 
of Rubia species - in vivo

 After treatment with alkannin (1) or 
angelylalkannin (2) for 48 h, the proliferation 
of HCT-116 and SW-480 cells in human 
colon cancer cells HCT-116 and SW-480 
was suppressed dose dependently. 

 For the HCT-116 cells, growth was inhibited 
by 2.7%, 40.7% and 78.1%, respectively. On 
SW-480 cells, the antiproliferative effect was 
20.1%, 35.5% and 99.2%, respectively; 
while results with angelylalkannin (2) were 
2.9%, 3.3% and 83.3%, respectively. 

 5-FU data can be considered a positive 
control for the present study. In this study, 
alkannin (1) and angelylalkannin (2) 
possessed significantly stronger 
antiproliferative activity than 5-FU at the 
same concentration.



  

 Anti-cancer activity of Rubia: 
Molecular pathways (1)

 Induction of apoptosic pathways:



  

 Anti-cancer activity of Rubia: 
Molecular pathways (2)

 DNA-Topoisomerase I and II inhibitory activities:



  

Protective effects of rubia plant 
against neuropathic pain induced 

by anticancer drugs:



  

Alkanna species



  

Alkanna species: 
Traditional use and properties 



Alkanna tinctoria (Boraginaceae) is widely distributed in Europe and western Asia. 
 Its root has been used as a dye for fabrics, cosmetics, and food and as botanical drugs for 

ulcers, inflammation, and wounds (Papageorgiou et al., 1977).

 Previous phytochemical studies on the plant have resulted in the isolation of a series of 
naphthoquinone pigments, alkannin and its derivatives (Papageorgiou et al., 1977; 1980) .

 Some of these compounds have been found to exhibit biological activities, including cytotoxic, 
antimicrobial, anti-Leishmanial, and anti-inflammatory activities (Papageorgiou et al., 
1977;1979; 1980; Plyta et al., 1998; Assimopoulou and Papageorgiou, 2005; Ali et al., 2011).



  

Chemical composition of Alkanna

 Alkannin (1) and angelylalkannin (2) are principle components of the red pigments from the

roots of A. tinctoria along with some minor derivatives reported to date.

 In a continuing program to discover new anticancer agents from plants, especially 
naphthoquinones from the Alkanna genus, Alkanna cappadocica was investigated. Bioassay-
guided fractionation of a dichloromethane/methanol (1:1) extract of the roots led to the isolation 
of four new and four known naphthoquinones. The known compounds are 11-deoxyalkannin (1), 
β,β-dimethylacrylalkannin (2), 11-O-acetylalkannin (3), and alkannin (4).

 Compound 7 showed remarkable cytotoxicity with IC50 values between 0.09 and 14.07 μM. It 
was more potent than the other compounds in six out of 12 cancer cell lines and the positive 
controls doxorubicin and etoposide.  



  

Anticancer activity 
of Alkanna species - in vitro

 Previous studies have shown that alkannin derivatives possess antiproliferative effects on 
several cancer cell lines, e.g. K562, GLC-82, CNE2, and Bel-7402 (Wu et al., 2005; Deng, 2010; 

Bogurcu et al., 2011). 
 Recently, there have been reports on molecular mechanisms of their cytotoxic actions regarding 

apoptosis induction in K562 leukemia, GLC-82 adenocarcinoma, and Hep3B hepatocarcinoma 
cell lines, respectively (Deng, 2010; Bogurcu et al., 2011).

 Compounds showed remarkable cytotoxic activity against HT-29, MDA-MB-231 and PC-3 cell 
lines, comparable or stronger than positive control CPT-11 (CAMPTOSTAR®, irinotecan) with 
IC50 values in between 0.1µM and 1µM. 

 These studies revealed that β,β-dimethylacrylalkannin (2) and acetylalkannin (3) have great 
potential as topo-I-inhibitors compared to other compounds and CPT-11, with 2–3µM inhibition 
value



  

 Anti-cancer activity of Alkanna: 
Molecular pathways – cell cycle arrest

 Treatment with alkannin (1) gradually changed 
the cell cycle profile of HCT-116 cells.

 After treatment with alkannin (1) at 1 μM, the 
distribution was 69.2% in G1 phase, 14.5% in S 
phase, and 14.1% in G2/M phase. At an 
alkannin concentration of 3 μM, the fractions of 
cells were 70.3% (G1 phase), 12.9% (S phase) 
and 14.8% (G2/M phase). 

 After treatment with angelylalkannin (2) at 1 
μM, the cell cycle profile was 69.5% (G1 
phase), 15.6% (S phase) and 14.0% (G2/M 
phase), while with angelylalkannin (2) at 3μM, 
the fractions of cells were 72.2% (G1 phase), 
9.4% (S phase) and 16.2% (G2/M phase).

 Notably, both alkannin (1) and angelylalkannin 
(2) significantly arrested HCT-116 cells at the 
G1 phase at the tested concentrations.



  

Anti-cancer activity of Alkanna: 
Molecular pathways – induction of apoptosis

 Antiproliferative effects of alkannin (1) and 
angelylalkannin(2) could be mediated by the 
induction of apoptosis.

 After treatment for 48 h, the percentage of 
apoptotic cells (early and late apoptosis) 
induced by alkannin (1) at 1, 3, and 10 μM 
were 7.5%, 56.2% and 63.5%. The 
percentage of apoptotic cells induced by 
angelylalkannin (2) at concentrations of 1, 3, 
and 10 μM were 8.8%, 28.8 to 55.7%, 
respectively.

 Compared to control (4.0%), treatment with 
3 μM or 10 μM of the two compounds 
significantly induced cancer cell apoptosis.
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