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Abstract  

New blood vessels are produced during angiogenesis, which is necessary in 

both normal and abnormal physiological and pathologic states. The use of 

non-toxic plant extracts that inhibit angiogenesis might lead to more focus 

on the use of natural sources as a pivotal therapeutic agent in the treatment 

of many diseases and malignancies. Mesembryanthemum cordifolium L. f. is  

belongs to the Aizoaceae family and commonly known as the Heartleaf Ice 

Plant or Tiny Sun Rose. The plant was cultivated in the city of al Diwaniyah. 

No previous research has been conducted on this plant and its antiangio-

genic properties. Hence, this research aimed to assess the antiangiogenic 

capacity of the Iraqi M. cordifolium. For this study, male albino rats aged 12 

to 14 weeks were used. With a Soxhlet apparatus, the defatted plant compo-

nents were extracted in 85 % methanol for 12 h. Subsequently, each fraction 

was fractionated using petroleum ether, chloroform and ethyl acetate and 

each fraction underwent phytochemical analysis. Rat aortic rings were in-

fused with 100 μg/mL of each plant component and placed in a growth me-

dium. In addition, the dose-response relationship was assessed for the most 

active fraction at 6 different concentrations ranging from 6.25 μg/mL to    

100 μg/mL. Compared to the negative control (1 % DMSO), the results 

demonstrated that fractions of M. cordifolium inhibit the growth of blood 

vessels in a dose-dependent manner; chloroform demonstrates the most 

potent effect. The results indicate that the chloroform fraction derived from 

M. cordifolium has a good ability to limit blood vessel development. This 

makes it a viable option for future investigation as an angiogenesis inhibitor.   
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Introduction  

Mesembryanthemum cordifolium L. f. is belongs to the Aizoaceae family.  
Occasionally referred to as the heartleaf ice plant or little sun rose (1). This 

plant is indigenous to South Africa and is extensively grown as an ornamen-

tal species worldwide. The polysulfonated naphthylurea chemical suramin 

was first created as a trypanocidal medication.  Its antitumor efficacy was 

shown recently (2). It has a lot of promise for cancer treatment because of 

its ability to disrupt the autocrine mechanisms that cause the formation of 

many human cancers. The chick chorioallantoic membrane's angiogenesis 

may be inhibited by suramin. Suramin might neutralize growth factor 
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effects. It has been shown that suramin prevents the inter-

action between growth factors and their receptors, includ-

ing PDGF (Platelet-derived growth factor), basic FGF 

(Fibroblast growth factors) and vasculotropin. The sup-

pression of VEGF function may mediate Suramin's anti-

angiogenic action (3). 

 First things initially: let's go into the inner workings 
of this angiogenesis phenomenon. Imagine if a portion of 

your body is not receiving sufficient oxygen, this would be 

analogous to a plant that needs water (4). If this occurs, 

the body alarm system will activate. Doing so sets off a 

chain reaction, activating genes that need an increase in 

the number of blood vessels. The most powerful factor in 

this process is something known as HIFs, which stands for 

hypoxia-inducible factors. In the same way that supervi-

sors on a building job issue instructions to establish more 

blood supply routes, they will do the same thing. A protein 

known as vascular endothelial growth factor-A (VEGF-A) is 

the primary agent in action here. It plays a role in develop-

ing and directing these new blood routes (5). 

 However, angiogenesis may not always have posi-

tive implications. Indeed, more than 70 illnesses are asso-

ciated with it, particularly in instances such as ocular in-

flammation and cancer (6). Excessive accumulation of 

blood vessels may lead to a congested state, which is un-

desirable (7). The major participants in this process - a 

combination of growth factors, proteins and other sub-

stances- were identified by scientists almost four decades 

ago. VEGF, PDGF and a few additional factors are now re-

ceiving significant attention (8). These individuals are often 

responsible for causing this congestion. In the overall 

scheme of cancer, regulating angiogenesis might be lik-

ened to cutting the supply routes to the tumor. Cancer cells 

proliferate and disseminate via co-opting blood arteries. If 

we can find methods to inhibit or slow this process of ves-

sel formation, it may have the ability to save lives by starv-

ing the cancer cells of nutrients. This is the reason for the 

increased interest in anti-angiogenic therapies. Not only do 

they directly attack the cancer cells, but they also destroy 

their vital connections. It resembles a dual-pronged attack 

strategy, generating optimism in our ability to minimize 

the effects of cancer (9).   

 

Materials and Methods 

Plant material       

The Mesembryanthemum cordifolium L. f. was collected in 
June 2023 from al-diwanyah City, in south-central Iraq, as 

shown in (Fig. 1).  

 The taxonomic identification of the plant was done 

by Assist. Prof. Dr. Israa Abdul Razzaq Majeed, Department 

of Biology and College of Science, University of Baghdad. 

The plant was dried at ambient temperature for 16 days, 

(10, 11) crushed using an electric blender, weighed and 

then subjected to extraction (12). A 100 g quantity of the 

dehydrated plant has been crushed into a fine powder. 

The powder was then macerated using n-hexane for 24 h 

to remove fat and unwanted material from the plant (13); 

after that, it was extracted with 85 % methanol using a 

Soxhlet apparatus (14) and to get a clear extract, it was 

filtered using the filter paper from Whatman No. 1. To con-

centrate the extract, a vacuum-assisted rotary evaporator 

(15) was used. Subsequently, the crude extract was diluted 

with the minimum quantity of distilled water and then 

subjected to sequential partitioning using the liquid-liquid 

fractionation method depending on polarity. This was ac-

complished using a separatory funnel, petroleum ether 

(PE) with (a boiling point of 60-80 °C), chloroform (C) and 

ethyl acetate (EA) as partitioning solvents. Each fraction 

was obtained using 250 mL of solvent. The procedure was 

repeated multiple times. Following that, the 3 fractions 

were subjected to drying with anhydrous sodium sulfate, 

followed by filtration and evaporation to remove moisture 

using a rotary evaporator. The resulting residue was then 

weighed and designated for further analysis. The phyto-

chemical analysis conducted on the crude extract and its 

respective fractions revealed distinctive constituents in 

each fraction. The analysis indicated the presence of ster-

oids in the petroleum ether fraction, alkaloids in the chlo-

roform fraction and both flavonoids and phenolic com-

pounds in the ethyl acetate fraction. 

Fig. 1. Iraqi Mesembryanthemum cordifolium.  
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Animal       

The experimental design and dealing with animals were 

conducted following the requirements outlined in the 

"Research Ethical Approval Form" and as per the protocol 

that was authorized by Baghdad University/College of 

Pharmacy, Baghdad, Iraq with the ethical approval num-

ber RECAUBCP1092023G on 10/9/2023. Male albino rats 

aged 12 to 14 weeks were used. 

Rat aorta ring anti-angiogenic ex vivo assay (RAR)        

The experiment was carried out at the tissue culture labor-

atory. The angiogenesis test used in this method is similar 

to the one developed earlier, but with minor alterations 

(16). 

Preparation of rat aorta rings from albino rats        

Aortic ring tissue cultures from rats were created using the 

standard techniques reported (17). Male Sprague Dawley 

rats were used to make aortic rings. The aortas were cut 

into cross pieces of 1 mm in length and were meticulously 

washed many times using Hanks balanced salt solution 

(18). The experiment was conducted using 48-well tissue 

culture plates manufactured by Costar Corning in the Unit-

ed States. Each well was supplemented with 500 μL of se-

rum-free M199 growth medium with 3 mg/mL of fibrino-

gen, an ingredient that helps promote the development of 

blood clots to avoid hemorrhaging. Additionally, 5 µg/mL 

of aprotinin was used to prevent the breakdown of blood 

clots. Each tissue slice was positioned at the midpoint of 

the well, together with 10 mL of thrombin (50 NIH U/mL) in 

0.15 M sodium chloride was introduced to achieve a gel-

like environment around the aorta portion. Following the 

placement of the piece of the blood artery among the fi-

brin gels, 0.5 mL of medium M 199, which included 20 % 

heat-inactivated fetal bovine serum (HIFBS), 0.1 % ami-

nocaproic acid, 1 % L-Glutamine and 60 µg/mL gentamicin 

(to prevent contamination), was introduced into each well. 

Three distinct plant extract solutions were produced using 

DMSO as the solvent. The extracts were introduced into 

the wells to check their influence on the development of 

blood vessels. Each extract was tested 6 times to ensure 

consistency. Stock solutions with a 10 mg/mL concentra-

tion were prepared for the 3 fractions (petroleum ether, 

chloroform and ethyl acetate). Each sample was dissolved 

in dimethyl sulfoxide (DMSO) and subsequently dilution in 

M199 medium to achieve the desired last concentration of 

1 %. The media was supplemented with plant extracts at 

100 μg/mL. This addition was repeated 6 times. The seed-

ed rings were cultured at 37 °C and 5 % CO2 using a humidi-

fied incubator to replicate the conditions inside a rat's 

body. After 4 days, the medium on top was changed to a 

newly produced medium, as described earlier. Certain 

wells were assigned as negative controls, consisting of the 

solvent without plant extracts. Furthermore, Suramin, a 

well-established anti-angiogenic substance, was Utilized 

as a reference standard for comparison purposes. 

 On the 5th day, the results were analyzed under a 

microscope. Blood vessel proliferation was quantified us-

ing a digital imaging device and computer at a magnifica-

tion of 10X. The quantification of blood vessel inhibition 

was assessed using the methodology established by Nico-

sia and his team (19). The findings are shown as the mean 

% of inhibition relative to the negative control. The pro-

cess was replicated twice, with 6 duplicates of each sam-

ple. The inhibition % was determined using the prescribed 

formula (20). 
 

Blood vessels inhibition % = 1- (A0/A) ×100 
 

Here, A0 is the mm measured distance of blood vessel ex-

pansion in the sample material, and A is the mm measured 

distance of blood vessel development in the negative con-

trol. 

Dose-response analysis using the rat aorta ring test on 

the most effective fraction        

After identifying the most effective fraction of M. cordifoli-

um, a concentrated solution was created using DMSO. 

Subsequently, a series of dilutions were made in M199 me-

dium (including 1 % DMSO) at 200, 100, 50, 25, 12.5 and 

6.25 µg/mL concentrations. The wells designated as nega-

tive controls were exposed to a medium containing 1 % 

DMSO. 

Statistical Analysis        

The results were reported as mean ± SD (standard devia-

tion). An analysis based on statistics was conducted using 

a one-way ANOVA followed by a Tukey post-hoc test (t–

test) and considered significant at P < 0.05. The IC50, which 

represents the concentration of a substance required to 

inhibit blood vessel growth, cell multiplication, and tube 

formation by 50 %, was determined using a logarithmic 

equation. This equation was derived from a graph plotting 

fraction concentration in µg/mL against the inhibition %. 

In the equation, Y represents the inhibition % and X repre-

sents the concentration. The statistical analysis was con-

ducted using SPSS version 21.0.  

 

Results and Discussion  

The aortic rings, subjected to 100 μg/mL of the 3 extracts, 

placed in the entire growth medium of M199, exhibited a 

notable variance in blood vessel inhibition, as seen in    

Table 1.  

 The tests showed that the petroleum ether, chloro-
form and ethyl acetate fractions significantly slowed down 

the growth of blood vessels on the 5th day of the tests, 

compared to the negative control (p˂0.05). Out of these 

fractions, the chloroform fraction exhibited the most po-

tent antiangiogenic activity, with a 91 % reduction in blood 

vessel formation. The petroleum ether fraction followed 

Samples % of inhibition (Mean ± SD) 

Petroleum ether fraction 76 ± 0.6 

Chloroform fraction 91 ± 0.4 

Ethyl acetate fraction 55 ± 1.3 

Negative control (DMSO 1 %) 0 

Positive control (suramin) 100 

Table 1. Fractions blood vessel growth inhibition percentage  
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with a 76 % inhibition, while the ethyl acetate fraction 

showed a 55 % inhibition. Furthermore, there was an 

equivalent effect seen for both the chloroform % and the 

standard (suramin), as shown in Fig. 1-3.  

 The dose-response curve was established by admin-

istering 6 different concentrations of chloroform (the most 

potent portion) to the implanted rat aortic rings. The frac-

tion exhibited a substantial and dose-dependent inhibition 

of angiogenesis compared to the negative control 

(p<0.001) on the 5th day Table 2 and Fig. 3 respectively). 

 Based on the logarithmic equation (y= 0.9351X - 
2.0222), as seen in Fig. 4, the IC50 was determined to be 

55.63 μg/mL. X represents the concentration and Y is the 

inhibition %.  

 According to this research, the chloroform fraction 

of M. cordifolium had the most antiangiogenic effects. The 

fact that these fractions, particularly chloroform, inhibited 

blood vessel formation at a rate of 91 % highlights the 

promise of chemicals derived from plants in the treatment Fig. 2. Fractions' anti-angiogenesis activity at a concentration of 100 μg/mL.  

Fig. 3. The anti-angiogenesis action of 100 μg/mL of Mesembryanthemum cordifolium fractions, P.E.: petroleum ether, C: chloroform, E.A.: ethyl acetate,        
DMSO1 % (negative control) and suramin (standard) in Aortic ring model ex vivo.  

 

Fig. 4. Anti-angiogenesis effect of chloroform fraction in different concentrations (serial dilution).  
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of diseases associated with angiogenesis. Previous re-

search has shown that plant extracts may effectively mod-

ulate angiogenic pathways (21) and the chloroform frac-

tion's dose-dependent suppression of angiogenesis (IC50 

value of 55.63 μg/mL) correlates with this. Furthermore, it 

is a noteworthy discovery that M. cordifolium contains alka-

loids, as confirmed by general alkaloidal testing and this 

investigation. This matches along with the increasing 

amount of data that suggests alkaloids produced from 

plants might be useful in cancer treatment. Furthermore, 

the results are consistent with literature publications, 

which indicate that alkaloids play a critical role in antiangi-

ogenic action (22). Alkaloids have many biological func-

tions, including their role as powerful angiogenesis inhibi-

tors, which may explain why they have anticancer effects 

(23). It is also useful to compare the antiangiogenic activity 

of suramin, (24) (the positive control), with that of extracts 

from M. cordifolium. The chloroform fraction had the same 

impact as suramin, which means that substances produced 

from plants might be a safer, more natural substitute for 

synthetic antiangiogenic medicines (25). A potential new 

approach to cancer therapy is the use of Chinese medicinal 

herbal extracts, which have strong anti-angiogenic proper-

ties. These extracts work by inhibiting the formation of 

new blood vessels. The bioactive components included in 

these extracts, including alkaloids, flavonoids and sapo-

nins, can target various pathways. One of these pathways 

is the downregulation of angiogenic factors such as VEFG. 

As a result, these extracts show great promise as multi-

functional therapeutic agents for disorders that rely on 

angiogenesis. (26) By modulating metabolic and signaling 

pathways, the secondary metabolite from plant extract 

influences angiogenesis, microtubule assembly creation 

inhibition, and cell death (27). Alkaloids can treat cancer 

due to their antiproliferative and cytotoxic actions on dif-

ferent types of cancer cells, as mentioned in literature re-

views (28). Literature surveys indicate that M. cordifolium 

contains much higher concentrations of alkaloids. Alka-

loids are among the chemicals with the greatest potential 

for biological action (29). However, researchers have isolat-

ed specific alkaloidal components from the genus Mesem-

bryanthemum, and reports suggest that this plant tested 

positive for alkaloids in general (30). A large number of 

alkaloids have antiproliferative and cytotoxic effects on 

cancer cell lines derived from different histological sources 

(31). According to this research, alkaloids derived from 

natural sources show great promise as compounds that 

have great potential for treating various illnesses.  

 

Conclusion  

Natural compounds have the potential to combat cancer 

by preventing angiogenic problems and enhancing the 

effects of other anticancer treatments, such as chemother-

apy and radiation. Compounds found in Mesembryanthe-

mum cordifolium L. f. could potentially help treat diseases 

like cancer, where too many blood vessels can make the 

condition worse. However, we still need more studies to 

understand exactly how these compounds work to stop 

the growth of new blood vessels and ensure they're safe 

and effective for treating people. Early findings suggest 

that M. cordifolium holds great potential as a medicine, but 

further research is necessary to ensure its proper applica-

tion for enhancing people's health.   
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