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INTRODUCTION
Angiogenesis is the formation of new blood vessels from the preexisting  
one. It plays an important role in many physiological and pathological 
conditions.1 Over angiogenesis may be a reason for tumor survival and 
metastasis whereas vessel growth could benefit in case of baldness, neu-
rodegenerative ills and heart attack, also helpful to bypass the clots in 
blood vessels (Occlusion) and also in tissue repair.2 Angiotensin-Con-
verting Enzyme inhibitors (ACEIs) and Angiotensin Receptor Blockers 
(ARBs) are the two major categories of the drugs which are used widely 
for many cardiovascular complications acting by modulating the RAAS 
(Renin-angiotensin-aldosterone-system) system. Earlier literature sug-
gests that ACEIs might have anti-tumor properties.3,4 Angiotensin II is 
a major culprit for many diseases including tumor growth promoter via 
angiogenesis from activation of the Vascular endothelial growth factor 
(VEGF) pathway.5-7 Epidemiological data have some controversial find-
ings of the use of ACEIs was linked with reduced risk of developing can-
cers including solid tumors.8-11 
ARBs are successful primarily in the therapy of hypertension, but may 
also be beneficial in patients with intolerance to ACEIs for the treatment 
of several cardiovascular diseases, such as stable coronary heart disease, 
the state after acute myocardial infarction and heart failure.12 However,  
experimental studies in the recent decade have shown yet unmapped  
areas of the RAAS with certain effects and clinical consequences, which 
cannot be disregarded in the use of ARBs. 
ARBs exert their main clinical effects by inhibiting AT1R and they have 
an inhibitory effect on tumor growth. However, earlier data reveals that 

overuse of ARBs (Angiotensin 1 receptor blockers) can induce cancer via 
overstimulation of angiotensin II receptors.12 

Based upon the above observations present study was undertaken to 
sort out the exact role of ACEI and ARBs on neovascularization by using 
various models of angiogenesis. In the present study, we have randomly 
selected two ACEI i.e. Ramipril and Lisinopril and two ARBs i.e. losartan 
and valsartan and screened by in-ovo and in-vivo methods by selecting 3 
doses of each test drug and considering various parameters involved in 
neovascularization.

MATERIAL AND METHODS
Chemicals and Instruments
Ramipril, Lisinopril, Losartan Potassium and Valsartan were purchased  
from Santa Cruz, USA, supplied by Bio Medical Sciences Est. Saudi Arabia.  
Dulbecco’s modified Eagle’s medium. All the chemicals used in the  
research are of AR grade. Fully automatic egg incubator with temperature  
humidity controller facility, Kwality micro, model 21; digital Sight series 
digital camera Nikon-DS-Fi3, polyester polyurethane sponge etc.

Animal
Before commencing the experiments National Committee of Bio Eth-
ics (NCEB) approval was taken. Guidelines said by the NCEB, Saudi 
Arabia was strictly followed. All the studies were sanctioned by the Lo-
cal committee of Bio Ethics (LCBE), (Ref: 169/39/19/D). Wistar male 
albino mice weighing in between 25-30 g were procured from the cen-
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Objective: Angiogenesis, the formation of new capillary blood vessels. We 
have compared the effect of two Angiotensin-Converting Enzyme inhibitors 
(ACEIs) and two Angiotensin Receptor Blockers  (ARBs) for its anti-angio-
genic property to pinpoint their role in capillary growth. Methods: The anti-
angiogenic activity of ACEIs (Lisinopril, Ramipril) and ARBs (Losartan, Val-
sartan) were evaluated by in-ovo using and in-vivo methods by using chick 
embryo Chorioallantoic membrane (CAM) assay and sponge implantation 
method respectively. All the test drugs were tested at three dose level and 
Suramin was considered as standard. Before coming to the final conclu-
sion various parameters were studied like angiogenic score, the number 
of branching points and micro-vessels in CAM assay, whereas the deter-
mination of Hb content, wet weight of the implants and VEGF was carried 
out in sponge implantation model. Results: Among all the drugs Losartan, 
AT1R blocker has shown a promising anti-angiogenic effect against both 
the models. Valsartan has also shown modest anti-angiogenic activity but 
not as good as Losartan. Losartan has shown significant (p<0.005) dose-

dependent decrease in the number of blood vessels, new branching points, 
angiogenic score and the decrease in wet weight, Hb content and VEGF 
content in the implants compared to normal control group. There was no 
significant difference were observed in any of the parameters by ACEI. 
Conclusion: Losartan possesses a significant potential to inhibit angiogen-
esis and this property could be useful in controlling metastasis in malignant 
cancerous tumors.
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tral animal house (Animal Biosafety Level 1) at Northern Border Uni-
versity, Saudi Arabia. The animals were maintained at a controlled tem-
perature (22–25°C, 45% humidity) on a 12:12-h dark-light cycle. The 
animals were facilitated with satisfactory standard diet and eco-friendly 
conditions throughout the experiment. All the experiments were carried 
out between 9:00–16:00 hrs. 

Chick chorioallantoic membrane (CAM) assay
CAM assay is considered as the ‘Gold model’ for the screening of drugs 
for angiogenic activity. In the present study, the CAM model of angio-
genesis was carried out as per the procedure described in the earlier  
literature with some modification.13 Briefly, fertilized eggs of white  
leghorn hen collected at day ‘0’ from the local hatchery and incubated at 
37°C for the next 48 hrs by keeping them vertically. After washing all the 
eggs with the distilled water, eggs were again incubated at 37°C for the 
next three days. Use of soap water and alcohol was avoided because in 
our pilot study we observed 70-80% mortality in the eggs. During these  
three days of incubation period eggs were rotated at 180°C for every  
6 hrs. Then after, 2-3 ml of the albumin was taken out by drilling a small 
hole at the narrow end of the egg, this help to detach the developing  
CAM from the inner eggshell. Immediately,  hole was sealed with the  
cellophane tape and eggs were incubated as before. On the 7th day of  
the study, a small square window (3mm×3mm×1mm) was created by 
keeping the eggs horizontally. This window is to access the CAM tissue 
and loading the test and standard drug. A methylcellulose disk loaded  
either with the normal saline, standard or the various concentra-
tions of test drug was kept on top of the CAM tissue (yellowish forge  
wheel like structure) membrane under the sterile condition. Subsequently,  
eggs were sealed with the cellophane tape. On the 14th day of incubation, 
the eggs were taken out from the incubator and the CAM tissues directly  
beneath each filter paper was resected with the help of forceps and  
pictures were captured under the microscope. 
Total three pictures were captured for each egg i.e. after creating a square  
window, after placing methylcellulose disk and on the day 14th after  
removal of the disk. All the procedures were carried out in sterile  
conditions. A total of 18 eggs were used for each dose for the selected test 
samples. (Figure 1) 

Drug delivery
Methylcellulose disk was used to deliver the sample to the CAM tissue. 
Methylcellulose disk  was prepared by methylcellulose solution by plac-
ing in the hollow mold of 5 mm diameter and dried at 37°C for 1 hr 
under vacuum hood. The dried disks were taken out from the molds and 
10 µl volume of each (which contain the desired quantity of the test and 
standard drugs) samples were applied on the disks then were dried under 
laminar airflow for next 12 hrs.14 The samples were standard Suramin 
(50 µg),15 Lisinopril (0.01, 0.1, 1 mM),16 Ramipril (0.01, 0.1, 1 mM),16 
Losartan (5, 10, 50 µM)17 and Valsartan (40, 80, 160 µM).18 These doses 
were selected on the basis of previous studies and to evaluate possible 
differential dose responses. An equivalent volume of normal saline was 
used as a control. Only one disk was placed on each CAM. (Figure 1)
The anti-angiogenic effect of the test drugs was quantified by comparing 
the quantity of blood capillaries under the area of the disk. The scale of 
0-2 was used for scoring of anti-angiogenic activity. 
The average score for each test dose was calculated and the interpretation 
of anti-angiogenic effect was done as per the earlier literature:19

Average score < 0.5 = no anti-angiogenic effect (inactive).
0.5≤average score ≤ 1 = weak anti-angiogenic effect. 
1 < average score < 1.5 = good anti-angiogenic effect. 
Average score ≥1.5 = strong anti-angiogenic effect. 
The score obtained from above equation was allocated as follows:

Number of eggs (score2)
Average score

Total number of eggs (score 0,1,2)
Number of eggs (score1) 1

Total number of eggs (score 0,1,2)

×
= +

×

Sponge implantation
Operating procedure of cannulated discs sponge and inserting 
Polyester-polyurethane sponge discs, 5-mm thick and 1-cm diameter 
were prepared and used to detect angiogenesis.20 One end of the poly-
vinyl tubing 1.2 cm long × 1.2 mm internal diameter was pierced in the 
center of each sponge disc and secured with two 5/0 Ethicon silk sutures 
so that the capillary tube was at 90 degrees to the disc face. Sponges were  
soaked 70% v/v ethanol for overnight then sterilized by boiling in  
distilled water for 15 mins later irradiated with UV light for 20 mins  
before implantation. Animals were anaesthetized by cocktail of xylazine  
(10 mg/kg) and ketamine (60 mg/kg) via s.c. The dorsal hairs of the  
animals were initially cut with the seizure and then commercial hair  
removal cream was applied topically to remove all the hairs at the operative  
site. The skin cleaned with 70% ethanol to avoid any infections. A 1.0 cm 
long dorsal mid-line incision was made with curved artery forceps and  
prepared cannulated sponge discs were implanted aseptically into a  
subcutaneous (s.c.) pouch. The surgery was done on the lateral sides of 
the vertebral column for implantation of the sponges. A poly-ethylene  
cannula that was installed inside each sponge disc initially was exteriorized  
through a needle puncture in the skin and brought into place by Ethicon  
5-0 silk suture and then carefully closed with a sterile polyethylene  
stopper. Postoperatively, animals were closely observed for any kind of 
suspicious infections and if so, those animals were discarded from the  
study. All the operated animals were treated with tramadol (0.9 mg/kg, i.m.)  
to avoid postoperative pain and distress and were housed in individual 
cages to avoid any disturbances to the operated side by the other animals. 
All the test drugs were administered through the installed cannula once 
in a day for 14 consecutive days excluding the day of operation where no 
test drug was given. The control group of mice received sterile normal  

Figure 1: Represents the CAM assay procedure- a) Incubation of eggs for  
3 days; b) covering the eggs with cellophane tape; c) removal of albumin 
 from the narrow end of the egg (3rd Day); d) resealing of the drilled hole;  
e) creation of window on the eggs (7th Day); f ) placement of methylcellulose 
disk and drug delivery (7th Day).
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saline. Test drugs were administered daily at morning 9.00 am for 14 days  
to avoid any diurnal variations. (Figure 2)

Vascular Index (Determination of wet weight (mg) and 
Hb content of implants) 
The degree of vascularization of the implanted sponge was assessed by 
determining the hemoglobin content into the sponge, using the Drabkin  
method.21 At the 14th day, 8 hrs later, after the last test dose administra-
tion animals were sacrificed by cervical dislocation and the implanted 
sponges were excised carefully, the cannula was removed from it and wet 
weight of the sponges were recorded on the sensitive analytical balance.  
One sponge from each animal (Other sponge was left for histopathological  
studies) was homogenized in 2 mL of Drabkin reagent, centrifuged at  
12000 rpm for 20 mins. The supernatants were filtered through a  
0.22 mm Millipore filter. The spectrophotometer was used to determine  
the Hb concentration of the samples by calculating absorbance at 540 nm  
using an ELISA plate reader. The results were compared against a  
standard hemoglobin curve. The results were expressed as micrograms 
of Hb per milligram wet tissue.22 

Angiogenic factor (Determination of VEGF)
The implants were removed on 14th day, 8 hrs after the last dose of the 
test drug administration. The implants were homogenized in PBS pH 
7.4 (2 mL) containing 0.05% Tween 20 and centrifuged at 10000 × g for  
30 mins. Vascular endothelial growth factor (VEGF) determination  
was done as per the method prescribed in the previous literatures.20 
Briefly, the supernatant from each implant were measured in 50 µL of  
the supernatant previously homogenized in Drabkin reagent (to remove 
hemoglobin) and centrifuged (12,000 × g, 20 min at 4°C) in that 500 μL 
of PBS pH 7.4 containing 0.05 % Tween 20 was added, centrifuged at 
12,000 × g at 4°C for 30 min. The amount of the VEGF in each sample 
was determined by using Immunoassay Kits and following the manufac-
turer’s protocol. The results are expressed as pg/mg wet tissue.

Histological analysis
Histopathological study was done in the implants. The implants from the 
saline-treated and test drug-treated mice were carefully removed; mush  
traction on the implants was avoided to maintain the integrity of the  
tissue. All the adherent tissue were dissected from it and fixed in  
formalin (10 % w/v in isotonic saline). Halfway section was done from 
the mid of the sponge of 6–8 µm size and were stained with hematoxylin 
and eosin (H&E), processed for light microscopic studies.

Statistical analysis
Data were expressed as means ± standard deviation. Statistical analysis 
was performed using one-way ANOVA followed by Dunnett test. All the 
results were compared with the control group. Statistical analysis was  
done by using graph-pad Prism 7 version. The level of significance  
considered as when P < 0.05. 

RESULTS
Chick chorioallantoic membrane (CAM) assay
Number of branching points
All the test drugs used in this experiment appeared to nontoxic, inasmuch  
as all the developing embryos survived till the end of the experiments  
after placement of drug onto the CAMs. Mortality rate was around  
40-60%, observed at the beginning of the experiment. In comparison 
with the controls, application of the disks impregnated with the standard 
Suramin (50μg), losartan, 50µM and valsartan 160µM had a remark-
able inhibitory effect on angiogenesis. Whereas, ACEIs like ramipril and  
lisinopril has not shown any observable effect on the vessel growth. (Figure 3) 

Losartan at medium (10µM) and high (50µM) dose have shown 
significant (P<0.001) inhibitory activity where the average numbers of  
branching points were 16.5 and 6 respectively in comparison to the con-
trol group. The other ARB, valsartan also shown significant (P<0.001)  
attenuation in the number of branching points by average 32.1 and  
27.3 at medium and high dose respectively in comparison to the  
normal control group. The overall effect of Losartan high dose, 50µM 
was as good as standard Suramin but more than valsartan.

Angiogenic score
Not both the selected ARBs i.e. Losartan and Valsartan have represented 
a good angiogenic score. Only Losartan at high dose has shown signifi-
cant (P<0.01) very good angiogenic score similar to standard Suramin 
(P<0.001) compared to normal control group. Whereas, valsartan also 
has shown significant (P<0.01) good angiogenic score but at the high 
dose compared to the control group. At our experimental conditions,  
none of the selected ACEIs have not shown any effect on neovascularization.  
(Figure 4 and 5)
It’s important to note here that the scoring system does not considered 
recently developed micro vessels (After utilization of the medication 
containing plates on the CAM) and those already present on the seventh 
day. Hence, 100% diminution of vascular thickness isn’t imaginable by 

Figure 3: Comparative effect of ACEI and ARBs on the number of branching 
points of the blood vessels by CAM assay of angiogenesis. 
Statistical analysis was performed using one-way ANOVA followed by Dunnett 
test. All the results were compared with the control group. The level of 
significance considered as when P < 0.05.

Figure 2: Represents the sponge implantation and cannulation procedure- a) 
Pouch creation in the dorsal region; b) implantation of sponge; c) insertion of 
cannula into the implanted sponge; d) suturing of the skin; e) suturing and 
positioning of cannula; f )Implantation of cannulated disk on the lateral sides.
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Figure 5.3: Effect of Losartan 5 µM on neovascularization by CAM assay.

Wet weight determination of the implants 

During 14 days of the post-operative period, the wet weight of the  
implants was significantly low in Suramin (p<0.001) treated groups, 
whereas the wet weight of the implants was increased gradually in the 
control group. Losartan treated groups were shown significant (p<0.01)  
gradual decrease in the wet weight in a dose-dependent manner espe-
cially at medium (10µM, p<0.05) and high dose (50µM, p<0.01) whereas 
only high dose treated groups of valsartan shown modest decrease in the 
Hb level compared to the control groups. No significant changes were 
observed in ACEI (Lisinopril and Ramipril) treated groups. (Figure 6 
and 6.1)

Determination of Hb Level 
The vascular index was determined by measuring Hb level in the implants. 
Fourteen consecutive days administration of test drugs into the sponge  
implants caused a marked decline in angiogenesis as manifest by decreased 
in hemoglobin concentration. The decrease in Hb content was prominent 
in losartan and standard suramin treated groups, whereas no significant 
changes were observed in any other groups. There was a modest decline 
in Hb content in the valsartan high dose treated group. In the control  
group, the Hb level was 2.29±0.35 μgHb/mg wet tissue (n=6); whereas  
in the losartan-treated group the level were 2.53±0.26, 2.21±0.046, 
1.27±0.109 μgHb/mg in the low, medium and high dose respectively. No 
other ACEI and ARB have shown any significant change in the Hb level 
in the implants. (Figure 7)

Effect of VEGF levels
Vascular endothelial growth factor (VEGF) is considered a key regulator  
in neovascularization, level of this cytokine has great influence on the 
microvessel formation, so measurement of VEGF was considered as 
worthful in this research. VEGF is an important angiogenic factor23 and 
is considered as the main stimulatory factor in tumor angiogenesis and  
overall neovascularization. Our findings reveals that VEGF level signifi-
cantly (P<0.001) declined in the standard suramin treated group and in 
losartan-treated groups at medium (10 µM) and high (50 µM) doses in a  
dose-dependent manner compared to normal saline treated group.  
Valsartan at high dose (160 µM) also shown an only modest reduction in 
the VEGF level compared to the normal group. (Figure 8)

Figure 5.4: Effect of Losartan 10 µM on neovascularization by CAM assay.

Figure 4: Comparative Anti-angiogenic effect (CAM-assay) of ACEI and ARBs 
blockers and positive control.
Statistical analysis was performed using one-way ANOVA followed by 
Dunnett test. All the results were compared with the control group. The level 
of significance considered as when P < 0.05.

Figure 5.1: Effect of Normal saline on Angiogenesis.

Figure 5.2: Effect of Suramin 50 µM on neovascularization by CAM assay.

this assay and the number of branching points 16.5 and 6 by the medium 
and high of losartan was considered as the full attainable limit.

Precisely, no blood capillaries were spotted on the CAM tissue under the 
disc impregnated with 50 µM of losartan, proposing that losartan not 
only hamper the formation of new micro-vessels but also raze or regression  
of existing capillaries.

Sponge implantation
Health assessment during the study 

Health status of the animals was checked periodically to understand 
any signs of unwanted effects of the test drugs and surgical procedure. 
Parameters like salivation, lacrimation, diarrhea, body temperature and 
weight were constant in all the operated animals and there were no signs 
of the infection at the surgical site were observed.
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Figure 6: Wet weight of the implants.
Data were expressed as means ± standard deviation. Statistical analysis was 
performed using one-way ANOVA followed by Dunnett test. All the results 
were compared with the control group. Statistical analysis was done by using  
graph-pad Prism 7 version. The level of significance considered as when  
P < 0.05.

Figure 6.1: Represents the extroverted sponges from the mice. 
a) Normal saline treated
 b) Suramin treated 
c) Losartan high dose (50 µM) treated 
d) Valsartan high dose (160 µM).

Figure 8: VEGF content in the implant.
Data were expressed as means ± standard deviation. Statistical analysis was 
performed using one-way ANOVA followed by Dunnett test. All the results 
were compared with the control group. Statistical analysis was done by using 
graph-pad Prism 7 version. The level of significance considered as when  
P < 0.05.

Figure 7: Hemoglobin (Hb) content in implants. 
Data were expressed as means ± standard deviation. Statistical analysis was 
performed using one-way ANOVA followed by Dunnett test. All the results 
were compared with the control group. Statistical analysis was done by using  
graph-pad Prism 7 version. The level of significance considered as when  
P < 0.05.

Figure 5.5: Effect of Losartan 50 µM on neovascularization by CAM assay.

Figure 5: Picture 1 was captured on 7th day immediately after creating  
window; picture 2 was captured on the 7th day after loading the sample 
on the methylcellulose disk and picture 3 was captured after on 14th day of 
study.

Histopathological study
Sectioning study was carried out for additional confirmation of the 
above findings in the implants, representing that number of microcapil-
laries are significantly lower in standard suramin treated group and the 
high dose of losartan-treated groups compared to saline-treated group. 
No significant changes were observed in any of the test drugs with re-
spect to the number of microvascular densities. (Figure 9)

DISCUSSION

Epidemiologic and biochemical evidence suggests that is a close  
association between angiotensin II, angiogenesis, tumor formation and 
role of ACEIs and angiotensin-receptor blockers (ARBs).2,3 Both the  

a) Normal saline b) Suramin c) Valsartan high dose d) Losartan high dose
Figure 9: Histopathological study of implants- Normal saline treated group 
represents the crowded sponge matrix; inflammatory cells, fibroblasts and 
blood vessels compared to the suramin and at high dose of losartan treated 
groups. BV: Blood vessel.
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intracellular concentration of Ca2+ ions determines many cell functions 
thus slight variation may change in the cell response so their concen-
tration is controlled precisely. Intracellular Ca2+ is one of a vital second  
messenger in the process of cell division and the slight change in  
concentration activate the transduction of growth-related signals by  
activating many growth factor proteins. A rise in intracellular Ca2+ ions 
by two mechanisms viz entry from extracellular medium, through the  
opening of calcium-permeable channels in the plasma membrane or  
release from intracellular Ca2+ stores, which dependent on store-operated 
Ca2+ channels (SOCC) or non-store-operated Ca2+ channels (NSOCC).34  
Previous literatures reveal that losartan inhibits the Ca2+ entry induced by  
Ag-II by blocking NSOCC and thus hampering angiogenesis.35 
None of the ACEIs has shown any effect with respect to the wet weight 
of the sponge, Hb and VEGF content in the implants. Losartan at all the 
three doses (5, 10 and 50 µM) has shown a dose-dependent decline in  
the vascular index and angiogenic factor similar to standard suramin  
(50 µM) but better the valsartan. However, valsartan at 160 µM concen-
tration was a poor inhibitor of angiogenesis. This variation in selected  
ARBs may be because of their differences in pharmacokinetics, anti
oxidant potency and inhibitory effect on VEGF level.

CONCLUSION
Based upon our finding we conclude that ARBs i.e. losartan and valsartan 
both possess anti-angiogenic activity and both the ACEIs i.e. lisinopril 
and ramipril has not shown any effect on the neovascularization. Among  
the ARBs, losartan has shown a potent anti-angiogenic effect in a dose-
dependent manner against both the models while valsartan has shown a 
modest anti-angiogenic effect that to at high dose. 
From decades, losartan and valsartan are already in the clinical practice  
for many complications and safety profiles of these drugs are already  
defined. Our new findings propose further new directions for the use of 
these drugs in the angiogenesis research.
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ACE: Angiotensin Converting Enzyme; ACEI: Angiotensin Converting 
Enzyme Inhibitors; ARB: Angiotensin Receptor Blockers; AT1R: Angio-
tensin 1 Receptor; BV: Blood Vessel; CAM: Chick Embryo Chorioallan-
toic Membrane; H&E: hematoxylin and eosin; Hb: Hemoglobin; HIF: 
Hypoxia-Inducible Transcription Factors; i.m.: Intramascular; LCEB: 
Local Committee of Bio Ethics; Lisi: Lisinopril; Los: Losartan; mg: Mil-
ligram; mM: Millimolar; NCEB: National Committee of Bio Ethics; 
NSOCC: non-store-operated Ca2+ channels; PBS: phosphate buffered 
solution ; Pg: Picogram; RAAS: Renin-Angiotensin-Aldosterone-Sys-
tem; Rami: Ramipril; s.c.: Subcutaneous; SOCC: Store-Operated Ca2+ 
Channels; Val: Valsartan; VEGF: Vascular Endothelial Growth Factor; 
μg: Microgram; μM: Micromolar.
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