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 Abstract

Background: Angiogenesis contributes to different physiological and pathological conditions. The aim of this study was

to investigate for the first time the antiangiogenic effects of amygdalin on the cultured endothelial cells of diabetic rats.

Materials and Methods: A total of 20 streptozotocin-induced diabetic rats were divided into two equal groups of

control and amygdalin-treated animals. Eight weeks after the induction of diabetes, amygdalin was injected

intraperitoneally (3 mg/kg) to the rats of the treatment group. One day later, rats were sacrificed; the aortic arteries were

excised and cut as 2 mm rings. Each aortic ring was incubated in a cell-culture well for 7 days. The process of

angiogenesis was monitored by counting the number of microvessels and primary microtubules in each well. Results:

Optic microscopy showed proliferation and migration of new endothelial cells to the fibrin gels. The endothelial cells

produced primary microtubules which gradually made several branches and finally made a vascular matrix. The number

of the primary microtubules and microvessels were significantly lower in the amygdalin-treated vs. control group (P <

0.01). Conclusion: Therefore, amygdalin exerts inhibitory effects on angiogenesis in aortic rings of diabetic rats and may

pave a new way for treatment of unfavorable angiogenic conditions.
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  Introduction

The growth of blood vessels, namely angiogenesis, is responsible for growth and repair of tissues, and contributes to

several malignant, ischemic, inflammatory, immune and infectious disorders. [1] For instance, proliferative diabetic

retinopathy is one of the aberrant places of angiogenesis, which makes considerable comorbidity for patients with

diabetes. [2] Because of the limitations of the conventional treatments of this condition increased attention has been

given to mechanisms underlying the generation of diabetic retinopathy. [3] Therefore, substances with inhibitory effects

on angiogenesis and endothelial proliferation may be beneficial in treatment of pathological angiogenic conditions and

can probably change the face of medicine in the next decades. [1] Aortic rings model is commonly used for

understanding the vascular structural changes that take place during angiogenesis. [4],[5] Different stages of growth and

development of endothelial cells and formation of new vascular channels can be studied with aortic rings. [6] The
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endothelial cells can be stimulated by vascular endothelial growth factor (VEGF) to initiate the angiogenic processes.
[7],[8],[9] This model can be used for evaluation of the pro- and antiangiogenic effects of different substances.

Amygdalin is a cyanogenic glycoside compound which is found in the plants of the rosaceous family and in pits of

several fruits and raw nuts. [10],[11] It is composed of a benzaldehyde group, which is known as an analgesic compound,
[12] and a hydrocyanic acid, which is suggested to have antineoplastic effects. [13] The current study for the first time

evaluates the antiangiogenic properties of amygdalin on the cultured endothelial cells derived from the aortic rings of

diabetic rats.

  Materials and Methods

Adult male Sprague-Dawley rats (age, 6 weeks; body weight, 230-250 g) were used in this study. Rats were housed in a

temperature controlled vivarium (a temperature of 23 ± 3°C and a relative humidity of 50 ± 10%) with a 12:12 h

light-dark cycle and had free access to rat chow and water ad libitum. After 1 week of acclimation under these

conditions, animals showing favorable growth were selected and used for further studies. The study protocol was

approved by the animal ethics review committee, in accordance with the guidelines for the care and use of laboratory

animals prepared by our university.

Diabetes was induced in animals by intravenous injection of streptozotocin (60 mg/kg body weight in Na-citrate buffer,

pH 4.5). Blood glucose levels were checked every week using an Accu-check blood glucose meter (Roche Diagnostics,

Basel, Switzerland) and rats with blood glucose levels ≥ 200 mg/dl for 2 consecutive weeks were considered diabetic. A

total of 20 streptozotocin-induced diabetic rats were divided into two equal groups of control and amygdalin-treated

animals. Eight weeks after the initial administration of streptozotocin, amygdalin (Sigma, USA) was injected

intraperitoneally (3 mg/kg in 2 ml H 2 O) to the rats of the treatment group. In the control group water (2 ml) was

injected intraperitoneally. One day later, rats were sacrificed and their aortic arteries were surgically excised and cut as

2mm rings.

The rings were washed by phosphate buffer serum (PBS, Sigma, USA; Ph 7.4) and each ring was embedded in a solution

of 50 ml PBS (pH 7.4) with gentamycin (1.6 g/l) and maintained at 4°C. A Dulbecco's modified Eagle's medium

(DMEM, Ph: 7.4, Sigma); as well as a culture media of Hams F12 (Ph: 7.4, Sigma) were used. These media were filtered

(0.22 µm filters, Millipore) under laminar-flow hood and combined together with ratio of 50% to 50%. Then, 20% fetal

calf serum (FCS, Sigma) along with 2.5 mg/l VEGF (Sigma) were added to the combined media.

We used 24-well culture plates (Greiner Bio-One, Germany) in this study. Each well finally contained 1 ml of the

mixture media, an aortic ring, and two layers of fibrin gel filled up above and underneath the ring. To produce a fibrin gel

layer, 2.5-µl thrombin (Sigma; concentration: 500 ku/l) and 250 µl fibrinogen (Sigma; concentration: 8 g/l) were mixed

together in each well under laminar-flow hood and then the plate was placed in incubator (37°C and CO 2 5%) for 1

hour. Then, an aortic ring was placed in each well and 1 ml of the mixture of media was added. A mixture of thrombin

and fibrinogen (5-µl thrombin and 250-µl fibrinogen) was then filled above the mixture and the plate was incubated at

37°C and CO 2 5% for 7 days. The process of angiogenesis was monitored in each well by optic microscope. The

angiogenic response of aortic cultures was measured by counting the number of microvessels, according to the published

criteria. [4] The number of the primary microtubules in each well (at the 7th day of incubation) was determined using a

hemocytometer device. The groups were compared using Mann-Whitney U test and P<0.05 was considered statistically

significant.

  Results

The new endothelial cells with nucleus, clear borders and distinct cellular membranes proliferated within the cultures

media and migrated out of the rings to the fibrin gels. The endothelial cells produced primary microtubules. These

microtubules gradually extended in the fibrin gel and made several branches. The branches gradually attached together

and made a vascular matrix which finally occupied the space around the aortic rings. We observed that the process of

angiogenesis in the aortic rings of all the 10 amygdalin-treated rats was diminished in comparison to the control rings

[Figure 1]. The number of microvessels in the aortic rings of amygdalin-treated rats tended to be lower than the control

rings (mean ± SD: 23.1 ± 7.8 vs. 72.4 ± 11.3, P < 0.01). The average number of primary microtubules in each well at the

7th day of incubation was significantly lower in the group treated with amygdalin compared with the control group

(mean ± SD: 4.2 ± 1.0 × 10 4 vs. 6.5 ± 1.1 × 10 4 , P < 0.001).

Figure 1: Microscopic view of the cultured endothelial cells of aortic ring of a control

(a) and an amygdalin-treated (b) rat

Click here to view

  Discussion

We found that amygdalin inhibits angiogenesis reflected by reduced number of developed microvessels in aortic rings of

diabetic rats. Further, since microtubules are primarily involved in angiogenesis, [14] inhibition of angiogenesis may be at

least in part due to decreased number of microtubules following amygdalin treatment.

Angiogenesis, the sprouting of new capillary blood vessels from preexisting microvasculature, is necessary for the

development and maintenance of tissues and organs and is an important component in a number of pathological settings,

including diabetic retinopathy, rheumatoid arthritis, and tumor growth. [15] In vitro investigation is the main assay for

studying angiogenesis. [1],[16] No previous study has evaluated the antiangiogenic activity of amygdalin; however, there

are some studies which have shown the anti-angiogenic properties of other molecules with cyano groups. Lee et al.

showed that coumarin molecules that contain cyano groups exert antiangiogenic activity and can be utilized as lead

compounds to develop potential nontoxic angiogenesis inhibitors. [17] Likewise, there are also some other reports to

support the antiangiogenic effects of molecules with cyano groups. [18],[19],[20] In our study, for the first time, we

observed that amygdalin inhibits angiogenesis in aortic rings of diabetic rats. It is suggested that amygdalin may inhibit

angiogenesis in a similar way to other cyano-group-containing molecules.

Amygdalin had been suggested as an unconventional treatment of cancer; however, now the effectiveness of such a

treatment is disputed and there are not sufficient studies available to prove this function. [21],[22] Angiogenesis is a vital

process for growth of cancer cells. [23] The antiangiogenic effect of amygdalin observed in the current study might play a
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role in suppression of cancer cells growth following amygdalin administration.

The most important notion, when considering the clinical application of our findings, is the toxicity of amygdalin due to

one of its metabolites, cyanide. [24] Clinically, cyanide toxicity is manifested as Cherry-red color of skin, dyspnea,

confusion, seizure, nausea, vomiting and lactic acidosis. [25],[26] Therefore, caution is required for human studies;

although it is also claimed that amygdalin is metabolized safely in nontoxic dosage in normal cells. [27] The current study

also has some strengths. To the best of our knowledge, this is the first study showing antiangiogenic effects of amygdalin

in diabetic rats. We focused on diabetes, because aberrant angiogenesis plays an important role in diabetic retinopathy

and substances with antiangiogenic effects will be very beneficial in reducing the comorbidities of patients with diabetes.
[28] We should also note that in most previous studies the aortic rings were embedded in a collagenenous bed, but in the

present study, as an advantage, we used a fibrin gel instead. Fibrin is one of the homeostasis factors in vascular

physiology that facilitates the growth of new vessels. [29]

In conclusion, to the best of our knowledge the current study for the first time shows inhibition of angiogenesis by

amygdalin in a rat model of diabetes mellitus. This observation may be a consequence of reduced number of

microtubules following amygdalin administration. However, further investigations are needed to elucidate the molecular

mechanisms involved in this effect of amygdalin. Our findings may have therapeutic relevance and may pave a new way

for treatment of unfavorable angiogenic conditions.

  References

1. Carmeliet P. Angiogenesis in life, disease and medicine. Nature 2005;438:932-6.  

[PUBMED]  [FULLTEXT]  

2. Cheung N, Mitchell P, Wong TY. Diabetic retinopathy. Lancet 2010;376:124-36.  

[PUBMED]  [FULLTEXT]  

3. Aiello LP. Angiogenic pathways in diabetic retinopathy. N Engl J Med 2005;353:839-41.  

[PUBMED]  [FULLTEXT]  

4. Nicosia RF, Ottinetti A. Growth of microvessels in serum-free matrix culture of rat aorta. A quantitative assay of

angiogenesis in vitro. Lab Invest 1990;63:115-22.  

[PUBMED]    

5. West DC, Burbridge MF. Three-dimensional in vitro anglogenesis in the rat aortic ring model. Methods Mol Biol

2009;467:189-210.  

[PUBMED]    

6. Diglio CA, Grammas P, Giacomelli F, Wiener J. Angiogenesis in rat aorta ring explant cultures. Lab Invest

1989;60:523-31.  

[PUBMED]    

7. Fox SB, Gasparini G, Harris AL. Angiogenesis: Pathological, prognostic, and growth-factor pathways and their

link to trial design and anticancer drugs. Lancet Oncol 2001;2:278-89.  

[PUBMED]  [FULLTEXT]  

8. Otrock ZK, Mahfouz RA, Makarem JA, Shamseddine AI. Understanding the biology of angiogenesis: Review of

the most important molecular mechanisms. Blood Cells Mol Dis 2007;39:212-20.  

[PUBMED]  [FULLTEXT]  

9. Bussolati B, Dunk C, Grohman M, Kontos CD, Mason J, Ahmed A. Vascular endothelial growth factor receptor-1

modulates vascular endothelial growth factor-mediated angiogenesis via nitric oxide. Am J Pathol

2001;159:993-1008.  

[PUBMED]  [FULLTEXT]  

10. Cho AY, Yi KS, Rhim JH, Kim KI, Park JY, Keum EH, et al. Detection of abnormally high amygdalin content in

food by an enzyme immunoassay. Mol Cells 2006;21:308-13.  

[PUBMED]    

11. Chang HK, Yang HY, Lee TH, Shin MC, Lee MH, Shin MS, et al. Armeniacae semen extract suppresses

lipopolysaccharide-induced expressions of cyclooxygenase [correction of cycloosygenase]-2 and inducible nitric

oxide synthase in mouse BV2 microglial cells. Biol Pharm Bull 2005;28:449-54.  

[PUBMED]  [FULLTEXT]  

12. Hwang HJ, Kim P, Kim CJ, Lee HJ, Shim I, Yin CS, et al. Antinociceptive effect of amygdalin isolated from

Prunus armeniaca on formalin-induced pain in rats. Biol Pharm Bull 2008;31:1559-64.  

[PUBMED]  [FULLTEXT]  

13. Chang HK, Shin MS, Yang HY, Lee JW, Kim YS, Lee MH, et al. Amygdalin induces apoptosis through regulation

of Bax and Bcl-2 expressions in human DU145 and LNCaP prostate cancer cells. Biol Pharm Bull

2006;29:1597-602.  

[PUBMED]  [FULLTEXT]  

14. Bayless KJ, Johnson GA. Role of the cytoskeleton in formation and maintenance of angiogenic sprouts. J Vasc Res

2011;48:369-85.  

[PUBMED]  [FULLTEXT]  

15. Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat Med 1995;1:27-31.  

[PUBMED]    

16. Ribatti D, Nico B, Crivellato E, Roccaro AM, Vacca A. The history of the angiogenic switch concept. Leukemia

2007;21:44-52.  

[PUBMED]  [FULLTEXT]  

17. Lee S, Sivakumar K, Shin WS, Xie F, Wang Q. Synthesis and anti-angiogenesis activity of coumarin derivatives.

Bioorg Med Chem Lett 2006;16:4596-9.  

[PUBMED]  [FULLTEXT]  

18. Kondo M, Asai T, Katanasaka Y, Sadzuka Y, Tsukada H, Ogino K, et al. Anti-neovascular therapy by liposomal

drug targeted to membrane type-1 matrix metalloproteinase. Int J Cancer 2004;108:301-6.  

[PUBMED]  [FULLTEXT]  

19. Liby K, Risingsong R, Royce DB, Williams CR, Yore MM, Honda T, et al. Prevention and treatment of

experimental estrogen receptor-negative mammary carcinogenesis by the synthetic triterpenoid CDDO-methyl

Ester and the rexinoid LG100268. Clin Cancer Res 2008;14:4556-63.  

[PUBMED]  [FULLTEXT]  

20. Petronelli A, Pannitteri G, Testa U. Triterpenoids as new promising anticancer drugs. Anticancer Drugs

2009;20:880-92.  

[PUBMED]  [FULLTEXT]  

21. Vickers AJ, Cassileth BR. Unconventional therapies for cancer and cancer-related symptoms. Lancet Oncol

2001;2:226-32.  

[PUBMED]  [FULLTEXT]  

22. Milazzo S, Ernst E, Lejeune S, Schmidt K. Laetrile treatment for cancer. Cochrane Database Syst Rev

2006;11:CD005476.  

Amygdalin inhibits angiogenesis in the cultured endothelial cells of diab... http://www.ijpmonline.org/article.asp?issn=0377-4929;year=2012;vol...

3 von 4 29.03.2016 15:38



2

23. Eichholz A, Merchant S, Gaya AM. Anti-angiogenesis therapies: Their potential in cancer management. Onco

Targets Ther 2010;3:69-82.  

[PUBMED]  [FULLTEXT]  

24. O'Brien B, Quigg C, Leong T. Severe cyanide toxicity from 'vitamin supplements'. Eur J Emerg Med

2005;12:257-8.  

[PUBMED]  [FULLTEXT]  

25. Geller RJ, Barthold C, Saiers JA, Hall AH. Pediatric cyanide poisoning: Causes, manifestations, management, and

unmet needs. Pediatrics 2006;118:2146-58.  

[PUBMED]  [FULLTEXT]  

26. Borron SW, Baud FJ. Antidotes for acute cyanide poisoning. Curr Pharm Biotechnol 2010 Feb 20 [Epub ahead of

print].  

27. Ellison NM, Byar DP, Newell GR. Special report on Laetrile: The NCI Laetrile Review. Results of the National

Cancer Institute's retrospective Laetrile analysis. N Engl J Med 1978;299:549-52.  

[PUBMED]  [FULLTEXT]  

28. Stitt AW, McGoldrick C, Rice-McCaldin A, McCance DR, Glenn JV, Hsu DK, et al. Impaired retinal angiogenesis

in diabetes: Role of advanced glycation end products and galectin-3. Diabetes 2005;54:785-94.  

[PUBMED]  [FULLTEXT]  

29. Bellacen K, Lewis EC. Aortic ring assay. J Vis Exp 2009;pii:1564.  

Correspondence Address:

Shahnaz Khaghani

Biochemistry Department, School of Medicine, Tehran University of Medical Sciences, P.O. Box 14155-6447, Tehran

Iran

Source of Support: None, Conflict of Interest: None

DOI: 10.4103/0377-4929.97874

Figures

[Figure 1]

This article has been cited by

1
Application of a quantitative 1H-NMR method for the determination of amygdalin in Persicae semen,

Armeniacae semen, and Mume fructus

Rie Tanaka,Akane Nitta,Akito Nagatsu

Journal of Natural Medicines. 2014; 4(4): 225-230

[Pubmed] | [DOI]

Sitemap | Advertise | What's New | Feedback | Disclaimer

© 2008 Indian Journal of Pathology and Microbiology | Published by Wolters Kluwer -

Medknow

Online since 5th April, 2008

Editorial and Ethics Policies

 
ISSN: Print -0377-4929, Online - 0974-5130

Antibodies for IHC
Immunohistochemistry/IHC Antibodies Rabbit/Mouse Mabs for IHC

Amygdalin inhibits angiogenesis in the cultured endothelial cells of diab... http://www.ijpmonline.org/article.asp?issn=0377-4929;year=2012;vol...

4 von 4 29.03.2016 15:38


