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INTRODUCTION 

 

Characteristic of cyanogenic glycosides – amygdalin  

 
Cyanogenic glycosides are natural plant toxicants (Bolarinwa et al., 2015), 

HCN-producing phytotoxins. HCN is a powerful and a rapidly acting poison. It is 

not difficult to find plants containing these compounds in the food supply and/or 
in medicinal herb collections (Cho et al., 2013). There are various forms of 

cyanogenic compounds that release hydrogen cyanide upon breakdown. The 

cyanogenic compound is present mainly as glycoside in more than 2650 plant 
species. Apricot kernel, peach kernel, cassava, almond, bamboo shoot, sorghum, 

Japanese apricot, flaxseed among others have been consumed by human 

worldwide either as food or as herbal medicine (Francisco and Pinotti, 2000; 
Haque and Bradbury, 2002). About ten cyanogenic glycosides including 

amygdalin, prunasin, dhurrin, linamarin, and taxiphyllin have been reported in 

edible plants (Vetter, 2000). Amygdalin is one of the nitrilosides, natural 
cyanide-containing substances abundant in the seeds of plants of the prunasin 

family (Chang et al., 2006). It is a major component of apricot kernels, bitter 

almonds and peach, plum, pear and apple seeds (Conn, 1974; Tanyildizi, 1997). 

It is widely distributed in plants, especially in the rosaceous plant seed, for 

example, apricot, peach, cherry, plum etc. (Holzbecher et al., 1984; Santos 

Pimenta et al., 2014). Amygdalin is also called bitter apricot, laetrile, almond; it 
is a cyanogenic compound and belongs to the aromatic cyanogenic glycoside 

group. Its molecular formula is: C20H27NO11, the molecular weight is 457.42. The 

chemical structure is D-mandelonitrile-β-D-glucoside-6-β-glucoside. It was one 
of the most popular, non-conventional, anti-cancer treatments in the 1970s and by 

1978, 70,000 US cancer patients had used amygdalin (Moss, 2005). Still, 

evidence based research on amygdalin was and is sparse and its benefit 
controversial.  

 

Metabolism of cyanogenic glycosides – amygdalin 
 

The amount of cyanogenic glycosides in plants varies with plant species and 

environmental effects (Vickery et al., 1987). For example, apricot seeds and 
bitter almond contain approximately 20 – 80 µmol/g and 100 µmol/g of 

amygdalin, respectively (Conn, 1979). After oral administration, amygdalin is 

hydrolysed by rumenal microorganisms and released as benzaldehyde, glucose 

and cyanide. Both glycosides and released cyanide have toxic effects on animals 

(Majak, et al., 1990; Tanyildizi, 1997). This glycoside is absorbed 

unmetabolized in the jejunum of the rat via the transport system of glucose to the 
blood and is then concentrated in the spleen, liver, kidney, stomach and intestines 

(Strugala et al., 1995; Adewusi and Oke, 1985).  

The effects of cyanogenic glycosides – amygdalin on reproduction 
 

Amygdalin itself is non-toxic, but its production HCN decomposed by some 

enzymes is poisonous substance (Suchard et al., 1998). Action by endogenous 
plant enzymes can release hydrogen cyanide causing potential toxicity issues for 

animals including humans (Bolarinwa et al., 2015) including cell death by 

blocking cytochrome oxidase and the arrest of the ATP production. The acute 
toxicity experiments of amygdalin have proved that the toxicity of oral 

administration route is far greater than the intravenous route. The mean lethal 

dose (LD50) of amygdalin in rats was reported to be 880 mg/kg body weight 
(BW) by oral administration (Adewusi and Oke, 1985; Park et al., 2013). The 

LD50 of intravenous injection in mice are 25 g/kg, while via intraperitoneal 

injection is 8 g/kg. The maximum tolerance dose of intravenous and 
intramuscular injection of amygdalin in mice, rabbits, dogs are 3 g/kg, 0.075 g/kg 

orally respectively (Zhang and Jin, 1986; Rauws et al., 1982) and human 

intravenous injection are 5 g (approximately 0.07 g/kg).  

 

Female system and amygdalin 

 

Previous studies examined the effects of natural compound amygdalin on female 

reproductive system concentrated on secretion activity of porcine ovarian 

granulosa cells (GC) in vitro (Halenár et al., 2013a). The release of steroid 
hormone progesterone by granulosa cells from cyclic and non-cyclic porcine 

ovaries was not affected by the amygdalin addition (1, 10, 100, 1000, 10 000 

μg/mL) (Halenár et al., 2013a). But on the other hand, amygdalin (at 10 000 but 
not at 1, 10, 100, 1000 μg/mL) combined with mycotoxin deoxynivalenol (DON) 

(1000 ng/mL) significantly (P≤0.05) stimulated the release of steroid hormones 

progesterone and estradiol by granulosa cells from non-cyclic porcine ovaries 
(Halenár et al., 2013b). Similarly, release of estradiol by GCs from cyclic 

porcine ovaries were affected by addition of amygdalin (10, 100, 1000, 10 000 

μg/mL) in combination with DON (1000 ng/mL), but not in experimental group 
with the lowest dose (1 μg/mL) of amygdalin (Halenár et al., 2013b).  

 

Male system and amygdalin  
 

The possible impact of different naturally cyanide-containing substances on the 

male reproductive system, focused on spermatozoa motility and morphological 

abnormalities in bull spermatozoa, was observed previously (Tanyildizy and 

Bozkurt, 2004). The effects of amygdalin on hyaluronidase activity of 

spermatozoa, spermatozoa motility and morphology were evaluated in previous 
study. The treatment of semen samples with amygdalin significantly (P < 0.01) 

inhibited hyaluronidase activity of spermatozoa when compared with the control 

The amount of cyanogenic glycosides, as natural plant toxicants, in plants varies with plant species and environmental effects. 

Cyanogenic glycoside as an amygdalin was detected in apricot kernels, bitter almonds and peach, plum, pear and apple seeds. 

Amygdalin itself is non-toxic, but its HCN production decomposed by some enzymes is toxic substance. Target of this review was to 

describe the characteristic, metabolism and possible effects of amygdalin on reproductive processes. Previous studies describe the effects 
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group. After the incubation of amygdalin, the spermatozoa motility decreased 
very significantly (P<0.001) in a dose-dependent manner, and all spermatozoa 

were immobile at 10 min. In addition, the percentages of morphological 

abnormalities did not change in comparison with the control group. The control 

values were between 4.21% and 6.87% (Tanyildizi and Bozkurt, 2004). It is not 

known whether amygdalin cross the blood-testes barrier. It has been reported that 

hyaluronidase enzyme plays an important role in supporting spermatozoa 
penetration into the cumulus oophorus matrix (Meyers and Rosenberger, 1999). 

Hyaluronidase activities were inhibited significantly by amygdalin (P<0.01) (0.4 

to 2 µM). The inhibition of spermatozoa hyaluronidase activity and spermatozoa 
motility showed that these compounds have deleterious effects on bull 

spermatozoa in vitro (Tanyildizi and Bozkurt, 2004).  
On the other hand prostate cancer is one of the most common non-skin cancers in 

men and amygdalin have been used to treat cancers and relieve pain. In 

particular, D-amygdalin (D-mandelonitrile-beta-D-gentiobioside) is known to 
exhibit selective killing effect on cancer cells. Apoptosis, programmed cell death, 

is an important mechanism in cancer treatment. Human DU145 and LNCaP cells 

treated with amygdalin exhibited several morphological characteristics of 
apoptosis. Treatment with amygdalin increased expression of Bax, a pro-

apoptotic protein, decreased expression of Bcl-2, an anti-apoptotic protein, and 

increased caspase-3 enzyme activity in DU145 and LNCaP prostate cancer cells. 
Amygdalin induces apoptotic cell death in human DU145 and LNCaP prostate 

cancer cells by caspase-3 activation through down-regulation of Bcl-2 and up-

regulation of Bax (Chang et al., 2006).  
 

CONCLUSION 

 
This review describes the characteristic, metabolism, possible effects of 

amygdalin on reproductive processes. Amygdalin itself is non-toxic, but HCN 

production decomposed by some enzymes is toxic substance. The possible effects 
of natural compound amygdalin on reproduction were shown in previous studies. 

The mechanism of action of amygdalin is unknown. The toxic effect of 

amygdalin or its benefit is controversial and realization of in vivo and vitro 
experiments is necessary.  

 

Acknowledgments: This work was financially supported by the Ministry of 
Education, Science, Research and Sport of the Slovak Republic projects no. 

1/0022/13, APVV-0304-12, and European Community under  project  no 

26220220180: Building Research Centre „AgroBioTech". 

  

REFERENCES 

 

ADEWUSI, S. R., OKE, O.L. 1985. On the metabolism of amygdalin. 2. The 

distribution of beta-glucosidase activity and orally administered amygdalin in 

rats. Can. J. Physiol. Pharmacol., 63, 1084-1087. 
BOLARINWA, I. F., ORFILA, C., MORGAN, M. R. 2015. Determination of 

amygdalin in apple seeds, fresh apples and processed apple juices. Food Chem., 

170, 437-442. http://dx.doi.org/10.1016/j.foodchem.2014.08.083.  
CHANG, H. K., SHIN, M. S., YANG, H. Y., LEE, J. W., KIM, Y. S., LEE, M. 

H., KIM, J., KIM, K. H., KIM, C. J. 2006. Amygdalin induces apoptosis through 

regulation of Bax and Bcl-2 expressions in human DU145 and LNCaP prostate 
cancer cells. Biol. Pharm. Bull., 29(8), 1597-1602. 

CHO, H. J., DO, B. K ., SHIM, S. M., KWON, H., LEE, D. H., NAH, A. H., 

CHOI, Y. J., LEE, S. Y. 2013. Determination of cyanogenic compounds in edible 
plants by ion chromatography. Toxicol. Res., 29(2), 143-147. 

http://dx.doi.org/10.5487/TR.2013.29.2.143. 

CONN, E. E., 1979. Biosynthesis of cyanogenic glycosides. 
Naturwissenschaften, 66, 28-34. 

FRANCISCO, I. A., PINOTTI, M. H. P. 2000. Cyanogenic glycosides in plants. 

Braz. Arch. Biol. Technol., 43, 487–492. http://dx.doi.org/ 10.1590/S1516-
89132000000500007. 

HALENÁR, M., MARUNIAKOVÁ, N., MEDVEĎOVÁ, M., KOLESÁROVÁ, 

A. 2013a. The effect of amygdalin on porcine ovarian granulosa cells in vitro. 
Journal of Microbiology, Biotechnology and Food Sciences, 2, 14-17.  

HALENÁR, M., MEDVEĎOVÁ, M., MARUNIAKOVÁ, M., KOLESÁROVÁ, 
A. 2013b. Possible effect of amygdalin in combination with deoxynivalenol on 

secretion activity of porcine ovarian granulosa cells in vitro. Animal welfare, 

etológia és tartástechnológia, 9(3), 471- 476. 
HAQUE, M. R., BRADBURY, J. H. 2002. Total cyanide determination of plants 

and foods using the picrate and acid hydrolysis methods. Food Chem., 77, 107–

114. http://dx.doi.org/10.1016/S0308-8146(01)00313-2.  
HOLZBECHER, M. D., MOSS, M. A., ELLENBERGER, H. A. 1984. The 

cyanide content of laetrile preparations, apricot, peach and apple seeds. J. 

Toxicol. Clin Toxicol., 22, 341-347. 
MAJAK, W., MCDIARMID, R. E., HALL, J. W., CHENG, K. J. 1990. Factors 

that determine rates of cyanogenesis in bovine ruminal fluid in vitro. J. Anim. 

Sci., 68, 1648-1655. 
MEYERS, S.A., ROSENBERGER, A. E. 1999. A plasma membrane-associated 

hyaluronidase is localized to the posterior acrosomal region of stallion sperm and 

is associated with spermatozoa function. Biol. Reprod., 61, 444-451.  

MOSS, R. W. 2005. Patient perspectives: Tijuana cancer clinics in the post-
NAFTA era. Integr. Cancer Ther., 4, 65–86. 

PARK, H. J., YOON, S. H., HAN, L. S., ZHENG, L. T., JUNG, K. H., UHM, Y. 

K, et al. 2005. Amygdalin inhibits genes related to cell cycle in SNU-C4 human 

colon cancer cells. World J. Gastroenterol., 11, 5156-5161. 

RAUWS, A. G., OLLING, M., TIMMERMAN, A. 1982. The pharmacokinetics 

of prunasin, a metabolite of amygdalin. J. Toxicol. Clin. Toxicol., 19, 851-856. 
SANTOS PIMENTA, L. P., SCHILTHUIZEN, M., VERPOORTE, R., CHOI, Y. 

H. 2014. Quantitative analysis of amygdalin and prunasin in Prunus serotina 

Ehrh. using (1) H-NMR spectroscopy. Phytochem. Anal., 25, 122-126. 
http://dx.doi.org/10.1002/pca.2476 

STRUGALA, G. J., STAHL, R., ELSENHANS, B., RAUWS, A. G., FORT, W.  
1995. Small-intestinal transfer mechanism of prunasin, the primary metabolite of 

the cyanogenic glycoside amygdalin. Hum. Exp. Toxicol., 14, 895-901.  

SUCHARD, J. R., WALLACE, K. L., GERKIN, R. D. 1998. Acute cyanide 
toxicity caused by apricot kernel ingestion. Ann. Emerg. Med. 32, 742-744.  

VETTER, J. 2000. Plant cyanogenic glycosides. Toxicon, 38, 11–36. 

http://dx.doi.org/10.1016/S0041-0101(99)00128-2.  
TANYILDIZI, S. 1997. The determination of HCN levels in experimentally 

poisoned mice with cyanide. J. Vet. Sci., 13, 29-42. 

VICKERY, P .J., WHEELER, J. L., MULCAHY, C. 1987. Factors affecting the 
hydrogen cyanide potential of white clover (Trifolium repens). Aus. J. Agric. 

Res., 3, 1053-1059. http://dx.doi.org/10.1071/AR9871053 

ZHANG, G. M., JIN, B. Q. 1986. Pharmacokinetics of amygdalin in rabbits. 
Zhongguo Yao Li Xue Bao, 7, 460-462. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Bolarinwa%20IF%5BAuthor%5D&cauthor=true&cauthor_uid=25306368
http://www.ncbi.nlm.nih.gov/pubmed?term=Orfila%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25306368
http://www.ncbi.nlm.nih.gov/pubmed?term=Morgan%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=25306368
http://www.ncbi.nlm.nih.gov/pubmed/25306368
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Shin%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=16880611
http://www.ncbi.nlm.nih.gov/pubmed/?term=amygadalin+prostate
http://www.ncbi.nlm.nih.gov/pubmed/24278641

