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ABSTRACT

The aim of this study was to examine possible effect of amygdalin substance applied to rabbit by different ways on the occurrence 
of aneuploidy. Totally 30 adult females of the New Zealand White line were used in the experiment. Animals were divided into 
four experimental groups and one control group, each consisted of five individuals. In groups P1 and P2, isolated amygdalin 
substance was administered intramuscularly (P1: 0.6 mg.kg-1; P2: 3 mg.kg-1 of body weight), whilst in P3 and P4 the animals were 
fed by a mixture of commercial diet and apricot seeds (P3: 60 mg.kg-1; P4: 300 mg.kg-1 of body weight). Experimental treatment 
lasted one month of continuous amygdalin application (one experimental dose applied per day in each group). Aneuploidy assay 
was performed on peripheral blood lymphocytes arrested at the metaphase stage by colcemid solution (0.6μg.ml-1). The average 
occurrence of  diploidy versus aneuploidy (presented by hypodiploid nuclei) was detected as follows: P1- 76 % vs 21.6 %; 
P2 - 72.8 % vs 27.2 %; P3 - 82.4 % vs 17.6 %; P4 - 70.4 % vs 29.6 %; Control - 70.4 % vs 26.8 %. Low incidence of polyploid cells 
was found in P1 (2.4 %) and control (2.8 %) groups. In conclusion, no significant effect of amygdalin on aneuploidy occurrence 
in rabbit blood cells was found. 
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INTRODUCTION

Amygdalin, the substance hidden under various 
nicknames, including: vitamin B17, nitriloside, 
mandelonitrile, etc. (Fukuda et al., 2003) is widely 
distributed in plants, especially in the rosaceous 
plant seed, such as: apricot and peach (Santos Pimenta 
et al., 2014). It can hydrolyze and generate prunasin 
and mandelonitrile under the glucosidase action, such 
as amygdalase and prunase, and ultimately decomposed 
into benzaldehyde and hydrocyanic acid. Amygdalin 
itself is non-toxic, but its production of hydrocyanic acid 
decomposed by some enzymes is poisonous substance 
(Suchard et al., 1998). There are number of studies 
describing the effect of amygdalin and derived substances 
on the recipient body. For example: anti-tussive 
and anti-asthmatic effects by the amygdalin 
decomposition to hydrocyanic acid which could inhibit 
the respiratory center to a certain level (Chang et al., 

2005; Do et al., 2006); effects on the digestive system 
by inhibition of the pepsin activity (Song and Xu, 
2014); analgesic effect by inhibiting prostaglandins E2 
and nitric oxide synthesis (Yang et al., 2007; Paoletti et al., 
2013); promoting apoptosis of human renal fibroblast 
by enhancing the activity of type I collagenase (Guo 
et al., 2013); improving the immune function of organism 
by the significant increase of polyhydroxyalkanoates 
inducing human peripheral blood T lymphocyte 
proliferation (Baroni et al., 2005); the anti-tumor effect 
of amygdalin presented by the hydrocyanic acid, which 
is an anti-tumor compound formed from the amygdalin 
decomposition (Kwon et al., 2003). In other studies, 
amygdalin significantly inhibited sperm hyaluronidase 
activity and spermatozoa motility of bull sperm 
in vitro (Tanyildizy and Bozkurt, 2004). Recent data 
indicated that amygdalin reduced proliferation potential, 
decreased mitochondrial activity of cervical cancer cells, 
accumulated cells in the G1-phase and led to their death 
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(Jarocha and Majka, 2011). 
Various ways of amygdalin application play 

a different role in recipient organism, what was confirmed 
by Moertel et al. (1981), who demonstrated in human, 
that intravenous infusion of amygdalin produced neither 
cyanidemia nor signs of toxicity, but oral administration 
resulted in significant blood cyanide levels.

Cytogenetic analysis plays an important role in 
livestock breeding. The chromosomal abnormalities, 
caused by various factors, are generally divided into 
structural and/or numerical changes. Commonly observed 
aneuploidies are hypo (loss) and hyper (gain) haploidy, 
as a result of meiotic and mitotic non-disjunction 
events (Goepfert et al., 2000). Normal organisms are 
characterised by the presence of aneuploid cells at very 
low frequency. In rabbits, the rate of aneuploidy varies 
depending on the tissue of origin, from 5 % in in vitro 
fertilized oocytes (Asakawa et al., 1988), 16-18 % 
in blood cells (Zartman and Fechheimer, 1967; Parkanyi, 
1981), 35-51 % in bone marrow (Parkanyi, 1981; 
Curlej et al., 2007), up to 56-83 % in embryos 
(Austin, 1967; Shi et al., 2004; Curlej et al., 2010). 
Diseases, assisted reproductive technologies, or genetic 
manipulations might cause an increase in the incidence 
of aneuploidy (Hegedus et al., 2008).

The present study was focused to reveal the effect 
of various amygdalin concentrations, administrated 
by different ways, to evoke the aneuploidy on the rabbit 
model. To achieve the paper goals chromosomes were 
recovered from lymphocyte’s nuclei isolated from 
the peripheral blood.

MATERIAL  AND  METHODS

Animals
A total of 30 adult rabbit females (20 individuals 

assigned to the experimental groups P1-P4 and 
10 rabbits selected to control group) of the New Zealand 
White line were used in the experiment. The animals 
were bred at the farm of the Research Institute for Animal 
Production, NAFC Nitra. Prior to start of the experiment, 
animals were selected according to similar age and 
good health status which was continuously monitored 
from the start up to the end of the experimental 
treatment. Environmental conditions were maintained 
using a control system for the light (16:8 light/dark 
photoperiod), air ventilation and the temperature 
(18-25 °C). Animals were fed ad libitum with treated/
non-treated commercial rabbit diet. The experiment was 
lasted one month of continuous amygdalin application 
(one experimental dose applied per day in each group) 
as described in the text below.

Experimental groups
Group P1 (n = 5): intramuscular application of isolated 
amygdalin substance at the final concentration of 
0.6 mg.kg-1 of body weight.
Group P2 (n = 5): intramuscular application of isolated 
amygdalin substance at the final concentration of 
3 mg.kg-1 of body weight.
Group P3 (n = 5): feeding by a mixture of commercial 
diet and apricot seeds at the final concentration of 
60 mg.kg-1 of body weight.
Group P4 (n = 5): feeding by a mixture of commercial diet 
and apricot seeds at the final concentration of 300 mg.kg-1 
of body weight.

Chromosome preparation
Venous blood samples were collected aseptically 

from the intermediate auricular vein (vena auricularis 
caudalis) of the experimental (on the last day of 
experimental treatment) and control animals using sterile 
needles and heparinized plastic syringes. Three drops 
of blood were added to 4 ml of the complete blood 
cultivation medium PB Max Karyotyping (Gibco BRL). 
The blood cultures were incubated at 37 °C for 72 h. 
Colcemide  at the final concentration of 0.6 μg.ml-1 
(Gibco BRL) was added 60 min prior to cell harvest. 
After the hypotonic treatment with 0.075 M potassium 
chloride solution (Gibco BRL) for 15 min and fixation 
in modified Carnoy‘s solution (3 : 1, methanol : acetic 
acid), the resuspended cells were placed onto frozen 
glass microslides, air-dried and stained for 6 min with 
2 % Giemsa solution (Gibco BRL). Stained microslides 
were observed under the Leica light microscope. 
The chromosomal analysis was carried out using 25 
c-metaphase spreads per rabbit taken from chromosome 
microphotographs (Parkanyi et al., 2004).

The χ2 test was used for statistical evaluation 
of the results. 

RESULTS  AND  DISCUSSION

The study was focused on examining a possible 
effect of amygdalin substance applied to rabbit at different 
concentrations and by different ways on the occurrence 
of aneuploidy. Proportion of the cells with diploid 
chromosome sets in the cell nuclei was ranged from 
70.4 % in the P4 group to 82.4 % in the P1 group of 
rabbits (Table 1). The same occurrence of diploid cells 
(70.4 %) was found in the control group. Aneuploidy 
was represented exclusively by hypodiploid cells 
for experinental groups as well as for control group. 
The lowest percentage of aneuploidy was found in P3 
rabbits (17.6 %), whilst the P4 group exhibited the highest 
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presence of aneuploid nuclei (29.6 %) in comparison 
to control animals (26.8 %). According to the results 
of χ2 - test, no significant differences were found. 
Polyploid cells were found at low percentage in P1 
(2.4 %) and control (2.8 %) groups. 

Previous studies, performed specifically to reveal 
the rate of chromosome number variability, show that 
almost all tissues exhibit aneuploid cells (Iourov et al., 
2008). The incidence of chromosomal aneuploidies may 
depend on many factors, such as the source of cells, 
animal species, animal age, cell culture conditions 
and genetic manipulations (Czepulkowski, 2001). 
Aneuploidy in the present study was represented by 
hypodiploid cells (2n < 44). Average value of hypodiploid 
cells regardless to experimental groups was represented 
by 24 % (21.6, 27.2, 17.6 and 29.6, respectively). 
Control group exhibited 26.8 %. These relatively small 
differences among the groups may be explained by 
a random selection of evaluated nuclei. Higher proportion 
of hypodiploid cells (at average 41.47 % and 54.8 %, 
resp.) for non-treated rabbits have been recorded in 
the study of bone marrow cells, published by Curlej 
et al. (2007). Parkanyi et al. (2004) detected 38 % 
and 26 % presence of hypodiploid cells (average value 
32 %) in the blood lymphocytes of control rabbits. 
Occurrence of cells with normal chromosome sets 
(diploid cells) in the present study is represented by 
average value of 75.4 % for experimental groups 
(measured values 76 %, 72.8 %, 82.4 %, and 70.4 %, 
resp.) in comparision to 70.4 % for control group. 

Numbers of studies have been focused to reveal 
potential action of amygdalin substance to cell culture, 
especially those from cancer tissues. But still there is 
a lack of scientific records derived from the experiments 
with the model organisms about effect of amygdalin-
derived substances on the structure or number 
of chromosomes in the cell nuclei. Studies by other authors 
suggest that the amygdalin in “safety” concentrations 

and admission way affect the viability of human cervical 
cancer HeLa cells (Chen et al., 2013). Such information 
brings a therapeutic option to use of this substance. 
Nevertheless, the anti-tumor mechanism of amygdalin 
is not completely clear (Song and Xu, 2014). Clinical 
trials and large retrospective studies showed some 
adverse reactions after large dose application, such as 
gastrointestinal tract reaction and headache (Barwina 
et al., 2013; Yang et al., 2013; Karabulutlu, 2014). The 
ways of amygdalin application to rabbits in our study 
were chosen basing on the knowledge, 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-1 
body weight by oral administration (Adewusi and Oke, 
1985; Park et al., 2013). For the rabbits, mice and dogs 
the maximum tolerance dose for oral amygdalin intake 
has been published as 75 mg.kg-1 (Zhang et al., 1986). 
We have decided for „safe“ 60 mg.kg-1 and risky 
300 mg.kg-1 doses. The LD50 of intravenous injection 
in mice is 25 g.kg-1, while intra-peritoneal injection is 
8 g.kg-1. The maximum tolerance dose of intravenous 
and intramuscular injection of amygdalin in mice, rabbits 
and dogs is 3 g.kg-1 (Rauws et al., 1982). On the basis 
of this records, intra-muscular doses 0.6 and 3 mg.kg-1 
used in our experiment may be considered as safe. 
The human’s maximum tolerant dose of intravenous 
injection is approximately 70 mg.kg-1 (Rauws et al., 
1982). In human, systemic toxicity occurs after oral 
administration of 4 g amygdalin per day, lasted for half 
a month or intravenous injection of a month. If the dose 
is reduced to daily oral doses of 0.6 ~ 1g, it can avoid 
toxicity (Bromley et al., 2005; O‘Brien et al., 2005).

In conclusion, according to our results, amygdalin 
applied at chosen concentations orally or intramuscularly, 
showed no significant adverse effect represented 
by extra-creation of aneuploid cells in rabbits. 

Table 1:  Evaluation of chromosomal number from c-metaphase spreads

 Rabbit groups Diploidy Hypodiploidy Polyploidy

   Experimental 

 P1 76.0 % (n = 95) 21.6 % (n = 27) 2.4 % (n = 3 )
 P2 72.8 % (n = 91) 27.2 % (n = 34) -
 P3    82.4 % (n = 103) 17.6 % (n = 22) -
 P4  70.4 % (n = 88) 29.6 % (n = 37) -

   Control 

 C    70.4 % (n = 176) 26.8 % (n = 67) 2.8 % (n = 7)

 *n – the number of evaluated metaphase plates

Slovak J. Anim. Sci., 49, 2016 (3): 99–103                                                                                               Original paper



102

Acknowledgement

This work was supported by the Ministry 
of Education, Science, Research and Sports of 
the Slovak Republic no. 1/0022/13 and Slovak Research 
and Development Agency of the Slovak Republic 
no. APVV-0304-12.

REFERENCES

ADEWUSI, S. R. – OKE, O. L. 1985. On the metabolism 
of amygdalin. 1. The LD50 and biochemical changes 
in rats. Canadian Journal of Physiology and 
Pharmacology, vol. 63 (9), 1985, p. 1080–1083.

ASAKAWA, T. – ISHIKAWA, M. – SHIMIZU, T. 
– DUKELOW, W. R. 1988. The chromosomal 
normality of in vitro fertilized rabbit oocytes. Biology 
of Reproduction, vol. 38 (2), 1988, p. 292–295.

AUSTIN, C. R. 1967. Biological mechanisms in aging. 
Nature, vol. 213, 1967, p. 1018–1019.

BARONI, A. – PAOLETTI, I. – GRECO, R. – 
SATRIANO, R. A. – RUOCCO, E. – TUFANO, M. 
A. – PEREZ J. J. 2005. Immunomodulatory effects 

 of a set of amygdalin analogues on human 
 keratinocyte cells. Experimental Dermatology, vol. 14 
 (11), 2005. p. 854–859.
BARWINA, M. – WIERGOWSKI, M. – SEIN-ANAND, 

J. 2013. Accidental poisoning with peach seeds used 
as anticancer therapy--report of two cases. Przegląd 
Lekarski, vol. 70 (8), 2013, p. 687–689.

BROMLEY, J. – HUGHES, B. G. – LEONG, D. C. – 
BUCKLEY, N. A. 2005. Life-threatening interaction 
between complementary medicines: Cyanide toxicity 
following ingestion of amygdalin and vitamin C. 

 The Annals of Pharmacotherapy, vol. 39 (9), 2005, 
 p. 1566–1569.
CURLEJ, J. – BULLA, J. – CHRENEK, P. 2010. 

Occurrence of chromosomal aneuploidy in rabbit 
oocytes and embryos at different developmental 
stages. Zygote, vol. 18, 2010, p. 203–207.

CURLEJ, J. – PARKANYI, V. – BULLA, J. – JURCIK, 
R. – CHRENEK, P. 2007. The effect of hFVIII 
transgene on the chromosomal aneuploidy rate in 
rabbits. Folia Biologica (Kraków), vol. 55 (3-4), 
2007, p. 161–164.

CZEPULKOWSKI, B. 2001. Staining and banding 
of chromosome slides. In: CZEPULKOWSKI, B. 
(ed.): Analysing chromosomes. Oxford UK : BIOS 
Scientific Publishers, 2001, p. 49–67.

DO, J. S. – HWANG, J. K. – SEO, H. J. – WOO, W. 
H. – NAM, S. Y. 2006. Antiasthmatic activity and 
selective inhibition of type 2 helper T cell response 
by aqueous extract of semen armeniacae amarum. 
Immunopharmacology and Immunotoxicology, vol. 
28 (2), 2006, p. 213–225.

FUKUDA, T. – ITO, H. – MUKAINAKA, T. – TOKUDA, 
H. – NISHINO, H. – YOSHIDA, T. 2003. Anti-tumor 
promoting effect of glycosides from Prunus persica 
seeds. Biological and Pharmaceutical Bulletin, 

 vol. 26 (2), 2003, p. 271–273.
GOEPFERT, T. M. – MCCARTHY, M. – KITTRELL, F. 

S. – STEPHENS, C. – ULLRICH, R. L. – BRINKLEY, 
B. R. – MEDINA, D. 2000. Progesterone facilitates 
chromosome instability (aneuploidy) in p53 null 
normal mammary epithelial cells. The FASEB 
Journal, vol. 14 (14), 2000, p. 2221–2229.

GUO, J. – WU, W. – SHENG  M. – YANG, S. – TAN, 
J. 2013. Amygdalin inhibits renal fibrosis in chronic 
kidney disease. Molecular Medicine Reports, vol. 7 
(5), 2013, p. 1453–1457.

HEGEDUS, C. M. – CONWAY, D. I. – GORNBEIN, 
J. A. – SURREY, M. W. – DANZER, H. C. 2008. 
The effect of day 3 embryo biopsy on thawed embryo 
transfer outcomes. Fertility and Sterility, vol. 90, 
2008, S296.

CHANG, L. W. – ZHU, H. P. – LI, W. B. – LIU, H. C. 
– ZHANG, Q. S. – CHEN, H. B. 2005. Protective 
effects of amygdalin on hyperoxia-exposed type 
II alveolar epithelial cells isolated from premature 
rat lungs in vitro. Zhonghua Er Ke Za Zhi, Chinese 
Journal of Pediatrics, vol. 43 (2), 2005, p. 118–123.

CHEN, Y. – MA, J. – WANG, F. – HU, J. – CUI, A. – WEI, 
C. – YANG, Q. – LI, F. 2013. Amygdalin induces 
apoptosis in human cervical cancer cell line HeLa 
cells. Immunopharmacology and Immunotoxicology, 
vol. 35, 2013, p. 43–51.

IOUROV, I. Y. – VORSANOVA, S. G. – YUROV, 
Y. B. 2008. Chromosomal mosaicism goes global. 
Molecular Cytogenetics, vol. 1, 2008, p. 26.

JAROCHA, D. – MAJKA, M. 2011. Influence of 
amygdalin on biology of cervical carcinoma cells. 
In: Abstracts of the 2nd Congress of Biochemistry and 
Cell Biology. Krakow, 2011, p. 280.

KARABULUTLU, E. Y. 2014. Coping with stress of 
family caregivers of cancer patients in Turkey. Asia-
Pacific Journal of Oncology Nursing, vol. 1 (1), 2014, 
p. 55–60.

KWON, H. Y. – HONG, S. P. – HAHN, D. H. – KIM,  
J. H. 2003. Apoptosis induction of Persicae Semen 
extract in human promyelocytic leukemia (HL-60) 
cells. Archives of Pharmacal Research, vol. 26 (2), 
2003, p. 157–161.

MOERTEL, C. G. – AMES, M. M. – KOVACH, J. S. 
– MOYER, T. P. – RUBIN, J. R. – TINKER, J. H. 
1981. A pharmacologic and toxicological study of 
amygdalin. JAMA, vol. 245 (6), 1981, p. 591–594.

O‘BRIEN, B. – QUIGG, C. – LEONG, T. 2005. Severe 
cyanide toxicity from “vitamin supplements”. 
European Journal of Emergency Medicine , vol. 12 
(5), 2005, p. 257–258.

Original paper                                                                                                                                                            Slovak J. Anim. Sci., 49, 2016 (3): 99–103



103

PAOLETTI, I. – DE GREGORIO, V. – BARONI, A. – 
TUFANO, M. A. – DONNARUMMA, G. – PEREZ, 
J. J.  2013. Amygdalin analogues inhibit IFN-gamma 
signalling and reduce the inflammatory response 

 in human epidermal keratinocytes. Inflammation, 
 vol. 36, 2013, p. 1316–1326.
PARK, J. H. – SEO, B. I. – CHO, S. Y. – PARK, K. R. 

– CHOI, S. H. – HAN, C. K. – SONG, C. H. – PARK, 
S. J. – KU, S. K. 2013. Single oral dose toxicity study 
of prebrewed armeniacae semen in rats. Toxicological 
Research, vol. 29, 2013, p. 91–98. 

PARKANYI, V. 1981. Utilization of some methods of 
cytogenetic analysis in the detection of chromosome 
anomalies in the species Oryctolagus cuniculus. 
Agriculture, vol. 27, 1981, p. 148–154.

PARKANYI, V. – CHRENEK, P. – RAFAY, J. – 
SUVEGOVA, K. – JURCIK, R. -  MAKAREVICH, 
A. V. – PIVKO, J. – HETENYI, L. – PALEYANDA, 
R. K. 2004. Aneuploidy in the transgenic rabbit. Folia 
Biologica (Praha), vol. 50, 2004, p. 194–199.

RAUWS, A. G. – OLLING, M. – TIMMERMAN, A. 
1982. The pharmacokinetics of prunasin, a metabolite 
of amygdalin. Journal of Toxicology. Clinical 
Toxicology, vol. 19 (8), 1982, p. 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. Phytochemical 
Analysis, vol. 25 (2), 2014, p. 122–126.

SHI, W. – DIRIM, F. – WOLF, E. – ZAKHARTCHENKO, 
V. – HAAF, T. 2004. Methylation reprogramming 
and chromosomal neuploidy in in vivo fertilized and 
cloned rabbit preimplantation embryos. Biology of 
Reproduction, vol. 71 (1), 2004, p. 340–347.

SONG, A. Z. – XU, X. 2014. Advanced research on 
anti-tumor effects of amygdalin. Journal of Cancer 
Research and Therapeutics, vol. 10, 2014, p. 3–7.

SUCHARD, J. R. – WALLACE, K. L. – GERKIN, R. 
D. 1998. Acute cyanide toxicity caused by apricot 
kernel ingestion. Annals of Emergency Medicine, 

 vol. 32 (6), 1998, p. 742–744.
TANYILDIZI, S. – BOZKURT, T. 2004. In vitro 

effects of linamarin, amygdalin and gossypol acetic 
acid on hyaluronidase activity, sperm motility and 
morphological abnormality in bull sperm. Turkish 
Journal of Veterinary and Animal Sciences, vol. 28 
(5), 2004, p. 819–824.

YANG, D. – QIU, M. - ZOU L.Q. – ZHANG, W. – 
JIANG, Y. – ZHANG, D. Y. – YAN, X. 2013. The role 

 of palliative chemotherapy for terminally ill patients 
with advanced NSCLC. Thoracic Cancer, vol. 4, 
2013, p. 153–160.

YANG, H. Y. – CHANG, H. K. – LEE, J. W. – KIM, Y. 
S. – KIM, H. – LEE, M. H. -  SHIN, M.,S. – HAM, 
D. H. – PARK, H. K. – LEE, H. – KIM, C. J. 2007. 
Amygdalin suppresses lipopolysaccharide-induced 
expressions of cyclooxygenase-2 and inducible 
nitric oxide synthase in mouse BV2 microglial cells. 
Neurological Research, vol. 29, 2007, S59–S64.

ZARTMAN, D. L. – FECHHEIMER, N. S. 1967. 
Somatic aneuploidy and polyploidy in inbred and 
linecross cattle. Journal of Animal Science, vol. 26, 
1967, p. 252–258.

ZHANG, G. M. – JIN, B. Q. 1986. Pharmacokinetics 
of amygdalin in rabbits. Zhongguo Yao Li Xue Bao, 

 vol. 7, 1986, p. 460–462. 

Slovak J. Anim. Sci., 49, 2016 (3): 99–103                                                                                               Original paper


