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ABSTRACT

Introduction: The met-enkephalin (1-5 Adrenorphin) and tridecactide (alpha-corticotropin 1-13) com-
bination is used in the multiple sclerosis (MS) immuno-modulatory treatment. A testing of cytogenetic 
effects of met-enkephalin resulted in reductions of lymphocytic aberrations in the in the lymphocytes of 
the peripheral blood (PBL) of patients with immune-mediated diseases. The aim of this research is to eval-
uate the in vitro effects of the combination of the met-enkephalin and tridecactide on the number and 
the type of chromosome aberrations in PBL of the MS patients.

Methods: We used blood samples from seven female patients with the diagnosis multiple sclerosis based 
on a McDonald Diagnostic Criteria. The tested combination, met-enkephalin and alpha-ACTH 1-13 was 
added at three different concentrations and constant volume.

Results: Results showed that the combination of tested substances did not reduce the number of struc-
tural aberrations, although the treatment did not result in severe aberrations such as ring, fragmented, 
and dicentric chromosomes. Furthermore, it elicited an increase in the number of numerical aberrations 
and aneuploidy after the treatment with the test combo.

Conclusion: As the changes in ploidy significantly change the DNA as well as the biochemical cell pheno-
type, we concluded that more research in this field should be conducted, including both toxicological as 
well as the pharmacodynamic considerations.
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INTRODUCTION
The met-enkephalin (1-5 adrenorphin) and tride-
cactide (alpha-corticotropin 1-13) combination is 
applied as the immunomodulatory treatment for 
Multiple Sclerosis (MS). Its application in clin-
ical studies (1,2) significantly reduced the num-
ber of relapses (by 63%) and Expanded Disability 
Status Scale score in a treatment group (p=0.0001). 
The holder of the effects is tridecactide which is a 
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deacetylated and deaminated alpha-melanocyte 
stimulating hormone (alpha-MSH). Endogenous 
alpha-MSH is acetylated in its N-terminal tail, and 
deaminated at the C-terminal. Alpha-MSH has 
antipyretic, anti-inflammatory and antimicrobial 
effects (3-5).
The peptide sequence of met-enkephalin and alpha-
MSH exist within the same polypeptide precursor 
Proopiomelanocortin; however, met-enkephalin is 
not derived from this precursor - rather it is derived 
from proenkephalin (6). Enkephalin controls the 
secretion of alpha-MSH (7). Met-enkephalin in 
combination with deacetylated and deaminated 
alpha-MSH when individually applied in rats with 
ethanol-induced gastric damage elicits protective 
effects. When used in combination, a significant 
additive effect was achieved as well (8). The greatest 
effectiveness of this combination is achieved with 
the met-enkephalin and alpha-MSH-like of  51. 
Initial dosage for humans is 5-10  mg of met-en-
kephalin and 1-2 mg of alpha-MSH-like.
Patients with immune-mediated disease, including 
the MS patients, had aberrant lymphocyte clones that 
were stimulated by auto-antigens (9-11). A hypoth-
esis regarding patients with auto-immune disease 
proposed that the treatment with certain active 
substances may normalize cytogenetic lymphocyte 
abnormalities what could suggest substances poten-
tial for therapeutic treatment. Met-enkephalin in 
the concentration of 1.2 µg/ml significantly reduced 
the number and the seriousness of chromosome 
aberrations in vitro (9). Furthermore, our testing of 
cytogenetic effects of tridecactide showed no signifi-
cant reduction in the number of chromosome aber-
rations, while results implicated some tridecactide 
effect on the frequency of numeric aberrations (12).
The purpose of this research is to evaluate the effects 
of in vitro combination of met-enkephalin and 
tridecactide on the number and the type of chro-
mosome lymphocytes aberrations in the peripheral 
blood in the patients with Multiple Sclerosis.

METHODS

Patients
We used the blood samples of seven 
female patients, with a diagnosis of MS in 

accordance with the McDonald Diagnostic Criteria 
for MS  (2005  Revision), which were hospitalized 
due to relapse of the disease. Patients were not under 
the Interferon immunomodulatory treatment nor 
had received corticosteroids/pulse therapy over the 
previous six months.

Substances and concentrations
A combination of two active components, met-en-
kephalin and tridecactide (Enkorten®, Farmacija, 
d.o.o., Tuzla, Bosnia & Herzegovina), was 
tested. Met-enkephalin and alpha-ACTH 1-13, 
were added in concentration of 1.2 µg/ml and 
0.24  µg/ml, respectively, into culture 2 (C2); or 
120 µg/ml and 24 µg/ml, respectively, into cul-
ture 3 (C3). The combination was applied in the 
constant volume of 0.5 ml to achieve designated 
concentration per milliliter in the total culture 
volume (10  ml). The control culture was not 
incubated with the tested combination (C1). Test 
combination was dissolved in distilled water and 
added to culture immediately before placing the 
cultures into incubators.

Chromosomal analysis
A full blood sample was cultivated as per Moorhead 
et al. (1960) established techniques. The cultures 
were treated with phytohaemagglutinin and incu-
bated at 37±0.5°C during 72 hours. Colcemid stock 
solution 25 mcg/ml (0.2 ml) was added two hours 
before completion of the incubation period. The 
chromosome aberrations were microscopically ana-
lyzed, after Giemsa staining. A number of structural 
and numerical aberrations were observed by analyz-
ing 200 mitoses. Subsequent to the standard analy-
sis of chromosome preparations, the identification 
of chromosomes included in the re-arranging after 
the coloring and application of the G-band tech-
nique was conducted.

Statistical analysis
The collected data was statistically processed in 
a computer program titled SPSS v.11 (Statistical 
Package for Social Sciences©, March 2004). We 
applied a non-parameter test for related samples, 
two-tailed Wilcoxon Signed Ranks Test, in order 
to test the difference between the findings on the 
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TABLE 2. The core descriptive statistic for detected 
aberrations and mitotic index
Culture code N X̄±SD Median Xmin Xmax

Total number of detected 
structural aberrations

C1 7 6.14±2.67 5 4 12
C2 7 4.86±3.58 5 0 10
C3 7 3.71±2.06 4 1 6

Total number of detected 
numerical aberrations

C1 7 3.29±2.69 2 1 9
C2 7 5.00±3.83 4 0 12
C3 7 6.29±3.15 6 3 12

Polyploidy
C1 7 2.00±2.00 1 0 6
C2 7 2.57±1.62 2 0 5
C3 7 3.57±2.23 4 0 7

Endoreduplication
C1 7 1.57±1.99 1 0 6
C2 7 1.43±1.13 2 0 3
C3 7 2.00±1.83 1 0 5

Aneuploidy 
C1 7 1.29±0.95 1 0 3
C2 7 2.43±3.51 1 0 10
C3 7 2.71±1.50 3 1 5

Mitotic Index
C1 7 2.67±2.19 2.00 0.33 7.00
C2 7 3.09±1.09 3.00 1.33 4.67
C3 7 3.86±2.78 2.67 1.67 9.67

preparations in the control culture and the cul-
tures incubated with different concentrations of the 
tested substance.

RESULTS
The age of female patients and the duration of the 
illness are listed in years, with an overview of the 
core diagnostic parameters (Table 1).
The core descriptive statistics for the total number 
of chromosomes is featured in Table 2 and it reflects 
structural aberrations on the cultured preparations. 
The observed structural aberrations are depicted on 
Figure 1.
The value of observed structural aberrations (gap, 
breaks, minute acentric fragments, ring, dicen-
tric and fragmented chromosomes) within control 
group, culture 2 (conc. met-enkephalin 1.2 µg/ml 
and alpha-ACTH 1-13  0.24 µg/ml) and culture 
3  (conc. met-enkephalin 120 µg/ml and alpha-
ACTH 24 µg/ml).
The numerical analysis of the total number of chro-
mosomes did not include chromosomes with gaps. 
This number was separately analyzed. Our consid-
eration included one chromosome in the following 
structural aberration chromosome/chromatid break, 
acentric fragment, minute, ring chromosome, 
marker chromosome. Furthermore, our consider-
ations included two chromosomes in the following 
structural aberrations dicentric chromosome and 

TABLE 1. Patient characteristics and the core diagnostic 
findings
Patient Age 

(years)
Illness 

duration 
(years)

Number of 
hospitalizations

MRI* CSF* PEV*

P1 35 0.25 1 + + +
P2 60 17 3 + ‑ ‑
P3 52 18 5 + ‑ ‑
P4 48 6 2 ‑ ‑ ‑
P5 34 2 1 + ‑ ‑
P6 37 0.5 1 + + +
P7 37 8 3 ‑ ‑ +
*MRI: Magnetic resonance imaging, CSF: Cerebrospinal fluid 
testing, PEV: Positive visual evoked potentials, +: Positive 
finding, ‑: Not conducted/data not existing
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FIGURE 1. Frequency of the structural aberrations. Cell culture 
C2 was incubated with met‑enkephalin and alpha‑ACTH 1‑13, in 
concentrations of 1.2 µg/ml and 0.24 µg/ml, respectively, while 
C3 was incubated with met‑enkephalin and alpha‑ACTH 1‑13, 
in concentrations of 120 µg/ml and 24 µg/ml, respectively. Ace, 
acentric fragments; Min, minute acentric fragments; r, ring chro‑
mosome; Dic, dicentric chromosome; b, breaks; g, gap; Mar, 
marker chromosome

translocations. When the origin of the acentric frag-
ment was available, it was classified as a break with 
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an associated acentric fragment. When the origin is 
unknown, it was classified as an acentric fragment.
Gaps, breaks and chromosome markers had the 
greatest representation. Only in C1, the ring, dicen-
tric and fragmented chromosomes were detected.
There were no statistically significant differ-
ence recorded in the number of chromosomes 
included in structural aberrations (C2 p=0.293; 
C3 p=0.078). Additionally, there were no sta-
tistically significant difference in the number of 
chromosome/chromatid breaks (C2 p=0.167; 
C3; p=0.588), of gaps (C2 p=0.168; C3 p=0.225) 
and translocated marker chromosomes (C2 
p=0.059; C3 p=0.059).
The frequency in chromosome aberrations was 
expressed in percentages (Table  3). Aberrations 
reviewed are gap, break, translocation, acentric frag-
ments, dicentric and ring chromosome when the 
origin is available.
Chromosome the most frequently engaged in trans-
locations was chromosome 14. In C1 two translo-
cations were present between the chromosomes 2 
and 14. In C2 preparations identified translocation 
between on chromosomes X and 14. In C3 prepa-
rations translocations were identified between chro-
mosomes 4 and X, as well as 2 and 5.
The core descriptive statistic for the detected numer-
ical aberrations is depicted in Table 2, while numeri-
cal aberrations are presented in Figure 2.
Value of numerical aberrations per culture within 
control group, culture 2 (conc. met-enkephalin 
1.2 µg/ml and alpha-ACTH 1-13 0.24 µg/ml) and 
culture 3 (conc. met-enkephalin 120 µg/ml and 
alpha-ACTH 24 µg/ml).
For preparations form C3 was detected a statistically 
significant increase in the number of numerical aber-
rations (p=0.034) and in the number of aneuploidy 
(p=0.042), while there was no statistically signif-
icant difference for preparations from C2, respec-
tively (p=0.104; p=0.197). Among the detected 
aneuploidy, trisomy and tetrasomy of chromosome 
X are the most dominating ones. No statistically 
significant difference was detected on the number 
of polyploidies (C2 p=0.458; C3 p=0.083) and of 
endoreduplications (C2 p=0.914; C3 p=0.480).

The mitotic index was determined as the percent of 
lymphocytes in mitosis (M1 + M2) scored to 300 
lymphocytes (Table 2).
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FIGURE 2. Frequency of numerical Aberrations. Cell culture 
C2 was incubated with met‑enkephalin and alpha‑ACTH 1‑13, 
in concentrations of 1.2 µg/ml and 0.24 µg/ml, respectively, 
while C3 was incubated with met‑enkephalin and alpha‑
ACTH 1‑13, in concentrations of 120 µg/ml and 24 µg/ml, 
respectively.

TABLE 3. Frequency of individual chromosome aberrations
Chromosome C1 (%) C2 (%) C3 (%)
1 17.24 9.52 7.14
2 6.90 11.90 9.52
3 6.90 9.52 2.38
4 1.72 4.76 2.38
5 5.17 11.90 11.90
6 3.45 2.38 7.14
7 1.72 2.38 9.52
8 8.62 2.38 2.38
9 13.79 9.52 16.67
10 1.72 4.76 7.14
11 5.17 2.38 ‑
12 3.45 9.52 2.38
13 3.45 ‑ 2.38
14 5.17 2.38 2.38
15 ‑ 4.76 ‑
16 ‑ ‑ ‑
17 ‑ 2.38 ‑
18 3.45 ‑ 2.38
19 ‑ ‑ ‑
20 ‑ ‑ ‑
21 ‑ ‑ ‑
22 ‑ ‑ ‑
X 3.45 7.14 4.76
Unidentified chromosomes n=5 n=1 n=3
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No statistically significant difference between the 
mitotic index in C1 and incubated cultures with 
various concentrations of the tested substance 
(C2 p=0.735; C3 p=0.128), was detected.

DISCUSSION
Similarly to the Štambuk and associates (1998) 
research, we also detected disappearance of serious 
aberrations such as ring and dicentric chromosomes 
aberrations after the cultures had been incubated 
with test combination. Unlike to our results where 
the application of met-enkephalin of 1.2 µg/ml was 
tagged by a statistically significant reduction of the 
total number of structural aberrations, our research 
showed only a statistical significance tendency in 
a number of translocated marker chromosomes 
(C2 p=0.059; C3 p=0.059). The main methodolog-
ical distinction in these two research is the dura-
tion of the culture incubation (48h i 72h). Also, 
Štambuk et al. (1998) observed the cell kinetics of 
five-day cell cultures that were added3H-thymidine. 
Cultures treated with met-enkephalin had a signif-
icant reduction in the number of cells reaching the 
third mitosis when compared to control cultures. It 
also detected a significant increase in the number 
of first metaphases (M1), and of the total number 
of cells in the second mitotic division that was the 
same as of the control culture.
In our research of cytogenetic effects of tridecac-
tide (12) we detected no significant reduction in 
the number of chromosome aberrations, acentric 
fragments, ring chromosomes and dicentrics disap-
peared following treatment. The statistically signifi-
cant increase in polyploidy and endoreduplications 
(p=0.047; p=0.033) was detected following incu-
bation with the lower concentration of tridecactide 
resulted, and aneuploidy (p=0.026) following incu-
bation with the higher concentration.
It was previously suggested that the distribution of 
spontaneous or induced breaks is not accidental. 
Two of the most common breaks (common frag-
ile sites); FRA3B and FRA16D are tied to tumors of 
suppressor genes. Re and associates (2006) suggested 
that the fragile sites, via modulated gene expression, 
participate in the cell response to the DNA damage 
caused by oncogenes. It also suggested that the pro-
cess of effective differentiation of T helper cells into 

the phenotype Th1 or Th2 occurs through several 
cell divisions, and that it includes cascade induction 
of transcription factor, while the importance of the 
genetic activities by T cells is attributed to epigene-
tic mechanisms (13-17).
In proportion to the absolute chromosome length, 
throughout our research, with the greatest per-
cent of inclusion in chromosome aberration was 
of chromosomes 1 and 2. A  higher percentage of 
chromosome 9 inclusion in aberrations is generally 
reflected in all tested cultures. For chromosome 5 
treated by the tested combo, chromosome 6 in C3, 
for chromosome 8 in C1 and chromosome 12 in 
C2 this was also the case. Throughout our research, 
chromosome 14 was most frequently included in 
translocations.
Genetic tests support the hypothesis on polygenic 
predisposition toward multiple sclerosis. Region of 
the chromosome 6p21 is clearly tied to predispo-
sitions toward multiple sclerosis, as well as other 
regions such as 17q and 5q (18). In a wide genetic 
test, as the most interesting, the following regions 
were identified as well 1q, 6p, 9q and 16p as well as 
3q and 5q (19).
We noticed a statistically significant increase in 
the number of numeric aberrations (p=0.034) and 
aneuploidy (p=0.042) on the C3 preparations. 
Polyploidy and aneuploidy are frequently present in 
the malignant cells. However, met-enkephalin used 
in both the animal and clinical studies suppressed 
the growth of malignant cells (20,21). Also, when 
higher dose of alpha-MSH was applied, no cell 
nevus was transformed into malignant cells (4). It 
is necessary to note that in experimental uses, other 
hormones, such as progesterone and follicle stim-
ulating hormones showed aneugenic effects (22,23) 
as well as opioids, morphine and noscapine (24,25). 
Genotoxic effects of noscapine detected in  vitro 
were not confirmed in vivo.

CONCLUSION
It can be concluded that the tested combination 
did not manifest significant clastogenic effects, 
nor that it showed particular protective potentials. 
Furthermore the treatment with the test combina-
tion did not record serious chromosome aberrations 
such as the ring chromosomes, acentric fragments, 
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and dicentric chromosomes. An increase in numeric 
aberrations and aneuploidy was recorded after the 
treatment with the test substances. The change in 
the cell ploidy significantly alters the DNA as well 
as the biochemical cell phenotype. We conclude 
that adequate interpretation of the detected findings 
reqiures more research in both the toxicological as 
well as the pharmacodynamic considerations.

ACKNOWLEDGEMENTS
The authors would like to thank to Farmacija society 
of limited responsibilities, Tuzla, for providing us 
with an opportunity to work in this area by donat-
ing the tested substances.

CONFLICT OF INTERESTS
The authors declare that there is no conflict of interest.

REFERENCES
1. Study report (CTD file Enkorten®): Clinical Investigation of the efficiency 

and safety of Enkorten® use in the treatment of multiple sclerosis. Clinical 
study phase III. Study report EN‑MS‑KL‑III. Farmacija d.o.o., Tuzla, BiH, 
2008. Registered drugs in Bosnia and Herzegovina are available on http://
www.almbih.gov.ba/lijekovi

2. Study report (CTD file Enkorten®): Clinical Investigation of the efficiency 
and safety of Enkorten® use in the treatment of multiple sclerosis. Clinical 
study phase III. Study report EN‑MS‑KL‑II. Farmacija d.o.o., Tuzla, BiH, 
2007. Registered drugs in Bosnia and Herzegovina are available on http://
www.almbih.gov.ba/lijekovi

3. Catania A, Cutuli M, Garofalo L, Carlin A, Airaghi L, Barcellini W and Lipton, 
J.M. The neuropeptide alpha‑MSH in host defense. Amm. N.Y. Acad. Sci. 
2000a; 917:227‑31. http://dx.doi.org/10.1111/j.1749‑6632.2000.tb05387.x

4. Catania A, Airaghi L, Colombo G, and Lipton M.J. alpha‑Melanocyte‑stim‑
ulating hormone in Normal Human Physiology and Disease States. 
Trends. Endocrinol. Metab. 2000; 11(8):304‑8. http://dx.doi.org/10.1016/
S1043‑2760(00)00296‑4

5. Lipton MJ, Catania A and Ichizama T. Marshaling the Anti‑inflammatory 
Influence of the Neuroimmunomodulator alpha‑MSH. Newsw. Physiol. Sci. 
2000; 15: 192‑5.

6. Brunton LL and Parker LK. Goodman and Gilman′s, Manual of 
Pharmacology and Therapeutics. McGraw‑Hill, Medical. Eds. 2008; 
49‑372; 1023‑1036.

7. Carr JA, Saland LC, Samora A and Tejeda D. Effects of the enkephefalin 
analog (D‑Met2, Pro5)‑enkephalinamide on alpha‑melanocyte‑stimulat‑
ing hormone secretion. Regul. Pept. 1993; 47(2):141‑50. http://dx.doi.
org/10.1016/0167‑0115(93)90418‑8

8. Konjevoda P, Stambuk N, Aralica G and Pokric B. Cytoprotective effects 
of met‑encephalin and alpha‑MSH on ethanol induced gastric lesions in 
rats. Journal of Physiology. 2001; 95:277‑81. http://dx.doi.org/10.1016/
S0928‑4257(01)00038‑9

9. Stambuk N, Kopljar N, Sentija K, Garaj‑Vrhovac V, Vikic‑Topic D, Marusic‑
Della Marina B et al. Cytogenetic Effects of Met‑enkephalin (Peptid M) on 
human lymphocytes. Croatica Chemica Acta. 1998; 71(3): 591‑605.

10. D’Alessandro E, Di Cola M, Lo Re Ml, Ligas C, Vaccarella C, D’Andrea F, 
Marini C and Prencipe M. Nonrandom chromosome changes in multiple 

sclerosis. American Journal of Medical Genetics. 1990; 37(3): 406‑411. 
http://dx.doi.org/10.1002/ajmg.1320370322

11. Meinl E, Weber F, Drexler K, Morelle C, Ott M, Saruhan‑Direskeneli G, 
Goebels N, Erti B, Jechart G, Geiegerich G, Schönbeck S, Bannwarth W, 
Wekerle H and Hohlfeld R. Myelin Basic Protein – specific T Lymphocyte 
Repertoire in Multiple Sclerosis. J.Clin.Invest. 1993; 92:2633‑2643. http://
dx.doi.org/10.1172/JCI116879

12. Rakanovic‑Todic M, Mulabegovic N, Ibrulj S, Catovic A, Aganovic‑Musinovic 
I and Burnazovic‑Ristic L. Cytogenetic Effects of Tridecactide. HealthMED. 
2013; 7(5): 1492‑6.

13. Moorhead PS, Nowell PC, Mellmann WJ, Battisps DM and Hungerford DA. 
Chromosome preparations of leucocytes cultured from human 
peripheral blood. Exp. Cell. Res. 1960; 20:613‑616. http://dx.doi.
org/10.1016/0014‑4827(60)90138‑5

14. An International System for Human Cytogenetic Nomenclature. ISCN. 
Karger; 2009.

15. Re A, Cora D, Puliti AM, Caselle M and Sbrana I. Correlated fragile site 
expression allows the identification of candidate fragile genes involved in 
immunity and associated with carcinogenesis. BMC Bioinformatics. 2006; 
7:413, published online 18 September 2006 doi: 10.1186/1471‑2105‑7‑
413. http://dx.doi.org/10.1186/1471‑2105‑7‑413

16. Reiner LS. Epigenetic control in immune response. Human Molecular 
Genetics. 2005; 14(1):41‑46. http://dx.doi.org/10.1093/hmg/ddi115

17. Krawczyk MC, Shen H and Pearce EJ. Functional plasticity in memory T 
helper cell response. The Journal of Immunology. 2007; 178:4080‑4088. 
http://dx.doi.org/10.4049/jimmunol.178.7.4080

18. International Multiple sclerosis Genetic Consortium. A high‑Density Screen 
for Linkage in Multiple Sclerosis. Am. J. Hum. Genet. 2005; 77:454‑467. 
http://dx.doi.org/10.1086/444547

19. Kenealy JS, Babron MC, Bradford Y, Schnetz‑Boutaud N, Haines LJ, 
Rimmler BJ, Schmidt S, Pericak‑Vance L, Barcellos FL, Lincoln RR, 
Oksenberg RJ, Hauser LS, Clanet M, Brassat D, Edan G, Yaouanq J, 
Semana G, Cournu‑Rebeix I, Lyon‑Caen O and Fontaine B. For The 
American‑French Multiple Sclerosis Genetics Group. A Second‑Generation 
Genomic Screen for Multiple Sclerosis. Am. J. Hum. Genet. 2004; 75:1070‑
1078. http://dx.doi.org/10.1086/426459

20. McLaughin PJ, Jaglowski JR, Verderame MF, Stack BC, Leure‑Dupree AE 
and Zagon IS. Enhanced growth inhibition of squamous cell carcinoma 
of the head and neck by combination therapy of paclitaxel and opioid 
growth factor. Int J Oncol. 2005; 26(3): 809‑16. http://dx.doi.org/10.3892/
ijo.26.3.809

21. Jaglowski JR, Zagon IS, Stack BC Jr, Verderame MF, Leure‑Dupree 
AE, Manning JD and McLaughin PJ. Opioid growth factor enhances 
tumor growth inhibition and increases the survival of paclitaxel‑treated 
mice with squamous cell carcinoma of the head and neck. Cancer 
Chemother Pharmacol. 2005; 56(1): 97‑104. http://dx.doi.org/10.1007/
s00280‑004‑0929‑4

22. Goepfert TM, McCarthy M, Kittrell FS, Stephens C, Ullrich RL, Brinkley BR 
and Medina D. Progesterone facilitates chromosome instability (aneu‑
ploidy) in p53 null normal mammary epithelial cells. The FASEB Journal. 
2000; 14:2221‑2229. http://dx.doi.org/10.1096/fj.00‑0165com

23. Roberts R, Iatropoulou A, Ciantar D, Stark J, Becker LD, Franks S and 
Hardy K. Follicle‑stimulating hormone affects metaphase I chromosome 
alignment and increases aneuploidy in mouse oocytes matured in vitro. 
Biology of reproduction. 2007; 72:107‑118. http://dx.doi.org/10.1095/
biolreprod.104.032003

24. LakshmanKumar P. Genotoxic evaluation of morphine, buprenorphine, 
pentazocine and noscapine by micronucleus and Comet assay in albino 
mice. Indian Journal of Pharmacology. 2007; 39(6):265‑268. http://dx.doi.
org/10.4103/0253‑7613.39144

25. Schuler M, Muehlebaur P, Guzzie P and Eastmond DA. Noscapine hydro‑
chloride disrupts the mitotic spindle in mammalian cells and induce aneu‑
plody as well as poliploidy in cultured human lymphocytes. Mutagenesis. 
1999; 14(1):51‑56. http://dx.doi.org/10.1093/mutage/14.1.51


