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Abstract. The cytological effect of one of the alkaloid of Opium, namely morphine sulphate 
on Al l ium cepa root tips from a qualitative and quanti tat ive point of view were studied. I t  was 
found tha t  morphine sulphate caused partial effect on spindle formation and also showed a mite- 
depressive effects particularly after long treatment.  

Various chemical substances were discovered tha t  have the abil i ty to alter the mechanism of 
mitosis. They vary, however, according to their mode of action (BI~sEL 1958 and D~.vsso~r 1968). 
Some may inhibit or disturb spindle formation leading to various mitotic abnormalities such 
as C-metaphase, star metaphase, polyploidy and others. Examples of these chemicals are col- 
chicine (EmlSTI and DUSTINE 1955), organic mercury compounds (RAVEL 1969, FlSX]rJO 1969 
and AH~EI) and GRANT 1972), insecticides and pesticides (u and I~Ao 1969, AMER and 
ALl 1969). Other chemicals specifically action the chromosomes inducing various types of chromo- 
somal aberrations e.g. alkylating agents (I-IEINER 1971, KIHLMAN et al. 1971). 

Due to the sensitivity of mitotic mechanism to these chemicals, a number of investigators tried 
to test the effect of medical substances commonly used by man on mitosis. KABARITY and KHO- 
DARY (1967a, b), showed tha t  the three oral contraceptives, Anovlar, Conovid and Lyndiol, 
have induced different mitotic abnormalities: while anovolar does not affect the formation of the 
spindle fibres, but  affects only their orientation, Conovid inhibits the formation of the spindle 
fibres producing polyploidy, possibly aneuploidy, star metaphases, anaphases bridges. Lyndiol 
did not have any effect on metaphase, although anaphase irregularities were observed. The 
antibiotics chloramphenicol, eyeloheximide and actinomycine D, caused a number of mitotic and 
chromosomal abnormalities (BuIATTI and NUTIRO~CHI 1969 and NAGL 1970). Even the artificial 
sweatencrs also showed various types of chromosomal aberrations (2r and ~OLOMA~r 
1971). 

Morphine sulphate is an alkaloid found principally in opium. I t  is widely used by man either 
for medical purposes or as narcotics. The present s tudy was planned to find out the cytological 
effects of this chemical in root tips of AUium cepa. 

Material and Methods 
Onion bulbs (Al l ium cepa cv. Giza) of the same size and age were used for the present cytological 

studies, the bulbs were germinated in sandy soil irrigated with tap water. When the roots had 
reached a length of about 1.5--2.5 cm the bulbs were removed from the pots and the roots were 
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w a s h e d  t h o r o u g h l y  w i t h  t a p  wa te r .  T h r o u g h o u t  t h e  di f ferent  e x p e r i m e n t s  in t he  p r e s e n t  s t u d y  
roo t s  were t a k e n  h a v i n g  t he  s a m e  length .  T he  roots ,  whi le  still  i n t a c t  to t he  bulbs ,  were i m m e r s e d  
in  smal l  v ia l s  con t a in i ng  t he  v a r i o u s  concen t i ' a t ions  o f  m o r p h i n e  su lpha te .  E a c h  series o f  ex- 
p e r i m e n t s  i nc luded  a s i m u l t a n e o u s  con t ro l  t r e a t e d  in  a n  ident ica l  way ,  where  t a p  w a t e r  was  u s e d  
i n s t e a d  o f  t h e  alkaloid.  All t r e a t m e n t s  were ca r r ied  ou t  a t  r o o m  t e m p e r a t u r e  r a n g i n g  b e t w e e n  
20---25 ~ R o o t s  wore t r e a t e d  w i t h  va r i ous  c o n c e n t r a t i o n s  o f  m o r p h i n e  s u l p h a t e  r a n g i n g  f rom 
3 .29•  10 -5 to  0.04 X 10 -5 ree l  m1-1 de ta i l s  o f  w h i c h  arc  i nd i ca t ed  in t he  t ex t .  T h e  roo t s  were 
k e p t  in  t h e  chemica l  for  4, 12, 24, 48 a n d  72 h. T h e  cu l tu re  so lu t ion  was  c h a n g e d  e v e r y  36 h 
accord ing  to DAWDSON a n d  lY[~CLEOD (1966). 

The  F o u l g s n  s q u a s h  t e c h n i q u e  was  app l ied  for t he  cytological  work  accord ing  to DARLING- 
TON a n d  L~_ 0o~1% (1969). T he  roo t  t ips  (1 cm) were cu t  a f t e r  each  t r e a t m e n t  a n d  f ixed in  C a r n o y ' s  
so lu t ion  (acetic alcohol 1 : 3) for  24 h, T he  roo t s  were t h e n  t r ans fe r r ed  to  70 ~o e thy l  a lcohol  a n d  
k e p t  in  t he  ref r ig i ra tor  un t i l  requi red .  T h e y  were s t a i n e d  w i th  leucobasic  fuchs ine ,  a f t e r  h y d r o l y s i s  
in  1 N H01 for 8 ra in  a n d  p e r m a n e n t  sl ides were t h e n  p r epa red  af te r  s q u a s h i n g  t he  roo t s  in  45 ~o 
acet ic  a~id. Fo r  each  t r e a t m e n t  scor ing  o f  t he  mi to t i c  indices  (1~[ = pe r cen t age  o f  d iv id ing  
cells) was  car r ied  ou t  f r om 10 roo t s  o f  a t  leas t  3 bulbs .  E a c h  d e t e r m i n a t i o n  was  b a s e d  f r o m  10 
fields a t  r a n d o m  f rom each  root .  

Results 

I. General  Cytological Observations 

The most recognizable effect of morphine sulphate in root tips of Allium 
cepa was its action on metaphase stage. This occurred with variable frequen- 
cies according to the period of treatment and the concentration used. The 
majority of metaphase abnormalities showed typical C-metaphase similar to 
that induced by colchicine (LEvAN 1938). In such case the chromosomes 
were scattered all over the entire cell, not gathered at the metaphase plate 
and each chromosome appeared having its two chromatids fallen apart 
except at the position of the centromere (Fig. 1, 2). The action of the chemical 
may be extended causing the daughter chromosomes to fall apart from each 
other but do not move to the poles forming C-anaphase (Fig. 3). This was 

TABLE 1 

I:*ROPHA.SE / ]~$TkpI{iSE R&TIO AIqD FREQUENCY of  n o r m a l  a n d  a b n o r m a l  p h a s e s  in m i to s i s  after  
t r e a t i n g  Alliur, c~p'z roo t s  w i t h  m o r p h i n e  s u l p h a t e  for 4 h o u r s  

Concen t r a t i on  To ta l  P r o p h a s e  ]~Ietaphase A n a  + Te lophase  P/I~ 

X l 0  -5 cells N o r m a l  Abn .  N o r m a l  Abn.  N o r m a l  Abn .  
reci ta l -1  e x a m i n e d  [O/o ] [%] [%] [%] [%] [~o] R a t i o  

3.29 12.000 40.28 1.52 37.42 87.43 22.30 21.10 1.08 : 1 

2.96 12.000 38.72 0.61 40.38 74.12 20.90 28.41 0.96 : 1 

2.63 12.000 38.55 2.55 40.73 55.82 20.92 26.00 0.94 : i 

2.30 12.000 50.09 2.25 31.71 39.05 18.20 20.62 1.58 : 1 

1.97 12.000 47.63 0.00 28.66 31.03 23.71 20.00 1.66 : 1 

1.64 12.000 49.27 0.00 23.33 5.59 27.40 6.55 2.11 : 1 

0.00 12.000 62.46 0.00 15.48 0.00 22.06 0.00 4.03 : 1 
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TABLE 2 

PpOPHASE / METAP/tASE SATIO AND FREQUENCT of normal and abnormal phases in mitosis after 
lbreating A l l i u m  r roots with morphine sulphate for 12 h 

Concen- Total Prophase l~r Anaphase Telophase 
tration cells P/~V[ 
X l 0  -5 exam- :Normal- Abn. :Normal Abn. :Normal Abn. :Normal Abn. Ratio 

m o l m l  -z ined  [%]  [%]  [%]  [%]  [%]  [%]  [%]  [%]  

1.97 7.157 32.97 - -  51.10 100 2.20 100 13.74 72.00 0.65 : 1 

1.31 9.497 34.42 - -  52.03 97.92 5.69 76.19 7.86 27.59 0.66 : 1 

0.65 9.914 34.80 - -  31.35 46.00 18.18 18.97 15.67 12.00 1.10 : 1 

0.16 7.696 62.24 - -  17.84 34.88 11.62 10.71 8.30 5.00 3.50 : 1 

0.04 7.352 58.09 - -  20.95 3.96 11.83 0.00 9.13 0.00 2.70 : 1 

0.00 6.544 60.16 - -  22.25 3.71 7.42 0.00 10.16 0.00 2.70 : 1 

mostly followed by restitution resulting in a tetraploid nucleus�9 Cells having 
higher polyploid chromosome number was also observed (Fig. 4). 

Anaphases with chromosome bridges were noticed in roots treated with 
high concentration (Fig. 5, 6). 

In roots treated with higher concentrations, micronuclei were noticed in 
some interphase stages (Fig. 7). Such micronuelei, most probably originate 
from the noncongression chromosomes, where a nuclear membrane surround 
them at interphase stage. 

II. Effect of Dose and Duration of Morphine on Mitotic Frequency 

a) Effect of 4-hours treatment 

It is shown in Table 1 that the lowest effect of the chemical upon 
meristematic cells was found at concentration 1.64• 10 -5 mol m1-1, when 

:Fig. 8. The effect of morphine sulphate 
on the mitotic i ndex  in  Al l ium cepa 
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abnormal metaphase has reached a minimum frequency of 5.59 %. This 
frequency increases linearly with the increase of morphine concentration 
until  it  reached a maximum of 87.43 ~o for roots t reated with the highest 
concentration of 3.29 • 10 -5 mol ml-:. The abnormal anaphase and telophase 
on the other hand increases with slight fluctuation. In  general, however, their 
frequency are far less than tha t  of metaphase. The maximum frequency of 
metaphase stage 40.73 ~/o (normal-~ abnormal) was obtained at concen- 
t rat ion 2.63• 10 -5 mol ml- :  at  which prophase stage at ta in the lowest 
frequency 38 35 ~o. Metaphase and prophase frequencies almost parallel each 
other in roots t reated with the higher concentration. Thus while the meta- 
phase percentage increases with the increase of morphine concentration, the 
percentage of prophase decreases. This becomes more clear when the pro- 
phase/metaphase ratio was calculated. In  case of the unt rea ted  roots it 
represents the highest ratio 4 . 0 3 : 1 ,  then decreases with the increase of  
chemical concentrations until it almost become equal in values with higher 
concentrations (Table 1). Such results indicate tha t  there is accumulation of 
metaphase on the expense ofprophase  by  treating the roots with high concen- 
trat ions of the alkaloid. 

The frequency of abnormal prophase is very  low and it only appears in 
roots t reated with higher concentrations. 

Morphine sulphate shows very  little effect on the mitotic indices for roots 
t reated with different concentrations for four hours. The lowest MI value is 
3.51 produced in roots t reated with one of the highest concentration 
3.29 • 10 -5 mol ml-:  compared with the untreated roots which has MI value 
of 4.68 (Fig. 8). 

b) Effect of 12-hours t reatment :  

More diluted series of morphine sulphate concentrations than the previous 
experiment were used 1.97--0.04•  10 -5 mol ml-:. Similar types of abnor- 
malities to the previous observations were obtained. The numbers  and per- 
centages of the normal and abnormal mitotic stages after t rea tment  with 
various concentrations are shown in Table 2. I t  is clear from the table tha t  

TABLE 3 
PROPm~SE / I ~ . T A P ~ S ~  RATIO A:CD F~EQUENOZr of  normal  and  abnormal  phases  in mitosis  after  
t rea t ing  AUium Cepa roots  wi th  morph ine  su lphate  for 24 h 

Concen- Total  Prophase  l~Ietaphase Anaphase  Telophase 
t r a t ion  cells P/I~I 
X l 0  -5 exam- Normal  Abn.  Normal  Abn.  Normal  Abn.  Normal  Abn.  Ra t io  

m o l m l - :  ined [%] [%] [%] [%] [%] [%] [~/o] [%] 

1.31 6.492 31.82 - -  68.18 100 0.00 - -  0.00 - -  0.47 : 1 

0.65 6.767 28.00 - -  52.00 100 6.00 100 14.00 28.57 0.54 : 1 

0.16 8.874 52.13 - -  24.47 78.26 8.51 12.5 18.89 0.00 2.10 : I 

0.04 8.304 35.53 - -  34.10 5.04 12.32 00.0 18.05 1.59 1.00 : 1 

0.00 5.822 48.46 - -  22.69 2.40 15.12 00.0 13.72 0.00 2.14 : 1 
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TABLE 4 

PROPtr~_SE/~I~TAP~SE RATIO AI~'D FREQUENCy of  normal  and  abnormal  phases  in mitosis  after  
t rea t ing  Allium Cepa roots  wi th  morph ine  su lphate  for 48 h 

Coneen- Total  P rophase  Metaphase Anaphase  Telophase 
t r a t i on  cells 
X l 0  -5 exam- Normal  Abn.  :Normal Abn.  Normal  Abn.  Normal  Abn.  

molm1-1 ined [~o] [~o] [%] [~o] [~o] [~/o] [~o] [~o] 

P/~I 
Rat io  

0.65 6.934 0.00 - -  75.00 100 0.00 - -  25.00 100 - -  

0.16 9.869 9.68 100 74.19 100 0.00 - -  16.13 100 0.1 : 1 

0.04 7.809 49.66 0 23.49 25.71 13.42 5 13.42 5 2.0 : 1 

0.00 6.591 45.28 0 22.32 0.00 15.45 0 16.95 0 2.0 : 1 

there is a reverse relationship between the prophase and metaphase stages 
frequencies similar to the four hours t rea tment .  The percentage of metaphase 
reached maximum of 52.03 ~ and 51.1 ~/o at  concentrations 1.31 and 
1.97• 10 -5 mol m1-1 and 1.5 %; where prophase appeared at its low fre- 
quencies of 34.42 ~ and 32.97 ~o. This relationship was also clear from the 
P/M ratio. 

The frequencies of anaphase and telophase, on the other hand, fluctuate 
slightly but  in general their frequencies were less than tha t  of metaphase. 

Mitosis was inhibited in this experiment in roots t reated with high con- 
centration. The MI was depressed to 2.54 compared with the control value 
6.56 (Fig. 8). 

No prophase abnormalities were noticed. Metaphase and telophase ab- 
normalities frequencies increases linearly with the increase of morphine 
sulphate concentration until it reached a maximum of 100 ~ at the highest 
concentration applied. 

c) Effect of 24-hours t rea tment :  

This period of t rea tment  was found to have more drastic effect on mitosis 
(Table 3). The percentage of prophase decreases while metaphase percentage 
increases with the increase of concentration. A drop in the anaphase and 
telophase frequencies were detected with the increase of chemical concen- 
tration. Complete anaphase inhibition was observed in roots t reated with the 
concentration 1.31 X 10 -5 mol m1-1. The MI drops sharply from 6.13 of the 
control to 0.34 for the highest concentration applied Fig. 8. 

No prophase abnormalities were observed in this experiment. Metaphase 
abnormalities, on the other hand, reached 100 % at lower concentrations 
from the previous experiments 1.31 • 10 -5 mol m1-1. The lowest concentration 
used showed no effect on anaphase except in lowering its frequency. 

d) Effect of 48-hours t rea tment :  

C-metaphase and stiekness were the most prominent  abnormalities. Three 
concentrations were only used, the highest was 0.65• 10 -5 tool ml after 
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which the roots died. The percentages of normal and abnormal cells in the 
different stages of mitosis are shown in Table 4. MI was sharply reduced to 
0.12 in roots t reated with high concentration. Compared to the control value 
7.07, even when the lowest concentration used, MI was still low (Fig. 8). 
Thus longer period of t rea tment  with low alkaloid concentration show more 

TABLE 5 

PROPHASE ] METAI~ RATIO AND FREQUENCY of normal  and  abnormal  phases in mitosis after 
rearing Alllum Gepa roots with morphine  sulphate  for 72 h 

Concert- Total  Prophase Metaphase Anaphase  Telophase 
t ra t ion  cells 
X10 -a exam- Normal  Abn. Normal  Abn. Normal  Abn. Normal  Abn. 

molm1-1 ined [%] [%] [%] [%] [%] [%] [%] [%] 
Rat io 

0.16 8.180 . . . . . . . . .  

0.04 5.535 51.34 - -  31.43 27.27 8.57 - -  8.75 - -  1.6 : 1 

0.00 7.584 44.97 - -  92.38 - -  11.70 - -  20.94 - -  2.01 : 1 

inhibitory effect on mitosis, than high concentration for short period. The 
distr ibution frequencies of mitotic states are shown in Table 4. Normal 
metaphase was only seen in roots t reated with low concentrations, while in 
higher concentrations 0.65X10 -5 molm1-1 and 0.16X10 -5 molm1-1 the 
abnormalities reached 100 % (Table 4). At the same concentrations complete 
inhibition of anaphase was detected. Few cells, however, were found at  the 
telophase stage and they  were abnormal. 

e) Effect of 72 hours t reatment :  

In  spite of the low concentrations of the chemical used in this t rea tment  
(0.16 X 10 -5 reel m1-1 and 0.04 X 10 -5 mol m1-1) mitosis was highly affected 
(Table 5). The mitotic index drops to 0.63 when t reated with 0.16• 10 -5 
reel m1-1 and to zero when t reated with the second concentration compared 
with tha t  of the untreated which had a mitotic value of 6.3 (Fig. 8). The 
percentage of abnormalities in metaphase was low in comparison to the 
previous experiments and no abnormalities were noticed in prophase, anaphase 
and telophase. 

Discussion 

The results obtained in the present  invest igat ion indicate tha t  morphine  sulphate has  the  
abil i ty to induce a number  of mitot ic  abnormalit ies.  The main conspicuous effect is the formation 
of C-metaphase.  In fact mos t  of abnormali t ies  produced m a y  be related to this  effect. Such C-recta- 
phase was produced with variable frequencies in all concentrat ions used and  after various periods 
of t rea tment .  The induct ion of C-metaphase is an  indicat ion of the  action of morphine  sulphate  
on spindle formaion. In  roots t reated with the alkaloid for long duration,  complete inhibi t ion of 
spindle was noticed, result ing in 100 ~o C-metaphase.  I n  other eases, part ial  inhibit ion was 
observed where a low percentages of C-metaphase were produced accompanied wi th  normal  
anaphase  and  telophase stages. Thus  it could be concluded tha t  morph ine  sulphate  acts  on the  
spindle fibres similar to colchicine (LEvAN 1938 and  1954), bu t  it  is less effective t h a n  th is  
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alkaloid. Similar results were observed using the antibiotics (:NAoL 1970), penetrazol (KABARXTY 
1968) and many  others (DEYSSON 1968). 

The presence of chromatic bridges in some cells t reated with morphine sulphate are most  
likely due to stiekness exerted by the action of the chemical on the chromosomes. At  anaphase 
spindle fibres are formed quite normally. Thus separation of the daughter chromosomes to the 
poles become incomplete and remained connected together by these chromatic bridges. Such 
abnormality is commonly found in many plant  and animal materials t reated with various 
chemicals (DEYSSON 1968). These bridges induced by morphine sulphate cannot be at t r ibuted 
to  the breakage and reunion of chromosomes because of the absence of any dctactable chromo- 
some breakage. 

I t  was noticed that  there is direct relationship between the prophase and metaphase stage. 
In  the untreated roots, the frequency of prophase is normally higher than  tha t  of metaphase.  
On the other hand, there is an inverse relationship between metaphase and prophase frequency 
in the treated roots i.e. as metaphase increases prophase decrease. BRYANT (1969) has est imated 
the duration of the different stages in A l l i u m  cepa root tips using the autoradiographie technique. 
He found tha t  the duration of metaphase and anaphase are very short (0.2 h and 0.1 h res- 
pectively), while the prophase and telophase lasted longer period (0.8 h and 1.2 h). These results 
could explain the occurrence of high frequency of prophase and the low frequency of metaphase 
in the untreated roots. The drop in prophase frequency in the treated roots may be either due  
to short duration of this phase or reduction in cell numbers entering mitosis. While the increase 
of metaphase percentage could be resulted from the lengthening of the metaphase duration tha t  
leads to its accumulation. Since no substantial differences in the MI with the increase of alkaloid 
concentration were noticed, when roots t reated 4 h, it could be concluded tha t  the variation in 
prophase and metaphase frequencies produced by the chemical were mainly due to the change 
of the relative duration of these stages. The chemical most likely reduce the prophase duration 
while increasing metaphase duration. 

A_ drastic reduction in MI in the roots treated for long periods with various concentration was 
observed. This inhibitory effect of the chemical can result from either obstruction of the onset 
of prophase or to an arrest of one of the mitotic phases. In  fact, the chemical, due to its action 
on the spindle, cause an arrest in metaphase, producing a high percentage of this stage on the 
expense of the prophase. But  the mitotic phases numbers were very low. Thus the reduction in 
MI must  be due mainly to the inhibitory action of the chemical on the onset of mitosis, in spite 
of the metaphase arrest. Therefore, morphine sulphate differ from colchicine action in tha t  the 
latter cause an increase in MI due to the metaphase arrest as well as to its st imulatory action to  
mitosis (DAVIDSON and M.ACLEOD 1966 and WEBSTER and DAVIDSON 1969). This led us to 
conclude tha t  morphine sulphate cause partial  effect on spindle formation and also showed 
a mitodepressive affects particularly after long treatment.  In  this respect it is largely similar to  
other narcotic alkaloids (see D,~YSSON 1968 for references). 

Conclusions 

The most recognisable effect of  morphine sulphate in root tips of A~lium cepa was its action 
on metaphase. C-metaphase, star metaphase, C-anaphase, anaphase with chromosome bridges 
were noticed. 

A drastic reduction in mitotic index in the roots t reated for long periods with various con- 
centrations was observed. This inhibitory effect of the chemical can result from the obstruction 
of the onset of prophase. Morphine sulphate differs from colchicine action in t h a t  the  lat ter  
cause an increame in MI due to the metaphase arrest as well as to i t s  s t i m u l a t o r y  a c t i o n  to  
mitosis. 
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A. KABARITY,  A. EL-BAYOUMI,  A. A. H A B I B  
M O R P H I N E  SULPHATE AND MITOSIS 

Fig. 1--2. C-m~taph~ses after t r ea t ing  AUium eepa root t ips wi th  2.63 • 10 -5 reel m1-1 (Fig. 1). 
2.30 • 10 -5 reel rn1-1 (Fig. 2) morphine sulphate for 4 h. 
Fig. 3. C-anaphases af ter  t rea t ing All ium eepa root tips with  1.97 • 10 -5 reel ml-1 morphine 
s~lphato for 4 h. 
Fig.  4. Doubling of chromosome set of Alliura cepa cells after the t r ea tmen t  wi th  morphine 
sulphate (1.97 x 10-~ mol ml-1). 



A. KABARITY,  A. EL-BAYOUMI, A. A. HABIB 
MORPHINE SULPHATE AND MITOSIS 

Fig. 5--6.  Chromosome bridges in anaphases treated with 2.63 x 10 -5 tool m1-1 morphine sulphate 
for 4 h. 
Fig.  7. Micro-nucleus  after t r e a t m e n t  o f  2.96 X 10 -5 tool m1-1 morphino sulphate. 


