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Abstract 

The aim of this study is to determine the cytotoxicity and genotoxicity of two new synthesized 
complexes of rutin with Cu2+ and Zn2+ with possible applications in therapy as preliminary evaluation 
in toxicity bioassays. 

The cytotoxic effects were investigated in 0.5 mg/mL and 1 mg/mL solutions of the synthesized 
complexes Cu2+- rutin and Zn2+- rutin by calculating the mitotic index and also through the analysis of 
chromosomes alterations during the mitosis. The cytogenetic analysis realized on Allium cepa and 
Triticum aestivum revealed a decrease in the mitotic index following all treatments. Its decrease was 
much more evident at the higher concentrations of both complexes and at the longer time of exposure. 
Moreover, this phenomenon is associated with the occurrence of different chromosomal aberrations 
including highly condensed chromatin which are easily identified during mitosis stages. Comparing the 
effects of Cu2+ and Zn2+ salts, it seems that rutin complexation reduces the toxicity of Cu2+ and Zn2+ ions. 
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1.  Introduction  

Rutin was first isolated and described in the second decade of XXth century, its 
biological role being unclear at that time. Today a lot of information about its antioxidant 
activity is available and this effect are proved to increase when rutin is coordinated with 
transitional metal ions (PEREIRA & al., [1]). Moreover, the role of rutin and related 
compounds in maintaining the antioxidant pools in plants and in supporting the plant 
development is further supported by new evidences (SELVARAJ & al., [2]). It was proved 
that rutin can be successfully used in human therapy as it has positive effects acting as 
antioxidant, antihypertensive, anti-inflammatory, and antihemorrhagic due to the strengthen 
of the blood vessels capillaries and the regulation of the capillary permeability, as well as for 
the stabilizing of platelets (HEIM & al., [3], FERNANDEZ & al., [4], KURISAWA & al., [5], 
LE NEST & al., [6], BUKHARI & al., [7], SELVARAJ & al., [8]). The prominent examples 
of strongly antioxidant flavonoids in humans are morin, rutin, and quercetin (CHEN & al., 
[9]). Rutin acts as a chelating agent for transitional metals not only in vitro but also in vivo 
(MARCH & BRODBELT, [10]).  

Today it is recognized that the reactive oxygen species (ROS) are emerging as 
important regulators of plant development. There are now abundant evidences that ROS play 



Cytological study regarding the effects of rutin-transition metals complexes in Allium and Triticum tests 
 

Romanian Biotechnological Letters, Vol. 22, No. 3, 2017 
 

12621 

roles in cell growth and that the spatial regulation of ROS production is an important factor 
controlling plant development (MUNIN & EDWARDS-LÉVY, [11], GAPPER & DOLAN, 
[12]). Thus, there appears to be a strong connection between the synthesis of ROS and 
flavonoids which may act in controlling the plant development. Based on this hypothesis the 
use of rutin – complexes with transition metals in plant model systems such as Allium cepa 
and Triticum aestivum may have positive effects in controlling cell division in root meristems. 

This paper describes the synthesis of a Cu(II) and Zn as transition metal complexes 
bearing a rutin ligand and the evaluation of cytological effects in Allium and Triticum tests. 
In this regard, it was porposed on spot synthesis of two rutin’s chelates using as transition 
metals Cu(II) and Zn. Due to their high antioxidant activities, it is assumed to have new 
evidences in supporting the enhancement of meristematic cells divisions in plants with further 
application in biotechnologies. 
 
2.  Materials and methods 

Synthesis of copper (II) – rutin and zinc – rutin complexes 
Reagents – All utilized chemicals were of analytical purity: rutin trihydrate (78095-25MG-F, 

Fluka), zinc acetate (383317-25G, Aldrich), copper (II) chloride dihydrate (467847-50G, 
Aldrich) and anhydrous ethanol (676829, Sigma-Aldrich). As chelating reagents copper (II) 
chloride solution (0.01M) and zinc acetate solution (0.01M) were used. A fresh rutin solution 
of 1.2 mM was used to obtain the metal-ligand complexes at the room temperature (21°C). 

Preparation of the rutin-metal (Me) complexes – The rutin-metal complexes were 
prepared on spot by mixing stoichiometric amounts of rutin as ligand and metal ions in ethanol 
and heating to reflux for 3 hours. The stoichiometry of ligand/metal ions was applied as 
following: rutin:copper(II) (2:1) and rutin:zinc (1:2) according to the proposed methodology 
of DE SOUZA & al., [13]. A pale yellow (rutin-metal) precipitate was formed immediately 
when cooled mixtures were poured into distilled water. The formed complexes or chelates 
were kept overnight at the room temperature and collected the second day through vacuum 
filtration, rinsed 3 times with ethanol solution (1:3), washed several times with ethylic ether 
and dried under vacuum according to the method proposed by DE SOUZA & al., [13]. Based 
on these authors results the solid amorphous complexes are pale yellow, stable in the air and 
can be stored without change of composition. Also, these complexes are soluble in MeOH, 
EtOH and DMSO, slightly soluble in Me2CO, but scarcely soluble in H2O and CCl4. Upon 
rutin binding with Cu (II) and Zn for forming complexes the absorbances were measured at 
413 nm according to Job’s method. 

Allium test – Equal-sized onion bulbs (Allium cepa L., 2n=16) Romanian cultivar 
“Diamant”, approximately 1 cm in the maximum diameter of the bulb selected based on their 
appearance and uniformity in size and healthy status were used in this experiment. Bulbs were 
placed into test tubes and filled with distilled water at room temperature (20±2°C) as describe 
previously YÜZBAŞIOĞLU & al., [14]. 

Triticum test – Healthy wheat grains (Triticum aestivum L., 2n = 42), Romanian 
cultivar “Dropia” were used as test material. Grains were placed in Petri dishes (150x15 mm) 
with three layers of filter paper (140 mm Watman No. 1 filter) on the bottom, 20 seeds/jar 
at room temperature (20±2°C) in 9 ml distilled water, according to the method described by 
DI SALVATORE & al., [15]. 

Experiment design – When roots reached 1-1.5 cm, bulbs and grains were submerged 
for reagents treatments according to table no. 1 for 6 and 72 h in Allium test and 6 and 24 h in 
Triticum test or 72 h. Distillate water, copper (II) chloride solution (0.01M) and zinc-acetate 
solution (0.01M) were used as controls. The two fresh synthesized complexes: copper (II)-rutin 
and zinc-rutin were experimented at 2 different concentrations: 0.5 mg/mL and 1 mg/mL 
according to the table no. 1. 
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Table 1. Allium and Triticum tests experiment design for evaluating the cytological effects of zinc –  
rutin and copper (II) rutin complexes 

 

Variants codes 
Alllium test Triticum test 

Reagents treatments Treatment duration 
variant 
6 hours 

Treatment duration 
variant 

24 hours 

Treatment duration 
variant 
6 hours 

Treatment duration 
variant 

72 hours 
Zinc-acetate [0.01M] V1 V7 V13 V19 
Zinc-rutin  
(0.5 mg/ml) V2 V8 V14 V20 

Zinc-rutin  
(1 mg/ml) V3 V9 V15 V21 

Copper(II)-chloride 
[0.01M] V4 V10 V16 V22 

Copper (II)-rutin (0.5 
mg/ml) V5 V11 V17 V23 

Copper (II)-rutin  
(1 mg/ml) V6 V12 V18 V24 

 
Only bulbs and wheat grains with new emerged roots ranging between 1 and 1.5 cm in 

length have been selected for testing the rutin-complexes. Thus, ten rooted bulbs / test 
tubes/variant and 200 wheat grains/Petri dishes /variants were used for each variant described 
in table no. 1 and controls (i.e. distilled water). 

Fixation and staining – In the end of the experiment for each variant, according to table 
no.1 the roots tips are taking out and fixed in a Carnoys solution (i.e. absolute ethanol and 
anhydrous acetic acid in a volume ratio of 3:1) for 16 hours at refrigerator (4°C), followed by 
a gentle acidic hydrolysis in a solution of HCl 1N for 5 min at 60°C. The roots tips staining 
was realized following the Feulgen technique and using Schiff reagent for 90 min followed by 
water immersion for 20 min. The ready stained root tips of onion and wheat where squashed 
on slides and used for microscopy analysis (Epifluorescent Microscope Fluo 2 with a Bel 
Photonics DV-1300 digital camera producer BEL Engineering S.R.L., Italy, Monza-Milano).  

The mitotic index (MI) was calculated based on each slide analysis and observations 
of 500 cells for counting each mitosis stages in the root meristem and mitotic abnormalities. 
Five repetitions for each variant have been analysed and the optical microscopy fields was 
magnified x1000 for investigating chromosomal alterations. The mitotic index (MI) was 
calculated using the formula: 

100
cells edinvestigat  totalof no.

mitosisin   cells of no.MI ⋅=  

Statistical analysis The MI was compared using analysis of variance (ANOVA) to 
confirm the variability of the data and validity of results. The differences between variants 
have been analyzed for their significance based on Duncan's multiple range (DMRT) test 
(pb 0.05) and differences between corresponding controls and exposure treatments were 
considered statistically significant at pb 0.05. 
 
3.  Results and discussions  

Root growth  
The treatment with the copper(II)-rutin and zinc-rutin complexes solutions for 6 h or 

72 h induced the shortness and thickness of emerging root tips of Allium bulbs compared to 
the control. The treated roots were fewer for Allium bulbs and smaller in length for Triticum 
seeds than those of the control and also than Cu (II) chloride solution and Zn (II) acetate 
solution treated roots.  
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It should be mentioned that the wheat root tips were soften compared to the control 
only when the treatment period was increased to 72 h. The decrease in the root elongation is 
thought to result from the decrease in the number of the total divided cells in meristem tissue 
due to effect of the tested complexes (table 3 and table 4) and this was also the conclusion for 
another specialists (GUPTA & al., [16], MERT & BETÜL, [17], TRIFAN & al., [18], 
OBIDOSKA & JASIŃSKA, [19]).  

Mitotic index  
Analyzing the untreated control – it is considered to be observed normal chromosomes 

and cell division behaviour for Allium test (M.I. = 11.6) and Triticum test (M.I. = 6.6).  
 

Table 2. The results of copper (II)-rutin and zinc-rutin complexes effects on cell division in Allium test. 
The control is represented by the treatment with distilled water 

Cells in 
interphase 

Cells in 
mithosis 

Prophase 
cells 

Metaphase 
cells 

Anaphase 
cells 

Telophase 
cells Variants 

No % No M.I.(%) No % No % No % No % 
Control 442 88.4 58 11.6±3.15 29 5.8 10 2.0 8 1.6 11 2.2 

V1 450 90.0 50 10.0±3.05 24 4.8 9 1.8 8 1.6 9 1.8 
V2 469 93,8 31 6,2±3.22 24 4,8 2 0,4 2 0,4 3 0,6 
V3 467 92,8 36 7,2±3.07 23 4,6 1 0,2 3 0,6 9 1,8 
V4 451 90.2 49 9.8±3.02 23 4.6 12 2.4 5 1.0 9 1.8 
V5 479 95,8 21 4,2±1.62 18 3,6 0 0,0 1 0,2 2 0,4 
V6 479 95,8 21 4,2±2.32 16 3,2 3 0,6 1 0,2 1 0,2 
V7 471 94.2 29 5.8±1.87* 15 3.0 8 1.6 2 0.4 4 0.8 
V8 478 95,6 22 4,4±1.97 14 2,8 2 0,4 4 0,8 2 0,4 
V9 476 95,2 24 4,8±2.04 14 2,8 3 0,6 5 1,0 2 0,4 

V10 477 95.4 23 4.6±1.22* 14 2.8 6 1.2 0 0 3 0.6 
V11 481 96,2 19 3,8±1.21* 13 2,6 2 0,4 3 0,6 1 0,2 
V12 484 96,8 16 3,2±1.09* 11 2,2 2 0,4 2 0,4 1 0,2 

Legend: Numbers labelled with asterisk are significantly different from control values at p>0.05 according to 
DMRT. 

 
Table 3. The results of copper (II)-rutin and zinc-rutin complexes effects on cell division in Triticum test. 

The control is represented by the treatment with distilled water. 
Cells in 

interphase 
Cells in 
mithosis 

Prophase 
cells 

Metaphase 
cells 

Anaphase 
cells 

Telophase 
cells Variants 

No % No M.I.(%) No % No % No % No % 
Control 467 93.4 33 6.6±2.97 17 3.4 7 1.4 4 0.8 5 1.0 

V13 475 95.0 25 5.0±2.88 14 2.8 6 1.2 2 0.4 3 0.6 
V14 475 95,0 25 5,0±2.11 16 3,2 4 0,8 4 0,8 1 0,2 
V15 482 96,4 18 3,6±1.01 10 2,0 3 0,6 4 0,8 1 0,2 
V16 476 95.2 24 4.8±2.25 13 2.6 5 1.0 3 0.6 3 0.6 
V17 476 95,2 24 4,8±1.93 17 3,4 2 0,4 3 0,6 2 0,4 
V18 481 96,2 19 3,8±1.58 12 2,4 4 0,8 2 0,4 1 0,2 
V19 484 96.8 16 3.2±0.89 11 2.2 4 0.8 1 0.2 0 0.0 
V20 485 97,0 15 3,0±1.23 9 1,8 2 0,4 3 0,6 1 0,2 
V21 483 96,6 17 3,4±1.08 14 2,8 1 0,2 1 0,2 1 0,2 
V22 488 97.6 12 2.4±0.66 7 1.4 3 0.6 0 0.0 2 0.4 
V23 490 98,0 10 2,0±0.78 8 1,6 1 0,2 0 0,0 1 0,2 
V24 489 97,8 11 2,2±0.54 8 1,6 2 0,4 1 0,2 0 0,0 

Legend: Numbers in each column labelled with asterisk are significantly different from control values at 
p>0.05 according to DMRT. 

 
In tables no 2 and 3 are represented the complete results for the mitotic index in Allium 

cepa and Triticum aestivum root tip cells. The mitotic index decreased in all treatments when 
compared with their control. At the end of the 6 h treatment period, the highest level of MI 
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(11.6% and 6.6%) was observed in the control both for Allium and Triticum test, and this was 
followed by Cu (II) chloride solution and Zn (II) acetate solution (10% and 9.8% in Allium 
test; 5% and 4.8% in Triticum test). At the end of the 72 h treatment period, the highest level 
of MI (11.6%) was observed in the control for Allium test and this was followed by 5.8% and 
4.6% for Cu (II) chloride solution and Zn (II) acetate solution. At the end of the 24 h treatment 
period, the highest level of MI (6.6%) was observed in the control for Triticum test and this was 
followed by 3.2% and 2.4% for Cu (II) chloride solution and Zn (II) acetate solution. 

In all of the doses and periods of treatment in the study, various abnormal cells were 
observed. Anomalies that were observed in the study are as follows: stickiness, fragmentation, 
C-mitosis, irregular metaphase, bridge occurrence in anaphase or telophase, lagging 
chromosomes, micronuclei, polyploidy, heterochromatic or vacuolated nuclei. Moreover, 
plasmolysis of the cells and chromatin condensation were observed in long time treatments. 
All these abnormalities and chromosomal aberrations are in agreement with the results of 
different chemical treatments in studies of other scientists (BADAR, [20], DONBAK & al., 
[21] GOMURGEN, [22], GOMURGEN, [23], HALIEM, [24], KUMAR & PANDEY, [25], 
MERT & BETÜL, [17]; YUZBAŞIOĞLU & al., [14]). Compared to controls, a decreasing in 
the mitotic index was observed in all variants (table 3 and 4). Our microscopic observations 
agree with the macroscopic results (roots number and size) mentioned above. 

 In Allium test the highest percentage of dividing cells was in the prophase. For the 
variants 3 and 5 we recorded the smallest number of cells in metaphase and for the variants 5, 
6 and 10 we recorded the smallest number of cells anaphase. For the control as well as for the 
treated variants the predominance of prophase over the metaphases, anaphases and telophases 
was evident (Table 3). The highest percentage of dividing cells was registered for the variant 
no. 1 (10%). The largest number of cells was registered in prophase (24) in variant 1 and 2 
while in control variant were 29 cells in prophase. Also, the largest number of cells in 
metaphase (12) was registered in variant 4. Most anaphase were present in variant 1 (8) and 
most telophase were present in variants 1, 3 and 4 (9). The mitotic index has values similar to 
the control variant (11.6) in variant 1 (10) and 4 (9.8) after 6 h treatment with Cu (II) chloride 
solution and Zn (II) acetate solution, but decrease during treatment with the two synthesized 
complexes Cu2+- rutin and Zn2+- rutin especially after 72 h treatment, supporting the idea that 
cell division – compared to controls – is slowed down. Comparing the two complexes, Cu2+- 
rutin had a stronger effect concerning the decrease in the number of cells that are dividing, but 
identical for the two concentrations tested after 6 h treatment. 

After 72 h of treatment, the mitotic index decreases significant, almost with 50% 
in all experimental Allium variants, so the period of treatment was more important than 
concentration of tested complexes. In Triticum test the highest percentage of dividing cells 
was in the prophase. For the variants 21 and 23, we recorded the smallest number of cells in 
metaphase and for the variants 22 and 23, we recorded the smallest number of cells anaphase. 
For the control as well as for the treated variants the predominance of prophase over the 
metaphases, anaphases and telophases was evident (Table 4). The highest percentage of 
dividing cells was registered for the variants 13 and 14 (5%). The largest number of cells was 
registered in prophase (17) in variant 17 like in control variant. Also, the largest number of 
cells in metaphase (6) was registered in variant 13. Most anaphase were present in variants 14 
and 15 (4) and most telophase were present in variants 13 and 16 (3). The mitotic index has 
similar values as the control variant (6.6) in variant 13 and 14 (5) after 6 h treatment with Zn 
(II) acetate solution, but decrease during treatment with the two synthesized complexes Cu2+- 
rutin and Zn2+- rutin especially after 24 h treatment, supporting the idea that cell division – 
compared to controls – is slowed down. By comparing the effects of the two complexes, Cu2+- 
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rutin had a stronger effect than the Zn2+- rutin one, taking into account the decrease in the 
number of dividing cells. After 24 h of treatment, the mitotic index decreases significantly 
(almost 50%) in all experimental Triticum variants, so the period of treatment was more 
important than concentration of tested complexes. 

 

 
Fig. 1. The effect of zinc – rutin and copper (II) rutin complexes on the ratio of cells in interphase 

and mithosis in the Allium test. The variants V1-V12 are according to table no. 1.  
 
 

 

  
Fig. 2. The effect of zinc – rutin and copper (II) rutin complexes on the phase ratio of onion root tips in Allium 
test. The variants V1-V12 are according to table no.1. Legend:  Prophase cells;  Metaphase cells;  

 Anaphase cells  Telophase cells.  
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Fig. 3. The effect of zinc – rutin and copper (II) rutin complexes on the ratio of cells in interphase 

and mithosis in the Triticum test. The variants V13-V24 are according to table no.2 
 
 

  
Fig. 4. The effect of zinc –rutin and copper (II) rutin complexes on the phase ratio of wheat root tips in Triticum 
test. The variants V13-V24 are according to table no. 2. Legend:  Prophase cells;  Metaphase cells;  

 Anaphase cells  Telophase cells.  
 

Cytological observations – Continuing the investigations under the microscope, 
looking for the effect on the cell division of Allium cepa root tips we observe different 
changes in the normal mitosis also related to chromosomes and chromatin. The phytotoxicity 
test revealed a minor cytotoxic effect, with a mitodepressive activity and the stopping of 
mitosis at the preprophase stage. There were cells with large nuclei and uncoiled features, 
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cells with micronucleus, cells with C-mitosis, cells with anaphase or telophase bridges 
as a result of errors in chromosomes separation and with lagging chromosomes, cells with 
pycnotic chromosomes with uncoiled and sticky aspects and polyploidy. Moreover, plasmolysis 
of the cells and chromatin condensation were observed in long time treatments.  

After a six hours treatment of onion root tips, all tested variants produce a series of 
cytotoxic effects. For the concentration of 0.5 mg/ml the two synthesized complexes Cu2+- 
rutin and Zn2+- rutin induce an apparent accumulation of cells in prophase in the same number 
as the control, aspect associated with a great number of cells in telophases. Increasing the 
concentration at 1 mg/ml for the same time incubation, the two synthesized complexes Cu2+- 
rutin and Zn2+- rutin induce a stronger condensation of chromatin which is responsible for 
shrinking more the chromosomes and also for nuclei volume. Very often in the microscopy 
fields were identified either prophase as the early stage for preparing cell entering into 
division either the later stages such as telophase and a small number of intermediary stages 
such as metaphase or anaphase were observed. 

After 72 hours of treatment with Cu (II) chloride solution and Zn (II) acetate solution 
it was observed that the cells in prophase are dominant and also the number of cells in 
different mitotic stages is similar to the control but smaller comparatively six our treatment 
cells and we can saw cells with micronuclei (Fig. 8) or stickiness, anaphase with bridge and 
lagging chromosomes (after 6 h) (Fig. 7) and telophase with bridge and micronuclei (Fig. 8). 
After treatment with synthesized complex Zn2+- rutin 0.5 mg/mL solution for 72 h, cells with 
C-mitosis and stickiness and polyploidy were observed (Fig. 6). Also after treatment with 
synthesized complex Zn2+- rutin 1 mg/mL solution for 72 h we observed cells with C-mitosis. 
In root meristematic cells in Allium cepa treated with Cu2+- rutin 0.5 mg/mL for 72 h: 
we observed cells with C-mitosis (Fig. 10). This process is probably a consequence of 
microtubules of mitotic spindle disorganization. For the Triticum aestivum biotest 
after 6 hours treatment in all variants the nuclei appear to be bigger compared to control, 
the membranes appear to be less organized and the chromatin is roughly and highly 
heterogeneous in size and shape. Another interesting observation in root meristematic cells of 
Triticum aestivum treated with Zn (II) acetate solution for 24 hours were cells with C-mitosis 
(Fig.5). After treatment with Cu (II) chloride solution for 24 hours we observed anaphase with 
bridge (Fig. 9). Also, the treatment with 1 mg/mL Cu2+- rutin for 24 hours induce irregular 
metaphase and heterochromatic nuclei. Continuing the light microscopy investigations for 
Zn2+- rutin effects on the cell division of Triticum aestivum root tips, we notice different 
changes in the normal mitosis also related to chromosomes and chromatin. As a general 
conclusion, after analyzing all microscopic fields in the highest concentration of complex 
Zn2+- rutin variant, we register the clearest cytotoxic effects associated with the dramatic 
decrease in the dividing cell number, the majority being blocked in prophase. Comparing the 
cytotoxic effects of Cu (II) chloride solution and Zn (II) acetate solution with the two 
synthesized complexes Cu2+- rutin and Zn2+- rutin we can conclude that the presence of rutin 
had a protective effect only at concentration of 0.5 mg/Ml and after six hours of treatment. 
Thus, our data agree with others, postulating prooxidant effects responsible for the cytotoxic 
and mutagenic effects observed in some flavonoids (CHEN & al., [9], HEIM & al., [3], YU & 
al., [26]).  The both Allium and Triticum bioassay were in the same measure sensitive and 
relevant and the cytological observations were similar for all studied experimental variants. 
No matter of used concentration or the time of exposure to the two synthesized complexes 
Cu2+- rutin and Zn2+- rutin, the cells in the root tips in both Allium cepa and Triticum aestivum 
produce changes in the ratio of cells in division. These changes consist in the increase of the 
incidence of the cells in interphase and when they are in division than the ratio is moved to an 
increased number of cells in prophase and telophase. The two synthesized complexes Cu2+- 
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rutin and Zn2+- rutin in concentration of 1 mg/mL for 72 hours treatment in Allium test, or for 
24 hours in Triticum test, reduce the number of cells in anaphase and metaphase for all 
variants. Therefore, it was choosing as a reference number for conclusions elaboration. 

Mitosis analysis reveal a comparatively low number of aberrations during interphases 
and also chromosomal aberrations identified for different mitotic stages, the division process 
being barely affected. These microscopically observations are supported macroscopically, 
since the root size and number of roots clearly diminished. Therefore, the two synthesized 
complexes Cu2+- rutin and Zn2+- rutin solutions have clear cytotoxic effects only in higher 
concentrations and long-time exposure. Comparing the effects of Cu2+ and Zn2+ salts, it seems 
that rutin complexation reduces the toxicity of heavy metals Cu2+ and Zn2+. 

 

Fig. 5. Root meristematic cells in 
Triticum aestivum treated with Zn 
(II) acetate solution for 24 h: cell 

with C-mitosis. 

Fig. 6. Root meristematic cells in 
Allium cepa treated with Zn2+- rutin 
0.5 mg/mL for 72 h: stickiness and 

polyploidy. 

Fig. 7. Root meristematic cells in 
Allium cepa treated with Cu (II) 

chloride solution for 6 h: stickiness, 
anaphase with bridge and lagging 

chromosomes. 

Fig. 8. Root meristematic cells in 
Allium cepa treated with Cu (II) 

chloride solution for 72 h: 
telophase with bridge and 

micronuclei. 

Fig. 9. Root meristematic cells in 
Triticum aestivum treated with Cu 

(II) chloride solution for 24 h: 
anaphase with bridge. 

Fig. 10. Root meristematic cells in 
Allium cepa treated with Cu2+- 

rutin 1 mg/mL for 72 h: cell with 
C-mitosis and micronuclei. 
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